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Abstract
Background-Sepiolite is an absorbent
clay that is used as pet litter. It forms
thin crystals, which are a transition
between chain and layered silicates.
Inhalation studies in animals have shown
no evidence of pulmonary damage. This
paper reports a cross sectional study of
the total work force of the largest sepio-
lite production plant in the world.
Methods-Two hundred and eighteen
workers (210 men and eight women) were
studied. Height, age, and smoking his-
tory were recorded. Chest radiographs
were read according to the International
Labour Office (ILO) classification by two
readers. Readings were used to construct
a numerical score, which was then used
in statistical analyses. Forced expiratory
volume in one second (FEV1) and forced
vital capacity (FVC) were divided by the
square of the height. Casella size selec-
tive personal samplers were used in ran-

domly selected operatives to collect dust
eight years before the rest of the study
was carried out. These samples were

evaluated gravimetrically. Total dust
samples were examined by optical and
electron microscopes. Results were

analysed by bivariate linear regression, x2
tests, and analysis ofvariance.
Results-When allowance was made for
smoking habit workers exposed to dry
dust showed a significantly greater
decline in FEVy with age than workers
with little exposure to dry dust. A similar
pattern applied to FVC. Radiographic
score showed deterioration with age but
no clear differences from other variables.
High concentrations of dust were found
in the bagging department and also in
the classifier shed.
Conclusions-The major finding was that
lung fimction deteriorated more rapidly
in those who had had more exposure to
dust, but there was no evidence of any
accompanying radiographic change.

(Thorax 1993;48:370-374)

Sepiolite is a clay that represents a transition
between a chain and a layered silicate. It may
form thin, lath like crystals that have
absorbent properties and therefore find a
wide range of commercial applications.
Sepiolite is a constituent of animal feeds, cig-
arette filters, pesticide carriers, drilling muds,

and industrial catalysts but it finds most use
as litter for domestic pets. Wagner et all
investigated the biological effects of Spanish
sepiolite inhalation in animals and found little
evidence of carcinogenicity or potential for
other pulmonary damage.
The effects of inhaling sepiolite in man are

unknown. This paper reports a cross sectional
study of the total work force of the largest
sepiolite production plant in the world, which
has been in operation for over 30 years. Our
aim was to look for evidence of accelerated
decline in lung function and radiological
abnormality with prolonged inhalation of
sepiolite.

Methods
THE PLANT
The plant we studied is situated in the out-
skirts of Madrid and owned by Tolsa SA.
Workers in this plant handle sepiolite exclu-
sively. The mineral is obtained from an open
cast mine, stockpiled, and when required
transferred by mechanical shovel to a primary
crusher and then on to a conveyor belt for
grinding, heat treatment, and size classifica-
tion. The material is then bagged and distrib-
uted. Exposure to the dust may occur in the
classifier shed, the storage and transport load-
ing area, the loading point of the primary
crusher, and the bagging department. In its
natural state sepiolite contains about 42%
moisture, and mine workers are thus exposed
to very little respirable dust. After natural and
artificial drying the commercial product con-
tains about 12% moisture.

SUBJECTS
We studied the total current work force of
218 (210 men and eight women) Their occu-
pations are shown in table 1. For each worker
exposure to other occupational dust was
noted. Height, weight, age, and smoking his-
tory were recorded for each worker. Smoking
habits were recorded by classifying the work-
ers as never smokers, ex-smokers and current
smokers.

RADIOLOGY
Each worker had a full size posteroanterior
chest radiograph. Films were read, according
to the International Labour Organisation
(ILO) classification2 by two experienced read-
ers. A numerical score was derived from these
readings by the method of Oldham,3 which
allows for continuous variation and hence use
of the data for linear regression analyses.
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Table 1 Number ofworkers in each occupational group
who had lungfunction tests

Number

Occupation

PIANT WORKERS
Packaging
Various others, including:

Production work
Weighbridge work
Drying and sieving
Driving

MAINTENANCE WORKERS
General, including:

Electrician
Warehouseman
Workshop

OFFICE WORKERS
LABORATORY WORKERS
MINE WORKERS

Total
With lung
function data

44 39
76 74

23 23

24
30
21

22
30
20

sive conditions, which to some extent may

occur in the lung, samples of sepiolite of
respirable size were wetted and subjected to
gentle and vigorous dispersion.5

STATISTICAL METHODS
The only type of analysis possible with these
data is internal comparison between groups

of workers with different occupations. This is
not entirely satisfactory because no normative
data for the population are available and
because the sample size is not large enough to
reveal other than gross effects. The following
techniques were used: bivariate linear regres-

sion analysis for gradient of lung function
measurements with age within occupation
and smoking groups, analysis of variance for
effects of occupation, and x2 tests for associa-
tion of smoking habit with occupation.

LUNG FUNCTION TESTS
Forced expiratory volume in one second
(FEV1) and forced vital capacity (FVC)
(BTPS) were obtained by calculating the
mean of the two highest readings unless the
blows differed by more than 0 3 litres, in
which case the higher reading was used. We
excluded some blows on account of poor

technique, leaving 208 (95%) subjects with
usable results. FEV, and FVC were divided
by height2, as suggested by Cole.4

DUST ANALYSIS
The dust exposure of the plant operatives was

assessed by measuring the airborne dust con-

centrations in the various departments.
Casella size selective personal samplers were

used for periods exceeding six hours.
Operatives were randomly selected.
Respirable dust samples obtained in their
breathing zones were evaluated gravimetri-
cally.

In addition, samples of total dust obtained
over short periods were analysed by the opti-
cal and electron microscope to determine
fibre concentrations numerically. These sam-

ples were analysed eight years before the lung
function data were collected. We could not
obtain contemporary data; anecdotal evi-
dence, however, suggests that dust concentra-
tions had fallen and therefore the earlier
measurements may be more relevant to the
exposure of the workers. To assess the poten-
tial for release of fibres under wet and disper-

Results
The distributions of age, smoking habits, and
length of employment in each of the occupa-
tional groups are shown in table 2. Of the
eight women, four were in the office and four
in the laboratory. There was nothing distinc-
tive in the age, smoking habit, occupation, or

radiographic appearances of the 10 workers
for whom lung function data were not avail-
able. Agreement between the two radiograph
readers was generally good (table 3). The
readers agreed that the films of seven subjects
showed pleural change, and five other films
were considered to show similar change by
one or other reader. These changes were

minor in all cases. There was no evidence in
any subject of pleural plaques or of calcifica-
tion. The mean (SD) age of this group with
pleural disease was 47 ( 11) years, with a

mean employment of 10 (7) job years. One
subject was known to have a past history of
tuberculosis. There was no history of expo-
sure to asbestos. In most cases the pleural
changes could have been the result of an

inflammatory process, such as pneumonia.
There was no significant difference

between the smoking habits of the six occu-

pational groups (X2 = 6X06, df = 10, p > 0 8)
but analysis of variance showed that the
remaining variables-age, radiographic score,
years in job, and adjusted FEV1 and FVC-
differed significantly. Further analysis was

restricted to the 208 workers with respiratory
measurements. These subjects were divided

Table 2 Age, smoking habit, length of employment, adjusted FEV,, adjusted FVC, and radiographic score of workers in each occupational group

Smoking habit (G/o)
Adjusted mean (7)

Mean (SD) Current Ex- Never Mean (SD) Radiographic
Occupation n age (years) smoker smoker smoker job years FEV, FVC score

Packing 39 46(11) 59 5 36 12(6) 3-14 4-08 0-78
Plant 74 37(10) 58 12 30 9(6) 3-57 4-52 0-93
Maintenance 23 45(11) 74 4 22 13(5) 3-20 4-29 0-85
Office 22 36(9) 54 14 32 9(6) 3-66 4-51 0-76
Laboratory 30 30(4) 57 6 37 7(4) 3-74 4-61 0-84
Mine 20 40(11) 70 10 20 9(8) 3-68 4-81 0-97

Vitalograph data
not available 10 43(14) 90 0 10 9(6)

FEV,-forced expiratory volume in one second; FVC-forced vital capacity.
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Table 3 Agreement between observers 1 and 2for the
ILO scoresfor the profusion ofsmall opacities2

into those exposed to the dried sepiolite dust
and those who either had not been exposed
or had been exposed only to the moisture
laden rock. Packaging, maintenance, and
other plant workers were considered to have
been exposed mainly to dry dust (group
PMO, n = 136). Office, laboratory, and mine
workers formed the other group (OLM,
n = 72). Table 4 shows the annual rate of

change of the adjusted FEV, in the two
groups. On the basis of all 208 subjects, with
no account taken of smoking habits, there
was a significant decline with age in both
groups, with a much steeper decline (p <
0-001) in the exposed group (PMO). The
greater rapidity of decline could be seen from
the values of FEV1 predicted by the two lines
at ages 25 and 55. At younger ages there was
if anything better lung function in group
PMO, due partly to the "healthy worker
effect" and to the fact that all eight women
were in group OLM. At older ages, despite
the sex difference and the possibility that
more severely affected workers would change
from group PMO, this group had consider-
ably poorer FEV1. Table 4 also shows that the
pattern remained similar when attention was
restricted to lifelong non-smokers and to cur-
rent smokers separately; the numbers of ex-
smokers were too small for meaningful
estimation of the rate of deterioration with
age. The difference in slopes between current
smokers and those who had never smoked,
with exposure controlled for, was in the
expected direction but was relatively small
and did not reach significance. A generally
similar pattern applies to adjusted FVC (table
4), though here there was little evidence of

Table 4 Rates ofchange of adjustedforced expiratory volume in one second (FEV) and adjustedforced vital capacity
(FVC) peryear of age, for groups PMO (packaging, maintenance, and other) and OLM (office, laboratory, and mine)

Fited values Fitted values
FEV, change (1)/year at ages FVC change (1)lyear at ages

Group n Mean (SE) p 25 55 Mean (SE) p 25 55

All (smoking
disregarded)
PMO 136 -0-046 (0*004) <0.001 4-13 2-74 -0 047 (0 005) <0 001 5-11 3-71
OLM 72 -0-020 (0 006) <0.01 3-89 3-29 -0 009 (0-008) NS 4-72 4-45
Difference -0-026 (0 007) <0 001 -0-038 (0 009) <0 001

Lifelong
non-smokers
PMO 41 -0-038 (0-007) <0 001 3*97 2-83 -0 040 (0-007) <0 001 4 99 3-79
OLM 22 -0 009 (0 008) NS 3-84 3-56 -0.005 (0-014) NS 4-76 4-62
Difference -0-029 (0 010) <0 01 -0-036 (0-015) <0 05

Current
smokers
PMO 83 -0 049 (0-006) <0 001 4-14 2-68 -0 050 (0 007) <0.001 5-15 3-66
OLM 43 +0-016 (0-008) <0 05 3-81 3-32 +0*003 (0-010) NS 4-55 4-64
Difference -0 033 (0 010) <0 01 -0 053 (0-012) <0 001

Table S Rates of change of radiographic score peryear of age in groups PMO (packaging, maintenance, and other) and
OLM (office, laboratory, and mine)

Rate of changelyear Fitted values at ages

Group n mean (SE) t p 25 55

All (smoking disregarded)
PMO 136 +0-0062 (0-0023) +2-70 <0 01 0-78 0-96
OLM 72 +0 0047 (0 0034) +1-40 NS 0 81 0 95
Difference +0 0015 (0 0041) +0 37 NS

Lifelong non-smokers
PMO 41 +0-0020 (0 0033) +0-60 NS 0-77 0-83
OLM 22 +00043 (00036) +1 19 NS 073 0-86
Difference -0-0023 (0-0049) -0-48 NS

Current smokers
PMO 83 +0 0054 (0-0030) +1 75 NS 0-78 0 95
OLM 43 +0-0062 (0 0052) + 120 NS 0-85 1 04
Difference -0-0008 (0 0060) -0d13 NS
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Table 6 Concentrations of respirable dust, total dust partcles, andfibres

Airborne dust andfibre concentrations

Total dust Fibres Iml
particles/ml

Types of Respirable (length Length
Location job dust (mg/m3) >1 Opm) Total >7jum
Bagging shed P, M
Operative filling
20kgbags 9-5 158 15 2
5 kgbags 11-4 260 104 2

Special products P, M 2-3 35 6
Bagging classifying P, M 18-5 159 43 -

Primary crusher O,M - 35 2
Transport area O,M - 15 0-1

P-packaging; M maintenance; 0-other plant worker.

decline with age in group OLM.
Similar analyses of the radiographic score

(table 5) show a general deterioration with
age but no clear differences between exposure
or smoking groups. The gravimetric concen-
tration of respirable dust and the number
concentrations of the particles and of the
fibres making up the total dust cloud are tab-
ulated in table 6. High concentrations,
exceeding the UK threshold limit value for
nuisance dusts, were found in the bagging
department and also in the classifier shed.
Elongated particles, however, constituted a
relatively small proportion of the total dust.
Operatives do not work continuously in the
classifier shed and respirators are usually
worn, but the bag filling operatives are
exposed continuously. Because of his lower
output the operative filling bags in the special
products department has a significantly lower
exposure. At the primary crusher the short
term sample of total dust obtained indicated
the maximum concentration to which the
operator was exposed during the hopper load-
ing period; his average daily exposure would
be much lower. The sample obtained in the

Electron micrograph of a commercial sample of sepiolite.

Table 7 Size distribution of airborne fibres

Fibre length Fibre diameter

Madrid Madrid
Range (pum) sepiolite (%/o) Range (,um) sepiolite (%)

<1-0 6-5 <0-1 2-8
1 0-1 9 55-1 0-1-0-19 60-8
2-0-2-9 26-2 0-2-0-29 25-2
30-39 8-4 03-039 5-6
40-49 1-0 04-049 3-7
5-0-6-9 09 05-0 59 -

70-99 - 0-6-0-69 -
10-0 19 07+ 19

transport area was again a sample represent-
ing a short period, indicating the concentra-
tion of dust in the air on a day when there
was little or no wind.

Fibres-that is, particles having length:
diameter ratios equal to or greater than 3-
formed a proportion of the dust, but most
were shorter than 7 ,um. The longer fibres
were elongated aggregates of interdigitated
short fibres. Table 7 shows the size distribu-
tion of airborne fibres from Madrid sepiolite.
The experiment to assess the possibility of

release of fibres under wet and dispersive
conditions showed that the more gentle dis-
persion treatment of shaking the dust in water
produced very few single fibres. The dust was
in rounded aggregates or elongated bundles.
Ultrasonic dispersion produced 115 x 106
fibres/,ug, whereas shaking in water produced
0-4 x 106 fibres/,ug. Wetting granules of sepi-
olite and lightly crushing them and then shak-
ing them in water produced elongated fibrous
bundles up to 8 ,um long; only occasional
short single fibres were seen. Appreciable
breakdown into fibrils required ultrasonic dis-
persion treatment.

Discussion
The results of a cross sectional study such as
this, on the only available group of workers,
must be interpreted with care; but fortunately
the population has had a reasonable length of
exposure-20 workers having been at this
plant for 20 or more years.
On the basis of our analysis there is little

reason to suspect any harmful effects in terms
of chest radiographic appearances from
inhalation of sepiolite. The major finding of
this study is that lung function deteriorates
more rapidly in those who have had more
exposure to dust. The usually accepted nor-
mal annual decline in FEV1 and FVC is
0-03/1 .6 More recently Sherrill et al,7 using
non-parametric regression techniques, have
estimated that adjusted FEV1 deteriorated at
a rate of 0-046 1/year in symptomless male
smokers aged 48 years and over. Our finding
of a deterioration of 0-049 1/year in male
smokers in the group exposed to dry dust
(average age 41 years) should be seen in this
context. This effect on lung function is
probably a reflection of previous dust
concentrations rather than present ones. The
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cumulative dust exposure of this population is
unlikely to be exceeded by future workers as
measures have been taken to reduce dust
concentrations.

There was no evidence of pleural plaque
and no reported mesothelioma. On balance,
mesothelioma seems unlikely to occur as
there is no evidence of pleural disease related
to length of exposure. The long latent period
for mesothelioma that follows asbestos expo-
sure, however, is well known. Previous
unpublished radiological surveillances in
1979 and 1983 of a selected sample of work-
ers from the same work force found no evi-
dence of malignant disease. Burilkov and
Michailova5 found endemic pleural plaque in
a tobacco growing area of Bulgaria, where soil
samples contained anthophyllite and tremo-
lite as well as sepiolite. Baris et a19 conducted
a radiological survey of 70% of the popula-
tion of four Turkish villages where meer-
schaum, a solid form of sepiolite, is carved to
make tourist souvenirs. Miniature chest radi-
ographs failed to show any evidence of pleural
disease but were not of sufficient quality for
estimating parenchymal damage. One pleural
mesothelioma was found, in a man who had
also been exposed to tremolite. Standard
radiographs were obtained from a further 63
meerschaum timmers, of whom 10 had evi-
dence of parenchymal disease. In all cases
there was another valid explanation, making
it impossible to implicate meerschaum as the
cause for these changes.

Fibre length is an important determinant
of the biological effect of all fibrous materials.
As yet there is no evidence of a safe thresh-
old, but probably most damage is produced
by fibres longer than 8 pm. Durability of the
fibres is also considered important and a

reproducible in vitro test of this is still sought.
The sepiolite plant we investigated is the

largest in the world but difficulties arise
because the subgroups of workers are small
and no lung function and radiological data on
the normal Spanish population are available
for comparison.

This study has shown that extensive expo-
sure results in a lowering of lung function but
that this is not associated with any radiologi-
cal change. Domestic users of, for example,
cat litter would have a lifetime exposure
roughly equal to that received in 20 days
spent in the plant and are therefore unlikely
to suffer lung damage.

We are grateful to the late Professor PD Oldham for statistical
advice and the staff of Tolsa SA, Madrid, for their whole-
hearted cooperation with this study.
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