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Laboratory scale demonstration of asbestos mobility
in sandy aquifer systems
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Asbestos is a well-known and regulated air pollutant and it is indeed classified as a carcinogenic compound
of the first group. However, several studies recently reported asbestos presence also in fresh water sources,
such as lakes, rivers, groundwater and drinking water. As far as human exposure, two main pathways can
be identified for waterborne asbestos: (i) inhalation due to water evaporation and subsequent fibre dispersion
into air; (ii) ingestion mainly via drinking water. For the first case, the concentration limits (number per litre
of longer than 5 µm fibres) established for air must be respected, i.e. 100 f/L at workplaces (U.S. Occupa-
tional Safety and Health Administration) and 1 f/L in outdoor environments (World Health Organization). As
for oral exposure, the effects of asbestos ingestion on human health are still not well known; however, the
U.S-Environmental Protection Agency established a precautionary concentration limit for longer than 10 µm
fibres in drinking water of 7·10<sup>6</sup> f/L.
Focussing on groundwater contamination, asbestos fibres can typically be found in areas where water flows
through aquifers containing Naturally Occurring Asbestos or in the proximity of mines and mine tailing de-
posits. The abovementioned contamination scenarios can represent a severe environmental and sanitary issue
due to the potential capability of asbestos to migrate through aquifer systems. However, until now asbestos
has been considered substantially immobile in groundwater since its shape and surface charge are expected
to result in irreversible filtration of the fibres upon release into the aquifer. Therefore, no studies have inves-
tigated in depth the mechanisms governing the asbestos subsurface mobility so far.
This laboratory scalework studied the transport of crocidolite, a negative charged amphibole asbestos, through
quartz sandy aquifers. Two sets of column tests were performed varying the concentration of the injected
asbestos suspension, the sand grain size distribution and the water pH. The asbestos concentration in water
was measured at the column inlet and outlet using a UV-vis spectrophotometer and the fibre number, size and
shape were characterized through SEM-EDS analysis.
The results demonstrated that crocidolite asbestos is not actually immobile and can potentially flow through
sandy porous media. As expected, fibre retention was higher in the finer sand, even if the grain size influ-
ence was found to be more pronounced when increasing asbestos concentration in the injected suspension.
Interestingly, the study showed that asbestos deposition is not completely irreversible, since a fraction of the
filtered fibres was remobilized after the column was flushed with high pH water. As for morphological charac-
terization, small fibres proved more mobile than the long ones: several fibres with length > 5 µm (carcinogenic
when respired) were collected at the column outlet, whereas most of the fibres longer than 10 µmwere filtered
out by the porous medium. These results suggest that the air dispersion of waterborne fibres is expected to
be the most likely and impacting scenario. Future studies should therefore aim at confirming the effective
crocidolite mobility also in real environments.
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