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Abstract

Quantitative information on tissue
particulate burden is essential for
investigation of relationships of parti-
culates to several aspects of disease,
such as exposure, physiology, radiology
and pathology. We have developed a
method for quantitative analysis of
inorganic particulate burden in situ in
tissue sections using scanning electron
microscopy (SEM) with backscattered
electron (BSE) imaging and energy
dispersive x-ray analysis (EDXA) or the
ion microprobe mass analyzer (IMMA).

Our data show reproducible results for
concentrations above 10° particles per
cm? of tissue, Samples of less than one
microgram can be analyzed. Standard 5
yum paraffin sections of formalin fixed
tissue are mounted on carbon discs,
deparaffinized and examined in the SEM
under standardized conditions. Fields of
view comprising 10,000 ym> are searched
and all particles visible in the BSE
image are counted and individually
analyzed by EDXA. Location, number,
size and types of particles are tabu-
lated. Previous work showed correlation
of quantitative SEM/EDXA with bulk
analysis for Ni (r=0.64), and IMMA with
bulk analysis for Be (r=0.999). Analyt-
ical results on exogenous and endogenous
particles in 40 lungs (>6000 fields
searched and >5700 particles analyzed),
and the pathology observed in the tis-
Sue, may Serve as baseline for future
studies on all types of inorganic parti-
cles in normal and abnormal lungs.
Obsegved concsntrations ranged from

3x§0 to 2x10”7 exogenous particles per

cm? of tissue.
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Introduction

Inhalation of atmospheric particles
may have several measurable effects.
These include: 1) aggravation of exist-
ing respiratory and cardiovascular
digease; 2) effects on respiratory
mechanics and symptoms (e.g. cough); 3)
effects on clearance and other host
defense mechanisms; 4) morphological and
cytological alterations; 5) carcino-
genesis and 6) mortality (16). -

Quantitation of pulmonary dust bur-
den 18 necessary for several reasons.
Testing association of particulates with
reactions of the lung reguires measure-
ments sufficiently gquantitative to
determine correlation of tissue burden
with exposure, physiologic, radiologic
and pathologic data. Several questions
are: What is the minimum sample neces-
sary? What is the most efficient method?
What detection limits can be expected?
How do the results compare with indepen-
dent analyses of the same tissue samples
using other methods?

The particulate burden of the lung
can be measured by tissue destruction
(ashing, digestion) followed by bulk
chemistry and/or isolated particle
analysis. Why then is there any need for
a method for quantitative in situ
analysis of particulates in a single
section of tissue? Bulk chemical ana-
lyses usually require approximately one
gram of tissue. The associations of
elements within particles (which may
provide clues to sources of the parti-
cles) and particle size information are
lost when bulk chemical methods are
used. However, analysis of individual
isolated particles avoids these prob-
lems. Any techniques destructive of tis-
sue obviate the chance to correlate the
cellular and tissue changes (i.e.,
pathology) with the types, locations and
concentrations of particulates. Thus the
two main indications for in situ quanti-
tative tissue analysis for particulates
are: 1) when correlation of pathologic
reaction and particulates are of
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interest and/or 2) when insufficient
tissue is available for bulk analysis.
This report presents the background on
development of in situ quantitative
analysis of inorganic particulates in
the lung. The current methodology and
resulting data from a varied group of 40
cases are presented.

Materials and Methods

Tissue sampling. The method is
applicable to any tissue sgample large
enough to yield an area suitable for
searching as described below. Open
biopsies are preferable to closed (e.g.
needle or transbronchial), as the latter
do not allow sampling of all portions of
the lung parenchyma. The question of
whether the sample taken is representa-
tive of the lung as a whole cannot be
resolved by definition of a minimum
volume of tissue. The selection of the
site(s) must be made by the surgeon
(biopsy) or pathologist (autopsy) after
careful review of the history, radiology
and physiology. Good medical practice
precludes a random lung biopsy site
selection. Gross inspection and palpa-
tion of the lung should be made to aid
selection of representative areas (18).
At present the variation in particulate
burden with disease has not been ade-
quately described; more work is needed.
However, it has been reported that there
may be up to an order of magnitude vari-
ation in asbestos fiber counts from one
region of the lung to another (29). The
variability and validation of ¢ur method
are discussed below.

Fixation of tissue. We prefer stan-
dard §% formaldehyde (10% formalin)
fixed tissues (0.1M phosphate buffer
does not interfere with our analysis).
However, the only restrictions are that
the f1xative used does not contaminate
the tissue (e.g. Hg-containing Zenker's
fixative, Zn-containing or 0s fixative).
It is not standard practice to filter
fixatives in pathology laboratories. In
analyzing particles recovered from tis-
sues by destructive techniques such con-
tamination is a potential problem. How-
ever, with our in situ method it is pos-
sible to exclude such contaminant parti=-
cles which would not be intracellular.

Embedding, Sectioning and Mounting
of Sections for SEM. Standard paraffin
Wax, which is eas’Ty removed from the
mounted section, is the easiest to use
embedding medium. Frozen sections may
be used, as may plastic. When plastic is
used, it should be easily removable and
should not contaminate the tissue with
extraneous elements. The smooth surface
of sections of unremoved plastic hinder
examination of morphology and make iden-
tification of particles for analysis
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difficult by raising the backscattered
electron yield of the tissue and void
spaces, and also by hampering the deter-
mination of whether a particle is on, in
or under the tissue,

Standard section thickness is 5Sum.
This provides a maximal thickness for
detection of particles in the section by
BSE imaging and thereby allows maximal
sampling of tissue volume (see ref. 1).

Paraffin sections are floated on a
warm water bath and picked up onto
smooth pure carbon discs in the same
manner as onto routine glass slides for
light microscopy. The sections are
affixed to the discs by heating at 60°C
for an hour or more. Then, after cooling
to room temperature, the paraffin is
removed by Soaking in xylene for at
least 30 minutes., The section is allowed
to dry directly from xylene. There is no
need for critical point drying to study
inorganic particles.

Transfer of sections from glass
slides to carbon. On rare occasions when
no paraffin block is available, a previ-
ously prepared section (stained or
unstained) can be used for quantitative
in situ microanalysis. If stained, the
stain must not interfere (e.g..silver
stains). Some bromine can be detected
from the eosin in hematoxylin and eosin
(H and E) stained sections, and this may
occagionally cause problems due to over-
lap of the Br EDXA peak (L line) with Al
(K line). The actual transfer of the
section involves: 1) removal of the
cover slip and mounting medium (if
present), 2) destaining (if necessary),
3) covering the section with a film of
suitable polymer such as acrylic plas-
tic, 4) allowing the film to harden, 5)
removal of the section or desired por-
tion of the section from the slide and
transfer to the carbon disc, 6) affixing
it to the disc with heat, and 7) removal
of the medium.

Coating for conductivity is rarely
needed for 5um deparaffinized sections
on carbon, if examined in the SEM with
high kV beam (20kV). When initial exami-
nation in the SEM reveals charging, then
coating with carbon is utilized. In no
case is metal coating used, as it inter-
feres with both BSE imaging and EDXA
analysis.

Light Microscopy. All sections are
first examined by light microscopy using
routine H and E as well as elastic van
Gieson stain for fibrosis and vascular
and airway changes and iron stain for
iron accumulation and asbestos (ferrugi-
nous) bodies. Brightfield and polarized
light are routine. If excess acid hema-
tin (formalin pigment) is noted to
interfere with polarized light examina-
tion, hematin can be removed with
Saturated aqueous picric acid overnight
treatment of the section. Neither the
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formalin pigment nor the picric acid
treatment interferes with SEM or EDYA
analysis.

Quantitative Analysis. Our analyses
are carried out on an ETEC Autoscan SEM
equipped with a standard solid state BSE
detector (6) and a Somputer based KEVEX
system with a 30 mm“ detector. Quanti-
tative analysis of particles in the tis-
Sue are carried out under standardized
conditions: 45 degrees tilt of specimen;
14 mm working distance; 20 kV accelerat-
ing potential, 1 nanoamp beam current at
specimen and 3.5 om specimen to x-ray
detector distance. 1In the scanning
electron microscope each section on car-
bon disc is photographed at 70X and a
montage created (Fig. 1). Fields are
searched at a magnification of 6000X on
the viewing screen of the SEM which
corresponded to an area of 2000 wm¢ and
a volume of 10,000 ym3. Each successive
field is chosen by a small but random
turn of the horizontal axis control of
the SEM stage goniometer and the loca-
tion of each field marked on the montage
by a felt-tipped pen (Fig. 1B). The
montage reference is useful for three
reasons: 1) it provides a record of all
the specific morphologic areas searched
as well as those in which particles were
found, 2) it conserves film and time by
eliminating the necessity for separately
photographing each field at high magnif-
ication, and 3) it allows return to any
given field and particle if reanalysis
becomes necessary in the future., Each
field is examined both in secondary
electron (SE) imaging and backscatter
electron imaging for variations in elec-
tron scatter (i.e. for presence of inor-
ganic particulates within the tissue).
Particles on top of, under or away from
tissue are not considered for analysis
(Fig. 2).

For each field we record field
number and number of particles. For each
particle we record the location within
the tissue; the size in one dimension (a
spherical particle) or two dimensions
(irregular or fibrous particle) and the
net x-ray counts per second observed for
each detected element during a twenty
second analysis at high magnification
(i.e. beam raster confined to the parti-
cle). The background spectrum from the
supporting carbon disc is very stable
and reproducible and is subtracted from
each particle spectrum to yield a net
Spectrum.

Each case is analyzed by counting
the number of particles in at least 100
consecutive random fields. If less than
100 particles are found in the first 100
fields an additional 25 fields were
searched (or multiple thereof) or until
the time allocation for that particular
day expires on the SEM (after 100 parti-
cles determined). 1In order that we do
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not spend an inordinate amount of time
on a single case, we analyze only up to
20 particles in a field. In any field
containing >20 particles, the particles
are all counted and the compositional
results of the first 20 (randomly
analyzed) are extrapolated to the entire
number of particles from that field.

The average case requires approxi-
mately 5 hours of microscope time plus a
variable amount of time for data tabula-
tion and analysis. The major factors at
present precluding automated analysis
are those decisions required by the
operator: 1) interpreting the morphology
of the tissue section, 2) deciding
whether a particle seen in the BSE image
is in, on or under the tissue, 3) deter-
mining the particle shape for particles
needing stereometry and 4) resolving
overlapping or aggregated particles.

The EDXA data allow separation of
particles into two major classes:’
endogenous and exogenous. Particles con-
taining Ca and P, or Fe and P as major
constituents with sometimes smaller
amounts of Na, Mg, and K are considered
endogenous, and the remaining particles
are considered exogenous. Exogenous par-
ticles are divided into three major
classes: silica (showing only a silicon
peak); silicates (showing silicon plus
other cations; e.g. Al, Mg, K, Ca, Fe);
and other (mostly metals; either singly
or in combinations).

Special Problems

Contamination by fixatives is dis-
cussed above. Each lot of carbon sub-
Strate discs should be screened by BIE
lmaging to avoid occasional lots contam-
inated or polished with small particles
(e.g. silicon monoxide or alumina
abrasives). Endogenous vs exogenous par-
ticles have been defined above. FHeavily
calcified tissue sections can be treated
with dilute (1%) acetic acid to decal-
cify them. Tissues with large endogenous
iron (hemosiderin) burdens present a
currently insurmountable problem. If one
must analyze 100 or 1000 endogenous par-
ticles to find one exogenous the
analysis becomes too inefficient. We
have yet to find a way to remove
endogenous iron which might not also
destroy exogenous particles.

Since resapirable particles in the
lung are generally <5ym, the analyst
should be suspicious of larger exogenous
particles. However, larger particles
can reach the lung during life by
intravenous injection (e.g. in drug
addicts) or by aspiration of material
intended for the gastrointestinal tract
4).

Aggregations and overlap of
particles are a problem in some cases,
as it is even with particles isolated
from tissues. The detection of an aggre-
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gate or overlap depends first of all on
the spatial resolution (dealt with
below). Once detected, the appearance of
the individual particles in the BSE
image is useful in evaluating whether
the aggregate is a mixed group (as might
occur in a lysosomal package in a macro-
phage after phagocytosis of several
separate particles) or uniform (as in
some welding fume aggregates). Analysis
of several regions within the aggregate
is performed to see if there are any
differences in the types and/or propor-
tions of different elements. Aggregates
which cannot be resolved into separate
component particles by analysis are
counted as one particle which is
categorized as a separate type. Superim-
posed particles can be frequently decon-
voluted morphologically by noting, e.g.
a tiny particle with higher BSE signal
on top of a larger one with lower BSE
signal., The analysis of the smaller one
will show the composition of both, but
by analy%ing the underlying one
separately (as far as possible from the
higher BSE particle) its spectrum can be
stripped from the combined one resulting
from the analysis of the smaller one.
This approach, combining specimen topog-
raphy, BSE yield and EDXA data, allows
us to deal with most aggregates and
overlaps. These few which cannot be
separated are counted as single parti-
cles with mixed composition.

Fibers present special problems for
in situ analysis. These are the parti-
cles which have received most attention.
Most quantitative reports deal with
fibers only and do not cover the large
numbers of non- fibrous particles in the
lung (32). Our method of analysis clas-
sifies particles as fibers ("possible
fibers®") if they show no evidence of
platy structure in either secondary or
BSE images and they have parallel sides
and an aspect ratio of at least 4 to 1
(length to diameter). We recoghize that
some platy particles on edge may be mis-
classified as fibers, and that fibers
oriented in certain directions (e.g.
perpendicular to the plane of tissue
section) will appear to be round or
irregular rather than fibrous. Without
destroying the tissue this is the best
that can be done. If fibers are too
small to resolve or present at too low a
concentration in the tissue, their pres-
ence may also go unnoticed. In our
experience based on analysis of a group
of cases with known fiber exposure (see
Validation and Results sections, below)
we feel that significant fiber exposures
will not be missed with our method.

Low atomic number particles even if
detected with BSE imaging will yield no
identifying data from EDXA spectra.
Thus, a sighificant particulate exposure
to organic or low atomic number (Z)
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materials may not be revealed using
SEM/EDXA. Major exposures to opaque low
Z particulates such as coal or graphite
will, however, be revealed by light
microscopy, even if analysis is not done
by SEM/EDXA. For those cases requiring
special analysis of particles containing
light elements (e.g., Be), the IMMA can
be utilized, either qualitatively or
quantitatively (2). Organic and molecu-
lar identification of particles vigible
by light microscopy can be accomplished
using laser Raman microprobe analysis
(7,11).

Precise mineralogic identification
of particles 1s not usually provided by
SEM/EDXA. The groupings of particles
into chemically and morphologically
similar clusters is adequate for initial
agsessment and for comparison with simi-
larly analyzed environmental samples
(1). Single particle crystallography
requires other techniques such as TEM
with selected area electron diffraction
or laser Raman spectroscopy. )

Yltrastructural, subgcellular morpho-
logic detail 1s not usefully recogniz-~
able with SEM of paraffin sections. In
the case where ultrastructural studies
of particle type are necessary, one must
sacrifice quantitative analysis and
utilize TEM or STEM of stained thin sec-
tions.

Testing of the Method

Limits of detection

For quantitative studies, there are
three limiting factors in our methogd.
These are: 1) the number of fields
examined; 2) the size and atomic number
of the particle (SEM resolution and BSE
contrast); 3) the sensitivity of the
EDXA system. If only one particle of
any given type per 100 fields is found,
this woulg correspond to a conceptration
of 1.0x10° particles/cm> (0.5x10°/cm? if
200 fields are searched, etc.). It is
worth emphasizing that the sampling
volume is a major limiting factor in
analysis of particles in sections. TEM
or STEM analysis of thinner sections
requires approximately an order of mag-
nitude more time to survey the same
volume of tissue. In practice TEM or
STEM is inefficient for quantitative in
situ analysis since the concentration
range found in some diseased tissu%s and
mapy normals is §n the range of 10° -
10! particles/em?. This range is within
the detection limits in our method. The
magnification and BSE detector we use
can detect particles as small as 0.05 um
in diameter. This varies somewhat with
atomic number, but includes most respir-
able particles. It has been estimated
that 80% of lung particles (fibers) are
greater than 0.05 ym diameter (27). The
limits of detection for an element in a
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detected particle during our 20 sec
analysis is approximately 0.1% by
weight. (e.g. 10 counts/sec under con-
ditions yielding 10,000 counts/sec for a
pure element standard).

Variability

everal aspects of our method have
been tested in addition to the data
presented with specific cases in the
Results section, below. These are
presented in Table 1.

Repeated analyses of the Same sec-
tion by the same person gave the results
shown™ in Table 1 for cases 12,13 and 8.
The rather large standard error of the
mean results largely from the uneven
distribution of particles in the sec-
tion.

Analysis of the same section by dif-
ferent analysts In cases 34 and 10
showed no significant variation

(p>0.05). The second analyst had only
one month training and experience before

Fig. 1, Case 18,

text). Marker = 200 pm.

Light microscopy (A) and SEM montage (B) section on carbon.
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these analyses were done. The effects of
decalcification on analysis by the same
analyst are shown for case 8, and for
the different analysts for case 10 (in
Table 1). The elimination of a large
number of endogenous calcium-containing
particles generally decreases the BSE
background and may increase the sensi-
tivity for exogenous particles. Also,
the removal of large numbers of
endogenous particles increases the effi-
ciency of the analysis for exogenous
particles. The final concentration of
exogenous particles should be, and is,
unchanged.

The variation with different blocks
(different pieces of tissue) from the
Same lung is shown in cases 35, 36 and
18. Case 36 compares an inflated and
uninflated section of the same nearly
normal lung, and in case 18 serial sec-
tions from the same three blocks of tis-
sue are examined., There is more varia-
tion from one lobe of the lung to

Note in
B the locations (o) of the sequence of fields examined at higher magnification (see
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:

Fig. 2. Case 18. SEM, secondary electron imaging (A) and backscattered electron image
(B) of one field showing several particles in the tissue (dark in this negative,
reverse-contrast BSE image) and one particle (arrow) excluded from analysis as it
appears on or in the carbon disc and not in the tissue.

another in case 35 (with asbestosis)
than with inflation vs collapse of the
nearly normal lung (case 36). Little
variation is present in the concentra-
tion of exogenous particles in the six
Sections analyzed from case 18. All the
pairs of analyses within the same case
were evaluated for significance using
Student's t-test. The only pairs showing
significant differences were the ana-
lyses of one of the six sections in case
18 (section 14 vs 2A,B or C) (p<0.05),
and of two different biopsy sites in
case 34 (p<0.05).

As a further -demonstration of the
variability of the data, Table 2
presents the concentrations of various
types of particles determined in each
section of case 18.

These studies show that variability
in particle concentrations is such that
the same analyst or different analysts
can obtain similar results, that sec-
tions can be decalcified if necessary,
and that inflation of the lung is not a
major factor in at least some cases (in
which the majority of particles are in
more rigid interstitial zones -- lym-
phatics near vessels or airways). Varia-
tions up to 3 fold within the same lung
are reasonable and the quantitative com-
position of the particles seems fairly
constant when determined with the volume

of tissue and numbers of particles
searched and analyzed, respectively.

Validation of the Method

Tissues Independently analyzed by
bulk methods have been analyzed using in
situ quantitative microanalysis of sec<
tions to test the correlations between
the two methodsa. Two such comparisons
have been reported, one involving nickel
(3) and the other beryllium (2).

Nickel in the lungs of nickel
refinery workers was analyzed by bulk
chemistry and representative blocks of
tissue embedded and sectioned routinely.
Sections were analyzed as described
above in the Methods section. After
determination of the total _number of
exogenous particles per em3 of tissue,
the number which contained Ni was deter-
mined and multiplied by the average Ni
EDXA count rate (cps) observed for those
particles containing Ni. In this manner
a particulate Ni cps/cm3 was determined
for each tissue section. In two cases
the only remaining tissues were from
25-year old H&E stained sections (19)
which had to be transferred from glass
slides to carbon discs. Figure 3 shows
the data from the comparison. The corre-
lation coefficient of 0.64 is signifi-
cant (p<0.05) given the variation in
tissue sampling and other pathology
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Table 1. Variability in Determination of Total Exogenous Particle Concentration.

Type of Comparison Case Wo. Mean No. Particles No. Fields
per Field (s.e.m.)
Same section, 12 2.44 (0.55) 100
same analyst 5.14 (1.36) 100
4.34 (1.51) 100
4.92 (1.09) 100
13 2.95 (1.35) 100
1.13 (0.18) 100
1.62 (0.49) 100
Same section, 34 5.67 (1.89) 60
different analysts 4,22 (1.05) 60
Same case, 34 1.64 (0.36) 100
different block
Same section, 8 1.07 (0.20) 104
before & after 1.84 (0.39) 50
decalcification,
same analyst
Same section, 10 1.34 (0.21) 100
different analyst, 1.22 (G.19) 100
before & after
decalcification
Same case, 35 0.75 (0.03) 200
inflated & uninflated 0.08 (0.04) 200
lung
Same case, 18 1A 0.76 (0.18) 144
serial sections 1B 0.09 (0.15) 108
(1 & 2), 3 blocks 1c 1.02 (0.23) 100
(A,B & C) 2A 1.24 (0.28) 100
2B 1.32 (0.56) 102
2C 1.17 (0.47) 100

(e.g. severe emphysema in one case,
which would make the determination of
particles per volume or weight less
reliable)., The correlation coefficient
is 0.80 if the case with severe
emphysema is excluded.

Beryllium was studied using the IMMA
Since it Is not detectable with EDXA.
The three cases reported (2) all showed
Be disease and had a wide range of chem-
ically determined Be concentrations. The
analyses with the IMMA were done simi-
larly to those done by SEM and EDXA. The
Be secondary ion count rate was recorded
during etching through several areas of
tissue. The maximum count rate observed
was averaged for each case and plotted
against the results of bulk chemical
analysis of the lung tissue from the
same case (Fig. 4). Note that the
regression line plot shown in Fig. i
does not intersect the point for the
pure standard even though it fita three
tissue "standards" well (r=0.999). Be

was not detected in normal appearing
tissue regions. Thus the local concen-
tration of Be in those regions (lesions)
where it was detected was higher than
that observed by bulk chemistry which
averaged normal and abnormal areas. With
the observed background Be count rate of
approximately 0.4 cps and a count rate
on pure Be of 4107 cps, one can deter-
mine that the actual minimum detectable
Be concentration would be approximately
1 cps/ﬂx107 cps or 0.1 ppm. Therefore,
in the case with a bulk concentration of
0.003 ppm the actual concentration in
the lesions is probably on the order of
0.1 ppm, For this type of quantitative
analysis a standard reference curve is
essential.

Other results of our in situ quantita-
tive microanalysis can be compared with
the literature. For example, Nagelschmidt
(25) determined the amount of sil-
ica in the lungs of patients with sil-
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icosis to be approximately 2 grams total
8ilica in _both lungs. Qur findings of
102 to 1070 silica particles/cm-? in some
cases of silicosis can be compared by
assuming that the mass per particle is
2x10~ gram and the vo%ume of lungs

5000 em3 (5 ). Thus 10° silica
particles/em” would corre ond to
approximately (10 )(2x10 ) (5x103 =

10 grams. These calculations, making use
of several assumptions, at least show
that the results are within the order of
magnitude expected. Another way to look
at the data is to compare quantitative
microanalytical findings with epidemiol-
ogy, radiology, physiology and pathol-
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Table 2. Variability in Composition of
particles* with Multiple Analyses

Sect. # si Sili- W con- Fe con-

part. only cates taining taining
1a 112 0.02 0.04 0.30 0.07
1B 100 0.03 0.0 0.66 0.16
1c 99 0.04 0:01 0.77 0.17
2A 133 0.08 0.14 0.80 0.14
28 98 0.03 0.08 0.71 0.07
2C 99 0.02 0.0 0.56 0.0

*Concentrations in numbers of
particles/field (multiply by 108¢o give

number/cm3). Same sections as in Table 1
and 3, case 18.
ogy. There are scant data along these

lines. Our current study of lung biopsy
tissue sections (no tissues available
for bulk analysis) in asbestos workers
shows that the findings of numbers of
asbestos fibers per em3 of tissue are in
the same range as those reported by bulk
tissue digestion studies (5). The strong
correlations of tissue asbestos concen-
tration with monitored exposures and
with radiologic, physiologic and patho-
logic data also support the validity of
quantitative in situ tissue
microanalysis.

Results and Comments on
a Series of Y40 (CaSes

Figure 5 shows the results for 40
cases. The individual concentrations (by
case number) for each major category of
particle and the overall means and stan-
dard errors of the mean (s.e.m,) are
indicated by a diamond. Note that the
vertical scale is logarithmic, and that
the s.e.m. is given as a function of the
numbers of particles per sta darg 10,000
pm3 field (i.e., number x10~ /cm ). The
data for each individual case is listed
in Table 3.

Table 4 presents some of the summary
data from the 40 cases, including the
grand means (of the means for individual
casey) for concentrations and percen-
tages of particles in several major
categories. The overall means and s.e.m.
in Fig. 5 and Table 4 include data from
all 40 cases. This includes some cases
with obvious disease. The overall means
and s.e.m. would change if certain cases
were excluded. For example, the overall
mean fiber concentration of 0.09 + 0.025
drops to 0.05 + 0.014 if cases with
known industrial exposure to asbestos
are excluded (cases 19,27-35). The
overall mean sgilica concentration is
0.36 + 0.21, which drops to 0,067
0.0127if cases with obvious silico¥is
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Table 3.
Case # Pathology Total Exogenous
Particles/field
(Mean (s.e.m.))
1 Pneumonia 0.23 (0.06)
2 Pneumonia 0.06 (0.17)
3 Pneumonia 0.24 (0.52)
4 Pneumonia 1.16 (0.58)
5 Pneumonia 1.12 (0.29)
6 Pneumonia 4.12 (0.64)
7 Pneumonia 2,27 (0.,50)
8 Pneumonia 1.07 (0.20)
9 Pneumonia 0.51 (0.49)
10 Pneumonia 1.34 (0.21)
11 Hard metal disease 0.72 (0.18)
12 Hard metal disease 2.05 (0.74)
13 Desquamative inter- 1.25 (0.56)

stitial Pneumonia

14 Volcanic Ash Exposure 3.91 (2.59)
15 ©Silicosis (Horse) (28) 2.19 (0.74)
16 Interstitial Fibrosis 1.16 (0.14)
17 Interstitial Fibrosis 0.18 (0.04)
18 Hard Metal Disease 1.07 (0.15)
19 1Interstitial Fibrosis 3.61 (0.87)
20 Chrysotile Miner 0.51 (0.15)
21 Interstitial Fibrosis 1.12 (0.32)
22 Silicosis (21) 21.07 (4.66)
23 Granulomatous Disease 0.27 (0.16)
24 Acute Alveolar Damage 2.77 (1l.44)
25 1Infant 0.51 (0.11)
26 Hypersensitivity 4.04 (1.72)
Pneumonitis (24)
27 Asbestos (5) 11.73 (2.86)
28 Asbestos (5) 1.12 (0.22)
29 BAsbestos (5) 0.65 (0.18)
30 Asbestos (5) 1.81 (1.03)
31 Asbestos (5) 0.33 (0.09)
32 Asbestos (5) 0.58 (0.27)
33 Asbestos (5) 0.63 (0.13)
34 Asbestos (5) 0.63 (0.20)
35 Asbestos (5) 4.22 (1.05)
36 Normal Adult 0.08 (0.04)
37 S8tillborn Infant 0.14 (0.12)
38 Granulomatous Disease 0.76 (0.51)
39 1Interstitial Fibrosis, 0.08 (0.04)
Age 6 yrs
40 Interstitial Pibrosis, 0,03 (0.17)

Age 2 months

are excluded (cases 6,15,22 and 27).
Table 5 lists the metal elements
found, in order of decreasing frequency

(number of cases in which element was
found, out of the 40 cases). This table
does not reflect the association of ele-
ments with one another. Some of the more
commonly observed associations of ele-
ments within particles include Fe with
Cr, Mn and Ni; Cu with Zn; Pb with Cr,
Cl or Br; and Ba with S.

Our 30 cases cover a wide range of
pathologic reactions. Most are not from
recognized pneumoconioses, with the
exception of case 22, silicosis (21)
included for an example (22=lung and
22N=hilar lymph node, with even higher

Table 4. Summary Data From 40 Cases

Concentration %
(millions/cm ) Particles

Type of
Particle

Median(Range) Median(Range)

Endogenous 12 (0-290) 9,7(0 -82.0)

Exogenous 7 (3-2107) 94,0(15.8-100)
Silica S (0-838) 7.4(0 ~66.7)
Silicates 36 (1-1010) 51.5(0.3-93.9)
Metals 24 (0-193) 32.3(0 -%4.5)
Fibers 3 (0-72) 4.1(0 -77.8)

Totals: Over 6000 fields searched
Over 5700 particles analyzed

Fields per case: 126.6 57.9(s.d.)

Exogenous particles 120.1 4.0
analyzed per case

Locations of particles analyzed (%):

Interstitial 65.7 24.3(s.d.)
Airspace 28.6 24.3
Perivascular 5.7 14.5

concentrations) and cases 27~35, a group
with known asbestos exposure demonstrat-
ing a wide range of pathology (5),
including one showing pathological evi-
dence of silicosis, supported by our
quantitative analytical findings (case
27). Cases 1-10 were chosen to illus-
trate the range of particles seen in a
group of patients who died from a defin-
ite infectious cause (Legionnaires
Disease). Many of these revealed under-
lying pathology and rather high concen-
trations of inorganic particulates in
the lungs. These cases document the
exposures antedating the terminal ill-
ness and may (unproven) indicate a group
with more susceptibility to Legionella
pneumophila or other respirafory infec-~
tions. & recent report also points out
the association between metal particle
exposure and increased susceptibility to
infectious pneumonia (20).

Cases 15,23,26 and 38 demonstrated
granulomatous reactions. After an unre-
warding search for infectious agents by
microbiologic cultures and special
stains, microanalysis of sections
yielded some interesting results. The
only metal-related granulomatous disease
for which information on tissue concen-
trations of the agent are available is
beryllium disease. The nature of the
granulomatous process is different from
most common pneumoconioses in that the
etiologic agent of granulomas may be
present in much lower concentrations,
with the tissue response (the granuloma)
reflecting an amplification (by sensi-
tized immune effector cells) of the
attempt to deal with an indestructible
antigen (10). The tissue concentrations
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Sk is the standard error of the mean (number of particles/field).
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of the etiologic agent (discussed above)
associated with Be disease (may be <0.01
ppm) are much lower than those associ-
ated with silicosis (approximately
10,000 ppm), silicatosis approximately
100,000 ppm), or even asbestosis
(approximately 100 ppm).

S

Table 5. Frequency of Detection of Partic-

ulate Metals 40 Analyzed Cases.

Element Frequency Element Frequency
Fe 39 Ba 4
Ti 30 W 3
Al 28 Ta 3
Zn 23 Bi 3
Pb 23 Zr 3
Cr 23 Ag 2
Cu 21 Sb 2
Sn 12 Hg 2
Ni 11 Os 2
Mn 5 cd 1
Au 5 La 1
Ce 5 v 1
Br 4 Tc 1

Frequency listed is the number of cases
in which the given metal was detected.
This does not reflect concentrations nor
associations among various metals.

In those cases of granulomatous
disease in our series it is of interest
that the highest concentrations of
unusual metals were found, such as Al
and Cr (case 23) and Al and Zr (case
38). All of these elements can be asso-
ciated with hypersensitivity reactions,
and Al and Zr each have been associated
with granulomatous reactions (26).
Further studies are required to prove
causality for these materials in the
individual cases. However, the unique-
ness of the associations we found has
suggested direction for further investi-
gation, such as in vitro lymphocyte
responsiveness to a variety of these
Tetals, as has been done for beryllium

15). .
That accumulation of ambient respir-
able inorganic particles in the lung
begins with the first breath (or possi-
bly in utero) is supported by our
results in cases 25, 39 and 40, infants
and a young child. Rare particles in
macrophages have even been found in the
lungs of stillborn infants. It is known
that inhaled and ingested particles can
be found in macrophages at sites distant
from the lung and even in the urine.
Thus, free particles and/or macrophages
containing particles could travel from
mother to fetus in utero either blood
borne or in the amnictic fluid. Above
average concentration of particles and
particles of unusual type were seen in
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one infant maintained on a respirator
for several days (case 25). It is possi-
ble that the respiratory therapy devices
were the source of some unusual metals.
A maternal history of gold therapy would
also have to be excluded &s a source of
gold particles in fetal or newborn tis-
sues. The cleanest appearing (pink)
adult lungs examined (case 36) contained
a low concentration of exogenous parti-
cles. Yet even at this low range those
few particles found were not all of
ambient type. A few platy talc particles
suggest that there was some exposure
either through cosmetic use or industri-
ally. This documents exposure with no
recognizable associated pathology at the
very low tissue burden observed.

In most cases the largest fraction
of the total exogenous particle concen-
tration in the lung is the silicate
group. This is not surprising since this
group of minerals accounts for both the
majority of particles in ambient as well
as industrial exposuresa. Even in cases
with silicosis (with rare exceptions of
"pure!” silica exposure) there are more
gilicates than silica. In cases with
asbestosis the asbestos fibers (the
etiologic agent) are present at-lower
concentrations than non-fibrous sili-
cates., This finding aserves to emphasize
the importance of differentiating the
types of particles in recognizing
differing biological significance (e.g.
fibrogenicity).

Other inorganic particles of
interest in air pollution studies cannot
be measured in the lungs due to solubil-
ity, (e.g., sulfates and nitrates) (16).
These may be related to the insoluble
inorganic pulmonary dust burden in that
damage to clearance mechanisms may lead
to increased retention of particles, and
also as the insoluble particles may be
markers of mixed exposures.

Unusual elements such as Cd and Pb
in case 24, were of forensic importance.
This was the only case in which Cd was
found and supported the toxic exposure
to fumes generated in welding on metal
painted with resistant paints (contain-
ing Cd and Pb among others). This case
was analyzed after exhumation and the
morphology was not well enough preserved
to allow correlation of pathology with
analysisa. The history of acute alveolar
injury and lethal respiratory failure,
plus the findings of recent significant
exposure (Cd is relatively soluble) were
enough to tie the case together.
Analysis of samples of the materials on
which the patient had been welding was
not allowed as a result of legal
maneuverings, but would be another
desirable evidentiary link in such
cases.

Location of Particles in Tissue Most
cased showed a predominance of particles
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in the interstitial or perivascular
location rather than in the airspaces.
The former regions are the location of
the lymphatics and are the sites of
accumulation of dust in most normal
lungs as well. Cases in which the major-
ity of dust was in the air spaces would
be likely to have had either more recent
or overwhelming exposure or some
interference with the normal dust clear-
ance mechanism. Of our cases, those with
the largest fraction in the airspace
were cases Y4,11,16, 20 and 29. These
were characterized by no specific type
of pathology or particles in common.
Thus the significance of this distribu-
tional variation is not yet clear.

In determining the relationship of
the measured dust burden of the lung to
the actual exposure, not only the expo-
Sure must be monitored, but there must
also be knowledge of the clearance rate
in the individual and the time from the
exposure to the sampling of the tissue.
This information is usually not avail-
able. If one assumes that a normal
clearance has a half time varying from
minutes (large airways) to months
(distal lymphatic dust storage areas)
(23), one can see that over 99% of the
deposited dose will be cleared within a
few weeks or months. It follows that a
Small decrease in clearance efficiency
could with time greatly increase the
pulmonary retained dust burden.

Monitored exposures are usually cale
culated based on one point or at most a
few samples taken over a short period of
time. Thus the actual total exposure to
respirable dust for an individual is
impossible to guantify. The only meas-
urement which reflects all these factors
is the lung burden itself. After all,
the lung is the dust sampler of last
resort. Whenever lung dust burden is
considered it must be remembered that it
represents retained dose which is a com-
plex function of the many factors d1s-
cussed above.

Light microscopic evaluation of the
dust burden is useful if the particles
of interest are visible and within the
resolving power of the light microscope.
For example, a comparison of the parti-
cles counted by light microscopy with
those seen by SEM with BSE imaging was
made in a series of pulmonary alveolar
proteinosis cases (9,22). Here the range
of ratios was from 1:1 up to nearly
1,000:1 (more particles seen by SEM than
by light microscopy). The under-
estimation by light microscopy is espe-
cially true in the case of tiny metal
fume particles which are not visible by
light microscopy.

A similar comparison was made with
case 22. Counts of birefringent parti-
cles by light microscopy revealed 536
particles in 300 fields of approximately
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10,000 um3 each. The cgncentration
determined was 1.79x10° particles per
cm?, The size of the particles was an
average of 1.44 um. The opaque particles
were counted separately from the
birefréngent and showed a total of
7.0x10°% per em3 in areas of alveolar
periva%cular sampling and up to 70x10
per cmJ in the very dusty subpleural
regions. For the birefringent particbes
the sugpleural region showed 14.8x10

per cm® and th rema1nger of the lung
showed 0.56x10 per cm For comparison
the results of the SEM examinatjon
revealed 6x10 particles per cm? in the
lung and 7x10 particles per cm? in the
lymph node. The major types of particles
in this case were silica and silicates
which could be seen both by light
microscopy and SEM.

nd

Discussion

There is scant quantitative data
available on non-fibrous particulates.
Almost all work on quantitation of lung
dust particulate burden has been either
gravimetric (e.g. ref. 25) or limited to
fibers (see ref. 32).

We have shown in the 40 cases
presented above that the pulmonary inor-
ganic fiber concentration is almost
always less than the concentration of
non-fibrous particles. This is s0 even
in cases of asbestosis. Thus the impor-
tance in analyzing all the types of par-
ticulates in the lung is to allow quan-
titative interpretation of the relative
roles and interactions of inorganic par-
ticles as etiologic agents of lung
disease.

The results of two earlier studies
from this laboratory utilizing in situ
quantitative analysis of particulates in
human lung tissue sections cannot be
combined with the results of the series
of cases presented here, as the metho-
dologic details had not been refined. In
the first study (9) the analyses were
done at a lower magnification (4000X
final), areas were not randomly
searched, and no montage was made for
reference to the regions analyzed.
Analysis of airspaces and perivascular
regions were made and showed higher con-
centrations of particles in the air-
spaces in pulmonary alveolar proteinosis
cases than in the airspaces of control
cases with other alveolar filling
disorders. In the second study (8) the
method was nearly as reported here, but
the montage reference was not utilized
and the system of searching, the numbers
of fields searched, numbers of particles
analyzed and data recording were not as
exhaustive as in the final method.

Stettler and Groth (31) presented
data on non-fibrous particles in three
cases. These data are based on particles




recovered from tissue, and no range of
concentrations in comparison cases are
given. Larger numbers of particles can
be analyzed more rapidly using their
automated system than with in situ
analysis. However, correlation with
pathology is lost and the additional
problem of aggregation of isolated par-
ticles remains to be solved. Losses of
particles dependent on size and/or com-
position during the tissue ashing and
particle recovery preparatory steps need
to be studied further. For example, Pb-
containing particles were less commonly
found by Stettler and Groth than in our
study.

Smoking histories were not available
for all of our 40 cases. Smoking has
been shown to impair clearance of parti-
cles from the lungs (14), but marked
pulmonary accumulation of ambient or
occupational dust can occur in non-
smokers as well as smokers (30). The
SEM/EDXA analyses of the silicate pneu-
moconiosis cases reported by Sherwin et
al (30) were done before our quantita-
tive method was developed. The exogenous
dust concentration in those cases was
108 - 1010 particles/em3, with approxi-
mately 5% silicg, for_a total silicg
estimated at 10% ~ 108 particles/cm?,
The higher end of the silica estimate is
in the range seen in other cases with
silicosis, but no silicotic nodules were
seen by Sherwin et al (30). Similar con-
siderations apply to those cases of sil-
icate pneumoconiosis seen in animals "
(12). None of the zoo animals had direct
cigarette exposure., Most of the silicate
particles seen in smokers’ macrophages
(13) are likely of ambient (soil aero-
sol) origin.

It would seem that the concentra-
tions of inorganic particles remaining
in the lungs of persons exposed to
ambient levels of particles is orders of
magnitude below those levels of pul-
monary dust burden associated with sig-
nificant fibrosis. Exceptions would be
unusually high concentrations of ambient
dust such as in humans or animals with
environmental silicate pneumoconiosis
(12,30) or with exposure to ambient dust
containing a high concentration of
fibrogenic material (e.g., silica) (28).

It is our intent that the reported
Quantitative data on inorganic particles
in the lung will help in establishing
normal ranges as well as references for
levels of various types of particles
found in association with pulmonary
disease.

The distinction between association
and causality must be remembered when
utilTzIng Such data. Criteria for
causality include: 1) strength of the
association, 2) consistency of the asso-
ciation, 3) temporally correct associa-
tion, Y4) specificity of the association,
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and 5) coherence of the association with
existing knowledge (17). Results of
quantitative analysis of particles in
lungs are useful in evaluating all of
these criteria, but are insufficient
alone to prove causality. Finding of a
certain type of particle which has been
or can subsequently be shown to produce
the same pathologic reaction in a dose-
dependent manner in either humans or
animals is helpful corroboration for
causality. Recognition of new hazardous
exposures can result in prevention of
disease by reduced or eliminated future
exposures,

Acknowledgements

This study was supported by the
State of California Air Resources Board.
We are grateful to all the referring
physicians for sending cases either to
us or to the Averill A. Liebow Pulmonary
Pathology Collection, from which some
cases for this study were selected.
thank J. Douglass and E. Brady for
excellent technical assistance, and G.
Raggi for patiently preparing the
manuscript.

We

References

1. Abraham, J.L.: Biomedical
microanalysis-~Putting it to work now in
diagnostic pathology. Scanning Electron
Microsc. 1980; IV: 171-178.

2. Abraham, J.L.: Microanalysis of
human granulomatous lesions. Proceed-
ings 8th International Conf. on Sar-
coidosis, W. Jones Williams and B.H.
Davies (eds.). Alpha Omega Publishing,
Ltd. Cardiff, pp. 38-46, 1980.

3. Abraham, J,L., Barton, R.T., Hoget-
veit, A.C., Andersen, I. and Smith, G.:
Microanalysis of inorganic particles in
Situ in the lungs of Norwegian nickel™
refinery workers, In Proceedings of the
Second International Conference on
Nickel Toxicology. Brown, S.S. and
Sunderman, F.W., Jr. (eds.). Academic
Press. NY, pp. 155-158, 1980.

4. Abraham, J.L. and Brambilla, C:
Particle size for differentiation
between inhalation and injection pul-
monary talcosis. Environ. Res. 21:94-
96, 1980.

5. Abraham, J.L. Burnett, B. and
Rodriguez-Roisin, R.: Correlated
environmental, radiologic, physiologic,
pathologic and mineralogic analysis in
asbestos workers. Amer. Rev. Resp. Dis.
125: 154, 1982.

6. Abraham, J.L. and DeNee, P.B.:
Biomedical applications of backscattered
electron imaging: one yvear's experience
with SEM histochemistry. Johari, O.
(ed.) Scanning Electron Microsc. 1974:
251-258.

7. Abraham, J.L.

and Etz, E.S.:




J.L. Abraham

Molecular microanalysis of pathological
specimens in situ with a Laser-Raman
microprobe. Science 206:716-718, 1979.

8. Abraham, J.L. and Hertzberg, M.A.:
Inorganic particulates associated with
desquamative interstitial pneumonia.
Chest 80S5:67S-70S, 1981.

9. Abraham, J.L. and McEuen, D.:
Inorganic particulates associated with
pulmonary alveolar proteinosis. Am.
Rev. Resp. Dis. 119: 196, 1979.

10. Adams,D.0. The granulomatous
inflammatory response: a review. Am. J.
Pathol. 84:164-182, 1976.

11. Andersen, M.E., and Muggli, R.Z.:
Microscopical techniques with the Molec-
ular Optics Laser Examiner Raman
Microprobe. Anal. Chem. 53:1772-1777,
1981.

12. Brambilla, C., Abraham, J.L., Bram-
billa, E., Benirschke, K. and Bloor,
C.M.: Comparative pathology of silicate
pneumoconiosis., Am. J. Pathol. 96: 149~
170, 1979.

13, Brody, A.R. and Craighead, J.E.:
Cytoplasmic inclusions in pulmonary
macrophages of cigarette smokers. Lab.
Invest. 32:125-128, 1975.

14, Cohen, D., Arai, S.F., Brain, J.D.:
Smoking impairs long-term dust clearance
from the lung. Science 204:514-515,
1979.

15. Deodhar, S$.D., Barna, B. and Van
Ordstrand, H.S. A study of the immuno-
logical aspects of chronic berylliosis.
Cheat 63:309-313, 1973.

16. Environmental Protection Agency.
Review of the National Standards for
Particulate Matter: Assessment of
Scientific and Technical Information.
Office of Air Quality Planning and Stan-
dards, Research Triangl= Park, N.C.
27711, January, 1982.

17. Evans, A.S.: Causation and
disease: the Henle-Koch postulates
revisited. VYale J. Biol. Med. 49:175-
195, 1976.

18. Gaensler, E.A. Open and Closed lung
biopsy. In: Diagnhostic techniques in
pulmonary disease, Part II, Sackner,
M.A. (ed.) In: Lenfant, C. (ed.) Lung
biology in health and disease series,
Marcel Decker, NY, pp. 579-622, 1981.

19, Jones Willjams, W.: The pathology
of the lungs in five nickel workers.
Brit. J. Indus. Med., 15:235-242, 1958.

20. Lyons, R.W., Hayes, P.S., Wu, T.C.,
Tharr, D.G. and Fraser, D, W.: A cluster
of acinetobacter pneumonia in foundry
workers. Ann., Int. Med. 95:688-693,
1981.

21. Mason, G.R., Abraham, J.L., Hoff-
man, L., Cole, S., Lippman, M. and
Wasserman, K.: Treatment of mixed dust
pneumoconiosis with whole lung lavage.
Amer. Rev. Resp. Dis. 126:1102-

1107, 1982.

22. McEuen, D. and Abraham, J.L.: Par-

ticulate concentrations in pulmonary

and B.R. Burnett

694

alveolar proteinosis. Environ. Res.
17:334-339, 1978.

23. Morgan, W.K.C. and Seaton, A.
Occupational Lung Diseases, W.B.
Saunders, Philadelphia, pp. 25-27, 1975.

24. Musk, A.W., Greville, H.W. and
Tribe, A.E.: Pulmonary disease from
occupational exposure to an artificial
aluminum silicate used for cat litter.
Brit. J. Indus Med. 37:367-372, 1980.

25. Nagelschmidt, G.: The relationship
between lung dust and lung pathology in
pneumoconiosis, Br. J. Indus, Med.
17:247-252, 1960.

26. Parkes,W.R. Occupational Lung
Disorders.2nd Ed. Butterworths,
London,U.K. pp. 242-246, 1982,

27. Pooley, F.D. and Clark, N.J.: A
comparison of fibre dimensions in
chrysotile, crocidolite and amosite par-
ticles from samples of airborne dust and
from post-mortem lung tissue specimens.
In: Wagner, J.C. (ed.), Biological
effects of mineral fibres, Inter.:
national agency for cancer research
(IARC) Publ. No. 30, .Lyon, France, pp.
79-86, 1980.

28. Schwartz L.W., Knight, H.D., Whit-
tig, L.D., Malloy, R., Abraham, J.L. and
Tyler, N.K.: Silicate pneumoconjiosis
and pulmonary fibrosis in horses from
the Monterey-Carmel Peninsula. Chest
80S:825-85S8, 1981.

29. Sebastien, P., Fondimare, A., Big-
non, J., Monchaux, G. Desbordes, J.,
and Bonnaud, G. Topographic distribu-
tion of asbestos fibres in human lung in
relation to occupational and non-
occupational exposure. In: Walton, W.H.
(ed.), Inhaled Particles IV, Pergamon
Press, NY 2:435-446, 1977.

30. Sherwin, R.P., Barman, M.L. and
Abraham, J.L.: Silicate pneumo-~
coniosis of farm workers, Lab. Inveast.
40:576-582, 1979.

31. Stettler, L.E. and Groth, D.H.:
Characterization of human lung particles
by SEM-EDXA-image analysis. Scanning
Electron Microsc. 1983; I: 439-448.

32. Wagner, J.C. (ed.) Biological
effects of mineral fibres. Lyon, IARC
Publication No. 30, 1980.

Discussion with Reviewers

J.A. Small: I find it difficult to
believe that there are no charging prob-
lems associated with the electron
microscopy of uncoated 5uym thick tissue
sections at 20kV. It is possible that
charging may not be a problem at very
low magnification or in the BSE image.
However, at higher magnifications or
spot mode used for analysis charging may
seriously affect the beam distribution
and hence the quantitative analysis.

Authors: In contrast to standard
sectioning for electron microscopy (TEM)
we are using 5 ym paraffin sections from
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which the paraffin is removed. A 5 um
thick plastic section would present
charging problems. 'We and others (Scan-
ning Electron Microsc. 1976,1:691-698,
and text references 1-3,8,12,21,28 and
30) have previously described the obser-
vations with SEM of uncoated deparaffin-
ized sections. It seems that the 20kV
beam penetrates the 5 um section to the
conducting carbon substrate. Most of
the tissue mass is water, which has been
removed, leaving a very low density tis-
sue. The observations that thicker sec-
tions (i.e. 10 ym or more) require con-
ductive coating, and that charging
becomes apparent if one attempts to
examine the 5 uym uncoated sections with
lower KV beams support this explanation.
We do not use the spot mode for
analysis, but a high magnification ras-
ter, with constant observation of the
Secondary electron image to detect any
beam shifts or charging. The only par-
ticles which seem to give a problem with
charging are those several um in diame-
ter and thickness. Most of these are
not in the respirable size range. Large
areas of endogenous calcification are
the most commonly encountered particles
which show charging in our experience.

J.A. Small:Quantitative analysis of
particles In tissue is similar to
analysis of inclusions in materials sys-
tems. Unless you are positive that the
entire beam is contained in the parti-
cle, quantitative analysis is difficult
if not impossible. Would you comment
please.

Authors: The paper does not claim

quantitative analysis of individual par-
ticles. 8 described in the text, we
are quantitatively analyzing the parti-
culate burden of the tissue, but the
individual particles are analyzed in a
semi-quantitative way for purposes of
classification. The variations in size
and matrix make absolute quantitative
analysis of the diverse types of parti-
cles encountered in in situ an impracti-
cal, if not impossible, task at present.
The beam is certainly not entirely con-
tained in any of the particles we are
analyzing. It passes through and is
absorbed by the carbon substrate (also
See next question).

J.A. Small: Why do you use direct
Subtraction of the carbon background
fince you have no idea of the percentage
of the background which results from this
Source? Wouldn’t you be better off
doing some sort of local fit for each
peak region?

Authors: This is partially explained
in the preceding two questions and
anwsers. We examine the overlayed "fit"

of the Bremsstrahlung carbon background
with each particle spectrum and examine
the net count rates remaining for all
our spectral windows, If the background
fits well, the net count rates remaining
in regions without characteristic peaks
should be close to zero. If we observe
remaining counts of more than two counts
per gecond we first check to see if the
beam current has increased by collecting
a8 new carbon background for comparison
with the one being used for subtraction.
Since most of the particles we are
analyzing are very small, the amount of
background they generate is insignifi-
cant compared to the "constant" back-
ground from the massive carbon substrate
(which is absorbing most of the beam).

A small variation in absolute count
rates might be important if we were
attempting quantitative analysis of
individual particles, but we are not.

V.L.Roggli:Many fibers within tis-

Sue sections in individuals with expo-
sure to asbestos are much longer than
the section is thick. As a result, long
fibers oriented at various angles with
respect to the block face may appear in
two or more consecutive sections. Did
you take the orientation factor into
account in calulating the number of
"possible fibers"/em3 of tissue?

Authors: As mentioned in the text,
analysis of fibers in situ in Sym sec-
tions is a recognized TImitation of this
method., We have not attempted to use
any calculations either to determine
"corrected" length distributions or
fiber concentrations. The term "posai-
ble fiber" is used rather than "fiber"
to allow for the possibility that some
of the particles we see as fibers are
plates seen on edge and that some of the
particles we see are spherical, having
X-ray spectra identical to those of
definite fibers, may be fibers coated
and/or perpendicular to the plane of the
Section.,

V.L.Roggli:In your section on "Vali-

dation of Method," cases are described
in which the in situ method is compared
with the resuIts of bulk chemical
analysis. However, the methods used do
not allow comparision of absolute lev-
els, and the results of the Ni analysis
show that the results by the two methods
are proportionately the same (Fig. 3),
but do not indicate whether 90+ % or
much fewer of the Ni particles are iden-
tified by the in situ method. The sanme
can be said for the beryllium analyses
(Fig. 4). Can you comment on this prob-
lem?

Authors: The correlations shown in
Figures 3 and 4 are meant to be taken as
"working curves" for interpretation of
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the results of similar analyses of simi-
lar tissues. For example if the exposure
to Ni were not in the form of discrete
particulates but rather diffuse binding
of trace amounts of Ni to the tissue,
one would expect to find no Ni by
analysis of particulates. SEM and EDXA
should not be thought of as a method for
trace analysis, except when the "trace"
components are present as discrete par-
ticles of high local concentration. One
can make some calculations based on the
determinations of the average cps/ml for
Ni, for example, and compare the
observed values with results on a pure
Ni standard of "infinite" thickness.
Under the instrumental conditions we are
using, such a standard would yield
approximately 5000 to 10000 cps for Ni.
Making the relevant calculations one
could observe that in the cases we stu-
died, the Ni observed as particulates
can account for all the Ni observed by
bulk analysis. The same is true for the
Be analyses done by IMMA.

V.L.Roggli: Do you have any more
details on the comparison of in situ
analysis of asbestos fibers with bulk
digestion studies?

Authors: The asbestosis samples we
analyzed 1in situ unfortunately did not
have bulk tissue available. The availa-
bility of only a thin paraffin block of
the lung biopsies made the in situ
analysis the only possible way to study
these rare samples. When large volumes
of tissue are available, digestion and
concentration of particulates on a
filter facilitates analygis Bf much
lower concentrations (103-10
particles/cm3 of tissue) ghan practical
by the in situ method (10° particles/em
is the Tower limit if 100 fields are
examined under our conditions). We are
attempting to obtain more comparative
data on cases with both digestion and in
situ analyses., One should note that
most published data on digestive
analysis is for fibers only, and also
that fibers make .up only a small frac-
tion of the lung particulate burden.

For example, if TEM analysis of a tissue
digestate for fibers only takes one day,
analysis of all the particles might take
10 to 100 days or longer,

V.L.Roggli: Would not the use of
either unfixed tissue or filtered forma-
lin for fixation of tissues be advanta-
geous in allowing more cases to be
analyzed in a shorter time (using
automated image systems). Although par-
ticles in the carbon planchet would not
be eliminated a "background" count could
be determined and subtracted from each
sample.
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Authors: We have analyzed cryosec-
tions of unfixed tissue for study of
soluble components. Actually, the BSE
vyield from these tissues is greater than
that from fixed, sectioned, deparaffin-
ized tissues, due to the residual
solutes in dried cryosections. The use
of filtered fixative solutions would not
greatly expedite the analyses of tissues
since most of the particles found out-
side the tissue appear to originate in
the section (translocation by the nicro-
tome) or are in the substrate., Subtrac-
tion of constant "background" count
determined on a blank carbon planchet
cannot be used for tissues of variable
porosity, since the amount of "back-
ground" seen during analysis would vary
from section to section. An automated
image analysis syatem could be used, but
would require some operator supervision.

V.L.Roggli: It is bothersome that
some neonates (e.g. case 25) had as many
or more particles in the lungs as some
adults with occupational exposure. Could
this be related to contamination even
though appearing "within" the tissue?

Authors: We were also surprised at
this"result, but subsequent analyses of
other neonatal lungs have shown -addi-
tional cases with evidence of
particulate exposure. The source of the
exposure has been identified as a cor-
roding metal component of the respira-
tor. This component has been replaced by
a more stable material. This demon-
strates once again that "occupational"
exposures may begin very early in life
and be impossible to elicit by history
taking.

V.L.Roggli: Please provide more
details or references on the method for
transferring sections from glass slides
to carbon or other analytical sub-
sStrates.

Authors: Several methods for this
have been developed in different labora-
tories in addition to ours. Carbon
"replicas" transferring particles
"extracted" from ashed tissue sections
have been transferred to grids for TEM.
We have used acrylic plastic to transfer
intact sections or portions of sections
(see text and Israel J. Med. Seci.
15:716,1979). Pickett et al presented a
similar method (J. Histotechnol,
3:155-158,1980). A rapid method using
collodion films was developed at McCrone
Associates (available from them at 6150
So. Michigan Ave., Chicago, Ill.
60616). The quality of the transferred
section is only as good as the original
section and slide. If the original tis-
sue or slide is contaminated by minute
particles of dust (for example, by glass
fragments common using unwashed slides)
the subsequent microanalysis will be
rendered much more complicated.




