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BUilding Materials Identified 
as Major Emission Sources 
H. Gustafsson 

ABSTRACT 
Building materials can be considered as emission sources in 

buildings due to the large surface areas exposed to the indoor 
air. A critical rtview of the international literature concerning 
emission of volatile organic compounds from building materi
als has been performed. The final report includes 24 case studies 
where various building materials have been identified as major 
em~ion so~rces. Some earlier unpublished Scandinavian field 
studies are included. In most cases, the emission sources have 
been identified by parallel measurements, e.g., a diinate cham
ber. Each Ji.el~ study has been selected to represent a specific 
type of emlSSlon source and/or pollutant. The review· does not 
include radon or formaldehyde, since the sources for these com
pounds are generally recognized. This article summarizes the 
findings in the final report. 

INTRODUCTION 
. ~mission .of volatile organic compounds (VOCs) from 

building matenals is often mentioned as a reason for bad indoor 
~r in buildings. However, with the exception of materials emit
tm~ radon or _formaldehyde, building materials are rarely de
scnbed as ma1or, long-tenn, and original emission sources in 
the i~ternational literature. Since materials in construction, 
especially large amounts on surface areas, are permanently ex
posed to the indoor air, it is crucial to have a view as to what 
extent building materials contribute to indoor air pollution. 
Th.er7fore, it ~as decided to review case studies identifying 
buddmg matenals as emission sources. 

.The final report 10 includes 24 case studies in which various building 
macenals have hem identified as major emission soun:es. In most cases, the emission 
source has been identified by parallel measuremems (e.g., in a climate chamber), an 
approach proposed earlier.9·31•42 The review is based on the interna
t1o°:al literature, conference proceedings, etc., as well as some 
earlier unpublished Scandinavian case studies. For case studies in 
Scandinavi~ languages, literature references in this article are 
made to the final report. The review does not include volatile 
comp?unds from fungi, etc., gases from incinerators~"emissions 
f~om impregnated wood, and neither radon nor formaldehyde, 
smce these sources are generally recognized.· Each case study has 
been selected to represent a specific type of emission source 
and/or pollutant. This article summarizes the findings in the 
final report. 

IDENTIFIED EMISSION SOURCES 
Floor coverings based on polymeric resins often contain 

monomers and solvents that may emit to the indoor air. The 
?ccui:re~ce of 4-PC (4-phenylcyclohexene) is frequently reported 
1.n butldmgs with newly installed textile flooring with latex back
ing (e.g., references 30,33). Even emission of styrene is reported 
from latex backing.44 Styrene has also been found in office air 
due to emission from rubber floor tiles.4' Floor tiles based on 
cork and phenolic resin have given rise to strong odor of phenol 
in indoor air. 12 

Vinyl wall-to-wall carpets have in different cases been identi
fied as major emission sources. Industrial solvents used in the 
manufac~ure ?f vinyl floor covering, such as 2,2,4-trimetyl-l,3 
pentanediol diisobutyrate, "TXIS:'27 and dodccylbenz.enelJ have 
been detected in indoor air. Dodecene has been detected in' office 
air and seems to b~ a decomposition product of dodccylbenzene 
formed in the manufacturing process of vinyl floor carpeting. 14 
Ethylhexylacrylate has been emitted from. vinyl floor coverings 
due to a deficiency of the UV-curing of the surface lacquer layer 
of the carpet.16 

Vinyl wall-to-wall carpets often contain more than 200Jo 
plasticizers by weight. The most common plasticizers are phtha· 
late esters such as diethylhexylphthalate, OEHP, which may 
hydrolyze, giving rise to emission of ethylhcxanol. The hydrolysis 
of, e.g., DEHP is strongly dependent on the Ph and the moisture 
content in the underlying concrete; Ph values of 14 have been 
measured in pore solution of cement pastes. 25 

Especially in Scandinavia, higher alcohols such as ethylhex
anol in the range of a few micrograms per ml are rather fre
quent~y d~tccted in indoor air. This is because the floor covering 
often 1s laid before the underlying concrete has been allowed to 
dry out properly. 1 Adhesive seems to increase the migration of 
higher alcohols from the carpet to the concrete. 24 To reduce the 
level of higher alcohols in indoor air, it may often be necessary to 
remove the adhesive and the upper layer of the floor base. 
Odorous compounds such as phenol and methylphenol (pcresol) 
can be emitted from vinyl flooring with phosphor-containing 
plasticizers due to moisture-induced degradation. 11 These types 
of plasticizers also act as flame retardants in vinyl floor 
coverings. 

A smooth floor base can be applied with a self-leveling 
floor-topping compound directly on the concrete. Since the com
position of such a compound is rather similar to concrete, even 
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floor-copping compounds with high pH may induce hydrolysis 
of phthalic esters. Some floor-topping compounds contain 
casein as a superplasticizer, and high pH and moisture content 
may give rise to emission of gaseous ammonia due to the decom
position of casein. Ammonia is known to stain oak, e.g., in par
quet flooring. 29 Another volatile decomposition product of 
casein is o-aminoacetophenone, odorous at ppt level. 

Linoleum carpet, with its content of cured linseed oil, can 
sometimes give rise to an unpleasant smell due to oxidation of 
fatty acids. Linoleic acid and other unsaturated fatty acids in 
the carpet are split to aldehydes with lower molecular weight. 
Also, paint based on linseed oil (alkyd paint) may emit alde
hydes to the indoor air and even carboxylic acids at increased 
temperatures on radiators. 37 Acrylic paint intended for outdoor 
use only has been applied indoors, followed by release of 
bucylmethacrylate. 18 Indoor use is reported of an odorous 
building sealant intended for outdoor use and containing sul
furic compounds. 45 Moisture repellent for other walls may emit 
white spirits into living rooms (4) even up to 6 mg/m3 .1s 
Moistened mineral wool may emit aldehydes and ketones. 38 
These types of volatiles are produced during microbiological 
growth. 26 Damp-proof membrane containing coal tar is re
ported as a source for odorous naphtalenes. 5 

In most cases, the emission from building materials can be 
considered as simple off-gassing of volatile compounds. Most 
obvious is the initial emission of solvents from paint and var
nish. However, paint and varnish may also release voes even 
after the drying phase. More than six months after application, 
waterborne paints may emit film-forming agents,~ and glycol 
ethers, 45 and polyurethane lacquers may give measurable 
amounts of various solvents.28 Paints have also been reported 
as a source for PCB35 and for dibutylphthalate, causing chlo
rophyll deficiency followed by whitening of plant leaves.40 

Decay of Building-Related VOCs 
Vinyl wall-to-wall carpets are reported as emission sources 

long after they have been installed. Compounds such.as dode
cene, 14 TXIB, 27 and ethylhexylacrylate16 have been quantified 
in the 50 l-'g/m3 level even years after installation. Carpets with 
styrene-butadiene backing have given rise to levels of styrene in 
a school of more than 3 mg/m3 eight years after installation. 44 

The occurrence in the indoor air of compounds with rather low 
volatility, such as phthalates39 PCB and TXIB, seem to be very 
much due to adsorption on dust and airborne particles. 
Adsorbed compounds can be released when dust is heated to 
70°C or more on electric bulbs, radiators, and cooling panels on 
refrigerators. 20 

The total level of volatile organic compounds (TVOe) in 
newly constructed buildings with no inhabitants has been meas
ured for almost a year. 19 In five out of six houses, the levels have 
been reduced by about half or more during the first six months. 
In the house with the almost constant level of TVOC, the pollu
tants are assumed to be absorbed and desorbed in the ventila
tion plan~. Measurements of air contaminants, typical for 
indoor air, in a newly built preschool were reduced by two-thirds 
within the first six months. 2 Even other investigations show that 
the contaminant level is heavily reduced during the first six 
months of occupation.43 The VOC levels in buildings at differ
ent air exchange rates have been measured. 3.21,36 

CONCLUSIONS 
Certain budding materials have been identified as major 

emission sources in buildings. Especially solvent- or monomer-
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containing surface materials such as paint and carpets are 
reported as emission sources. It is well known that increased 
levels of volatile compounds may affect health or comfort, but 
even electronic equipment can develop problems. 32 

Since very few investigations of VOCs in unoccupied and 
unfurnished buildings have been reported, the relative contribu
tion of pollutants emanating from building materials cannot be 
generally estimated. Furthermore, the occurrence of individual 
voes may vary considerably over time, e.g., hexanol is reported 
to be at a level about lOOOJo higher due to increased emission 
from kitchen cupboards and other wood materials during the 
warm period. 46 The disparity in composition and level of VOCs 
between buildings has been demonstrated in different investiga
tions 7·22,23.4! and is often due to different human activities 
(restoration, etc.). 

The most common measure for reducing emissions in 
buildings is naturally to remove the source. For flooring mate
rials, it may also be necessary to remove the adhesive, especially 
if the adhesive contains odorous compounds such as higher 
alcohols released from the floor covering (e.g., references 16,24). 
In order to minimize emission from remaining compounds, 
concrete floorings have successfully been covered with 
polyurethane44 or epoxy lacquer layers. 5 In cases with excessive 
emission, increased ventilation does not seem to reduce the 
magnitude of the emission source. 4•24 Ventilation with heated 
air, "bake out:' may, however, in certain cases reduce the emis
sion from building materials. 8 

Especially in product development, a deeper knowledge of 
the chemical mechanisms involved in the release of compounds 
is essential. Minimized emission also presumes that relevant 
testing methodology is available. Climate chambers are useful 
tools in emission factor determination, 6•34 but there is also a 
need for routine test methods in product development and in 
production control. Small-scale devices for emission measure
ments have been reviewed. 11 An emission cell both for indus
trial applications and source identification on site in buildings 
has recently been designed.47 

RECOMMENDATIONS 
• The client/contractor buying building materials is recom

mended to require information about the manufacturer~s 
Quality Assurance System, especially for products based on 
solvents and monomers. Without the QAS, single emission 
data or information about the material constituents is less 
valuable. 

• Building materials have to be protected from moisture during 
construction and after installation. This is especially impor
tant for linoleum, mineral wool, casein-containing floor-top
ping compounds, and vinyl flooring with a high content of 
plasticizers. Concrete has to dry out before the floor cove·ing 
is started. 

• Building materials must be applied in a proper way. Sealants 
and paints for outdoor use should not be used indoors. 
Moisture repellents for outer walls should be used with 
caution. 

• Formulation of building materials in the product develop
ment phase provides a wide range of possibilities; e.g., for 
waterborne construction paints, constituents can be sub
stituted in order to minimize the long-term emission. 

• The building material producers have to know more about the 
chemical mechanisms influencing the release of volatile com
pounds. The producers may also take advantage of the 
development of test methods in product development. 
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