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Mould contamination of dwellings after flooding 
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ABSTRACT 

Australia’s sub-tropical coastline has been subjected to catastrophic flooding, congruent with a 
global trend of extreme weather events exacerbated by climate change. This study examined 
buildings post-flooding, to determine the impact of fungal contamination and evaluate remedia
tion strategy success. Fungal species prevalence in association with wet building materials are 
outlined. Remediation methods found to be effective are highlighted. These findings support the 
necessity of establishing internationally recognised guidelines pertaining to mould contamination 
and remediation. This is particularly pertinent within the context of climate change. This research 
contributes to the scientific understanding of mycobiota in flood affected buildings, their health 
and safety implications and design of effective mitigation strategies.  
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Background 

Climate change has notably increased extreme weather events across the globe. Recently, 
Australia’s sub-tropical coastline which is uniquely positioned on the country’s Eastern- 
Shelf, has been subject to catastrophic atmospheric conditions, culminating in an 
extended 3-year La Niña phenomenon. This has led to several ‘1 in 100 years’ floods 
due to anomalies referred to as ‘rain-bombs’ reflecting a global trend in unprecedented 
extreme weather events. Juxtaposed with each summer’s prevailing bushfires, shock 
rainfall and mass flooding incidents into commercial and domestic buildings have 
devastated vast swaths of the country.1 Many affected areas are highly remote and 
comprise suburban housing, roads, crops and central waterways engulfed in blackwater. 
This has rendered access inordinately difficult, with many buildings either partially or 
completely submerged for hours to weeks on end (Fig. 1). The high number of dwellings 
affected following from these extreme weather events often results in a delayed time
frame for the assessment and remediation of buildings. 

There are many ways that water can ingress into a dwelling following a disaster; 
however, two pathways predominate. The first being rain or hail events affecting build
ings from above, by roof egress, and from the sides by wall egress, or gutter overflow. 
Secondly, surface water from rivers or oversaturated ground – that is no longer able to 
absorb any additional rainfall – often overflows into buildings from below. A lesser 
known yet prolific secondary ingress pathway is caused by prolonged extremely high 
relative humidity. This typically occurs due to a lack of ventilation or climate control 
inside a building due to power outages, resulting in condensation build up. Additionally, 
in many buildings flooded from below and left closed, water migrated up through the air 
and walls to proliferate in the upper floors. 

It is well known that blackwater from flooding events carries a multitude of waterborne 
microorganisms including bacteria and viruses.2,3 It is lesser known that once water 
subsides and buildings begin to dry, another large group of microorganisms emerge. 
Fungi and mould rapidly colonise the surfaces and penetrate deep into buildings; subse
quent human exposure to these contaminated environments has a host of well documented 
associated health risks.1,4–7 Although bacteria and viruses require moisture to survive, 
fungal propagation remains viable long past the point that moisture has subsided.8 

High humidity or direct water inundation leads to an elevated water activity (Aw) 
within building materials. Levels above 75% water activity in any given building mate
rial will enable mould proliferation. This surface mould will eventually become airborne, 
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potentially cross contaminating all accessible areas of a built 
environment. Simultaneously, outdoor air concentrations of 
fungal spores rise, increasing the opportunity for mould to 
cross-colonise indoors. This is due to general post flood 
conditions, including high relative humidity, in combination 
with an extra nutritional load comprising of debris, vegeta
tion, dead animals, wet surface soils and other displaced 
materials. 

For the purpose of this study, only fungal contamination 
of buildings was considered. There is an increased risk of 
fungal infections after flooding, causing potential long term 
health effects in humans and animals such as respiratory 
and systemic infections. Additionally, poisoning from myco
toxins poses a notable risk, especially in already stressed or 
immunocompromised individuals, who may be suffering 
from displacement and psychological distress.9 

Mycotoxicosis is a lesser-known term for poisoning asso
ciated with exposures to mycotoxins.10 Mycotoxins are poi
sonous substances produced by fungi or mould as a natural 
defence mechanism against other fungi in the competition 
for nutrition. They can be toxic for humans when they are 
eaten, absorbed into the skin or inhaled.11 Even a small 
amount of mycotoxin can be damaging to human or animal 
health, and in extreme cases causing death. They have been 
linked with the development of neurodivergent disease.12 

Mycotoxins have the potential for both acute and chronic 
health effects, through entering the blood stream and lym
phatic system. Nausea, gastrointestinal disturbances and 
vomiting symptoms have been reported in relation to myco
toxin exposure.11,13,14 

The fungal genera Aspergillus and Penicillium are often 
found in water damaged buildings wherein humans are 
primarily exposed to them. They have the ability to produce 
ochratoxin A (OTA), which is a nephrotoxin, immunotoxin 
and carcinogenic mycotoxin. This chemical is produced by 
moulds in both the Aspergillus and Penicillium genera.15 

Citrinin (dihydrocitrinone, DHC) is a mycotoxin pro
duced by the same group of fungi, Aspergillus, Penicillium 
and Monascus. Citrinin exposure can lead to nephropathy, 
due to its ability to increase permeability of mitochondrial 
membranes in the kidneys.16 Studies have linked citrinin 
exposure to a suppression of the immune response, and 
gastrointestinal system.17 

More common health problems associated with exposure 
to building moisture and subsequent biological agents, affect 
the allergenic, respiratory, and immune system responses in 
humans. Increased incidences of respiratory symptoms such as 
asthma18 and allergies including hay fever, allergic rhinitis, 
sinusitis and eczema have been well documented.13,14,19,20 In 
addition, negative effects on, and suppression of, the immune 
systems health, and resilience regularly occur.21 Illness may 
result from a combination of factors present in water- 
damaged indoor environments, including, but not limited to, 
mould spores and hyphal fragments, mycotoxins, bacteria, 
bacterial endotoxins and cell-wall components.4 The mecha
nisms of illness include inflammation, oxidative stress, toxic
ity, infection, allergy and irritant effects of exposure. These 
effects have been linked to a heightened risk to the respiratory 
health of children.22,23 

According to the Institute of Medicine of the National 
Academies health effects can arise from exposure to mould 
by-products such as volatile and semi-volatile organic com
pounds, mycotoxins and other components.24 Furthermore, 
substances produced by bacteria that grow in damp envir
onments have been implicated in a range of biologic and 
health effects. These include inflammation of mucous mem
branes, respiratory effects, immunotoxicity, neurotoxicity, 
sensory irritation, skin toxicity and cancer-causing effects. 
There is evidence that some species of mould can lead to 
illnesses, such as hypersensitivity pneumonitis, allergic 
sinusitis, and allergic bronchopulmonary aspergillosis in 
susceptible individuals.25 

Ritchie Shoemaker was the first to associate exposure to 
mould and water damaged buildings with Chronic 
Inflammatory Response Syndrome (CIRS). He demonstrated 
that the immune systems of individuals with certain genes, 
could not react appropriately to biotoxins as they would in 
healthy individuals.26 A recent study found negative effects 
on contextual memory, increased pain sensitivity and 
anxiety-like behaviour in mice when exposed to moulds 
found in water damaged buildings.27 

A recent parliament inquiry into biotoxin exposure by the 
Australian government, has shown a clear link between 
mould exposure and various symptoms, including CIRS.28 

Other studies on the long-term effects of mould and myco
toxin exposure suggest a link between mycotoxins and neu
rodegenerative diseases such as Alzheimer’s Disease, 
Parkinson’s Disease and Multiple Sclerosis. 

As established, to avoid experiencing the negative health 
effects associated with mould exposure – as outlined in the 

Fig. 1. Residential building wall mould growth above flood marked 
lines.   
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literature – exposure to mould should be avoided. Therefore, 
after flooding events, when risk of mould exposure is height
ened, appropriate assessments should be conducted to 
ensure the safety of individuals and buildings. 

The authors of this paper were commissioned by insurers 
to ‘roll out’ an Insurance Assurance program and indepen
dently validate mould contamination and remediation efforts 
after flooding and rain bombs. In Declared Catastrophic 
(‘CAT’) events, such as ‘CAT 202’, which occurred in 
Townsville, Queensland, in 2019, and ‘CAT 781’, which 
occurred in the Murray–Darling River Basin, South 
Australia, several hundred thousand dwellings were simulta
neously affected. Pre-inspecting every single dwelling prior to 
remediation was not possible, because of the sheer volume of 
buildings and a lack of infrastructure and resources. 
Therefore, a generic remediation and scope of works for 
each CAT event was established and issued to builders and 
restorers. This was based on, and factored in parameters, such 
as the nature of water inundation, its duration, and the 
relevant climatic zone. 

Each dwelling is an individual case, affected by building 
materials, age, geography and response speed of restorers. As 
such, it was of outmost importance to establish whether the 
proposed generic scope of works was sufficient for the removal 
and mitigation of mould contamination at each building. 

Post Remediation Verification (PRV) testing was con
ducted after a ‘strip out’ and subsequent remediation of 
dwellings, to ensure the efficacy of the nominated process. 
If the process was found to be ineffective or incomplete 
remediation was repeated based on the PRV results. 

A final Clearance Testing (CLT) after reinstatement of the 
dwelling was conducted as legal protection for builders and 
remediators in addition to providing ‘peace of mind’ for 
owners and occupiers. The data from both the PRV and 
CLT was then used in the process of re-insuring dwellings 
that had been disaster affected. 

Methods 

A 3-part risk assessment for mould exposure was produced 
based on existing literature and practice, this included 
mould, moisture and relative humidity testing. Methods 
for cultural and non-cultural fungal air and surface sampling 
were used, to determine the number and speciation of 
mould present. Simultaneously a visual and moisture assess
ment was conducted and Temperature (°C), CO2 levels 
(ppm) and relative humidity (% RH) were measured. 

Results 

Results from the fungal analysis showed that Penicillium chry
sogenum and Cladosporium cladosporioides are the most com
mon fungal species found in the air of dwellings after floods, 
followed by Aspergillus versicolor to a lesser degree. 

The results demonstrated that Chaetomium spp., 
Trichoderma spp., Acremonium spp. and Ulocladium spp. 
are highly common on damp building materials after 
flooding. 

Analyses revealed that associated mycobiota exist on dif
ferent building materials, associations were found between:  

(i) Acremonium spp., Penicillium chrysogenum, Stachybotrys 
spp. and Ulocladium spp. with plasterboard and wallpaper.  

(ii) Aureobasidium pullulans, Cladosporium herbarum, 
Trichoderma spp. and yeasts with several types of 
wood (yellow–green tongue) and plywood.  

(iii) Aspergillus fumigatus, A. melleus, A. niger, A. ochraceus, 
Chaetomium spp., Mucor racemosus and M. spinosus 
with concrete and other floor-related materials. 

These results (Table 1) can be used to develop new and 
resistant building materials and relevant allergen extracts 
and to help focus research on relevant mycotoxins, micro
bial volatile organic compounds, and microparticles 
released into the indoor environment. 

Congruent with the recommendations of both The 
Australian Mould Guideline23 and The Mould Workers 
Handbook,29 the consistent success of remediators is attrib
uted to the physical agitation of surfaces by high‐efficiency 
particulate-absorbing (HEPA) filter vacuuming with horse
hair brushes and wet wiping with a microfibre cloth. Use of 
either naturally brewed vinegar, alcohol or bio-enzymes had 
demonstratable positive outcomes as opposed to bleach, 
chlorine, oils, biocides and various branded ‘organic’ prod
ucts that are demonstrated to be ineffective. Additional 
factors contributing to success include air scrubbing with a 
minimum of seven air changes throughout the remediation 
process followed by a gaseous treatment with hydrogen 
peroxide. Methods such as encapsulation with glues or 
paints, dry-ice blasting, fogging or spraying with various 
substances consistently failed PRV testing. 

Conclusions 

It can be concluded that there exists an associated myco
biota for different building materials much like there exists 
an associated mycobiota on different food types. The results 
presented can provide assistance to the building industry in 
the development, production and usage of materials that are 
less susceptible to fungal growth. Utilising glass fibre 
instead of wallpaper for example or manufacturing materi
als that consist of a non-toxic, fungus- or water-resistant 
composition such as coating plasterboards against 
Stachybotrys spp., would aid in limiting fungal growth 
within building after flooding events or prolonged relative 
humidity in turn decreasing the likelihood of mould 
exposure-related illnesses from occurring. With the notion 
of extreme changes in the world’s climate, standards and 
guidelines are necessary for the development and assurance 
of future building materials, infrastructure and remediation 
to be able to combat fungal growth, henceforth, there is a 
pressing need for an internationally accepted and recog
nised guidelines. Currently, the World Health Organization 
has guidelines regarding indoor air quality21; however, 
these are not easily applicable for Australian ecologies, 
therefore, standards for the remediation and assessment of 
mould pertaining specifically to Australia are needed.29,30 
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The data obtained from this assurance program will form 
the base for research at the newly found RAC1 Training 
Centre for Advanced Building Systems Against Airborne 
Infection Transmission at Queensland University of 
Technology (QUT) in Brisbane, Australia officially known 
as the THRIVE project. 
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