The Potential for Treating Asbestos &
Asbestiform Minerals

Scanning Electron photomicrographs (SEM) of two members of amphibole and
serpentine asbestos family, respectively (a) the crocidolite or blue asbestos, (from
Koegas, South Africa), and (b) the Canadian B chrysotile.
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Asbestos & Asbestiform Minerals
• “Asbestos” is a
commercial/regulatory term
• Refers to the 6 fibrous silicate minerals that
are mined for use in many products.

• Approximately 396 fibrous minerals
found in nature (Carbone & Yang, 2012)
• 390 of these minerals are not called
asbestos.

• These fibres may also be referred to
as elongated mineral fibres (EMF)
(Carlin et al., 2015)

A) Ambler “snow” – asbestos uncovered by vegetation removal at Ambler Piles.
B) Piles of various asbestos contaminated waste from Rose Valley Creek Banks in Ambler.
C) Bo-Rit “Asbestos Mountain” circa 1963. Photographer: Joe Marincola (with permission from Greg Marincola);
reproduced with permission from Springer, Inc. (Asbestos and Mesothelioma, 2017; p. 116).

Asbestos fibres in Ambler, PA

Health Issues from Asbestos
Dangerous microscopic fibres
• Asbestosis
• Lung cancer
• Mesothelioma

Carcinogenic effects
related to positive
charge on fibre surface
(e.g. iron) (Holmes & Lavkulich,
2014)

(Kjellstrom, 2000)

Waves of Asbestos Exposure

(Data based on Landrigan, 1991)

Asbestos Case Study – Cook Islands
• SPREP survey estimated – 3% of the houses plus a
significant number of public buildings (inc. schools)
contained ACM (SPREP, 2015)
• Two schools selected for reconstruction
(contaminated materials and soil)
• Purpose:
• To challenge the current choices of long-term disposal
options for asbestos containing materials (ACM)

• Aim:
• Find solutions for removal and disposal (currently no
legislation or policy) to protect health as children most
vulnerable (Cooney & Conway, 2013)

Asbestos Case Study – Cook Islands
International Landfill
Local Landfill

Sea Disposal

Geotextile Cladding
Four Main Options

(Berry & Wairepo, 2015)

Sealing, enclosing
or encapsulation

• Enclosing, sealing or encapsulation
may provide a good short term
solution (Berry & Wairepo, 2015)
• Removal and storage for later disposal
recommended (Berry & Wairepo, 2015)
• Estimated cost (removal and storage
for both schools) (Berry & Wairepo, 2015)
• = US$ 250,000

• Predicted cost for removal of all ACM
in the Pacific Islands (Williams, per. comm., 2015)
• = US$ 110million

Asbestos Case Study – Canberra, Australia
• “Mr Fluffy” Friable asbestos contamination (ACT
Auditor-General, 2016)

• Pumped into approx. 1,100 houses during 1960’s-70’s

• 1980’s – Commonwealth Government began to
remove asbestos from Commonwealth-owned
buildings (ACT Auditor-General, 2016)
• Extended to include approx. 65,000 homes, with work
completed in 1993

• 2014 – Local government taskforce established
(ACT Auditor-General, 2016; Legislative Assembly ACT, 2017)

• To purchase and demolish 1,022 affected houses
• Expected net total cost = US$ 235million (after sale of
land)

(Photograph reproduced with kind
permission from Asbestos Taskforce)

Potential Asbestiform Hazards
• Often erroneously assumed that only
asbestos, and not other mineral fibres,
causes cancer.
• Other non-regulated fibrous minerals which
require investigation are: (Mattioli et al, 2018)
• Amphiboles – winchite, richterite, fluoro-edenite;
• Minerals species similar in composition to asbestos –
fibrous antigorite; balangeroite,
• Further fibrous minerals – fibrous zeolites, talc, clay
minerals.

• Antigorite, offretite and man-made mineral
fibres are being questioned (Baumann et al., 2011;
Mattioli et al, 2018; Niklinski et al., 2004)

Prisms of offretite, Mont Semiol, Loire,
France. Image width about 1.5
mm. (Commission on Natural Zeolites, n.d.) ©
Volker Betz.

Exposure to Asbestiform Minerals
• Exposure to erionite is less widespread

(Carbone et al., 2007; Coffin & Creason, 1992; Carbone & Yang, 2012)

• More potent than asbestos in causing mesothelioma

• Increased urban development may disturb
outcrops of asbestos, erionite, or soil
containing other types of carcinogenic
mineral fibres. (Carbone et al., 2011a; Carbone et al., 2007;

Paoletti et al., 2000, Baumann et al., 2011; Pan et al., 2005; Maher, 2010;
Carbone et al., 2011b; Carbone & Yang, 2012)

• This could lead to more instances of exposure

Rowland Flat asbestiform antigorite, SEM
secondary electron image of long thin fibres
showing variable width and flexibility.
(Keeling et al., 2010)

Erionite Toxicity
• IARC – identified erionite as a Group 1
carcinogen in 1987 (Mattioli et al, 2018)
• Erionite (in its fibrous form) created
tumours in rats at much higher rates
than any other fibrous dust (Poole et al., 1983)
• Pathogenic effect of mineral dusts
mainly attributable to size and shape of
fibres (Poole et al., 1983)
• >8 µm length, <1.5 µm diameter – most
tumourgenic
Erionite. (Strauss, 2015)

Toxicity Factors
• Current standards for asbestos assume fibres <5
µm pose no danger (Barlow et al., 2017; Boulanger et al., 2014; Loomis
et al., 2010)

• Fibre hazards linked to size, also chemical and
physical persistence in the lung tissue (Mattioli et al, 2018)
• In addition to bio persistence, the presence and
structural coordination of iron (Fe) in the mineral
fibres = key role in carcinogenic mechanisms
(Mattioli et al, 2018)

• Other properties of fibres (Mattioli et al, 2018)
• Trace element content, specific surface area, interacting
capability, zeta potential, micro-topography

Erionite – Case Studies
• Cappadocia Region, Turkey: (Niklinski et al., 2004)
• Plural and peritoneal mesothelioma accounted for
50% deaths over a 17 year period during 1970’s 1980’s

Cappadocia Region, Turkey. (Pratt, 2012) - Photographer:
Michele Carbone, University of Hawaii Cancer Center

• North Dakota: (Carbone et al., 2011b; Carbone & Yang, 2012)
• Air concentrations in cars and school buses transiting
on North Dakota roads were found to be equal to or
greater than those recorded in some Turkish villages
that experienced a 6.5% mortality from
mesothelioma.

Gravel road north of Killdeer Mountain, one of the sites
where erionite was found in gravel (2006). (Pratt, 2012)
- Photographer: Ed Murphy, North Dakota State Geologist

Asbestos Contaminated Soil – Potential Volumes
• Approx. 200 million tonnes produced since
1900 (Vogel, 2005 (until 2000) & Haynes, 2010 (from 2001-2015))
• Assume 5% of total asbestos in NZ and 1%
of asbestos reaches soil = 100,000 tonnes of
asbestos
• Based on 0.1% concentration of asbestos in
soils = 100 million tonnes asbestos
contaminated soil

Asbestos Disposal
• Most asbestos contaminated soils sent to
landfill.
• Contamination limit (asbestos in soils) –
10mg/kg (0.001% w/w) (Hillman & Corbett, 2014)

• New Zealand Protocol – buried in a
designated area within a managed refuse
disposal site.
• In accordance with the Resource Management Act
1991, Health and Safety in Employment (Asbestos)
Regulations 2016. (Worksafe, n.d.)

• Australian Protocol – waste taken to landfill
or waste transfer station licensed to receive.
(SA Government, n.d.)
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Inorganic Substances
• Asbestos is inorganic (contains no carbon) –
silicate-based (geologically inert)
• Microbial breakdown over very long
timescales but cannot be metabolised solely
as it contains no carbon.
• Co-metabolism allows breakdown of
compounds which cannot be used for growth.

Asbestos

Silicate-based mineral

Inorganic Mineral Degradation
“The dissolution of rocks and
mineral substrates carried out by
microorganisms and plants through
mechanical and chemical processes”

• Mineral particles can be exploited by microbial metabolism as a
source of energy (Ehrlich, 1996)
• Microbial breakdown occurs due to a diverse range of microbial
communities (Balloi et al., 2010), over very long timescales.
• Mixed populations of fungi more effective in contaminant
removal than single cultures (Atagana et al., 2003)
Carbon &
Nutrients

Wastes & heat energy

Energy for
biosynthesis

Bioweathering

Energy for
movement etc.

Light (Photoautotrophs), Chemical (Chemotrophs)

Lowering Asbestos Toxicity
Asbestos fibre

• The removal of iron from chrysotile
asbestos by organic acids resulted in a
reduction of carcinogenicity (Chao, 1996)
• Factors affecting the mammalian toxicity
of asbestos fibres including the positive
charge on the surface of the chrysotile
structure (Holmes & Lavkulich, 2014)

Inflammatory response

Nucleus
containing DNA

H2O2 production
Oxidises Fe II to FeIII

Cellular
damage Produces OH●
Pulmonary (lung)
cell

(Information sourced Pollastri et al., 2015;
Chao, 1996 and Holmes & Lavkulich, 2014)

Bioremediation Communities
• In communities, there is a mutualistic
relationship between microbes (fungi and
bacteria) and plants
• Mineral weathering bacteria improve soil
structure to benefit plants (Puente et al., 2004a, 2009b)
• Also, microbes have the ability to scavenge
essential elements & nutrients that have
poor bioavailability, such as iron (Mapelli et al., 2012;
Calvaruso et al., 2010)

• In return plants provide food (carbon source)
and a home

Plant rhizosphere

Can We Bioremediate Asbestos?
Plants:
• Limit fibre dispersion (Liston & Balkwill et al., 1997)
• Provide a carbon source
• Have a requirement for iron (Borin et al., 2009)
Microbes (soil):
• Lichen can use mineral substances as a
energy source (Ehrlich, 1996)
• Lichen can secrete substances to liberate
iron from asbestos (Favero-Longo et al., 2006)

Plants
Iron
uptake
Organic
carbon

Iron
removal

Asbestos

Limit fibre
dispersion

Lichen
chelates

Lichen

Landfill vs Bioremediation
Hazardous
Landfill

Managed disposal
Smaller area requirements
Little/no degradation
Main objective – Public health

Activated
Landfill

Bioengineered
Treatment Process

Relative controlled disposal
– H & S requirements
Design to foster degradation

Landfarming

Bioremediation

Unmanaged disposal
Large area requirements
High degradation (slow)
Main objective - Treatment

Potential Bioengineered Treatment Process

Initial PhD design for trialling the potential for bioremediation

Current & Future Research
Research requires:
• Laboratory testing of:
• Changes to asbestos
structure/toxicity/carcinogenicity
• Establishing microbes naturally associated with
asbestos in NZ

• Trial testing:
• Investigating landfill design and ideal botanical
options suited for bioremediation

• Establish knowledge on:
• Coatings which could be used to make asbestos safe
for transport and burial

Conclusions
• Asbestos disposal is an increasingly worrying
long-term issue.
• Investigation is underway to determine
bioremediation viability.
• Does degradation of asbestos fibres significantly
lower toxicity?
• International collaborations with experts from
Fox Chase Cancer Center, University of Modena
and the IAEG Commission on NOA.
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