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Abstract

Chelex ion exchange beads Toaded with a known
amount (18.3% weight percentage (w/w)) of platinum,
have been co-embedded with a mouse peritoneal cell
population. To establish the influence of the var-
ious deconvolution methods applied, upon the pla-
tinum concentration in cytoplasmic granules and
erythrocytes these cross-sectioned beads are used
as a standard. It is concluded that irrespective
of the deconvolution method chosen 1) the Pt con-
centration inside the particles is identical when
the particles and the co-embedded Chelex Pt stan-
dard, are analysed strictly under the same instru-
mental conditions 2) the Pt concentration outside
the particle is zero, or virtually zero when that
element is absent there (erythrocyte surrounded by
Epon) 3) the Pt concentration outside the particle
in the surrounding cytoplasm was identical (when
the element Pt was present there).

The information about the elemental concentra-
tion obtained by point analysis in the STEM-mode
in homogeneous objects was compared with the mean
value obtained by the reduced raster method. The
ratio between these values were constant.

As an example of a heteromorphic, heteroge-
neous cell organelle population, the application
of the method of integrated morphometrical and
chemical (X-ray) analysis is demonstrated on lyso-
somes within a single human Tliver parenchymal cell,
containing iron and cerium. It was shown that the
cerium concentration (from the cytochemical reac-
tion to detect acid phosphatase activity in lyso-
somes) was rather homogeneously distributed over
the small population and in the individual lyso-
somes. The iron distribution was very inhomoge-
neous, both in its distribution over the lysosomal
area, and among the lysosomes in the population.
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Introduction

Recently, the method of integrated morpho-
metrical and chemical analysis was proposed that
enabled the simultaneous determination of both
the area of cytoplasmic particles and the concen-
tration of the elements present therein (4, 6, 7).
The method was based upon the acquisition of net-
intensity values within a small (reduced raster)
area, containing the particle to be analysed,
leading to elemental net-intensity distribution
maps. The reliability of the chemical information
"inside the particle" is determined by the method
applied to separate the area in the X-ray spectrum
containing the specific elemental counts from the
concomitantly obtained continuum counts. Whereas
the same action must also give realistic informa-
tion about the same element "outside the parti-
cle", which might range from zero to almost the
value "inside" the particle.

In the first paper (7) we had to prove, using
an unconventional method, that such a separation
could be performed, on line, during the acquisi-
tion of the reduced rastered area. The aim of the
present study is to demonstrate that the net-in-
tensity values obtained per pixelpoint, from this
unconventional method, can be compared with the
methods commonly available for quantification in
off-line procedures. This will be demonstrated on
Pt-containing erythrocytes and granules of eosino-
philic granulocytes, in a mouse peritoneal cell
population.

For the quantification of chemical elements
we used Chelex ion exchange beads which, Toaded
with a known amount of the requested element(s),
are present in the same ultrathin section (3,4,5).
Although the use of the co-embedded Chelex stan-
dard is outlined before (6), this paper will il-
lustrate that practical (deconvolution) problems
can be alleviated by their application. However,
it will be discussed that any other calibration
system having the same type of abilities, can do
the job equally well (2, 9). Secondly, the homo-
geneity of the platinum distribution over a Chelex
Pt-standard bead, present in these ultrathin
sections, will be tested. Thirdly, using homogeneous
objects, the element concentration obtained by
point analyses will be compared with the mean value
acquired by the integrated method. Lastly, the
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integrated method will be applied in the analysis
of a population of iron containing lysosomes in a
human 1iver parenchymal cell. The iron concentra-
tion in such lysosomes has been related to the
cerium concentration of the acid phosphatase ac-
tivity. Both elements are inhomogeneously distri-
buted over the rather heteromorph organelles.

Materials and Methods

The analytical electron microscope (Philips
EM 400) is equipped with a backscattered-electron
ring detector, and a (STEM)-detector in combina-
tion with a Tracor Northern TN 2000 system. Stray
apertures are present to reduce spurious X-rays,
where possible. The ultrathin sections are mounted
on Formvar-film covered 70 mesh copper grids in a
beryllium low-background holder. In the specimen
plate of the microscope, the side-entry goniometer
and the X-ray detector are mounted on the same
horizontal plane. The axis of the holder is situ-
ated perpendicular to the axis of the X-ray de-
tector. The holder in the gonicmeter is tilted
18-24° towards the energy dispersive SilLi-detec-
tor, mounted with 240 tilt with respect to the
horizontal plane.

For the performance of the digital-controlled
raster analyses, a TN 1310-unit is added to the
computer system. With this unit the electron beam
can be directed over the specimen in a line or
raster pattern by computer control. A colour
screen assists in the visualization of the ac-
quired images, the printer/plotter is used in the
morphological integration process of the electron-
image- and X-ray net-intensity arrays.

For the conventional X-ray analysis, the com-
puter of the TN 2000 is loaded with the normal
TN programs. The cellular material treated with
the previously described tissue processing pro-
cedure (7) was used to solve the above-mentioned
deconvolution problem. A new program called "re-
duced raster" mainly based upon the original IPP-
ideas, was used as it has advantages for the inte-
grated morphometrical analysis of heteromorphic,
heterogeneous biological material, in combination
with chemical analysis.

For the deconvolution of the continuum X-ray
contribution under the peak area of the specific
X-rays in the spectrum, four methods are available:
1. Energy filtering method (present in our Tracor
Northern 2000); see (8).

Subtraction of a calculated complete "contin-

uum-radiation" spectrum.

Subtraction of a calculated background region

based upon two windows set in peak-free re-

gions of the spectrum at either side of the
peak region (DBL-method = double region sub-
traction method). This method is also described

as the "linear"-method (1).

. Subtraction of one single peak-free background
region (SRS-method = single region subtraction
method) .

During the design of the integration program we

chose the last option, to ensure that on-Tine

performance was possible (7). Two versions were
applied:

a) the peak-free background region to be subtrac-

ted was located at the very lowest end of the

energy range of the spectrum (200-600 eV), leading

2,
3.

M.
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to more or less '"gross" intensity values (10)

b) a peak-free background region anywhere in the
spectrum was selected such that after subtraction
of that region from the requested peak region,
the net-intensity value obtained matched the
net-intensity value calculated by the energy fil-
tering method (1) normally applied during quanti-
tative deconvolution. It was clear that the a)-
method underestimated the background under the
peak, whereas the b)-method contained the risk

to overestimate the background, especially at
pixelpoints outside the particle. This was com-
pensated by setting all negative values obtained
after subtraction to zero (underflow-suppression).
As the computer program has the ability to com-
pare four regions of interest in the spectrum,
background regions can be handled as if they were
peak regions. So to be able to test the value of
the DBL-method (3), two background regions at
either side of the elemental peak were introduced
and handled as pseudopeaks. The DBL-results were
compared to those obtained by version b) of op-
tion 4) (SRS-method). As the program is designed
to operate only when a background region (Bgr) is
subtracted from any peak region, the virtually
empty zero-region (200-600 eV) was offered to be
subtracted "on Tine" from all regions. In the
first experiment the position of one pseudopeak
region (Bgr LI) was selected in such a way that,
after its subtraction of the Pt(La) peak, the
net-intensity content was approximately the same
as that obtained by the energy-filter method and
in that way could be used for the SRS-method. In
the other experiments the SRS-method was applied
to the Pt(Ma) peak, with a single background in-
stalled (Bgr¥) to be subtracted according to the
same criteria. When the arrays are acquired, the
delineation of the particles from their surroun-
ding is performed by the introduction of a figure
(actually counts/pixelpoint/second). Two modes
are operative to obtain the delineation of the
particle: 1) selecting any figure from the ori-
ginal array. In this case the overlay image super-
imposed = original image (see Figs. 2 and 3, 7,
and 8 and 11); 2) a delineation figure obtained
and used in one of the other arrays is introduced,
and the delineation from that array is superim-
posed (original image =~=the overlay image; see
Figs. 4 and 5; 9 and 10 or 13 and 14). In the
pseudo-peak arrays (LI or RE), the true Pt-parti-
cle delineations from the PT or PM arrays are
superimposed in that way. The selection of the
figures to be introduced for the delineation are
chosen prior to printing, guided by the image on
the colour-screen.

Results

Comparison of the "SRS" and "DBL"-methods

In Fig. I, the six regions used are indi-
cated in a spectrum obtained from a 100 sec point
analysis of an ultrathin sectioned erythrocyte,
in which the peroxidatic activity is cytochemi-
cally converted into the presence of the element
platinum. In addition to the platinum (Mo and
La), the elements copper (from the grid-material)
and silicon (assumed to be from the trough-water)
are present. The peak and background regions used
are hatched. The content of the four regions used
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in experiment one are indicated in the top right
hand corner. It includes six net-intensity val-
ues as calculated by the energy-filtering method,
as performed by the TN 2000. In Figs. 2-5, four
net-intensity arrays are shown from the same

(16 x 16) erythrocyte-half acquired in one run

(1 sec/point) by the reduced raster program. The
Fig. 2-array is the Pt-La peak minus the back-
ground region (LI), indicated as PM (SRS-method).
The Fig. 3-array is the Pt-La peak (minus the
background region zero) indicated as PT. The Fig.
4-array is the background at the left side of the
Pt-La-peak (LI), the Fig. 5-array the same at the
right-hand side (RE) from the Pt-La minus the back-
ground zero region). In all four arrays delinea-
tions are present. In Fig. 2 the threshold value
15 ¢/p/s (counts/pixelpoint/sec) from the PM array
is superimposed to separate the erythrocyte from
the Pt-free surrounding Epon. In Figs. 3-5 the PT-
threshold 15 c/p/s is shown.

For all arrays, the "inside" (IP) and "out-
side" (OP) particle mean (X) plus the standard
deviations are calculated. For the two true Pt-
peaks involved (PT and PM), and the two pseudo-
peak background regions (LI and RE), the "inside"
mean net-intensity values were significantly dif-
ferent with respect to those calculated for the
remaining "outside" points in the surrounding
Epon (see top captions Figs. 2-5: P.value < 0.05).

From the Figs. 4 and 5-arrays (LI and RE)
the true background under the Pt-Lo peak (Fig. 3
array) was reconstructed (by hand, off-line). The
calculation applied to determine the background
portion of the (Pt) Lo peak is outlined in Fig. 6.
In short it is comprised of:

SRE 760 gLI gRE _ gPt-La
XBgr. *3000 * (XBgr. - XBgr.) - XBgr. ca]cu]atfﬁ

From the mean "inside" values obtained, the mean
true background under the Pt-La-peak was recon-
structed, using this formula. The obtained calcu-
lated mean value (in c/p/s) was subtracted from
the mean Pt-Lo-(gross) value (= peak plus back-
ground of the Pt-La-region minus the background
region zero). This mean value is calculated from
the array in Fig. 3. 'X(Pt-La minus background
region zero) minus X (background calculated under
the Pt-La-peak) = Pt-La-net-intensity value.
Similarly, using the "outside" mean values, the
mean Pt-La net-intensity value of the areas out-
side the erythrocyte was calculated.

In Table 1 it can be seen that other thresholds
values were also applied and in all cases the
mean net Pt-Lo value according to the DBL-method
was calculated for both the "inside" and "outside"
values then obtained. In Figs. 2 and 3 the points
included in the "innerpart" of the erythrocyte
are indicated for the two thresholds applied (11
<; 10£-). All mean net-intensity values (in
c/p/s) Were converted into c/p/s/nm2 by dividing
the values by the spot area (in nmz). The inside
values obtained by the DBL and the SRS method
were not significantly different, and the "out-
side" values were low or virtually zero (Table 1
and Table 4). In a similar way, part of a cross
section of a Chelex Pt-containing co-embedded bead
was analyzed. But in this case the SRS-method was
applied to the Pt-Ma region, with the special
background region (Bgr¥*) to be subtracted and

Figures 2-5 are on the next page.

in image analysis
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Fig. 1. Spectrum of an ultrathin sectioned ery-
throcyte, in which the peroxidase activity iscon-
vertedinto a platinum precipitate. In the (100
sec) point analysis-spectrum, the regions of in-
terest used throughout the experiments described
are indicated. Around the Pt-Lo peak region the
background regions LI and RE are indicated. To
the left of the Pt-Ma region the special back-
ground region Bgr¥, used in experiments 2 and 3
for the SRS-method is present. The Zero region
at the far left is subtracted from all regions
during the on-line procedure. The content of the
regions is given in the top of the spectrum
(Filter method see 8).
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Fig. 6. Enlarged portion of the spectrum of a

100 sec point analysis of a Pt-containing Chelex-
bead cross section containing the background re-
gions LI and RE and the Pt-La-region, each 400 eV
wide. The calculation of the background under the
Pt-La-peak for the DBL-method is based upon the
trigonal relation a/b = x/y (X = a.y/b). In which
y = the mean value of background LI minus RE, and
a and b are determined by the position of the mid-
values of the regions in the spectrum.
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Fig. 2. Reduced raster array from an erythrocyte
half. The Pt-La array, (minus background LI).
Threshold 15 has been superimposed. Other thres-
hold figures are indicated. (1l=-e10={7). SRS-
method.
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Fig. 4. Reduced raster array from the same ery-
throcyte half. Background LI-array (minus back-
ground Zero), with threshold 15 superimposed.
Used for DBL-calculations, as outlined in Fig. 6.
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Fig. 3. Reduced raster array of the same erythro-
cyte half. Pt-La-array (minus background Zero).
Threshold 15 is superimposed, othgr threshold
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figures are indicated (ll=--e10={7). Used for
DBL-method.
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Fig. 5. Reduced raster array from the same ery-
throcyte half. Background region RE (minus back-
ground region Zero), with threshold 15 superim-
posed. Used for DBL-calculation (see Fig. 6)
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99 110 83 78 102 78 94 88 75 122 90 97 98 60 47| 1 46 60 S9 54 S8 62 63 77 63 56 63 62 70 50 26| 1
95 79 79 74 58 56 38 101 62 77 90 63 110 77 43| o Ss 46 46 52 47 60 79 45 S1 47 46 55 47 42 38| 4
62 69 87 76 54 75 95 82 71 70 5S4 77 79 67 SO 0 59 49 54 39 58 43 39 49 51 51 43 45 50 63 26 2
47 53 71 115 63 56 54 57 75 92 62 16 67 40 26| O s4 37 35 42 42 40 51 36 54 48 46 44 51 59 46| 2
31 40 75 52 50 60 63 47 67 59 S1 56 66 63 31| 5 47 47 47 43 38 43 35 53 51 32 sS4 47 35 58 30| O
75 61 S5 45 71 67 55 S4 50 50 79 S1 66 44 S4| © 47 44 35 40 S& 38 50 44 39 40 S1 30 43 33 31 4
22 46 38 65 43 70 66 68 75 S0 S8 59 S9 36 43| o0 43 45 51 29 42 30 38 50 S1 40 46 32 43 42 31| O
62 42 59 49 71 46 S50 43 S0 61 71 42 43 63 18| 1 39 45 34 34 39 30 43 35 46 35 38 33 31 38 26| O
39 34 59 23 38 46 30 S5 82 65 22 27 30 52 11<; 0 30 38 34 47 42 37 35 35 30 53 26 51 50 30 30f 2
47 52 35 39 19 43 43 60 S4 52 S1 41 S50 38 18] O 42 37 35 40 34 35 47 22 42 38 31 42 43 39 31| 3
7 L7547 38 s6 46 61 51 33 51 32 54 62 38 19 18 © 8 |38 35 34 23 51 35 38 45 31 36 39 33 38 45 26| 2
Fig. 7. Reduced raster array from a cross-sectio- Fig. 8. Reduced raster array from the same Chelex
ned Chelex standard. Pt-Mo array (minus background standard. Pt-La array(minus background Zero%_
#*), with threshold 15 superimposed. Other thres- Threshold 15 superimposed, with other threshold
hold figures are indicated (11=¢Z). SRS method. figures indicated (11={Z). Use for DBL-method.
ORIGINAL IMAGE:XRAY LI ORIGINAL IMAGE:XRAY RE
OVERLAY IMAGE:XRAY PT OVERLAY THRESHOLD: 15 OVERLAY TIMAGE :XRAY PT OVERLAY THRESHOLD: 15
MAGNIFICATION: 37236  TOTAL AREA: 11269223 NM"2 MAGNIFICATION: 37236  TOTAL AREA: 11269223 NM*2
LABEL: CHELEX PT* 1-2-1985 HOEK EPON\VLIES LABEL: CHELEX PT* 1-2-1985 HOEK EPON\VLIES
NUMBER OF POINTS(I P):217 NUMBER OF POINTS(O P): 39 NUMBER OF POINTS(I P):217 NUMBER OF POINTS(O P): 39
MEAN (I P): 16.34 C/P MEAN (0 P): 8.94 C/P MEAN (I P): 10.07 C/P MEAN (0 P): 6.02 C/P
S. DEVIATION (I P): 4.22 C/P|S. DEVIATION (O P): 4.88 C/P S. DEVIATION (I P): 3.68 C/P|S. DEVIATION (O P): 2.82 C/P
MEAN+2S.Do(I P): 24,79 C/P |MEAN+25.D.(0 P): 18.71 C/P MEAN+2S.Do(I P): 17445 C/P |MEAN+2S5.D.(0 P): 11.67 C/P
DEGREES OF FREEDOM: 254 T-VALUE: 7.39 P < 0.05 DEGREES OF FREEDOM: 254 T-VALUE: 4.04 P < 0.05
DWELL-TIME/POINT: 1000000 USEC. DWELL-TIME/POINT: 1000000 USEC.
SPOTAREA: 1963 NM"2 ANALYZED AREA 4.46 2 SPOTAREA: 1963 NM-2 ANALYZED AREA 446 X
INTER PIXEL DISTANCE: 209 NM AREA(I P): 9552427 NM“2 INTER PIXEL DISTANCE: 209 NM AREA(I P): 9552427 NM~2
[XRAY LI)= 8,32E-03 C/P/S/NM"2 [XRAY RE]= 5.13E-03 C/P/S/NM"2
[Se DEVIATION]= 2.15E-03 C/P/S/NM"2 C.V.e= 25.85 [S. DEVIATION]= 1.87E-03 C/P/S/NM"2 CuVe= 36462 X
8 5
8 8
1 4
3 1
4 4
14 15 23 28 15 15 19 12 26 14 14 31 14 12 7 1 6 4 11 16 7 S Ay 5 S 8 11 9 14 7 14 B
19 16 14 23 11 24 15 24 22 17 18 17 22 22 10| 7 10 14 7 11 15 12 11 10 22 8 15 14 10 18 3] 6
23 12 18 24 26 22 19 10 14 12 15 17 19 12 14| & 11 14 7 8 14 11 10 13 15 9 11 9 14 7 3] &
19 17 19 20 22 17 14 17 15 20 19 21 19 16 15| 3 6 10 11 21 11 9 11 13 7 5 11 14 14 11 11| &
15 17 22 17 15 20 11 19 18 22 14 15 18 9 18| 9 14 12 11 3 11 14 11 10 10 13 2 4 6 4 100 &
18 18 15 15 11 8 19 21 19 16 14 15 18 15 10| 6 14 9 19 7 7 9 10 13 10 13 6 3 10 9 11} 5
10 15 14 10 19 13 22 14 18 20 15 14 18 20 15| 6 146 9 6 9 14 12 14 11 7 11 10 13 15 13 6| 3
14 18 15 12 18 17 18 19 10 20 18 15 14 20 11| 7 8 10 8 11 5 14 2 11 9 14 8 6 7 71 3
11 21 11 18 14 16 14 15 18 19 26 18 22 18 22| 3 7 6 6 8 14 4 10 11 11 17 10 17 7 14 11} 3
19 16 11 16 14 19 15 15 18 22 19 15 14 16 10| 3 10 8 11 9 15 LI & @8 6 6 11 v 7 10 7| 4
9 19 9 14 13 15 23 18 10 14 16 10 10 15 11 14| 3 10 | rt to 11 8 11 10 e 12 10 9 11 11 16 7 7)1

Fig. 9. Reduced raster array from the same Chelex Fig. 10. Reduced raster array from the same Che-

standard. Background LI (minus background Zero). Tex standard. Background RE (minus background Ze-
Threshold 15 superimposed. Used for DBL calcula- ro). Threshold 15 superimposed. Used for DBL cal-
tion as outlined in Fig. 6. culation as outlined in Fig. 6.
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TABLE 1 TABLE 2
REDUCED RASTER ANALYSIS OF AN ERYTHROCYTE REDUCED RASTER ANALYSIS OF A
AT 16 X 16 PIXELPOINTS Pt-CONTAINING CHELEX STANDARD BEAD
AT 16 X 16 PIXELPOINTS
INNER POINTS OUTER POINTS
> & o INNER POINTS OUTER POINTS
©
E g SRS-METHOD E © SRS-METHOD _
=B © Mean Unit Mean Unit AREA : = © Mean Unit Mean Unit AREA
W » 2 Values Values Values Values @ > 2 Values Values  Values Values
> T O c/p/s C/E/S c/p/s c/g/s > > O c/p/s C/{ZJ/S _g S/P/s C/g/i 3.2
- @ & nméx10-3 nm2/x1073 um - 8 £ nmex10 nméx1072 um
é (] = (== —
vV VvV v _ vV V
PM PM 15 X 46.38 23.6 2.0 1.0 572 pm PM 17 X 60.05 30.5 3.0 1.5 8.98
3D 23.28 11.8 2.5 1.3 SD 26.05 13.2 4.5 2.3
s s» 11X 45.35 23.0 1.7 0.9 590 py pM 15 X 59.40 30.2 2.3 1,2 9l
3D 23.68 12.0 1.7 0.9 SD 26.41 13.4 3.5 1.8
s 5 100X 4508 22.9 1.6 0.8 59 py pu 11 X 58.50 29.8 1.5 0.7 9.28
SD. 2379 12.1 1.6 0.8 SD 27.0 13.8 2.1 1.1
- _DBL-METHOD DBL-METHOD
PT PT 15 X 56.16 28.6 4.6 2.3 599 pT pT 17 X 42.14 21.4 7.9 4.0 9.24
o0 16.58 8.4 3.1 1.8 SD 12.31 6.3 5.4 2.7
LI PT 15 X 13.55 6.9 7.6 3.8 LI PT 17 X 16.48 8.4 9.5 4.8
s 4.57 2.3 3.6 1.8 SO 4.19 2.1 4.8 2.4
RE I ds K E da 4.5 2.3 RE PT 17 X 10.11 5.2 6.5 3.3
SD 3.60 1.8 2.6 1.3 ) 3.7 1.9 3.1 1.5
= ted X = 15.5 0.3
PT 15 X-Calcul. 23.6 ~0.4 5 Tellgee
= PT PT 15 X 41.29 21.0 6.5 33 9.55
PT PT 11 X 58.24 29.6 4.3 252, 6.16 SD 12.97 6.6 4.5 2.3
SD 28.53 14.5 2.7 1.4 LI PT 15 X 16.34 8.3 9.0 4.6
LI PT 11 X 13.44 6.9 15 3.8 sD 4.22 5, 5 4.9 I &
b 3.56 2.4 3.6 1.8 RE PT 15 X 10.07 5.1 6.0 3.1
RE PT 11 ¥X 8.46 4.3 4.5 253 sD 3.68 1.9 2.8 1.4
sb3.60 1.8 2.6 1.3 Calculated X = 15.1 0.1
PT 11 X-Calcul. 24.7 -0.4 PT PT 11 X 39.86 20.3 4.4 2.3 10.0
= SD 14.16 12 3.6 1.8
PT PM 15 X 60.44 30.7 553 2.7 5.72 LI PT 11 X 16.13 8.2 7.8 4.0
SD 24.43 12.4 4.3 250 SD 4.27 5 5 S 36
LI PM 15 X 18.72 7.0 7 o 3.9 RE PT 11 X 9.94 5.1 5.5 2.8
0 4.58 2.3 2.6 1.8 SO 3.70 1.9 2.5 1.2
RE PM 15 X 8.73 4.4 4.5 243 Calculated X - 14.5 =0.8
SD 3.5 1.8 2.6 T3
& PT PM 17 X 42.66 21.7 10.5 5.3 8.94
PM 15 X-Calcul 25.7 0.0 SD 12.25 6.3 7.9 4.0
- LI PM 17 X 16.33 8.3 10.8 5.5
PT PM 11 X 60.14 30.6 4.8 245 5.90 sD 4.21 91 q 5.8 3.0
3D 27.69 14.1 3.5 1.8 RE PM 17 X 10.00 5.1 7.3 2J
LI PM 11 X 13.58 6.9 7.6 3.9 sD 3.74 1.9 36 1.8
SD 4.65 2.4 3.5 1.8 lated X = 15.8 1.1
RE PM 11 X  8.63 4.4 45 2.3 bl
b 3.55 1.8 2.6 1.3 PT PM 15 X 42.31 21.5 9.9 5.1 9.07
- SD 12.50 6.4 7.8 4.0
11 X-Calcul. 25.6 -0.2 LI PM 15 X 16.30 8.3 10.6 5.4
. o D 4.20 2.1 5.9 3.0
. RE PM 15 X 10.00 5.1 1:2 3.6
compared to the DBL-method around the Pt-Lo region sD 3.71 1.9 3.6 1.8
(see Fig. 1). The four arrays are given in Figs. 7- Calculated X - 15.7 1.0
10. In Fig. 7, the Pt-Ma array is given (indicated
as PM), in which the special background region PT PM 11 X 41.88 21.3 9.1 4.6 9.29
(Bgr¥) on line is substracted (SRS-method). The SD 12.82 6.5 7.1 3.6
(PM) threshold 15 c¢/p/s overlay is superimposed. LT PM 11 X 16.27 8.3 10.3 5.2
In Fig. 8 the array of the Pt-La minus background SD 4.28 2.2 5.6 2.9
region zero is given (indicated as PT), with a RE PM 11 X 9.98 5.1 7.0 3.6
threshold of 15 ¢/p/s overlay. In Figs. 10 and 11 - 3.7 1.9
the pseudo-peak region arrays LI and RE both with CalenTaked ;D 3;69 lé.g : 0.6

the virtually empty zero background region
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Chelex standard beads in image analysis

ORIGINAL IMAGE:XRAY PT

OVERLAY IMAGE:XRAY PM OVERLAY THRESHOLD:109
MAGNIFICATION: 62464 TOTAL AREA: 4004611
LABEL: ACIDOPHIL GRAN 4 2-1-1985 XRAY

ORIGINAL IMAGE:XRAY PM

OVERLAY IMAGE:XRAY PM OVERLAY THRESHOLD:109
MAGNIFICATION: 62464 TOTAL AREA: 4004611 NM"2
LABEL: ACIDOPHIL GRAN 4 2-1-1985 XRAY

NM~ 2

NUMBER OF POINTS(I P):113 NUMBER OF POINTS(O P):143 NUMBER OF POINTS(I P):113 NUMBER OF POINTS(O P):143

MEAN (1 P):136.69 C/P MEAN (0 P): 68.60 C/P MEAN (1 P): 76.62 C/P MEAN (0 P): 41.69 C/P

S. DEVIATION (I P): 18.50 C/P S. DEVIATION (0 P): 22.56 C/P S. DEVIATION (I P): 11.51 C/P S. DEVIATION (O P): 16.18 C/P

MEAN+2S.De(1 P): 173,71 C/P MEAN+25.D.(0 P): 113.74 C/P MEAN+2S.D.(1 P):  99.65 C/P MEAN+2S5.D.(0 P): 74,07 C/P

DEGREES OF FREEDOM: 254 T-VALUE: 68409 P < 0405 DEGREES OF FREEDOM: 254 T-VALUE: 34.92 P < 0.05

DWELL-TIME/POINT: 1000000 USEC. DWELL-TIME/POINT: 1000000 USEC.

SPOTAREA: 1963 NM*2 ANALYZED AREA 12.55 X SPOTAREA: 1963 NM"2 ANALYZED AREA 12.55 %

INTER PIXEL DISTANCE: 125 NM AREA(I P): 1767660 NM"2 INTER PIXEL DISTANCE: 125 NM AREA(I P): 1767660 NM~2

[XRAY PM]= 6.96E-02 C/P/S/NM"2 [XRAY PT]= 3.90E-02 C/P/S/NM"2

[Se DEVIATION]= 9.,42E-03 C/P/S/NM"2 CoVe= 13.53 2 [S. DEVIATION]= 5.86E-03 C/P/S/NM“2 C.Ve= 15.02 X l DBL I
86 62[123 150 114 152 158 144 142 131 119|103 62 84 75 64 s8 4of 75 61 76 74 78 89 62 715 48 17
95 161 142 121 147 160 187 139 130 99 98 79 52 64 :ea] 97 66 92 73 91 77 84 §% gy
87 100119 145 155 116 135 155 171 164 159 135 88 83 65 69 T 81 60 86 69 82 102 88 s1 14
107 98 83 77 71 ’7 71 88 90 92 59 12
79 106 75 65 62| 80 75 71 94 66 96 42 16
107 100 79 57 ss| 7« 86 82 74 72 66 83 87 91 95 80 71| 56 SO 10
103 102 66 19 70f 62 78 82 70 89 70 88 90 107 106 78 74| 63 St& 8
67 109] 70 44 54 T1 79] 35 16
87 108 67 26 42 54 30 10
54 64 51 34 43 48 57 39 15
30 74 51 36 35 39 47 19 14
54 82 75 S8 43 38 4l 31 26 11
46 39 S0 27 27 36 14 77 s4 29 34 41 30 34 31 32 43 44 S& 52 54 39 S50 32 27 12
s8 70 S50 69 S8 69 78 98 31 52 54 88 67 65 55 32 30 35 38 50 43 45 31 32 42 41 30 39 39 32 35 4
47 42 23 53 43 83 59 67 47 84 59 64 102 51 62 27 35 29 39 23 46 39 42 43 39 44 47 37 38 33 34 10

11 46 31 46 45 67 52 51 57 46 59 47 56 S1 74 T4 64 12 26 30 30 44 35 33 39 38 46 45 34 37 35 37 26 8

Fig. 11. Reduced raster array from an eosinophilic
granule in cross section. Pt-Ma array (minus back-
ground®), with threshold 109 superimposed. SRS-
method.

Fig. 12. Reduced raster array from the same gra-
nule in cross section. Pt-La array (minus back-
ground Zero). The PM-threshold applied in Fig. 11
is also superimposed here. DBL-method.

ORIGINAL IMAGE:XRAY LI

OVERLAY IMAGE :XRAY PM OVERLAY THRESHOLD:109

MAGNIFICATION: 62464 TOTAL AREA: 4004611 NM™2
LABEL: ACIDOPHIL GRAN 4 2-1-1985 XRAY

ORIGINAL IMAGE:XRAY RE

OVERLAY IMAGE :XRAY PM OVERLAY THRESHOLD:109
MAGNIFICATION: 62464 TOTAL AREA: 4004611 NM™2
LABEL: ACIDOPHIL GRAN 4 2-1-1985 XRAY

NUMBER OF POINTS(I P):113

NUMBER OF POINTS(O P):143

NUMBER OF POINTS(I P):113

NUMBER OF POINTS(O P):143

MEAN (I P): 20.46 C/P MEAN (O P): 16430 C/P MEAN (I P): 12476 C/P MEAN (0 P): 10.07 C/P
Se DEVIATION (I P): 4,70 C/P Se DEVIATION (O P): 5.17 C/P Se. DEVIATION (I P): 3,56 C/P S. DEVIATION (O P): 4,00 C/P
MEAN+2S¢D.(I P): 29.88 C/P MEAN+2SeDs(0 P): 26.66 C/P MEAN+2SeD.(1 P): 19.88 C/P MEAN4+2S+D.(0 P): 18.09 C/P
DEGREES OF FREEDOM: 254 T-VALUE: belb P S 0.05 DEGREES OF FREEDOM: 254 T-VALUE: 2.68 P< 0.05
DWELL-TIME/POINT: 1000000 USEC. DWELL-TIME/POINT: 1000000 USEC.
SPOTAREA: 1963 NM"2 ANALYZED AREA 12.55 X SPOTAREA: 1963 NM~2 ANALYZED AREA 12.55 %
INTER PIXEL DISTANCE: 125 NM AREA(I P): 1767660 NM~2 INTER PIXEL DISTANCE: 125 NM AREA(I P): 1767660 NM~2
[XRAY LI]= 1.04E-02 C/P/S/NM"2 [XRAY RE]= 6.49E-03 C/P/S/NM"2
[Se DEVIATION]= 2,39E-03 C/P/S/NM"2 CeVe= 23.00 X [Se DEVIATION]= 1.81E-03 C/P/S/NM"2 CaeVe= 27.92 %
18 13 14 12 23 23 18 I8 23 I3 22 19 15 12 23 9 13 10 1€ 7 14 7 14 7 12
19 21 31 23 18 29 19 19 14 11 13 14 11 15 11 8 1 3 14 5
19 12 23 13 18 21 22 12 71 i1 A8 L
18 27 27 17 13 7 a2 8 15 10
27 16 14 9 7 15 10
14 9 18 18 10 6 13
19 30 19 8 15 11 8
18 T6] 15 9 T4] 14 11
22 17 18 15 13 14 7
10 22 23 & 6 19 6
22 18 7 9 9 7 7
14 8 18 9 8 10 9
18 20 18 15 14 11 13
19 17 19 18 15 18 19 16 23 24 10 15 10 16 18 8 7 10 1% 12 14 8 11 12 18 12 10 4 6 8 15 7
10: 17 I8 1L 15 9 1S 46 IS 15 49 @5 22 22 18 S 18 10 10 5 6 4 1& 5 7 9 11 15 14 8 3 16
13 22 16 19 20 11 16 26 14 15 17 10 8 18 11 10 8 14 10 6 14 12 6 8 7 4 111 B 6 11 1 12
Fig. 13. Reduced raster array from the same gra- Fig. 14. Reduced raster array from the same gra-
nule in cross section, with the same PM threshold nule in cross section, with the same threshold

109 superimposed. Background LI (minus background

109 superimposed. Background region RE (minus
Zero). Used for DBL method. (see Fig. 6). p ; i - (

background Zero). Used for DBL method (see Fig.6)
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TABLE 3
REDUCED RASTER ANALYSIS OF AN
EOSINOPHILIC GRANULE
AT 16 X 16 PIXELPOINTS

Q
< 3 INNER POINTS OUTER POINTS
E g SRS-METHOD
S Mean Unit Mean Unit  AREA
o e S Values Values Values Values
> T 0 c/p/s c/p/s _ c/p/s c/p/s
o LI nmgXIO'3 ntXIO‘3 1m2
S (=] =
vV Vv v
PM PM 109 X 136.69 69.6 68.6 361 1.77
SD 18.5 9.4 22.6 174
PM PM 113 X 138.95 70.7 72l Ll 36.2 1.63
SD 17.54 8.9 24.1 12..3
- DBL-METHOD
PT PT 730X 82.80 42.1 46.1 23.5 1.20
SD 8.24 4.2 17.0 8.7
LI PT 73 X 20.51 10.4 171 8.7
SD 5401 2.6 5.2 2l
RE PT 7350 12.94 6.6 10.5 S
SD 3.85 2.0 3.9 2.0
Calculated X = 34.6 173
PT PM 109 X 76.62 39.0 41.4 212
SO 11:51 5.9 16.2 8.3
LI PM 109 X 20.46 10.4 16.3 8.3 1:77
SD 4.70 2.4 52 2.6
RE PM 109 X 12.76 6.5 10.1 5¢1
SD 3,56 1.8 4.0 2.0
Calculated X = 31..5 15.3

subtracted on line as before are shown with the
(PT) threshold Pt-La 15 c¢/p/s superimposed to de-
lineate the Chelex bead from the surrounding Epon,
devoid of Pt. The mean net-intensity "inside" and
"outside" values are calculated and the background
under the Pt-La reconstructed in the same way as
outlined before and the results are collected

in Table 2. For the SRS-method presented

in the first horizontal row, the Pt-Mo "in-

side" mean net-intensity values are twice as high
as the same type of value obtained by the DBL-
method. The "outside"-mean net-intensity values
are both close to_zero, (1.5 to 0.7 x 1072 and
-0.8 to 1.0 x 107 c/p/s/nm¢ respectively). When,
in order to reconstruct the background under the
Pt-La region by the DBL-method different threshold
values are superimposed over the pseudo-peak LI
and RE arrays, other mean net-intensity "inside/
outside" values are obtained. These values are al-
so given in Table 2. The main conclusion, however,
is not affected by this. Moreover, as will be
shown, these differences are cancelled out in the
final calculation. The same set of conditions is
used to measure the Pt concentration in a set of
granules from an eosinophilic granulocyte present
in the same ultrathin section, in which the perox-
idase activity is also cytochemically converted
into a Pt-containing reaction product. The four
arrays are shown in Figs. 11-14, with threshold
overlays, set to delineate the granule from the
surrounding (Pt-containing) cytoplasm. The results
of the "inside/outside" mean net-intensity
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Figs. 15 and 16. In Fig. 15 the transmission elec-
tron miscroscopic image of a human liver lysosome
containing stored ferritin particles and cerium
precipitate from the acid phosphatase reaction

is shown. In the post-fixed tissue the precise
element-Toci were unknown. A reduced raster ana-
lysis of the area including: Fe,Ce,0s was per-
formed, and in each array a threshold was intro-
duced, delineating the element from its surround-
ings. In the printing process the figures in the
array were defaulted, so only the overlay isprin-
ted. The three overlay figures were subsequently
superimposed giving the precise elemental loci

in the lysosome(s) (Fig. 16).




Chelex standard beads in image analysis

calculations for the SRS and DBL method, as out-
lined before, are given in Table 3.

For the SRS method the Pt-Ma "inside! mean
net-intensity value (69.6 x 10-3 c/p/s/nmz) is
about twice thg "outside" mean net-intensity val-
ue (35.1 x 107 c/p/s/nmz). For the DBL-method the
Pt-La "inside/outside" ratio is also about 2, de-
pending on the threshold values superimposed in
the arrays. Since the absolute Pt concentration
in the Chelex beads is known (18.3% w/w), the
c/p/s/nmé-values for the granule can be converted
into the absolute concentration values. The Pt-La
and Pt-Ma threshold gave about the same final re-
sults irrespective whether the SRS or the DBL-
method was used. These values are collected in
Table 4, for the various threshold and conditions
(SRS- and DBL) chosen for both regions.

TABLE 4
ABSOLUTE Pt-CONCENTRATION IN THE
EOSINOPHILIC GRANULE AND CYTOPLASM.
REDUCED RASTER MODE AT 16 X 16 PIXELPOINTS

SRS-METHOD AROUND_Pt-Ma (PM

(Unit values: x 1072 c/p/s/nm¢)
GRANULE (inner points)
Threshold 109 113
Mean values 69.6 70.7
Standard PM/PM-17 = 30.5 41.8% w/w 42.4% w/w
53 PM/PM-15 = 30.2 42.2% 55 A2.8% 55
5 PM/PM-11 = 29.8 42.7% 55 43:4% s
CYTOPLASM (outer points)
Standard PM/PM-17 = 30.5 21.1% w/w  21.7% w/w
>%5 PM/PM-15 = 30.2 21.3% s 21.9% .,
5y PM/PM-11 = 29.8 21.6% 55 22.3% 55
DBL-METHOD AROUND Pt-La (PT)
GRANULE CYTOPLASM
Thresholds 109 73 109 7&!
Mean values 31.5 34.6 15:3 17..3
% W/W
Standard PT/PT-17=15.5 37.2 40.9 18,1 20.4
53 PT/PT-15=15.1 38.2 41.9 18.5 21.0
o PT/PT-11=14.5 39.8 43.7 19..:3 21.8
Standard PT/PM-17=15.8 36.5 40.1 177 20.0
T PT/PM-15=15.7 36.7 40.3 17.8 20.2
55 PT/PM-11=15.5 37.2 40.9 18.1 20.4
Mo (SRS):La(DBL) ratio = PM/PM-17:PT/PM-17 = 1.9:1
(of the standard) PM/PM-15:PT/PM-15 = 1.9:1
PM/PM-11:PT/PM-11 = 1.9:1

From the results the following conclusions
can be formulated:
1. When the "standard" and the "unknown" are mea-
sured strictly under the same conditions and the
reduced raster arrays are deconvoluted according
to the same method, the absolute concentration val-
ue calculated, is not different.
2. The threshold values chosen to delineate the
particle do influence the final result, but again
this influence is very small.
3. The "outside" concentration values can be kept
low when the outside region does not contain the
element of interest, as demonstrated by the Epon

surrounded erythrocyte and Chelex.

4. The cytoplasmic Pt-values are rather alike ir-
respective of the deconvolution procedure applied
to the reduced raster arrays obtained.

Provided the calculations, now performed off-line
by hand, can be introduced into the computer pro-
gram, and these calculations can be performed in
the time available during the acquisition on-line,
the DBL method is to be preferred. However, the
SRS-method applied up to now, when carefully con-
ditioned, can produce absolute values identical to
the DBL values.

Homogeneity of the Chelex Pt-standards

In this connection the homogeneity of the
Chelex standard material, in this case loaded with
Pt, can be established. With a constant spot size
and beam intensity, the area analysed in the re-
duced raster was increased, while the mean Pt net-
intensity value of 16 x 16 pixelpoints is collect-
ed at each magnification. In Table 5, the Pt-Ma
values are compared with the percentage of the
total area that was analysed, and related to the
interpixel distance (IPD). When the IPD is smaller
than the spot size, the lowest mean Pt net-inten-
sity is measured, the value of which increases
signficantly, till about 1/4 of the screen is cov-
ered with the 16 x 16 pixelpoints. The standard
deviation varies in an alternating way (coeffi-
cient of variance = CV = 35-71%). Whenever the
standard is measured at about the same interpixel
distance as the "unknown", the variation present
may cancel out. In Table 6 the mean values ob-
tained by the DBL-method are compared with those
obtained by the SRS-method. Probably due to a more
careful selection of the part of the Chelex stan-
dard bead, the differences are not significant
here and hence the standards are homogeneously
loaded. The ratio SRS/DBL is rather constant.
Comparison of the reduced raster results to the
point analysis results

In TabTe 7 the mean SRS and DBL values of the
reduced raster mode are compared with the concom-
itantly obtained point analysis values deconvo-
luted in the same way. The ratios obtained between
the reduced raster and point analysis values are
rather constant.

Cerium and iron distribution in liver parenchymal

Tysosomes in iron storage diseases

“The integrated morphometrical and chemical
analysis is designed to enable heteromorphic he-
terogenic cell organelles to be analysed quanti-
tatively. This was explored in a small lysosomal
population in a human liver parenchymal cell.

In unstained ultrathin sections of such liver
parenchymal cells from a patient with an iron
storage disease, after flebotomy, several irregu-
lar shaped large electron-dense areas are present
(Figs. 15-17). The acid phosphatase activity,
qualitatively illustrated the Tysosomal character
of the electron dense bodies by the presence of
the capture-element cerium, used to precipitate
the phosphate liberated by the enzyme action. In
addition, the iron of the stored ferritin is pre-
sent. Three types of lysosomal bodies can be dis-
tinguished in this way:

1. Tysosomes, containing only cerium (primary ly-
sosomes),

2. lysosomal bodies, containing only iron (ferri-
tin storage vacuoles/residual body), and
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TABLE 5
CHELEX Pt-STANDARD-BEADS IN CROSS-SECTION
ANALYSED BY THE REDUCED RASTER MODE AT
VARIOUS MAGNIFICATIONS AND 50 nm SPOT SIZE

SRS-METHOD
Magni- Mean Unit CV Total Anal- IPD p-
fication Value Value % Ar%a ysed nm value
c/p/s C/B/S um Area
nm %
x 1073
204,800 17.71 9.1 0.37 135 38
38 <0.40
SD 6.7 3.4
126,030 19.70 10.1 1.00, 51
67 62 5<0.01
SD 1BETL 657
655536 . 21.67 11.1 3.64 14 119
35 <0.05
SD 7.6 3.9
51,200 23.91 12.3 5.96 8 159
46 <0.05
SD 11.0 5.6
25,600 30.17 15.4 23.8 2 305
71
SD 21.5 11.0
3. lysosomes, containing both cerium and iron (sec-

ondary lysosomes). In Figs. 15 and 16 it is demon-
strated how, by the application of the reduced ras-
ter method, the inhomogeneously distributed ele-
ments within one lysosome, can be differentiated,
and related to the presence of a third element,
osmium, which delineates the lysosome from the
cytoplasmic surrounding.

Six lysosomal structures within one Tliver
parenchymal cell were analysed by the reduced ras-
ter method (Fig. 17). Iron-containing Chelex stan-
dard beads with a known iron concentration of 11.2%
w/w were present in the periphery of the tissue in
the same ultrathin section. In Table 8, the mea-
sured cerium mean net-intensities (SRS-method),
converted into unit values (c/p/s/nmz), are listed.
From these values the following conclusions can be
drawn:

1) The cerium, present in all lysosomes analysed,
is rather homogeneously distributed over the lyso-
somal area (CV: 17-30%) and rather small mutual
variations of it are present between the various
lysosomal structures (CV: 13%).

2) Over the same lysosomes the iron is distributed
much more inhomogeneously (CV: 54-58%) and the dif-
ferences between the lysosomes is high (CV = 91%).
One small lysosome was considered to be a primary
lysosome, containing no iron.

3) The cytoplasmic ("outside" the particle) areas
contain mean net-intensities for both the cerium
and iron which are very low, though present and
rather consistent. The "inside" mean net-intensi-
ty values for both the cerium and the iron were
significantly different from the values present
"outside" the lysosomal structures.

4) The absolute iron concentration is between 7
and 55 % w/w.

5) The area occupied by both the cerium and the
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TABLE 6
CHELEX Pt-STANDARD-BEADS IN CROSS-SECTION
ANALYSED BY REDUCED RASTER MODE AT
TWO MAGNIFICATIONS AND SPOT SIZES

Mo SRS-METHOD Lo DBL-METHOD Ma/La

Magnifi- Inner Quter_ CV Inner Quter_ratio

cation c/p/s/nm2x10'3 c/p/s/nm2x10"3

12,800 10.9 0.2 27 5.8 0.0 1.9
SD 3.0 0.2 0.7

100 nm

p-val. > 0.40

12,800 14.6 0.7 38 7.6 0.0} =1%:9
SD 5.5 0.6 1.3

50 nm

p-val. > 0.05

25,600 14.0 0.8 39 7.9 0.0 1.8
SD 5.5 0.8 1.2

50 nm

p-val. > 0.05

iron are calculated. In some lysosomes, iron and
cerium are present, occupying the same area, in
other lysosomes there are different areas in-
volved.

Discussion

The integrated morphometrical and chemical
analysis method is designed to enable the analysis
of heteromorph-heterogenic cellular organelles in
ultrathin sections, like lysosomes and particles,
which, by cytochemical reaction, are well differ-
entiated from their cytoplasmic surroundings. The
presence of Chelex standard beads, loaded with a
known amount of the element of interest, in the
same ultrathin section assists one in the quanti-
fication of the elements present in cellular or-
ganelles to be analysed. The analytical method is
rather straight forward. A small (reduced) raster
is located around the particle to be analysed. A
matrix of a fixed number of points is, at equi-
distances, divided over that reduced raster area,
and the information (collected from any of the
detectors available) is sampled during a constant
dwell time of the beam at each point. The digi-
talized information is presented as an array of
figures. Like the information collected in (mul-
tiple) point analysis, the information from "in-
side" the particle is to be compared with that
from the "outside" the particle area within the
reduced raster. To separate the "inside" and "out-
side" information a threshold value has to be
chosen, and once introduced, the computer deline-
ates the points in the array having a value over
and under the value selected. The morphometrical
information is obtained by relating the number of
points "inside" the delineation to the total num-
bers present in the reduced raster array. When the
array comprises digitalized information from the
X-ray detector, the mean value of the digitalized
information is given for all the points "inside"
and "outside" the chosen delineation. This mean
value can be converted into unit values
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TABLE 7
CHELEX Pt-STANDARD-BEADS IN CROSS-SECTION
ANALYSED BY REDUCED RASTER MODE AND

in image analysis

Much of the reliability of the chemical in-
formation obtained by the X-ray detector is de-
termined by the deconvolution methods applied, to

COMPARED WITH SINGLE POINT ANALYSIS obtain the net-intensity values per point. Not

all the deconvolution methods commonly available

SRS-METHOD DBL-METHOD for point analyses were considered applicable for
Spot Red. Point Ratio Red. Point Ratio the on-Tine analysis. As net-intensity values
Size Raster Anal- Red. Raster Anal- Red. were the aim of the method, the program was de-
nm ysis  Rast.: ys%s Rast.: signed to subtract a single background region
c/p/s/nm2 Point c/p/s/ng Point from the, generally in 1 sec acquired, peak re-
x 10-3 x 107 gion of interest (Single Region Subtraction meth-

od). Initially two options were proposed for the

background region to be subtracted from the peak

region: 1) a zero-region between 0.200 and 0.400

keV according to the method proposed by Shuman et
al. (10) leading to (net)-intensity values with

100 10.88 28.46 38:100 5.75 16.49 35:100
50 14.62 37.30 39:100 7.62 22.83 33:100
50 14.02 37.30 38:100 7.98 22.83 35.100

10.88 ¢ 5.756 = 1.9 2 1 a so-called "gross" character, 2) a region any-
Mo (SRS):La (DBL) ratio = 14.62 : 7.62 = 1.9 : 1 where in the peak-free background of the spectrum.
14,02 : 7.98 = 1.8 : 1 When, in a Tlater phase that background region was

(counts/pixe]point/sec/nm2 irradiated) and as si-

milar information is obtained from the co-embedded

standard in the same ultrathin section, absolute
mean concentrations can be obtained. As any fig-
ure can be introduced as a threshold into the ar-
rays, local elemental concentrations within a

single particle can be monitored. Whereas delinea-

tions obtained in one (elemental) array can be
superimposed over three additional elemental ar-
rays, obtained simultaneously, to relate the ele-
ments mutually (Figs. 15 and 16).

subtracted from the peak region to be deconvolut-
ed, the resulting net-intensity value was approx-
imately similar to the value obtained from a com-
plete 100 sec point analysis spectrum deconvolut-
ed according to the "filter method" routinely pre-
sent in the Tracor/Northern 2000 software. (This
method was suggested by R. Lampers and Mrs. C.J.
G. Blok-van Hoek, Tracor Europe). The possibility
to subtract two background regions (DBL-method),
originally present in the T/N program IPP, was
considered not to be applicable to the on-line
procedure. This is still the case, but the

Fig..17. Transm1§sion electron microscopic image of the area of a human liver section, including cerium
and 1r0n-conta1n1ng lysosomes as shown in Figs. 15 & 16. The lysosomes marked 1 to 6 are analysed by
reduced raster, using the SRS-deconvolution. The results are collected in Table 8.
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TABLE 8
LYSOSOMES IN HUMAN LIVER SECTIONS ANALYSED BY
REDUCED RASTER MODE AT 16 X 16 PIXELPOINTS

SRS-METHOD
CERIUM IRON

Inner Quter Area Inner Quter Area
Points PoiEts Points  Points ?

c/p/s/nm um c/p/s/nm? um

x 10-3 x 1073
Lys 1 _ - -
X= 374 X= 62 X= 139 X= 11
SD= 88 SD= 43 0.291 SD= 75 Sb= 14 0.179
CVv= 23% CV= 69% CV= 54% CV= -
Lys 2 _ _ _
X= 315 X= 64 X= 0 X= 15
SD=78 SD= 39 0.110 SD= - SD= 31 =
Cv= 25% CV= 61% Cv= - Cv= -
Lys 3 . - -
X= 289 X= 64 = 67 X= 15
SD= 58 SD= 39 0.064 SD= - SD= 31 0.01
CV= 20% CV= 61% Cv= - Cv= -
Lys 4 _ - n
X= 273 %= 82 X= 161 X= 16
SD= 46 SD= 44 0.083 X=SD=93 SD= 16  0.083
CV= 17% CV= 54% CV= 58% CV=100%
Lys 5 _ . _
X= 289 = 82 X= 194 X= 16
SD= 88 SD= 44 0.052 SD=112 SD= 16  0.069
CV= 30% CV= 54% CV= 58% CV=100%
Lys 6 - - -
X= 355 X= 93 X= 599 X= 16
SD= 72 SD= 39 0.403 SD=325 SD= 16  0.491
CV= 20% CV= 42% CV= 54%  CV=100%
Total lysosomal population
Lysosomes: -3 2
Cerium: 315 +/- 40.0 x 10 3 c/p/s/nm_; CV = 13%
Iron : 232 +/- 210 x 107° c/p/s/mm?; CV = 91%
Cytoplasm: 3 2
Cerium: 75 +/- 13 x 10:3 c/p/s/nmz; CV = 17%
Iron 15 +/- 2 x 10 ° c¢/p/s/nm“; CV = 13%

off-line procedure outlined now enables one to judge
the results whenever introduction can be realized.
It lTeads the way in the steps the computer has to
take to be able to perform the DBL-method "on-line".
In the first experiment the erythrocyte, known to
be only surrounded by Epon, was analysed to com-
pare the SRS- with the DBL-method, with the Pt-La
as the elemental peak of choice. For the SRS-meth-
od the content of the background pseudopeak LI was
used to be subtracted. The "inside" values when
converted into unit values, were more or less iden-
tica131n both mSthods (23.6, 23.6 and 23.0 and 24.7
x 1077 c¢/p/s/nm¢) but the DBL-"outside" values
were much closer to reality, viz., no platinum pre-
sent in the Epon, than the SRS-method ("outside" =
0.8 - 1.0 vs. 0.4 - 0.0 x 1073 c/p/s/nmz.

In the second experiment, the Chelex Pt-stan-
dard was also analysed with the condition that no
platinum should be present in the surrounding Epon.
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Now the SRS-method for the Ma-region of the spec-
trum (and a single peak-free region, between

1.240 and 1.640 keV) was compared to the DBL-
method around the Pt-La used in experiment 1. In
addition, the influence of the various threshold
settings was estimated for the DBL-method. The
Pt-Ma peak deconvoluted with the SRS-method gave
Pt-net-intensity _unit values for the "inside"

area (30.5 x 10-3 c/p/s/nm¢) of about twice the
Pt-La peak valye, deconv%luted with the DBL-meth-
od (15.0 x 1072 ¢/p/s/nm%). The "outside" values
were 1.5 x 1073 cép/s/nm2 for the SRS- and between
-0.8 to 1.1 x 1072 c¢/p/s/nmé for the DBL-method.
The threshold values in the arrays were chosen
subjectively. Considering the mean "outer parti-
cle" values obtained after that subjective deci-
sion, it turned out that the mean "outside" c/p/s-
value plus two times the standard deviation re-
sulted in a figure close to the value which has
been selected subjectively before as a threshold
for the_transition from Epon to cytoplasm. (Thres-
hold = X(OP) + 2 SD(OP) (in which = X(OP) =

mean "outer" net-intensity value, SD = the stan-
dard deviation of the mean for the "outer"points).

In the third experiment (with the same de-
convolution set-up as in the second experiment),
platinum-containing eosinophilic granules present
in a platinum-containing cytoplasm, were analysed
by the same two methods. In this case too the
Pt-Mo-related results according to the SRS-method
were again two times higher than the concomitant-
ly acquired unit values from the Pt-La-centered
DBL-method, for both the "inside" and "outside"
parts of the reduced raster area. Moreover, con-
sidered ad hoc, the Pt Lo and Mo mean "outside"
c/p/s value (= actually cytoplasm) plus two times
the standard deviation value appeared to be close
to the threshold value chosen before to delineate
the particle from the cytoplasm on subjective cri-
teria. The results of the three experiments are
summarized in Table 4. As the acquisition of the
Chelex Pt-bead cross section was performed under
the same instrumental conditions (apart from the
beam-intensity at the actual moments of analysis),
the mean unit values of the Chelex standard beads
can be related to those of the eosinophilic gran-
ule taken as an example in experiment three (Ta-
bles 3 and 4). In that way the relative differ-
ences between the two deconvolution methods (SRS/
Pt-Ma) and DBL/Pt-La) were judged. From the con-
version into absolute values, shown in Table 4,
it is clear that both methods end up with the same
absolute concentrations. Moreover, the influence
of the various threshold settings in the DBL-meth-
od is also rather minimal.

The results collected in Table 4 also indi-
cate that the aim to have a significant difference
between the particle and its immediate surround-
ings (viz., between the "inside" and "outside"
part of the reduced raster analysed) from the
statistical point of view is valid and the first
rule to be obeyed. In practice the condition:
X(OP) + 2 SD(OP) < X(IP) sets the limit to the
application of the method, when for one reason
or another, the cytoplasmic elemental concentra-
tions are rather high.

The presence of pseudo-elemental peak regions
representing continuum parts of the spectrum can
be used to monitor the mass-differences. In Figs.
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4,5,9 and 10, representing the background regions
LI and RE in the two specimens analyzed, the areas
(delineated by the Pt-La or Mo thresholds), can
be compared for the "inside" and "outside" mean
"mass-related" values when converted into unit va-
lues. The "p-values" are given in the top captions
for the relevant comparisons, tested, indicating a
significant higher local mass inside the delinea-
ted areas than in the Epon surroundings.

With respect to homogeneity of the obtained
Chelex Pt-information the two types of experiments
performed (variation in magnification at constant
diameter and with variable spot diameter) gave
about the same results. There is an unexpected re-
lation between the magnification of the STEM-mode
image employed (25,000 to 205,000 x) and the mean
Pt-value measured (Table 5). This might be due to
elements in the bead or to the inhomogeneous con-
ditions in the electronmicroscopic configuration
at the various magnifications. The results of the
second experiment (Table 6) gave a similar set of
unit values for the two magnifications and spot
sizes tested, be it with more acceptable standard
deviation values for the lowest magnifications
than in the first experiment of this kind.

The values are given for better or for worse.
The presence of the high silicon peak in this
spectrum indicates that better conditions might
improve the coefficients of variance, now obtained
with these ultrathin sections. In Table 7, the
concomitantly acquired point analysis values for
the Chelex Pt-standard are given (converted into
unit values) which can be related to the values
obtained with the reduced raster mode under the
same conditions shown in Table 6. The ratio be-
tween the mean values obtained by the reduced ras-
ter method and those from the point analysis of
this homogeneous object is rather constant for
both deconvolution modes.

The information collected in Table 8 is an
attempt to obtain Tocalized quantitative elemen-
tal information from two elements present in one
lysosome (viz., iron and cerium). A population of
heteromorphic, heterogeneous lysosomes present
within the cross-section of one cell have been
analyzed by the reduced raster method. With one
exception (L2) both elements are present in all
lysosomes and in the cytoplasm. The mean cerium
unit values are significantly different between
the "inside" and "outside" points within the re-
duced rasters applied. The individual Tlysosomal
cerium values did not vary very much (CV = 20-30%)
as did the mean cerium value over the whole small
population (CV = 13%). The cerium content in
the cytoplasm was rather Tow and consistent. The
individual lysosomal iron content, where present,

varied considerably (CV = generally around 50-60%).

Guided by the absence of iron but presence of ce-
rium, lysosome 2 is considered to be a primary ly-
sosome. Supposedly, when the treatment (flebotomy)
at the single cellular level starts to be effec-
tive, apparently most, if not all, of the iron
storage-vacuoles are tackled by the very recently
produced primary lysosomes. However (by treating
the figures in the arrays obtained as representing
a homogeneous elemental distribution) the hetero-

geneity of the iron is directly monitored by the
high individual or population standard deviation
from the respectively calculated mean values

(CV = 50-60% and around 90%). And therefore, the
overall application requires considerable atten-
tion, before the heterogeneity of the elements
can be expressed in a logical way.

By the ability to superimpose the various
elemental delineations over the other elemental
arrays, it becomes possible to differentiate the
total grey value of a particle into local elemen-
tal contributions (Figs. 15-16). Moreover, by
varying the threshold values within a single ele-
mental array the lowest and highest concentra-
tions can be shown and converted into absolute va-
lues by analyzing co-embedded Chelex standard
beads or any other standard containing the ele-
ment(s) of interest. But how to handle all these
various concentration levels over a total lyso-
somal population within one cell, or within se-
veral Tiver parenchymal cells within one ultra-
thin section, still remains to be established in
future experiments.
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Discussion with Reviewers

Reviewer 1: The method used for defining the "in-
side™ VS. "outside" boundaries which are overlayed
on the background arrays (figures 4 and 5, 9 and
19, 13 and 14) seems somewhat arbitrary. In fi-
gures 4 and 5 you use a different threshold value
from that used for either the PM or PT arrays;

in figures 9 and 1@, the boundary seems to be ta-
ken directly from the PT array; in figures 13 and
14 the boundary seems to be taken directly from
the PM array. This raises several questions: (a)
what rationale was employed to define the bounda-
ry to be used for the background arrays?; (b) how
sensitive are the results to the choice of bound-
ary?; and (c) what criteria would you suggest
should be used for an on-Tine procedure?

Authors: The methods of how to apply the bounda-
ries to the arrays are discussed in our second
paper in this volume (text ref. 7). In the past

the only other rationale employed to define

the boundaries was to compare visually the pic-
ture on the colour screen with the original image
on the STEM-screen. In the first up-date of the
program, the computer was instructed to calculate
the mean net-intensity value for the "outside"

the particle part of the reduced raster area. In
addition the mean value plus twice the standard
deviation is given. (See the top-captions of the
figures). It was assumed that, prior to the acqui-
sition of the requested structure in the ultrathin
section (or inside the cell), the acquisition of a
reduced raster analysis of the Epon area (or the
cytoplasmic area), to which no threshold had been
applied, would give the requested delineation fig-
ure (either for the Epon to the cytoplasm, or for
the delineation of the cytoplasm from the particle).
So far, we have not applied this approach yet, but
from the figures presented in the Tables 1 to 3, it
can be deduced that this will work. Moreover, se-
veral other algorithms are also known to solve

this delineation problem. The main reason to in-
troduce several other delineation figures into the
arrays, as given in the Tables, and of which only

a few are shown in Figs. 2-4 and 7-10, was to learn
to what extent the final conclusions were influen-
ced by delineation figure chosen. This influence
was only minimally present and can be partially
sensed from the results presented in Table 4, where,
in addition to the deconvolution method, the in-
fluence of the delineation figure is also given
(41.8 to 43.4% and 36.5 to 39.8% w/w). It has to

be realized that the delineation figures presented
are influenced by the instrumental conditions oper-
ative during the acquisition of the array. So the
conditions operative for the threshold figure 11,
applied during the acquisition of the boundary in
the erythrocyte array, differ from those under
which the Chelex standard was analyzed a few days
later. The acquisition of the Chelex Pt-standard
and the eosinophilic granule was performed on the
same day. Our method of choice, for the time being,
would be: first, to acquire the arrays from the
Epon and cytoplasm then, to calculate the boundary
values, for these two main steps, from the acquired
arrays and subsequently perform the reduced raster
analyses over the requested particles (and standard)
under the same instrumental conditions, with the
calculated boundaries introduced into each array.
It should be emphasized that the standard beads in
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the ultrathin section can be used to battle the
day to day variations, by matching the figures of
the standard with those obtained from the day
before, by manipulation of the beam intensity
(see Fig. 26 in (7)).

Reviewer 1: In experiment 1 you utilized Lo data
for both the SRS and DBL modes but in experiment
2 you utilized Lo data for the DBL mode and Ma
data for the SRS mode. Did you perform any exper-
iments where the use of the L and M peaks was
compared for the same sample? Wouldn't it also

be possible to utilize the M peak for the DBL
method? Do you have any opinion as to which peak
is preferable for this technique?

Authors: We did not perform the experiment exact-
y as you suggested, but with some slight alter-
ations. In experiment 1 we demonstrated that both

the SRS and the DBL method could be applied cen-
tered around the La peak of platinum. Both meth-
ods resulted in the same final Pt-concentration
(Table 1). The application of the DBL method a-
round the Ma-peak of platinum (using a linear
relation to acquire the background under the peak)
is not advisable for the Ma-region of Pt. We used
the Ma-SRS-method in relation to the La-DBL meth-
od to justify our choice in the past. The con-
stant ratio between the SRS(Ma) and the DBL(La)
values (Table 7) gives the impression that conver-
sion into absolute values, using the Chelex stan-
dards, would produce equal concentration values.
This because the values shown in Table 4 are also
alike and the ratio between the SRS and DBL val-
ues is the same as is indicated in Table 6 and 7.
So both methods have their pros and cons and have
to be selected accordingly.
Reviewer 1: I am assuming that the standard de-
viation values quoted in Table 5 (A) are actually
the uncertainties in the individual measurements
rather than the uncertainty of the mean. Assuming
then that the apparent upward trend in mean val-
ues with reduced magnification is statistically
significant, I am interested in whether the au-
thors have postulated a specific mechanism which
could cause this effect. Specifically, I am Ted
to wonder whether this effect would also be mani-
fested as a particle-size dependency. Could the
authors please comment?
Authors: The upward trend of the mean values in
abTe 5 with reduced magnification came as a sur-
prise to us. So far we have indicated a way to
alleviate the problem (viz. use the same magni-
fication for the standard and the unknown, which
is an acceptable practice) without paying much
attention to it. As the homogeneity of the Chelex
beads, as demonstrated from the small experiment
shown in Table 6, was much more acceptable, es-
pecially for the lower magnifications, we prefer
to seek the solution to the problem in the opti-
cal system of the microscope. The first idea is
that the specimen tilt causes the increase; e.g.
the points far away from the tilting axis are out
of focus (P C2 aperture = 150 um ).

D.C. Joy: I never quite discovered the count
rates obtained. The authors seem to be using re-
latively short acquisition times per pixel (one
second is mentioned) but no absolute figures are
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provided.

Authors: The dwell time per pixelpoint is 1 sec-
ond. The actual count rate can be deduced from the
figures presented in the arrays shown in Figs. 2,7,
and 11 for "inside the particle". In practice the
actual figures are somewhat higher, as the virtu-
ally empty background region Zero is subtracted
(on-1ine). The height of the figure is restricted
to 255 c¢/p/s, which, depending on the local concen-
tration and the applied beam conditions can be
(easily) reached and even surpassed. See the net-
intensity values for the lysosomes 5 and 6 in )
Table 8, which are the unit values in c/p/s/gm >
where the actual figures in c/p/s are 2 x 10
higher). In the previous paper (7) the consequences
of this 255 1imit are discussed.

D.C. Joy: I also wonder whether the habit of
quoting figures to two or three significant figures
really represents the precision of this data.
Authors: In the Tables 1-8, the mean figures and
the standard deviation are acquired from 256 points
(16 x 16), present in each reduced raster area.
These values are truncated now to one figure behind
the decimal point. The coefficient of variance, as
given in Table 8 for the cerium distribution within
each lysosome, is rather small (13%), whereas gen-
erally a figure around 35% is obtained.

D.C. Joy: Some comments about the absolute beam
dose and the experience gained with radiation damage
would also be very helpful in assessing the use-
fulness of this technique.

Authors: We are not in a position to measure the
actual beam dose in our microscope. The figures
given before (7) were values measured at the iso-
lated C2 aperture. These values are not abnormal
with respect to the beam doses, given under normal
X-ray analytical conditions. In our microscope the
specimen area is constantly cooled with Tiquid
nitrogen, which, in combination with the ultra-high
vacuum of the ion-getter pump, at least prevents
any visual accumulation of matter. Mass-loss is
present, though considered to be of normal pro-
portions, especially when the short dwell time

per pixelpoint is taken into consideration.

G.M. Roomans: T would suggest that the g¢onversion

of the calculated values from c/p/s/nm“ is omitted.
The conversion is not really physically relevant,
since the spot size is not identical to the ana-
lyzed volume. The conversion does not provide
meaningful extra information and makes the Tables
more complicated.

Authors: We agree with the reviewer that_the con-
version of the c/p/s values into c/p/s/nm2 makes
the tables more complicated, and that the same
conclusion could have been reached if the c/p/s
values of most of the experiments performed had

not been converted. However, we disagree that the
conversion is not physically relevant. The conver-
sion into unit values is performed by dividing the
mean c/p/s values by the calculated area of the
beam. Assuming that the ultrathin section is equal-
ly thick at the two places to be compared, the

in image analysis

result will be independent of the thickness, and
accordingly the volume can be replaced by the area.
We have to admit that only the results presented
in Table 7 deserve the disputed conversion, where-
as those in Tables 1-3 can do without. But also
the comparison between the point and reduced
raster analysis also needed the conversion. As

(in the present paper) this conversion however,
has been applied at so many places, we suggest
that the present form of the (converted) figures
should be accepted.
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