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SUMMARY
L. Malhave, G.R. Lundgvist, I. Andersen: The Atmospheric Environment in Six
Energy Efficlient Single Fan!.l.! Houses. Air pollution due to volatils compounds

in six unoccupied houses with intended low energy consumption was meagured.

The measurements included air temperature, air humidity, venttlation rate and
concentration ef organic gases and vapours. On average 14 different cowmpounds
were identified in concentrations exceeding 0.005 mg/‘m’ in the samples, and
Toluene and alpha-Pinene were the most freguent compounds. A total concentra-
tion of organic gases and vapours averaged for the five periods of measurements
0.46 mg/m* (0.032-5.5 mg/m® ). The concentration decreased syatematically

during the gear.‘and was halved after, on an average, 112 days (63 to 187 days).

The concentration of organic gases and vapours of the solvent type was similar
to that found earlier in other penish houses. Differences in indoer air
pollution could not be explained by the materials used for the houses.

RESUME

L. Melhave, G.R. Lundgvist, 1. Andersen: L'envirc 't atmosphérique dans
Gix maisons individuelles 2 faible consommation d'énergie. La pollution de
1'air causée par combinaisons volatile organiques a até mesurée dans six
maisons inbabitée, construites pour une consommation basse d'énergie. Les
meaurages ont compris la température, 1'humidité de l'air, teaux de la ventila-
tion, la cancentration des gaz et des vapours. A la moyenne des 14 subetance
volatile differents ont été identifiées les échantillons en des concentrations
dépassants de 0,005 mg/®’ . Toluene et alpha-pinene ont été les substance
volatile le plus fréquentes. Une concentration totale des gaz et des vapours
organiques avaient pour moyenne 0,46 mg/m’ (0,032-5,5 mg/® ). La concentra-
tion a baissée d'ume manidre systématique durant l'année et a été réduite a
mojti& par la suite en moyenne de 112 jours (63 jusqu'a 187 jours). La concen-—
tratfon des gaz organiques et de vapours de type de solution était le méme
qu'on a trouvé dans autres maisons auparavant. les différences de la pollution

de i'air de l'intérieur ne pouvait pas &tre expliquées par les materiaux employés.

KURZFASSUNG

L. Molhave, G.R. Lundgvist, I. Andersen: Das atmospharische Raumklima in
sechs energiewirksame Einfamilienhauser. Luftverschmutzung, von fluchtigen
organischen Komponenten verursacht, wurde in sechs unbewohnten Hausern mit
beabsichtigt niedrigem Energieverbrauch gemessen. Die Messungen umfassten
Lufttemperatur, Luftfeuchtigkeit, Ventilationskapacitit, und die Konzentration
organischer Gase. purchschnittlich wurden in den PFroben 14 verschiedene Kom-
ponente in Konzentrationen von mehr als 0.005 ng/n’ jdentifiziert. Toluene und
slpha-Pinens waren die aa haufigsten vorkommenden Komponenten. Eine totale
Konzentration von organischen Gase und Dampfvorkommen war durchschnittlich fur
samtliche funf Messungspericden 0,46 mg/m® (0,032-5,5 mg/m’ ). Die Konzentra-
tion fiel im Laufe des Jahres systematisch und war nsch 112 Tagen (63-187)
durchschnittlich die H3lfte. Die Konzentration von dem loslichen Typ war
vergleichbar mit der froher im danischen hausern gemessenen Konzentration.
Unterschiede in der Verschmutzuag des Raumklimas liessen sich nicht durch die

in den Hausern benutzten Materialien erklaren,

" houses were uninhabited throug
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Introduction

In 1978 six experimental
x lcw-ene £
m"h':{*- Th;S; houses included the ot single family houses were built in
vestigate the imand;ecr.lt‘:i;ﬁm present study was_therefore initiated to i
o Chirate to be expected.in futune building. types. ATl

period it was. t : . first year after the completion. .
raterists s plgerefove possible. to measure the or{;qasﬁimmﬁ:;lsn' In this
- ermanent. textures in the houses. The aim of t he tuilding
and buildi igate differencies duc to different us ' these peasuremont s

11ding methods. .use of . building materials

Material and Methods

The six low energy houses
Dermark, by six different buildi all prototypes, built near Copenhagen,

the houses o : ng companies. The technical orm
consimptio !‘a;? n described elsewhere (1). The technical o et
n, high air tightness and controlled.air changes Alm was low energy

In each house the same room was used for all measurements. This room was

chosen to be the small i i N
the Six rooms. est sleeping. room. Table 1 shows some oF the features of

Table 1. Main features of the six-test rooms.

House .

Floor arga m° 9?1 8135 1922 o 2 -

ta . . - N X =
ume m 206 20.5 24.0 29.8 \ 23.3 12123

Heating media Electr
7 . Water water Air
Exhaost through: B@thmau Each, Bathroom Two Bgm M:ahgmnter
;;g;;aen - room :kitchen bathrooms kitchen = kitchen
ery scullery kitchen scullery sculléry

A1l rooms had windows: which !
: h could be opened : .
room by the mechanical ventilation system. and .fresh air was supplied 1o each

The rooms were cleaned befo; : doors, windows
) : : re the measurements i
;gng;i;im gstem were.closed at least 12 !mur-S‘t:et‘agnﬂiI the :réazlurmenésm
» tuent et:ere done ;e?;axrgdmg air humidity and air temperature, al thc':uqh
mheserwparane mwex‘emr% 31 l:eaine;i-mm‘?g the whole testing period a simulated
that GFMA . This enengy consumption was equivalent 10
e pe;sons Measurements of the outdoor environment were performed
plamem y to the indoor measurements. These outdoor measurement 5

at least 5 m away from the building. ) s took
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The sampling programme included 5 visits to the houses. puring the first Table 2. The 23 compounds identified, their ave and i
and the last visit all six rooms were examined while only two houses (B and F) (mg/m3) and their frequences. rege mexcimm concentrations
were examined during the three other visits. These two houses were those where i

the highest and smallest concentration of indoor air pollution were found during Average
the first visit. The five visits took place in May, August, October, and in Compound concentr. Fre- | Compound Average Fre—
January and March/April. Through the two series of measurements in all six mg/m quences concentr quence
houses it was possible to investigate differences due to different use of mg/ S
building materials and different building metheds in the six houses. The aim Toluene 0.25 .
of the consecutive measurements was the changes during one year. ' a—pinene e g I ';‘:g?:};ieghgﬁi 1.0 1
) —2-butanone 0.08

The measurements in one room included measurements of air temperature, gega—ﬁzrene 8-;’5 4 | 7-Hexanone 0.05 1
air humidity with thermohydrograph and ventilations measurements through elimin- Ethylbenzene 0'017 4 | 2-Butanone 0.04 k
Stion of radicactive tracer gas (Kr-85). The ventilation was measured with n-Undecane  O. 4 | Pentencle 0.04 1
doors and windows closed, and the results therefore indicate the sum of air- n-Dodecane - 3 | 1-Heptanone 0.04 1
change due to fresh air through the ventilation system and the exchange of air Alkane *) 8-23 2 | n-Nonane 0.02 1
between neighbouring rooms. Volatile organic compounds were measured by com- Butylacetate 0-:1 2 | 8-pinene 0.02 3
bined mass-spectroscophy and gaschromatography after sampling on charcoal ad- Ethylacetat : 2 | 1-Pentanone 0.02 1
corbers. The detection limit For this version of the charcoal method is about S e 0.04 2 | 4-xylene < 0.005 "
5 ug/m> (29 PPB) (2). The accuracy is about (RSD) 30%. 2_§Yylen‘; 8-8% g : C4-benzene *) < 0.005 1

I
Results *) Incomplete identification

Measurements were successful in all rooms except one. puring the forth o

visit house B could not be examined due to on—going reparations after water The total concentration in each room decreased during the test period as shown

= : 7 e ras s in figure 1. The decrease t £ g

damage. Outdoor air temperature and air humidity were normal for the Dar}lsh rates for five rooms were ot eyl TT e
climate, whereas windspeed was lower. wind pressure do therefore have little Eci)o:ef‘giaiﬁew? Ob;ewed. The average halftimes for the deczas i con‘éf::tia_
influence on the ventilation in the test rooms- ive houses were 112 days (SD: 49) and the range 63 to 187 days.

Mo thermohydrographic results were obtained for the indoor climate dt_ming Fig. 1
the first visit to the six houses due to a defect instrument. The average air g. 1. mg/ s FOSE
temperature during the remaining four visits was 24.7 % 3.0‘?0. significantly =
higher than normal standard for dwellings. Air mumidity was in the normal range 50- v
of 4.1 to 8.9 g/kg with an average of 5.9 + 2.0 g/kg. oc
aE
v F

The ventilation in each room varied from 0.8 to 3.0 air change per hour.
The average ventilation (and Standard Deviation) for the six houses A to F was
respectively 1.3 (0.1), 0.86 (0.1), 1.1 (0 y, 1.7 (0.3), 2.9 (0.4), and 0.72
(0.1) airchanges per hour. 104

In average 14 compounds were jdentified in the air samples from the six
rooms. The range was from O to 30 compounds exceeding 5 pg/m?’. A total of 23 054
different chemical compounds were jdentified by name as shown in table 2 which g
shows the average total concentration and the frequency with which the
compound was identified. Toluene and alfa-Pinene were found in five of the s1x
houses. The highest concentration of any individual compound was found for
Toluene and Trichlorethane, while Undecane had the highest average concentration
for compounds identified in more than one room. The distribution of the identi-
fied compounds on the four different chemical groups: alkanes, aromatic com- 01
pounds, , and the group of “other" is shown in table 3. The compounds
from all six rooms were equally distributed on the four chemical groups. No 005-
statistical analyses were performed due to the small numbers. House A, however,
seems to be missing compounds of the group of "other"; these compounds, on the T
other hand, are relatively more frequent than the average in house B. No arcma- 100 200 300 DAYS
ticccrnpamdsw%meaf%:dinwc. andnerealifaticcmmmdsammthm

4 geametric average of the tot concentrati was 0.46 The change throu . .

mg/m3 for the 17 airsamples. The range was 0.032 mg/m’ to 5.5 mg/m . vapours %mg/ma)éﬂ . fgg;f the total concentration of organic gases and

/
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Table 3. The distribution on four chemical subgroups of the identified com-

pounds.
Percentages
al number
House 'tl;?tidentified Alkanes Aromates Terpenes Other
compounds
25 0
4 25 50
g 16 13 38 19 3N
c 6 67 0 17 17
D 5 20 20 40 20
E 7 14 29 29 29
F 10 30 40 10 gg
All 23 25 N 21
Discussion

ix houses included untraditional building details as described in
mf‘erencaélif ), as their construction Smd provide new }nfomatémt ablgu:efm\ftur*e
building techniques and building materials. These untraditional de g ki ;
however, not so unusual that the six experimental houses could not Sted oo
normally after the one year experimental penc_)d.. Part of the work rego‘rt*he e
was to investigate if these new building details had any influence o
concentration of organic gases and vapours.

The same type of compounds were found in these six houses when compared
to other similar Danish measurements. The air in tl}ese six low . - .
energy houses as & group, however, matched the air {.n_anot}éer mcpem;ﬁn;ar t:.mcllse
energy house) the best (3). House A is similar to seven n
boarvc.‘nl s zel-»c»uses“:’ (4) while house B and E are similar to the ave(zr;g}xe 35139hgll]§eo§cu~
i ings (4). House F lods 1like a zero energy house while
grﬁdbd;r:}rllg previous match, The differences among the six houses could not be
explained through the ¥nown use of building materials.

ic i i i i lution was
tmos ¢ indoor climate with regard to air pol
found imtAaand D where only few compounds were found a?d when;ntagu:gne
i were 5 In-hwseCandEmrempomds_ were found. |
gir;ggém;ﬂ amnal?:';c compounds dominated while tmchlhci)rgegbatned \235 ggu?gpai.gly
i ut dec
house E. The concentration of gases and vapours were higr g
in hous where the suspected sources Were painted hessian g )
ma;\r-|:.-r=!t EIS1 house E the concentration was almost constant which may be explalned
(I;y cmpomds previously absorbed on the surface of stones in a §ubte;¥gneéanmst
heat recevoir. In house B the largest number of compounds were identifi 2
of these campounds belong to the group of "Other". Concentrations were réoable
ed, but the concentration decreased only slowly. The least bzctﬁerpnan
aumspherié indoor climate was found in the younger house F where o buaiflding
were identified and a high total concentration measured. This I
was . however, 8 months younger than the other five and through the test tﬁrl
. biiding reached thé same level as the other buildings had had in

first measurements.

The measuring methods used here hac_i earlier been useg‘m ;ﬁf&?ﬂgﬁ&
experiment on degassing of volatile orgamlc .oc:rq:o'tmdS from 1\;ehe friie i
rials (5). In the | aboratory-investigation it was shown thathis i S
rate for each material was halfed every 40 to 100 days. IGn A e o
halftimes for the total concentrations between 3 an

were found. These higher halftimes may be due to the fact that the houses
(excluding house F) were 270 days old when the first series of measurements

were performed. The emission may therefore have changed to a more slow emit-
ting phase.
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