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ABSTRACT

A 3-yea reseach projed was establi shed in 1999to creae numerica reference data for
indoa air quality follow-upin new buildings. A total of 12 measurement sites, representing
the present construction pgradicein Finland, were chosen for investigation. Low-emitting
surfacematerials acarding to the ‘ Finnish Classficaion o Building Materials were used at
al sites. Theindoa air VOCs, formaldehyde and anmonia concentration as well asthe
temperature, relative humidity and the ar exchange rate were defined for the newly finished
buil ding. The measurements were repeded after 6 and 12months. The dfead of the different
buil ding types, bulding materials and external condtions onindoa air concentrations are
summarized along with the questionreire results given to the inhabitants onthe indoa air
quality experienced, living environment and hedth effeds. Asa anclusion, justification
aspeds for indoa air concentration target values, defined in the Finnish ‘ Clasgficaion o
Indoa Climate 2000 are discussed.
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INTRODUCTION

In order to improve the quality of indoa air the Finnish classficaion d indoa climate was
developed (FiISIAQ, 200). The dassficaion gives target values for indoa air concentrations
of VOCs (TVOC), formaldehyde and ammonia, which have to some part been considered to
be resporsible for hedth eff eds among inhabitants or indicaor compounds for structure
degradation. This gudy investigated how the limitsfor indoa air concentrations defined in
the dassficaion can be reated in residentia buil dings, which are built with today’s good
buil ding pradice, including structure humidity control, and in which low emitting, classfied
materials are used. The objedive isto creae referencedata for indoa air quality for newly
finished buldings, which can be used as a part of the quality control in today’s building
pradice and in theidentificaion d material-/moisture-based problemsin suspeded cases.

METHODS

M easurement sites

The measurement sites were chosen in collaboration with threediff erent construction partners.
Indoa air measurements were performed in seven apartment buil dings (site built and
manufadured) andin ore (site built) 2-family house. Five buil dings have amedanicd
exhaust ventil ation and threea medhanicd suppdy and exhaust ventil ation. Seven o the
buildings are locaed in the Helsinki area and orein the dty of Turku. The time of
construction for the buil dings was 12-15 months during the year's 1999-2002.

The foll ow-up measurements were performed every time in the same room (usually the
bedroom) and at the same site & all building stages. A survey among the inhabitants on their
badkground,living environment and passble buil ding related symptoms was performed at all
Sites after the 12-month foll ow-up measurement.
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Materials

At all measurement sites low emitting, M 1-classified materials (www.rts.fi) were used. That
IS, the laboratory tests performed for a 4-week-old sample givesa TVOC-, ammonia and
formal dehyde emission lower than 200, 30 and 50 pug/m? h respectively. At seven measure-
ment sites the walls were finished with screed and painted. Wallpaper was laid on the screed
a site 4. Celiling structures were finished with screed. The floor structure was finished with
fine screed (dispersal 2-5 mm) in the site built houses and with gross screed (dispersal 10—
30 mm) in the case of manufactured houses. Different types of PVC (PVC 1-6) materials and
parquets (Parquet 1-4) were used as floor covering materials. Table 1 summarizes the
building structure type and floor covering materials as well as the type of air exchange

system.

Table 1 Measurement sites (OSCC = on site built concrete cast, MCCS = manufactured,
cored concrete slab, ME = mechanical exhaust, MES = mechanical exhaust and supply

system)

Site Structure Floor covering Air exchange Time of construction
material system (heating on)

Sitel, 2ndfloor  OSCC Parquet 1

Stel, 4thfloor ~ OSCC PVC1 adhesvel ME zﬁcﬁ:tb%oo 1999-

Site1, 5thfloor ~ OSCC PVC 2, adhesive 2 g

Ste2, 6thfloor ~MCCS  PVC3 adhesvel ME Jone. . 2000-February

Site3,2ndfloor  OSCC Parquet 1 ME June 2000-March 2001

Ste4, 3rdfloor OSCC ~ PVC4, adhesve3  ME D avember 2000-kune

Site5, 2nd floor ~ MCCS Parquet 2 MES ;z(:\)réulary 2001—-July

Site6, 1stfloor ~ MCCS  Parquet 2 MES %’z%zom_DeC%ber

Site 7, 2ndfloor MCCS PVC5, adhesive 4 ME June 2001-December

Site 7, 3rd floor MCCS PVC 6, no adhesive 2001

Site 8, 2nd floor OscC Parquet 3 MES October 2001-June

Site 8, 3rd floor oscc Parquet 4 | 2002

Sampling and analysis
Indoor air sampling was performed in the closed room at approximately 1.40 m above the
floor level. No additiona ventilation through doors or windows was done 24 h prior to the
measurement. The temperature and relative humidity were registered using aVaisalall

HM P41 moisture detector during the 1 hour measurement period. The air exchange rate for
the facility was determined simultaneously with an Alnor AXD-530 meter. The total amount
of VOCs was determined by sampling 2-5 | of air on Tenax TA adsorbent and analyses with
GC-MSD/FID after thermal desorption. The TVOC was calcul ated as toluene equivalents
from the total integrated FID signal between hexane and hexadecane. The sampling of
ammonia and formaldehyde was performed on a0 005 M sulfuric acid solution. The ammonia
concentration was determined with aion-selective electrode and the analysis of formaldehyde

was done with the spectrometric acetyl-acetone method.
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RESULTS

The TVOC concentration in the newly finished buildings varied between 3102100 pg/m®
(Figure 1). The highest concentration of TV OC was measured in one of the apartments at site
7 and this was explained by a preceding ‘ bake out’ period ( the apartment was heated at 30—
35°C for 2 weeks) which was performed in the newly finished apartment after a water
leakage. In general, the TVOC concentration was above the S3- class limit of 600 pg/m®in
the newly finished buildings (FiISIAQ, 2001). The parameter that most affected the TVOC
concentration at this point was the type of ventilation: at sites 5, 6 and 8, where a mechanical
supply and exhaust ventilation system was used, the lowest TV OC concentrations of 310—
620 pg/m® were measured. The single VOC concentrations in the newly finished buildings are
reported for in a separate conference paper (Saarelaet al., 2003).

The TVOC concentration decreased in 6 months to a <600 pg/m*level at all sites except at
site 2, where the TVOC concentration reached alevel of 1000 pg/m®. Theincrease in the total
amount of VOCs was explained with the increase in the concentrations of the single VOCs

o-Pinene and &-carene, which were concluded to originate from a newly installed wooden
furniture (bookcase). In six apartments (site 1, 4, 5, 7 and 8) the TVOC concentration reached
alow level of 200 pg/m® during the first 6 months. The effect of the ‘bake out’ period in one
of the apartments at site 7 could be seen in the low TV OC concentration during the follow-up
measurements. No significant change was seen between the 6- and 12-month results except at
site 4 where the TVOC concentration level rose by theincrease in the single VOCs. The air
exchange was not functioning normally prior to the measurement since the fresh air supply
was restricted and this most likely affected the results.

Indoor air TVOC concentration and external conditions in 0- 12 month-old buildings
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Figure 1 Indoor air TVOC concentration and external conditions in 0—12 month old buil-
dings (the three columns represent the TV OC concentration in the 0, 6 and 12 month old
building at sites 1-7. At site 8 the TVOC concentration for the 0 and 6 month old building is
shown).

The air exchange rates at the measurement sites varied between 0.73-1.81 h™* during the
first year and these were above the required value of 0.5 h* in residential buildings (Ministry
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of the Environment, 1987). The variationsin the air exchange rates could to some extent
explain the differences in the TVOC concentrations measured. No correlation between the
changein the relative humidity and the TV OC concentration was observed. The use of
different building materials was a so of less importance regarding the TV OC concentration
during the first year; low TVOC concentrations were measured at sites with different structure
types (on site built concrete cast/ manufactured cored concrete slab structure), different floor
covering materias (PV C/ parquet) as well as different air exchange systems (mechanical
exhaust only/exhaust and supply system).

Theindoor air ammonia concentrations were 20-60 pg/m?®in the newly finished buildings
(Figure 2). The lowest ammonia concentrations were measured at sites 2, 3 and 7, which
differed in building structure and floor covering materials (on site built, concrete cast/
manufactured, cored concrete slab structure, parquet/PV C 3,5/6) and air exchange system.
These sites were finished in winter.

Indoor airammonia concentration and external conditions in 0- 12 month-old buildings

C—Ammonia concentration .
lati h idi realtive hum idity (%)
—e—Relative humidity temperature (oC)
00"653"“6“0” —A—Air exchange rate x10 —O—Temperature air exc hange rate x10 (h?)
(pg/m?)

100 + - 80

Ammonia concentration:
S3-class <40 pg/m? 170
S2/S1-class <30 pg/m*®

I + 60
T

-T j 1 - | 150
) > f ‘; o —+ 40
\ 130

) j P P ook P
120
K; A AXWZS N T T, T‘E TH; L.
0

site 1 (3 apartments) site 2 site 3 site 4 site 5 site 6 site 7 (2 ap.) site 8 (2 ap.)

80 +

60 +

—

40

Q

20 +

Figure 2 Indoor air ammonia concentration and external conditions in 0—-12 month- old
buildings (the three columns represent the ammonia concentration in the 0, 6 and 12 month
old building at sites 1-7. At site 8 the ammonia concentration for the 0 and 6 month old
building is shown).

The ammonia concentration levels changed during the first year and the variations
correlated with seasonal variations, i.e. the changes in the relative humidity. The relatively
high concentrations of 60-90 pg/m? were measured in the 6-12 month old buildings during
the summer, which is clearly above the S3-level of 40 pg/m® (FiSIAQ, 2001). The relative
humidity was at this point 50% or higher. In the winter the relative humidity was below 40%
and the ammonia concentrations measured were on the level 20-50 ug/m?®. No difference
between the different air exchange systems used on the ammonia concentration was observed.
The use of different building materials had no significant effect on the ammonia concentration
during the first year.

Theindoor air formal dehyde concentration was 13-37 pg/m® in the newly finished
buildings (Figure 3). Seasonal changes were observed during the follow-up measurements at
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the sites where a mechanical exhaust ventilation system was used. In general, higher
formal dehyde concentrations were measured in summer time when the relative humidity was
50% or higher. However, the formal dehyde concentration did not significantly exceed the S2-
class level of 50 pg/m® during the first year at any measurement site (FiSIAQ, 2001).

Indoor air formaldehyde concentration and external conditions in 0- 12 month-old buildings
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Figure 3 Indoor air formal dehyde concentration and external conditions in 0—-12 month old
buildings (the three columns represent the formal dehyde concentration in the 0, 6 and 12
month old building at sites 3—7 , at site 1 the 6 and 12 month results are shown and at site 2
and 8 the 0 and 6 month results are shown).

The survey performed among the inhabitants showed that there were no complaints on
indoor air quality regarding building related symptoms during the first year. The age range of
the inhabitants was distributed evenly from 4 yearsto >60 years (atotal of 20 inhabitants) and
all of them had been living in the apartments for the 12 month measurement period. No
smoking inside or pets were reported or observed during the follow-up measurements. The
apartments were vacuum cleaned and washed once a week on average.

DISCUSSION

In this study it was concluded that the target values for indoor air concentrations, defined in
the Finnish ‘ Classification of Indoor air Climate', were not reached during the first year in
new, residential buildings, in which classified, low-emitting building materials were used.
From the follow-up measurements it could be concluded that, in general, the S3-class limit of
40 pg/m® for indoor air ammonia concentration was exceeded in new buildings during the first
year. The TVOC and formal dehyde concentrations reached, in general, the S2/ S3 class values
in 0—6 months (FiSIAQ, 2001). No complaints on indoor air quality were, however, registered
in the survey performed among the inhabitants.

Theresults indicated that external conditions significantly affect the indoor air
concentration levels in new buildings. The ammonia and formal dehyde concentrations
correlated with the seasonal changes in the relative humidity whereas the air exchange rate
mostly affected the TV OC concentration during the first year. The activities of the inhabitants

263



264 Proceedings: Healthy Buildings 2003

also contribute to the concentration levelsin the inhabited buildings and this should be noted
for when indoor air measurement results are evaluated. Especially, their contribution to the
functioning of the air exchange system is of importance and, therefore, this should always be
checked and reported for when the indoor air concentrations are determined.

The results for the emission measurements performed at the sites presented here are
reported for in another conference paper (Jarnstrom and Saarela, 2003).

CONCLUSIONSAND IMPLICATIONS

The indoor air data presented here were collected to form a reference database, which serves
asatool for indoor air quality follow-up in quality control as well asin suspected indoor air
problem cases. Building designers and constructors can use the knowledge gained during this
project to develop their building practice in the course of producing buildings with high
indoor air quality.
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