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The number of buildings experiencing humidity problems and fungal growth appears to be increasing as energy-
saving measures and changes in construction practices and climate become more common. Determining the
cause of the problem and documenting the type and extent of fungal growth are complex processes involving both
building physics and indoor mycology. The most reported building-associated fungi across all materials are
Penicillium chrysogenum and Aspergillus versicolor. Chaetomium globosum is common on all organic materials,

whereas Aspergillus niger is common on all inorganic materials.

fungal growth building materials indoor mycobiota water damage

Penicillium chrysogenum Aspergillus versicolor Chaetomium globosum

| 1. Introduction

Prolonged indoor exposure, prevalent in industrialised countries, significantly impacts the comfort, health and well-
being of individuals [I. The growth of fungi and bacteria in the humid or wet built environment is one of the key
issues of indoor air contamination &2 and plays an essential role in occupational and public health problems 23],

Indoor mould has been associated with adverse health effects [2I4IEIZIE],

Increased humidity is the most critical factor for indoor fungal growth [IBIEIL0 Fyngal growth in damp buildings is
a common problem due to condensation on interior surfaces, water damage from burst pipes or flooding.
Furthermore, increased indoor humidity can cause damage to the building construction and materials 1112 and

triggers chemical emissions 23],

Even though fungal spores are ubiquitous, not all fungal species can grow everywhere 14l Buildings constitute
new habitats for fungi to grow and proliferate IS8T These artificial, inorganic environments have different
characteristics than natural habitats that fungi have occupied for millions of years 1€ Therefore, the fungal
biodiversity indoors is distinct and limited compared to the natural habitats they originate from. While fungal spores
can be introduced indoors from various sources such as the soil, food products, potted plants, pets and humans
(18] as well as from building materials themselves 1220, the predominant and primary source is the outdoor air 24,

Not all building materials are equally susceptible to fungal growth. The characteristics of the building material and

its moisture content determine which species can grow on it [ and which mycotoxins and other metabolites will be
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produced and released into the indoor environment 22231, The composition and availability of organic compounds
are also critical factors for the suitability of materials to serve as a nutrient source 24, Consequently, different
materials are prone to be colonised by specific fungal species, contingent on the fortuitous deposition of the fungal

spores on the designated material and the alignment of moisture level and nutrient composition with the fungus’
needs 4I14][19][25]

The demand to increase energy savings in the built environment has led to new construction techniques and
increased airtightness of the building envelope. However, if these measures are not properly designed and
implemented, there is a high risk of moisture increase indoors, condensation on the internal surfaces and thus,
fungal growth (28, The combination of highly insulated external walls and inadequate ventilation due to faulty
design, installation, operation or maintenance is the main reason for fungal contamination in low-energy buildings
[27][28]

Furthermore, fungal contamination of buildings has also a socioeconomic aspect, as it is connected to poor
housing conditions, fuel poverty and energy crises 22, Fungal problems are more common and severe in low-
income communities due to the lack of maintenance, insulation, ventilation and heating of buildings [&. Additionally,
indoor space overcrowding leads to increased moisture production that does not correspond to the original

mechanical ventilation rates 29,

Sampling, detecting and identifying fungi are important aspects of controlling and preventing fungal growth in the
built environment when water damage has occurred. There exists a broad variety of sampling techniques and
detection methods but no specific procedures, guidelines or standards for how they should be carried out.
Therefore, the results of a building inspection are often not reproducible. Different inspectors may reach different
conclusions on the severity, extent and remediation measures for the fungal growth and the building. Each
sampling technique has advantages and limitations, while factors like the sampling location significantly affect the

outcome of the analysis 17,

Detection of fungal growth in a moisture-damaged building without species identification is not sufficient to address
and solve the problem effectively. Different fungal species have different requirements even though they belong to
the same fungal genus. Genera like Alternaria, Aspergillus and Penicillium are commonly encountered in the
indoor air and dust, but different species have different origins. Some species are food-borne (baseline spora)
(e.g., Penicillium digitatum on citrus fruit), whereas others are associated with building materials (indicator species)

(e.g., P. chrysogenum on wallpaper) 241[17][31][32]

| 2. Requirements for Fungal Growth

Fungi’'s life cycle includes three phases: (1) spore germination, (2) mycelium growth and (3) spore formation
(sporulation). During the first two phases, vegetative growth takes place, while the third phase consists of the
fungus’ reproduction 29 When the environmental conditions are right, the fungal spores that have settled on the

different surfaces start germinating. A mycelium is produced, a multi-cellular filamentous structure, to allow food
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intake. Fungi secrete extracellular enzymes and acids, which break down the growth medium/substrate to access
the nutrients they need [l During this process, particles, gases and microbial volatile organic compounds
(MVOCs) are released into the environment. After the mycelium has grown enough, spores are created from the
fruiting bodies, while the mycelium continues growing to produce more spores and ensure further spreading of the
microorganism in its habitat. As nutrient availability decreases, the fungus’ life is endangered, and so sporulation
increases to ensure its survival and further propagation 19, Thus, spore diffusion is relatively independent of the

growth conditions.

2.1. Abiotic Factors for Fungal Growth

2.1.1. Temperature

Fungi can tolerate a wide range of temperatures, from 0 to 50 °C 194l However, their optimal temperature range
for growth is narrower, as fungi enter a dormant state at low temperatures of 0-5 °C by slowing down their
metabolic activities, while most fungal species die at high temperatures above 46 °C 22l Most building-related
fungal species have a temperature optimum between 20 and 25 °C Bl which coincidentally is also the desired

temperature range in buildings for thermal comfort.

2.1.2. Moisture Content, Water Activity or Relative Humidity

Several factors describe the state of water in materials, i.e., water activity, osmotic pressure, fugacity, water
potential and water content 22, As fungi mostly grow on surfaces, they utilise unbound, available water on the

surface of the substrate (i.e., the building material), not what is trapped inside it B2E€l. The water activity (aw)

of surfaces can be used to directly assess the moisture availability for fungal growth B2I37, The material’'s moisture
content is another useful factor, while the air relative humidity (RH) only affects the moisture level indirectly 8. The
aw refers to the ratio of the vapour pressure of pure water in the material to the vapour pressure of pure water at
the same conditions of temperature and pressure 21 (aw x 100 = % RH at equilibrium) B2, Every fungus has
specific moisture requirements, meaning it has a minimum, a maximum and an optimum aw for growth. Although

the minimum aw may differ from species to species, the optimum level typically ranges between 0.90 and 0.99 (21
[39),

Often, the fungal growth rate (mm/d) or germination time (d) is plotted as a function of temperature and relative
humidity/water activity (isopleth systems). These graphs are species-specific, based on the fungus’ growth
requirements. Isopleths provide useful information on the influence of environmental conditions on the growth of
fungi. However, they are developed under well-defined, steady-state conditions, which is rarely the case in

practice.

The growing medium has an influence, mainly due to its aw, on species detection and enumeration. Furthermore,

the use of different standard media can serve for species identification, as the fungal colonies/conidia colour is
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determined by the media composition and added trace metals [, Finally, the different media are complemented

with antibiotics to suppress the contamination of the cultures from bacteria B!,

Based on their moisture requirements, fungi are divided into groups: hydrophilic, mesophilic and xerophilic 25; the
grouping into primary, secondary and tertiary colonisers 814041 has become obsolete since water damage is not
necessarily a progression. Between mesophilic and xerophilic fungi, a group for xerotolerant fungi can be added
42 1t is well documented that the most important factor dictating fungal growth on building materials is the
moisture availability [BIL0SSI34135][43144] ' 55 dust and dirt that can serve as nutrient sources usually are present in
all houses [2l[13],

Furthermore, the duration of moisture exposure or time-of-wetness (TOW) [ and the time of wet—dry cycles under
fluctuating conditions are also important factors. Pasanen et al. 4448 examined the spores’ behaviour under
fluctuating conditions of temperature and relative humidity and suggested the hypothesis that conidia may be able
to adapt to an unstable environment to survive 431 (Table 1).

Table 1. Minimum water activity (a,,) requirements of representative fungal species.

a,, [References] Genus Species Media [References]
Hydrophilic ~ 0.95 E8I7] Acremonium  charticola v8 41, MEA 18]

0.94-0.95 [211147]149] Stachybotrys ~ chartarum vg 14, MEA Bl

0.94 [47i48] Chaetomium globosum vs 14 MEA Bl

0.92 [47i48] Rhodotorula mucilaginosa MEA Bl

0.90-0.95 (471481501 Trichoderma ~ viride v8 [, MEA 181
Mesophilic 0.89-0.90 [401148] Alternaria chartarum vg 14l

0.86-0.91 [21148] Epicoccum nigrum v 14l

0.85-0.89 [2LI[401[47]{28] Alternaria alternata v8 47; pG1g Bl

0.85-0.88 [2LI47]E] Cladosporium  herbarum vg L4l MEA, DG18 Bl

0.84-0.87 [21140147][51] Cladosporium  cladosporioides vg [14: MEA, DG18 31

0.82-0.85 [211391147] Aspergillus fumigatus MEA, DG18 21

0.82-0.84 [40I47][48][51] Cladosporium  sphaerospermum V8 14, MEA, DG18 Bl

0.80 148 Penicillium corylophilum MEA, DG18 31
Xerotolerant ~ 0.79-0.80 [21I(48] Paecilomyces  variotii MEA, DG18 [31]
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0.78-0.85 [2LHAAMETME8IS0  pepjcifljium chrysogenum MEA, DG18 31

0.77-0.78 [B247][48] Aspergillus niger v8 2: MEA, DG18 2l

0.74-0.79 [211140][47[53] Aspergillus versicolor vg L4l MEA, DG18 Bl

0.78 [21][48] Aspergillus sydowii MEA, DG18 31
Xerophilic 0.69 [211[47][48] Wallemia sebi DG18, MY50G [31

0.68 (4] Aspergillus halophilicus MY50G 2

0.59 [55] Aspergillus penicillioides DG18, M40, M40Y B8]

2.2. Composition and Properties of Building Materials

The characteristics of the building material serving as substrate play an essential role in the appearance of fungal
growth and species diversity. The material’s surface structure, hygroscopicity, porosity, water permeability, etc.,
directly affect moisture availability. Different materials have varying moisture sorption capacity 2. For instance,
plywood, OSB and gypsum board are hygroscopic, meaning they tend to absorb moisture, thereby increasing their
susceptibility to fungal growth B3IB758] |n contrast, glass, ceramic products, polymer-based materials, etc., are
hydrophobic and thus more mould-resistant [12(251[59],

The composition of building materials determines the nutrient availability on its surface, which is a key driver for the
material’'s susceptibility to fungal growth and abundance. When the environmental conditions are favourable for
fungal germination, fungi diffuse enzymes into the substrate in order to break down the required nutrients, which
can be used for their growth L4, Building materials have distinct compositions and contain different organic
compounds, which can be a good nutrient source for most fungi or just for specific species that can utilise them.
Such components can be low molecular weight carbohydrates (e.g., glucose, dextrose), free sugars, natural
organic polymers (e.g., starch, pectin, cellulose, hemicellulose, lignin, etc.) or other readily accessible nutrients 13
(2157, For example, materials rich in organic matter, e.g., wood, plywood, the paper layer of gypsum board, ceiling
tiles, etc., are especially good substrates due to their complex polymers (121333160611 On the other hand, paper-

free materials or materials with lime composition (e.g., inorganic ceiling tiles, gypsum, etc.) are less susceptible to
mould formation [121691(62]

2.3. Characteristics of Building-Associated Fungal Species

Fungi have developed mechanisms that allow them to access their necessary nutrients 63, The several different
fungal species on a material interact with each other, which can create mutually beneficial or competitive relations.
The growing fungi metabolise the components of the material and produce new nutrients that become available for
other microbial organisms to use and proliferate in succession 7. On the other hand, some species can produce
toxins to inhibit other organisms (e.g., metabolites against bacteria) with the same growing requirements so they
can claim the material 7. The resulting metabolic products like allergens and toxins are related to the components
and nutrients provided by the substrate and the species acting as colonisers 4/[28I[41](64][65](66][67]
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| 3. Associated Fungi of Common Building Materials
3.1. Wood and Woodchip Materials

The first group of building materials consists of wood, either massive or composed of different sizes of woodchips
and different levels of processing. Massive wood is a natural material comprising structural polymers, i.e., cellulose
fibres, hemicellulose and lignin, and non-structural constituents called extractives. In contrast, woodchip-containing
materials are engineered products manufactured by bonding woodchips by using adhesives (such as resins or
glues) or compressed under heat and pressure. Materials like particleboard, OSB, medium-density fibore (MDF),

chipboard, plywood, Masonite board, etc., are included in this subcategory.

3.2. Gypsum Board, Paper/Cardboard and Wallpaper

The second group also contains wood-based materials, in which the wood has been heavily processed, and
consists of wood fibres. Gypsum board has a core of gypsum, which is a naturally occurring mineral composed of
calcium sulfate dihydrate and paper finishes on both sides. Due to the paper, gypsum board, together with acoustic
and ceiling tiles that have a similar composition, are grouped as organic materials. Paper and cardboard are listed
together, as they are both manufactured from processed wood pulp. Even though wallpaper can be made from
various materials such as paper, fabric or vinyl, this table specifically addresses wallpaper derived from wood pulp.
Wood pulp is produced by mechanically or chemically breaking down cellulose fibres, which are then formed into
sheets. The key differences between them lie in thickness, layering, surface treatment or the use of certain

additives to enhance specific properties depending on their intended use.
3.3. Paint, Plaster, Concrete and Fibreglass Wallpaper

The third group includes inorganic materials with different primary components and distinct applications. Paint is a
mixture of pigments, binders, solvents and additives for surface decoration. Plaster is composed of materials like
gypsum, lime or cement and has usually a high pH value. Concrete is made with cement, water and aggregates to
construct building elements. Finally, fibreglass wallpaper consists of woven fibreglass strands coated with a

resinous binder for reinforcement or decoration of interior wall surfaces.
3.4. Insulation Materials: Bio-Based, Foam-Based, Mineral-Based

The last group contains insulation materials with different compositions. Bio-based insulation is made from
renewable, organic resources. Foam-based insulation contains polymers and chemicals, which result in
lightweight, rigid or flexible materials (e.g., Polyurethane, Polyisocyanurate, Polystyrene, Polyethylene, etc.).
Mineral-based insulation materials are derived from naturally occurring minerals (e.g., Rockwool, Fibreglass, etc.).

Each type of these materials has unique properties and is suitable for specific applications.

3.5. The Building-Associated Fungal Species
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Materials, partly or totally organic, could support the growth of 102 different species, while on the inorganic
materials, 70 different species were found. A total of 40 species were common to both organic and inorganic
materials, with species like A. alternata, C. sphaerospermum, P. variotii and P. corylophilum being the most
reported. Other species like A. glaucus and C. globosum were only found on organic materials, while A. charticola

and M. spinosus only on inorganic materials.

| 4. Building Evaluation Process

Visible fungal growth on interior surfaces, furniture and other household effects is the most common reason for
starting an investigation. However, often, an investigation is launched even in the absence of visible fungal growth
because the occupants or building users experience mouldy odours and/or adverse health effects. An investigation
can also be initiated before the renovation of a water-damaged building, e.g., due to flooding or another water-
damage incident. Regardless, high humidity or water ingress is always the reason for the presence of fungal

growth even though the source of water is not obvious or the building has dried out.

The purpose of an inspection is to ascertain the existence of fungal growth, to locate the source of humidity/water
and to design a remediation plan. Knowing which fungal species are growing on a particular material and the

preferred aw

of the fungal species can ensure that all fungal growth is discovered and the correct renovation strategy is

proposed 171,

To assess the building-related fungal contamination risk and confirm any moisture problems, it is necessary to
guantify the fungal load, identify the microbial diversity and determine the contamination source. The assessment
procedure is performed in four phases: (1) physical inspection of the building, (2) sample collection, (3) fungal

detection and identification and (4) evaluation report. Figure 1 depicts this process and potential steps.

Physical inspection Sample collection Fungal delection & identification | Evaluation report

= Chdour evahastion | = HWH}- materials * Dlinect micnoscopy = Risk assessmend

= Walk-though =+ Dust =0 Culure-based analysis = = Cause of moistune
= Moisline measimements + Adr samipling - active + Mulecular analysis * Plan of actioa

+ Ologupants” questionnaire + Abrsampling - passive | + Eneymaticichemical analysis | * Provention steategy

Figure 1. Fungal contamination assessment process of damp buildings.

Fungal growth can be seen in buildings as discolouration, stains or blots on walls, floors and ceilings, especially on
colder surfaces like thermal bridges, below windows, behind furniture, etc. When fungal growth is visible, the
procedure is straightforward: to clean off/demolish the affected area, restore it and perform quality control.
However, fungal growth can also be hidden in the building construction, cavities and behind the wallpaper or sit in

plain sight but be colourless, thin and patchy, thus easily overlooked.

All fungal growth, visible or unseen, can release equally high concentrations of fungal particles in the indoor

environment 88 and it can be recognised through high humidity, musty odours or complaints of negative health
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symptoms by the occupants. Nonetheless, it can be challenging to find and sample, while restoration can be costly.
Therefore, it is estimated that there is significant under-reporting of these cases. The microbial assessment of
damp and mouldy buildings is an interdisciplinary challenge, spanning across the fields of mycology, building
science and public health 62!,

There are various sampling techniques that can be used for sample collection, while different detection methods
can be applied to the collected samples. Some samples can be analysed by several detection methods, while
others are intended for specific analysis. In the following sections, the sampling techniques and detection and
identification methods are first analysed independently. Subsequently, it is described how the sampling techniques

can be paired with the commercially used detection and identification methods.

4.1. Physical Inspection

A thorough walk-through inspection of the building is pivotal. Through the visual inspection, the investigator can
reveal evidence of current or past water ingress, detect critical/problematic areas with humid or mouldy spots and
evaluate the mouldy odour, which can be indirect evidence of hidden fungal growth. For that, investigators need to
have a broad knowledge of moisture transport in buildings, material properties and behaviour and be able to

identify the potential areas for increased or concealed humidity 271,

The inspection can be combined with a survey/questionnaire for the occupants about the experienced indoor air
guality, possible symptoms or health problems related to fungal growth, their daily airing routines, cleaning
practices, heating, ventilation and air conditioning (HVAC) system and the type and state of the building (e.g., past

water damage incidents, insulation level, renovation works, etc.).

4.2. Sample Collection

4.2.1. Material Sampling

Sampling of visible fungal biomass directly where it grows is the first and most obvious choice to characterise the
fungal contamination of a building. Material sampling techniques are normally used for genus or species
identification. A surface sample can be taken to determine whether a stain is caused by fungal growth or another

issue A1 or the effectiveness of remediation measures 641,

Smaller parts of building material/construction (bulk samples) or larger parts of surfaces (scrapings and shavings)
can be removed for analyses in the laboratory 17, Surfaces can also be sampled and tested for fungal growth
using contact plates (for cultivation), sterile swabs (for cultivation or enzymatic analysis) 2 or tape lifts (for
microscopy), which is relatively economical and quick 2. The tape-lift method can be used to complement culture

or enzymatic methods.

4.2.2. Dust Sampling
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Settled dust, 3 to 6 months old, can be a good proxy for either hidden fungal growth or for evaluation of long-term
exposure of occupants to fungal particles. Dust sampling can be performed using sterile swabs, dust fall collectors
(DFCs) or electrostatic dust fall collectors (EDCs) for long-term collection. Swab samples (usually 10 cm?) are
obtained from horizontal surfaces 1.5 m or more above floor level on places that are not cleaned regularly, like on
top of doors or picture frames, curtain rails, bookcases or cupboards 4. As DFCs (usually 60—100 cm?2), an empty,
sterile Petri dish without medium can be used 2 or even a cardboard box with aluminium foil-covered inner
surfaces 14, Using the DFC method, airborne dust and fungal particles can be sampled over hours, days, weeks
or even months, depending on the aim of the study 3. EDCs 7697476l have been mostly used for exposure
studies to endotoxins X8, Floor dust, 1 to 3 weeks old, can also be sampled using a nozzle with micro-vacuum
cassettes attached to an ordinary vacuum cleaner 74 or by analysing directly the dust collected from an ordinary

vacuum cleaner bag (usually the whole living area) [/8! and used to identify the present fungal particles 222,

4.2.3. Air Sampling

Air sampling provides a short-term exposure assessment through the collection of airborne fungal biomass. It can
be done either passively (sampling over time) or actively (volumetric sampling). Passive air sampling is normally
performed using Petri dishes containing growth medium, exposing the agar surface to the air for 30-60 min 3],
Active air sampling is carried out by using a device (sampler) drawing in a predefined volume of air. The most
commonly used air sampling devices are (1) impactors and sieve samplers, (2) impingers, (3) filter samplers and
(4) centrifugal and cyclonic samplers LZEABL jmpactors and sieve samplers collect a fixed volume of air impacted
onto a Petri dish with growth medium or an adhesive surface (i.e., glass slides or membranes coated with a
transparent, sticky substance). Centrifugal and cyclonic samplers use circular flow patterns to increase the airflow

and deposit the airborne particles into a liquid, semi-solid or solid growth medium B4,

4.2.4. Choice of Sampling Techniques

During the sampling process, several parameters and choices can affect the outcome of the investigation, and they
must be considered in advance. In most cases, the purpose of the inspection dictates this decision-making
process. Figure 2 shows the growth of C. globosum in the interface between OSB and gypsum wallboard (which
has been removed) following a basement flood together with tape lifts, air samples on Petri dishes and pure

cultures for identification.
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Figure 2. Growth of C. globosum in the interface between OSB and gypsum wallboard (A,B). Tape lifts from the
OSB and direct microscopy mostly reveal C. globosum (D), but some Penicillium conidia in chains are also present
(C). Active air sampling onto DG18 (E) and V8 (F) show mostly Penicillium spp. because the conidia of C.
globosum do not become as airborne as Penicillium conidia. Pure cultures of C. globosum on DG18 (G) and V8 (H)

also show its hydrophilic nature by better growing on V8 than DG18.

The air sample volume determines the concentration of biomass that can be detected and is dictated by the
sampling time and airflow rate 2782831 The sampling time can vary greatly, from minutes to months, based on the
selected sampling method and the needs of the investigation. The exact sampling location is important, especially

for dust sampling, as the proximity to the source of fungal growth affects the concentration of spores 24,

4.3. Fungal Detection and Identification

Detection and identification methods concern the laboratory analyses of the collected samples to confirm the
presence of fungal contaminants, estimate the fungal load and/or perform species identification. The analysis can
be quantitative, assessing the amount of fungal biomass, or qualitative, listing the identity of the different fungal
species. Samples can be analysed using microscopy, cultivation or molecular methods for identification and

chemical/enzymatic methods for biomass determination.

4.3.1. Direct Microscopy

Using a dissecting or stereo microscope (x40 magnification), fungal growth can be observed directly on bulk
materials, scrapings or shavings. For tape lifts, either directly from the fungal-infested materials or the bulk
materials, scrapings or shavings, a light microscope (X400 magnification) is used. When performing microscopy
analysis directly on the material, identification can typically be carried out to genus level only, while its use is limited
in highly contaminated sites or samples due to overloading 4. There is no need for an incubation period, and
samples can be analysed directly, making this method low-cost and fast. On the other hand, there are no protocols
and guidelines for the analysis, and identification demands a skilled mycologist. Therefore, it is not possible to

standardise the processes between different laboratories 17,
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4.3.2. Culture-Based Analysis

Traditionally, the most-used method has been culture-based analysis. It can be applied to most sample sources
and types, while it can be used for species identification. On the other hand, it is time- and labour-intensive and
requires skilled mycologists for correct species identification. For culture analysis, spores, fungal fragments or
microparticles are collected and cultivated in different media in the laboratory under controlled conditions. The
media selection and growing conditions are of great importance to the outcome of the analysis. Each cultivation
medium favours specific genera and species, and it is, therefore, necessary to use a variety of media (e.g., DG18,
V8, MEA) to cover the whole spectrum of indoor fungi 3!, Even the selected technique to introduce the sampled
organic matter in the Petri dish (e.g., scattering, shaking, direct or dilution plating) can influence the growth rate
and detected species 1785,

4.3.3. Molecular Analysis

Molecular analysis of fungal biomass by quantitative polymerase chain reaction (qPCR) or next-generation
sequencing (NGS) has been gaining popularity in recent years, as it can provide quantitative results of high
specificity, precision and sensitivity (2841881 Cylture-independent methods can detect both viable and most non-
viable fungal fragments. The method has a fast analysis turnaround, and identification does not require highly
trained mycologists. There are two approaches to molecular diagnostics, gPCR assays (commercial use) are
designed to detect targeted, known species, while NGS (research use) provides higher discovery power to identify
any species present (7],

4.3.4. Enzymatic/Chemical Analysis

Finally, chemical tests use surrogate markers (88l detecting specific proteins, enzymes or other organic compounds.
Usually, these tests provide an assessment of the indoor microbial load. A widely used commercial method for the
built environment is the 3-N-acetylhexosaminidase (NAHA) enzyme test, which assesses the indoor microbial load

89 The test has been developed for both surface and air sampling and lies in the detection of the NAHA enzyme
(90

4.3.5. Other Methods

There is a plethora of studies that have investigated the use of MVOCs and ergosterol, which could be used as
biological markers 22[23I6A7IBI For example, the particulate (1 - 3)-5-D-Glucan is a carbohydrate that has been
extensively researched as a measure of fungal biomass 1722751921 However, no commercial methods are
available yet for assessing indoor environmental contamination due to the difficulty of determining the emission
source 7,

4.3.6. Choice of Analytical Methods

All methods have strengths and weaknesses, and at present, no single method can be used to reliably confirm

whether there is moisture or microbial damage 22169881931 Cylture-dependent methods are highly selective due to
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the growing conditions, medium properties and the fact that heavy spore-producing, tolerant or general species are
overestimated as they outgrow predominantly mycelial taxa and slow-developing, more fragile or specialised fungi
(171851 |n addition, spores’ viability is species-specific 2. Molecular analysis can detect non-viable spores and
fragments that cannot grow in a culture. That information can provide long-term insight, for example, about older
water damage incidents that might have dried out or dead spores coated in toxins that might still be present, as
spores and fragments can be allergenic despite their culturability 2417, On the other hand, culture methods do not
require special equipment; they are widely used, well characterised and extensively researched and reliable

reference data are available B4,

4.4. Evaluation Report

After the completion of the investigation, the outcome of the inquiry needs to be reported and communicated to the
building owner and occupants. The results must be interpreted, and their significance explained in layman’s terms.
It is fundamental that the report states the source and cause of moisture, a plan for repair and a risk assessment.
The report should also contain all investigation steps with photo documentation, a description of the performed
analyses and procedures, analyses’ results and conclusions. Finally, an action plan for the renovation of the
building should be provided, including means to remove the fungal growth, a cleaning scheme and quality control

of fungal removal.

| 5. Conclusions and Perspectives

Overall, the literature highlights the challenges of investigating the existence of fungal growth. At the same time, a
targeted approach is often needed where the inspector knows which species to look for B89 Focusing on specific
fungal groups and species likely to grow in damp indoor environments and on the present, specific building
materials can help, for example, to choose the suitable medium for isolation or adequate detection method. In
addition, research has shown that the production of mycotoxins is species-specific 62l and the substrate and its
characteristics influence their production 88, Therefore, a better understanding of the associations between fungal
species and various construction materials can be employed to limit adverse health effects stemming from
exposure to building-related fungal species, as well as reduce material decay 12, Nevertheless, standardised,
widely accepted protocols and guidelines are missing (671808 making it difficult to obtain reproducible and

comparable results, as well as definite recommendations on fungal contamination problems.
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