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INTRODUCTION

In the Federal Republic of Germany every year more than
one million tons of adsorption granulates are used by con-
sumers as animal bedding, adsorption material for oil, or
as additive in colours and glues. The majority of these
granulates consists of the fibrous minerals attapulgite resp.
palygorskite and sepiolite. Depending on the location of the
mine, rather different lengths and compositions of the fibres
can be found. It is suggestive that the content of fine fibres
(D «0.1 pm) may have carcinogenic properties.® In-
trapleurally and intraperitoneally injected attapulgite fibres
of the long type caused cancer in rats whereas the short type
was not effective.34367 In addition, Spanish sepiolite
proved to be uneffective as revealed by intrapleural injec-
tion experiments.%? Nevertheless, a Finnish sample of a
remarkably long fibrous sepiolite, supposedly a rarity, was
found to cause cancer in intraperitoneal injection ex-
periments. (Pott et al. unpublished) Thus, the durability of
the fibres in the lung has at least to be considered.

Morbidity and mortality studies on employees of American
attapulgite mines and mills as well as X-ray examinations
of workers in decomposition and processing factories of
sepiolite in Turkey have been published.!® However, even
mortality studies, conducted during the processing of short
fibrous attapulgite deposits in Georgia, distinctively neither
excluded nor supported any tumour risk.?

Thus, carcinogenic properties of the minerals attapulgite and
sepiolite can only be excluded by the use of injection ex-
periments. Especially the content of fong fibres in commer-
cially available products has to be kept at least as small as
in the tested samples. This communication describes the
mineralogical composition and the content of fibres with a
length of L > 5 um of adsorption granulates, used as animal
bedding.

MATERIALS AND METHODS

Mineralogical Investigations

The mineralogical composition of 75 commercially avallable
samples of adsorption granulates used as animal bedding was
studied by means of:

® X-ray diffraction
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® polarization—and phase contrast microscopy
e differential thermoanalysis.

Samples supposedly composed of fibrous components were
subsequently classified according to number and length of
fibres.

Scanning Electron Microscopy (SEM)
Classification of Fibre Quality

Of each sample, by the use of sonication (30°), 5 mg were
suspended in 50 ml distilled water. Aliquots were filtered
with nucleporefilters (poresize 0.2 pm, previously sputtered
with gold) to obtain a substrate density of 5 pg/cm?. These
specimens were analysed by SEM (13000x). In addition to
the mineralogical study, the specimens were also investigated
by energy dispersive X-ray analysis to obtain the ¢lemental
composition of each sample.

Qualification of Fibres by Scanning
Transmission Electron Microscopy (STEM)

The concentration of fibres contained in 5 samples was
revealed by the use of STEM. As described above, an
aqueous suspension of the sample was prepared and filtered
on an untreated nucleporefilter (poresize 0,2 pm). Subse-
quently, the specimen was sputtered with carbon, the filter
material dissolved in a Jaffe washer, and the remaining
transmission sample was analyzed at a magnification of
29000 times (STEM) for fibres of any length and at a
magnification of 10000 times (TEM) for fibres with a length
of L > 5 pm?*

RESULTS

Auapulgite resp. palygorskite were characterized as main
components in 7 samples and sepiolite in 19 samples, (Figure
1). In 9 other samples sepiolite was also found in minor quan-
tities. These 35 products as well as 14 other samples con-
taining various calclumsilicahydrates were analyzed for their
fibrous components by the use of scanning e¢lectron
microscopy. Twenty six products which were mainly com-
posed of attapulgite and sepiolite proved to be aggregated
of fine fibres. Although the overwhelming majority of these
fibres did not exceed the length of L > 5 pm, a smaller por-
tion of the fibres was longer than 5 pm in all cases.
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Figure 1.Cumulative doses of cases of lung cancer, mesothelioma and non-asbestos-
associated deaths,

The results of X-ray diffraction and differential thermo- e i .
analysis studies were confirmed by the elemental analysis [ 10F/mg] Fibre concentration L > 5 pm

which showed a higher Al, Fe portion in attapulgite. _
However, the distinction between attapulgite and sepiolite B rot tested i
with elemental analysis was not completely feasible. 1000 - i.p. positive E
Of the 26 products, 4 samples with relatively long and 1 sam- [] ip.negative  ¢H

ple with short fibres as revealed by qualitative fibre 100 4 x| I

chdracterization were selected for a quantitative analysis by

scanning transmission electron microscopy (STEM). The

results are summarized in Table I. The median length of the 10 4
fibres was measured as L = 0.7 to 1.3 pm, the median
diameter as D = 0.03 to (.05 pm and the ratio was calculated

as L/D = 20 to 29. The remarkably constant number of all 1 4 g s
fibres was counted as 71 to 135 * 10° F/mg. Despite the B
generally short fibres, longer fibres (L > 5 um) were found %
in all samples. The concentration of fibres with a length of 0.1

L > 5 pm was found to be 1.8 and 26.4 * 10° F/mg for l‘}l

e
[

attapulgite and 12.2, 12.7, and 1240 * 10° F/mg, respec-
tively, for sepiolite. The latter one was already found to con-  0.01

sist of more long fibres than all other products by the use 12 34 56|11 2|AS8 S S A
of SEM-analysis. Attapulgite = A i Site Adsorption granulate

DISCUSSION AND CONCLUSION
The concentration of fibres longer than 5 pm in 5 adsorp- Figure 2. Number of fibres with a length of L > 5 pum in

tion granulates achieve a crucial importance if compared with 5 selected adsorption granulates as revealed by
results obtained from experimentally mjected attaputgite and TEM at a magnification of 10,000x. Comparison
sepiolite in animals.* Figure 2 summarizes a comparison of samples of attapulgite (Mormoiron 1, Lebria
between the findings of both investigations. In 4 of the ad- 2, Georgia 3, 4, Torrejon 5, Caceres 6) and
sorption granulate samples the concentration of fibres longer sepiolite (Spain 1, Finland 2) intraperitoneally or
than 5 um was lower than the concentration yielding car- intrapleurally examined for carcinogenicity in rats,
cinogenic effects in the injection experiment. However, it c.f.4
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Causes of Death (ICD 9th Revision) 1950-1987
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cor pulmonale
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diseases of cerebral vessels
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(320-579)
gastric and duodenal ulcer
hepatic cirrhosis
other
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Accidents (E 300-949)

Suicide and violent cause of death (E 950-999)
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still higher than the concentration found to be uneffective.
The concentration of fibres with a length of L > 5 um was
clearly raised in a fifth adsorption granulate sample of
sepiolite. Sepiolite from Spain is reported to be non car-
cinogenic.%7 The authors state that in their investigated
products no fibres longer than 5 pm were found.” Yet, in
a suspension of this sepiolite which was prepared from
respirable dust to perform intrapleural injections, the pro-
portion of fibres with a length of L > 4 um was found to
be 10.5%. In contrast, a concentration of 5.5% of fibres with
a length > 4 pm was found in attapulgite from Torrejon
which proved to cause mesotheliomas. In accordance with
these findings, in Figure 2 the content of fibres with a length
L > 5 um in Spanish sepiolite tested by Wagner was rather
high (180 * 105 F/mg); whereas a Finnish sample contain-
ing 5500 * 10° fibres/mg longer than 5 pm and also an-
thophyllite was found to cause mesothelioma. (Pott et al.,
unpublished).
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In summary, the concentration of fine fibres longer than 5
pm in adsorption granulates composed of attapulgite and/or
sepiolite was lower with a factor of 4 to 100 in the majority
of the samples than concentrations significantly carcinogenic
in injection experiments. Only one animal experiment with
a relatively high number of long sepiolite fibres shows a
lower carcinogenic effect than experiments with long at-
tapulgite fibres. However, the main component of adsorp-
tion granulates often resembles attapulgite as shown by
analytical tests or it cannot be excluded as minor component
or impurity. Thus, it is requested that the physical proper-
ties and biological effects of fibrous clays are investigated
before deposits are handled.” In particular, the carcinogenic
effects of the adsorption granulate of sepiolite with
1240 + 10¢ fibres per mg longer than 5 pm has to be tested
in an animal experiment by intraperitoneal injection. Fur-
thermore, the persistency of these long fibres has to be
studied by intratracheal tests.’

Table I

Lung Cancer Mortality 1950-1986: Observed (0), Expected (E); Standardized Mortality
Rate (SMR=0/E) with 95% Confidence Interval (95% c.i.)

Lung cancer (ICD 162) 0 E SMR (95% c.i.) o
Total 49 | 28,50]1,72 (1,21-2,57) £ 0,01
Total smoker-adjusted 49 147,0411,04 (0,79-1,41) n.s.
£ 25 smoker-adjusted 25 {19,91{1,26 (0,83-1,95) n.s.
> 25 F/ml year 24 |15,04!1,60 (1,01-2,96) < 0,05
> 25 smoker-adjusted 24 1 26,16/0,96 (0,64-1,43) n.s.
Table OI
Crocidolite Exposure of 4 Mesotheliomas (verified by autopsy) and Controls Matched for Sex,
Age and Time of First Employment and Duration of Employment
high high/medium medium negligiblefunknown
mesothelioma xX x
lung cancer (without asbestosis) x x xx
non-malignant respiratory disease x xXx x
cardiovascular disease x xx x
alive (1987) x xxx
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