MOLECULAR MEDICINE REPORTS 15: 3350-3354, 2017

Occupational exposure to Mount Etna's basaltic dust:
Assessment of mutagenic and cytotoxic effects

CATERINA LEDDA', SALVATORE COCUZZA?, MONICA SALERNO®, PAOLA SENIA',
SERENA MATERA', VENERANDO RAPISARDA' and CARLA LORETO*

ISection of Occupational Medicine, Department of Clinical and Experimental Medicine, University of Catania;

2

Section of Otolaryngology, Department Medical Sciences, Surgical and Advanced Technologies ‘G.F. Ingrassia’,

University of Catania, Catania; 3Section of Legal Medicine, Department of Clinical and Experimental Medicine,

University of Foggia, Foggia; 4Section of Human Anatomy and Histology, Department of Biomedical

and Biotechnology Sciences, University of Catania, Catania, Italy

Received December 30, 2016; Accepted February 23,2017

DOI: 10.3892/mmr.2017.6380

Abstract. Basalt and volcanic ash are natural constituents of
the ground surrounding volcanic areas such as Mount Etna.
The dust may be daily inhaled by the general population as well
as by several types of workers, such as construction workers.
In this experiment, we analyzed the potential mutagenic and
cytotoxic effects of the materials used in construction industry,
excavated from Mt. Etna. Ground basalt (A), volcanic ash (B),
mixed basalt and cement (C) and cement (D) were studied with
Ames test, for mutagenic assessment and with MMT assay
for cytotoxic evaluation. The Ames test revealed that cement
(sample D), showed a higher and significant mutagenicity than
the samples A, B and C. MTT assay showed that samples C
and D had a slightly more negative impact on cell viability
than A and B. In conclusion, no particular risks seem to exist
for construction industry workers, while the exploitation of
cement and cement mixed with basalt seems to be a risk for
workers, given the high percentage of silica and iron.

Introduction

Basalt and volcanic ash are natural constituents of the ground
surrounding volcanic areas such as Mount Etna. The dust may
be daily inhaled by the general population as well as by several
types of workers, such as tourist guides, forest guards, road
maintenance workers, dump and construction workers.

In some of these occupational areas following the manu-
facturing process, these materials can be mechanically
broken down to small particles, easy to inhale. One of these
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occupational areas is the construction one, where basalt and
volcanic ash are often excavated in the early construction
working phases. Besides, basalt rock, basalt crushed rock
(locally called azolo) and volcanic ash are generally exploited
as construction material, usually mixed with cement. Volcanic
ash is composed of fragments of pulverized rock, minerals
and volcanic glass, produced during volcanic eruptions and
measuring no more than 2 mm in diameter (1).

With the word azolo we refer to a specific type of grey-black,
sand-like, sharp, less than 2 mm in diameter stone dust of
Mount Etna's area, which derives from the crushing of basaltic
rock due either to weathering factors or man's intervention (2).
Cement is a binder, a substance exploited in construction that
sticks and hardens and can bind materials together. It is used
as a component in the production of mortar in masonry and
of concrete, which is a mixture of cement and an aggregate
(i.e. azolo) to form a strong construction material.

The grain size of construction materials is of critical
importance and is conventionally defined in terms of aero-
dynamic diameter. Thoracic and respirable fractions of
particulate matter (PM) are defined as the fragment of
inhaled particles capable of going through the larynx and
ciliated airways, respectively, during inhalation (3). The PM
less than 10 gm (PM,) in size has a high penetration rate in
the airways (4,5).

Potential toxicity of PM depends on its chemical and/or
physical composition in association with the size that classifies
it as fine (<1 ym) and ultrafine (<0.01 zm) and makes it breath-
able and inhalable, reaching the alveolar region (3).

So far, few studies on the toxicity of volcanic dust exist.
Studies of exposure to ash related to volcanic activity among
the inhabitants of the Etna area (Sicily, Italy) have revealed
an increase in the rate of acute respiratory and cardiovas-
cular diseases (6-8) and accumulation of heavy metals in
the airways (9). Censi and co-workers (10) theorized that
inhalation of air borne particulate from Mt. Etna eruptions
may account for the occurrence of fibrotic lung disease. In
this study, we analyzed the potential mutagenic and cytotoxic
effects of the materials used in construction industry, derived
from Mt. Etna.
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Materials and methods

Sampling. Ground basalt (A), volcanic ash (B), mixed
basalt and cement (C) and cement (D) were sampled from
the construction site of a subway line in Catania, Sicily. The
samples are representative of the volcanic and volcaniclastic
lithologies of the place; to make the sample more represen-
tative the actual dust produced by excavation works was
collected (C and D). Samples were then taken to the labo-
ratory in polyethylene bags. They were dried in an oven at
40°C and preserved in polyethylene containers and underwent
characterizations by scanning electron microscope (SEM)
(Cambridge Stereoscan 360) equipped with energy dispersive
X-ray (EDX) system (Oxford Instruments INCA Energy), as
previously described (11).

Afterwards, respirable fractions were isolated. Approxi-
mately 5 g samples was aerosolised with HEPA-filtered
compressed air using a Naneum AERO PA100 Powder
Aerosolizer Model (Particle Measuring Systems, Boulder, CO,
USA). The aerosol was passed through a gravitational sepa-
rator where large particles and agglomerates sedimented after
the aerosol. Particles below a maximum theoretical aerody-
namic diameter of 6 ym (i.e., within the respirable range) (3),
were processed for a specific airflow and particle density in the
system, then entered a sampling collection chamber.

Mutagenic assessment: Ames test. In order to assess the
mutagenic effect, a leaching procedure was carried out, using
deionized water (Merck KGaA, Darmstadt, Germany) as a
leaching agent. The solid/liquid ratio was 1:20 according
to leaching procedure with a speed of 30 rpm for 18 h. The
leachates were then filtered through a 0.45-um filter. The
Ames mutagenicity test (kindly provided by B.N. Ames;
Berkeley, CA, USA) was performed with a standard plate
incorporation assay with the TA98, TA100, and TA1535
Salmonella typhimurium strains with and without metabolic
activation (12). In short, a preliminary toxic dose range
testing was conducted first to select a proper dose range for
the mutagenicity test. TA98, TA100 or TA1535 were grown
in nutrient broth (NB) at 37°C for 18 h, and then diluted for
10°- and 107-fold by PBS. Leachates of 5, 50, 100, 200, 250
or 500 ul were mixed with diluted bacteria (100 ul) and soft
agar (2 ml). Furthermore, mixed solutions were put onto plates
and incubated for 24 h. Mutagenicity effects of leachates were
assessed by comparing the bacterial counts between leach-
ates and blank control (deionized water) samples. The results
revealed that 500 pl/plate of different leachates can be used
for Ames assay. Therefore, five volume levels (100, 200, 300,
400 and 500 ul/plate) of leachates were selected in line with
a previous report and underwent a mutagenicity test (13,14).

The Ames test was validated by counting the number of
revertants by means of negative and positive controls, with the
spontaneous revertants being within the normal values for the
three strains. Moreover, a 2-fold criterion was used to dissect
the mutagenic activity, as shown below (12).

Cytotoxic assessment: 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) assay. Primary lines of
normal, non immortalized, human adult lung fibroblasts were
detected by means of outgrowth from explant in line with
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Figure 1. Results of cell viability (%) in MMT assay: (A) Human lung fibro-
blast; (B) Epithelial cancer cell A549; (C) Mouse monocyte-macrophage
cell J774.

Jordana et al (15,16). Human lung fibroblasts were made to
proliferate in 10% fetal calf serum RPMI, 100 U/ml peni-
cillin, 100 pg/ml streptomycin, and 25 pg/ml fungizone (Life
Technologies, Paisley, UK) and incubated at 37°C and 5% CO,.
The medium was substituted every 3 days and subcultures
were isolated every 10-12 days. All in all, cell lines were with-
drawn just before the tenth passage. A549, which are human
bronchoalveolar carcinoma-derived cells with some features
peculiar of alveolar epithelial type II cells, were isolated from
American Type Culture Collection (ATCC, Rockville, MD,
USA) and routinely maintained in Dulbecco's modified Eagle's
medium (DMEM) supplemented as before. Cells were trypsin-
ized, counted in a haemocytometer, plated onto 96- or 6-well
plates (Costar, Cambridge, MA, USA), and grown in incubator
at 37°C with 5% of CO,.
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Table I. Ames test results (mean + SD).
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Sample A Sample B Sample C Sample D
Strains -S9 +S9 -S9 +S9 -S9 +S9 -S9 +S9
TA98
100 ul/plate 1749 14£10 15+6 177 2749 31+8 3242 41+3
200 pl/plate 15+8 167 1348 166 28+8 32+9 3143 42+4
300 ul/plate 16+£9 1748 17+4 18+5 26+12 319 34+2 39+6
400 ul/plate 11+7 1318 166 20+6 24+7 27+6 3445 43+4
Blank 1449 18+6 15+6 14+8 15+8 16£5 16+4 1743
Positive 154+30 161+25 149+24 168+26 164+27 171+40 159423 167+36
TA100
100 ul/plate 1949 18+12 2449 23+4 13121 134+24 145+50 142451
200 pl/plate 20+10 2147 25+7 26+9 135+20 139+19 144460 145+48
300 pl/plate 24+8 26x10 24+8 30+11 137+19 142423 146+49 139+50
400 pl/plate 1949 2412 27+13 28+9 14129 145+32 14761 145+52
Blank 106+36 121437 102+30 116+38 109+34 118+41 11766 120+68
Positive 698+140 14094212 653+127 1398+197 687131 1425+209 654+128 1387+214
TA1535
100 ul/plate 13+5 167 168 17+6 2349 25+10 36+12 38+19
200 pl/plate 167 19+11 18+4 2145 24+11 268 34+13 40+13
300 pl/plate 15+8 16+12 17+6 18+10 2347 28+9 30+15 32+16
400 pl/plate 19+13 1749 18+7 21+12 26+12 25+14 26+17 29+16
Blank 14+6 1546 12+4 16+4 11+8 137 1248 14£10
Positive 649+78 69781 661+59 689+76 653+80 689+89 668+75 703+101

J774 cells, a murine monocyte-macrophage immortalized
cell line, were acquired from ATCC. The cells were grown
in 4.5 g/l glucose DMEM with 1 mM sodium pyruvate.
Samples were suspended in medium and, after sonication,
combined with the experimental cultures at concentrations
of 5,50, and 100 pg/ml (1.06, 10.6, and 21.2 pg/cm?) for 24 h
before cell collection.

The MTT proliferation assay is based on the conversion
by mitochondrial dehydrogenases of the substrate containing
a tetrazolium loop into blue, spectrophotometrically quantifi-
able formazan (17). The level of blue formazan is then used
as indirect index of cell density. The optical density of each
sample was assessed by a microplate spectrophotometer reader
(Multiskan™ GO Microplate Spectrophotometer, Thermo
Scientific, Waltham, MA, USA) at 4 570 nm. Four replicates
were carried out for every sample.

Statistical analysis. Ames test results are reported as mean
of replicate frequencies and standard deviation (SD). MMT
outcomes are shown as percentage of cell viability. Data
analysis was performed by GraphPad Prism ver. 7 (GraphPad
Software, Inc., La Jolla, CA, USA).

Results

The Ames test revealed that cement (sample D), showed a
higher and more significant mutagenicity than the samples A,

B and C. Table I reports the outcome. The revertants of
samples A (ground basalt) and B (volcanic ash) were compa-
rable and below the 2-fold criterion of the control sets, either
with or without S9 activation for the strains TA98, TA100 and
TA1535. These data showed that sample A and B revealed no
mutagenic activity. However, mutagenicity was observed in
samples C (mixed basalt and cement) and D in a positive, dose-
dependent manner. The levels of revertants in samples C and D
increased roughly from 2- to 8-fold by 100, 200, 300, 400 and
500 ul/plate doses of samples in the TA98 and TA100 strain
without S9 activation. Furthermore, no dose-response effects
of revertants were detected for TA1535, base-pair substitution
mutations, in sample C and D (Table I).

MTT assay showed that samples C and D, at lesser concen-
tration (5 pg/ml) for 24 h, had a slightly negative impact on cell
viability. Instead, samples A and B at lower concentration had
none. At superior concentrations (50 and 100 pg/ml) for 24 h
all of the samples (A-D), showed a slightly negative impact on
cell ability to metabolize tetrazolium salts (Fig. 1A-C).

Discussion

Basaltic rocks coming from Mount Etna are an outstanding
source of construction materials. These materials have always
been exploited without taking into due account the possible
risks for the workers' health as well as for the people actually
living in these houses (3,9,11).
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Recently, in the South-west area of Mt. Etna a natural
asbestiform fibre has been detected, called Fluoro-edenite
(FE) (18). FE contaminated lava rocks were used for approxi-
mately 50 years to build houses and roads. FE was recognized
as carcinogenic to humans and there are several experimental
and epidemiological studies showing its toxicity for workers
and the population in general (19-31). In this study, we
analyzed the potential mutagenic and/or cytotoxic effects of
basaltic materials used in the construction field.

To date, there are no studies that have assessed the toxicity
of lava stones deriving from Mt. Etna (6-9). We have only
data relative to the acute effects on men of volcanic dust and
ash after a volcanic eruption. Previously, the potential health
consequences undergone by construction workers handling
basaltic rock have been investigated in an ecotoxicological
study that showed minimal toxicity of the volcanic ash (11).

The results of our study suggested that samples C (mixed
basalt and cement) and D (cement) might generate deriva-
tive metabolites after reactions in the living beings, thereby
inducing frame-shift mutations (TA98 and TA1535) and base-
pair substitution (TA100) (12).

Little is known about the long-term exposure to volcanic
ash and their effects on respiratory tract, even less the main-
stay of risk assessment in occupational studies. Eruption
activity is a natural source of breathable nanoparticles (1,10).
The long-term exposure to breathable volcanic ash (<4 ym @),
either because of long-lasting exposure to ash fallout or
re-mobilization of ash owing to human activity and wind,
has been hypothesized as a potential cause of chronic and/or
potentially-fatal lung diseases (silicosis, which occurs through
inhaling of crystalline silica), chronic obstructive pulmonary
disease, non-specific pneumoconiosis and lung cancer (32).

Our study points out poor mutagenic and cytotoxic effects
of ground basalt (A) and volcanic ash (B); whereas cement
reveals higher mutagenic and cytotoxic activity, both by itself
(D), and in combination with basalt (C). These results are in
accordance with an earlier study, conducted with a Vibrio
fischeri light inhibition test that highlighted the biotoxicity of
the same sample. The results indicated that sample C and D
were toxic to V. fischeri (11).

Recently, Cervini-Silva et al (32) demonstrated that degen-
eration of free radicals by ash particles is due to the presence
of iron (Fe**). These observations can account for the high
reactivity of samples C and D. As a matter of fact, in these
samples the content of Fe is significantly greater than that of A
and B. The results were reported by Ledda et al (11).

Some categories of workers may be exposed to stone dusts
both at their workplace and at home. The dust can deter-
mine pathological responses in the respiratory tract (33,34).
Frequently, illnesses deriving from inhalation of mineral dusts
and fibres are usually progressive and cumulative, with 20 to
30-year latency. Interstitial fibrosis is the most common disease
originating from inhaled mineral dusts, that can develop other
chronic diseases and, eventually cancer (3).

The study of long-term exposure risks to christobalite-
bearing ash, after the eruption of Mt. St. Helens and Soufriere
Hills, showed several cases of silicosis (35), although the
toxicity of volcanic cristobalite had not yet been estab-
lished (36). In-vitro and in-vivo toxicological tests on volcanic
ash produced different results depending on the concentration

3353

of silica (Si) (37,38). Yet, no outstanding intra-study differ-
ences in reactivity among samples with variable cristobalite
contents were detected (39-41).

In our study, the content of Si is significantly greater in
samples C than in the others (11). Many work categories,
particularly those employed in the construction, are exposed
to basaltic and volcanic dusts, as well as cement. Furthermore,
cement and basalt dusts are often mixed to make mortar.
Exposure to cement dust may result in a reduced pulmonary
function and chronic respiratory symptoms (42,43). Moreover,
in construction workers, there is a significantly higher risk of
lung cancer than in the general population (24).

As a conclusion, we can say that no particular risks seem to
exist for construction industry workers, while the exploitation
of cement and cement mixed with basalt seems to be a risk for
workers, given the high percentage of Si and Fe, especially
in the latter sample C. Thus, our findings could contribute to
identifying further risk factors adding to the increased rate
of lung cancer in this working category (44-46). The results
of our study stimulate further tests in order to better clarify
the health effects of basaltic dust, especially when used in
combination with other substances due to their various manu-
facturing scopes.
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