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ABSTRACT 
 

This review summarizes published data on indoor pollution and related health effects 
in European dwellings. An overview on scientific literature since 1991 to 2003 was made.  

Particulate matter (PM) concentrations were generally below the EPA standard of 65 
µg/m3. Furthermore, except for Italy, PM levels were lower than 40 µg/m3, i.e. a threshold 
value for “good” Indoor Air Quality (IAQ) according to the guidelines of the Finnish Society 
of IAQ and Climate. Nitrogen dioxide (NO2) levels were generally lower than 40 µg/m3 (a 
value which should avoid health effects, as suggested by the World Health Organization). 
Few data on carbon monoxide (CO) and carbon dioxide (CO2) levels at home were found. 
Volatile organic compounds (VOCs) levels were substantially low within several studies. 
Formaldehyde concentrations showed a pronounced variability among different surveys and 
were generally high. Visible dampness or mould and dust mites infestation were widespread 
inside European dwellings. 

 With regard to respiratory health, most studies described the effects of major sources 
of PM or NO2 and few studies regarded direct effects of measured indoor PM or NO2 
exposures at home. However, PM and NO2 showed harmful effects on respiratory health, 
even at low levels. With regard to VOCs and formaldehyde, some epidemiological studies 
indicated irritant effects on respiratory system. Dampness, mould and house dust mites 
resulted sensitizer for exposed subjects. 

At present, there are inadequate scientific bases on which to establish limit values to 
produce guidelines for exposure in dwellings and to implement protective programs of public 
health. It is necessary to perform researches to analyse the health effects, taking into account 
both the time and the variability of exposure. 
 

4.1 INTRODUCTION 
 It is well established that indoor environment contributes significantly to human 
exposure to pollutants (1, 2). Indoor air pollution increases the risk of respiratory 
symptoms/diseases, atopic sensitization, bronchial hyper-responsiveness, lung cancer, 
respiratory infections, irritations (3-13). Since people spend most of their time inside, 
especially at home, exposures from outdoor and indoor sources should be separately assessed, 
as suggested by the U.S. Environmental Protection Agency (14). Data mostly collected in 
European dwellings on particulate matter (PM), nitrogen dioxide (NO2), carbon dioxide 
(CO2), carbon monoxide (CO), volatile organic compounds (VOCs), formaldehyde, 
dampness/mould and dust mites at home and related health effects are summarized in this 
review, along with some unpublished results from two Italian indoor air studies.   
 

4.2 METHODS 
The MEDLINE database was searched from January 1991 to September 2003, along with the 
Proceedings of the 9th International Conference of Indoor Air (Monterey, California, USA, 
2002). For each study, author name, source, year of data collection (range: 1983-2001), 
geographical area, type of sample, and main results were reported.  
Home Monitoring: pollutants were reported as follows: mean of 24 or 48 hours monitoring, in 
µg/m3, for PM; mean along different sampling periods, in µg/m3 (if transformed, 
1ppb=1.88µg/m3), for NO2; levels in mg/m3 for CO and CO2 (if transformed, 
1ppm=1.25mg/m3 for CO; 1ppm=1.83mg/m3 for CO2); levels in µg/m3 for VOC and 
formaldehyde; levels in µg/g of dust for mite allergens concentration; as positive answers to 
questionnaire for dampness and mold. 



 4 
 
 

Po Delta and Pisa Indoor Studies (15, 16) were performed during the period 1991-94 on sub-
samples of stratified family cluster random samples of Italian general populations, previously 
enrolled in two cross-sectional epidemiological surveys (10, 17).  Measurements of particles 
with aerodynamic diameter < 2.5µm (PM2.5) and NO2 were collected during one week, both in 
winter and summer, in 139 houses in Po Delta rural area and 282 in Pisa urban area and 
reported as 48h mean (PM2.5) and weekly mean (NO2). Levels of NO2 in the immediate 
vicinity of the home were also measured (micro-outdoor). Information on house 
characteristics and family’s habits were collected by questionnaire. 

Health Effects: papers were included in this review according to report of relative risk for 

symptoms/diseases. Population Attributable Risk (PAR) % was computed (whenever 

possible) to estimate the amount of disease or condition abatable by eliminating the exposure 

or risk factor: PAR=100*p(RR-1)/p(RR-1)+1, where p= proportion of total population 

exposed and RR= relative risk for exposed vs nonexposed (18). In Po Delta and Pisa Indoor 

Studies, information on daily activity pattern and presence of acute respiratory 

illness/symptoms during the monitored weeks were collected by questionnaire. Each subject 

performed peak expiratory flow measurements four times daily using a mini-Wright peak 

flow meter. NO2 and PM2.5 exposure indices as product of pollutant concentration and 

exposure time were computed  (12).  

 

4.3 RESULTS ON INDOOR AIR POLLUTION IN DWELLINGS 
 
4.3.1 Indoor Levels 
Particulate Matter (PM): levels are reported in table 1 and in figure 1. The lowest level (9.5 
µg/m3) in Finland (19) and the highest values in Italy (mean about 50µg/m3) (11, 20) were 
measured. Other European dwellings concentrations (19, 21-23) were below 40µg/m3, 
similarly to the USA (5) and Mexico (24). The EPA air quality guideline is 65µg/m3 (48h 
mean) (25), whilst the Finnish Society of Indoor Air Quality (FSIAQ) sets maximum values 
of 20, 40, 50µg/m3 for a “very good”, “good” and “satisfactory” indoor quality, respectively 
(26). Tobacco smoking, combustion of fuel for heating or cooking, and outdoor environment 
were the main determinants for elevated PM levels.  
Nitrogen Dioxide (NO2): levels are reported in table 2 (part I, II) and in figure 2. The lowest 
values in Scandinavia (range: 10-15µg/m3) (30, 31), and the highest in Poland (65µg/m3) (30) 
were measured. Levels of 8-35µg/m3 in Switzerland (32) and Germany (33), of 20-40µg/m3 in 
other European countries (i.e. Italy, France, England, Germany, Croatia) (11, 22, 23, 34-36, 
30) were detected. They were lower than those measured in Asia (range: 43-81µg/m3) (30, 37, 
38), New Mexico (USA) (39), Mexico (30), and similar to those of Canada and the USA (30). 
The Air Quality Guidelines in Europe (40) suggest for NO2 a daily maximum concentration of 
200µg/m3 (1 h), while the World Health Organization recommends, for long-term exposure, a 
limit of 40µg/m3 (annual average) (41). Main determinants of NO2 levels were the use of gas 
appliances and outdoor environment. 
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Carbon Monoxide/Dioxide (CO/CO2): Concentrations of CO are reported in table 3. High 
CO levels were mainly determined by wood burning for cooking/heating, especially in 
developing countries. In England (43) CO levels were 0.43mg/m3 (geometric mean). In other 
European countries (Expolis Study) (20), a mean of 1.39mg/m3 for houses and workplaces 
was found, similarly to Costa Rica (44), Canada (45), and Korea (46). EPA standard value is 
10 mg/m3 (25), while FSIAQ suggests 2, 3, 8 mg/m3 for “very good”, “good”, and 
“satisfactory” IAQ, respectively (26). Only two studies, performed in Sweden and Latvia (47) 
and in Korea (46), reported CO2 levels at home: 1556/1665 vs 1031 µg/m3. FSIAQ suggests 
1300 for “very good”, 1650 for “good”, and 2200 mg/m3 for “satisfactory” IAQ (26). 
Unvented heaters, gas cooking, tobacco smoke and outdoor environment were the major 
sources of indoor CO2. 
Volatile Organic Compounds (VOCs): concentrations are shown in table 4-Part I. Acceptable 
levels of toluene (26), the most studied compound within this group (49-51), ranged from 
15.1 in England (49) to 37.3 µg/m3 in Germany (50), similarly to those measured in Italy (51). 
Sources of common indoor VOCs were adhesives, foam insulation, tobacco smoke, cleaners, 
inks, floor/wall coverings, and paints. 
Formaldehyde: concentrations are shown in table 4-Part II. Indoor levels varied substantially 
among different countries and were generally very high according to standard values 
suggested by FSIAQ (26). For example, in United States formaldehyde levels ranged between 
non detectable values (12.5 µg/m3) to very high concentrations (575 µg/m3) (54). High levels 
were detected also in Japan (55). However, in UK the geometric level was 22.2 µg/m3 (56). 
Indoor sources of formaldehyde were adhesives, carpets, particleboard, wall coverings, paints, 
and tobacco smoke. 
Dust Mites: mites proliferate in warm and humid environments. Data on presence of dust 
mites are shown in table 5. European studies indicated that mites were present inside more 
than 50% of the observed dwellings (59-61). Mite allergens concentrations were generally 
about 2 µg/g of dust and could sensitize exposed subjects (59, 62). The highest levels were 
found in Sweden (60). 
Dampness/Mould: data on presence of dampness and mould are reported in table 6. Visible 
dampness and mould were present inside 15% of Finnish homes (64), 25% of Dutch homes 
(65), and 35% of Italian  dwellings (15).  
Po Delta and Pisa Indoor Studies: PM2.5 and NO2 (66) concentrations were significantly 
higher in winter than in summer. Levels of PM2.5 in winter and of NO2 in both seasons were 
significantly higher in Po Delta than in Pisa. The highest levels of NO2 were found in the 
kitchen. ETS was the main determinant for PM2.5 in both seasons and areas. In winter, air 
exchange in both areas and presence of airtight windows in Pisa were protective factors for 
PM2.5 levels. Determinants of NO2 were gas-furnace heating inside home in Po Delta, while 
ETS and NO2 micro-outdoor in Pisa. In summer, larger concentrations of NO2 were related to 
increase of air-exchange in Po Delta and to NO2 micro-outdoor in Pisa. In Pisa, larger levels 
of PM2.5 were related to the presence of gas-furnace inside home (11, 13, 66).   
 
4.3.2 Health Effects 
 Few studies (especially in Europe) reported the effects of measured indoor PM, NO2 
and CO exposure as relative risk. Most studies regarded outdoor/occupational exposure or 
effects by pollution sources.   
Particulate Matter (PM): effects of PM and major sources of PM are shown in table 7. In 
Poland (67) and in Switzerland (68) a significant relation between respiratory 
symptoms/disease and ETS exposure was found in adults. PAR% values, especially for 
wheezes and shortness of breath with wheezes ranged from 22 to 52%.    
Nitrogen Dioxide (NO2): table 8 shows the effects of NO2 or major sources of NO2 on 
respiratory health in people of all ages and both sexes. In a Polish study on elderly women, 
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asthma and dyspnea were related to high exposure to gas cooking (67). In England, gas 
cooking was a risk for reduced lung function (72).  
Carbon Monoxide/Dioxide (CO/CO2): for an increment of 10ppm (12.5mg/m3), an increased 
risk for wheezing attacks (O.R.=1.12, CI95% 1.02-1.28) was found in Korean asthmatic 
children (46). A Chinese study (27) reported harmful effects of CO level on pulmonary 
function. With regard to CO2  levels, a study in Sweden and Latvia did not find differences 
between the houses of asthmatic and non asthmatic children (47), whereas another Swedish 
study on adults (20-45yrs) showed a significant relation of nocturnal breathlessness with 
indoor concentration of CO2 (O.R.=20.0; 95% CI 2.7-146.0) for an increase of 1000 ppm 
(1830mg)/m3 (76).    
Volatile Organic Compounds (VOCs): effects of VOCs and formaldehyde are reported in 
table 9. A German study showed a significant association of VOCs exposure with irritation 
symptoms of the upper respiratory tract (53). In Sweden, asthma was related to newly painted 
surfaces (OR 1.5; CI 95% 1.0-2.4) (77). Formaldehyde resulted an irritant agent for the 
respiratory tract, and could cause sensitization in exposed children (OR 1.40; CI 95% 0.98-
2.00) (57). Furthermore, an Australian survey indicated that every 10µg/m3 increase in 
formaldehyde concentrations was associated with an enhanced risk of having asthma (OR 
1.003; 95% CI 1.002-1.004) (78).  
Dust Mites: effects of mites are reported in table 10. In studies carried out in Germany (80) 
and Australia (81) exposure to high mite allergen levels was associated with bronchial hyper-
responsiveness (OR 2.30; 95% CI 1.03-5.12) and current asthma (OR 21.3; 95% CI 10.5-
43.2), respectively. 
Dampness/Mould: effects of dampness and mould are reported in table 11. In a large Finnish 
survey exposure to visible mould was associated with a risk of asthma (OR 2.21; 95% CI 
1.48-3.28). For this study PAR was estimated at about 15% (64). Swedish subjects exposed to 
dampness inside their homes had a higher risk of asthma (OR 1.8; 95% CI 1.1-3.0) with a 
PAR estimated at 16% (83). Exposure to dampness was a risk factor for bronchial hyper-
responsiveness (OR 5.77; 95% CI 1.17-28.44), with a PAR estimated at 38% in Germany 
(80). In The Netherlands, exposure to dampness/mould was associated with an augmented 
risk of having lower respiratory symptoms in males (OR 1.70; 95% CI 1.38-2.09) and females 
(OR 1.55; 95% CI 1.27-1.89). Considering the whole sample, PAR value was 9.5% (65). 
Po Delta and Pisa Indoor Studies: almost all groups of acute respiratory conditions were 
more frequent in presence of high exposure to both PM2.5 and NO2 (tables 7, 8) and in 
presence of ETS. High exposure to PM2.5, but not NO2, was a risk factor for reduced lung 
function (11, 66).   
 
4.3.3 Main Outcomes 

There is a wide variability of indoor pollutants levels across European dwellings. 
Indoor exposures can include peak levels and be longer than outdoors. Health effects, mainly 
on the respiratory system, are related to indoor pollutants in European houses. However, most 
studies did not perform direct measures of concentrations but examined presence of pollution 
sources.  
 
 
4.4 Research Needs 

More recent studies have investigated the influence of household environment on 
respiratory health of infants and adolescents (84, 85). Nevertheless, there is insufficient 
scientific evidence on which to establish safe limit values to produce guidelines for indoor 
exposure, especially in dwellings. Furthermore, there is the urgent need of assessing the 
effects of both short and long term exposure at home. Studies should be performed in general 
population samples on the relationship of health and measured indoor levels, taking into 
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account the exposure time and the exposure variability (e.g. exposure peak).  European Union 
should devote research funds to these issues. A strengthened collaboration of research 
institutions and patients organizations of member countries is necessary to carry out updated 
epidemiological surveys.     
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