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ABSTRACT

Very little experimental data exist validating the influence of temperature, ventilation
rate, air velocity, humidity and adsorbed pollutants from other sources on emission rates
from construction products. Experiments were performed using small scale climate cham-
bers including the new CLIMPAQ quantifying emissions from test specimens of linoleum,
acrylic paint, nylon carpet, and sealant. A trained sensory panel voted on the decipol
scale and chemical analysis identified and quantified the major pollutants after the spe-
cimens had been conditioned in the chambers for six days. When specific ventilation rate
(1/s m®) is low, the rate has a significant influence on emission rates. In both sensory and
chemical terms emission rates increase when ventilation is increased. For low ventilation
rates the emission rates may be proportional to the specific ventilation rate and for
higher ventilation rates the emission rates stabilize independent of ventilation.

INTRODUCTION

The emissions from building materials depend on many use and indoor climate related
parameters: Temperature, time after manufacture (1), air velocity, moisture content in
air and material, surface treatments and pollution from other activities (tobacco smoking)
adsorbed on materials (2,3). For some wood finishing products a few hours after ap-
plication Tichenor and Guo (4) have demonstrated an important influence of con-
centration of pollution in the air expressed as specific ventilation rate. Indoor air often
contains a complex mixture of pollutants influenced differently by these parameters. A
better understanding of the basic processes controlling emission rates may give a better
basis for controlling air pollution sources in buildings.

When and how is ventilation most efficient? How are construction products conditioned
best before buildings are taken into use? Which sources are important when buildings are
new and which are after some years? We need more information on the influence of the
interactions between environmental and use relaied parameters and emission rates.

In a typical building the air exchange rate is between 0.5 h™ and 5 h* comparable to 0.35
- 3.5 1/s m* floor. Emission testing of construction products should relate to these rates
to have relevance for buildings. Tests are often performed at extreme ventilation rates
in order to meet detection limits of quantifying equipment or geometrical limitations.
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It has been the purpose to investigate the influence of air concentration of pollutipy
expressed as ventilation rate per surface area on emission rates from typical COnStructipy
products.

MATERIALS AND METHODS

The following products also u

foam backing. Tested and preconditioned while stabled back to back), Linoleum (Omidi-

conditioned while stabled back to back), Paint (Water
plates. Applied with roll twice usi
(Silicone based sealant for indoor use. Tested in alu
depth of profiles 10 mm and 12 mm}. All
received from the manufactories they we
carpet and linoleum were wrapped in alu
a well ventilated room for one week to ha

borne acrylic paint on both sides
ng 0.11/m? per time) and Sealan;
minum profiles, inner width and
products were new. A few days after they were
Te cut into size or applied to test frames. The
minum foil. The sealant and paint were lefi in

rden and thereafter wrapped. After two to four
weeks in wrapping they were hung up in a well ventilated room for 7 days and thereafter
placed in the chambers one product at a time,
Table 1. Test facilities used in the experiment.
Volume Air supply Mean air Specimen area
rate velocity
I Ifs m/s m*
CLIMPAQ 1 509 0.0069 015 Floor: (.61
CLIMPAQ 2 0.5 Wall: 1.82
CLIMPAQ 3 and CLIMPAQ 4 0.86 Seal: 0,018
CLIMPAQ 5 16
FLEC 1 0.035 0.00167 0.0035 Floor: 0.018
FLEC 2 000333 0.007 Wall: 0.018
FLEC 3 . 0.00667 0.014 Seal: 0.00072
3i-C1 30 (86 0.43 Floor:
{Uncertain Linoleum: 0.18
value) Carpet: 012
Wall: (.28
Seal: 0018
3cC2 30 0.86 0.43 Floor:
(Uncertain Linoleum: 0.061
value) Carpet:  0.031

Five test chambers of the new type CLIMPAQ (5) were used together with three field
and laboratory emission cells, FLEC:s (6) and two jar like 3 1 glass chambers, 3-1-C (7).
Main parameters during tests are summarized in table 1. All chambers were kept at a
temperature of 22 + /-1 °C, Supply air also had the same temperature. The FLEC and
the one CLIMPAQ with low air supply got the air via an activated carbon filter. The
other chambers were taking their air supply from the surrounding chamber. A high
ventilation rate in the surrounding chamb

er with temperated and particle filtered outdoor
air assured a sufficiently clean air supply.

sed in (5) were tested: Carpet (Polyamide fibers on a late;
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chambers were cleaned with acetone and flushed wﬁh distiiiedn(w:'aftcr ?;?Eleiﬁ
Thereafter temperatures in the empty chambers were raised to 40 c;r cd.acmrding
ﬁmher was only cleaned by raising temperatures, and I'f:iamFIEh C w%li; 1&:$l?’(}'uﬂ:"r it
i i different ers si 2
i tocol. Each material was placed in the ! S
sl?;:isag‘ri{lh?ﬁﬁm] samples were taken and the sensug pfﬂnet;rpaf;cfsgsﬂ t;uli;.slr ;}-:?I;?mmg
ed at ventilation rates comparable :
[esi:fiajp:;eril l:rInhe building realistic ventilation rates causefl manﬂly of :1];2 c};evl;uﬂ
?:;;suremems to be below detection limits cc:]f t].rp:mg: 2 pgfm’, hw:tlen; s;erergo e
i i i ost test conditions. Sensory assessments \
e h?ldfssgg?c':: ]atsﬂfizailna;r[éler to expose panelists to concentrations independent of
on air flo ;
sniffing behavior.

A panel of 15 trained persons assessed the _peroei_ved air qua_hty in de:;apgi ﬁl@ Fﬁaui;
. ber assessed each test condition twice. Minor corrections were S
e trations of acetone also assessed in the randorm:zcd'blnrl!d test. The r
m kﬂﬂ“ﬂ;; gﬁi]:tcd at highest rates were quantified by a flame ionization detector . ;r
$:1rfrgiullemrpﬁon and chromatographical separation of samples taken on Tenax

RESULTS

Concentration measurements were transformed to emission rates based odn :gs;r:;g t?;enz

ir change measurements with tracer gas at each test. Backgroun rations
- Miﬁﬁeﬁ The emission rates in each chamber are presented in sgns?]g oy
Hour Slll d in {;hernical terms in figure 2. Only the cumpouf;d measured in highes s
ﬁgureu_ aﬂn in] CLIMPAQ 3 has been selected for presentation. Some measuremen
f}etlrll;ao(?mpuunds in the FLEC did not fit the model in figure 4.
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Emission rate (olf/m2)

CLUMPAQZ2 CUMPAQS3 CUMPAQ4 GCLIMPAQS 34C1

issi i a (olf/m?®) in the chambers
4 calculated emission rates per specimen are
Hparet bTaTed on the initially perceived air quality assessed by the sensory panel after
six days in the chambers.
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In a room of 28.5 m? with a height of 2.5 m and a square floor, the area ratio betwe

ﬂngr,‘waﬂ and sealant may be 1 : 3.0 : 0.030 respectively. Based on these relations tgn
€mission rates per fiqor area in a typical room may be calculated, Figures 3 and 4 w ;
made by also converting air supply to ventilation rate per floor area in a typical roume;:

theﬁﬁ [ﬁla i ns Ellllssiﬂﬂ rates i i
i . A -
t10 5 ‘ are seen to depcnd Slﬂ:llﬁm.ﬂu!l on thﬂ \ieIlEIlaIm[t rate at

|
[

l!’lllll

I

———————

I

I
T

e
2

|

0.0

=

| ][]

Emission rate (ug/m2 s)
[ 1]
S

0.0007

Figure 2. The calculated emission rates of selected compounds per specimen areg

Fi

kg/m? s) in th i
Ehe g,-"ch ans]::)?rs € chambers based on chemical Mmeasurements after six days in
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gure 3. The emission rates per floor area in a typical room based on perceived air

ity in relatio ilati i i
E::i:lty 0 to-ventilation per floor areq rate after six days in the cham-
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An empirical model has been fitted to the observed data of the form:
E=K(1-e%:")
E: Specific emission rate (pg/s m* floor), V: Specific ventilation rate {1/s m* floor), K,

and K;: Constants. A prerequisite for this model is that the remaining emitable mass does
not vary significantly between test conditions.

Emission rate (ug/m2 floor s)

Ventilation rate (l/s m2 fioor)

Figure 4. The emission rates per floor area in a typical room based on chemical mea-
surements in relation to ventilation rate per floor area after six days in the

chambers.
DISCUSSION

Results are in good agreement with previous findings (4) on thin layers of wood finishing
products a few hours after their application. From no ventilation up to some stabilizing
level the emission rates depend on ventilation rate. As ventilation is increased from low
rates where evaporation controls emission diffusion in the materials becomes more and
more important and emission rates become les influenced by ventilation at the high rates.
Apparently both emission and evaporation control are seen depending on ventilation rate
for all the tested materials. The emission rates may be considered proportional to ven-
tilation rates at the low ventilation rates. At these low rates the concentration of air
pollution is changed very little when ventilation rates are changed for short periods.

The different ventilation rates may have caused differences in remaining emitable mass
between chambers. Considering the previous conditioning period outside the chambers
these differences are expected to be small. Also the effect of reduced emitable mass in
an emission favoring environment would be the opposite of the found influence of ven-
tilation rate. Building installations are often operated on a diurnal basis with mechanical
ventilation halted during unoccupied periods at nights. At these shorter temporal changes
of ventilation rates, the effect of increased ventilation may be small. The main effect of
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reased ventilation may for many sources be a faster reduction of emission rates during
: first months after installation caused by a faster decay of emitable mass.

uny air pollution sources indoor are ventilated at very high specific ventilation rates
npared to the primary surface materials as paint, sealant, linoleum and carpet. Pro-
cts introduced at minor renovation works, furniture and office machinery are examples
air pollution sources which may be highly ventilated per surface area. Consequently
:y may be considered to be diffusion controlled pollution sources and emitting at rates
lependent of ventilation.

INCLUSION

both sensory and chemical terms the emission rates from large area sources often
rease when ventilation is increased for some days. For low ventilation rates the influ-
:e of ventilaton rate on emission rates may important. For higher ventilation rates the
ission rates becomes independent of ventilation.

r low ventilation rates and short term changes of ventilation rates the resulting con-
itration of air pollution from some primary surface materials are independent of air
inge rates.

he influence of ventilation rate on emission rate is unknown it is recommended to test
istruction products at ventilation rates comparable to the relevant rates in buildings.
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