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or implied, or assume any legal responsibility or liability for the completeness of any information, 
apparatus, product or process disclosed, or represent that the use of the disclosed information would not 
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Abstract   
 
The air quality in human dwellings, educational and work places has become a high profile issue over the 
last decade especially in regarding to mold. Mold spores are present everywhere. Molds grow on a wide 
variety of organic substrates including wood and are easy to find in all buildings especially those that 
have moisture available for microbial growth. The wood industry is facing a potential problem as stain 
fungi (which may often be mistaken for mold) and molds can be found growing abundantly on green 
timber and lumber and the public could perceive wood used in building envelopes as a major substrate 
and source of mold. To ensure that wood is treated fairly among other building materials Forintek has 
initiated several projects regarding mold and one of them is to review the existing body of literature on 
molds and to develop an organized database of  information in a searchable form that could be 
continuously updated. Thus, to update Forintek’s knowledge in this area, to maintain awareness of the 
latest developments and trends and to establish new contacts Adnan attended the 9th Indoor Air 
Conference in July 2002 which is considered to be among the most prestigious in the field. As expected, 
the conference and associated interactions yielded a substantial amount of information directly or 
indirectly relate to current and future projects at Forintek in regard to molds, substrates for their growth 
and potential health effects. Overall there was a general understanding that microbial ecology and health-
related issues in association with a moisture-damaged site are complex phenomena and require further 
and thorough research. Modern building technology that uses a plethora of buildings materials in more or 
less successful building designs and in association with failures in moisture control provide specific, and 
in some cases, new ecological niches for microbes. Wood was not singled out or exempted as a source or 
important substrate for mold growth. The water damage and available moisture is the major factor in 
supporting microbial growth. Apart from mold there are other equally or more important elements 
associated with reported ill health and these may include bacteria, tobacco pollution, diesel particles, 
material and microbial volatile organic compounds, mites and other allergens of animal origin. This report 
summarizes major findings and developments in indoor air quality issues with special emphasis on mold, 
health issues and water-damaged human habitats. Parts of it are judged as potentially useful to Forintek 
members.  
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1 Objectives 
 
• To maintain awareness of the latest developments and trends in indoor air quality issues, in particular 

associations between water damaged buildings/building materials with health and molds 
• To establish new contacts and in particular with the National Public Health Institute in Kuopio, 

Finland.  
 

2 Introduction 
 
Over the last decade, air quality in human dwellings and workplaces has become a high profile issue.  A 
number of lawsuits concerning molds in living spaces and even some legislative actions have resulted 
from media hype that developed recently, especially in North America. Mold spores are known to be 
allergens, and volatile and semi-volatile products of some molds are known to be irritants or toxins and 
may be implicated in the development of various health problems including asthma, or dermatitis. There 
are also a number of other indoor air pollutants that contribute to ill-health but the significance of each 
contributing pollutant is not clear.  Mold grows on a wide variety of organic substrates including wood 
and is easy to find in all buildings especially those that have moisture available for microbial growth. The 
wood industry is facing a potential problem as stain fungi and molds can be found growing abundantly on 
green timber and lumber and therefore it is not surprising that the public could perceive wood used in 
building envelopes as a major substrate and source of mold.  A negative perception of wood in building 
envelopes harbouring toxic molds could have a big impact on the wood industry and could be exploited 
by manufacturers of substitute products. The area of building microbiology is rapidly expanding and 
Forintek has taken major steps to link into this area and position itself to answer questions and evaluate 
reports from a multitude of source , in order to accurately and fairly represent wood as a building material 
in the context of indoor air quality concerns. One of Forintek’s projects is to review the existing body of 
literature on molds and to develop an organized database of  information in a searchable, evaluated (or 
scientifically rated) format which can be continuously updated, to be used to generate reports and fact 
sheets. 
 
Since I became involved with the building microbiology issues and in particular with Forintek’s Building 
microbiology database development, I have been looking for ways of updating my (and Forintek’s) 
knowledge in this area. I thought attending a conference on IAQ to be a good idea.   After discussing it 
within our Durability and Protection group and receiving support, I attended the 9th Indoor Air 
Conference in July 2002. There I was exposed to plethora of new information, met several key 
researchers in the field and brought back a large amount of literature that will be scanned for useful 
information that will be fed into our database. The triannual conference was organized by the 
International Society of Indoor Air Quality and Climate (ISIAQ) (founded in 1992 and now with over 500 
members from variety of disciplines world-wide). The Indoor Air Conference Series is considered to be 
among the most prestigious in the field and has a major impact on the direction of indoor air research and 
policy. The acquired information was judged as potentially useful directly to Forintek members  and thus 
it has been organized in the form of a report. 
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3 Conference Facts 
 
Over 1300 delegates representing more than 50 countries around the world attended. They came from a 
wide range of fields, including medical, physical, chemical, material, biological and social sciences, 
architecture, engineering, and building services. In addition to many key researchers and practitioners, 
delegates included national and international policy makers. There were especially large representations 
from: Finland, Denmark, USA and Japan.  
 
The conference ran for full five days. Each day started with 2 plenary lectures followed by up to 7 parallel 
break out sessions.  Each day ended with a poster session. The busiest sessions were on Bioaerosols, 
Asthma, and Respiratory health and these sessions were continuously going throughout all five days. I 
mostly followed the Bioaerosols sessions. The other sessions included: Outdoor Pollutant Impact, 
Volatile Organic Compounds, Semi-volatile Organic Compounds, Indoor Airflow and air Distribution, 
Ventilation System Hygiene, Environmental Tobacco Smoke, Sick Building Syndrome and others.  
 

4 Main Points 
 
The association between dampness or moisture damage of buildings, mold, microbial growth and adverse 
health effect has been shown in many reports and epidemiological studies. A common conclusion was 
that the understanding of causal relationships between exposures to various agents and health effects are 
still far from clear. The highlight for me was a plenary lecture on Wednesday by Dr Aino Nevalainen 
(KTL, National Public Health Institute, Kuopio, Findland). Aino is leading microbiological research 
while Maija-Riitta is a leader of their toxicology group. Paul, Tony, Jean and I met Aino in Vancouver in 
February 2001 when she gave a lecture at UBC School of Occupational and Environmental Hygiene. We 
were very impressed by some of the findings she reported. At the conference Aino gave an update of that 
research. Through her I also met several other researchers from her lab and managed to get copies of their 
recently published papers and theses.  
 
In her talk Aino outlined the interaction between humans and microbes and commented on what 
occasions building microbes become harmful, what explains microbe harmfulness and what areas of 
interaction are still not clear. She pointed out that links between the agents and human health are still 
poorly known and are part of complex interactions with the growth substrate and other microbes. There is 
complexity of different types of water damage (constant moisture versus fluctuating and different 
microbesassociated with them), given the plethora of modern building materials (which once moistened 
provide very specific ecological microenvironments) and huge diversity of microorganisms. In addition to 
this complexity, exposure patterns and human individual responses vary. Concentration of airborne fungi 
in moldy and normal indoor environments overlap and thus concentrations of viable fungi in indoor air 
correlate poorly with health effects and have large temporal and spatial variation. Furthermore they only 
represent about 1% of the fungal particles actually present. The microbial load of indoor environments 
can also be described using enzymatic methods or chemical markers of biomass but there are no 
conclusive exposure-response data for these parameters with health effects in indoor situations. 
 
Their work has shown that wooden samples often had the greatest diversity of fungi, while plasterboard 
and ceramic materials showed notably smaller numbers of fungal genera. Stachybotrys was significantly 
associated with plasterboard and Acremonium with ceramic materials. In real-life situations microbes 
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never grow as pure cultures but are mixed, and are in competition for the available nutrients on moistened 
materials. They can interact in different ways and emissions from the materials with microbial growth 
may vary. Many fungi and bacteria detected in damaged building materials produce toxic secondary 
metabolites (volatile organic compounds and acutely toxic compounds, mycotoxins) that are regularly 
detected in mold-infested building materials. The material upon which the microbes grow seem to have a 
critical effect on the mycotoxin production. She also pointed that not all strains of toxigenic fungi or 
bacteria produce toxins: e.g., only some of the strains of Stachybotrys chartarum isolated from indoor 
environments are toxin producers. She pointed out that allergies to mold due to indoor exposure is 
relatively rare (5 %) and therefore many outcomes have other poorly known pathophysiological 
mechanisms such as irritation, allergenic, toxic, inflammatory or immunologically active substances. In 
their recent studies on molds on building materials they focused more on plasterboard (see subtitle: 
Building materials and mold bioactivity). One article written by their group is recently submitted to a 
journal and it compares microbial growth on different building materials (wood, chip board, concrete, 
plasterboards and mineral wool).   
 
At the beginning of the conference it was pointed out how important is the inter-connectedness of 
different physical and chemical phenomena between indoor and outdoor environments. Many air 
contaminants are shared between the two environments and exposures must be considered in both 
environments when determining which air contaminants are of chief concern. In this complex mix, health 
effects are often the sum of burdens from all contributing exposures. If an organic compound is present 
indoors it is very important whether it is associated with particles (e.g. dust, or pollen that might have 
come from outside) or not. Particles may cause inflammatory responses in the airway mucous membranes 
but particles may also become a vehicle for transport of allergens, chemicals or gases which otherwise 
would not be deposited in the lungs. Fungal mycotoxins are not readily volatilized, thus their presence in 
air is minimal. However by attaching to particles they can be carried deeper into lungs and can 
accumulate and become more significant in causing health problems. Organic compounds can be 
associated with particles and are uncommon in the absence of the particles (1A1o12). Particles can help 
such compounds to be transported deeper in the lungs and stay there longer. 
 

4.1 Building Materials and Mold Bioactivity 
 
Although a number of species can be recovered routinely from indoor air samples, little is known about 
the potential for mycotoxin production by many of these organisms on different building materials and 
under varying environmental conditions. The results of these studies might be used to formulate 
preventive and engineering control strategies. One hypothesis was that wood, as a rich substrate, does not 
promote mycotoxin production as much as other nutritionally poor materials where microbes need to 
produce mycotoxins to fight against competing microbes. Several papers addressed these issues. Paper 
1C1p3 reported a large mix of compounds from microorganisms grown on building materials and found 
that production was highly substrate dependant.  
 
An interesting paper came from the Kuopio group (2C1O2). They cultured Stachybotrys chartarum and 
Streptomyces on facing and cores of six different plasterboards in order to examine the effects of 
plasterboard component on microbial growth and the bioactivity of the spores. Cores better supported 
Stachybotrys growth and growth was initiated faster than on the facings. Bioactivity (inducing 

 
2 Codes represent the unique paper identification system. All papers are included on CD (Indoor Air) that is located 
in Building Microbiology Database file cabinet (Adnan’s office).  
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immunological host defense and evoking cell death in a mouse macrophage cell line) was also higher in 
the spores collected from cores than facings. This indicated that critical nutrients for Stachybotrys growth 
and bio-productivity leading to cell death are located in the plasterboard cores. (Up to now a common 
thought was that Stachybotrys is associated with plasterboard facings, which are rich in cellulose). 
 

5 Review of Literature on Indoor Environment and Health 
 
There is a huge demand for information, guidance and enforcement on IAQ world-wide. In California 
there has been a ten-fold increase in phone queries and tripled number of Internet visitors of the State IAQ 
program in regard to molds since 1997 (2B1O4). Concerns about chemical exposures, asbestos, and radon 
at home have fallen. There were several attempts to review existing peer-reviewed literature (e.g 3B1O5 – 
Mold exposure and health effects; 3B1O2 Health effects and Stachybotrys exposure, 3B1p1-Bioaerosols 
and health effects). The reviews were done in a classical way by searching existing databases, selecting 
relevant papers which were read and conclusions drawn. Sometimes reviews were done by an individual 
and sometimes by a group. In general all found that most studies provided insufficient quality data, 
suffered from limitations and commented that further studies are needed to improve upon the quality of 
the previous work. The best reviewing approach and work is being done by a multidisciplinary group of 
European scientists established in 2000. Several sub-groups are addressing different issues included 
NORDVOC (VOC and health), NORDDAMP (dampness and health; all literature before 1998) 
EUROEXPO (dampness and health, literature after 1998); EUROVEN (ventilation and health) and 
EUROPART (particles and health). The final reports of three of these groups were presented at the 
conference (EUROEXPO, EUROVEN, EUROPART). In their methodology they had an interesting and 
unbiased approach in judging the available literature. Top scientists from all relevant disciplines including 
biology, medicine, epidemiology, toxicology and engineering, were involved in the review. After a 
thorough search of existing literature databases the abstracts of all hits were reviewed and only relevant 
papers selected. These papers were then reviewed by two scientists (reading all through a paper) and 
classified independently. There was then a review seminar by the group where each paper was presented 
after which the group needed to get consensus as to whether a paper was relevant and conclusive (authors 
and co-authors of discussed papers were excluded from the room). Review papers and case studies were 
not included. During this process many papers were rejected as not relevant, non-informative, 
inconclusive or with major flaws in the methodology. The finally selected articles were then reviewed by 
each member of the forum and conclusions were made. In NORDDAMP and EUROEXPO,for example, 
out of 590 and 547 relevant articles only 61 and 40 respectively were deemed useful and reviewed in the 
final document.  The results indicated that there were consistent associations between dampness and 
health effects. Dampness increases the risk for health effects (allergic symptoms, sick building syndrome 
symptoms and airways infections). However it still remains unclear which dampness-related agents are 
responsible for the health effects and a number of reviews mention this. The report strongly accentuated 
the need for further multidisciplinary studies. In EUROVEN (5A2O2) after reviewing 74 papers they 
concluded that ventilation is strongly associated with health. Similarly, a summary done by Finish and 
USA scientist (3C2O1) on HVAC systems concluded that many studies indicate air conditioning, with or 
without humidification, was consistently associated with a statistically significant increase in the 
prevalence of SBS symptoms by 30% to 200% compared to natural ventilation. Replenishment with 
outdoor air supply is necessary for dilution/removal of pollutants generated indoors (including allergens) 
and improper design, functioning and maintenance of ventilation and air-conditioning systems, as well as 
their intermittent operation, may be reasons for health problems in people staying indoors. They 
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recognised the need for improving and changing the design, maintenance procedures, and operation of 
HVAC systems.  
 
The final conclusion was that these studies, as important as they were, have not been undertaken in 
proportion to the real magnitude of indoor air problems. Conducting well-designed studies on these issues 
requires the expertise of several specialties and often involve large cohorts followed over time or cross-
sectionally. It is not surprising that in all the reviews of peer-reviewed journals only a small percent had 
sufficient scientific value to merit further evaluation. All groups recognised gaps in the knowledge and 
the need for further research.  
 

5.1 Water Damaged Buildings and Health 
 
To identify an abnormal microbial environment, one first has to consider what is normal and that 
represents a difficult task. In addition, mold growth on a poor substrate may induce a mold to change its 
metabolism to produce more toxic compounds. These compounds are often lethal to competing 
microorganisms and may cause health effects in humans. Such differences in growth characteristics have 
been shown for several building materials e.g. plaster, mineral insulation, concrete (Kuopio group-
Finland). It addition it is also difficult to talk about health effect of moisture and molds in the presence of 
complications such as tobacco smoke pollution, materials with chemical emissions, diesel particles and 
HVAC. 
 
Water damage and molds were strongly associated with all health outcomes in a comprehensive 
collaborative study (USA, Sweden, Finland and Russia) done in nine Russian cities (1C2O1). During the 
presentation a comment was given that children living in older wooden-framed buildings had less 
respiratory allergies than those living in brick and concrete structures. We also heard this comment during 
Dr Aino Nevalainen’s talk about Finnish studies in February 2001. Another paper presented by the same 
group found that respiratory infections were more common in concrete/brick buildings then in wooden 
frame buildings regardless of water damage. Presence of moisture however is a risk factor for respiratory 
infections in both types of buildings. The issue can be partly explained by the fact that concrete buildings 
were in general larger, housing more people thus having increased possibility for infection exchanges, and 
often had HVAC systems. On the other hand wooden buildings were smaller and with natural ventilation. 
In a case-control study (1C2O2) it was shown that moisture damage in the living quarters of the home 
increases the risk of asthma in early childhood. I talked to the senior author of the paper and was given a 
copy of her recent thesis titled: “Characterising moisture damage buildings – environmental and 
biological monitoring”.  
 
Bacteria in general have received little attention in indoor environments. Bacilli antagonistic to fungi and 
bacilli toxic to mammalian mitochondria are isolated from settled dust and materials in water damaged 
buildings and may represent a health hazard in moldy buildings. Streptomyces (bacteria common in soil 
and in buildings with moisture problems) are associated with health effects (1B1p2). Their role is not 
fully understood. Actinobacteria have been cultured from all kinds of materials, most commonly from 
ceramic materials, concrete and bricks (Hyvarinen et al 2001) 
 
In attempting to assess which microbes are the most harmful among the mixed population present in 
moisture damaged buildings the KTL (Finland) group have confirmed that Streptomyces (Actinomycetes-
filamentous-gram positive bacteria) and mycobacteria isolated from moldy buildings were highly potent 
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inducers of inflammatory responses and cytotoxic effects in human and mouse cells in vitro.  These 
bacterial cells triggered time-dependent production of the same inflammatory mediators in vivo and 
caused cytotoxicity in mouse lungs when mice were exposed to the same microbes (3B1O5).  Other 
similar studies showed that exposure to fungal spores did not markedly increase the production of 
inflammatory markers. The overall biological activity of bacteria was higher than fungi. In addition to 
KTL findings (3B1p7) a German paper (3B1p3) and another Finish paper (4C1O2) suggests that 
Actinomycetes (Actinobacteria) in moist houses are often associated with rheumatoid symptoms. Two 
Bacillus colonies (B. cereus and B. amyloliquefaciens) from water damaged-moldy buildings proved to be 
toxic to mammalian cells (1B1o3). A Finnish study found clusters of rheumatic diseases associated with 
exposure to moisture damage, microbial exposure and sewer gases and identified mycobacteria present 
(they have already been suggested to have a role in the pathogenesis of rheumatoid arthritis). This 
certainly supports the hypothesis that environmental microbes may promote the development of 
autoimmune diseases in long-term exposures but it is still too early to speculate what group of microbes 
or which other factors lie behind this association. 
 
In addition, several reports (1C2O5) found that risk of asthma and chronic respiratory and allergic 
diseases are also related to the presence of materials with chemical emissions (linoleum, new furniture, 
paining, particleboards, suspended ceiling, synthetic carpet and wall covering). It has been recognised 
(2B1O5) that common symptoms associated with buildings with proven moisture damage may have a 
range of causes and it becomes very difficult to establish a proper relationship between a dose and 
response. 
 
A case study from Sweden (3C1p4) included over 14000 children and concluded that there were strong 
and consistent associations between different “dampness” indicators and symptoms among children. The 
combination of floor moisture problems and PVC as flooring material significantly increased the risk for 
symptoms compared with wood as flooring material. 
 
In a Swedish (questionnaire) study (5A1O2) of 8681 dwellings, the results seemed to be, to an extent, in a 
conflict with other studies. They tried to identify risk factors in the building design for moisture problems 
and complains on bad indoor air quality.  By using bi-variate analyses they show that reports on 
dampness and complaints about bad IAQ are more common in older buildings (buildings erected before 
1983) and buildings with natural ventilation. However in multi-variate analyses some of the reported 
associations disappeared.    
 

5.2 Practical Solutions to Some of the Problems 
 
A Norwegian review paper (2B1O5) had the following comments: 
Modern buildings are advanced structures that use a range of materials, products and chemicals both 
during construction and daily use. The construction period (even for big buildings) is commonly very 
short and construction takes place during any season of the year. Buildings often had not have time to 
“dry out” leaving us with a complex chemical atmosphere. A variety of prefabricated products are used 
and such components may be exposed to rain and snow during transport and local storage at the building 
site before being used in the construction. Improperly constructed and poorly maintained HVAC systems 
add to the problem. Based on the information available it is strongly suggested that moisture damaged 
buildings may represent a health hazard. The most important initiative is of course to prevent moisture 



Review of Current Knowledge and Trends in  Building Microbiology and Indoor-Air Quality  
 
 
 
 

 
 

 7 

 

damage to buildings and following principles were recommended to be adhered to during the building 
process: 
 
1. All building material to be delivered and stored at the building site under proper shelter from rain and 

snow 

2. The building structure should be secured against rain and snow 

3. All building materials must have ample time to cure and dry after installation 

4. All processes should employ good craftsmanship 

5. The building site should be kept clean and tidy at all time. 

6. When the building is finished then all water leakage (from inside and outside) should be avoided or 
fixed in timely manner. All plumbing must be inspected at regular intervals, condensation within 
buildings must be avoided and controlled. Surface cleaning procedures must be appropriate to the 
materials used and use of the building.  

 
[Internal reviewer’s note: If you added to those “The building should be designed to maintain moisture 
levels within the weather barrier below those adequate for mold growth, given reasonable attention to 
construction quality, maintenance and operation” you would have a set of caveats that could be usefully 
affixed to all lumber packages.] 
 
In one Canadian paper (2D1O4) the authors analyzed recent mitigation strategy in a historic court house 
in Calgary (2001) and a large high school in Halifax that had a history of indoor air quality, moisture 
problems and health problems including growth of Stachybotrys. A common mitigation strategy for 
indoor air contaminants is ventilation and the mitigation is commonly done by either providing additional 
general exhaust of indoor air or pumping in outdoor air to dilute contaminants The authors concluded 
that, wrongly done, mitigation worsened the problem both in the court house (bringing in outside air) and 
in the school (exhausting air). By exhausting air from a building without a balancing supply of outside air 
the moisture (rain penetration) and fungal spores are drawn in through breaks in the building envelope. 
On the other hand providing supply air without a balanced exhaust created positive air pressure driving 
moisture-laden air through the building envelope. Especially during Canadian winters the humid air will 
condense within the walls. 
 

5.3 Volatile Organic Compounds (VOC) 
 
It is often suspected (and in some cases known) that some of the compounds emitted by materials (e.g. 
formaldehyde and ammonia) might be responsible for health effects among inhabitants and contribute to 
IAQ issues. There were several attempts to create extensive reference data for material emissions and 
indoor air quality for newly finished or renovated buildings (VTT, 2B4p2). These data would be useful 
and could be part of the quality control and assessment of moisture-based problems in health related 
issues. The extensive use of petrochemical based organic and bio-organics in building products paralleled 
by low natural air exchanges and nearly air-sealed buildings often results in elevated indoor 
concentrations of VOC’s. The work in this area continues and there were several papers trying to find 
which components of VOC-s are linked to health problems. The combination of chemicals is also 
important, however thresholds are difficult to determine. TVOC (total VOC) is often used as an indicator 



Review of Current Knowledge and Trends in  Building Microbiology and Indoor-Air Quality  
 
 
 
 

 
 

 8 

 

of indoor air quality and together with MVOC (Microbial VOC) should be an applicable indicator of 
moisture damage. However, proper dose-response relationship have not yet been established. 
In one example, styrene contamination in two apartment buildings in London (2B4p1) caused nausea, dry 
throat, sore eyes and headaches that continued for 9 months after the resin treatment of a walkway. 
 

5.4 Identification Methodology, Mold Biosensors 
 
Exposure to aerosols containing fungal spores of certain species (especially several that produce harmful 
toxins) have been associated with health effects. In some cases it is critical to correctly identify the 
microbial species. Current methodology is based on fungal culture assessment, or bacterial cultivation. It 
can take a long time and requires strong taxonomical skills. Researchers are looking for novel fast, simple 
and accurate methods. These include production of monoclonal antibodies, design of DNA probes or 
chemical-analytical approaches. PCR techniques are rapidly developing and application of the new 
techniques for specific detection of microbes in indoor environments can soon be expected. These 
techniques are however independent on the viability of the microbes. 
 
Attempts to produce monoclonal antibodies to detect Aspergillus species (1B1O2) did not work because 
of high cross-reactivity among related and non-related fungi. Antibodies can be useful for initial 
screening for fungi in general but not for species delineation. However the same group claims to now 
have success in producing specific antibodies for Stachybotrys chartarum. 
 
One paper from the USA (1B1O1) argued that morphological and mycotoxin profile studies of available 
isolates identified as S. chartarum showed that this “species” is not well delineated and is a cluster of 
different species with different toxigenic potentials. The need to further qualify Stachybotrys using single-
spore-colonies, morphological and molecular approach was emphasised. 
 
A Finnish paper (1B1p2) successfully used PCR detection to specifically detect different Streptomycetes 
species in water-damaged buildings.  
 
Traditional culture-based air sampling often fails to detect problem fungi (1C1O5). The use of both 
surface and air sampling, the use of various growth media and various incubation temperatures should be 
implemented to enhance the detection of fungal contaminants. 
 
Several other papers based on PCR detection (1B1p4) proved that the technique is very promising and can 
detect various target molds. One paper uses PCR for very precise speciation and quantification by 
combining fluorescent probes and PCR technology. 
 
In a New Zealand study (2B1O2) and a USA study (2D1o5) they used Japanese mold biosensors to 
quantify mold growth, to determine the critical relative humidity for mold growth or to monitor drying of 
water damaged buildings. These sensors contain mixture of spores of three species: xerophilic Eurotium 
herbariorum and Aspergillus penicillioides and hydrophilic Alternaria alternata. Spores in a spore-
suspended medium are placed on a plastic plate to form a specimen about 3 mm in diameter. If these 
sensors are placed in locations that are suspected to be conductive to mold growth (e.g. wall cavities) they 
germinate and hyphae extend from the spores. The length of the hyphae provides a quantitative measure 
of mold growth. All three fungi will germinate where the relative humidity varies from 80-98, only 
Eurotium germinates where RH is in the 73-79 range while none germinate at RH between 45-70 %. 
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5.5 Hidden Molds, Microbial Volatile Organic Compounds (MVOCs) 
 
Airborne spores are often poor indicators of concealed mold damage as fungal spores are too large to 
penetrate through carpeting or wall covering. Often no alarming concentrations of airborne spores or 
remarkable genera are observed even when mold damage is substantial. Thus VOCs are considered more 
valuable indicators of hidden mold as they diffuse through most construction materials. While recent 
knowledge about emitted MVOCs is being gained through lab tests, many questions remain unanswered. 
Research shows that MVOC production is strongly substrate- and strain-dependent (4D1O1). Wild strains 
versus strains from collections often show different emissions and different metabolism and sometimes 
repeated experiment do not show consistent results. A German paper (4C1p3) investigated the ways of 
assessing hidden mold by using MVOC and also tried to set guidelines for normal readings in indoor and 
outdoor environments associated with other contaminants like dust, flower pots, garden, cooking, baking 
etc. They examined 8000 buildings and argued that this method could be effective and reliable to indicate 
mold growth before destroying the building structures to detect mold growth. Swedish scientist set 
guidelines earlier by saying that the sum of certain MVOC should not exceed 0.1 µg/m3, a normal level 
outdoors. The main indicators of mold growth are 1-octen-3-ol, 3-methylfurane and dimethyldisulfide. If 
any of these compounds are detected (>0.05µg/m3) this would reliably indicate a microbial source. In 
indoor measurement where there have been microbial sources there was always above 1.00 µg/m3 
MVOCs. Surprising results came from measurements in green houses, crawl spaces and from soil and 
plants where only traces of MVOCs were found despite the expectations of elevated amounts. House dust 
contained a high concentration of the MVOCs but it remains unclear whether this is due to microbial 
growth in the dust or the adsorption of MVOCs. Other organic materials (wall papers, furniture, textiles) 
could also adsorb MVOCs. Thus they measured low concentrations in fire stations and school hallways 
despite mold damage. Some MVOCs dissipate quickly after the removal of the microbial sources while 
other components (like 1-octen-3-ol) could be detected long afterwards.  More secondary indicators are 
hexanone and heptanone, often emitted from new materials and no microbial source would be expected if 
only these two were detected. Another German paper (4D1O1) found a clear correlation between 
increased humidity and a total of 8 selected MVOCs after investigating 28 moldy apartments.  In addition 
smoking correlated to the concentration of 3-methylfurane and calls for caution when delineating 
“typical” MVOC.  
 
Papers from Norway (1C1O3) and Sweden (1C1O4) used gas chromatography-mass spectrometry to 
study and identify MVOCs. They suggested GC is a good non-destructive way to indicate the hidden 
microbiological activity inside building thus justifying further actions such as opening of building 
construction or removal of water-damaged materials. However there is a need for further studies of 
thresholds levels for a large number of MVOCs, covering the whole range of physical and chemical 
properties in different situations. Another Swedish paper (1C1p3) in more controlled experiments, using a 
mix of 5 fungi on three different moist building materials, detected a large number of microbially-
produced volatiles. Dimethyl disulfide was the only compound produced on all three media. The growth 
medium strongly affected the pattern of metabolites. The main metabolites on pinewood were ketones and 
alcohols while on particleboard hydrocarbons were the most prevalent. Fungi on gypsum board mainly 
produced terpenes and alcohols.  One Danish paper (1C1p2) argues against the usefulness of using 
MVOCs to detect mold growth as a relationship between MVOCs concentration and microbial growth 
(biomass or affected area) is not evident and some compounds are not reliable for the detection of mold 
growth. 
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6 Conclusions 
 
As expected, the 9th Indoor air conference and associated interactions yielded a substantial amount of 
information directly or indirectly relate to current and future projects at Forintek in regard to molds, 
substrates for their growth and potential health effects. By attending the conference Forintek has 
identified additional sources of information and made links with several internationally recognised 
researchers in the field. Overall there was a general understanding that microbial ecology and health-
related issues in association with a moisture-damaged site are complex phenomena and require further 
and thorough research. Causal agents are still poorly known and are linked through complex interactions 
with the growth substrate and other microbes in an environments that could also contain other air 
pollutants (e.g. material VOC, tobacco smoke, diesel particles, soot etc). Modern building technology that 
uses a plethora of buildings materials in more or less successful building designs and in association with 
failures in moisture control provide specific, and in some cases, new ecological niches for microbes. 
During the conference, wood was not singled out or exempted as a source or important substrate for mold 
growth. The water damage and available moisture is the major factor in supporting mold growth, which 
can occur on array of substrates including house dust.  
 

7 References 
 
Indoor Air 2002. Proceedings of the 9th International Conference on Indoor Air Quality and Climate. 

Monterey, California, June 30-July 5, 2002.. Editor Hal Levin. 


	Objectives
	Introduction
	Conference Facts
	Main Points
	Building Materials and Mold Bioactivity

	Review of Literature on Indoor Environment and Health
	Water Damaged Buildings and Health
	Practical Solutions to Some of the Problems
	Volatile Organic Compounds (VOC)
	Identification Methodology, Mold Biosensors
	Hidden Molds, Microbial Volatile Organic Compounds (MVOCs)

	Conclusions
	References



