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Abstract. This work focuses on researching wood as a low-emitting 

building material. Many studies showed that by regulating the emission of 

adverse chemicals from pressed wood products, they could be recycled as 

low-emitting materials. The presented case study, shows the measurements 

of the indoor air quality in a passive, low-energy, wooden, light frame house. 

Concentrations of Volatile Organic Compounds (VOC) and formaldehyde 

were measured and compared with data from other case studies made in this 

subject and with the current Hungarian and international regulations of 

adverse chemicals. The main VOC materials which concentrations were 

significant in all measurements were terpenes (limonene, alpha-pinene, 3-

carene), aliphatic-hydrocarbons and aldehydes (acetic acid, 2-Methoxy-1-

ethylmethyl acetate). The comparison showed that the concentrations of 

benzene, toluene, naphthalene, formaldehyde, and styrene were not deviant 

from the average values measured by other case studies. The observations 

showed that the main influencing factors of indoor air quality were the 

changes in indoor temperature, relative humidity, air exchange rate, and 

human activities. The conclusion is that the wooden materials applied in the 

house are low-emitting materials and do not pose a health risk for people.  

1 Introduction 

The global climate change and increasing energy requirements have led to the development 

of airtight, energy-saving buildings with very low air exchange rates. Because of the cheap 

mass-production the most common building materials are synthetic materials. The houses 

may become more and more comfortable and automatized, still the question arises: Do these 

technical improvements provide a healthy living-space for people? 

We spend 80-90% of our lives inside buildings [1]. Environmental health researchers 

have been investigating intensively the indoor air quality of newly built homes, existing 

homes and converted homes [2] [3] [4]. The guidelines of WHO (World Health Organisation) 

categorize the harmful substances emitted by the sources [5]. In Germany the Committee for 

the Health Assessment of Building Materials first defined VOCs from the emission of 

building products in 2000. Now more than 180 different VOCs can be defined [6]. There are 

some countries where the regulations of the indoor air quality define the building materials 

and the concentrations of adverse chemicals emitted from them. In the European Directive 
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emphasized, that the buildings cannot pose a health risk to the residents through the emitted 

adverse chemicals [7]. 

 With the right choice of building materials and technologies the sources of adverse 

chemicals can be avoided. Wood is one of the most environment-friendly raw materials [8] 

[11]. Wood cells contain high amount of carbon absorbed from the CO2 component of the 

air. Engineered wood products contain chemical materials in form of added adhesives or as 

surface treatment etc. These chemicals have significant emissions of volatile organic 

compounds (VOCs) that could cause health risk especially in indoor spaces [9] [10]. 

  There are approaches made to develop ecological technologies in manufacturing and 

treatment of wooden materials [12-16]. There are several studies about the emission of VOCs 

and formaldehyde from wood-based composites, such as MDF, plywood, particleboards, etc. 

Ze-Li showed in their study that the most emitted VOCs were terpenes, aldehydes, and 

aromatics. Pine wood plank had the highest VOCs (approximately 900 μg/m3). Fresh 

particleboard showed the second highest value with 450 µg/m3 [17]. Another study compared 

the emissions of VOCs from air-dried pine wood and heat-treated pine wood. Significant 

chemical changes have occurred, and volatile monoterpenes and other low molecular weight 

compounds have evaporated from the wood during the heat-treatment process when 

compared to air dried wood [18]. The emission of wood-based materials depends on the type 

of wood. Hard wood emits high concentrations of acetic acid and formic acid, while soft 

wood emits more terpenes (alpha-pinene, 3-carene, etc.) [19].  

Song-Yung measured the emissions of particleboard from recycled wood-waste chips 

using polymeric 4,4-methylenediphenyl isocyanate (PMDI) and phenol-formaldehyde (PF) 

resins. PMDI is one of the most used aromatic isocyanates in the world. 5 million of tones of 

PMDI are produced yearly. It doesn't pose a health risk, but it can cause irritation [20].  

In other studies, there were used natural resins instead of UF or PF at the manufacturing 

of engineered wood. Sumin Kim used natural tannin as adhesive in wood-based flooring. 

They had to add PVAc to increase the bonding strength of tannin. The formaldehyde emission 

was lowered even by adding PVAc (Polyvinyl acetate), and more greatly reduced when UV 

curable urethane acrylate was coated [21]. The volcanic pozzoloan is another material added 

as scavenger to engineered wood, which reduced the emissions of formaldehyde [22]. In a 

newly-built wooden house the concentrations of the emitted adverse chemicals can be 

reduced with the "bake out" process. The inside temperature is raised to 32-40°C and kept it 

for a week. The extent of the reduction of adverse chemicals in the indoor air is about 60-

90% [23]. 

There are lots of examinations made in test chambers measuring the emission of 

chemicals from the single building products. But still there are less study showing 

measurements of adverse chemicals in the indoor air of wood buildings [24].  

The presented case study shows the measurements of the indoor air quality in a passive, 

low-energy, wooden, light frame house. Concentrations of Volatile Organic Compounds 

(VOC) and formaldehyde were measured and compared with data from other case studies 

made in this subject and with the current international regulations of adverse chemicals. 

2 Measurement 

The sampling was performed in a newly built, low-energy, frame-house. Description sees in 

our former paper [25]. Six measurements were taken in different phase of building process 

throughout the period of a year. The results of the measurements showed the changing 

concentrations of adverse chemicals (Table 1). 
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Table 1. Comparison of the measured values with the mean values related to Middle-European case-

studies. 

Measure-

ments 

1. 2. 3. 4. 5. 6. 
Mean value Middle 

Europe  

(µg/m3) 

Benzene 3.11 2.79 0 1.66 2.35 1.65 3.1 

Toluol 11.6 5.09 6.13 19.07 38.4 4.81 20.6 

Styrol 3.06 1.32 0 4.98 147 7.93 1.1 

Formaldehyd

e 

34 11 130 49 99 32 29.8 

Naphtalene 0 0 0 1.81 1.15 0 1.1 

Limonene 64.7 21 15.8 59.7 289 30.2 17.2 

Alpha-pinene 297 170 300 300 2710 284 12.9 

 
By summing the measured concentrations of VOCs, we get the TVOC values. These 

values are plotted in Fig.1. The graph clearly shows that TVOC concentrations were 

influenced by indoor temperature, indoor relative humidity, and air exchange rate. Human 

activities and the furniture had the greatest impacts on the concentrations.  The TVOC value 

of the first measurements was 2150 µg/m3, the last was 1190 µg/m3. After the first 

measurement the air-heating was turned on, and the indoor temperature was not increased, 

this is the reason of the decreasing values. Before the 4. measurement the floor-heating was 

turned on, the indoor temperature lifted to 21°C. This must have caused the increased 

concentrations. This assumption of ours seems to be confirmed by study of Young [28]. 

During June the indoor temperature raised above 24°C which indicated the significant change 

in the concentrations. In this period were the rooms furnished, which could have affected the 

increasing values as well. Probably the frequent natural ventilation indicated the lowering of 

high VOCs concentrations. 

 

 

Fig. 1. TVOC values of the measurements. The red dots show the indoor temperature, the blue dots 

show the indoor relative humidity. 
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The concentrations of benzene (3.5 µg/m3) were not deviant from the average values 

measured in other case studies, and from the current Hungarian and international regulations 

of adverse chemicals (Fig. 2). They did not pose a health risk. The concentration of toluol 

was between 2.9 – 38.4 µg/m3. The increase was affected by indoor temperature, indoor 

relative humidity, and the presence of furniture in the room. The highest concentration 

exceeded the maximal value given by WHO (20 µg/m3). 

The concentration of formaldehyde with the value of 130 µg/m3 did overpass the values 

of the current international regulations by the WHO (100 µg/m3) during the third 

measurement, but it was just temporary (Fig. 3). The main sources were the wooden materials 

cut into pieces in the living room. By the following measurements the concentration of 

formaldehyde was slightly increased because of the rise of the indoor temperature. 

 

 

Fig. 2. Benzene and toluol values of the measurements. The red dots show the indoor temperatures, 

the blue dots show the indoor relative humidity. 

 

 

Fig. 3. Formaldehyde values of the measurements. The red dots show the indoor temperatures, the 

blue dots show the indoor relative humidity. 
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The rate of the wooden clothing in each room had a great influence on the concentrations 

of alpha-pinene and 3-carene. These chemicals are not toxic, therefore they did not pose a 

health risk. Fig.4. shows the influence of indoor temperature, indoor relative humidity, and 

the presence of furniture in the rooms on the concentrations. 

 

 

Fig. 4. 3-carene and alpha-pinene values of the measurements. The red dots show the indoor 

temperatures, the blue dots show the indoor relative humidity. 

3 Comparison with other studies 

During literature survey we have found around 200 papers regarding in-situ measurements 

of IAQ in buildings, reviews and chamber test methods of building materials. After sampling 

the measurement data we compared some of them with our values. But it still shows a very 

chaotic picture about the guidelines of measurements, which makes it hard to evaluate them. 

Each country has different regulations of maximal exposures of adverse chemicals and 

different measuring methods as well. 

For a detailed analysis a further research work is needed. 

The case studies were categorized into three main groups: 

- Conventional, newly-built or renovated houses (before moving in and after moving in)  

- Conventionally-built houses 

- Houses with low-emitting building materials (before moving in and after moving in) 

The strategy of the comparison was based on the maximal and minimal TVOC values 

measured in our study. In Table 2 are the chemicals chosen to be compared. 

3.1 Conventionally built and renovated houses 

Rothweiler measured in their study the IAQ of newly-built or renovated apartments. Their 

results showed an elevated percentage of aldehydes, ketons, and alcohols. They suspected 

that the high concentrations and the lack of ventilation can cause - immediately after moving 

- in symptoms of head-ache, irritation of the eyes. The presence of furniture and human 

activity cause an additional rise of the concentrations table 2 [26]. 

Seung H. examined the indoor air quality of 107 newly-built apartments in Korea at the 

pre-occupancy stage. The dominant VOCs were: formaldehyde, aromatic hydrocarbons, 
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alcohols, terpenes, and ketons. The high concentration of formaldehyde could be caused by 

not following the Korean Ministry of Environment guidelines for formaldehyde emissions. 

The main sources were suspected to be wood panels, vinyl floor coverings, adhesives and 

paints table 2 [27]. 

The conclusion is that our measured values are mostly the lowest, with the exception of 

limonene. That is the effect of the high percentage of the wooden materials in the house. 

3.2 Conventionally built houses 

Kostiainen quantified 48 compounds on the basis of their prevalence, toxicity, 

carcinogenicity and mutagenicity in 50 normal houses. They have measured high 

concentrations of VOCs in normal houses, which suspected, that not only VOCs are affecting 

the indoor air quality [29]. 

Tuomainen measured the indoor air quality of normal houses, and found that the 

concentration of TVOC were significantly higher before the residents moved in because of 

the deficient ventilation and the high-emitting building materials [30]. 

 Compared to these two case studies the minimal values from our measurements were 

lower, but the maximal values were significantly higher (Table 2). 

Table 2. Comparison of values of VOCs and TVOC measured in conventionally built houses with 

values from relevant case studies found in the literature. 

Components 

Measure values 

Patkó et al. (2013) 

Case studies from literature 

KOSTIAINEN (1995) Tuomainen et al. (2000) 

Min. 

value 

Max. 

value 

Min. 

value 

Max. 

value 

Before moving 

in 

After 5 

months 

Benzene 1.65 3.11 0.21 38.55 - - 

Toluol 4.81 38.4 0.6 70.36 - 84 

Styrol 1.32 147 0.08 3.87 - - 

Formaldehyde 11 130 - - 12.0-27.0 5.0-19.0 

Naphtalene 1.15 1.81 0 1.63 - - 

Limonene 15.8 289 1.34 51.56 - 19 

Alpha-pinene 170 300 1.05 36.41 - 51 

TVOC 795 7130 40.84 235.85 1290.0-9580.0 170.0-

1335.0 

3.3 Houses with low emitting building materials 

Tuomainen investigated the IAQ of houses built by following the instructions of the Finnish 

Classification of Indoor Climate, Construction and Finishing Materials. The ventilation 

system was kept at a high capacity for one week after its completion before occupants moved 

in. Indoor air parameters were measured in one apartment on each floor before occupants 

moved in (2 measurements) and after a 5-month occupancy [30]. 

In the study of Guo a low volatile organic compound (VOCs) emission house was 

investigated. The construction materials used in the house were tested in an environmental 

chamber and low VOC emission materials were then selected. The ventilation was 

maximized by the right placement of the windows. The TVOCs concentrations measured in 

the house ranged from non-detectable to 43 (μg/m3). This study confirmed that for 
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controlling IAQ was pollution prevention very effective and the next most important was the 

design of ventilation rates to handle uncontrollable sources [31]. 

The volatile organic compounds (VOCs), formaldehyde, and ammonia concentrations as 

well as temperature, relative humidity, and the air exchange rate were determined right after 

the finish and after 6 and 12 months. 240 VOCs were detected, from which xylol and alpha-

pinene had the highest concentrations.  After six months the values of TVOC were 

significantly decreasing. The concentrations of ammonia and formaldehyde showed seasonal 

variations, i.e., higher concentrations were measured in summer [32].   

 Compared to these two case studies the minimal values from our measurements were 

lower, but the maximal values were significantly higher (Table 2 and Table 3). 

Table 3. Comparison of values of VOCs and TVOC measured in ecologically built houses with 

values from relevant case studies found in the literature. 

 Rothw

eiler et 

al. 

(1992) 

Seung 

H. et 

al. 

(2012) 

Case studies from literature 

Tuomainen et al. (2000) 

Guo et 

al. 

(2003) 

Jarnstrom et al. (2006) 

Component

s 

Avg. 

value 

Avg. 

value 

Before 

aeratio

n 

After 

1 

week 

After 

movin

g in 

After 

1 year 

After 

finis

h 

After 

6 

month

s 

After 

1 

year 

Benzene 20 3.9 - - - - 0 0 3 

Toluol 9741 184 - 19 12 - - - - 

Styrol 167 2.7 - - - - 3 2 3 

Formaldehy

de 

1200 62 1.0 - 

20.0  

6.00 - 

15.00 

2.00 - 

21.0 

- 19 21 26 

Naphtalene 219 0.8 - - - - - - - 

Limonene 224 4.3 - 140 23 - 12 10 12 

Alpha-

pinene 

867 9 89 46 - - 61 37 35 

TVOC 31696 - 210- 

1800 

100 - 

1100 

61 - 

410 

0 - 43 780 329 247 

4 Conclusion 

The comparison showed that the concentrations of benzene, toluene, naphthalene, 

formaldehyde and styrene were not deviant from the average values measured by other case 

studies. The observations showed that the main influencing factors of indoor air quality were 

the changes in indoor temperature, relative humidity, air exchange rate, and human activities. 

The conclusion is that the wooden materials applied in the house are low-emitting materials 

and do not pose a health risk for people. 

The measurements of indoor air quality showed a great number of new information about 

the correlation of building materials, the use of the building, and indoor air quality. They are 

providing the designers and the building occupants with essential information about the state 

of the building and the health impacts. They can be used in many types of the architectural 

processes, e.g. in building diagnostics for renovations, in measuring the health impacts of a 

newly built house, and in finding the main sources of adverse chemicals of buildings with 

"sick building syndrome". 
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By choosing the right building materials (low-emitting materials) and technologies can 

these adverse impacts on the indoor air quality be avoided. For this, there must be a regulated 

and up-to-date database of low-emitting materials accessible for designers and building 

contractors, to create with breathing structures an environmentally conscious, healthy living-

space. More in-situ measurements are needed, to get a wider view of the health state of 

buildings and how they affect our health. 
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