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A B S T R A C T   

Working in a moisture-damaged building can cause different symptoms and effects on lung functions. Moving to 
a clean environment, it is believed to reduce symptoms and alleviate potential adverse health effects. This case 
study monitors the health effects of personnel in one school building before and after all school activities were 
transferred from a moisture-damaged school building to clean premises. 

The whole school staff was invited to attend this follow-up study. All participants (N = 45) were interviewed, 
and pulmonary functions were measured by spirometry and exhaled nitric oxide testing (FENO) before trans
ferring the school activities to a new building and the control measurements were performed twice; three months 
and six months after the transfer. 

After transferring to temporary facilities, 82% of participants felt that their symptoms were improved or 
resolved and the pulmonary functions were improved; 50% of those who had decreased pulmonary functions at 
the beginning, their pulmonary function values returned to normal after three months. Over the next six months, 
the perceived symptoms continued to reduce so that 93% of the respondents felt fully asymptomatic with respect 
to indoor air, and the spirometry results improved further. 

Transferring workers from the damaged building to healthy environment provided beneficial health effects on 
pulmonary functions and to perceived symptoms even in a relatively short time period. Based on this study, and 
from the perspective of promoting and protecting the health and well-being of personnel, transferring school 
activities from a moisture damaged building to clean facilities brought considerable advantages, despite the 
possible cost and difficulties of finding replacement facilities.   
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1. Introduction 

A considerable proportion of buildings suffers from excessive mois
ture at some stage in their life cycle though the risk factors vary between 
building types, geographic areas, and climates (IOM, 2011). Untreated 

excessive moisture in a building structure leads to the growth of mi
crobes such as fungi, yeast, and bacteria, causing adverse health risk to 
the building users (Heseltine and Rosen, 2009; Seguel et al., 2017). In 
addition, excess moisture may also lead to the emission of chemicals 
from damaged building materials and furnishings (Bernstein et al., 
2008; Heseltine and Rosen, 2009). It has been estimated that up to 
20–40% of the buildings in northern Europe are mold contaminated 
(Verdier et al., 2014). 

Moisture damaged buildings with increased mold and bacterial 
growth are considered a potential health risk, even though the causal 
relationship between individual mold species and health problems has 
not yet been established (Hurraβ et al., 2017; Wiesmüller et al., 2017). 
Nevertheless, there is sufficient evidence for associations between 
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moisture indicator microbes and the health effects on allergic respira
tory disease, asthma, allergic rhinitis, hypersensitivity pneumonitis and 
an increased occurrence of common respiratory infections (Wiesmüller 
et al., 2017). The most frequently observed effects are, however, irri
tation of the mucous membranes in the eyes and the respiratory tract 
(Heseltine and Rosen, 2009; Hurraβ et al., 2017). Patients have also 
reported multiple general symptoms, such as fatigue, muscle pain, 
headaches, insomnia, dizziness, balance disturbance or gastrointestinal 
problems (Hope, 2013). In most cases, indoor health hazards are 
short-lived and reversible when the exposure is short-term. If the 
exposure continues, adverse health effects may become more severe or 
even permanent (Johanning et al., 2014); for example, the risk of 
developing asthma has been found to be more than four-fold with pro
longed exposure (Heseltine and Rosen, 2009; Karvala et al., 2011). 

The health and comfort hazards caused by indoor air problems are 
quite common in Finnish schools; according to a study by the University 
of Turku and The Trade Union of Education in Finland (OAJ) more than 
half of the teachers experience weekly or daily problems with stuffiness 
and inadequate ventilation, and a fifth with mold, cellar, or sewer odors 
(Putus et al., 2017). The prevalence of moisture and mold damage in 
school buildings has been the subject of many estimates during last 
decade; the range varying from 12 to 18% (Reijula et al., 2012; Soi
makallio et al., 2017) and possibly up to 70% of the school building in 
Finland (RIL 250-2011, 2011). 

In a large school in southern Finland, which had had persistent in
door air problems, all the school activities were transferred to temporary 
premises for the duration of the remediation. The purpose of this follow- 
up study was to determine how the move to healthy facilities would 
affect both the perceived symptoms and the measured pulmonary 
functions of the personnel. In addition, the success of the renovation will 
be monitored in the future after the remediation is completed and the 
personnel have returned to their former facilities. 

2. Materials and methods 

A large school in southern Finland, originally built in 1954, has had 
indoor air problems for several years; people working in the building 
have experienced symptoms suggestive of indoor air problems and the 
perceived indoor air has been poor. The school building is a two-to 
three-story building, which has been extended several times: in the 
1980s, the 1990s and the 2000s. The exterior walls of the building are 
mainly plastered bricks and the roofs are of tin. In addition to the ex
pansions, the building has been renovated several times in the past, but 
the indoor air problems have not decreased. An extensive survey was 
commissioned on the building to determine the factors that may occur in 
the structures and affect the indoor air quality. The external experts 
trained in construction engineering, found both moisture damage and 
abundant microbial growth (including typical moisture indicator mi
crobes, such as Aspergillus versicolor and actinobacteria) as well as faults 
in the ventilation system and structural problems. All the information on 
the building structures and materials, the history of the building and 
together with the discovered ventilation problems, structural defects 
and moisture damage has been obtained from the school principal as 
well as from the reports of the external experts. All these were public 
documents. 

In the fall of 2018, all the school activities were relocated to 
replacement facilities for the duration of the remediation. The whole 
school staff, including other occupational groups like cooks, cleaners, 
etc. In addition to the teachers, were all invited to participate in this 
follow-up study. All the participants were interviewed, and pulmonary 
function tests were performed before the school was transferred to the 
replacement facilities (Phase I). The follow-ups were performed three 
months after the transfer (Phase II) and half-year after that (Phase III). 
The final Phase IV will be conducted after the remediation process has 
been completed and the staff have returned to their former premises. 

Health information and perceived indoor air related symptoms were 

collected through interviews. All the interviews were conducted and 
analyzed by one person. In the analysis, the health effects were cate
gorized into four categories according to the severity of the symptoms: 
severely symptomatic, chronically symptomatic, irritation - and general 
symptoms and no symptoms (Table 1). We looked mainly for perceived 
symptoms and not diseases; for example, when asthma was not under 
control nor the treatment in balance, the case was categorized as 
‘severely symptomatic’, but once a balance in the treatment (= asymp
tomatic and normal lung function) has been attained, it was categorized 
as ‘no symptoms’. 

2.1. Pulmonary function tests 

Pulmonary function was measured by spirometry testing and exhaled 
nitric oxide measurements (FENO). Spirometry describes the efficiency of 
the pulmonary function by providing information about air flows and 
lung capacity. FENO measures the content of nitric oxide in the exhaled 
air. Previous studies have shown that inflammation in the airways in
creases the content of nitric oxide in exhaled air. This method is reported 
to be suitable for studying environmental effects on airways from indoor 
or outdoor air (Bernard et al., 2005; Sandrini et al., 2010). 

The spirometry was measured with a Spiro Star 2000 spirometer 
(Medikro, Kuopio, Finland) according to the ATS and ERS guidelines 
(Miller et al., 2005; Pedersen et al., 2005). The spirometry results were 
expressed as a percentage of participant’s age, size and gender matched 
predicted values (Kainu et al., 2016) according to the most recent ATS 
and ERS criteria. Forced vital capacity (FVC) and forced expiratory 
volume in 1 s (FEV1) and their ratio (FEV1/FVC), peak expiratory flow 
(PEF) and mean mid expiratory flow (MMEF) were also analyzed. In 
addition, maximum expiratory flow rates at 75%, 50% and 25% of vital 
capacity, (MEF75, MEF50 and MEF25) were obtained. 

The exhaled nitric oxide measurements FENO were performed with a 
Niox Vero (Aerocrine, Sweden) analyzer. The results are expressed as 
parts of a billion (ppb). The exclusion criteria for the pulmonary func
tion tests were those participants who suffer from acute breathing 
problems and/or had had an acute respiratory infection during the 
previous two weeks. 

2.2. Data analysis 

Data were analyzed by descriptive statistical methods using an 
SPSS25 (IBM Corporation, Armonk, New York, United States). To 
examine the significance of the incidence of symptoms at different times, 
the Wilcoxon signed-rank test was used. A repeated linear test (repeated 
measures proc mixed) was used to study the effect of transferring into 
the healthy environment on FVC, FEV1 and FVC/FEV1. The FENO results 
were not normally distributed so the Friedman’s test was used to study 
whether the changes were significant. Statistical models were used for 
testing which of the factors most affected the changes. 

3. Results 

3.1. Participants 

Int the first phase of the study, there were 45 participants; 30 women 

Table 1 
Categorization of symptoms.  

Severity of symptoms Including: 

Severely symptomatic Recurrent asthma attacks, severe breathing difficulties/ 
shortness of breath 

Chronically symptomatic Allergic rhinitis, infectious diseases such as sinusitis, 
acute and chronic bronchitis 

Irritation - and general 
symptoms 

Nasal congestion, itchy eyes, itchy skin, hoarseness, 
fatigue, headache 

No symptoms _  
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and 15 men, with the average age of 44.5 years (range: 26–63 years). In 
Phase II, there were 32 participants and in Phase III, 28 participants. 
Three participants had an asthma-diagnosis (7%) and one was currently 
being investigated for the possibility of having asthma. Four of the 
participants smoked (9%). 

3.2. Symptoms 

In the first phase, the majority (n = 38/85%) of the staff had a varied 
severity of symptoms; from headaches and other irritations - and general 
symptoms, even up to the asthma attacks, which have required hospi
talization. There were no statistically significant differences between 
either the gender or smoking habits and the severity of the symptoms. A 
total of seven participants had changed jobs or retired during the follow- 
up period; two severely symptomatic, three chronically symptomatic, 
and two with irritation - and general symptoms. The prevalence and the 
changes in the prevalence of symptoms are presented in Table 2. 

By the first follow-up (Phase II), 82% of the patients reported that 
their symptoms had diminished (n = 12) or completely disappeared (n 
= 11). Compared with the beginning of the follow-up, all the partici
pants felt that their symptoms had either disappeared (n = 22) or been 
reduced (n = 2) by Phase III. There were no participants with severe or 
chronic symptoms in the follow-up phases. The reduction in perceived 
symptoms at Phases II and - III were both statistically significant (p <
0.001). 

3.3. Pulmonary function tests 

In the first phase 42 subjects performed the spirometry testing. The 
results showed normal findings in 24, mild airway obstruction in 14 and 
severe obstruction in 2 out of the 41 subjects. Two subjects were not able 
to perform the spirometry testing due to breathing problems or coughs. 

Exhaled nitric oxide measurements showed normal findings in 30 
participants, normal/elevated in 10 and elevated findings in 4 of the 44 
study subjects. One subject could not perform the test in an appropriate 
way. 

The second phase showed clear improvement in the pulmonary 
function tests. At the group level, the mean results of the spirometry 
findings as a percentage of the age, size and gender matched the pre
dicted values. The spirometry findings at the group level as a percentage 
of the predicted normal values are presented in Table 3, while Table 4 
presents the findings at the personal level. 

The increase in FVC -values were found significant between the 
timepoints (p < 0.05). Paired test between the first measurement and 
last follow up showed significant change (p < 0.01). Statistical models 
were used to study which factors affected the change. Analysis showed 
that the age and effect of the combination of age and time affected the 
change the most (p < 0.05) and (p < 0.05) respectively. 

The improvement in FEV1 were found significant at each timepoints 
(p < 0.001). Paired tests between the first measurement and the first 
follow up showed significant change (p < 0.05), and between the first 
measurement and the second follow up there was also significant change 

(p < 0.001) and finally, there was significant change between the first 
and the second follow up (p < 0.05). Statistical modelling showed that 
the effect of the combination of both age and time and gender and time 
were significant (p < 0.01) and (p < 0.05). 

The changes in FVC/FEV1 were found significant at each of the 
timepoints (p < 0.05). Paired test between the first measurement and the 
first follow up showed significant change (p < 0.05) and between the 
first and the second follow up the change was also significant (p < 0.05). 
Statistical modelling showed that the effect of the combination of age 
and time was significant (p < 0.01). 

The second phase also showed improvement in the FENO results also. 
In Phase I FENO had a mean of 17 ppb and in Phase II 13 ppb. However, 
the change in FENO between the different timepoints was not significant 
(p = 0.4). FENO findings at the group-level are presented in Table 5. 

In Phase III the number of normal spirometry findings for 21 the 
participants remained the same. 

Four participants showed an airway obstruction finding and three 
subjects could not participate due to a recent bout of flu during the 
previous two-weeks period. FENO findings remained close to the level of 
the Phase II findings. Symptoms, FENO and spirometry findings in 
different phases are summarized in Fig. 1. 

In conclusion, the transition to a healthy environment improved the 
pulmonary function findings for the school workers after a three 
months-period and the improvement was still observable after 6 months. 
The follow-up of the study group will continue. 

4. Discussion 

Indoor air problems are often caused by an accumulation of many 
individual contaminants and even though there are different reference 
values for indoor air pollutants, in practice they do not take into account 
the interactions between different pollutants or the sensitivity of in
dividuals and are therefore an unreliable assessment for a in the health 
impact appraisal. Consequently, international experts recommend 
avoiding or at least minimizing exposures (Johanning et al., 2014). 

The indoor air problems that have troubled schools for a long time 
have led to a search for various solutions to guarantee a healthy and safe 
working environment for both staff and students. In several municipal
ities and towns, schools have begun to work in temporary premises 
during the remediation or construction of a new school building. Moving 
to evacuation facilities is often the last option when the minor or su
perficial renovations have not produced sufficient results and the ma
jority of staff and students continue to report different kind of 
symptoms. At this stage, indoor air problems have often already caused 
both direct and indirect costs, such as increasing work absence, reduced 
working efficiency, medical expenses, as well as the costs of property 
repairs. 

In this case study, even in the relatively short period of time, the 
transition of school staff to clean temporary facilities had a significant 
impact on both perceived and measured health. After three months, 82% 
of participants felt that their symptoms were improved or resolved and 
half a year after the first measurement, 93% of respondents felt that they 
were fully asymptomatic with respect to indoor air. The lung function 
measurements performed also supported the perceived health, by both 
at the group and individual level. Results showed that the mild 
obstruction findings were reversible. However, the moderate or severe 
obstruction findings did not change after the transition to a healthy 
environment and may indicate irreversible changes in lung function. A 
clear improvement was shown also in the exhaled nitric oxide findings, 
suggesting reduction in the inflammatory process in the lungs of the 
study participants. Similar findings were recently published by Tischer 
and coworkers (Tischer et al., 2021). 

Several studies have been conducted in the past on the success of 
renovations and their impact on indoor air and symptoms for both 
teachers and students, suggesting that repairing moisture damage to a 
school buildings has a positive effect on health, including a reduction in 

Table 2 
The prevalence and the changes of symptoms at the various phases of follow-up 
(n (%) of respondents).  

Symptoms Phase I N =
45 

Phase I → Phase 
II 
N = 32 

Phase I → Phase 
III 
N = 28 

Severely symptomatic 4 (9) 2 (6) – 1 (4) – 
Chronically symptomatic 17 (38) 14 

(44) 
– 12 

(43) 
– 

Irritation - and general 
symptoms 

17 (38) 12 
(38) 

16 
(50) 

11 
(39) 

2 (7) 

No symptoms 7 (15) 4 (12) 16 
(50) 

4 (14) 26 
(93)  
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general symptoms and respiratory infections (Haverinen-Shaughnessy 
et al., 2004; Immonen et al., 2004; Lignell et al., 2007; Meklin et al., 
2007; Patovirta et al., 2004; Sauni et al., 2013; Savilahti et al., 2000). 
The health effects of transferring to temporary facilities during reno
vations have only been published as regards children (Koskinen et al., 

1999). Even though the symptoms caused by exposure appear to be 
largely reversible (Johanning et al., 2014; Patovirta et al., 2004), it may 
take several years for the situation to return to normal after a renovation 
(Haverinen-Shaughnessy et al., 2004; Meklin et al., 2007). However, the 
prolonged symptoms in previous cases have been explained by e.g. 
post-renovation dust or microbial dust in the premises as well as in the 
ventilation ducts and furniture (Johanning et al., 2014; Meklin et al., 
2007). In addition, emissions of volatile organic compounds (VOCs) 
from building materials and surface treatments used in repairs will be at 
their highest, and these new levels and can also cause various symptoms 
such as irritation symptoms or even asthma (Herbarth and Matysik 
2010; Holøs et al., 2019; Johanning et al., 2014; Meklin et al., 2007; 
Zhou et al., 2011). Therefore, due to the above-mentioned factors, a 
direct comparison with past results cannot be made in a reliable way. 
However, the results in previous studies are very similar, although in 
these the relief of symptoms has not been as rapid as in our study. 

The main problem with follow-up research has often been the large 
number of participants withdrawing from the study and this is partic
ularly highlighted in small samples, like ours. Even though only 71% of 
the initial number of participants participated in Phase II and 62% in 
Phase III, the relative number of symptoms (severely symptomatic/ 
chronically symptomatic/irritation - and general symptoms/no symp
toms) remained at a reasonable level, and therefore the results can be 
considered reliable. 

The strength of our study is that the exposure was well-documented 
prior to the clinical study. Additionally, the same individuals partici
pated at each three time-points and the effect of the changes in exposure 
were documented with objective lung function measurements and not 
only with questionnaires of symptoms. 

Table 3 
Spirometry results in group-level in three different measurements as absolute values, age, size, and gender predicted values and in percent of age, size, gender predicted 
values for Finnish population of Kainu et al. (2016). Phase I the baseline measurement in damaged building. Phase II three months after transferring to a healthy 
building. Phase III nine months after transferring to a healthy building.   

Phase I 
N = 42 

Phase II 
N = 30 

Phase III 
N = 28 

Measured 
value 

Age, size sex 
matched predicted 
value 

% of age, size 
sex predicted 

Measured 
value 

Age, size sex 
matched predicted 
value 

% of age, size 
sex predicted 

Measured 
value 

Age, size sex 
matched predicted 
value 

% of age, size 
sex predicted 

FVC 3.91 4.42 88.25 4.31 4.62 90 4.19 4.48 94 
FEV1 3.18 3.59 88.3 3.37 3.64 92 3.35 3.51 95 
FEV1/ 

FVC 
81.47 81.37 100.25 80.8 77.4 102 0.80 0.79 102 

PEF 8.74 8.57 81.78 7.75 8.89 88 7.94 8.69 91  

Table 4 
Spirometry findings at the personal level in Phases I and II (n (%) of.  

First and second phase spirometry findings N = 30 

I Phase normal – II Phase normal finding 14 (47) 
I Phase mild obstruction – II Phase normal finding 6 (20) 
I Phase mild obstruction – II Phase mild obstruction finding 5 (17) 
I Phase moderate obstruction – II Phase moderate obstruction 2 (7) 
I Phase not able to perform spirometry- II Phase normal finding 2 (7) 
I Phase normal - II Phase moderate obstruction 1 (3)  

Table 5 
FENO findings at the group-level for the three different measurements. Phase I 
baseline measurement in damaged building. Phase II three months after trans
ferring to healthy building. Phase III nine months after transferring to a healthy 
building.   

Phase I 
N = 44 

Phase II 
N = 30 

Phase III 
N = 28 

FENO ppb 17 13 15 
Normal <20 ppb 30/44 26/30 22/28 
Normal or slightly elevated 20–30 ppb 10/44 3/30 5/28 
Elevated >30 4/44 1/30 1/28  

Fig. 1. Symptoms, FENO and spirometry findings in different phases of the study (percent of respondents).  
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5. Conclusions 

Although relocating all the school activities to replacement facilities 
for the duration of the renovation is often considered too cumbersome 
and costly, its health benefits are significant, according to this case 
study. Even in a relatively short time, moving the school personnel to 
clean alternative facilities had a significant impact on both the perceived 
and measured health. 
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