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Abstract
An important factor for comfort ratio in the indoor environment and affecting human health and
well-being is the relative humidity. Studies have shown that about 70% of the staff at Swedish offices, schools and kindergartens experiences that the air is too dry during the winter season. Studies show that the relative humidity in indoor environments influences the incidence of respiratory infections and allergies. Important factors for the air environment indoors is to limit the
number of airborne particles, since these are conveyors of both bacteria and viruses, and to keep
the humidity at a level above 40% and below 70%, making the survival of viruses and bacteria
minimized. Measurement results show that there is significant difference in the relative humidity
during the winter season between the mechanically ventilated buildings with relative humidity
levels below 10% than in buildings with natural ventilation. An important issue is how human
health is affected by during longer periods and during much of the day live in environments with
low relative humidity. Several researchers have noted that the incidence of respiratory infections
increase during the winter when people are exposed to long periods of low humidity indoors. This
means that the consequences of low humidity in the indoor environment should be considered
and evaluated in a completely different way than is done today.
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An important factor for the comfort ratio in the environment that affects both human health and well-being is the
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dergartens experiences that the air is too dry during the winter season [1]. Studies show that the relative humidity in indoor environments influences the incidence of respiratory infections and allergies. Important factors for
the indoor air environment are to
1) limit the number of airborne particles as they are conveyers of both bacteria and viruses and
2) to ensure that the humidity keeps a level above 40% and below 70%, making the survival of viruses and
bacteria minimized.
In epidemiological studies, the relationship between the number of respiratory infections and the relative humidity in offices, homes and schools has been investigated. The incidence of respiratory infections was found to
be lower among people who work or live in environments with a relative humidity between 40% and 70%, as
opposed to those that live in environments with a relative humidity level below alternatively above this level.
Regarding mite populations they are minimized when the relative humidity is below 50% and reaching a maximum number at 80%. Most species of fungi cannot grow unless the relative humidity exceeds 60%. Relative
humidity also affects the rate of development of the formaldehyde, acids and salts from sulfur and nitrogen dioxide and the rate of ozone formation. Furthermore, there are indications that allergens, pathogens and harmful
chemicals are influenced by the relative humidity indoors. A review of the relative humidity shows that the negative health effects can be minimized by maintaining a relative humidity above 40% and below 60%. The effects
of relative humidity on the biological and chemical factors are graphically summarized in Figure 1. The shape
and height of the bars in the figure indicate an increase or a decrease in power and provides no quantitative data.
Most health effects increase in severity over 60% and/or less than 40% RH. The exceptions are the chemical interactions that consistently increase over 30%, and the conditions that produce ozone, which is constantly increasing in severity with a decline in relative humidity. The shaded part of the diagram shows the approximate
optimum middle zone to minimize adverse health effects related to the relative humidity and the adverse health
and comfort effects of low relative humidity. A reduction in morbidity and possibly mortality due to influenza
may be the most important beneficial result of an increase in relative humidity from low to intermediate [2]. The
conditions for an “appropriate thermal climate” is a commonly formulated functional requirement and the temperature that can be accepted, must be assessed case by case. In Sweden, one needs typically expect to hold at
least +20˚C in air temperature to the overall climate indoors is to become acceptable for sedentary work and
with normal attire. With a mobile or physically more strenuous work, it is advantageous to have a lower temperature. Inconvenience and discomfort of cooling cannot be determined solely by the measurement of air temperature, since the experienced temperature will depend on several factors. Climate factors are air temperature, radiant temperature, air speed and humidity. Work intensity and attire are other factors that influence climate experience. High temperatures indoors are inherently linked to both the outdoor climate, building construction and
the amount of heat generated by operating activities. In the office lighting and computer equipment are normally
the heat sources that give the greatest heat gain. Air high moisture content in summer makes it harder to get rid
of the body’s excess heat. Buildings with for example a light blade, low ceiling heights, small rooms, poorly insulated roof structures, large windows without solar shading and air intakes in the sun causes the temperature to
rise quickly indoors. Troublesome solar radiation through windows can be reduced with various types of solar
shading. An externally placed foreclosure normally has the best effect. Approximate shielding ability is for curtains about 20%, blinds between the glass 30% and awnings or exterior blinds about 60% [3].
Humidity, or the amount of water vapor in the air, has great significance for the experience of air. The humidity outdoors varies geographically in Sweden and between the different seasons. There are different dimensions
to specify humidity, such as absolute or relative humidity. The mass of water vapor in a cubic meter of air is
called absolute humidity and the unit g water/m3. The absolute humidity is also sometimes referred vapor content, the water vapor density or density. The maximum amount of water vapor depends on the air temperature
the warmer it is the more water vapor the air holds before condensation occurs, see Figure 2. Relative humidity
is usually expressed in percentage. If the amount of water vapor is maximum at a given temperature is the saturation and the relative humidity is 100%. In fog with maybe a little light drizzle humidity is 95% - 100%. The
relative humidity is strongly related to temperature. As the air warms up the relative humidity declines and in the
winter, when the cold outdoor air is taken in and warm up indoors, the humidity is often low. Many people will
then have problems with dry air pipes. If the temperature falls rather than rises, the relative humidity increases
which occurs in cool basements, where we know that it is inadvisable to store materials that absorb moisture,
such as books and clothes [4]. All measurements of humidity assume that there is an upper limit to the humidity,
which depends on temperature and pressure. If we then either add more water vapor (humidity) or lower the gas
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Figure 1. Optimal zone, 40% - 60% relative humidity to minimize adverse health effects from airborne impurities.

Figure 2. The graph shows the relationship between saturation vapor content (g/m3) and temperature (˚C).

temperature, the amount of water vapor will eventually exceed this maximum and the excess precipitates out as
drops of water = condensation. The measured value can be expressed in two ways:
• Absolute humidity is the water mass per unit volume (grams of water per cubic meter) or per unit mass of air
(grams of water per kilogram of air).
• Relative humidity is the actual amount of moisture expressed as a percentage of the saturation pressure at
that temperature.
The relative humidity can vary greatly throughout the day and indoor air tends to be quite dry for people when
humidity is below 30%. Dry air tends to be more common in colder climates because of the condensation will
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not fit in the chilly air [5]. The relative humidity in indoor environments, within the range of normal indoor
temperatures of 19˚C to 27˚C, there are both direct and indirect effects that affect health and comfort. To minimize as many negative health effects as possible it is indicated that the relative humidity should be between
40% and 60%. Both at low and high relative humidity physical discomfort can arise because the relative humidity has a direct impact on how the comfort is perceived [6]. Extremely low levels below 20% can cause eye irritation [7] [8], while moderate or high levels of humidity have been shown to reduce the severity in people with
asthma [9]. Several reports, based on the experiences of doctors with patients, where these patients have complained of dryness of the nose and throat where there is low relative humidity. These doctors have argued that
the relative indoor humidity should be maintained above 30% to 40% to prevent drying of the mucous membranes and to maintain adequate nasal mucus transport and ciliary activity [10]-[13]. Relative humidity can directly affect the mucous membranes in people with bronchial constriction, rhinitis, or cold and flu related symptoms. One study showed that steam capacity in the anterior nasal decreased in rhinitis [14] and another study
found a slight decrease in moisture capacity in the noses of four people with atrophic rhinitis compared with 22
healthy subjects [15]. Relative humidity can also affect bronchial mucus of nasal obstruction if it leads to mouth
breathing. In an in vitro study on the effect of relative humidity on the viscosity of bronchial mucus was found a
two-fold decrease in viscosity when the relative humidity was 100% compared with 60% [16]. Relative humidity also has a significant negative direct effect on health when high humidity is combined with high temperature.
This combination reduces the rate of evaporative cooling of the body and can cause significant discomfort or
lead to heat stroke, exhaustion and possibly death.
Diseases are transmitted by airborne pathogens or through direct contact with pathogens, which live on hard
surfaces such as furniture and fixtures, or by touching an infected person. Low relative humidity has been shown
to improve survival of rhino virus and influenza virus [17] and human rota virus (a cause gastroenteritis) [18] on
hard surfaces. Experimental studies on the survival of pathogens in the air with different relative humidity figures and epidemiological studies on respiratory infections suggest that the relative indoor humidity affects the
incidence of infectious diseases transmitted by airborne pathogens. The presence of airborne contagious distributions of infectious diseases indoor is also influenced by the number of infected humans producing contaminated aerosols, the number of susceptible, the exposure time, the degree of aeration, settling velocity of contaminated aerosols and survival of pathogens attached to the aerosols [19]. Low relative humidity can increase the
incidence of infectious aerosols produced by coughing or expiratory. Rapid evaporation in dry air can cause the
diameter of some aerosols to fall below the size limit for a particle to remain in suspension, while at higher relative humidity, the same aerosol reaching the floor before sufficient evaporation occurs [20]. A relative humidity
of 50% - 70% has only a minor effect on aerosol size and subsequent sedimentation ratio [21]. Depending on the
initial composition and size of the aerosol, its size can rapidly increase due to water absorption when the relative
humidity of 80% to 90%, resulting in higher sedimentation rates [22]. An increase in the amount of suspended
aerosols, due to a low relative humidity is more likely to have an effect on health than the reduction of these
during periods of very high relative humidity. Experimental studies have shown that the relative humidity is an
important factor for the survival of airborne pathogens. Relative humidity affects the survival by altering the integrity of the cell wall or the viral coat [23].
• BACTERIA: Bacteria that cause pneumonia, tuberculosis, Q fever, brucellosis (budgerigars fever), anthrax
and Legionnaires’ disease are transmitted in the air [24]. However, it is little known about the direct effect of
relative humidity on airborne living pathogenic (disease-causing) bacteria or its infectivity. On the other
hand the effect of relative humidity of non-pathogenic bacterial species such as E. coli, has been extensively
studied. In general, a relative humidity between 40% - 60% is more lethal for airborne non-pathogenic bacteria than low or high humidity [21]. Some studies on pathogenic or closely related bacterial species suggest
that pathogenic bacteria concerning the relative humidity is similar to that of the non-pathogenic strains.
Mycoplasma pneumoniae is an airborne transmitted bacterium that can cause pneumonia and other serious
respiratory infections. Tests of non-pathogenic Mycoplasma species suggest that mycoplasmas survive longer during exposure to either high or low relative humidity [25]. A similar pattern of survival is non-pathogenic species of Streptococcus [26]. Serratia mrarcescens, an opportunistic bacterium that causes respiratory
infections, is least productive during exposure up to 50% relative humidity and reaches the maximum viability over 80% [27]. High relative humidity of 70% - 80% is also favourable for Brucella suis [28] and Staphylococcus albus [29].
• VIRUS: The large airborne transmissible viruses are influenza, measles, herpes, chicken pox, rubella, the
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adenovirus (cause of acute respiratory illness with flu-like symptoms), and coxsackie virus (the cause of
some rashes and fever) [19] [30] [31]. Respiratory syncytial virus (RSV) and parainfluenza virus (both of
which cause flu-like symptoms) and rhino virus (the common cause of cold syndrome) can also be airborne,
but the incidence of infections caused by airborne transmission is considered to be very low compared to the
direct contact [19] [32]. The effect of moisture on viability of the virus depends on viral molecular structure.
High relative humidity tends to favour the survival of viruses composed entirely of nucleic acids and proteins, whereas lipid-containing viruses prefer low relative humidity [33]. Lipids are in chemistry, a collective
name for a large group of substances consisting of fats and fat-like substances. Adeno virus and coxsackie
virus prefer relative humidity above 70% [34] [35]. Measles, influenza, herpes varicella and rubella viruses
survive longer when exposed to relative humidity below 50%. Mass Vaccination Program of measles and
rubella has decreased in importance for public health, while infections caused by adeno virus and coxsackie
virus normally occur at a low incidence in the population. Consequently, the influenza virus is the main airborne transmitted viral disease. Several laboratory studies have examined the relationship between relative
humidity and the survival of flu viruses and disease transmission. Independent tests show decreased viability
of influenza viruses carried by aerosols when there is a higher relative humidity. It has been found that the
inactivity of viruses sharply increased at a relative humidity of 40% and upwards, and also the percentage of
viable influenza virus decreased as the relative humidity increased from 35% to 81% [36] [37]. In other studies of the relative humidity of airborne transmission of influenza in mice, uninfected mice were placed in
cages adjacent to cages with mice infected with influenza. Body contact between the mice in the different
cages was not possible. The effect of relative humidity was determined after adjustment for the dilutive effect of changes in ventilation. The infection rate decreased when the relative humidity increased from 47%
to 70%. The results of these experiments suggest that influenza infection is highest in environments with relative humidity below 40% and decreases rapidly when the relative humidity exceeds 40% to 50% [38]. In
further studies it was found that the rate of infection in mice exposed to aerosols containing influenza virus
increased both below 40% and above 55% RH and was minimized during exposure to 55% relative humidity.
Schaffer et al. [39] [40] found similar results. Aerosols of influenza virus in cultured human cells were exposed to a relative humidity between 20% and 80%. The viral survival was highest for exposure less than
20%, fell to a minimum after exposure to a relative humidity between 40% and 60%, and increased again at
exposure to 70% - 80% RH, although the survival rate at 80% was lower than that at a relative humidity below 20%. Consequently, it is possible that the risk of infection by the influenza virus shows an increase at
both high and low relative humidity levels. Variations in the experimental results may also depend on different methods for production of aerosols.
In summary the available data on bacterial and viral survival, at varying relative humidity, indicate that there
is a level, from 40% up to 70%, which minimizes the combined survival or infectivity of these organisms.
• MITES: They are the main cause of allergies in house dust. Laboratory studies have established that the
populations of the ordinary house dust mite, Dermatophagoides pteronyssinus, reaching a maximum size
during exposure up to 80% RH [41]. Several field studies have found parallels, the number of mites in
homes and seasonal changes in relative humidity in the indoor environment. In addition, mite populations
were almost eliminated in the winter when the relative humidity dropped below 40%/50% level. The results
suggest the possibility of a direct causal link between higher average relative humidity indoors and allergies
due to dust mites. It must be noted that the number of mites per gram of dust were consistently higher in the
patients’ houses compared to the control group [42]-[45].
• FUNGI: Microorganisms that are known to cause allergic reactions such as asthma or rhinitis are of the genera Alternaria, Cladosporium, Aspergillus, Mucor, Rhizopus, and Merulius [46]. Several fungi such as Aspergillus can also cause hypersensitivity diseases in individuals who do not normally suffer from allergies
[47]. Most fungi require relative humidity of over 75% in order to grow. Accordingly, actively growing fungal populations are usually an outdoor problem, while indoors it is limited to areas such as kitchens, bathrooms, walls and window frames that are subject to frequent condensation due to high local relative humidity rate [46]. Several chemicals that may be found in indoor air interact with the water vapor and may form
respiratory problems and skin irritations. Health problems that can be attributed to chemical interactions with
moisture are probably less widespread than the problems caused by biological interactions. However, chemical interactions can be significant in buildings with a high percentage of formaldehyde-containing materials,
gas stoves for cooking or geographically located close to outdoor sources of water reactive air pollutants.
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• FORMALDEHYDE: Low exposure to formaldehyde has adverse health effects such as irritation to skin,
eyes and throat, breathing difficulties and allergies [48]. In a climate chamber the degree of degassing, formaldehyde from particle board, was examined and where it was found that the formaldehyde concentration
in the air was directly proportional to the relative humidity at a given temperature. Formaldehyde levels increased from 0.5 to 0.6 mg/m3 at 30% RH to 1.2 to 2.0 mg/m3 at 70% RH [49]. In a study of formaldehyde
levels in 20 homes it was found a statistically significant correlation between relative humidity and indoor
formaldehyde concentration in the air [50].
• SULPHUR AND NITROGEN DIOXIDES: Sulfur dioxide acts as a respiratory irritation in healthy subjects
and causes bronchial constriction in sensitive individuals, such as asthmatics at concentrations as low as 0.1
ppm [51]. Sulphur dioxide interacts with water vapor to form aerosols containing the sulfate salts and sulfuric acid, which is more irritating than the sulfur dioxide itself [52]. Nitrous oxide (laughing gas) and nitric
acid are formed indoors by the interaction of water vapor with nitrogen dioxide from unvented gas stoves
and heaters. Both acids are believed to play an etiological role in the development of respiratory illness and
reduced lung function [53].
• OZONE: Ozone levels indoor are amplified by the low relative humidity while high relative humidity reduces ozone levels by accelerating the adsorption of ozone molecules on surfaces indoors [54]. Ozone is a
strong oxidant and different exposure intervals are likely encountered in homes and are irritating to the eyes
as well as the mucous membranes [55].

2. Measurements
This study includes measurements of relative humidity (RH) % and air temperature ˚C for two building types,
one with natural ventilation and one with mechanical ventilation. Measurements have been conducted at six sites
in Sweden; southern Götaland and eastern Svealand, west Svealand, southern Norrland, northeast and northwest
Norrland, which means a geographical distribution of the Swedish climate zones. The purpose of the measure
study is to evaluate if a difference can be identified regarding relative humidity in these two different types of
buildings because of the difference in ventilation solutions. The basis for the indoor environment is the climate
outdoors and therefore the measurements are also carried out in ambient air adjacent to the buildings. The instruments used in this study are Testo 175 data logger. These temperature loggers have two channels, one for
relative humidity and air temperature respectively and an internal sensor along with an external sensor connection. The stored readings are evaluated using both software and programming and readout of the logger is made
to the computer via a USB connection. The measurements were carried out preferably during the period from
January 3 to March 10, 2014. A deeper study took place on the spot in southern Norrland where measurements
started already on December 21, 2013. The purpose is to gain insight into the relationship of the school when the
activity is not conducted (Christmas holidays) and during climate conditions with reduced air flow.

3. Results of the Measurements
From the results of the measurements it is clear that there are large differences in the relative humidity during
the measurement period. Generally it can be identified a lower humidity prevailing in the mechanically ventilated buildings, with a mean RH = 23.1% compared with 27.3% in buildings with natural ventilation. The difference is 4.2 percentage points, and it should be stressed that 4.2 to 23.1, after all, is a percentage of the moisture ratio on the entire 18.2%. Table 1 and Figure 3 show the highest recorded average and lowest measured
value from each site. The results in Table 1 and Figure 3 indicate that the mechanical ventilation system generally provides a lower relative humidity in buildings than the natural draft. For a greater insight into how the relative humidity is affected by the ventilation system the results are studied from southern Norrland, the climate
zone which is situated in central Sweden, and thus can be considered, from the Swedish climate point of view, a
middle zone. The measurements cover the period from 20 December 2013 to 7 March 2014. The results of the
measurements are shown in Figure 4, A: levels in the mechanically ventilated building, B: levels of the building
with natural ventilation and C: outdoor levels. As shown in Chart C of Figure 4 is a period with regular temperature level out, below freezing from on or about 10 January and until the end of January. Diagram A and B,
shows that the humidity drops significantly during this cold spell. Figure 5 and Figure 6 show the period from
10 to 24 January 2014 for these two buildings. The study was initiated on January 10, a Friday, with operations
in the buildings. Then, over the weekend of 11 and 12 January lasted no activity, to those with the subsequent
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five working days 13 to 17 January with activity and then again holidays on 18 and 19 January with no activity.
In the building with mechanical ventilation, the air flow is reduced to 25% of its capacity during weekends and
evenings and nights to be in full operation again at 5 o’clock in the morning. As seen the relative humidity decreases during the daytime to rise at night and weekends. The relative humidity thus varies significantly between
day and night, to the detriment of the level prevailing during the day with lows of 10% - 15%. The level of natural ventilation building is not less than 15% and generally has a more consistent level than that prevailing in the
Table 1. Measured levels, relative humidity (RH) in% and the air temperature in ˚C at six different locations in Sweden,
during the measurement period 3 January to 7 March 2014.
Mechanical
ventilation, RH %

Mechanical
ventilation, ˚C

Natural
ventilation, RH %

Natural
ventilation, ˚C

Outdoor,
RH %

Outdoor, ˚C

Highest

31.1

22.1

41.5

26.1

99.9

5.8

Avarage

20.3

19.61

25.25

22.28

88.89

−5.87

Lowest

11.4

16.3

10.4

21.1

67.6

−7.9

Highest

38.6

25.2

43.7

25.8

99.9

14.3

Avarage

27.52

21.93

32.14

20.95

89.65

−0.42

Lowest

30.3

17.9

21.6

19.1

31.2

−13.7

Highest

32

23.1

43.9

25.9

99.9

13.8

Avarage

21.64

22.14

25.3

22.5

88.65

−0.72

Lowest

8.7

21.4

12.8

20.1

30

−15.1

Highest

30.6

23.8

37

21.9

99.9

9.9

Avarage

21.54

20.85

24.86

19.94

91.37

−0.52

Lowest

8.9

19.2

15

19.2

51.9

−14.5

Highest

33.9

27.3

36

22.3

99.9

10.5

Avarage

22.92

25.51

26.35

20.65

90.83

−2.93

Lowest

14.6

23.3

16.9

19.3

37.8

−19.9

SOUTH
GOTALAND

EAST
SVEALAND

WEST
SVEALAND

SOUTH
NORRLAND

NORTHEAST
NORRLAND

NORTHWEST
NORRLAND
Highest

31.1

22.1

41.8

24.1

99.9

7.3

Avarage

20.53

19.67

25.4

22.22

87.89

−5.53

Lowest

10.4

16.3

12

21.1

55.5

−27.9

Mechanical
ventilation, RH %

Mechanical
ventilation, ˚C

Natural
ventilation, RH %

Natural
ventilation, ˚C

Outdoor,
RH %

Outdoor, ˚C

Highest

38.6

27.3

43.9

26.1

99.9

14.3

Avarage

23.11

21.54

27.33

21.92

78.37

−4.08

Lowest

8.7

16.3

10.4

19.1

30

−27.9

All
measurement
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Figure 3. Measured levels of relative humidity (RH) %, during the measurement
period: 3 January to 7 March 2014 in six different locations in Sweden. The grouping at different locations: Group 1: The highest measured value; Group 2: Mean;
Group 3: The lowest measured value. In general it can be identified that the relative
humidity is lower in the mechanically ventilated building (black graph in the charts)
in comparison to the building with natural ventilation (grey graph).

building with mechanical ventilation. Notably, the level rises during the day which means that the air is susceptible of the additional moisture that the dwellers of the building add, which is not possible in the mechanically ventilated building, see Figure 7 and detailed study Figure 8. To evaluate whether the same relationship
exists between mechanically ventilated buildings and buildings with natural ventilation at other places, the same
analysis were conducted there. The climatic conditions outdoors in cold temperature should be equivalent to an
appropriate analysis to be made, which means that the measurement dates assigned to some extent differ between the various locations. As shown by the graphs in Figure 9 on the same basis at all places the humidity
drops in the morning hours and in the morning. Lower levels prevail during daytime in the mechanically ventilated buildings than during the night, which is the opposite of what happens in buildings with natural ventilation.
Regarding temperature, the building with the mechanically ventilated system in northeast Norrland stands out
with an average temperature of 25˚C. This indicates that the temperature within the zone range from 19˚C to
26˚C indoors, have less impact wiping out of the air than the problems that the mechanical air flows cause. All
average values
• Temperature, see Figure 10
• Relative humidity (RH), see Figure 11
Results from this study show that a major reason for the low humidity rates prevailing in indoor environments
is high air flows caused by mechanical ventilation systems.

4. Conclusions
An important issue is how human health is affected by during longer periods and for much of the day staying in
environments with low relative humidity. Several researchers have noted that the incidence of respiratory infections increase during the winter when people are exposed to long periods of low humidity indoors [33] [36] [56].
Nine epidemiological studies have provided further information on this hypothesis. Eight of these studies examined the effect of increased relative humidity from low to middle and in one study, the incidence of respiratory infections in homes with high versus middle relative humidity. Gelperin [57] studied the relationship
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Figure 4. Measurement of humidity and air temperature in two buildings and out,
geographically located in southern Norrland. A. Levels, humidity, RH % and air
temperature, ˚C in the mechanically ventilated building; B. Levels, humidity, RH %
and air temperature, ˚C in buildings with natural ventilation; C. Outdoor levels humidity, RH % and air temperature, ˚C. Measurement period December 20, 2013March 7, 2014.
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Figure 5. Levels humidity, RH % and air temperature, ˚C in the mechanically ventilated the building and
the outdoor air temperature, the measurement period 10 to 24 January 2014.
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Figure 6. Levels, humidity, RH % and air Temperature, ˚C of the building with natural ventilation, the measurement period 10 to 24 January 2014.
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Figure 7. Measurement results of humidity, RH (%), the measurement period
10 to 24 January 2014 in the building with mechanical ventilation and in
buildings with natural ventilation. Of the graphs shows that the humidity varies during the daytime when the activity going on in the buildings and to the
detriment of the building with mechanical ventilation design.

between relative humidity indoors and incidence of respiratory illness among 800 army recruits in two barracks,
one of which was damp. The relative humidity was 20% on average in the non-humidified barracks and 40% in
the barrack which was moistened. There were 8% fewer upper respiratory infections among soldiers in the damp
barrack between October and December and 18% fewer infections between January and March compared to recruits in barracks without humidification. Sale [58] found a significant reduction of respiratory infections in
children attending a moister school. Ritzel [59] noted a reduction in colds, sneezing, sore throat and fever in
preschool children after increasing the average relative humidity from 40% to 49%. Several studies have used
the absence as an estimate of respiratory infections, because about 50% of absences from school or work are
caused by viral respiratory diseases [60]. The study by Green [61] combined data for 11 years from 12 schools
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Figure 8. Measurement results of humidity, RH (%), measurement period
January 24, 2014, in the same buildings as in Figure 7, one with mechanical ventilation and a natural draft. The graphs show that the humidity is different during the daytime. In natural ventilation building boosts
the level unlike the situation in the mechanically ventilated building
where the level falls further from already low levels. There is activity in
both buildings during the day, which should bring the air moisture, but as
shown by the black graph, building with mechanical ventilation, decreases the level instead. The only explanation is that the ventilation flow was
increased from 25% to 100% efficiency.

Figure 9. Measurement results of humidity, RH (%) at all sites included in this study, which was conducted in measurement. Of the graphs shows that the humidity is different in the daytime; in natural ventilation buildings raised level,
unlike the situation in the mechanically ventilated buildings, where the level instead fall further. There is activity in both
buildings during the day, which should bring the air moisture, but as shown by the black dots in the diagrams, the level
instead of these buildings. The only explanation for this is that the ventilation flow was increased from 0 or reduced flow
rates to 100% flow efficiency.
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Figure 10. Average value, measured temperature levels in the buildings included in this measurement study.

Figure 11. Average value, measured humidity levels in the buildings included in this measurement study.

and found a statistically significant linear correlation between relative humidity and absence percent. Absence
decreased by 20% on average when the relative humidity increased from 22% to 35%. The results regarding
bacterial and viral survival demonstrating the following conclusion:
• Incidence of respiratory infections is partly dependent on the indoor occurring relative humidity.
• At the change of the relative humidity from poor or high level to a level between 40% and 60% respiratory
infections decrease [2].
The epidemiological evidence cannot be regarded as conclusive, because many of the studies are not carefully
controlled for possible disturbance factors. The decrease may be due to changes in the aerosols sedimentation
rate, decreased survival of airborne transported viruses (and optionally in the survival of viruses, attached to
surfaces such as furniture, which are transmitted by direct contact) or to a reduction of man’s susceptibility to
infection [62]-[64].
The measurements generally identifies lower humidity prevailing in the mechanically ventilated buildings
with mean relative humidity = 23.1% compared with 27.3% in buildings with natural ventilation. The difference
is 4.2 percentage points, and it must be observed that 4.2 to 23.1, after all, is a percentage of the moisture ratio
on the entire 18.2%. Measurement results show that the humidity level differs during the daytime. In natural
ventilation building the level boosts during the daytime when activities are carried out in the building, compared
to the situation in the mechanically ventilated building where it happens that the level even further decline. One
must not forget that the average value of natural ventilation buildings, out of people’s view of health, will be a
bit misleading when the humidity is higher daytime (people in the building) than during the night when it usual-
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ly is not anyone in the building. There is activity in both building types during the day, which should bring the
air moisture, but as shown by the study, it happens that the level instead falls in buildings with mechanical ventilation. The only explanation for this is that the ventilation flow was increased from 0 or greatly reduced flow
rates, up to 100% efficiency. If one compares the measurement results presented in Table 1 with the criteria
Figure 1 shows, there are the least negative health effects regarding the relative humidity in the range of about
40% - 60% relative humidity. Table 1 and Figure 3 show that the average value of the relative humidity in the
mechanically ventilated environment is 23.1% compared with 27.3% in the environment with natural ventilation.
It should be noted again that the environments that are mechanically ventilated, the relative humidity is lower
during the day, although the activity is going on in the building as opposed to the environment with natural ventilation where humidity rises during daytime hours due to people staying there.
The situation surrounding the relative humidity, RH, should be highlighted and addressed in an entirely different way than it is today. Given the complaints about health problems perceived in the buildings there is nothing that contradicts that of the low humidity is a cause of these problems often called “sick-building-syndrome”
(compare with what is described on the theme page The sick building, Swedish Work Environment Authority)
[65]. The number of complaints of skin irritation such as hives (urticaria), skin redness (erythema) and dermatitis among workers in several factories and into a building’s switchboard declined after the relative humidity was
increased from level 30%/40% up to over 50%. Skin irritation may in part have been caused by an interaction
between the low relative humidity and chemicals such as trichlorethylene [66], cyanoacrylate [67], and a methacrylate polymer [68].
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