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Introduction 

Many new buildings in Sweden have constructions with plaster on mineral wool or cellular 

plastics (EPS) in the outer walls. Some of these buildings, especially in the southern and 

western part of the country and in the Stockholm area have serious moisture problems since 

water can ingress the construction around windows and doors, ventilators, awnings, exterior 

lamps and other inlets in the walls. The construction principle ETICS (External Thermal 

Insulating Composite System) consists of (from outside) plaster with reinforcement, mineral 

wool/EPS, gypsum board, wooden studs with mineral wool, an air and vapour barrier, usually 

polyethylene film, and finally another gypsum board. Since the construction does not include 

a ventilation space, water which has penetrated the outer parts of the construction can not 

easily drain or be ventilated out. In many cases the consequence has been micro biological 

attack of Stachybotrys and other micro organisms on the outer gypsum board. In some cases 

also the wooden studs have been affected and in a few cases problems for the durability of the 

construction have been identified. 

 

With research fundings from SBUF (The Development Fund of the Swedish Construction 

Industry), SP (Technical Research Institute of Sweden) are performing an inventory of the 

extension of the problem in buildings younger than 10 years. Up till now (October 2008) 

around 700 houses, many of them with damages, have been investigated. Most of the 

damaged houses have stucco on EPS. For details see www.sbuf.se.  

 

The species Stachybotrys is known to produce toxins and an anxiety for health effects among 

persons in these buildings has been widely spread. Investigation of the exposure levels for 

both spores and chemicals has been done in some of the damaged houses. In these 

investigations, however, only marginal exposure levels have been found for number of spores 

and for the concentration of chemical compounds assumed to indicate micro biological 

growth. One explanation for the findings could be that the air and vapour barrier in these 

rather young houses (ten years or younger) effectively prevent particles and vapours to enter 

the living spaces. On the other hand, ocular investigations into the construction have revealed 

vast damages. The scientific literature on Stachybotrys mould is rather comprehensive and 

recently analytical procedures to detect extremely low concentrations of toxins have been 

published. 

 

Available medical review articles, however, tends to abate the importance of the very low    

concentration of toxins, while articles focused on chemical analysis very often mention 

“potential health risks” and that the toxins “can cause illness such as allergy, cancer etc”. The 

concept of dose is very seldom used. The difference in opinion results in difficulties to 

communicate potential health risks to persons living in the affected houses. 

 

 

 

http://www.sbuf.se/


Scientists from the Nordic countries in the areas micro biology, toxicology, chemical analysis, 

measurement strategy, building physics, building technology and medicine are in the frontier 

of knowledge about possible mechanisms and effects of moist constructions. Coming together 

in this seminar the main purpose was to identify essential gaps of knowledge and to suggest 

research programs in order to be able to make the best reliable assessment of potential health 

risks for persons in water damaged houses.      
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Presentations 

The seminar started with presentation of position papers, enclosures 1-9, from most of the 

participants. A short summary of the papers are given below. 

 

Ingemar Samuelson presented the outlines of the national survey in the SBUF project, where 

the aim was to determine the extent of the problem with moisture damages in the walls with 

plaster on cellular plastics or mineral wool. 

 

Special factors of investigation were connection to local climates, orientation of the buildings, 

frequency and direction of driving rain, design of connections, type of plaster (thin or thick), 

type of isolation material (mineral wool or cellular plastic). In parallel laboratory tests were 

performed of mock-ups of rendered stud walls complemented by theoretical investigations of 

heat and moisture conditions in the walls. Enclosure 1. 

 

Mårten Lindström presented the problems in a recently built area of single family houses with 

the present construction. Investigations have shown moisture and/or mould damages in the 

construction but fortunately only a few health related symptoms has been reported. Several 

influencing factors were found, such as weather conditions during construction, punctured 

plaster, inadequate sealing around windows and doors and installation of awnings, balconies 

and electrical fittings. 

 

A short description of the restoration measures were presented including placement of a tent 

around the house, dismantling of the façade, removal of affected materials and construction of 

a new façade with 2-stage tightening.  

 

Kjell Andersson opened the medical oriented contributions by presenting a survey of last 

decades problem, such as formaldehyde emission from humid particle boards, emission of  

n-butanol and 2-ethyl hexanol from normal water based acrylic adhesives on concrete slabs, 

ammonia emissions from self levelling screeds based on Portland cement and emission of 

MVOC (microbiological produced volatile organic compounds) in water damaged buildings.. 

 

In humid and mouldy environments both chemical and particulate exposures occur. An 

example of health risk assessment was discussed. 

 

In summary 

-humid and mouldy environments cause mucous membrane irritations 

-it is assumed that chemical emissions are the main reason for the irritations even though we 

do not know the mechanisms behind  

-persons with allergic constitution react more frequently than others 

-humid and mouldy environments should always be restored. 

-future studies for better risk assessments should concentrate on mechanism studies. 

Enclosure 2. 

 

 

 

 

 

 

 



Torben Sigsgaard presented fundamentals for risk assessment, the Hill Criteria. Further 

information can be found in Thygesen L C, Andersen G S, Andersen H. A philosophical 

analysis of the Hill criteria. J. Epidemiol. Community Health 2005;59,512-16.  

 

The Hill Criteria applied to moulds in indoor air shows that it has not been possible to link 

any single compound emitted to the adverse effects of exposure encountered by the 

population exposed. This leads to a situation where it is almost impossible to establish any 

dose-response relations between the environment and the symptoms reported by the residents.  

 

Establishment of a “safe dose” has as a prerequisite the establishment of dose response 

relations and therefore the most important challenge in indoor air research is the total lack of 

reliable estimates. 

 

Allergy to moulds in the general population is very rare and exposure is of relevance only for 

the most vulnerable part of the population. Recent studies of glucan-spiked dust have shown 

that atopic persons react with increasing bronchial responsiveness to increasing doses. 

Enclosure 3. 

 

Jörn Nielsen presented an ongoing project which in the future is intended to constitute a basis 

for risk assessment for airborne particles, which vary in size and chemical composition. 

Studies up till now have been done on particles generated from burning candles and from 

detergent agents and is planned for particles from cooking, from surfaces of carpets and 

particles produced by reactions between organic vapours and ozone. The study is a joint 

project between Department of occupational and environmental medicine and Department of 

ergonomics and aerosol technology at Lund University. 

 

Studied health effects of the exposure are lung function, heart rate variability, blood 

coagulation and inflammatory markers in the mucous membranes. All studies are 

concentrated to healthy subjects. 

Enclosure 4. 

 

Lennart Larsson discussed problems in analytical chemistry in the analyses of glycolipids, 

glycopeptides, proteins and toxins produced by bacteria in environmental samples from damp 

buildings. Unfortunately the situation is similar in respect to moulds. We actually do not 

know which components to measure and even if we knew we could probably only measure a 

small number of them. An example is concentrations of Satratoxin H in ng/m³ levels in damp 

buildings. Do they have any impact on health? If Satratoxin is present it is likely that 50-100 

other possibly potent components generated by Stachybotrys chartarum are present. 

 

New analytical methods for determination of bioactive microbial substances are under 

development. Also studies are ongoing of how and whether small mould particles from mould 

growth in the construction, invisible unless destructive testing, can escape into the living areas 

of the building. 

Enclosure 5. 

 

 

 

 

 

 



Aino Nevalainen presented a paper on ideas and suggestions for microbial sampling in 

buildings. Microbial sampling usually answer the following questions 

-is the building contaminated? 

-which are the microbial species linked to each material? 

-are the occupants exposed to microbes/microbial products in the indoor environment? 

Finding out the microbial flora in a building helps in diagnosing the situation and assessment 

of health risks. Most microbially produced substances are very toxic and may appear in indoor 

air as small particles but very seldom in a gaseous phase. Sampling should therefore 

concentrate on settled dust for a long time period, e.g. two months. 

 

Three phases of sampling are recognized. First a pilot phase to test sampling methods and 

analytical procedures, e.g. determination of detection limits. Second a sampling before any 

remedial measures are done and finally a third sampling after completed remediation. 

Enclosure 6. 

 

Wijnand Eduard stated that exposure to spores from common fungi is not expected to 

represent a great risk in the indoor environment, since the exposure levels are normally under 

LOEL (105 spores/m³). However, spores from mycotoxin producing species and from 

pathogenic fungi could represent a health risk in concentrations under 105 spores/m³. 

Furthermore the toxins can be present not only in the spores but also in the substrate they 

grow on. 

 

Settled dust is often used as a surrogate measure for airborne dust and is expected to represent 

a time-weighted average of longer duration, but its relevance for airborne levels of fungi has 

not been evaluated. It is probable that the validity of settled dust as a measure of airborne 

levels depend on the agent of concern, and this should be one important topic in a future 

study. 

Enclosure 7. 

 

Åslög Dahl concluded that in a “normal situation” indoor spore concentration is much lower 

than outdoors at the same occasion, but in a building where conditions favour mould growth, 

e. g. excess of humidity, the concentration may be higher than in the outdoor air. A large 

number of allergens have been isolated and characterized and some of them have been tested 

clinically. Some of the allergens appear to initiate secreting of enzymes that have a direct 

effect on the host, i. e. proteases and glucosidases. 

 

The inhaled air contains besides normal spores also hyphae and fragmented spores, usually in 

much higher concentrations than intact spores. These also release allergens. However, it is 

still not shown that the submicron ones, which can penetrate into the lower part of the airway 

system, do so. The quantity and composition of this fungal dust has seldom been estimated, 

since the common methods used measure cultivable fungal units. 

Enclosure 8. 

 

 

 

 

 

 

 

 



Maija-Riitta Hirvonen presented the needs for toxicological data to be used in a risk 

evaluation, which are 

- information on toxic potential of emissions (dose-dependency) 

-to show biological plausibility for the epidemiological findings suggesting that exposure to 

inhaleable agents in moisture damaged buildings impairs human health  

- to determine relationships between chemical, microbiological and toxicological 

characteristics of the exposure.  

Thus it would be important to make toxicological/microbiological/chemical measurements of 

the same sample before and after the remediation. 

 

It is notable that sample collection for the toxicological analysis is crucial, since building 

materials as such or other contaminants may cause toxic responses in the test cells leading to 

false results. Therefore, settled dust samples, which can be collected also from a large number 

of houses, or air samples from a limited number of houses could be recommended. 

Enclosure 9. 

 

At their presentation the authors also showed power point pictures. These can be found in a 

locked pdf-file on the home page of the Department of Occupational and Environmental 

Medicine, www.orebroll.se/amm. 

 

 

Concluding discussion      
The discussion focused on the following items and with emphasis on the available buildings  

  

1. What should and can be measured? 

2. How to make the measurements? 

3. How to interpret the results from the measurements in health terms? 

4. Concluding remarks 

 

What should and can be measured? 

Many suggestions were proposed for technical measurements of particles and gases in 

buildings with moisture problems in outer walls. Also suggestions for estimation of effects on 

biological systems from microbiological particles were forwarded. 

 

It was agreed that a questionnaire investigation should be the starting point in order to 

describe the perception of indoor climate factors as well as the nature and magnitude of health 

problems prior to the remediation of the buildings. This mapping should later be used to 

evaluate the effect of all measures, when a new survey should be performed. 

 

Technical and microbiological measurements should include sampling and analysis of 

gaseous compounds and particulates. The intentions were to use robust methods, standardized 

methods if available, before and after the remediation. A good idea –but for the moment 

unrealistic- could be to insert “a magic box” which continuously measure chemical and 

biological conditions in the wall. Concerning mycotoxins special difficulties arise since the 

amount of particulate in many cases are so low that reliable identification in chemical analysis 

due to very low substance quantity could be unsafe. Furthermore, if one mycotoxin is found it 

could be assumed that many others, today unknown, are present in the sample. It was 

proposed to sample particles from many buildings and determine the endo- and mycotoxins.  

 

http://www.orebroll.se/amm


If medical investigations should be included, spirometry with FEV1, FVC and NIOX should 

be considered. Acoustic rhinometry, inflammation markers (nasal lavage) and allergy markers 

are other well established methods which could be included.       

 

How to make the measurements 

For the questionnaire investigation validated questionnaires are available and the investigation 

should comprise all adult persons (aged 18 years or more) in the houses. Evaluation of the 

questionnaires will follow a well established route.  

 

Measurement of the moisture content should be concentrated to the outer gypsum board 

adjacent to framings of windows, doors, exterior lightings, awnings and other parts of the 

walls where leaks could be assumed. It would be of interest to study chemical compounds 

(VOCs, MVOCs and SVOCs) in the construction at spots between the outer gypsum board 

and the mineral wool but there exists no tested method to sample on e.g. Tenax by way of a 

drilled hole through the plaster, EPS and outer gypsum board. Only a very small 

contamination of mineral fibres or gypsum particles would result in unacceptable “ghost 

peaks” and ruin the interpretation.  

 

Settling particles could be sampled in “pizza-boxes” placed on high horizontal levels, mainly 

on shelves for a period of 2-4 weeks before evacuation of persons before the remediation and 

after completed repair. The sampled particles could later be used in regular toxicological and 

microbiological tests. Portions of the dust could also be used for determination of mycotoxins 

in the particles but it is unknown which amounts of dust are needed for detection. It was 

stated that it is of great importance to exactly know the source of the microbes, if they are 

produced by humans, human activities or if they originate from influence of the moisture in 

the construction. 

 

How to interpret the results in health terms 

One of the key questions in this investigation is how to correlate the results from moisture, 

chemical, toxicological and microbiological analyses to health. For the time being only few 

relations are known and most of them are valid for work conditions. It can be expected that 

values reported in this case are much lower than in working conditions and therefore relations 

assumed must be based on extrapolations, normally considered to be rather doubtful. It was 

stated that there exists an urgent need for further research in this area.   

 



Concluding remarks 

There is a unique opportunity to obtain further scientific knowledge by comprehensive studies 

of different factors in the available house area. The studies should include 

 

-a questionnaire study to reveal relations between experienced indoor climate factors and 

reported symptoms of ill-health and discomfort 

 

-determination of moisture conditions in non-drained constructions and major reasons for the 

leakages 

 

-sampling of gases, VOCs, MVOCs and SVOCs, and their relations to the moisture conditions 

in the construction. If possible also the content of chemical compounds in the construction 

 

-sampling of settling particles, preferably on high level shelves, for further studies with 

toxicological and microbiological methods. If possible also determination of produced 

mycotoxins 

 

-further development of medical methods to better understand the relations between exposures 

and reported ill-health and discomfort in buildings with too high moisture content in parts of 

the construction. 
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SUMMARY:    

During the last few decades well-insulated, rendered, unventilated and undrained stud walls have been very 
popular in Sweden.  Unfortunately, this structure has shown itself to be vulnerable to moisture.  Experience from 
surveys of more than a hundred buildings shows that the problem is that moisture enters the structure - for 
example, at joints, poor connections to windows and doors, or at fixing studs - wetting the materials inside the 
stud wall and causing mould growth.  The damage is never visible on the surface of the wall, but is hidden within 
the wall.  The only way to detect the damage is to measure the moisture conditions inside the wall.   

A national survey is being carried out this year in order to determine the extent of the problem and any 
connection to local climates, orientation (i.e. points of the compass), frequency and direction of driving rain, 
design of connections, type of plaster (thin or thick), and insulation material (mineral wool or cellular plastic) 
etc.  At the same time, a number of mock-ups of rendered stud walls of existing and new designs are being tested 
in the laboratory, complemented by theoretical investigations of heat and moisture conditions in the walls.  
Finally, guidelines for protection of existing walls, remediation of damaged walls, and suggestions for 
alternative designs in new walls have been drawn up. 

1. Introduction 

1.1 Background 
Moisture problems in walls with external plaster rendering and a non-drained internal structure have been 
encountered in relatively newly built buildings.  Damage has occurred in walls consisting of a wooden stud wall, 
with external thermal insulation in the form of foamed polystyrene plastic or rigid mineral wool bats applied 
directly to an external sheet of gypsum board, chipboard or plywood.   A thin or thick layer of plaster is applied 
to the outside of the insulation.  This type of exterior wall construction has been found to be vulnerable to 
moisture damage, as moisture which manages to get into the structure in some way or other takes a long time to 
dry out. Rain during the building period is not the entire explanation for moisture damage in walls of this type.  
A lot of damage in detached houses and apartment buildings having this type of wall construction cannot be 
explained simply by the ingress of additional moisture during the construction period.  In these cases, the 
damage has been caused by water finding its way in through defects in joints between the facade and parts such 
as balconies, windows etc, and has arisen after completion of the building. 

1.2 Originally developed for masonry walls 
The particular system of rendering on the outside of thermal insulation was developed to insulate existing brick-
walled buildings.  Experience of the method has been very good, and so it started to be used in Sweden for 
buildings having wooden stud walls as well.  However, what was not considered in connection with the new 



           

system was the risk of moisture damage in an unventilated, non-homogeneous, lightweight wall with a relatively 
impermeable exterior.  Although the system has worked well for retro-fitting of insulation on stone and brick 
buildings, it presents a risk of moisture damage when used on wooden stud walls. 

 
1 - Thick or thin plaster rendering.   
2 – 'Rigid' insulation of foamed plastic or mineral wool secured to the 
sheet (3).   
3 - Gypsum board, plywood, chipboard, mineral fibre board or similar.   
4 – Studs with additional insulation between them.   
5 –Vapour barrier, often 0,2 mm polyethene film.  
 6 - Internal board, often gypsum. 

 

FIG 1.  A cross-section of the structure, as used in Sweden.   

1.3 Description of the damage 
In many cases, very high moisture ratios and growth of mildew and bacteria have been discovered in/on the 
external gypsum board or plywood sheet in the wall structure. The gypsum board may have been damp when it 
was fitted to the wall, or it could have been fitted at a time when it was raining, which could have resulted in the 
growth, as it takes a long time for the structure to dry out.  However, it is not likely that damp gypsum board 
would have been applied to so many different buildings, or that the moisture ratios should still be so high, unless 
this moisture had found its way into the structure on more than one occasion.  The other explanation is that the 
gypsum board has become damp, and the growth has occurred, after the rendering was secured.  This moisture 
can have reached the wind barrier either by the transport of moist indoor air out through the wall, or it could 
have found its way into the wall through defects in joints between the facade and other fittings at times of 
driving rain.   

 

    
FIG 2.  Microbial growth on the 
internal gypsum board, caused by 
inward-leaking water. 

FIG 3.  Microbial growth on the 
outer gypsum board, caused by 
water leaking in through a 
defective connection. Picture from 
the inside. 

FIG 4.  Microbial growth on sole 
plate and studs, caused by inward 
leakage of water. Picture from the 
outside. 

The overall picture of the damage, i.e. the extent and location of high moisture ratios and growth of bacteria on 
gypsum board and wooden stud structures, indicates that the damage has probably not been caused by moisture 
from the inside of the building, but more probably by inwardly leaking rainwater.   



           

   
FIG 5.  Water finds its way 
through poor connections or 
fasteners. 

FIG 6.  The water runs down the 
gypsum board, and dampens the 
gypsum board, the sole plate and 
studs. 

FIG 7.  If left damp, microbial 
growth is likely to occur, with 
associated unpleasant smell. 

2. The purpose of the project 
The first cases of damage to undrained, unventilated wooden stud walls that SP Technical Research Institute of 
Sweden investigated occurred at the beginning of the 2000s.  Extensive damage occurred when, in connection 
with the construction of residential buildings in Stockholm, rainwater found its way into the walls (see 
Samuelson and Wånggren, 2002).  This has been followed by an increasing number of investigations, all of 
which have shown that damage is occurring on a large scale.  In 2006, in conjunction with its clients, SP decided 
to write an article for the technical press with information on the damage that had occurred and on the risks 
associated with this type of wall construction, and this was published as an article (Jansson, Samuelson, 
Mjörnell, 2007).  In addition, three theme days were held in the spring in order to inform the construction sector 
of this type of damage.  In June SP, together with a number of contractors, applied to SBUF for research funding 
in order to carry out a project on rendered undrained wooden stud walls.  The central point of the project has 
been to investigate whether it is possible at all to produce a moisture-proof  multilayer wall of this type 
(Samuelson, Mjörnell, Jansson, 2007).  The purpose of the project is therefore to:   

1. Prepare an inventory of the extent of moisture damage in rendered, undrained walls. How many buildings 
have this form of construction, how many have been damaged, what is the cause of the damage and 
what do they look like? 

2. Evaluate the performance of this type of construction in respect of their moisture resistance.  This will be 
carried out both by calculations and by measurements of mock-up wall elements in the laboratory. 

3. Develop appropriate measures for dealing with walls that have already been damaged.   

4. Provide proposals for better design solutions, both for existing walls which are to be renovated, and for 
new walls that are yet to be built.   

3. Ascertaining the extent of the damage 

3.1 Instructions for field surveys 
SP has prepared a guide for investigating the extent of the damage, based on experience from SPs own field 
investigations and laboratory tests over the last years.  Work in the field is carried out as follows: 

• Examination of drawings. The drawings show the type of materials and construction details.  

• Visual inspection.  (Checking the quality of workmanship around connections and penetrations, 
and looking for the possible presence of cracks) 

• Check measurements.  (Measurements in the gypsum board as follows.) 



           

3.2 Method of measurement  
Moisture measurements are made as follows.   

  
 

FIG 8.  Two small holes 
are drilled through the 
plaster, about 20 mm 
apart.   

FIG 9.  Inserting insulated probes 
in an upward direction through 
the holes and through the external 
insulation.   

FIG 10.  Inserting insulated probes in an upward 
direction through the holes and through the 
external insulation into the gypsum board. 

3.3 Typical details with potential for leaks and a high frequency of damage 
In a number of inspections of rendered façades that SP has carried out, it has been found that the detailing of 
fittings and connections to/in the facade has been carried out in an unsatisfactory manner, allowing rainwater to 
find its way into the wall.  These weaknesses have occurred particularly in end connections to balconies, 
windows, patios and overhanging roofs (see Figures 11-13).  Moisture measurements in the gypsum board 
beneath these poor connections have often found high moisture ratios (>0,28 kg/kg), particularly on facades that 
are most exposed to wind and rain.  

   
FIG 11.  A poor connection to a 
patio door. 

FIG 12.  A poor connection around 
a window 

FIG 13.  Leaks around the edge of a 
balcony. 

3.4 Results from field measurements  
The project has included identification of how common these, or similar structures, are, and how common it is 
for damage to occur.  Where were these walls built, when were they built, are they damaged, what is the extent 
of the damage, what have been the consequences of the damage, what was the cause of the damage and where is 
it most frequent (i.e. in what part of the country, facing in what direction, at what height above ground, with 
what age of building etc.), and how have the cases of damage been discovered?  This information complements 
the results from the surveys (carried out as described above), which are reported to SP.   

TABLE 1: The number of damaged buildings reported to SP April 2008.   

Number of buildings Southern Sweden Western Sweden Eastern Sweden Northern Sweden 

315 52 168 92 3 



           

TABLE.  2:  Frequency of damage, by areas of Sweden, among buildings reported to SP.   

Number of damaged buildings  Southern Sweden Western Sweden Eastern Sweden Northern Sweden 

236 (74,9%) 36 (69,2%) 149 (88,7%) 51 (55,4%) 0 (0%) 

TABLE.  3:  Frequency of damage, by types of insulation, among buildings reported to SP. 

Number of buildings 
with external EPS 

insulation 

Number of buildings with 
external mineral wool 

insulation 

Number of damaged 
buildings with external 

EPS insulation 

Number of damaged 
buildings with external 
mineral wool insulation 

298 (94,6%) 17 (5,4 %) 226 (75,8%)  10 (58,8%) 

The results that have hitherto been recorded indicate that damage is occurring in all parts of the country, 
although it is most frequent in west Sweden.  There does not seem to be any relationship between the frequency 
of damage and the type of external insulation material.  However, it should be pointed out that the number of 
facades having mineral wool as the external insulation that have been investigated is considerably lower than 
those having foamed plastic insulation. 

4. Laboratory measurements on wall elements (mock-ups)  
Mock-ups of walls regarded as providing doubtful protection, and of those regarded as being moisture-resistant, 
have been built in the laboratory and used for practical tests of their moisture resistance.  The objective of the 
tests has been both to find sustainable solutions for existing damaged structures, and also to arrive at good 
designs for new buildings.  The work includes evaluation not only of the structures as such, but also of details, 
parts, penetrations and connections. Wall elements, 3 x 3 m in size, have been built in the laboratory, each 
containing a number of fastening parts and connections, including two windows, a light fitting, an electric meter 
cubicle, a ventilator and a through beam, as shown in Figure 14.  The elements have not been insulated, but have 
been covered with an internal plastic film vapour barrier, as shown in Figure 15.  They were erected in a rig, in 
which they have been exposed to rain, followed by a pulsating wind pressure from 0 up to 600 Pa.  The moisture 
ratio in the studs was measured during the tests, and inward water leakage monitored by eye and documented by 
camera. 

  
FIG 14.  A mock-up wall panel, seen from the outside. FIG 15.  The panel seen from the inside. 

As not all of the mock-up panels have yet been tested, no results can yet be given.   

5. Calculations of moisture conditions 

5.1 Calculations with WUFI 
A theoretical investigation of the moisture resistance of the designs has been carried out, using the WUFI 
program for one-dimensional and two-dimensional temperature and moisture conditions.  The program can 
calculate non-steady-state moisture and temperature conditions under varying external conditions.  It is also 
possible to add moisture and temperature sources and sinks inside the structure.  A moisture source inside the 



           

structure can simulate inward leakage of rainwater through a penetration, thus making (for example) a gypsum 
board damp.  A moisture sink, on the other hand, represents a drain. 

The calculations have used the following conditions: 

Outdoor climate:   Oslo 

Indoor climate:  20 oC, medium moisture load 

Calculation time:  Three years, starting from 1 October. 

The calculations have been made for the following two wall sections, as seen from the outside: 

Thick plaster  

Mineral wool 80 mm 

Gypsum board 13 mm 

Mineral wool 200 mm 

Plastic film  

Gypsum board 13 mm 

Thin plaster 

EPS foamed plastic 80 mm 

Gypsum board 13 mm 

Mineral wool 200 mm 

Plastic film 

Gypsum board 13 mm 

The calculations have been based on application of a moisture source to the gypsum board.  

5.2 Results 
Relative humidity % 

 
FIG 16 shows the calculated relative humidity of the gypsum board in a wall having external thick plaster 
rendering on mineral wool during three years.  The two curves show the respective effects of 0,1 % and 1,0 % of 
inwardly leaking driving rain.  It can be seen that the moisture will dry out between inputs 

 



           

Relative humidity %  

 
FIG 17 shows the calculated relative humidity of the gypsum board in a wall having external thin plaster 
rendering on foamed plastic during three years.  The two curves show the respective effects of 0,1 % and 1,0 % 
of inwardly leaking driving rain.  It can be seen that the moisture does not manage to dry out between inputs, 
thus introducing a steadily increasing moisture concentration in the gypsum board. 

6. How serious is the damage? 
The question is how important this type of moisture problem is for the integrity of stud walls if damage of this 
type occurs.  Except in extreme cases, it is not likely that the load-bearing capacity of the wall would be at risk.  
However, there is a risk that the damage can affect the quality of the indoor environment.  If organic materials in 
the wall become damp, they can provide a basis for the growth of mildew and bacteria and, in certain cases, also 
for rotting of the wood.  There is usually a slight negative air pressure in most buildings, which can mean that 
volatile substances, odour and particles from the microbiological growth can find their way in through gaps in 
the wall, to reach the interior.  It is still not clear why we experience discomfort or various symptoms in damp 
buildings, but there are many factors that indicate that microbial growth is an important element. 

Until more is known about the link between moisture damage and ill-health, it is reasonable to apply a general 
principle of care.  Moisture damage and the growth of mildew inside parts of a building that can affect indoor 
environmental conditions cannot be accepted.  In addition, the National Board of Housing, Building and 
Planning’s 2006 Building Regulations clearly state that the growth of mildew must not occur.   

7. Recommendations 

7.1 Dealing with existing walls 
In the case of existing walls, it is essential to ensure that moisture cannot find its way in.  Such damage can be 
caused by extensions or other work, such as when the house owner mounts a television aerial on the wall, or fits 
outside lighting.  Awareness of the risks, and great care in the quality of such work, are essential.  At present, the 
following recommendations and advice are applicable. 

• Carry out an investigation as above.  

• Decide on the necessary remedial measures as follows: 
-  Remove visible growth by replacing material or by planing or grinding 
-  Replace any materials having an unpleasant odour 
- Allow damp materials to dry to acceptable values, and check that there is no continued or 
further growth of micro-organisms  

• Be prepared to deal, not just with local areas of damage, but with the entire wall or façade. 

• Apply the following principles if it is necessary to rebuild the wall:  
-  Change to a two-stage barrier construction 



           

-  Incorporate drainage in the structure 
-  Replace sensitive materials by more moisture-resistant materials  
-  If the wall is rebuilt with the same design, it will need to be regularly checked for possible       
new or recurring damage. 

7.2 New walls 
Our conclusion is that this form of construction, with plaster rendering on a wooden stud frame, especially in the 
way that it is often built, without drainage gaps, is at risk of moisture damage, and should not be used.  There is 
no way in which such walls can dry out.  Water that finds its way in through connections or fastenings results in 
high moisture concentrations in the wall over a long period of time, presenting a risk of microbial growth.  The 
immediate risk of damage can be reduced by replacing moisture-sensitive materials by materials that are more 
resistant to moisture.  Nevertheless, the single-barrier design is still sensitive to moisture. 

From this, it can be seen that it is of vital importance that detailing of fastenings and connections is carefully 
designed in order to prevent the ingress of moisture, and that the work is carried out with high quality and quality 
assurance.  Details should be tested and evaluated before being used.  Finally, the wall must be regularly 
maintained, and inspected for any signs of moisture penetration. 

The risk of damage can be reduced by incorporating an air gap in the wall.  A double-barrier wall of this type 
should look much the same as a rendered single-leaf undrained wall, while providing the same good moisture 
resistance performance of a traditional ventilated wall.  Wind barriers and rain barriers should be separated. 
Proper care must be taken when designing connections and fittings.  The underlying principle must be that any 
water that does find its way in must also be able to dry out.  Detail designs of double-barrier walls should be 
tested and evaluated before they are used on a large scale. 

8. Conclusions 
The single-barrier wall is a wall that is sensitive to moisture. The investigations have so far shown many serious 
damaged buildings with damages not only being a risk for a bad indoor climate but also a problem for the 
durability. 
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Enclosure 2. 

Moisture in buildings – which consequences? 

 

Kjell Andersson and Göran Stridh 

 

A huge amount of scientific papers are reporting significant statistical associations between 

indoor climate factors and symptoms. Some of these reported correlations are more frequent. 

One common result is associations between moisture mould damaged environments and 

symptoms also sometimes correlation to objective measured effects. However, usually we do 

not know which causing agents, the biologic mechanism and we usually do not know why 

some people react the way they do. 

 

Moisture in or on building material will initiate many chemical and biologic reactions, 

including emissions of volatile chemical compounds, moulds, particles etc. Glued wooden 

constructions will emit formaldehyde by breaking down the carbamide glue, plastizisers in 

alkaline environment will be broken down and emit volatile compounds such as n-butanol and 

2-ethylhexanon and organic compounds in cement products will emit ammonia etc. The 

concentrations of these compounds are low which stresses the need of standardized and 

validated measure equipment and analysis technique. The FLEC technique is one of these 

measuring techniques.  

 

People in general are scared about exposure to moulds. Moulds are prevalent in most 

environments and even in the indoor environment hundreds of different species are found. 

The problem occurs when the mould can grow, i.e. when the availability of water is sufficient. 

Then spores can be produced and volatile organic compounds and sometimes smells can be 

emitted. Some species also produce toxics. 

 

In humidity and mouldy environment both chemical and particle exposures occur. But what 

health effect can be expected? 

 

High concentrations of mould spores (10
6
-10

10
 spores/m

3
) will cause obvious health problems 

such as alveolitis, farmers lung etc. In the indoor environment, however, very seldom spore 

concentrations of more than 10
3
 spores/m

3
 are seen, even in highly humid environments. 

Symptoms from the airways ore signs of irritation of the mucous membranes are reported at 

concentrations of 10
5
 spores/m

3
, and 10

4
 spores/m

3
 for sensitized people. The chemical 

emissions from moulds (MVOC) are low and irritating symptoms are reported in 

concentrations of 100-1 000 times higher than usually measured in humidity and mouldy 

environments. The concentration of mould toxins seems to be too low, even in severely 

damaged indoor climate, to produce health effects. An example of this risk assessment is 

presented.  

 

Our conclusion, based on both clinical studies, experimental climate chamber studies and 

involvement in many problem indoor climate cases, is therefore that 

 

- there is no doubt that damaged/and mouldy environments affect the occupants 

although we do not know the specific agents for the mechanism involved 

- mucous membrane irritations of the airways seem to be more prevalent in humidity/ 

mouldy damaged environments 



 

 

- people with allergy constitution seem to react more in environments with indoor 

climate problems 

- most probably chemical exposures in the mucous membranes of the airways but 

probably particles in the indoor environment can intensify the health effects 

- even if we do not know the mechanism, the basic rules holds, i.e. humidity damage or 

mouldy environments should be taken care of, mouldy smell should not be tolerated 

and neither should visible mould growth be accepted indoors in our dry climate 

 

 

 

 



 

 

Enclosure 3 
 

Torben Sigsgaard, 

Örenäs Slott October 28th 2008 

Indoor air problems caused by molds 

Risk assessment moulds 

 

Behind all risk assessment is the assumption of the criteria of causality, first compiled by sir 

Austin Bradford Hill, and coined the Hill Criteria. These criteria describe the basic parameters 

needed for a causal inference of epidemiological and toxicological data, see table 1. 

The Hill-criteria.  
Features in favour of a causal relationship 
Strong association 

Consistent results 

Exposure leads to specific disease 

Time relation (exposure occurs before disease) 

Lag-time (according to the disease under study) 

Dose response like association 

Reasonable biological explanation 

Analogy to other exposures 

No competing causes 

Animal or other experiments confirms the human 

findings 

 

 

These criteria have been used in studies of causation since the 70-ties, and they have had great 

impact on the assessment of risk, especially for cancer research. Foremost the use of lag-time 

have lead to more consistent results over the years. 

Today the criteria are used in many different environments, like EMF’s and in indoor air. One 

of the problems occurring when applying this paradigm to the latter situations is the lack of 

overt disease, and the dissemination of symptoms in the population. The latter phenomenon 

also causes the normal analytical models to cripple, since the background prevalence is too 

high for the risk estimates to be accurate and the epidemiological models are suffering from 

the fact that the conditions under study not are overt disease, and that symptoms may come 

and go in the affected population. 

Up till now, it has not been possible to unequivocally link any single compound to the adverse 

effects of exposure to moulds encountered by the population exposed. These facts combined 

leads to a situation where it is almost impossible to establish any dose-response relation 

between the environment and the symptoms reported by the residents. 

The establishment of a “safe dose” or lowest adverse effect level has as a prerequisite the 

establishment of dose response relations, and therefore the most important challenge in indoor 

air research is the total lack of reliable dose-response estimates. 

Risk groups 

Allergy to moulds in the general population is very rare. However, for symptomatic allergic 

patients the prevalence of allergy to molds like penicillium and Cladsporium is btw 10 and 

15%, meaning that the exposure is of relevance for the most vulnerable part of the population. 

Recent studies (under publication) show that atopic persons react with increasing bronchial 

responsiveness to exposure to increasing doses of glucan-spiked dust as a indication of the 

inflammatory effect of these substances. 

 



 

 

Conclusion 

In order to make a good risk assessment for moulds and health effects we need: 

 The causative agents (most often encountered) 

 How to decide if a building is sound. 



 

 

Enclosure 4 
 

Jörn Nielsen 

Senior physician and associated professor 

Department of occupational and environmental medicine 

Lund university hospital 

 

Suspected sick building symptoms in patients have been a never ending story in our 

department in the last 30 years. A considerable amount of knowledge concerning the problem 

has been presented during the years but still there is a lack of essential information concerning 

dampness, ventilation, emissions from material and so on. In addition, normal daily activities 

in the homes sick or not, add to the exposure of gases and particles by which we do not know 

the effects of human health.     

 

Since more than two years Department of occupational and environmental medicine and the 

Department of ergonomics and aerosol technology both Lund University have been working 

together to study the health effects of exposure to airborne particles in indoor environments   

to increase the understanding of the health impact of particles emitted from typical indoor 

sources. The specific aims are to perform well-controlled experimental studies on the direct 

measurable physiological effects on humans exposed to specific types of airborne particles 

which are well characterized with respect to particle concentrations (number, surface area and 

mass), chemical composition, solubility and hygroscopicity. The particle types that are 

studied are those from candle burning and from detergent agents and we have plans also to 

study emissions from sources as cooking, wear particles from dust emitting surfaces of 

carpets and particles produced by chemical reactions between organic vapours and ozone.  

 

Healthy volunteers are exposed to the particles. The exposure levels in the chamber studies do 

not exceed the levels found in normal indoor environments as measured in homes before the 

provocation studies. Effects of particle exposure (in an indoor environment exposure interval) 

on symptoms, lung-function, heart rate variability and coagulation, and inflammatory markers 

in the mucous membranes are examined in healthy subjects.  The results of the project will 

constitute a basis for risk assessments of particle types, which vary in size and chemical 

composition. The results will be compared with those obtained from parallel studies of 

particles in working environments such as welding fumes. 

 



 

 

Enclosure 5 
 

Meeting Örenäs slott Oct 2008.  

Abstract Lennart Larsson 

 

 

Bacteria that may be found in damp buildings include e.g. mycobacteria, Streptomyces, and 

Actinomyces (there are many others). Substances which are produced by these bacteria and 

which may affect our health include glycolipids, glycopeptides, protein toxins etc. Such 

compounds are however very difficult to analyze. Actually, bacterial 

glycolipids/glycopeptides cannot be determined in environmental samples with today´s 

methods, and there are very few reports on the identification of Streptomyces protein toxins in 

indoor dust samples. Dampness in buildings also results in growth of Gram-negative bacteria 

which contain endotoxins. However, the methods usually applied for determining endotoxins 

do no distinguish at all between the different endotoxins that may be present.  

 

The situation is similar with respect to molds. We do not know which mold components that 

are health-relevant to measure. And, even if we knew, we could not measure more that a tiny 

fraction of them with todays´ methods. For example, how health-relevant is a finding of ng/m
3
 

air-concentrations of Satratoxin H in a damp building? Noone knows, but what we do know is 

that if Satratoxin H is present then 50-100 other potent Stachybotrys chartarum components 

are likely to be there too, compounds that we cannot determine although they may have strong 

synergistic effects. Maybe identified mycotoxins should be seen as markers rather than as 

individual bioactive components? 

 

It is intriguing to realize that we cannot really determine the bacterial and fungal compounds 

in indoor air that can be expected to affect our health the most. It is discouraging to realize 

that culture is sometime still used for trying to relate microbial load to symptoms of 

inflammation and that results from such studies are still presented at - even international - 

conferences.  

 

At our laboratory we try to develop new analytical methods for bioactive microbial 

substances. We are also starting, in collaboration with IVL and KTH, to study how (whether) 

small mold particles, in cases of “hidden” mold growth, can escape into houses´  living areas. 

 

 

 

 

 

 



 

 

Enclosure 6 
 

Seminar Örenäs slott 29.-30.10.2008 

 

Microbial sampling in buildings – ideas and suggestions 

 
Aino Nevalainen, Research Professor 

National Public Health Institute 

Environmental Health Department 

Kuopio, Finland 

 

Why are microbial sampling and analyses needed? 
Results of microbial sampling from indoor environments and buildings can be used for two 

types of risk assessment: (1) health risk assessment of the occupants and (2) assessment of 

severity, extent and type of moisture damage of the building. A prerequisite for successful 

assessments is that the microbial sampling and analyses are done according to well planned 

sampling strategies and quality controlled procedures. 

 

Microbial sampling and analyses from indoor environments or building structures usually aim 

to the characterization of microbial flora (species) and quantifying the biomass present. The 

results are compared with the normal background levels and species. If abnormal levels or 

species can be found, it can be concluded that excess moisture or humidity is present. 

Microbial sampling usually gives answers to the following questions: 

– Is the building/structure microbially contaminated (comparison to ”normal”)? 

– What are the microbial types linked with each material? 

– Are the occupants exposed to microbes/microbial products in the indoor 

environment in question? 

Combination with technical information about the structures contributes to the assessment and 

repair needs of moisture damage 

In other words: microbial assessment allows better understanding on ”microbial ecology” of 

the building in question. 

 

What has microbial ecology to do with buildings? 

Microbes live their own life according to the limits set by environmental conditions. In 

general, health risks are linked with microbes growing in the building (not with those coming 

and going, the “normal flora”). Occurrence of certain microbes reveals the conditions (moist? 

warm? growth? severe?). Finding out the microbial flora in a building or in parts of it helps in 

”diagnosing” the situation and assessment of health risk 

 

Why are growing microbes a health risk? 
Typically, when growing on building materials, fungi and bacteria produce toxins and other 

harmful substances as products of their secondary metabolism. Most microbial toxins are very 

toxic substances. Microbial toxins are not volatile in contrast to the volatile and often odorous 

compounds (odor of mold) that are not acutely toxic. Instead, microbial toxins may end up 

into the indoor air as small  particles (microbial fragments). They may also be carried into air 

by other particles. Thus, occupants may potentially be exposed to these toxins. 

 

 

 

 



 

 

Intervention – a strong study design 

Intervention situation where the situation before and after repair measures can be compared 

and thus the changes in different parameters be shown is usually a very strong study design. If 

the study can include many similar houses, an even stronger design can be achieved. 

 

Types of samples needed for microbial assessment (examples) 

• Material samples from the outer wall structure  

– Finding out what grows there (culture, PCR, sequencing etc.) 

• Samples of settled dust from indoors 

– Easy and inexpensive way to sample a large number of houses 

– Samples collected for weeks (e.g. 2 months); integrated sample over time 

– Show if contamination from wall has ended up in the indoor environment 

– Surrogate for air samples 

• Air sampling: labor intensive, time consuming -> expensive 

• However, closest estimation of exposure 

Suggestion: air samples from a subsample of houses (e.g. 10) 

• Long time sampling with pumps on filters 

• Same samples for microbial analyses, toxicity and toxin content 

 

Phases of sampling 

• First, pilot phase to test the sampling methods and analyses (detection limits etc.) 

• First phase sampling before any remedial measures done 

• (Second phase during the remediation) 

• Third phase after the remediation completed 

 

  

 

 

 



 

 

Enclosure 7 
 

Ideas about quantitative estimation of exposure to fungi and metabolites in humid 

buildings   

Wijnand Eduard, National Institute of Occupational Health, Oslo 

The basic question to answer is: ”Which microbial agents can represent health risks by 

inhalation to inhabitants of humid buildings?”   

Fungi have been proposed as potential agents.  The median airborne levels that can be 

expected in indoor environments, even in damp buildings, are typically  1000 spores/m
3
 

mostly from species that are not particularly toxic.  These levels can be compared to a LOEL 

of  1.10
5
 spores/m

3 
that was

 
proposed in a recent review of the literature, mainly based on 

studies of highly exposed populations (Eduard 2007).  Thus, exposure to spores from 

common fungi is not expected to represent a great risk in the indoor environment.   

However, spores from mycotoxin producing species and from opportunistic pathogenic fungi 

were more toxic than most other species in animal studies, and could represent a health risk at 

levels below 1.10
5
 spores/m

3
.  Furthermore, the mycotoxins that they can produce can be 

present in the fungi as well as in the substrates that they grow on. Mycotoxins have been 

detected in settled dust in the indoor environment, but only very limited information, if any, is 

available on airborne mycotoxin levels in the indoor environment.  

I like to stress the importance of respiratory exposure.  Settled dust is often used as a 

surrogate measure of airborne dust because it is convenient and is expected to represent a 

time-weighted average of longer duration than air samples, but its relevance for airborne 

levels of fungi and mycotoxins in indoor air has not been evaluated to my knowledge.  

Thomas Schneider and colleagues has studied dust levels and have found associations 

between airborne and settled dust (Kildesø et al 1998).  However, Anne Halstensen studied 

mycotoxin producing Fusarium species, a species that spread their spores by ”splash 

dispersal” similar to Stachybotrys sp, by real-time PCR in airborne and fine grain dust and 

found substantially lower levels in airborne dust.  Furthermore, the correlations between 

specific DNA in airborne and settled grain dust were low (Halstensen et al 2006).  Thus, the 

validity of settled dust as a measure of airborne levels may depend on the agent of concern, 

and this should be one of the topics in a future study. 
Eduard W (2007). 139 Fungal spores. The Nordic Expert Group for Criteria Documentation of Health 

Risk from Chemicals. Arbete och Hälsa 2006;21:1-145. 
(http://gupea.ub.gu.se/dspace/bitstream/2077/4359/1/ah2006_21.pdf) 

Halstensen AS, Nordby KC, Eduard W, Klemsdal SS (2006):  Real-time PCR detection of toxigenic 
Fusarium in airborne grain dust and associations with trichothecene mycotoxins J Environ 
Monitoring 8:1235-1241 

Kildesø J, Tornvig L, Skov P, Schneider T(1998). An intervention study of the effect of improved 
cleaning methods on the concentration and composition of dust. Indoor Air 8:12-22.  
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Enclosure 8 
 

Åslög Dahl 

Fungal components are ubiquitous in ambient air, except during periods when there is a snow-

cover. The average size of fungal spores is between 2 and 10 microns, but some, such as 

Alternaria, are much larger. Fine (<2,5 microns) and ultra fine (<1 microns) hyphal fragments 

also occur, sometimes in concentrations ca 300 times higher than those of spores
1
. Particles 

less than 5 microns are small enough to penetrate the human body, and if they are smaller 

than 2,5 my, they may evade elimination by ciliae. The outdoor concentration ranges from a 

few to ca 10
6 

CFU (cultivable fungal units)/ m
3
,
 
depending on climatic factors, such as 

temperature, wind and moisture. Indoor fungi are a mixture of those growing indoors and 

those that have entered from outdoors: thus, when the outdoor levels change, the indoor levels 

also do. In a “normal situation”, indoor spore concentration is however much lower than what 

is found outdoors at the same occasion. In contrast, in a building where the conditions favour 

mould growth, e.g. due to excess humidity, the concentration of certain taxa may be higher 

than in the outdoor air. Taxa associated with soil or with decaying organic material, e.g. 

Aspergillus and Penicillium are then more common than in outdoor air. In such cases, the 

counts are typically in the range of 100-1000 CFU/ m
3
, although concentrations of 10 000 

CFU/ m
3
 are reported from problem buildings 

2
.  

Airborne fungal spores have been implicated as causative factors in respiratory allergy. 

According to epidemiological studies and clinical experience, the prevalence of fungal 

sensitization is considered to be 2-3% in the general population
3
. However, more than 80 

mould genera have been shown to induce type I allergies in susceptible persons
4
, and there is 

a lack of standardized fungal extracts even of the most well-known culprit taxa
5,6

. This is 

partly due to strain variabilities and to varying extraction and storing methods.  Mould 

extracts can also differ, because they either can be produced from mycelial cells or from 

spores, which may vary in their protein pattern. Many studies indicate that sensitization to 

fungi is about tenfold higher among asthmatics than in the general population
7
. Exposure to 

high atmospheric spore counts has been associated with severe asthma, mainly in young 

adults. Asthma-related deaths were found more likely to occur on days with higher spore 

counts (>1000 spores/m3) than on days with lower spore counts (<1000 spores/)
8
.  Significant 

associations between asthma emergency department visits and fungal spores in Mexico City 

and New Orleans, respectively
9
. In studies in Ottawa, Canada, San Diego, California, and 
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3
 Denning, DW, O’Driscoll, BRO, Hogaboam, CM, Bowyer, P, Niven, RM 2006. The link between fungi and 

severe asthma; a summary of the evidence. Eur Respir J 27:615-626. 
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State College, Pennsylvania, asthma emergency department visits, asthma severity and peak 

flow decrements, respectively were associated with fungal spores. Most studies do not report 

threshold values for asthma symptoms, but account for the increment in relative risk with 

increasing CFU concentration. In a challenge experiment, the lowest level inducing 

significant airway obstruction were 1x104 Penicillium spores/m3 and 2x104 Alternaria 

alternata in patients allergic to these taxa
10

.  

A large number of fungal allergens have been isolated and characterized
11

. Some of them 

have been tested in clinical trials. A number of allergens appear to be secreted enzymes that 

have a direct effect on the host, i.e. proteases and glucosidases. It is speculated that fungal 

proteases injure epithelial cells, ordegrade the tight junctions between epithelial cells to allow 

increased allergen access to subepithelial cell layers. Apparently acting through different 

receptors, they amplify IgE production, degranulate eosinophils, and are able to cause allergic 

inflammation 
12

. Among other allergens are proteins that appear to be produced in response to 

oxidative stress, e.g. in germinating spores that are under attack from host macrophages. The 

degree of homology of these proteins to human counterparts is high. They may thus interact 

directly with components of the host immune response. Cross-reactivity overall is 

widespread, and occurs within and between fungal groups, between fungi and pollen, and 

between fungi and mammals. Examples of pollen allergens that have homologues in fungi are 

from grass, Platanus, Cryptomeria, and Betula. Possibly, pollen and fungal allergens can 

cross-sensitise in a synergistic manner. 

In healthy individuals, the innate recognition system generally initiates a T-helper (Th) 1-type 

immune response that, under normal conditions, eliminates allergens with a limited or absent 

inflammatory reaction. But in atopic persons, this innate system supports a Th2-type immune 

response that may initiate more severe and chronic inflammatory responses, characterized by 

an IgE-dependent reaction and eosinophilic cell infiltration
13

. The fundamental cause for this 

difference in immune regulation remains largely unknown. One explanation can be 

polymorphisms in loci governing interaction between the inhaled material and the recognition 

system, e.g. as shown for the toll-like receptor gene for children living in farms14. In allergic 

asthmatic patients, the interaction of epithelial cells with environmental components is 

abnormal
15

. Apart from allergens, pathogenic fungi produce eicosanoids (e.g., prostaglandins 

and leucotrienes), which are immunologically active mediators that can promote atopic 

reactions
16

. The nature and quantity of fungal biomass that is inhaled and on the depth of 

deposition is also important for the immune response. Many fungal allergens do not readily 

penetrate the rigid spore-wall – a fact that at least partly can explain why so large numbers are 
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required to elicit reactions
17

 - but are released at a low rate (2-10 hours) during germination. 

Elimination time is often shorter than germination time – ca 4 hours from the larger airways. 

However, enzymes and toxins produced by the fungi may modulate the rate of the ciliary 

movement, and for small-sized spores such as Aspergillus and Penicillium, that can reach the 

lower airways, removal time is 12 to 24 hours
18

. Unless recognition mechanisms are 

disturbed, germination is normally hampered by the action of phagocytes and fungicidal 

proteins. However, preliminary nasal lavage studies have demonstrated that fungal spores 

belonging to Aspergillus, Penicillium and Alternaria species that were inhaled during natural 

conditions were already in a state of germination19. Moreover, the inhaled air contains hyphae 

and fragmented spores, usually in concentrations much outnumbering intact spores. These 

also release allergens, although it is still not shown that the submicron ones, which can 

penetrate deep into the lower airways, do so.20 [9
]. Allergens in dead fungal masses are the most 

soluble, and are readily available for contact with the airway system. The quantity and 

composition of this fungal dust has seldom been estimated, since the common methods used 

measure cultivable fungal units (CFU).  

 

                                                 
17

 Mitakakis, TZ, Barnes, C, Tovey, ER. 2001. Spore germination increases allergen release from Alternaria. J. 

Allergy Clin Immunol. 107: 388-390. 
18

 Kauffman, HE, van der Heide, S. 2003 Exposure, sensitization, and mechanisms of Fungus-induced Asthma, J 

Allergy Clin Immunol. 3:430–437. 
19

 Sercombe, JK, Green, BJ, Tovey ER. 2004. Recovery and identification of fungal spores from the nasal cavity.  
20

 Green et al 2006. Airborne fungal fragments and allergenicity. Medical Mycology 44:S245-S255. 
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Background  

The behaviour of indoor air bioaerosols has been a focus of interest all over the word due to 

health concerns associated with exposure to moisture damaged buildings. Special interest is 

the new buildings constructed with plaster on mineral wool or cellular plastics in the outer 

walls, also containing gypsum board. In the present case,  a large proportion of buildings 

moisture damages have been found with growth of toxin producing species. Thus, there is a 

need to evaluate the health risks from living in buildings with these moisture/mould damages 

in the outer walls before restoring activities can be initiated. The main purpose was to find out 

the scientific needs for research needed for an acceptable risk evaluation of a 200 single-

family houses which is made available to follow during the restoring period of 2.5 years. 

 

Suggestions for toxicological characterization of inhaled exposure 

For risk evaluation toxicological data is needed 1) to provide information on toxic potential of 

emissions  (dose-dependency)  2)  to show biological plausibility for the epidemiological 

findings  suggesting that exposure to inhalable agents in moisture damaged buildings impairs 

human health and 3) to determine relationships between chemical, microbiological and  

toxicological characteristics of the exposure. Thus, it would be important to make 

toxicological /microbiological /chemical (e.g.toxin) measurements of the same sample 

before and after remediation. Combining these data would provide important new 

information of causative agents/components in the complex mixture of inhaleable particles 

inluding microbial species, their spores, toxins and other metabolites together with other 

chemical compounds.  Moreover, this would facilitate the development of a new sampling 

approach and enable modeling to estimate exposure indoors and related health impacts. 

 

It is notable that sample collection for the toxicological analysis is chrusal, since building 

materials as such or other contaminants may cause toxic responses in the test cells. Therefore, 

settle dust samples, which can be collected also from large number of houses, or air samples 

(limited number of houses) could be recommended. According to our experience vacuum 

backs or floor samples are not suitable for toxicological evaluation of inhaled exposure due to 

high amount of contaminants originating from other sources.  

 

Overall, this kind of study offers a unique opportunity to conduct in-depth indoor air studies 

producing crucial new information for development of tools that can be utilized in assessment 

of the potential health risks related to moisture damaged buildings.  
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