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Electron microscopic microanalysis of
bronchoalveolar lavage: a way to identify exposure
to silica and silicate dust
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Abstract
Objectives-The diagnostic implications
of finding non-fibrous inorganic particles
in bronchoalveolar savage (BAL) fluid has
not been fully assessed. The aim of this
study has been to measure the silica and
non-fibrous silicates in BAL fluid from
populations with different exposures to
inorganic dust, and to find whether such
measurement is useful for diagnostic pur-

poses.

Materials and methods-BAL samples
from 19 subjects with only environmental
exposure to inorganic dust (group A,
mean (SD) age 50.7 (15.2)), 23 subjects
with normal chest x ray films exposed to
silica or silicates at work (group B, mean
(SD) age 52.0 (12.4)), and 15 subjects with
a previous diagnosis of silicosis (group C,
mean (SD) age 68.0 (6.5)) were studied.
Absolute and relative cell counts were

found, and the samples were prepared for
microanalysis by electron microscopy
(EM). Firstly, semiquantitative x ray
microanalysis was performed to find the
level of silicon (Si) (peaklbackground Si)
and this was followed by microanalysis of
individual particles by EM. Variables
related to the level of Si detected were

assessed with multivariate analysis.
Results-Detected levels were higher in
group B (2.09, 95% confidence interval
(95% CI) 1.56 to 2.82) and C (1.50, 95%CI
1.07 to 2.12) than in group A (0.87, 95% CI
0.66 to 1.16) (P<0.05, Dunett t test). A first
multivariate analysis showed that expo-
sure to silica or silicates was the only
determinant ofthe level of Si expressed as

log peak/background Si, when adjusted for
age, sex, smoking habit, and cell count. A
second multivariate analysis with micro-
analysis ofindividual particles as an inde-
pendent variable showed the silica count
to be the main predictor of detected
concentration of Si. Silica and non-
aluminium silicates together explain

55.5% (R2) ofthe variation in detected lev-
els of Si.
Conclusions-Detected levels ofSi in BAL
fluid depend on silica count and are

higher in subjects with exposure to inor-
ganic dust at work, but will not discrimi-
nate between exposed subjects with and
without silicosis. Because semiquantita-
tive x ray microanalysis does not accu-

rately define exposure to non-silica

inorganic particles, this measurement
must be followed by EM microanalysis of
individual particles in most cases, espe-
cially when exposure to silicates or metal
dust is suspected.

Keywords: bronchoalveolar lavage; electron micro-
scopy; pneumoconiosis

(Occup Environ Med 1997;54:560-565)

Inorganic dust content of lung tissue must
sometimes be measured in patients who have
been occupationally exposed to dust, mainly
when the diagnosis remains unclear after the
examination of clinical and radiological data.
Light microscopy, whether on direct examin-
ation or after lung digestion, yields useful
information on asbestiform bodies,' but most
non-fibrous inorganic particles will only be
detected with electron microscopy (EM).
Additional information on inorganic particles
in lung tissue can be obtained with EM
microanalysis, a complementary tool that can
determine the elemental composition of the
inorganic particles seen with EM.45

Bronchoalveolar lavage (BAL) is yet another
technique for the study of the lower airways.
This provides fluid samples representative of
the cell content of the lower airways and is also
useful for measuring asbestiform bodies and
asbestos fibres,"'3 with a good correlation
between BAL fluid and lung tissue asbestiform
body counts.'4 1" The non-fibrous inorganic
particle content ofBAL has been assessed with
EM in populations exposed to dusty
workplaces,"" min some cases with the comple-
mentary use of EM microanalysis to identify
the elemental composition of the inorganic
particles.'9 21
During the EM examination of a biological

sample semiquantitative x ray microanalysis
(SXM) can also be performed. The SXM is a
non-time-consuming approach to EM microa-
nalysis that measures the various elements
present in a sample, considering all the
inorganic particles together, and has previously
proved its usefulness to discriminate between
silicosis and fibrosis not due to exposure to
inorganic dust in samples of lung tissue" and
BAL.2" The SXM can be performed together
with EM microanalysis of individual particles,
which provides a more detailed description of
the elemental composition of the inorganic
particles present in the sample. In this study,
SXM of BAL samples from subjects with
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Electron microscopic microanalysis of bronchoalveolar savagefor silica and silicates

Table 1 Group A environmental exposure

Patient Tobacco
number Age (pack-years) Sex Work

Al 78 60 M Cattle raiser
A2 51 33 M Publicist
A3 59 32 M Office worker
A4 51 22 M Watchman
A5 30 0 M Teacher
A6 41 0 F Textile worker
A7 59 42 M Butcher
A8 67 33 M Textile worker
A9 35 18 M Butcher
A10 65 0 M Food seller
Al l 53 36 M Office worker
A12 46 29 M Bookbinder
A13 49 32 M Driver
A14 22 0 F Cloth presser
A15 71 54 M Office worker
A16 64 0 F Housewife
A17 24 0 F Office worker
A18 56 39 M Office worker
A19 57 37 M Teacher

different levels of exposure to silica or silicate
dust was performed, followed by EM micro-
analysis of individual particles, with the aim of
finding the content of inorganic particles in
BAL fluid, to investigate whether EM microa-
nalysis of BAL fluid would detect cases of
occupational exposure to silica, silicate dust, or
pneumoconiosis.

Materials and methods
STUDY POPULATION
Samples ofBAL from 57 patients with different
levels of exposure to silica or silicate dust were
examined. Nineteen patients had never been
occupationally exposed to silica or silicates and
had only been exposed to environmental inor-
ganic dust (group A: mean (SD) age 50.7
(15.2); 15 men, four women; 1 1 smokers, two
ex-smokers, six non-smokers); 23 patients had
been occupationally exposed to silica or silicate
dust but had normal chest x ray films (group B:
mean (SD) age 52.0 (12.4); 22 men, one
woman; 16 smokers, three ex-smokers, four
non-smokers; 11 currently, 12 formerly ex-
posed to dust); and 15 patients had had an ear-
lier diagnosis of silicosis or coal worker's pneu-
moconiosis and exposure to silica or silicate

Table 2 Group B exposed to inorganic dust, withour pneumoconiosis

Patient Tobacco
number Age (pack-years) Sex Work Explast

B1 69 0 F Foundry worker 12/9
B2 58 0 M Construction worker 40/0
B3 59 63 M Foundry worker 22/1
B4 54 25 M Foundry worker 27/1
B5 47 30 M Foundry worker 23/0
B6 46 58 M Quarry worker 5/21
B7 50 33 M Construction worker 15/15
B8 56 78 M Construction worker 35/0
B9 66 49 M Construction worker 25/6
B10 40 23 M Foundry worker 2/0
B11 75 58 M Paint manufacturer 25/10
B12 56 78 M Construction worker 11/10
B13 23 5 M Construction worker 5/0
B14 58 82 M Lead miner 13/2
B15 61 44 M Potter 25/0
B16 40 0 M Glass manufacturer 20/0
B17 39 22 M Potter 22/0
B18 49 32 M Construction worker 30/0
B19 59 0 M Construction worker 30/0
B20 43 26 M Construction worker 23/0
B21 48 31 M Foundry worker 9/8
B22 66 39 M Construction worker 45/1
B23 32 14 M Quarry worker 5/3

* Duration of exposure/years since last exposure (y).

dust (group C: International Labour
Organisation (ILO) score equal to or higher
than 1/1; mean (SD) age 68.0 (6.5) years; 14
men, one woman; eight smokers, five ex-
smokers, two non-smokers; zero currently, 15
formerly exposed to dust; 13 with silicosis, two
with mixed dust disease with exposure to silica
and silicates) (tables 1, 2, and 3).

All patients meeting the inclusion criteria
(group A: environmental dust exposure; groups
B and C: exposure to silica or silicate dust at
work) and with a clinical indication for
performing bronchoscopy (pulmonary nodule
or haemoptysis) who were seen at a chest clinic
over a nine month period were included in the
study. Patients were included in groups A and
B only if the chest x ray film did not show any
opacity suggestive of pneumoconiosis (ILO
0/-).

Patients in group B, with a history of
occupational exposure but with no interstitial
lung disease, worked in a variety of occupations
associated with exposure to silica or silicate
dust: 10 construction workers, two quarry
workers, six foundry workers, one paint manu-
facturer, one lead miner, two potters, and one
glass manufacturer (table 2). Silicosis related to
mining, quarrying, pottery, foundry, or metal
working was the most common diagnosis in
group C patients, two ofwhom were also diag-
nosed as having mixed dust disease (coal min-
ing and exposure to silica or silicates in tunnel
drilling) (table 3).

BRONCHOALVEOLAR LAVAGE
All subjects underwent BAL according to the
European Respiratory Society guidelines.'4 In
brief, BAL samples were obtained from the
middle lobe or lingula, with instillation of 3x50
ml of saline solution at 370C. In all cases
recovery was >40%. Fluid was collected in
plastic tubes and then filtered through a single
layer mesh gauze. Absolute and relative cell
counts of the second aliquot were carried out.
The percentage of macrophages that showed
pigmentation on Grunwald-Giemsa staining
was also found.

EM MICROANALYSIS
Five ml of the second aliquot of BAL were pre-
pared for SXM and EM microanalysis of
individual particles. The organic matter was
destroyed with 5 ml ofcommercial bleach (48 h)
prefiltered through 0.4 gm cellulose filters
(Millipore). Bleach is an effective tissue diges-
tant and a satisfactory extraction reagent
because it does not react with mineral dust.'4
The solution obtained was filtered through a
0.4 gm polycarbonate filter (Nucleopore). The
filter was air dried in a plastic chamber, placed
on EM graphite stubs, examined with a
scanning electron microscope (Phillips 515),
and microanalysed. Blank samples were 0.4 pim
polycarbonate filters washed with 5 ml of pre-
filtered commercial bleach and air dried, and
only showed elements present in bleach (Cl) on
SXM.
A low magnification viewing screen was

selected for SXM (x20.4) so that the entire fil-
ter could be microanalysed. The elemental
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Table 3 Group C exposed to inorganic dust, with pneumoconiosis

Patient Tobacco
number Age (pack-years) Sex Work Expllast

C1 58 0 M Coal miner 3/34
Tunnel driller 17/17

C2 78 59 M Coal miner 7/51
Quarry worker 18/33

C3 70 43 M Metal worker 5/20
C4 71 54 M Coal miner 15/29

Tunnel driller 15/14
C5 65 0 F Potter 41/8
C6 60 43 M Sulphur miner 4/36

Construction worker 10/26
Glass polisher 25/1

C7 75 58 M Coal miner 30/20
Tunnel driller 5/15

C8 69 42 M Foundry worker 5/9
C9 72 40 M Lead miner 3/32

Tunnel driller 2/30
CGO 68 51 M Foundry worker 15/10
ClI 59 40 M Quarry worker 10/19
C12 59 42 M Quarry worker 15/10
C13 77 60 M Copper miner 15/25
C14 70 53 M Quarry worker 15/5
C15 69 53 M Lead miner 15/20

* Duration of exposure/years since last exposure.

composition of all the inorganic material
present on the filter was found with energy
dispersive x ray analysis (EDAX 9800) (work-
ing conditions: 100 S; 20 KeV). In brief, all the
atoms on the filter were impacted by the
electron beam. The excited atoms emitted x ray
photons at frequencies typical for each element
and the x ray photons were detected by an x ray
spectrometer, analysed, and recorded. The
profile was analysed by computer (RT-1 1 Dig-
ital) to calculate the detection limit (counts) of
every element with an atomic number > 10, by
determining the area under the peak for the
element and correcting for background con-
centrations. The detection limit of an element
in the sample was thus a semiquantitative
measurement reflecting the proportion of the
sample a given element accounted for. Peak/
background ratio was selected to express the
elemental content25 because peak/background
adjusts the peak concentration of every ele-
ment by the background concentration and is
more accurate than % x ray counts.25

All individual particles were seen at magnifi-
cations >1000, and the samples of individual
particles were considered suitable for EM
microanalysis if there was no accumulation of
particles in multilayers and the inorganic parti-
cles were clearly visible. Twenty seven subjects
gave suitable samples, and in these cases parti-
cles were counted and their elemental compo-
sition was identified. When the number of par-
ticles was high 20 randomly selected particles
were counted and microanalysed. In all cases
the area of the policarbonate filter examined
was the same (AM2). Inorganic particles were
identified as silica, fibrous silicates, non-fibrous
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aluminium silicates, other non-fibrous silicates,
or metals. Microanalysis of individual particles
by EM was performed for six subjects from
group A, 17 subjects from group B, and four
subjects from group C. Occupational expo-

sures in groups B and C were quarrying, min-
ing, foundry work, construction work, and
glass or pottery manufacture.

STATISTICAL ANALYSIS

The SAS 6.04 was used for statistical analysis.
All results are expressed as means (SDs) unless
specified otherwise. 95% Confidence intervals
(95% CIs) were used for comparisons between
groups. The main variable to be tested was the
level of Si detected, expressed as peak/
background Si, which was also the dependent
variable in the multivariate analysis performed.
Firstly, stepwise multiple regression was per-

formed, with age, sex, smoking, absolute BAL
cell counts, and group as independent vari-
ables, to find which variable or variables were

related to level of Si detected. Because the dis-
tribution of peak/background Si was not
normal, a logarithmic transformation of this
variable was performed. A Dunnett t test was

used for comparisons of log peak/background
Si between exposed (B and C) and control (A)
groups. A second multiple regression analysis
was performed with log peak/background Si as

the dependent variable and silica, aluminium
silicate, non-aluminium silicate, and metal par-

ticle counts as independent variables, to study
which inorganic particles were related to the
level of Si detected in BAL fluid. All the analy-
ses were performed at a 5% significance level.
The 95% confidence interval (95% CI) of

peak/background Si in group A (control group)

was calculated after the logarithmic transfor-
mation of the variable, and the upper limit of
this 95% CI was considered to be the upper

limit of normal and was used to calculate the

Table 4 Cell counts and semiquantitative x ray microanalysis

GroupA (n1= 9) Group B (n=23) Group C (n=15)

Cells (xlO'/ml) 393 (271 to 515) 709 (593 to 826) 483 (375 to 591)
Macrophages (%) 89 (82 to 96) 92 (90 to 94) 74 (58 to 91)
Pigmented macrophages (%) 70 (59 to 81) 76 (63 to 89) 81 (70 to 92)
p/b Si 0.87 (0.66 to 1.16) 2.09 (1.56 to 2.82) 1.50 (1.07 to 2.12)
p/b Fe 0.93 (0.44 to 1.42) 2.41 (1.05 to 3.77) 2.63 (1.23 to 4.04)
p/b Mg 0.68 (0.33 to 1.02) 0.69 (0.42 to 0.97) 0.71 (0.35 to 1.07)
p/b Al 0.07 (-0.03 to 0.17) 0.13 (0.02 to 0.25) 0.09 (-0.01 to 0.20)

Values expressed as means (95% CI). p/b = peak/background.
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Table S Comparison ofmeans for the variable log
peaklbackground Si*

Difference
between Power

Comparison means (0.95% CI) (%)

B-A 0.8735 (0.4224 to 1.3246) 99.41
C-A 0.5424 (0.0413 to 1.0436) 73.89

* Dunnett t test (group A: n=19; group B: n=23; group C:
n= 15).

sensitivity and specificity of peak/background
Si for recognising significant exposure to Si or
silicate dust.

Results
SEMIQUANflTATIVE X RAY MICROANALYSIS (SXM)
Table 4 shows the absolute cell counts in BAL
fluid, relative macrophage cell counts, relative
counts of pigmented macrophages, and levels
of Si, Fe, Mg, and Al detected (expressed as
means (95% CI) peak/background), and the
figure shows a scatter diagram of peak/
background Si. To find the variables that
explained the level of Si detected, log peak!
background Si was considered the dependent
variable in a model with sex, age, smoking, and
group as independent variables. In this multi-
variate analysis only the variable group was sig-
nificantly related to level of Si detected
(P=0.003), such that groups B and C showed
higher levels of Si detected than did group A,
with significant differences between groups B
and C and the unexposed group (Dunnett t
test, table 5, figure). Introduction of absolute
BAL cell count in the multivariate analysis as
an independent variable did not show a signifi-
cant relation between this variable and level of
Si detected.
When 1.16, the upper 95% CI of the

peak/background Si, was considered to be the
upper limit of normal, the specificity of
peak/background Si for recognising occupa-
tional exposure to silica or silicate dust was
high (78.95), with acceptable sensitivity (55.6)
(false positive rate 44.4, false negative rate
21.0).
Group B was divided into two subgroups to

determine if remoteness of exposure to silica or
silicate dust is related to level of Si detected;
one subgroup had current exposure to silica or
silicates (n=11), and the other subgroup had
had no exposure over the past six months
(n=12). The subgroup with current exposure
showed a mean peak/background Si of 2.19
counts (95% CI 1.42 to 3.40), which was very
similar to the mean value of 2.01 counts (95%

Table 6 Individual particle EM microanalysis

Group A Group B+Ct
Particle counts n=6 mean (SD) n=21 mean (SD) P valued

Silica 1.5 (1.8) 8.5 (5.6) 0.002
Nf aluminium silicates 3.3 (3.7) 5.8 (3.8)
Nf non-aluminium

silicates 1.0 (1.5) 3.4 (4.4)
Metals 0.7 (1.2) 1.1 (1.4)
Fibrous silicates 0.0 (0.0) 0.0 (0.0)
Inorganic particles (total) 6.5 (6.9) 18.8 (3.8) 0.0001

* Significant differences (Mann-Whitney U test).
t Groups B and C were considered as one cohort (exposed to silica or silicate dust with normal or
interstitial chest x ray). When the number of particles was high in the examined area 20 randomly
selected particles were counted and microanalysed.
Nf = non-fibrous.

CI 1.26 to 3.21) found in the subgroup without
recent exposure.
Exposed subjects (groups B and C) showed

higher absolute cell counts than did non-
exposed subjects (group A), with a clear differ-
ence between groups A and B (table 4).
Pigmented macrophage ratios were also higher
in exposed patients (groups B and C), but the
difference between these and the controls
(group A) was not significant when their 95%
CIs were taken into account (table 4).

EM MICROANALYSIS OF INDIVIDUAL PARTICLES
Individual particles were counted and their
elemental composition determined for six sub-
jects from group A and for 21 subjects from
groups B and C. Because levels of Si detected
by SXM were similar in the two groups of sub-
jects (groups B and C) exposed to inorganic
dust they were considered as a single cohort
(group B+C) in this part of the study (table 6).
Counts of inorganic particles were clearly

lower in group A than in group B+C (table 6)
and multivariate analysis showed that only
silica and non-aluminium silicates entered the
model and explained most of the variability of
log peak/background Si (R2=55.5%). More-
over, silica counts were clearly a better predic-
tor of peak/background variability (P=0.0001)
than were non-aluminium silicates counts
(P=0.0012) in the model.

Discussion
Asbestiform bodies can be easily identified in
BAL fluid through an optical microscope and
their counts correlate well with those in lung
tissue."4 '5 Microanalysis by EM, however, pro-
vides more detailed, diagnostically useful
information on the different types of non-
fibrous inorganic particles present in the lower
airway.'9 26 This approach was used by Dumor-
tier et al to study 51 subjects who were occupa-
tionally exposed to different types of non-
fibrous inorganic dust. In that study inorganic
particles seen with EM were identified as silica,
aluminium non-fibrous silicates, other non-
fibrous silicates, and metals.'6 Other studies
have determined inorganic particle content of
lung tissue in populations with different occu-
pational or environmental exposures.27 28 Rela-
tive counts of inorganic particles in BAL fluid
and lung tissue have also correlated well,
suggesting that EM microanalysis ofBAL fluid
can be used to study dust exposure.29
Our results show that SXM of BAL

accurately reflects the elemental composition
of occupationally inhaled inorganic dust. Lev-
els of Si detected for patients in groups B and
C, who were exposed to silica or silicate dust at
work, were higher than those found for patients
in group A, who had never received such work-
place exposure (P<0.05). A history of occupa-
tional exposure to silica or silicate dust was the
only determinant of the level of Si detected in
BAL fluid, expressed as log peak/background
Si, when adjusted for age, sex, smoking, and
BAL cell count at the multivariate analysis.
Level of Si detected can reflect both silica and
silicates present in the microanalysed sample,
but the EM microanalysis of individual parti-
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cles performed in our study showed that the
amount of silica in BAL fluid is the main
determinant of the level of Si detected,
although non-aluminium silicate content is
also relevant to a lesser degree. These two
counts of inorganic particles explain most of
the variability of log peak/background Si in
BAL fluid (R2=55.5%).
Our data confirm that SXM can recognise

considerable exposure to Si or silicate dust, but
will not differentiate healthy exposed subjects
(group B) from patients with silicosis (group
C), as shown by the lack of significant
differences in log peak/background Si between
these two groups. Group C subjects had
slightly lower levels of Si detected, a finding
that might be accounted for by either lung
fibrosis or age (figure). Lusuardi et al similarly
used SXM in subjects exposed and not
exposed to Si or silicate dust to find the level of
Si detected in BAL fluid, expressing the results
as a Si/S ratio, and found high levels in subjects
with occupational exposure to inorganic dust.23
In that study the level of Si detected was differ-
ent between subjects with interstitial lung
disease unrelated to exposure to inorganic dust
and subjects with pneumoconiosis, but as we
found in our study, high values are found not
only in subjects with pneumoconiosis, but also
in exposed subjects without interstitial lung
disease. Levels of Si in BAL fluid expressed as

peak/background Si proved in our study to
have good specificity (78.94%) and sensitivity
(55.56%) for recognising exposure to silica or

silicate dust. This finding points to the
importance of first calculating peak/
background Si before performing EM microa-
nalysis of individual particles when EM
microanalysis is planned, because a positive
peak/background Si result can easily identify
unsuspected but important workplace expo-
sure to silica or silicates.

Subjects exposed to inorganic dust recorded
slightly higher cell counts and pigmented mac-

rophage ratios than did control subjects, as is
often found in people exposed to this kind of
dust.-"" Multivariate analysis did not show the
absolute cell count to be a determinant of level
of Si detected. Similarly, remoteness of expo-
sure to dust does not seem to be related to lev-
els of Si detected, as peak/background Si values
found in patients currently exposed to dust
were not significantly different from those of
patients exposed in the remote past. This find-
ing agrees with previous studies of lung dust
deposition."9 Clearance of inorganic particles
from the lung is very slow, and explains the
persistence of inorganic particles in BAL or

lung tissue over long periods.0 33-35

In our study, individual particle EM microa-
nalysis specified the nature ofthe burden found
in patients with high levels of Si. Patients
exposed to inorganic dust showed high counts
of inorganic particles, mainly silica particles.
The multivariate analysis performed found that
silica is the main determinant of the levels of Si
found in BAL fluid. Non-aluminium silicates
are also related to levels of Si detected but to a
lesser degree, and are clearly not a main deter-
minant of levels of Si detected. Levels of Si

detected can therefore be considered a useful
approximation of silica content of BAL fluid.
Because patients in groups B and C had been
exposed mainly to Si or silicate dust, however,
these results cannot be extrapolated to other
populations exposed to inorganic dust. Differ-
ent results can be expected in patients who
were occupationally exposed to metal or pure
silicate dust, and in such cases EM microanaly-
sis of individual particles will be needed to
establish the precise nature of the burden.
Bernstein et al used EM microanalysis of indi-
vidual particles to study BAL samples from
dental technicians and a control population of
environmentally exposed subjects, and found
in the technicians not only high counts of silica
particles, but also a heavy burden of particles of
Al and Ni-Cr alloy.36
Our results confirm that EM microanalysis

of BAL fluid is a useful way to study the inor-
ganic particle content of the lower airway.
When exposure to silica dust is suspected,
SXM will be a useful preliminary, non-time
consuming approach, because detection of a
high level of Si is highly specific for clinically
obvious exposure to silica dust and can identify
clinically unsuspected cases of exposure to
silica or silicate dust. The SXM must
nevertheless be followed by EM microanalysis
of individual particles in most cases, particu-
larly when exposure to silicates or metal dust is
suspected, because the semiquantitative ap-
proach will fail to recognise such occupational
exposure.

We thank Ma Teresa Artis for her accurate statistical analysis.
This work was funded partially by FISss 93/0105.
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