






Morphometric and elemental microanalytical studies ofhuman lung in health and disease
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Fig 5 Correlaton curve for magnesium versus septal thickness.

obtained from energy dispersive x ray analysis of
interalveolar septa this earlier study established a
ratio of below 0-2 as a normal level, 0O2 to 0 3 as a
raised level, and above 0-3 as a level of silicon that is
consistent with silicosis.

MORPHOMETRIC PROCEDURE
A total of 13 cases of silicosis and five normal con-

Septal

trols was evaluated. All of the control lungs
examined were taken from necropsy specimens of
individuals who had died of non-pulmonary causes.
The silicotic lungs examined were taken from eight
necropsy and five biopsy specimens. The site from
which the necropsy tissue was taken was not known.
All biopsy tissue was taken from the right middle
lobe.

Al to suphur ratio
Al Y= 1186.19K083.7133 Coff of det=0.531014
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Fig 6 Correlaton curve for aluminum versus septal thickness.
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Table 1 Correlation between elemental content and septal
thickness

Element Correlation coefficient p Value ('J

Na 0-09 0-1
Mg 0-03 0-1
Al 0-73 0-0001
Si 0-70 0-0001
P 0-63 0-001
Cl 0-05 0-1
K 0-35 0-05
Ca 0.15 0-1
Mn 0-29 0 05
Fe 0-31 0 05
Cu 0-06 0 1

In order to determine septal thickness from the
scanning electron micrographs a digitiser pad and a
Talos smart box interfaced with a Cromemco Sys-
tem III, 64k computer were used. Five scanning
electron micrographs were taken from each case
examined. The average septal thickness in the areas
analysed was calculated by averaging the width
(linear) of 20 septal measurements chosen at ran-
dom by the computer using a transparent grid over-
lay placed on the electron micrograph (fig 2). A
computer program then randomly selected one of
the X and one of the Y coordinates on the overlay. If
the coordinate intercepted a septum the width of
that septum was measured at that point using the
digitising pad and the data were automatically
stored in the computer. If the coordinate intercepted
an alveolar space then another coordinate was
selected until 20 measurements were attained. Fig-
ure 3 shows the cathode ray tube display of the grid
system with the 20 individual septal measurements.
The average septal thickness of these 20 measure-
ments was then calculated and compared directly
with the silicon concentration of the septa in this
particular field. The computer program was used to
determine if a correlation existed between the ele-

Table 2 Concentration ofelements in normal lung at 100
x magnification (element/S ratio x 10-3)

EIS units

Element Average + 3 SD

Mg 5 13
Al 8 45
Si 64 148
P 672 1056
S _ _
Cl 34 91
K 28 82
Ca 362 680
Mn 19 49
Fe 192 630
Cu 58 211
Zn 48 153

Siegesmund, Funahashi, and Yorde

mental content of the septa and the septal thicken-
ing in the same field. The coefficients of correlations
were calculated for each element found in the lung.
Data were stored on two dual 8" floppy discs under
the appropriate label and viewed on a Tektronix
4025 terminal with graphics capability. A Tektronix
4652 hard copier and Diablo 1640 printer were used
for hard copy.

Results

MORPHOMETRY MEASUREMENTS
Septal measurements were made using the talos
digitiser pad as described and the data stored in the
computer. Eighteen cases (5 controls and 13 silico-
tics) were examined. At least one area from each
control or silicotic case was examined. In four cases
of silicosis the extent of fibrosis was so severe that no
useful data could be obtained. An attempt was made
to photograph areas varying in degree from moder-
ate to high regions of fibrosis. It is recognised that
the absolute septal thickness of the septum cannot
be measured in 30 micrometer thick sections. The
average relative septal thickness of control lungs,
however, using a grid system, was 16 ,um.
The coefficients of correlation were calculated for

each element found in the silicotic lungs. A correla-
tion of 0-71 (p < 0.0001) was found between Si and
septal thickening (fig 4). This correlation is based on
measurements from 22 different areas of varying
degrees of fibrosis. The positive slope of the curve
suggests that a good correlation exists between the
silicon content and the thickness of the septa.
By comparison, the coefficient of correlation for

magnesium was 0-02. The graph of this correlation
(fig 5) was extremely flat by comparison with silicon.
The only other element with a high correlation was
aluminium (fig 6) where a coefficient of correlation
of 0-73 was determined. Table 1 shows the correla-
tions of 11 different elements with septal thickness.
The p values for each element indicate the
significance of the relationship of each element to
septal thickness.

Since both Al and Si showed a high correlation
with septal thickness, a correlation was determined
for silicon after the removal of all the high
aluminium cases. Only those cases with less than
three standard deviations above the mean of
aluminium were included in the new calculations.
After removal of the six high Al cases the correla-
tion coefficient for Si and septal thickness remained
significant at 0 58 (p < 0.05). The correlation
coefficient of Al to septal thickness, however, was
only 0-16 (not significant). This suggests that high
aluminium levels are not necessary for the correla-
tion between silicon and septal thickening.
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CALCULATION OF NORMAL VALUES OF
ELEMENTS IN LUNG
A selection was made of five random areas of lung
from 20 normal individuals without evidence of
pulmonary disease. These areas were analysed and
the average values for all measurable elements cal-
culated.
The concentration of the elements were expressed

as ratios of the number of x ray counts of element
divided by the x ray counts for sulphur. This com-

pensates for both section thickness and counting
time. The derived ratio was then multiplied by 10-3
and expressed as EBS units (element/sulphur). Using
this technique, for example, the average silicon con-

centration in lung would be a silicon/sulphur ratio of
0-064 or 64 E/S units.

Table 2 shows the normal values for each element
detected in the lung sections. The standard deviation
of each element was calculated and a value of +3
standard deviations above the norm was arbitrarily
selected as being raised for any particular element.
As already stated, a Si value of 300 E/S units was

previously determined to be diagnostic for silicosis.
Elements not listed in the table cannot be detected
by energy dispersive x ray analysis in lungs at
a 10Ox magnification. Although some elements
foreign to the lung may be detectable below 5
E/S units, only elements 10 E/S units or above are

normally reported as raised.

Discussion

The use of element/sulphur ratios to express the
amount of substances in the lung was particularly
important since low power analyses of the lung show
considerable variation in tissue mass for each area

analysed. The use of sulphur as an internal standard
to account for tissue mass provides a more reliable
indication of the actual elements present in a unit
mass of septa.2526

It is recognised that the normal levels of elements
reported in the lung sections represent only- those
elements which are not extracted through the prep-

aration procedures. It is also possible that organic
substances, not detectable by this method, could be
reported in the lung sections represent only those
the method is the inability to identify the form of the
element in the human lung sections. The implication
that a substance is producing fibrosis must, there-
fore, be made with caution when using human mat-
erial where there is no history of exposure to a par-

ticular substance.
Although the cases studied here are well

documented cases of exposure to silica, it is usually
not possible, without using individual particle

analysis, to distinguish between silicate and silica.
The high (p < 0.001) correlation of phosphorus with
septal thickening was not unexpected since fibrotic
areas contain high concentrations of macrophage
cells. Nuclei from dead macrophage cells probably
contribute phosphorus to the high readings. This has
been seen by us in the analysis of areas of high cellu-
larity such as tumours that also show high phos-
phorus content. Since phosphorus is not a foreign
element in tissue it is most likely not a cause of
fibrosis.
The high correlation of silicon to septal thickening

or fibrosis was not surprising since many studies
have clearly shown that many forms of crystalline
silica can produce fibrosis.
Many of the silicotics included in this study were

foundry workers who were also exposed to high
levels of iron. In view of this it is interesting to note
that although iron levels were high in some of the
lungs, iron showed a poor correlation to the thick-
ened septal areas. This is consistent with earlier
studies which showed iron and silicon deposited in
different locations in lung septa.25
The high correlation of aluminium to septal thick-

ening was interesting in view of several reports of
aluminium pneumoconiosis.2730 It should be noted,
however, that all the high aluminium areas also con-
tained moderate to high levels of silicon. Removal of
the high aluminium areas still provided a good corre-
lation of silicon to septal thickness but aluminium no
longer correlated to septal thickening (0-16). This
suggests that low levels, at least of aluminium, do
not produce significant septal thickening.
Goralewski' s view that high levels of aluminium may
cause fibrosis of the lung3' could not be tested since
none of our high Al cases was without high levels of
silicon.
The technique described in this paper could be of

value in evaluating the fibrogenicity of pure sub-
stances on animal lungs. The determination of
element/fibrosis correlations provides a relatively
simple and rapid means of evaluating the fibrogenic
potential of substances. A correlative study may be
possible with short exposure times and with only a
moderate thickening of the septa. This would be of
particular value when working with animal models
where septa are usually thin. The early detection of
septal thickening by this method would" make the
use of inhalation chambers more practical and
would provide for a more physiological environment
than intratracheal injection. Since small increases in
septal thickness can be determined easily, the
requirement for prolonged inhalation studies could
be avoided. The use of inhalation chambers would
also prevent the uneven distribution of substances
among the various lobes.
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