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ABSTRACT

Measurements of VOC, formaldehyde, temperature, relative humidity, ventilation and
inspections of humidity related problems were made in 178 randomly selected Swedish
dwellings. More than one hundred single VOCs was identified with a mean concentration less
than 25 pg/m’. The concentration of 80% of the identified VOCs were less than 10 pg/m’.
One-family houses had a higher concentration of VOCs than multi family houses. Building
period, type of ventilation system and indications of humidity related problems in the dwelling
did not correlate with the concentration of VOCs to any larger extent. Relative humidity in
indoor air were positively correlated to some VOCs, however, temperature and ventilation rate
was not correlated to VOCs.
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INTRODUCTION

The main part of the done measurements of Volatile Organic Compounds (VOC) in non-
industrial indoor air has included the “total” concentration of VOC, i.e. TVOC [2,14]. This
means that there are limited data concerning single VOC-compounds (VOCs) in indoor air,
particularly for dwellings. The purpose with the study was to estimate the concentration of
single VOCs in the Swedish housing stock and to investigate the co-variation between single
VOC:s and different building related factors.

METHODS

Samples for VOC were taken in 178 randomly selected dwellings in Sweden, 85 single family
houses and 93 apartments in multi family houses. VOCs were collected with a passive
equipment for 30 days. The definition for VOC in the study was VOCs that could be adsorbed
on Tenax TA™ with a boiling point between +50°C and about 290°C. Adsorbed compounds
were desorbed thermally to a GCMS-system (Shimadzu QP 1000, equipped with a Chrompac
Thermal Desorption Device). Results were reported in n-decane equivalents with a lower
detection limit of 1 pg/m’. Indications of dampness related problems in the dwellings were
investigated and reported by inspectors. Five different indications were used: Condensation on
inside of window panes, humidity problem in bathroom, humidity problem in basement,
humidity problem in dwelling, mould odor in the dwelling. Two indexes were calculated:
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DAMPI: at least one of the four indications (condensaiion excluded), DAMP2: at least one of
the three indications (conden§a1;10n and humidity, problems in basement excluded). Statlstluab’
analy51s of differences in mean concentratlon, of,VOUs between differept,building 1-+: il 1o
environments were made by ANOVA.
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The mean oonwntraubn of TVO(, und. !ormaidchydc was 350 Htg/m (85-1050 pg/m’) and

12 pg/m? (0- 62 ug[m3) respectwely in mhe 178 dwclimgs see also [12]. About 120 single’ _,"__’- I
VOCs could be 1dem1ﬁcd in the mdom alr ~of" the dwellings: Of‘theselmere‘we_gc 2INOEg:

with a mean coucenn ation above 10 14 m ik. about 80% of the identified compounds Had'a'"
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Table 1. Vuldult: Ox):,arm. (.Ulnpouuds (VOL) wilh & sean 4ic wnwulmlluu leUVb 10 pg/m
identified in 178 randomly selected Swedish dwelhngs (85 smgle farmiy hoses ‘4nd

11193 -apartments in multi family houses). :. v ¢ w0 b an g posrneenc A
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1) Number; of dwellings where the:sVOC:compound could be idéntified.. .1/ 11 uilior A
2) Proportjqn of he; 178 dwsllings-whigre, the, VQC-compound conld be identifiod i1 istirovie it
3) Sum of hexamethyl cyclotrisiloxane and octamethyl cyelotetrasiloxaneistiof i) ool « wuobio-n
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Identified VO@-compounds wigte summed Yip: 1 differetit bhe’ﬂlib‘al gl‘bups The concentratlon
of different grotips 60V OCS s presented 4ir Table 2.5 141" ”/ LR
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Table 2. Mean concentration of different chemical groups for VOCs including TVOC in 178
randomly selected Swedish dwellings.

Chemical group(s) Valid| Min. Max. | Median | Mean |Std. Dev.
vt ooe0t e i L ON b ugrm®y | igm®y ] (agm®) | ugind 47
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VOCs.in- .mdopn air and bulldmg related faotorsJ TR I Lot

A comparison was made between the air-concentvatien of single. VOCs in'single family

houses and multi famlly houses. .17:VOCs showed a higher mean concentration in single ' !

family houses. Howevesi.the difference was significant only in 6 cases. The TVOC- -

concentration was aléb Signiﬁcatitly hlgher n’single famlly houses compared to muiti fanuly
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The corhpansbn_beméendwelhngs burlt before and_after 1973 showed no si gmﬁcant ::i
difference for single VOCs. However. the -mean.concentration of alkanes/alkenes wcre S
mgmﬁcanthrgber in dWelhngsbullt before-1973 ~A9R/71 ug/m ).- - ol v
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The mean concentrauon of smgle‘VOCs ws—hlgher in natprally ventilated dwellings in 29 ="
cases. Howeuer, the- resukwas—s;gmﬁean&onlyfor n-nonanal and n-undecane Furthennore “!
the concemmnon of TVOC{4O 1+3 ¥7 pg/m’ ? an aldehydes (32/ 18 pg,/m ) were mgmﬁcantly % l
higher in the natmlally Yentﬂated-gwell'nig e e

LR o S L [ = =

{ f o,

i l )
Thus, the mvesugatiorr shov‘led thag-the type—pf burldmg was the most m'lportant bufldmg ~ adli
factor for VQC m'mdoqr aira stratrﬁed analysis'was nrade for bmldmg period and type of

ventilation systemrin :espectfof type of mld;ng l-iowever, ‘the analysis showed the same,,,

results qs earher ; ";_-ﬁ' T T Y s
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The mean concemlratlon pf & VOC: ompareﬂ lietween dwellings w1th and without
mdlcatlonsofhunhdxtyprobjlemf ln‘dboﬁs Thg analysis showed that the mean concentrationiof
18 VOCs Were‘hlgher imdwellings with" ‘repoﬁed—ﬁ”ﬁensatlon on window panes However, 1
the result'was s1gn1ﬁc;m} only for. butoﬂetoxyetano'l' (21.9/6.9 pg/m ). The mean |
concenttatigi for i‘[n'dmcﬁx”ﬁl 'VOCs was also higher in dwellings \ with reported humidity
problems in bathroomcin 14 Eases'Eut mgmﬁeant only for n- tndeczlne alkene C12 andialkane
C7.In dwell,mgs vo{xiﬁ-rqported humxdlty problems in the basement the mean concentr tion-of'
individual VOCs was hlgher m’lQ «cases, howerver sxgmﬁeantly hlgher only for n-undé€cane ' '»;,
(2117114 ng/'m ) ‘and n-nonane (14 477.0 pg/m ) h\ dwellings with the criteria of DAMP1 _
fulﬁlled the mean con;;entratlon n of 14 VOCswas h1gher eompared to dwellings without!+ .1/}
DAMP] fulfilled. However, no.sesult.wasisignificant, Furthermore; 12 VOCs had a higher * (
mean concentration where DAMP2was: fulfilled but the. dlfferenoeélwere ‘only 'significant for‘ :

n-tridecane. alken (unidentifiedyand:atkane C7ii e o e v Lt E
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Finally, the correlation between the concentration of VOC:s, relative humidity inyigeloor ity .
ventilation rate, and indoor temperature was calculated. Since both relative humidity,
ventilation rate apd tempgrature-is different iny singlg, family houses compared.to multifamily (!
hoyses the analysisthave been adjnsted; for type-of building,; The analysisingludedndividual /i
VOCs which,conld bg identified inmore than 20%, of the) 178 dwgllings; Relative humidity, ;'inu
indoor air was gignificantly positively correlated to the concensrationof seven VOG- o,
compounds (formaldehyde, n-decane, Jimenene, alkang 12, n-hexanal, a:tridecane; alkang. .
C10)..Indoor. tcmpcrature was s1gmﬁcant positivcly)¢orrelated to tglugcn, and aromat.C8.;1 15100
Ventilation rate expressgd.as Vs, s’ showed.no significant cosrelation. with, QG Howevgtyi .i

et

ventilation rate expressed as I/s, person was;nggatively: poreelated to TVOG and the i« iler
concentration of hexanal.
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formaldehyde 15.8/9.1 *** 11.0/13. 2 ns 12.5/12.2 ns 11.8/13.2ns 12.9/12.0 ns N
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n-undecane’ 7 14.9/8:6 ** " [1113.5/104 ns | L153/9.4-%* 1| 159711 4 g1 511 BOVIILS mg i
limonene/ 01" vl (23.5/27.6 09 I}27.3/24:8 ns: [27.2/243:ms[11120.9/30.0 s |0 22:8/28. 31| 11231
alkane CI11: 1 ool 21.7/23:7 Yis | 12316/22.1 nst |+ 24:921:4ms’ |/ 26:7/20:9 ms:;}1123:6/22 5 ms - g
alkane C12 11.4/12.3 ns 12.3/11.6 ns 11.8/12.0 ns 11.1/11.4 ns 11.6/11.9 ns
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alkane @7 - 1 1 |212.9/98hs > | 12.8/10.3 08 |- 15 /108 B} 176/ 058" |° 2HSH0.8 +ol ¢
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Different 1nvest1gat10ns ‘have’ 4dent1ﬁed sevet‘alJ hu dred-differefit VOC—compounds it hiénd -
industrial itidosr air!!An Arerican database'showed hat the'condetitration for nearly 50% of
66 identified VOC-eompOuhds wére 0.444 pg/’, [1 1] [6]'reportet-that the méah'" 2
concentration for: sirgle VOCs was legs than 50 ug/m and niost of the VOCs showed a | '
coneéfitration les§ that 5- ug/m Furthertoré, several investigations have shown: *
concentrations legs than 10: p.g/mp [4,7,9; PO] “Thus; thé results presented it this- mVestlgaﬁon
is in'agreement’with Bther Stidies even if c()mpeit‘lsons is difficult because of differences ini**
sampling methods; atlalysis methods; different envitonments) etc. ' = < .« 1 iz
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The analysis showed that type of building was the most important building related factor for
con¢ehtration of VOCS indeors, The resultd‘stiowed that the concentrition often werd higher:
in single family houses. One possible explanauon for this is that the ventilation tate4s lover in
single family’ houses in Sweden cbmparéd with-multi family housés [3] On the other hand ’
very few compounds were negatlvely correlated to he ventllatlon rate m the dwellmgs
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The ﬁndmg of. hlghef cottcentratlons of VOCs in bulldmgs with naturally ventrlahon maybe
couldbe explained by lover ventilation in buxldmgs with such ventilation systern. Anderssoll
et al. [3] showed thit the ventilation rate is significant Jower in buildings with naturally ~~
ventilation system compared to mechamcal;systems However, siich a finding could not be
confitmed in the 'argalysls or type of ventilation system in Table 3 as the results were only
mgmﬁcant in two cases. The finding of! ahlgher concentration of VOCs in dwellings with [
reported condensatlon son wmdow panes maybe also is a result of low ventilation rate. " .. il

1l4
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There wa?s a pOvae correlatlon between relatxve humndlty in indoor air and the concentr. ation.
of some VOCs. This is i agreement wnh other studies. ‘Andersen et al. 1y found that'the
emission of formaldehyde from cthboard mcreased when thé relative humxdnty increased
from 30 to.70%-RH. z: 0.5 < 0S4 a1 7 et o bine, | g
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There are firidings that the alcohols 2 ethyl hexanol and n-butanol can be assoc;ated to .
humidity proble s.indoors. e g- ‘missions: fl:om dégradated PVC-carpets and adhesiveson ¢
concreté! ﬂoors [5,8]. There were!no stich! ‘ﬁndmgs in this'study. It should be observed that
reported monsture problems were!based. statements from inspectors a.nd that no real moisture:
measurements were done in construettons Unfortunately, there. were no mformatlon on. used

szt

carpets (eg. PV.C).- oruséd—adheswes f-f‘—w et e e T s B ’:
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* More than 100 smgle VOC compounds in c‘oncentrations, exceedmg~1 p.g/m could be- ---‘-—_I
identified in 178 randomly selected Swedish dwellmgs of these 27VO0C could be U

-1:-

identified in'more than 25 dwellmgs ‘ S A
e Themearn concentration of ldjentlﬁed single VOCs'Was less than 25 p.glm and about 80 % }
of identified VOCs showed alconceptrafion less than 10 ug/mt w .,.“ u T

e The concentration of individual VOCs was in many cases 'lugher in single family houses
cornpared to muiti family houses. \Bulld!mg perlod and typ# ¢fventilation system'was " n:
associated 't MOC fi'a-lesseridefirée, -/~ e niuiin bl o e T L g T lf ot

e Humidity related problems could be associated to VOC in'a fow Gases. e
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e Relative humidity in indoor air was positively correlated to a handful of VOCs.
Temperature indoors and ventilation rate was not correlated to VOC.
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