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0 SUMMARY AND OUTLINE

This report is the third and final part of the stt@ihe Influence of Contaminants in Ambient
Air on the Indoor Air Quality, part 1: Exposure ©hildren”.

In this report, data of the measuring campaign kpackage 2) in 50 dwellings is used to
develop an exposure assessment of children. Imitik package, a stepwise approach was
used to convert air concentrations of gases anticplate matter (measured in WP 2) in
different micro-environments in which typically Fsh children spend their time into
children’s exposure to air pollutants.

Firstly, indoor and outdoor concentrations are waf&d relative to the type of micro-
environment type (1.1.1 and 1.1.2). Concentratiandwellings, schools and other micro-
environments are summarized. Differences betweearormainvironments in dwellings

(bedroom versus living room) and differences betwdeont door and backdoor

concentrations are assessed. It is also testecherhgtffic density near dwellings affects
indoor and outdoor concentrations (1.1.3). Finallyrrelations between indoor occupant
activities or product use indoors and these indoaicentrations are calculated (1.1.4).

To evaluate the contribution of indoor and outdeources of air pollution separately, the
measured indoor concentrations are broken downarftaction that is related to outdoor
air pollution that has infiltrated indoors, and raction that is related to indoor sources
(1.1.5). The latter indoor concentrations were thgain analysed for relationships with
indoor activities, product use, building materials(1.1.6)

In a second part (1.2), children’s exposure tgoaifutants is determined for different age
categories and for different locations, with t@aflensity as the important indicator for
location specific differences in air pollution. Tigal exposure scenarios were set up using the
median concentrations in different micro-environtseand typical time activity patterns. The
children’s exposure to air pollutants was allocatedeither the outdoor sources and the
indoor sources.

Finally, in addition to the typical (median) exposuthe distribution of exposure was also
assessed using the range of concentrations adressxamined micro-environments. Such
distributions are in particular useful to estiméte exposure of high exposed children.
Exposure data were also converted into pollutaseddo children.

A discussion of the results is given in chapteo@ether with some policy recommendations.
The main conclusions of WP 3 are:

High indoor concentrations, large variations andc¢e&dance of limit values

Among the 14 measured gases the most abundant gedssth indoor and outdoor
environment were formaldehyde (up to 124 pg/méetadehyde (up to 65 pg/ms), NQp

to 122 pg/mé) and toluene (up to 122 pg/msd). Thegper values are all for indoor
environments (living rooms and bedrooms). Concéintia of gases show a very high
variability between different houses (n=50), battidors and outdoors. Especially for some
gases like formaldehyde and toluene (for whichdbwmcentrations in bedrooms varied with a
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factor of 50) that can be associated with buildimaterials and product use, there is a need
to assess how widespread this problem is. Prodacidards, ventilation and prevention
information are needed and their efficiency testéd.more than 85 % of the investigated
indoor environments, the guideline values of thenfidh Indoor Decree for TVOC (200
pg/md), formaldehyde and benzene were exceedemtddition, in 3 houses the intervention
values for benzene and in 1 house the interventahre for formaldehyde was exceeded. It is
recommended to measure selected gases (TVOC, legrieemaldehyde) in a larger dataset
of Flemish houses in order the evaluate the magmitd problem in Flanders.

Qutdoor pollution contributes to indoor pollution

On the basis of MTBE as the indicator of infiltcatiindoor, an assessment was made for the
dwellings of the fraction of the indoor concentoatiattributable to indoor sources. The
relative contribution of outdoor generated and od®ources was dependent on the
pollutant type: typically, 85 % of the total indofermaldehyde concentration was attributed
to indoor sources, whereas for benzene, trichlberet, and tetrachloroethene the infiltration
of outdoor generated compounds dominated (by 76h&)ndoor concentration. Variability
of the infiltration factor results in a variabilityf the contribution of indoor sources to the
indoor concentrations of about a factor 2.

Measurements of concentrations do not show cle&tioms with indoor sources and
activities.

In general, only few significant correlations beéne indoor concentrations and
indoor/building properties were present. Indoor aamrations of toluene and PM were
affected by presence of smokers. Indoor concentiabf xylenes and TVOC’s (combustion
products) were associated with stove use. Howefeermost of the expected source-
concentration analyses, no significant relatiorsiiptween source and concentration were
present. This can be explained by the large airegagne (7 days) of the measurements for
the 50 dwellings.

Exposure is dominated by time spent indoor

Exposure of children is dominated by the time spedbor at home, basically in the living
room (on average 4h/day) and bedroom (on averapkldy) at home and in the school or
day care (on average 4h/day). Other micro-enviramspenamely transport, are less
important in an average exposure pattern, althabgy give rise to high concentrations. If
health effects from exposure to air pollution isrdwated by the long-term average exposure
than our attention should go to the micro-environt®@vhere most time is spent. But at the
same time acute effects from peak exposure canaeoéxbluded, keeping other micro-
environments like motorised traffic, like leisurgloors in the picture.

The typical exposure of children to the selectelilfamts does not vary significantly across
ages and across locations. Typical exposures fie trelated pollutants are slightly (but not
significantly) higher in hot spot areas comparedutban or background areas. Exposure
indoors dominates the total exposure. Using thgeaf concentrations at home results in a
highly exposed group of children whose exposur2 ignes (for benzene) higher than the
median or typical exposure.

Exposure to air pollution is widespread and diffido avoid. Ambient air quality policies
will result in lower outdoor concentrations andoavér exposure, but at the same time the
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relative importance of indoor air pollution dueindoor sources will increase. In ambient air
guality standard setting the exposure indoor todooit pollution that has infiltrated is
implicit. This study shows that the contribution tbis infiltrated outdoor air pollution is
different for the different pollutants studied. 38 a point of attention in ambient air quality
policies, to include the exposure indoors moreieikpl

Exact recommendations for precautionary measurgsdoce or avoid exposure to certain
gases are difficult to make at the moment becaaselear source-concentrations-exposure
relationships were found. For this, work on shert#t and long-term emission sources and
their relation to concentrations, using various etiraverage measurements should be
performed. This is best placed in the context afdprct policies. Currently, the federal
product policy only regulates bulk concentratiohs @roduct, and no emissions, nor does it
link to typical and high exposures. There is lidividence on the health relevance of these
exposures. This requires further toxicological agwidemiological evidence of indoor
exposure and effects.

Finally a continued effort to inform the public agpod product use to the public is
welcomed. A good cooperation and communication vimdustry to appeal for better
labelling and to stimulate the development of iratve and safe product, especially to
avoid exposure of children, is the best way forward
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1 DATA INTERPRETATION

1.1 Interpretation indoor and outdoor concentrations

1.1.1 Indoor and outdoor concentrations of gases

1.1.1.1 Dwellings indoor

Bedroom concentrations

Concentrations in bedrooms of 50 houses are prx$ent Figure 1. These have been
reported before (in WP2). Note that the Y-axis basn cut of at 70 pg/m? because of the
visibility of concentrations below 10 pg/ms3. Sonarnps of attention:
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Two extreme values are not shown: 1 toluene r¢$uB pg/ms3) and 1 formaldehyde
result (124 pg/md). The extreme value for toluemalove the range for indoor
toluene concentrations (20-74 pg/m3) reported ia literature review of work
package 1 (Table 6). The extreme value for forniglde is within the range of
indoor concentrations found in the literature rev{@0-350 pg/m3).

The upper values for acetaldehyde and 1,2,4-triytiethzene measured in this study
(Figure 1) are also above literature values (adelside: 20-50 pg/ms; 1,2,4-
trimethylbenzene: 0-4 pg/msd).

Concentrations of other gases were within indooiges reported in the literature
review of WP1 (MTBE: 0,6-40 pg/ms; benzene: 2-30npég trichloroethene: 1-10
pg/ms3; tetrachloroethene: 0-5 pg/ms; ethylbenzehd:38 pg/ms; xylenes: 8-37
pg/ms; styrene: 1-6 pg/ms3; p-dichlorobenzene: 2-p40m3; NQ: 30-100 pg/ms;
formaldehyde: 10-350 pg/m3).

A more than 50-fold range of bedroom concentratifmissome substances (e.g.
formaldehyde, toluene,...) were found in the 50 itigesed dwellings.
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Figure 1: Boxplots of concentrations (7-days avesigexpressed as pg/ms3) in bedrooms in
50 dwellings

Living room concentrations

An analogous graph for living room concentratianshown
Figure2. To keep the graphs comparable, the Y-axis wassalaled to 70 pg/m3.
= Four values are hence not shown (1 for toluene (2&®) ; 3 for formaldehyde (82;
90 and 91 pg/ms3) and 1 for N@22 pg/msd).
= More or less the same gases were abundant in bedras in living rooms (i.e.
toluene, NQ, formaldehyde and acetaldehyde).
= The upper concentrations of gases in living roomteeded indoor concentrations
reported in literature for toluene, tetrachloroethel,2,4-trimethylbenzene, N@nd
acetaldehyde.
= For other gases, measured concentrations werenwidmges reported in the
literature review of work package 1.
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living room concentrations
Median; Box: 25%-75%; Whisker: Non-Outlier Range
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Figure 2: Boxplots of concentrations (7-days avesgexpressed as pg/ms3) in living rooms
in 50 dwellings.

TVOC concentrations: living room and bedroom comegions

Because of larger values than for individual gatesbox plots for the total sum of volatile
organic compounds (TVOCSs) are plotted in a sepagedph (Figure 3). The values for the
sum parameter TVOC are often much larger than time sf the individual compounds
reported in Figure 1 and

Figure2. This points out that other, not identified cauapds,

also contribute significantly to TVOC.

The TVOC concentration measured in this study flicept for one measurement (see
Figure 3) within the range of literature data (300 pg/m3).
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TVOC indoor (dwelling) concentrations
Median; Box: 25%-75%; Whisker: Non-Outlier Range
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Figure 3: Boxplots of TVOC concentrations (7-dayerages; expressed as pg/ms) in
living rooms and bedrooms in 50 dwellings

Ratio bedroom -living room concentrations

The ratio of pair wise bedroom and living room camtcations is shown in Table 1. Typical
bedroom/living room concentrations were close tdHis is expressed by the median value
in Table 1. These bedroom/living room ratios cltsel are somewhat surprising because
living rooms are expected to be more influencediddoor sources (heating, cooking,
product use,..) and are less ventilated than bedsodience, one would expect lower
bedroom than living room concentrations; howeuas Wwas not observed. The data suggest
that pollution indoors, measured as a 7-day avecageentration, is rather homogenous
across different rooms.

Table 1: Ratio’s of bedroom to living room concatitns in 50 dwellings (§edrooCiiving

room)

gas average P25 P75 mediar] miry malx
MTBE 1,02 0,84 1,10 0,95 0,27 2,91
benzene 0,92 0,81 1,08 0,98 0,04 1,89
trichloroethene 0,99 0,77 1,10 0,95 0,28 2,96
tetrachloroethene 1,03 0,88 1,11 1,00 0,2p 2,95
ethylbenzene 1,08 0,78 1,10 0,97 0,29 6,25
m+p xylene 1,01 0,84 1,08 0,99 0,22 2,8(
styrene 1,51 0,49 1,11 0,78 0,08 13,08
o-xylene 1,08 0,82 1,15 0,97 0,20 5,13
1,2,4trimethylbenzene 1,02 0,76 1,14 1,01 0,19 2,95
p-dichlorobenzene 4,18 0,93 1,36 1,13 0,66 74,66
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TVOC 0,88 0,71 1,00 0,87 0,33 2,54

NO, 0,86 0,64 0,98 0,81 0,30 1,70
formaldehyde 1,11 0,54 1,41 0,80 0,04 6,14
acetaldehyde 0,80 0,48 1,0p 0,70 0,0% 2,00

1.1.1.2 Dwellings: outdoor
Dwelling front door concentrations

NO,, formaldehyde, acetaldehyde and toluene haveigiest concentrations in the outdoor
environment near dwellings, as could be expectadila® to indoor concentrations, large
variations between the 50 locations were obser@emerally, outdoor concentrations of the
gases considered were lower than indoor concembsati

frontdoor concentrations
Median; Box: 25%-75%; Whisker: Non-Outlier Range

70
60 r ", J
50 | il |
o 40 | 4
£
£
>
= 30+t |
20 ¢ i ]
10 J
% *
oo & 0T o os o+ ¢ L& 7 L
w o 2 o 2 ¢ 2 o o0 2 & L I
P ¢ 8 ¢ & ¢ & & & O e 3 3=
N £ 3 £ N 3 5 3 N 2 &£ F
= 5 8 ° 8 3 X8 %X 8 S = Medi
o S o & s 2 T © — Median
o o 4
= = § i £ £ 8 [ 25%-75%
= £ £ T T Non-Outlier Range
e [= o Outliers
< .
i + Extremes
—

Figure 4. Boxplots of concentrations (7-days avesigexpressed as pg/m3) in the front
door outdoor environment of 50 dwelling

Dwelling backdoor concentrations

Also backdoor concentrations of B@cetaldehyde and formaldehyde are the higheshg@mo
the measured gases. The maximal values for outtbiachloroethene, and especially for
formaldehyde and acetaldehyde measured in thisy sfidure 4 and Figure 5) exceed
literature values for outdoor concentrations (&ilaroethene: generally less than 5 pug/ms;
acetaldehyde: average 5 pug/ms3; formaldehyde: 1-¢4@n3). Concentrations of other gases
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were within outdoor ranges reported in the literatteview of WP1 (MTBE: 0,6-7 pg/ms;
benzene: 1-20 pg/ms; trichloroethene: 1-10 pg/oidene: 5-150 pg/ms; ethylbenzene: 0,02-
14 pg/m3; xylenes: 2-20 pg/m3; styrene: 1-10 pgpwdichlorobenzene: <0,6 pg/ms; MO
19-80 pg/ms).

backdoor concentrations
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Figure 5: Boxplots of concentrations (7-days aveggexpressed as pug/m3) in the backdoor
outdoor environment of 50 dwelling

Because of larger values than for individual gatss,box plots for TVOCs are plotted in a
separate graph (

Figure 6). Analogously to indoor TVOC concentrasipthe values for the sum parameter
TVOC are in many cases much larger than the sutheoindividual compounds reported in
Figure 4 and Figure 5. The outdoor TVOC conceiatngtare smaller than indoor TVOC
concentrations.

The outdoor TVOC concentration measured in thiglystfall within the range of literature
data (20-650 pg/msd).
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TVOC outdoor (dwelling) concentrations
Median; Box: 25%-75%; Whisker: Non-Outlier Range
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Figure 6: Boxplots of TVOC concentrations (7-daysrages; expressed as ug/m?) in the
front door and back door environment of 50 dweling

Ratio front door-back door concentrations (dwelbhg

In general, backdoor (BD) concentrations were #iighower than front door (FD)
concentrations (with some exceptions on gas/dwetimmbinations). This suggests that the
dwelling acts as a barrier for pollutants that mxa@nly formed at the street. However, the
gradient from front door to backdoor depends on dhs. Median BD/FD ratio’s were
between 0,6-0,8 for MTBE, toluene, ethylbenzeneg arl4 trimethylbenzene; between 0,8-
1 for benzene, trichloroethene, tetrachloroethenep xylene, styrene, TVOC, NCand
formaldehyde; and slightly greater than 1 for ddetayde.

Table 2: Backdoor/front door ratio’s of pollutants50 dwellings.

mean min P25 mediar] P75 max
MTBE 0,77 0,26 0,45 0,58 0,75 3,80
benzene 0,91 0,59 0,75 0,86 0,92 2,25
trichloroethene 0,99 0,54 0,90 0,98 1,04 1,60
toluene 0,87 0,32 0,57 0,69 0,82 4,24
tetrachloroethene 2,41 0,51 0,87 0,97 1,08 23,b1
ethylbenzene 0,88 0,46 0,65 0,74 0,88 3,11
m+p xylene 0,94 0,30 0,67 0,80 0,89 3,57
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styrene 1,13 0,04 0,66 0,95 1,43 4,24
o-xylene 0,89 0,11 0,63 0,79 0,92 3,01
1,2,4 trimethylbenzene 0,92 0,20 0,47 0,61 0,84 097,
p-dichlorobenzene - - - - - -

TVOC 0,97 0,55 0,90 0,95 1,01 1,71
NO, 0,91 0,76 0,88 0,93 0,98 1,02
formaldehyde 0,89 0,11 0,73 0,92 1,05 1,4
acetaldehyde 2,41 0,21 0,82 1,10 1,32 14,

-: below detection limit

1.1.1.3 Other micro-environments

Schools

Schools demonstrated lower ranges of air pollu@ntcentrations than dwellings. For

example, maximum formaldehyde concentrations gi §4n? for indoor school environments

compared to the maximum of 124 pg/ms3 in dwellingise lower maximal concentrations in

schools compared to dwellings, is off course paglsted to the lower numbers of measured
schools (n = 5) than the number of dwellings (n=30)e median values for formaldehyde
however were in the same range for schools asWeflidgs.
Analogously to dwellings, indoor/outdoor ratio’s meeabove unity for schools. This is in
accordance with an earlier study on indoor and @uteénvironments in 27 primary schools
in Flanders (Stranger, 2005). Stranger (2005) fdi@datio’s exceeding unity for benzene,
toluene, ethylbenzene, xylenes, formic acid andi@eeid.

indoor school concentrations
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Figure 7. Boxplots of concentrations (7-days avesigexpressed as pg/ms3) in indoor
school environment (5 schools)
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Figure 8: Boxplots of concentrations (7-days avesgexpressed as pg/ms3) in outdoor
school environment (5 schopls

Transport

The range of concentrations indoors of 5 transpasties (car and public transport) are
shown in
Figure 9. In transport indoor environments, much larger.ld@ncentrations were measured
than in dwellings and schools.
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indoor transport concentrations
Median; Box: 25%-75%; Whisker: Non-Outlier Range
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Figure 9: Boxplots of concentrations (7-days avesigexpressed as pg/ms3) in indoor
transport (car and public transport) environmemnts:5).

Outdoor transport includes walking and cycling. élatso, only a few sampling points (n =
4) were measured. Larger acetaldehyde concentsa{@rmarker for diesel traffic) were
measured in outdoor transport environments thaanin of the other micro-environments
(dwellings, schools,...). The comparison of

Figure9 and

Figure 10 shows that larger M@oluene and benzene concentrations were observed fo
indoor transport than for than outdoor transpoite Theasurements were not performed
simultaneously nor at the same locations/trajeesot$o no further conclusion can be drawn
from this observation. It is merely an indicatidrat exposure to these pollutants can vary
accordingly.
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outdoor transport concentrations
Median; Box: 25%-75%; Whisker: Non-Outlier Range
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Figure 10: Boxplots of concentrations (7-days agers expressed as pug/ms3) in outdoor
transport (walking and cycling) environments (n=4).

Leisure

The maximum value of the Y-axis in

Figure 11 was set at 70 ug/ms. As a consequencevane for NQ (143 pg/md) is not
shown. It is noticed that rather large amountbfane, xylenes and 1,2,4-trimethylbenzene
were measured in indoor leisure environments. Thimainly attributable to one indoor
leisure environment (a room in a youth club) andas systematically for all indoor leisure
environments. Given the composition of the airha youth club it is assumed that smoking
(or use of paints) was the source of the gases.
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indoor leisure concentrations
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Figure 11: Boxplots of concentrations (7-days ages expressed as pg/ms3) in indoor
leisure (including indoor sports) environments (16)=

1.1.2 Indoor and outdoor concentrations particulate matte (PM)

Measurements of living room and outdoor PM10 wenédd to 16 dwellings; in 32 houses,
various PM fractions (PM1, PM10, PM2.5 and TSP) evemeasured in bedrooms. In
bedrooms, PM1 constitutes the largest fractionnef particles (relative to PM2.5 and TSP).
Among all settings, outdoor PM10 concentrationsewkigher than indoor PM10 levels
(indoor levels were calculated as the averageviafliroom and bedroom concentrations).

On average, indoor PM levels were 3-fold lower midothan outdoors (see also in 1.1.5.1).
From experience and literature these results dfieudti to interpret. In well ventilated
houses, an equilibrium exists between indoor andamr. In the presence of indoor sources
and in poorly ventilated buildings PM concentrasi@ne generally higher than outdoors. The
fact that measurements were mainly performed itemjrwhen ventilation is low, and in the
absence of PM sources can explain the low PM carat@ns. Moreover, from the time-
resolved GRIMM data (e.g. Figure 12), it can bensgmat re-suspension of PM cause TSP
concentrations to peak very briefly, while duririge tday when all occupants are gone to
work, to school or to the day care concentrati@main stable but low. More research,
calibrated equipment per location and longer tierées are needed to explain these findings.
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1.1.3 Comparison between different location types (hotsgourban background, rural
background)

The statistical comparison of concentrations betwaitferent location types was performed
using the statistical tool Statistica (versionThe non-parametric Kruskal-Wallis Anova test
was used because the data were not normally distdb Only dwellings were included in
this analysis.

1.1.3.1 Gases

Comparison of outdoor concentrations

Anova was performed to test whether location typbgn background (UB), hotspot (HS),
rural background (RB)), as a proxy for traffic dgnsaffected outdoor concentrations. Mean
outdoor concentrations by location type and sigaifce of the location type on outdoor
concentrations are given in Table 3.

Table 3: mean outdoor concentrations by locatiopetyfexpressed as pg/ms3). Statistical
different values between location type classes ({@n&<0,05) are marked with different
letters*. (for gases without differences betwaeayg of the 3 groups are not marked with
letters)

uB HS RB
MTBE 0,4* 0,6' 0,3
benzene 1,6 2,0 1.4
trichloroethene 0,13 0,12 0,07
toluene 3,5 4,3 2,5
tetrachloroethene 0,6" 0,8 0,18
ethylbenzene 0,5 0,7 0,5
m+p xylene 1,3 1,5 1,1
styrene 0,1 0,1 0,0
o-xylene 0,5 0,5 0,4
1,2,4trimethylbenzene 0,8" 1,0" 0,48
p-dichlorobenzene 0,0 0,0 0,0
TVOC 229,6 244.6 263,4
NO, 38,4 41,8 27,8
formaldehyde 11,8 5,7 8,8
acetaldehyde 18,5 23,1 15,4

* the following example for MTBE explains the codisystem: the letter A is attributed to UB and H8ck
means no significant differences between UB en H8; letter B is attributed to UB and RB, thus no
significant differences between UB and RB. HS aidaRe significantly different from each other sirthey
are not marked with a common letter.

For some gases, concentrations were affected bjotagion type, concentrations for HS
locations being highest, followed by urban backadhuand by rural background. As
expected, traffic related compounds (MTBE, benzéakiene and Ng) are significantly
higher in HS compared to RB. 1,2,4-trimethylbenzemght also be associated with traffic,
giving significantly lower concentrations in rud@ckground locations. Both trichlorethene
and tetrachloroethene are not typically associatiéid traffic proximity, and the significantly
lower results in rural background locations carmexplained.
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The summary statistics are given in Table 3 anghgan Figure 14 for a few selected
pollutants are presented for the sake of illusirati
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Figure 14: Comparison of outdoor concentrations @EI toluene, N@and formaldehyde)
between urban background (UB), hot spot (HS) amdl foackground (RB) regions.

Comparison of indoor concentrations

Anova analyses were also performed to test if dwatlon type (UB, HS, RB) affected
indoor concentrations. Mean indoor concentrationgobation type and significance of the
location type on indoor concentrations are giveri able 4.
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Table 4: Mean indoor concentrations (bedroom andn@i room) by location type
(expressed as pg/ms3). Statistical different valbesveen location type classes (Anova,
P<0,05) are marked with different letters. (for gas without differences between any of
the 3 groups are not marked with letters)

uUB HS RB
MTBE 1,53 0,75 1,52
benzene 2,75 4,16 2,18
trichloroethene 0,22 0,28 0,12
toluene 13,31 10,58 19,03
tetrachloroethene 0,76 413 0,2%
ethylbenzene 1,45 1,47 1,66
m+p xylene 3,23 2,97 3,50
styrene 0,30 0,23 0,36
o-xylene 1,27 1,24 1,31
2,2,4tr|methylbenzen 3.47 337 3.99
p-dichlorobenzene 0,61 0,1¢° 0,06’
TVOC 510,5 605,5 700,7
NO, 24,3 31,7 17,6
formaldehyde 34,8 36,9 21,8
acetaldehyde 17,9 24,4 16,4

For some traffic pollutants, higher indoor concetions in HS than in RB and UB (e.g.
NO,) were observed. Although indoor sources of,MOuld be present, this does not alter
the significantly higher ‘hot-spot’ result. Compdrto the outdoor concentrations traffic-
related pollutants like toluene are no longer $icamtly different in the different locations,
indicating an additional contribution from indooousces. For MTBE the absence of a
significant difference indoors, for a pollutant tli@only generated outdoors (by petrol cars)
is puzzling. This might be an indication of indddTBE sources.

Trichlorethene and tetrachloroethene are still ifsagmtly lower in rural background
locations, but this can now be explained partly &yfew very high results for
tetrachloroethene indoors.

For other, more indoor generated pollutants (x@ene) no effect of location type on
indoor concentration levels was observed.

For a few selected gases, the comparison of indoncentrations between location types is
shown in Figure 15.
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Figure 15: Comparison of indoor concentrations (ME,Boluene, N@and formaldehyde)
between urban background (UB), hot spot (HS) amdl loackground (RB) regions

1.1.3.2 Particulate matter

Comparison of outdoor concentrations

Only 18 locations were sampled for PM, and theibistion over the 3 categories was rather
poor (n = 13 for UB; n = 4 for HS and n = 1 for RBvhich makes it difficult to detect
statistical significant differences. Mean outdo®dMI® concentrations decreased as expected:
concentrations were highest for HS (43,6 pg/miloviced by UB (38,3 pg/ms3), and then by
RB (24,9 pg/m3) (Figure 16). However, differencestween location types were not
statistically significant.
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Comparison of indoor concentrations

Analogously to outdoor concentrations, PM indoonaantrations were higher in HS areas
than in UB areas (Figure 17), though none of tliferénces were statistically significant.
The higher PM levels for RB in this analysis prdiably in the very limited numbers of RB
cases (n=1 for living rooms and n = 2 for bedroomghe dataset, and thus might poorly
represent the ‘real’ average RB concentrations p(&entativeness of UB (n = 15 for
bedroom concentrations and n = 2 for living rooars) HS (n = 10 for bedrooms and n =7
for living rooms))

PM10 indoor

50
45 T
40
35
30

25

20

PM10 indoor (pug/ms3)

15
o u]
10 O
st 1
0 E] glsetgﬁns%
uB HS RB T Min-Max

LocatieTypeCode
Figure 17: Comparison of indoor (bedroom + livimgom) concentrations (PM10)
between urban background (UB), hot spot (HS) amdl loackground (RB) regions
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The data are summarized in Table 5.

Table 5: Mean indoor (bedroom/living room) PM (PMBM2.5, PM10 and TSP)
concentrations in different location types.

location PM fraction UB HS RB

bedroom PM1 Grimm 7,2 13,8 16,7
PM10 Grimm 10,8 17,9 21,4
PM2.5 Grimm 7,7 14,4 17,4
TSP Grimm 12,7 20,7 22,9

living room PM10 Buck 15,3 9,6 3,1

1.1.4 Correlation between total indoor concentrations andindoor activities/home
characteristics

1.1.4.1 Correlation matrix for ventilation habits and (cambon) appliances

A correlation analysis was done to detect relahignss between indoor concentration and
indoor activities, indoor sources or building prdgs. Data were derived form
guestionnaires. A correlation matrix was calculabetween indoor activities, sources or
properties and indoor concentrations (Table 6)oémcdconcentrations in this analysis are the
average of bedroom and living room concentratidiss correlation analysis was based on
the number of filled in questionnaires for the [ding/source/activity) parameter that is
assessed. For example, out of the 44 receivedignesires, the parameter “hours of total
central heating use” was filled in 37 times. Therelation analysis was then performed on
these 37 cases. Six dwellings (# measured dweling8) were not included in this analysis
because of the absence of questionnaires.

It is likely that participants only filled in theugstionnaires when the answer was different
from zero. For example, only for 3 houses, the patar “# hours fireplace use” was filled
in. Probably, the number of hours fireplace ustheéother houses was zero. For the houses
without fireplace (n = 38), we can be sure of tigait for 3 out of 6 houses with a fireplace;
the variable “# hours fireplace” use was not filledand we assume it to be zero. However,
we cannot be sure of that.

To illustrate the importance of either (1) ignoritige not answered questions and (2)
attributing zero value to not filled in answersg thorrelation between indoor toluene
concentrations and hours of woodstove use is platt&igure 18.

Omitting not-filled in answers, only 3 valid casemmain, resulting in an extreme high
correlation coefficientr( = 1,00). This correlation coefficient drops to r07l9 (and the
correlation is not significant at the p=0,05 leviein the remaining cases a value of zero is
attributed (O hours fireplace use/week).

The comparison of analysis (1) and (2) shows,,filsat fireplace use might be, at least
partly, explanatory for indoor toluene concentnagsioHowever, this analysis is based on too
few cases to validate this hypothesis. Secondy atrgables than fireplaces use are stronger
influencing factors for indoor toluene concentraiagiven the larger variations in indoor
toluene concentrations in houses without firepthes in houses with a fireplace.
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Figure 18: Correlation between answered # houregdiace use (h/week) with indoor

toluene concentrations omitting not answered qoastires (left graph) and attributing O

for # hours fireplace use for not filled in answétght graph).

It was decided to perform the correlation analpgi®mitting not-filled in answers (Table 6).
This is the most likely method to detect sourceadivity-concentrations relationships. In a
few cases the correlation is significant, meanimgf &2 higher use of a specific source, or a
more frequent activity is correlated with a higle@ncentration indoors. It does not mean
that the correlation is causal.
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Table 6: Correlation matrix between indoor concatitsns (expressed as pug/ms?) and indoor activitgdencies (expressed as hours/week).

Non-filled in answers (#: in the first column) weneitted in the analysis. Significant (p<0,05) cdations are marked ibold italic.

#

answered Trichloroe | m-+p- o- 1,2,4- .

(total MTBE Benzene thene Toluene | Tetrachloroethene Ethylbenzeng Xylene Styrene Xylene | Trimethylbenzene bchhloor TVOC NO, | Formaldehyde

enzene

44)
Central Heating 37 -0,30 -0,05 -0,09 -0,3 0,09 260, 0,31 0,08 | -032 -0,18 0,12 0,18  -0|1 0,15
Stove 9 0,22 0,25 0,24 0,53 0,75 0,07 0,17 083 0,74 0,37 0,92 041 | -0,3 0,76
Open Fire 1,00 0,99 -0,95 1,00 -0,65 1,00 1,00 031 | 1,00 1,00 -0,49 0,99 | -1,0 1,00
Other heating 0,64 0,11 0,20 0,30 0,54 0,62 0p10,73 | -0,20 -0,01 -0,60 091 -0, -0,40
ggts""ater production with 7 0,02 0,15 -0,19 0,03 -0,06 0,02 001 0§ 010 017 0,16 019 | -04 0,01
g};‘eer hotwaterproduction -0,49 -0,59 -0,40 0,22 -0,18 072 | -082 | -010 | -068 0,33 -0,43 048 06 0,01
cooker 38 0,02 0,01 0,18 -0,21 0,24 -0,05 0, 130, -0,06 -0,05 0,56 001 | 0,2 0,03
oven 18 0,12 -0,09 0,18 -0,27 0,18 -0,04 0,07 ,140| -0,04 0,14 0,90 0,00 0,3 0,03
kitchen fan 34 0,04 -0,07 -0,08 -0,05 -0,02 0,02 | 0,07 0,31 -0,08 0,12 0,05 0,05 -0p -0,08
Open Windows Or Doors ;g 0,20 0,12 0,17 0,12 0,17 0,20 0,25  -021 0,24 0,18 -0,09 011| 04 0,07
at The Front Side
Open Windows Or Door
atThe Back Side 33 0,07 -0,05 0,12 | 066 0,11 0,28 0,07 0,17 0,09 0,46 -0,07 029 | -02 0,12
Ventilation Grids  or
Ventilation Fans in Use 9 -0,59 -0,29 0,38 0,17 -0,28 0,18 0,1 0,05 0,2 0,64 0,21 0,14 | -0,4 0,28
Ground Floor
Ventilation Grids  or
Ventilation Fans in Use 5 0,10 0,63 0,63 0,29 0,25 0,67 0,66 0,217 0,4 0,32 0,25 056 | -0,7 -0,63
First Floor
Other ~ Means  of g 0,18 0,42 0,55 0,41 0,73 0,45 0,72 0,08 0,5 0,05 0,44 019 | 02 0,34
Ventilation
# persons in the dwelling 33 0,07 -0,16 -0,15 -0, 0,02 0,03 0,03 -0,02| -0,03 -0,05 0,06 006 041 0,17
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The main conclusions of this correlation analyses a

Central heating systems are unlikely to contritgitengly to indoor pollutants given the
weakly negative (not-significant) relations betwessntral heating use duration and
indoor pollutants.

Indoor concentrations of tetrachloroethene, m+gngland o-xylene and TVOC's (and
p-dichlorobenzene) are positively (p<0,05) coredatwith stove use. The latter 3
compounds are combustion products.

Open fire place use contributes positively to indamncentrations of MTBE,
ethylbenzene, m+p-xylene, o-xylene, formaldehydd &,2,4-trimethylbenzene. It is
however noted that the correlation might be largeflyenced by one house with high
fireplace use duration. Such correlations thatnaaaly based on single points should be
interpreted with care.

In addition, the correlations do not always reflactlirect source-concentration effect.
For example, open fireplace use is commonly accamagaby high air exchange rates.
These high air exchange rates are probably explgndor the outdoor to indoor
movement of MTBE rather than MTBE being emitted tiueood burning.

Furnaces and oven use durations are positivelgleded with indoor p-dichlorobenzene
concentrations, although these are not sourceslahtorobenzene.

Ventilation durations were generally slightly negatly (not-significantly) correlated with
indoor concentrations, as expected for indoor geedrpollutants. However, for a few
(generally indoor generated) pollutants, i.e. tojetetrachloroethene and styrene, a
positive (p<0,05) correlation between concentraiand ventilation duration was
observed. No explanation for this could be found.

The corresponding correlation matrix for indoor Ridncentrations and indoor activity
durations is listed in
Table 7.

Table 7: : Correlation matrix between indoor PM centrations (expressed as pg/ms3) and
indoor activity frequencies (expressed as hourdfjvedon-filled in were omitted in the
analysis. Significant (p<0,05) correlations are rkead in bold italic.

PM10 PM1 PM2.5 PM10 TSP

living bedroom| bedroom| bedroom| bedroom

buck Grimm | Grimm | Grimm | Grimm
Central Heating -0,28 -0,36 -0,38 -0,47 -0,50
Stove 1,00 1,00 0,92 0,76
Open Fire
Other heating -1,00 1,00 1,00 1,00 1,00
hot waterproduction with gas -0,61 0,33 0,32 0,24 0,19
other hotwaterproduction type -0,34 0,79 0,80 0,80 0,83
cooker -0,07 -0,26 -0,26 -0,25 -0,24
oven -0,39 -0,09 -0,10 -0,15 -0,18
kitchen fan -0,47 0,36 0,37 0,40 0,37
Open Windows Or Doors at The Front Side 0,89 0,24 0,24 0,22 0,20
Open Windows Or Doors at The Back Side 0,22 0,11 0,11 0,10 0,08
\I:/E)r(l)t;latlon Grids or Ventilation Fans in Use: Graup 0,55 0,37 -0,38 0,51 -0,61
Ventilation Grids or Ventilation Fans in Use: FiF$bor 0,86 0,94 0,25 0,05
Other Means of Ventilation 1,00 -0,44 -0,44 -0,52 -0,57
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| # persons in the dwelling | -0,06 | -0,02 | -0,02 | -0,04| -0,05|

No significant correlations were observed for liyiooom PM concentrations and indoor
activity durations. The highly significant and go& correlations between ‘other heating’ or
‘stove use’ and bedroom PM are driven by only &qadints.

1.1.4.2 Significance test for indoor characteristics.

Based on the information retrieved from the quesigres, statistical analyses (Anova) were
done to detect if there was an effect of indoomatizristics on concentrations. Basically,
the indoor characteristics were dichotomic (present not present), and statistical
comparison (Anova) was used to test if concentnatitbetween the 2 classes were
significantly different.

Results are presented in

Table 8. This table is limited to combinations rmdaor-characteristics and pollutants that are
hypothetically related. The potential indoor anddmor sources listed in Table 6 of work
package 1 were used to select the combinations.

Results are expressed as the ratio of mean coatientin homes where the specific source
was present to the mean concentration in homesewthat source was not present. A ratio
larger than 1 points out that the indoor sourcerdamrtes to indoor levels.

Table 8: Ratio’'s of mean concentration of pollutann dwellings in the presence of the
indoor source to the mean concentration of pollutam dwellings in absence of the indoor
source. Ratio’s are marked in bold if the concetra between the two groups (absence
versus presence) was statistically significant (4nd~<0,05).

factor PM1 | PM2.5 | PM10 feormaldehyd acetaldehyde | NQ TVOC | benzene
chipboard, parquet, fibreboarg 0,77 1,06

cavity wall insulation 1,15 1,14

gas furnace 0,91 0,71 0,89

natural gas heating system 0,94 0,79 1,86 0,88

ggts water system on natural 0,99 056 0,97 1,07

glue 0,81 2,20 1,00
stain remover 0,81 2,20 1,00
gasoline, exhaust gases 1,02 1,0
vinyl wallpaper 1,07

sealing products 5,41
carpets 0,62

curtain material

varnish 0,69 0,76
printer 1,13
photocopier 0,84
insecticide -
smoking 2,89 2,84 2,51 0,78

heating - - - -
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Table 8: continued

toluen | ethylbenzen | o- m+p styren | 1.2.4 p- trichloroethen | tetrachloroethen
e e xylene | xylene e trimethylbenzene dichlorobenzene | e e

varnish 0,64 1,56 1,47

cork floor 0,70 0,57 0,60

parquet 1,54 1,22 1,25

linoneum 0,95 0,95

paint 0,67 1,26 1,06 1,02 0,81

glue 1,56

gasoline, motor exhaust 1,20

furniture 0,95

polishing wax 1,05

vinyl wallpaper 0,45

sealing products 0,54 0,61 0,54

carpet 0,93 0,48 0,38

chipboard, arquet

fibreboard P 0,95

curtain material 2,18 3,98

computer 1,70 1,24 1,11 1,02

printer 1,17 0,77 0,89 0,90 0,99 0,86

photocopier 0,54 0,65 0,74 0,78 0,4 0,66

smoking 3,68 0,78 0,74 0,78 1,91

insecticide -

maintenance products 0,64
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For only very few indoor characteristics, there wasstatistical difference in indoor
concentration between the presence and absendeeahdoor characteristic. Particulate
matter concentrations in bedrooms (PM1, PM10 an@.BMwere significantly elevated in
houses where people had been smoking comparedusesavithout smoking inhabitants.
The same pattern was observed for indoor toluemeertdrations. Effects of other indoor
sources on indoor pollutants were less clear:
= For most pollutants, the effect of indoor sources imdoor concentrations was
insignificant. A possible reason is that the indooncentrations in this study reflect
7-day averaged sampling periods, that do not rgweak concentrations released at
the moment of product use (e.g. heating, paintiny,
= The significant effects of glue and stain removeff¥ OC should also be interpreted
with caution: this ratio is derived from one dwadliwhere glue and stain remover
was used compared to 43 dwellings without useam semover and glue. The same
imbalance between absence and presence of sealmygis might explain the
significant effect of sealing products on indoontene concentrations.
= A larger dataset, and a balanced distribution séabe/presence of indoor sources is
desirable to validate these observations.
= The distance of the dwelling to the road did ndedf significantly indoor PM
concentrations.

1.1.5 Infiltration of outdoor generated pollutants to the indoor environment
1.1.5.1 Ratio indoor/outdoor (I/O) concentrations in dwejs
Gases

Indoor concentrations were, irrespective of thestarce, generally higher indoors than
outdoors (Figure 19). The lowest I/O ratio’s webserved for N@ followed by MTBE.
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Figure 19: Ratio’s indoor-outdoor concentrations dwellings (50) . Due to the cut-off at
45 on the Y-axis, 2 extreme values for MBTE (uhlfs), 1 for tetrachloroethene (110) and
3 values for p-dichlorobenzene (up to 170) arevigible in the graph.

The overall trend of higher indoor than outdooraanirations suggests that indoor sources
contribute significantly to indoor concentrations.
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PM10

In contrast to 1/O ratios of above mentioned ga#ies,PM10 indoor concentrations were
significantly lower than outdoor PM10 concentrasion
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Figure 20: Indoor versus outdoor PM10 concentratiom 16 dwellings

Table 9 : Indoor/outdoor ratio’s PM10 in 16 dwelys

I/O PM 10

mean

0,32

median

0,29

minimum

0,09

maximu
m

0,79

P25

0,19

P75

0,34

These 1/O ratios are rather high compared to PMrd’s reported in the literature. In
homes without indoor sources (including human #gjiindoor PM10 concentrations are
typically 70 % of outdoor concentrations (Monn &t 4997). The highest indoor/outdoor
(I/O) concentration ratios, i.e. 1/0 = 2, were ramd for homes with smoking inhabitants.
Occurrence of human activities and gas cookingltexsin 1/O ratios of respectively 1,4 and
1,2 (Monn et al.,1997). Cao et al. (2005) found fd&flos of 1,0, 1,5 and 1,0 for residential
homes in Hong Kong near roadsides, in urban aradsraral areas respectively. Mean
residential indoor concentrations of ambient PM2a%ticles ranged from 7 (Helsinki) to 21
pg/mé (Athens) in the EXPOLIS study. In the EXPOLWdfaidy 1/O PM2.5 concentration
ratios vary from 0,90 (Athens) to 1,04 (Prague)t&shi et al., 2002).
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1.1.5.2 contribution of indoor sources to total indoor cemications

The total indoor concentration of a substance eaexpressed with equation 1 (Hanninen et
al., 2004) which included a left term related totdmor concentration and a right term
representing the contribution of indoor sources:

_Pa
a+k

The infiltration factor (known asg) can be derived in the absence of indoor sources,
assuming the following relationship between coneiutns indoor (¢) and outdoor ()
(see also Wallace, 1996; Allen et al., 2003 and atedd., 2002):

C .
Fp = —ndeor = Pa Equation 2

Coutdoor at k
with P: penetration factor (-); a is the air examamate (/h) and k is the deposition, removal
or sorption rate (/h). The penetration factor thésdimensionless fraction of the pollutant in

ambient air that penetrates into the indoor enviremt.

C +C Equation 1

indoor — outdoor indoorsources

In this study, MTBE was selected as a tracer witly outdoor sources to calculatgdand
thus, in a next step, to discriminate the outdapserated from indoor generated fractions
of other pollutants:

Cig,x = Cindoortotal x I:INF,MTBE X Coutdoor,x Equation 3

with ig = indoor generated
and X = substance x

The fraction of indoor concentration that can beilaited to indoor sources can then be
calculated as:

C. .
%C. = 19X Equation 4
19.,X /Cindoortotal,x q

This method is analogous to the principle usedtireiostudies using other tracers (e.g.SO
as tracer for PM2.5) to determine outdoor to indoiftration of pollutants (Wilson et
al.,2000; Wilson et al., 2006).

The tracer method can only be used under the assumyf absence of indoor sources of
the tracer. In case of MTBE this was expected @sattypical traffic exhaust pollutant, an

additive of petrol. This assumption is valid if teas a clear relationship between indoor and
outdoor MTBE, and the intercept low. The indoor ME Boncentrations versus outdoor

MTBE concentrations are illustrated in Figure 21.

In a first step, the relationship between indoast antdoor MTBE is plotted for the overall
dataset of 50 dwellings ((Figure 21; graph A). #veals from that graph that the
indoor/outdoor relationships is very weak. Howeudie weakness of this relationship is
mainly driven by 2 outliers with extreme high MTRloor concentrations.
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Figure 21: Indoor versus outdoor MTBE concentraion dwellings

Exceptionally high indoor/outdoor MTBE ratios werleserved for 2 dwellings. In these two
dwelling, MTBE concentrations in living rooms we88 and 7,6 pg/ms, in bedrooms 10,9
and 16 pg/ms respectively, and outdoor (backdoongentrations were as low as 0,195 and
0,146 pg/ms respectively. The only potential MTBEEaor source of which we could think
of was the presence of gasoline indoors. The pceseh a garage in the dwelling, or
adjacent to the dwelling (with passage betweenggamnd house), as an indication for
possible indoor gasoline sources was verified. éddén the two dwellings with high MTBE
concentrations, such a garage was present. Howiev8rother dwellings, a garage in or
with passage to the house was present, withoutpascal high F:mree values. Among
these 8 houses, 7 had an |/ ratio below the mean values of 4,1 and 4 had an442
below the median of 1,25. Ventilation frequencieshose 10 houses were not explanatory
for difference in F:mree (@lmost all these dwellings were ventilated onciay).

The lower I/Oyrge In some houses with garages is not surprisingesihe presence of a
garage is obviously not a good substitute for ttes@nce of petrol cars; there are probably
at least some diesel cars (no MTBE sources) isdéhgle. Unfortunately, the questionnaires
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did not enquire for car fuel type. Thereby, thedtesis of gasoline cars in cars responsible
for extreme high MTBE concentrations can not befiocoed nor refuted.

In a second step, these 2 cases with exceptioghl MiTBE indoor concentrations were
omitted (Figure 21; graph B). Still, the relatiomslvetween indoor and outdoor MTBE
concentrations remains weak. Additionally, 6 poirtave elevated indoor MTBE
concentrations, which were in 4 cases potentiaihtained by the presence of a garage in or
connected to the dwelling (3 with direct connectiorthe remainder part of the house, and 1
without passage to the house). For the 2 otherdspus explanation for elevated indoor
MTBE concentrations was found. For one house, mrnmation was available since the
occupants did not filled in the questionnaires;tfe other house, no possible MBTE sources
were present in that house (no garage, no stooégenotor fuel in the house,... was
reported by the occupants). Excluding these 6 dwsll with elevated MTBE indoor
concentrations (probably due to indoor sourcesk ithird step, gives a much better
relationship (graph C of Figure 21).

The exclusion of 1 extra outlier with very high MEButdoor concentrations in a last step
(graph D in Figure 21) improves the regression ggadfrom R2 = 0,30 for graph C to R2 =
0,50 for graph D). That outlier is a dwelling siteh in a hotspot area, and that dwelling was
not ventilated. Since this can be considered dgeratxceptional situation which influences
largely the slope in Figure 21, it was decided toitahis outlier for the derivation of an
average infiltration factor.

The resulting infiltration factor (& mtse), is derived from the slope of the MTBE indoor
versus outdoor graphs {F= 0,86 95 % CI: 0,59- 1,14) based on this filtedadaset (n =
41 out of 50; graph D in Figure 21) and gives stiglivalues of & for dwellings, in
accordance with infiltration factors reported byerts using other tracers (e.g« Based on
sulphate = 0,7 (90 % CI: 0,5-0,9) Wilson et al.0&p

The intercept of the MTBE indoor versus outdoor pipsa refers to small residual
(background) MTBE concentrations in houses. Sintilzkground concentrations were also
found for SQ by Ebelt et al. (2006).

Alternatively to a calculatedif-based on MTBE concentrations, it was also verifiddiO,
could be used as a tracer for outdoor to indodltration. NO, has even lower indoor-
outdoor ratio’s than MTBE. However from Figure 22 is learned that there is no
relationship between indoor and outdoor Nédncentrations, and thus BN@s tracer to
estimate infiltration from outdoor to indoor enviroent is useless.
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Figure 22: Indoor versus outdoor N@oncentrations in dwellings

The indoor generated concentrations of pollutanerewcalculated for each dwelling
individually, using an averagenF wrse factor (0,86; 95% CI. 0,59-1,13) (Table 10). It is
important to keep in mind that the individuald~wrse values differ between houses and
depend of dwelling types (flats, connected or detdcdwellings), ventilation frequencies,
building properties, ... However, it was not feasidlestratify hne, mrse for building type and
ventilation classes due to the limited dataset afsles in this study. For example, the 7
points that are obviously above the regression itn&igure 21 D (i.e. that have higher
infiltration) are all related to flats or connecteduses. However, other flats and connected
houses are below the line in that graph. In additmne would expect a lower and not a
higher infiltration factor for flats and connectieduses compared to detached dwellings.

Table 10: Fractions of total indoor concentratiotigt are attributable to indoor sources
(% Gg). The distributions of % jCare based on a general Figfge for all dwellings
combined with individual indoor and outdoor concatibns.

P50 P50 P50
substance average P5 P25 P50 P75 P9% HS RB UB
Benzene 38% % 219 34% 55% 78% 43% 290 330

Trichloroethene 40% 13% 23%  34% 63% 79% 49% 32% % 34
Toluene 64% 36%| 48% 68% 789 96% 67% 70% 650
Tetrachloroethene 22% <0 18% 29% 50% 90% 34% 43% 5% 2
Ethylbenzene 56% 249 40% 57% 71% 93% 42% 68% 571%
m-+p-Xylene 54% 19%| 38% 53% 7094 91% 45% 67% 53%
Styrene 22% <0 51% 73% 87% 95% 67% 79% 73%
0-Xylene 54% 29%| 44% 579 7% 929 4600 70% 60%
1,2,4-

Trimethylbenzene 67% 389 54% 6% 87% 97% 54% 80% % 7(
p-Dichloorbenzeng 57% 14% 19% 66% 82% 99% 66% 14% 69%
TVOC 57% 36% | 50%| 59% 67% 84% 56% 58% 61%
NO, <0 <0 <0 <0 <0 53% <0 <0 <0
Formaldehyde 63% <0 71%  85% 91% 95% 83% 85% 87%
Acetaldehyde 34% <0 209 56% 88% 93% 39% 85 58%
PM10 <0 <0 <0 <0 <0 <0 43% 29% 33%
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For some pollutants, the median indoor concentnatiare typically driven by outdoor
generated sources (%& 50 %, e.g. benzene, trichloroethene, tetracklitiene, N@ PM),
while for most pollutants the largest contributitm indoor concentrations comes from
indoor sources (%gE > 50 %; e.g. for toluene, styrene, 1, 24-trimitdyzene, p-
dichlorobenzene, TVOC, formaldehyde). Other politda have a typical 50/50
indoor/outdoor source distribution (m+p Xxylene, yere, ethylbenzene, TVOC,
acetaldehyde) (see Table 10).

It is noted that the %gCvaries greatly among dwellings. This is not swipg since some
dwellings have indoor sources for a given pollutamhile other do not.

The median %f for data grouped according to location types @put, rural background
and urban background) is given in the 3 right calsrof Table 10. The statistical analysis
(non-parametrical Kruskal-Wallis Anova) revealédttthe %G were not different between
the 3 location types, for none of the substancdserdfore, in further calculations of
exposure related to indoor versus outdoor sourt€s?) one general median %@iill be
used.

For some combinations of dwellings and pollutaateggative (gvalue was obtained, which
is physically impossible. This probably relies imetoverestimation of ifuree Of those
dwellings when using the averagg ¥rrse instead of home-specifig,Fvalues.

It is noted that %fg in Table 10 was calculated using an averagg@+ke factor of 0,86. The
uncertainty on this average (95 % CI: 0,59 — 1Maéye could also be taken further into
account. The effect of this uncertainty o & illustrated in the next example: calculating
with the lower end of this distribution (Ewree = 0,59) would lead to %E= 55% for P50
of benzene, and calculating with the higher end (free= 1,13) leads to %g= 12% for
P50 of benzene. Thus, it should be kept in mind tha uncertainty of i urse introduces
roughly a factor of 2 uncertainty on %CThe uncertainty range of %G in principle equal
for all substances.

The MTBE infiltration method was not successfukstimate ¢ for NO,and PM10. This is
basically because indoor/outdoor ratios for,Ndd PM10 were lower than for MTBE. As
mentioned above, rather exceptional low 1/0 PMlibsavere found in this study compared
to literature data.

Thus, notwithstanding MTBE, NCand PM10 probably all have little indoor sourciir
I/O ratio’s differ from each other. This inapprageness of MTBE to estimate the
infiltration of PM and NQ probably lies in different penetration factors /amd
removal/sorption rates between these compoundsEgeation 4). Indeed, it was assumed
that these factors are equal between MTBE andaitgeet pollutant for which one wants to
know the infiltrated fraction.

1.1.6 Correlation between indoor generated concentrations and indoor
activities/home characteristics

1.1.6.1 Correlation matrix

Alternatively to statistical analysis of indoor cheteristics on total indoor concentrations
(1.1.4), the effect of indoor characteristics aaoior generatedconcentrations was analysed.
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Theoretically, this should lead to better correlasi since the uncorrelated factor of outdoor
generated substances is filtered out. Unfortunatélg analyses cannot be performed for
NO, and PM because thesfmrse method was inapplicable for these substances.

Results of the correlation analysis between indgemerated concentrations and indoor

activity durations (fireplace, heating, ventilafionwere very similar to the correlation with
total indoor concentrations. Apparently, the influenceoatdoor generated concentrations
was rather minimal and correlations between ind@ativity durations and indoor

concentrations were generally rather very weak.
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Table 11: Correlation matrix between indoor generht concentrations (expressed as pg/ms3) and indobvity frequencies (expressed as
hours/week). Non-filled in answers were omittetheanalysis. Significant correlations are markedold italic.

. 1,2,4- p-
#ansyvered MTBE Benzene Trichloro Toluene Tetrachloro | Ethylbenz | m-+p- Styrene o- Trimethyl | Dichloor | TvoC Formalde | Acetald
(total : 44) ethene ethene ene Xylene Xylene benzene | benzene hyde ehyde
Central Heating 37 -0,30| -0,07| -0,10| -0,35 0,09 -024 | -03 | 0,11 | -035 | -020 | 012 | -0,17| -0,04] 0,23
Stove 9 018 | 021 | 007| 0,37 0,73 -0,06 006084 | 068 | 022 | 092 | 0,36 | -0,76 | 0,12
Open Fire 7 1,00 | 1,00 | 1,00 | 1,00 0,26 1,00 | 1,00 | 029 | 1,00 | 1,00 | -046 | 098] 0,98
Other heating 8 0,05| -055| -039| 0,24 0,49 013 -044 02 -0,350,68 | -0,60 | 072 -0,72| -0,64
hot gV;aS‘e'pmd”"m” 27 -0,10| -019| -0,22| -0,08  -0,07| -0,0f -0,18061 | 0,01 | -020 | 013| 008 -022 -0,08
other
hotwaterproduction 8 -0,42| -0,34| -0,34| -0,20 0,15 0,67 -047 -0,06 530, -0,31 | -0,39| -0,41 0,03 -0,48
type
cooker 38 0,02| 000 | 018| -0,20 0,25 -006 -0,06 -0j13 60,0-004 | 056 | 000 | 007 | 001
oven 18 -0,10| -010| 019| -024  -013] -008 -0p5 -0/160,03| 0,16 | 09 | 0,01 | 0,09 | -0,08
kitchen fan 34 -004| -011| -011] -005  -001] -005 -011 0,101%| -0,12 | -0,05| 0,01 -0,21 -0,18
Open Windows Or|
Doors at The Fron| 19 -0,12| -007| -0,14| -0,100 -0,12| -020 -0,23 -020022| 0,22 | -0,09| -020 -0,3§ -0,18
Side
Open Windows Or|
Doors at The Back 33 -0,06| -0,04| -0,06( 066 -0,10 030 | 011/ 019 013 049 | -007 | 0,26 -0,08| 0,03
Side
Ventilation Grids or
Ventilation Fans in| 9 -0,39| -035| 041| -014 -0,28 012 003 005 016065 | -0,21 | -0,24 0,31| 0,2(
Use: Ground Floor
Ventilation Grids or
Ventilation Fans in| 5 -049| -015| 037| 0,16 0,25 038 044 028 042 300, 024 | 035 -0,77| 0,24
Use: First Floor
Other Means of g 0,32 | -0,01| 000| 042 -0,20 071 0774 014 0/l 310, -044 | 021| 012| 0,73
etm n the 33 0,07 | -017| -0,10/ -0,02 0,11 0,01 -0,05 -0/03 040, -0,06 | 0,07 | -009 -0,18 0,14
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1.1.6.2 Influence of indoor characteristics on ind@@neratedconcentrations

The same trends as for the analysis of indoor cleriatics on total indoor concentrations
were present (Table 12). Notwithstanding that confbing factors of outdoor borne
concentrations were filtered out, no clearer effectf indoor sources on indoor
concentrations were obtained (Table 12).

Table 12: Ratio’s of indoor generated concentratioh pollutant x in dwellings in the
presence of the indoor source to the average cdratéyn of pollutant x in dwellings where
the investigated indoor source is absent. Ratawts marked in bold if the concentration
between the two groups (absence versus presensetatsstically significant (P<0,05).

indoor source formaldehyde acetaldehyde TVOC benzen
chipboard, parquet, fibreboard 0,78 1,08

cavity wall insulation 1,09 1,26

gas furnace* 1,08 0,91 1,00

natural gas heating system 0,89 0,66 0,84

hot water system on natural gas 0,89 0,66 1,08

glue 0,80 2,89 0,47
stain remover 0,80 2,89 0,47
gasoline, exhaust gases 3,79 1,21
vinyl wallpaper 1,24

sealing products 9,85
carpets 0,70

varnish 0,72 0,27
printer 1,29
photocopier 0,61
insecticide -
smoking 0,68
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Table 12: continued

toluene ethylbenzene o-xylene m+p xyleng styrene . 1,2,4- dichlorobenz trichlor | tetrachloro
trimethylbenzene ene oethene ethene
varnish 0,45 1,74 1,65
cork floor 0,69 0,51 0,51
parquet 0,53 1,54 1,75
linoneum 0,89 0,81
paint 0,56 1,29 1,01 0,92 0,66
glue 1,59
furniture 0,92
polishing wax 1,16
vinyl wallpaper 0,29
sealing products 0,30 0,39 0,31
carpet 0,91 0,37 13,58
chipboard, parquet, )
fibreboard
curtain material 2,72 384
computer 2,09 1,54 1,33 1,24
printer 1,21 0,70 0,89 0,89 1,06 0,85
photocopier 0,42 0,49 0,61 0,55 0,44 0,50
smoking 4,61 0,80 0,81 2,22
insecticide -
e
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1.2 Exposure assessment: methodology and interpretation

1.2.1 Total personal exposure for Flemish children (by ag category and location
type)

A child’s total personal exposure to an air polhit@l) is composed of exposure fractionated
over different micro-environments, and consists thé concentration of the micro-
environment in which that child spend its time,cadsd with the time fractions that the child
spends in the corresponding micro-environment:

T= > E, = > (t,*C)) Eqgn. 3

micro—environmen micro—environmen j

with tj: time spent in micro-environmepand G: concentration in micro-environmejt

In a first assessment, point estimates for totglical exposure for children for all age
categories (0-2,5y; 2,5-6 y; 6-12 y; 12-18 y) &owhtion types (HS, UB or RB) were made.
It is assumed that a child who lives in a hotspetdas also his other micro-environments
(day care, school) located in a hotspot region. egon herein is transport; the
guestionnaires contain information on the percetvafiic intensity of the street of residence
(calm versus busy). A typical children’s exposwédefined as the exposure of a child with an
average time activity pattern, in combination witiedian concentrations for the different
micro-environments in which the child spends itsneti In cases where (median)
concentrations for a given micro-environment in igelg location type are lacking (e.g.
concentrations for day care in hot spot areas)d#ilg (24h) exposures is calculated from all
available exposures (in the micro-environment fdiclv concentrations were available) and
then rescaled to 24 hours.

It was preferred here to use the median insteddeofiverage concentrations since extreme
high concentrations in a few locations distort #werage concentration, which cannot be
considered as ‘typical’. In contrast, activity aitts in different dwellings were calculated as
the average because if one uses the median dwwatiadhfferent micro-environments, the
sum of times spend in different micro-environmecdsa deviate substantially from 24 hours.
The average is much more robust in this respedt £23.5 h).

After identifying the micro-environments that cdbtite the most to total exposure, the
variations in concentration in those environmenitkbg taken into account to determine the
variation in the total personal exposure.

1.2.1.1 Time activity patterns for Flemish children

The average children’s time patterns were derivechfquestionnaires for 4 age categories:
babies and toddlers (0-2,5 years), infants (2,2&<g), primary school children (6-12 years)
and secondary school children (12-18 years). dissumed that the time activity patterns do
not depend on location (Antwerp or elsewhere) oatimn type (hotspot, urban background,
rural background). Average time patterns for Flanukildren were calculated for different
age categories. As mentioned in the report of We2a relative high number of days (25
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%), only 12 hours (8 am- 20 pm) activities werledil Apparently, some participants mist the
back side of the questionnaires. These data wetttednfrom the analysis.

A summary of the time activity patterns for Flemihidren is given in Table 13.

Table 13: Average time activity patterns for Flemchildren

age categories

location

0-2,5 2,5-6 6-12 12-18
Number of Children 15 9 8 3

h/day spent in micro-environment
Dwelling — Bedroom 11,22 11,79 11,23 11,57
Dwelling — Kitchen 0,71 1,32 0,71 1,81
Dwelling — Living Room 5,89 3,41 4,07 2,43
Dwelling - Bad Room 0,56 0,68 0,7 0,41
Dwelling — Other 0,08 0,27 0,03 0,57
Dwelling — Outside 0,02 0,08 0,08 0
Day Care — Inside 4,18 0,08 0,04 0
Day Care — Outside 0,05 0,00 0 0
School - Class Room 0,10 3,68 4,11 4,76
School - Play Ground 0,00 1,04 1,31 0,24
Leisure — Inside 0,36 0,57 0,66 0,44
Leisure — Outside 0,08 0,20 0,34 0,85
Other Inside 0,00 0,00 0 0
Transport (busy) - Walking 0,05 0,10 0,01 0,03
Transport (busy) - Cycling 0,11 0,14 0,12 0,37
Transport (busy) - Motorised 0,37 0,26 0,31 0,34
Transport (calm) - Walking 0,04 0,07 0,01 0,03
Transport (calm) - Cycling 0,00 0,00 0,13 0
Transport (calm) - Motorised 0,01 0,15 0,05 0
total recorded time 23,8 23,8 23,9 23,8

Some remarkable findings from this table:
= Main outdoor activities happen at school (play guuand other outdoor leisure
activities.
= Hardly any time was spent outdoors home. This spoads well with estimates
based on enquiries performed by the Belgian Naltivsditute for Statistics (NIS).
This source reports on average one minute per da@poor residence at home.

In Table 13, time spent at school is 4-5 hoursvpegk. On a weakly basis, this corresponds
to a school duration of 28-35 hours, which is anmdraverage. The same consideration is
true for babies and toddlers who go to daycaresénhes.

The time activity patterns in Table 13 are in ademce with time patterns of a Belgian study
(for 12-18 years) and with foreign studies (thehéelands and the USA) reviewed in WP1
(section 2.1). One exception is the reported tipens outdoors. This time amounts to 4
hours/day for children (0-12 y) according to thadst of Kruize et al. (2000). The time

outdoors probably depends on the season in whiehsthdies were performed. The
measuring campaign of this study is not represertdbr the whole year. The summer
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period is not included in this study. Especiallyidg summer time, children are more outside
than in the period of this campaign.

Based on data of NIS (Belgian National Institute Stftistics), it was estimated that
children’s outdoor residence amounts to 2h42 inmsendays. Summer days are defined as
days with temperatures above 25°C (on average @4y8/year). On a yearly basis, this
would correspond to 11 minutes per day (Maes, 2006)

Thus, it should be kept in mind that the exposorechildren calculated with this dataset of
time patterns and concentrations is not repregeatfdr the whole years, since summer is
not included. In summer exposure is different gidéferent time patterns of children, and
also concentrations are different, e.g. the absehhbeating related pollution.

1.2.1.2 Concentrations in different micro-environments &whtion types

Median concentrations for the different micro-eamiments are listed in

Table 14 (PM) and Table 15 (gases). As mentionegemot for all micro-environments for
which time activity patterns are recorded, conadins were measured (e.g. kitchen).
These exposures were neglected (not set to zeqpdsares were recalculated for the time
for which concentrations were available. In casenehmicro-environments (e.g. kitchen) are
omitted that possibly have higher or lower concaigns compared to other micro-
environments, this might lead to an under-or ovenagion of the real personal exposure.
The time spent in motorized transport is not difeiated between public and car transport.
To match with the concentrations categories, ¥Ytheftime spent in motorized transport is
attributed to public transport and % is attributedtransport by car. This ratio is derived
from a study on transport behaviour for in Fland@G00-2001www.uitweg.b8.

Table 14: Median concentrations (in pg/m3) of PMmhOdifferent micro-environments,
location types and sampling location, taken forwardexposure calculations

LocatieType Micro-environment location PM10 (ug/mp?)
HS dwelling bedroom 13,3
HS dwelling living 9,6
HS dwelling outdoor 36,3
HS day care indoor no data
HS day care outdool no data
HS school no data
HS school no data
HS indoor leisure no data
HS outdoor leisure no data
RB dwelling bedroom 9,0
RB dwelling living 3,1
RB dwelling outdoor 24,9
RB day care indoor no data
RB day care outdoor no data
RB school no data
RB school no data
RB indoor leisure no data
RB outdoor leisure no data
UB dwelling bedroom 9,1
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UB dwelling living 12,9
UB dwelling outdoor 32,9
UB day care indoor 12,8
UB day care outdoor| 38,2
UB school no data
UB school no data
UB indoor leisure no data
UB outdoor leisure no data
traffic calm walk no data
traffic calm bike no data
motorized (3/4 car / 1/4
traffic calm public) 22,5
traffic busy walk 25,1
traffic busy bike no data
motorized (3/4 car / 1/4
traffic busy public) 27,1
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Table 15: Median concentrations (in pug/ms3) of gaseslifferent micro-environments, location typesaampling location, taken forward to
exposure calculations

Location Type MicroT !ocat MTBE Benzene Trichlor Toluene Iﬁ:@ﬂ Ethylben | m-+p- Styrene o-Xylene ':IL',rizr’rf(;thy pD-ichloro TvVOC NG, Formald | Acetal
ype ion oethene e zene Xylene Ibenzene | benzene ehyde dehyde
HS D B 0,56 2,86 0,18 8,09 0,54 0,96 2,24 0,13 0,861,93 0,096 | 425 26,1 21,8 22,9
HS D L 0,61 1,71 0,13 3,58 0,21 0,55 1,35 0,07 0,460,89 0,027 236 38,5 5,0 26,9
HS D ©) 0,40 2,01 0,12 3,36 0,28 0,57 1,25 0,06 0,470,78 0,027 222 44.8 4,7 19,9
HS DC L 0,41 2,10 0,49 7,94 0,19 1,27 2,48 301 71,6 1,59 0,027 | 444 48,0 11,9 40,4
HS DC O 0,55 2,64 0,63 12,31 0,28 1,61 3,53 44p 311,| 2,70 0,108 1066 11,8 41,4 12,3
HS S I 0,80 2,85 0,14 5,79 0,68 1,36 4,03 0,01 1,625,28 3,015 766 39,3 11,9 3,9
HS S ©) 0,29 1,03 0,15 1,97 0,13 0,35 0,86 0,01 0,290,43 0,027 287 42,7 2,5 0,5
HS IL I no data
HS OL 0] no data
RB D B 0,47 1,91 0,11 6,60 0,14 1,24 2,38 0,13 0,781,60 0,027 | 492 14,6 16,6 7,4
RB D L 0,47 1,96 0,14 6,37 0,21 0,80 1,84 0,12 0,711,40 0,027 377 28,9 20,8 26,9
RB D O] 0,26 1,22 0,07 2,55 0,08 0,40 1,02 0,04 0,340,43 0,027 300 26,2 3,1 1,4
RB DC I no data
RB DC O no data
RB S I 0,34 2,18 0,10 3,40 0,24 0,89 1,89 0,15 0,690,76 0,096 316 18,1 33,7 43,2
RB S O 0,30 2,26 0,08 2,60 0,12 0,49 1,06 0,06 0,360,43 0,027 207 27,1 7,1 50,1
RB IL L 0,39 1,65 1,82 37,69 4,68 11,64 38,23 0,07 11,15 8,71 38,018 943 17,3 21,0 7,9
RB OL O] no data
UB D B 0,54 1,89 0,16 6,42 0,25 1,07 2,16 0,146 0,852,31 0,085 | 442 19,8 23,3 9,5
UB D L 0,59 2,08 0,16 9,09 0,26 1,00 2,28 0,25 0,86 2,59 0,074 524 23,3 32,1 17,7
UB D 0] 0,33 1,53 0,13 3,02 0,21 0,47 1,07 0,07 0,380,64 0,027 213 39,2 3,2 5,3
UB DC I 0,55 1,85 0,10 4,68 0,20 0,62 1,37 0,146 50,5| 1,59 0,027 381 29,8 21,1 33,1
UB DC ©) 0,44 1,97 0,09 3,24 0,18 0,54 1,11 0,22 10,4 0,68 0,027 202 49,9 12,0 46,1
UB S I 0,34 1,27 0,16 3,33 0,18 0,52 1,35 0,07 0,460,87 0,075 332 20,2 18,8 3,4
UB S ©) 0,32 1,22 0,13 2,50 0,16 0,41 1,01 0,04 0,380,50 0,027 293 43,2 3,6 1,2
UB IL I 1,15 5,88 0,13 11,11 0,47 1,09 2,29 0,01 820, | 1,94 0,085 | 339 143,1 17,1 18,3
UB OL 0] no data
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traffic busy | TW O 0,03 0,01 0,03 10,99 0,03 1,67 ,010 | 0,01 1,10 0,027| 1500 36,8 11,0 15,5
traffic busy | TB O 1,58 2,02 0,10 6,47 0,25 0,73 51,3| 0,41 0,41 0,37 0,027 1250 63,0 14,5 22,3
traffic busy | TM 4,88 3,43 0,16 12,34 0,20 1,24 13,4| 0,33 1,00 2,77 0,039] 1089 54,1 11,7 9,6
trafficcalm | TW O] 1,76 2,60 9,42 0,28 1,53 284 72, | 1,79 1,26 0,097| 5880 9,7 40,8 281
trafficcalm | TB @) 3,49 1,77 0,14 9,64 0,46 1,00 8,0| 0,01 0,78 0,91 3,570 3310 25,3 56,6 92,1
trafficcalm | TM 1,65 3,15 0,16 21,69 0,08 4,39 ,010 1,77 7,13 0,115]| 6049 43,7 10,8 19,5

UB: urban background; RB: rural background; HS: $pmit

D: dwelling; DC: day care; S: school; IL: indoordere; OL; outdoor leisure

TW: traffic walking; TB: traffic bike; TM: trafficnotorized (3/4 car / 1/4 public)
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1.2.1.3 Children’s daily exposure

Total children’s exposure was calculated accortting

T

2

micro—environmen

E

J

2,

t,*C))

micro—environmen j

with t; = average time fraction (h/24h) spent in microsemment j ( Table 13)
and G= median concentration in micro-environment j (
Table 14 and Table 15).

Table 16: Typical daily exposure (1ug/m3) to polhtgafor children of different age classes
and for different location of their homes

Trichloro Tetrachloro| Ethylbenze| m-+p-
location age MTBE| Benzene ethene | Toluen¢ ethene ne Xylene Styrene
HS 0-2,5 0,62 2,40 0,23 6,93 0,38 0,91 2,7 0,14
HS 2,5-6 0,65 2,55 0,17 6,74 0,48 0,92 2,35 0,14
HS 6-12 0,68 2,51 0,16 6,48 0,47 0,92 2,34 0,09
HS 12-18 0,71 2,68 0,16 6,96 0,52 1,00 2,95 0,1(
RB 0-2,5 0,55 2,01 0,22 7,52 0,25 1,31 2,89 0,69
RB 2,5-6 0,52 2,04 0,17 7,02 0,30 1,37 3,20 0,15
RB 6-12 0,54 2,06 0,17 6,98 0,32 1,39 3,29 0,14
RB 12-18 0,54 2,05 0,16 6,70 0,28 1,34 3,03 0,14
UB 0-2,5 0,65 2,05 0,16 7,08 0,25 0,98 2,09 0,19
UB 2,5-6 0,59 1,96 0,17 6,61 0,25 0,94 2,06 0,14
UB 6-12 0,62 1,97 0,17 6,57 0,25 0,94 2,04 0,16
UB 12-18| 0,61 1,91 0,17 6,32 0,24 0,94 2,02 0,16
1,2,4- p-
Trimethylbenze| Dichloro Formal
location age | o-Xylene ne benzene TVOC N® | dehyde Acetaldehyde

HS 0-2,5 0,9 1,6 0,1 410 34,2 15,2 27,4
HS 2,5-6 0,9 2,3 0,6 522 32,0 16,( 19,6
HS 6-12 0,9 2,3 0,7 490 32,6 15,4 18,8
HS 12-18 1,0 2,6 0,8 517 32,1 16,9 18,7
RB 0-2,5 11 1,7 0,7 495 26,0 17,2 19,7
RB 2,5-6 1,0 1,6 11 527 19,9 20,3 20,5
RB 6-12 1,1 1,6 1,2 493 20,3 20,9 21,6
RB 12-18 1,0 1,6 0,9 485 19,2 215 19,8
UB 0-2,5 0,8 2,3 0,1 485 25,9 25,2 17,1
UB 2,5-6 0,8 2,1 0,1 513 26,6 23,1 11,0
uUB 6-12 0,8 2,0 0,1 484 27,3 23,3 10,7
uUB 12-18 0,8 2,0 0,1 466 251 23,1 10,0
locatio

n age PM10

HS 0-2,5 12,3

HS 2,5-6 13,0

HS 6-12 12,7

HS 12-18 13,0

RB 0-2,5 7,4
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RB 2,5-6 8,3
RB 6-12 7,9
RB 12-18 8,4
uUB 0-2,5 11,2
uUB 2,5-6 10,6
uUB 6-12 10,5
uUB 12-18 10,1

Typical exposure to pollutants is slightly highar fsome pollutants (MTBE, benzene,
tetrachloroethene, NCand PM10) for children living in HS areas compatedRB or UB
areas (Table 16). These differences are relatsmigll. In addition, for the majority of the
investigated pollutants (e.g. trichloroethene, ¢aky ethylbenzene, m-+p-xylene, styrene, o-
xylene, 1,2,4-trimethylbenzene, p-dichlorobenzem®OC, formaldehyde, acetaldehyde)
there is hardly any difference in children’s expesbetween HS, RB and UB. There was
almost no difference in external exposure amonigreiit age classes (Table 16). This is a
consequence of the rather similar time-activitytgraus for children of different age classes.
One exception is the 5-fold larger styrene expogsaréhe youngest children in RB areas
compared to older ages in RB areas and comparethéo location types. This high value is
attributable to elevated styrene concentrationsh(limdoor and outdoor) for one day care
centre (the only one that was located in RB areBlsiyis for this micro-environment, the
median is derived from only one single measuringtpand thus must be taken with caution.

The majority of exposure to pollutants (>80 %) @ated to exposure in the indoor

environment. Exposure during time spent outdooris transport contributes generally less
than 10 % to total exposure (except for MTBE andODy). In Table 17, an example of

exposure distribution indoor/outdoor/transport ébildren from 6 to 12 years in hot spot is
given. The same trend, i.e. mainly (>80 %) indogpasure was also found for other ages
categories and location types.

Table 17: Fractions of total personal exposure teth to indoor exposure, outdoor
exposure and exposure during transport (here fadoén 6-12 years in hot spot areas)

indoor outdoor transport

exposure/tota]
| exposure

exposure/total
exposure

exposure/total
exposure

MTBE

82%

3%

15%

Benzene

94%

3%

3%

Trichloroethene

91%

6%

3%

Toluene

93%

2%

5%

Tetrachloroethene

97%

2%

2%

Ethylbenzene

94%

3%

3%

m-+p-Xylene

94%

2%

3%

Styrene

91%

1%

8%

0-Xylene

95%

2%

3%

1,2,4-Trimethylbenzene

96%

1%

3%

p-Dichlorobenzene

96%

0%

3%

TVOC

85%

4%

12%

NO,

87%

9%

4%

Formaldehyde

95%

1%

4%

Acetaldehyde

95%

1%

5%
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PM10 | 93% | 2% | 6% |

The above exposure calculations are based on membawentrations in all micro-
environments. This is however only representatoretiie exposure of a ‘median’ person.
From a public health perspective, we're also irgena the higher (e.g. P95) exposed
persons. Monte Carlo simulations (Crystall Balts@ie) were used to estimate the variation
of exposure for children within each age groupamation. With bedroom and living room
being the largest contribution of exposure in inddeellings (bedroom + living room) (>80
%) for the ‘typical’ (=median) scenarios, variationthese micro-environments was taken
forward to the Monte Carlo analysis. For exampte, dhildren living in urban areas, the
distribution/variation in air concentrations withine 23 dwellings in urban areas was taken
into account. Variations in other compartments weeaccounted for. Firstly, because they
affect to a much lesser extent the total exposaind, secondly, because, for some micro-
environments, a distribution on concentrations @¢oalt be established because of the limited
dataset (e.g. only measurements in one schoot¢inrtban background areas).

The variation in time patterns wasn’'t taken intecamt. This was technically impossible
because distributions of time use in different mienvironment were not independent from
each other. Using distributions of time use inedéht micro-environments would lead for
some combinations to total daily time far belowabove 24 hours. Obviously, this should be
avoided. But the variation in time patterns betweiferent children is smaller than variation
in concentrations in different micro-environments.

Therefore, the point estimates for time activityteans were combined with the variation of
concentrations in indoor environments in dwellinggdroom + living room) and point
estimates of concentrations in other micro-envirents (e.g. school, transport). This results
in distribution of exposure estimates. A graph&eample of exposure distributions is given
in

Figure 23.
1.000 Trialz Frequency Yiem 932 Displayed
Monte Carlo simulation exposure UB children 0-2.5 years
0,06 E0
0,05 0
2004 40
= g
=0z - 0 S
E =
S g2 - 20 2
0,01 - =10
oo o
12 15 18 21 24 27 30 33 35 34
benzene exposure (uo/m?)
D I-Uneindig Certainty: I'IEID,DEI A 4 Iuneindig

Figure 23: Distribution of children (0-2,5 yearsrhan background) exposures to benzene
using Monte Carlo simulations
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The predicted distributions for children’s exposare illustrated for urban background areas
and summarized in Table 18.

For most gases, high exposed children (P95) artoupctor 2-4 more exposed than the

median exposure (Table 18). Exceptions are tewamithene (x 11) and p-dichlorobenzene
(x 50). These extremes are related to the extrelargjg range of indoor concentrations.
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Table 18: Distributions (8,50" and 93" percentile) of total children’s exposure (Lg/mégaunting for spreading in indoor dwellings (living
room + bedroom) concentration using Monte Carloigstions

age p(iirltéen MTBE Benzene -I(-)gmeonre Toluene Tetrticér;]lgroe Ett;glrl?sn Q;Igﬁe Styrene Xy(IJkﬁ:ne Trijn,(ftﬁylb Dichloor TVOC NO2 Fg;?géd Ac;:;t;(lede
enzene benzene

uB 0-2,5 P5 0,4 14 0,1 3,5 0,1 0,5 1,1 0,1 0.4 1,1 0,0 374 21,9 15,3 11,8
uB 0-2,5 P50 0,7 2,1 0,1 8,4 0,3 1,0 2,2 0,1 0,8 , 0,1 497 26,0 27,1 18,4
uB 0-2,5 P95 2,1 3,3 0,4 27,4 3,5 2,3 54 0,4 2,6 17 4,2 673 32,2 56,7 37,8
uB 2,5-6 P5 0,3 14 0,1 3,2 0,1 0,5 1,1 0,1 0.4 1,0 0,0 404 22,3 13,0 6,2
uB 2,5-6 P50 0,6 2,0 0,1 7,5 0,3 1,0 2,1 0,1 0,8 2 2, 0,1 518 26,7 24,4 11,9
uB 2,5-6 P95 2,2 3,2 0,4 26,1 3,1 2,3 54 0,4 2,7 27 41 704 33,3 55,9 30,4
uB 6-12 P5 0,3 14 0,1 3,3 0,1 0,5 1,1 0,1 0.4 1,0 0,0 378 23,4 14,0 6,0
uB 6-12 P50 0,6 2,0 0,1 7,5 0,3 1,0 2,1 0,1 0,8 2,2 0,1 492 27,3 24,7 11,9
uB 6-12 P95 2,1 3,1 0,4 25,1 31 2,2 54 0,4 2,5 8 6, 3,9 666 33,7 54,1 29,4
uB 12-18 P5 0,3 1,3 0,1 3,0 0,1 0,5 1,0 0,1 0,3 0,9 0,0 357 21,0 13,3 53
uB 12-18 P50 0,6 2,0 0,1 6,9 0,3 1,0 2,1 0,1 0,8 12, 0,1 473 25,2 23,9 10,8
uB 12-18 P95 2,2 31 0,4 25,8 2,9 2,3 57 0,5 2, 17 41 664 32,1 57,1 29,8
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1.2.2 Indoor exposure related to outdoor generated substees

Children’s exposure as calculated in 1.2.1 canrb&em down into a fraction that is related
to (1) outdoor sources, (2) indoor sources andrédjsport related exposure. The exposure
related to outdoor sources (i.e. the ambient exgyss here defined as the sum of the
exposure in the outdoor environment and the exgosuthe indoor environment that is
attributable to outdoor pollution that has infited into the indoor environment. The %C
for each pollutant (see 1.1.5) is used (P50, orianedalues of Table 10, and not stratified
for location type). Calculation of exposure relatedoutdoor generated N@nd PM was
not possible due to the unsuitability of frree for this purpose; hence data for PM and,NO
are not presented.

Transport is here considered as a separate fra@#above) because the indoor generated
sources in transport and infiltration factors weo¢ determined in this study.

Table 19: Contribution of outdoor, transport, indoexposure from indoor sources, indoor
exposure from outdoor sources, and the derived tatedoor related exposure to the total
the exposure (median values) of children’s (6-4&rg) living in hotspot areas.

indoor
exposure from indoor total outdoor
outdoor transport outdoor exposure from related*
exposure/total | exposure/total | sources / total | indoor sources| exposure/ total

exposure exposure exposure /total exposure exposure
MTBE 2,8% 15% 70% 11% 73%
Benzene 2,8% 3% 63% 32% 65%
Trichloroethene 6,1% 3% 60% 31% 66%
Toluene 2,0% 5% 30% 63% 32%
Tetrachloroethene 1,9% 2% 68% 28% 70%
Ethylbenzene 2,5% 3% 40% 54% 43%
m-+p-Xylene 2,4% 3% 45% 50% 47%
Styrene 0,7% 8% 25% 67% 25%
0-Xylene 2,2% 3% 40% 55% 43%
1,2,4-
Trimethylbenzene 1,3% 3% 30% 66% 31%
p-Dichloorbenzene 0,3% 3% 33% 64% 33%
TVOC 3,7% 12% 35% 50% 39%
NO2 9,0% 4% 87% 0% 96%
Formaldehyde 1,1% 4% 15% 80% 16%
Acetaldehyde 0,6% 5% 42% 53% 42%

*total outdoor related exposure is defined as ttposure in the outdoor environment and the fraation
indoor exposure that is due to infiltration of cabd generated pollutants into the indoor environimen

In the above table, results for children 6-12 \H® area are presented. The same exercise
was repeated for other age and location categ@messummarized in Table 20.
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Table 20: Variations (minima and maxima) on thentdbution from indoor/outdoor
sources across all age categories (0-2,5 y; 2,5@\2y, 12-18y) and location categories
(hot spot, rural background, urban background).

indoor total outdoor
exposure (= in indoor
from indoor + outdoor
outdoor sources env) related
outdoor transport sources / exposure exposure/
exposure/total | exposure/total total indoors/total total
exposure exposure exposure exposure exposure
min max min max| min| max min ma min max
MTBE 0,2% 4% | 12,6%| 20% 67% 74% 10% 12% 69% 76%
Benzene 0,3% 7% 3,09 5% 600 6600 28% 32% 64% 68%
Trichloroethene 0,2% 6% 2,69 79 58 73 21% 3B%  62%6%
Toluene 0,1% 2% 3,8% 7% 2% 41% 520 65% 30%  43%
Tetrachloroethene 0,2% 4% 1,2% 3% 67% 81% 1b% 29%0% 7 83%
Ethylbenzene 0,2% 3% 1,8% 4% 40% 55% 40% 56%  41% % %8
m-+p-Xylene 0,2% 3% 2,5% 5%| 44% 64% 31 51% 46% 66%
Styrene 0,1% 3% 1,5% 15% 230 2606 62% 71% 28% 28%
0-Xylene 0,2% 3% 2,0% 4%| 40% 59% 36% 56% 42% 6%
1,2,4-
Trimethylbenzene 0,19 2% 2,2% 6% 29% 41% 54% 6B% % 3042%
p-Dichloorbenzene 0,09 2% 0,1% 23% 27% 91% 2% 6/6909% 2 98%
TVOC 0,1% 4% 8,1%| 18% 33% 40% 449 53% 36% 41%
NO2 0,2% | 10%| 3,9%| 11% 84% 96% 0% 0% 89%  96%
Formaldehyde 0,1% 2% 1,4% 4% 15% 17% 78% 82% 15% % 19
Acetaldehyde 0,099 14% 28% 13% 3% 43% 45%% 54% 41%0%

Main conclusions from Table 19 and Table 20 are:

indoor exposure to outdoor generated substancéhélva infiltrated indoors is much

larger (at least 10-fold higher) than the exposuréhese substances in the outdoor
environment itself.

for some pollutants the largest fraction of theomd exposure is related to indoor

sources (toluene, styrene, 1,2,4-trimethylbenZ€W&C, formaldehyde), while for other
pollutants, indoor exposure is mainly attributatmeoutdoor generated pollutants. The
latter is typically the case for traffic relatedostances (MTBE, benzene, BO

for NO,, MTBE, benzene, trichloroethene, tetrachloroethene

total outdoor related exposure forms the largestridmtion to total personal exposure

Based on calculations with (1) median concentratiam different micro-environments,
aggregated by location type, and (2) generalvrse and %G, (for each substance), (3)
typical time activity patterns of children per acpgegory, and independent of location type,
there was within each substance only limited vinmain the contribution of outdoor related
exposure to total exposure (Table 20), except fafichlorobenzene. For the latter
component, the exposure is driven by a few outli@nsl concentrations below the detection

limit for the majority of the measurements.
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This relatively small range (Table 20), is partdlated to the use of ong.Furse Value,
irrespective of dwelling type, ventilation profile, If we knew the F of each individual
house or the relationship betweep: rse and ventilation profile, a more realistic, but
probably larger distribution of the ratio “total tooor related exposure/ total exposure”
between different location types than given in (€a20) would be obtained. As mentioned
above, the dataset was too small to break;jpfse.

1.2.3 Interpretation of exposure in function of health efects
1.2.3.1 Guideline values

At present, no guidelines, limit values or thredlsoln terms of exposure exist for the
substances on which we focused in this study. &dstguidelines, limit values or thresholds
in terms of concentrations in the air are availdbtdeast for some of the compounds). These
values are generally based on exposure and hdfgthseof the substance on humans, or if
not available, such limits are derived from animain vitro tests. Without going into detail
whether the concentration limits include consideret of exposure (i.e. accounting for time
activity patterns), the most appropriate way cuilyeavailable to elucidate if there is a
potential harmful effect of the substance on thaltheis referencing the concentrations in
the air against limits for concentrations.

This task was partly reported in work package dlés 13-15) (testing concentrations
against the Flemish Indoor Decree), and is comphlatel summarized in Table 21.

Table 21: testing measured concentrations in hitor environments in Flanders against
guideline and intervention values for indoor cortcations regulated by the Flemish Indoor
Decree (Belgian Law Gazette, 19/10/2004).

o # . locations | intervention # . .
pollutant guideline excgedl_ng exceedin value(in _exceedmgs averaging
value(ug/ms) | s guideline m3 intervention time
value 9 Hg/m?) value
acetaldehyde 4600 0/119
benzene 2 60/119 various 10 3/119
formaldehyde 10 102/119 various 100 1/119 30 meute
NO2 135 1/119 leisure 200 0/119 1 hour
tetrachloroethen
e 100 0/119
toluene 260 0/119
trichloroethene 200 0/119
TVOC 200 116/119
PM10 40 1/44 1 year

In more than half of the sampled indoor environmsgtite measured indoor concentrations
exceeded the guideline values for benzene, forigdte and TVOC. For formaldehyde
TVOC, the percentage guideline value exceedanaesregpectively 85 % and 97%. The
intervention values were exceeded in 3 dwellings benzene and in 1 dwelling for
formaldehyde. For TVOC, no intervention limit is adlable. For N@Q and PM10, the
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guideline values were exceeded in 1 case for édCh: (1/119; PM10: 1/44). For NQnone
of the measurements exceeded the intervention limit

The comparison of measured concentrations withshald values is extended for other
pollutants that are not regulated in the Flemistobr Decree but for which other guidelines
(e.g.WHO) exist in Table 22. It is mentioned tHa time span to which the guideline values
refer are not always the same as the 7-days pedbdiBe current measurements. This
complicates the evaluation. For example, if 7-daysrage concentrations are below limits
(based on e.g. 1 hour period), it cannot be exdubat the limits would also be met (and no
health effects are to be expected) if measurenmanishour periods would be performed.
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Table 22: Evaluation of measured indoor concentragi against guideline values

micro-
IARC - # environment
Pollutant Health Effects Carcinogenic | Guideline Value Time exceeding | with
Class” exceeding
Acute Chronically
PM2.5 ALTER:
. 40 pHg/ms3
PM ngg:g?:srgu?;:j Cardiopulmonary Disorders/ | (Canada) 1h
. Bronchopulmonar Cancer PM2.5 ASTER:| (ASTER)
Disorders
100 pg/ms
(Canada)
20 % increase in risk df
childhood
. respiratory illnesy 200 pg/ms
NG, Lung function corresponding to an (WHO) 1 hour 0/119
increase of 30 pg/m3 NOR
level
200 pg/ms
TVOC no specific effects, might be used as an indicator g:éigles)h indoor 116/119
(guideline value)
living  (8),
i 3
Benzene Neurotoxic/ Leukaemia 1 > “glme(aEEC) annual 12/119 bedroom (3),
Immunotoxic 4x10 indoor
leisure (1)
. . 0,26 mg/m3
Toluene Neurotoxic Neurotoxic 3 (WHO) 1 week 0/119
22 mg/m3
Ethylbenzene - Under Development - (WHO) 1 year 0/119
. . 0,87 mg/m?3
Xylenes Neurotoxic Neurotoxic 3 (WHO) 1 year 0/119
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Neurotoxic , Asthmatically 3
1'.2’4' Irritating, headache Bronchitis, - PEL 120 mg/m 8h 0/119
Trimethylbenzene : (OSHA)
Anaemia
3
Styrene Neurotoxic Neurotoxic/lung cancer 2B ?\}530) mg/m 1 week 0/119
p- . . . . ) 134 pg/ms
dichlorobenzene Respiratory Disorders Kidney Disorders (WHO) 1 year 0/119
Disorders of
Liver/Kidney/Endocrine 5000 pg/ms lona-
Trichloroethene | Neurotoxic Systems and Immunity/ 2A (WHO) terr% 0/119
Testicle- Lymph-  ang 4,3x107@
Oesophageal Cancer
3
Zetrachloroethen Kidney Disorders Neurotoxic/Cancer 2A ?\}530) mg/m annual 0/119
Neurotoxic/Irritating/ : . TLV 180 mg/m3
MTBE Respiratory Disorders Liver Disorder - (ACGIH) 8h 0/119
Formaldehyde Respiratory Disorders Nasal- and Pharynx Cance 1 0.1 mg/m> 3Q 1/119 bedroom
(WHO) minutes
living  (4),
. . 50 pg/m3 (WHO) bedroom (1),
Acetaldehyde Respiratory Disorders Nasal- and Larynx Cancer 2B (1,5-9)x 107 1 year 6/119 public

transport (1)

* time period to which limits refer; for measuren&rthe concentrations always referred to 7-dagsames
(a) Lifetime cancer risk at 1 pg/ms3

(b) IARC carcinogenic class (IARC):

- Class 1: proven to cause cancer;

- Class 2A: probably carcinogenic for humans;

- Class 2B: possibly carcinogenic for humans
Class 3: not classifiable as carcinogenic for husnan
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1.2.3.2 From exposure to inhalation dose

Notwithstanding that current limits are expressedancentration per unit air, it is a useful
exercise to express the exposure in terms of expaduthe human body level.

The exposure as calculated in the above sectioblgTkb) refers to exposure in terms of
concentrations expressed per units of air. Trangldhis external exposure to the doses to
which children’s lungs are exposed, probably l&iog closer to ‘real exposure’ and thus to
the relation with health effects.

The external exposure (calculated in 1.2.1), imgeof concentrations expressed per unit air
needs to be translated in terms of exposure tparson experiences at the body level. This
includes a conversion from external to internalcsxpe, or potential dose, based on air
inhalation rates and body weights.

Most air guidelines are based on a daily inhalatme of 20 m3 for a 70-kg day adult (=
0,286 m3/kg-day). However, infants and childreralal2-4 times less air than adults.
Recently, Brochu et al. (2006) advised to use t gercentile inhalation rate of 0,725
m3/kg-day for boys (< 2,6 y) to calculate air qualcriteria and standards for non-
carcinogenic compounds pertaining to individualsmf age or gender.

Table 23: Average inhalation rates for childrefa(a from Brochu et al., 2006)

age (year) inhalation rate
m3/day
males
0,22-0,5 3,38
0,5-1 4,22
1-2 5,12
2-5 7,6
5-7 8,64
7-11 10,59
11-23 17,23
females
0,22-0,5 3,26
0,5-1 3,96
1-2 4,78
2-5 7,06
5-7 8,22
7-11 9,84
11-23 13,28

No inhalation data for Flemish children are avadato our knowledge, and therefore, the
data for the Canadian children are used.
Body weights for Flemish children are availabled arsed for the calculations of internal

exposure.
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Table 24: Typical pollutant dose (ug/d/kg) to Idren of different age classes and split up
by location of their homes

Trichlor Tetrachlo | Ethylb m-+p-
location | age | MTBE | Benzene| oethene | Toluene| roethene | enzene| Xylene Styrene
UB 0-2,5 0,29 1,12 0,11 3,24 0,18 0,48 0,97 0,04
UB 2,5-6 0,31 1,21 0,08 3,19 0,23 0,48 1,11 0,0b
UB 6-12 0,28 1,02 0,06 2,62 0,19 0,37 0,95 0,04
UB 12-18 0,21 0,79 0,05 2,06 0,15 0,30 0,74 0,08
RB 0-2,5 0,25 0,94 0,10 3,51 0,11 0,61 1,34 0,3
RB 2,5-6 0,24 0,97 0,08 3,32 0,14 0,6b 1,51 0,017
RB 6-12 0,22 0,84 0,07 2,83 0,13 0,56 1,33 0,06
RB 12-18 0,16 0,61 0,05 1,98 0,08 0,40 0,9( 0,04
HS 0-2,5 0,30 0,96 0,07 3,31 0,12 0,46 0,98 0,09
HS 2,5-6 0,28 0,93 0,08 3,13 0,12 0,46 0,97 0,08
HS 6-12 0,25 0,80 0,07 2,66 0,10 0,38 0,83 0,06
HS 12-18 0,18 0,57 0,05 1,87 0,07 0,28 0,60 0,05
. 1,2,4- -
locatio o- Trimethylbenze | Dichloro
n age Xylene ne benzene TVOC NO2 Formaldehyde Acetaldehyde

UB 0-2,5 0,42 0,75 0,04 191,37 15,99 711 12,77

UB 2,5-6 0,42 1,09 0,28 246,86 15,11 7,55 9,26

UB 6-12 0,36 0,92 0,27 198,32 13,22 6,26 7,61

12-

UB 18 0,29 0,76 0,23 153,23 9,50 4,99 5,53

RB 0-2,5| o052 0,79 0,30 231,09 12,14 8,05 9,21

RB 2,5-6| 0,50 0,77 0,51 249,09 9,42 9,60 9,70

RB 6-12 0,43 0,65 0,50 199,56 8,24 8,45 8,74

12-

RB 18 0,29 0,46 0,26 143,61 5,69 6,38 5,87

HS 0-2,5| 0,38 1,06 0,03 226,71 12,10 11,78 7,96

HS 2,5-6| 037 0,98 0,04 242,62 12,58 10,91 521

HS 6-12 0,31 0,82 0,04 196,16 11,06 9,45 4,34

HS 12-18 0,23 0,59 0,02 137,92 7,45 6,85 2,96

In general, the youngest children are subjectatieédargest dose (which is rescaled for lung
volume and body weight). The dose to children fijgthecreases with age.
The age group of 0-2,5 year, i.e. the most expgsedp, is a heterogeneous age group with
respect to inhalation rates and body weight. Howetve ratio of body weight to inhalation

rate was fairly constant in the Canadian childrethe study of Brochu et al. (2006), i.e., on
average, 0,50 for 0,22-0,5 year children; 0,48 2 year children and 0,50 for 2-5 year

children. Therefore, the average internal exposureéhe group 0-2,5 can be considered as
representative for the whole group.
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2 POLICY RECOMMENDATIONS

2.1 Interpretation

High indoor concentrations, large variations andtegdance of limit values

Among 14 measured gases (MTBE, benzene, trichloeoet toluene, tetrachloroethene,
ethylbenzene, m+p xylene, styrene, o-xylene, l@dethylbenzene, p-dichlorobenzene,
NO,, formaldehyde, acetaldehyde) the most abundargsges both indoor and outdoor
environment were formaldehyde (up to 124 pg/méetadehyde (up to 65 pug/ms), NQ@p

to 122 pg/m3) and toluene (122 pg/md). These upaleres are all for indoor environments
(living rooms and bedrooms). Concentrations of gad®w a very high variability between
different houses (n=50), both indoors and outdoors.

Especially for some gases like formaldehyde andetw, for which the concentrations in
bedrooms varied with a factor of 50, and that cara$ésociated with building materials and
product use, there is a need to assess how wigespines problem is. Product standards,
ventilation and prevention information are needed their efficiency tested.

In more than 85 % of the investigated indoor emmnents, the guideline values of the
Flemish Indoor Decree for TVOC (200 ug/ms), fornedigde and benzene were exceeded.
In addition, in 3 houses the intervention valuasidenzene and in 1 house the intervention
value for formaldehyde was exceeded. The exceedaricehe intervention values
demonstrate that indoor air quality policy meritgeation, firstly, because of the health risks
for the occupants, and secondly, because of tlssile drastic consequences of these
exceedances for the occupants and house owne¥srantion values exceedances imply in
principle that the house can be declared unfibhtonan inhabitation.

The relative high frequency (4 exceedings in 50skesy of intervention limit exceedances in
this relative small set of houses in Flanders, sholwat bad indoor air quality is not a
negligible issue. It is recommended to measure ct®gle gases (TVOC, benzene,
formaldehyde) in a larger dataset of Flemish housesder the evaluate the magnitude of
problem in Flanders.

From our dataset it is concluded that more attani® needed for TVOC, benzene,
formaldehyde, acetaldehyde and PM.

On average, using 7 day measurement results, incmazentration in dwellings are quite
homogenous. In most dwellings, concentrations idric@ms were very similar to the
concentrations in living rooms (e.g. the medianioradf bedroom to living room
concentrations were typically near 1 (0,78-1,18easuring the 7 day average concentration
probably misses out on the high, acute peak corat@ris due to product or combustion
source use indoors. A more detailed assessmergeded to establish the exact role of
ventilation for example.

TVOC concentrations indoors are high, in the ordemseveral 100 pg/m3 indoors. The

selected VOC only explain a small fraction of thédCT. A first assessment of the TVOC
spectra shows a much higher heterogeneity of V@Gars compared to outdoors.

63/69



Gas concentrations were generally higher in theancnvironment of dwellings than in the
corresponding outdoor environment (except for ;NONear all p-dichlorobenzene
concentrations were below the detection limit ia tutdoor environment.

In contrast to for most gases, indoor PM levelsewewer (on average a factor 3) indoors
than outdoors. From experience and literature theselts are difficult to interpret. In well

ventilated houses, an equilibrium exists betweewoan and outdoor. In the presence of
indoor sources and in poorly ventilated buildingg €ncentrations are generally higher than
outdoors. The fact that measurements were maimipnmeed in winter, when ventilation is

low, and in the absence of PM sources can exp@naw PM concentrations. Moreover,

from the time-resolved GRIMM data, it can be sebat tre-suspension of PM cause
concentrations to peak very briefly, while duririge tday when all occupants are gone to
work, to school or to the day care concentraticamain stable but low. More research,
calibrated equipment per location and longer tierées are needed to explain these findings.

The measurements for other indoor environments @mag and schools (n=5), indoor

transport, i.e. car and public transport modes (mdoor leisure facilities) are indicative of

the possible peak exposures for children. Schaaisoastrated lower ranges of air pollutants
than dwellings (both indoor and outdoor); though tiedian values of indoor concentrations
in schools were comparable to that of houses. ltorized transport, peak exposure to NO

(up to 122 pg/m3) is common. Transport by cyclingvalking mode can be accompanied by
peak exposure to acetaldehyde (up to 283 pg/nfii;hws 3-fold above concentrations in

any other environment. In one indoor leisure laratnamely a room in a youth club, high
concentrations of toluene (38 pg/m3) and xylenesp(mylenes: 38 pg/ms; o-xylene: 11

png/mi) were measured. It is likely that part afdb concentrations are due to smoking.

As expected, traffic related compounds (MTBE, beezetoluene and N{p measured
outdoors are significantly higher in HS (hot spodmpared to RB (rural background). For
some traffic pollutants, higher indoor concentnasion HS than in RB and UB (urban
background) (e.g. N£) were observed. Although indoor sources of,NMOuld be present,
this does not alter the significantly higher ‘hpbg result. Compared to the outdoor
concentrations, traffic-related pollutants likeuterie are no longer significantly different in
the different locations, indicating an additionahtribution from indoor sources. For MTBE
the absence of a significant difference indoorsafpollutant that is only generated outdoors
(by petrol cars) is puzzling. To improve our knogige of outdoor pollution leaking indoors,
we should test the validity of MTBE as a tracetthiar. The role of an adjacent garage with
connection to the living compartments of a housmikhbe further investigated.

Outdoor pollution contributes to indoor pollution

On the basis of MTBE as the indicator of infiltoatiindoor, an assessment was made for the
dwellings of the fraction of the indoor concentatiattributable to indoor sources. Based
on a filtered dataset of 41 dwellings (excludingi$es with high indoor MBTE related to
indoor sources), an average infiltration factor BTE of 0,86 (95 % CI: 0,59-1,13) was
used. A break down between indoor and outdoor gee@érPM and N© concentrations
could not be made according to this approach. Fostmgases indoor concentrations are
mainly generated indoors. For indoor median cotmagans in 50 dwellings, 68 % toluene,
53 % m+p xylene, 73 % styrene, 57 % o-xylene, 69,24 trimethylbenzene, 67 % TVOC,

64/69



91 % formaldehyde and 88 % acetaldehyde concemtsaéire attributable to indoor sources.
Only for benzene (34%), trichloroethene (34%), aeiforoethene (29%) the indoor
generated fraction of indoor concentrations is Emnahan the fraction that is generated
outdoors and infiltrated into the indoor environmen our dataset of 50 dwellings.
Variability of the infiltration factor results in &ariability of the contribution of indoor
sources to the indoor concentrations of about tafé:

It is recommended to make the infiltration factoores dwelling-specific, to reduce the
uncertainty of the contribution of outdoor genedatsubstances to total indoor
concentrations. Due to the limited number of housesis study, this was not possible in
this study. Though, based on a wider dataset o$d®mus should be possible to differentiate
the infiltration factor between dwelling types {flaattached houses, detached houses) or/and
isolation or ventilation degree (e.g. double glemsus single glass).

Measurements of concentrations do not show cle&tioms with indoor sources and
activities.

It was attempted to elucidate relationships betwié¢al indoor concentrations or indoor
generated concentrations and possible sourcespriratdivities or building properties. The
information hereto was collected by means of qaasgaires filled in the occupants of the
houses of measuring campaign.

For example, relationship between ventilation raspgcific sources (heating fuel type mode,
duration, various product uses, ...) and gases tratkaown to deliberate gases were
investigated by means of statistical tools (usimg $oftware package Statistica). In general,
only few significant correlations between indoor ncentrations and indoor/building
properties were present. Indoor concentrationsloehe and PM were affected by presence
of smokers. Indoor concentrations of xylenes aMDT’s (combustion products) were
associated with stove use. However, for most ofetkected (based on literature) source-
concentration analyses, no significant relatiorshiptween source and concentration were
present. The absence of source — concentratiatior@hips probably can be explained by
the large time span (7 days) of the measurememtgh#® 50 dwellings. In these 7-day
averages, short-time peak concentrations (duedduyst use) are averaged out. The 7-day
average concentrations are not sensitive enougledify specific sources indoors.

Exposure is dominated by time spent indoor

Exposure of children is dominated by the time spedbor at home, basically in the living
room (on average 4h/day) and bedroom (on averapkldy) at home and in the school or
day care (on average 4h/day). Other micro-enviramspenamely transport, are less
important in an average exposure pattern, althabgy give rise to high concentrations. If
health effects from exposure to air pollution isrdwated by the long-term average exposure
than our attention should go to the micro-environtsevhere most time is spent. But at the
same time acute effects from peak exposure canaoéxitluded, keeping other micro-
environments like motorised traffic, like leisureloors in the picture.

On the basis of average time activity patternscfoldren, and using median concentrations
in the different micro-environments the typical egpre of children to the selected pollutants
does not vary significantly across ages and aclsgions. Typical exposures to traffic
related pollutants are higher in hot spot areasnbtisignificantly higher. Exposure indoors
dominates the total exposure. Using the range n€aatrations at home results in a highly
exposed group of children whose exposure is 2 t{ifloedenzene) higher than the median or
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typical exposure. We lack the health data howewedraw clinically relevant conclusions

from this. More research is needed to establishr a®ncentration-response relationships
from which the relevance of high and low exposuwas be deduced. Depending on the
pollutant considered indoor exposure is either datedd by indoor generated pollution, or
outdoor generated pollution infiltrating indoorsheT latter is the case for NO2, MTBE,

benzene, trichloroethene, tetrachloroethene.

inhalation exposure dominates the overall humaposyre for most of the investigated
pollutants

For the major part of the investigated gases, huex@osure via air inhalation is the most
important exposure pathway. Other exposure pathways out of the scope of the current
study. In Table 25 a general overview is madénefdontribution of different environmental
media to the overall human exposure to that compdery. ingestion via food and water
intake) (source data: Environmental Health CriteridWHO, available at
http://www.inchem.or)y For most gases, air inhalation is the dominaqposure pathway.
For formaldehyde and acetaldehyde, important dautidns to the total human exposure
arise also due to food intake. For acetaldehyded fmtake is the dominant exposure
pathway.

Table 25: overview of contribution of different egpre pathways (air, water and food) to
the total human exposure

L . exposure vig .
gas exposure via air details water exposure via food
MTBE >70 % <30% minimal
benzene >90 % cigarettes minimal minimal
gasoline
trichloroethene main minimal minimal
toluene main cigarettes minimal minimal (fish)
gasoline
tetrachloroethene main near dry- minimal minimal
cleaning shops
ethylbenzene main minimal minimal
xylenes main minimal minimal
minimal (migration
styrene main minimal of packaging
material)
1,2,4 trimethylbenzene ? ? ?
p-dichlorobenzene main minimal minimal
NO2
main (natural
formaldehyde main minimal occuring in food, in
bound and
unavailable forms)
acetaldehyde minimal minimal main
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2.2 Recommendations

Exposure to air pollution is widespread and diffido avoid. Ambient air quality policies
will result in lower outdoor concentrations andoavér exposure, but at the same time the
relative importance of indoor air pollution dueindoor sources will increase. In ambient air
guality standard setting the exposure indoor todooit pollution that has infiltrated is
implicit. This study shows that the contribution tbis infiltrated outdoor air pollution is
different for the different pollutants studied. s a point of attention in ambient air quality
policies, to include the exposure indoors moreieikpl

From this study it is clear that exposure to indaer pollution is similar for children in
different age groups and not very much influencgdideation. Traffic density seems to
increase the indoor pollution and exposure. Palitiat will influence the general average
exposure, either through emission limits, informatabout use of consumer products and
alternatives and product standards and labelliegbast suited. However, the variation in
concentrations is large and hence there is a gopbbhmhly exposed children that needs more
attention. This high exposed group has no diffetené-activity pattern from the average
group, but here certain products, activities oritsapenerate high concentrations indoor.
There is a need to develop a better understanditigeoemissions of products, appliances
and building materials, of the use and probableusaisof these products and of the
insufficient or uncontrolled ventilation of homes.

In four cases the intervention limit in Flanders swexceeded, in three cases for the
carcinogenic benzene and in one case for the cagremc formaldehyde. For these cases it is
first of all necessary to reassess the situatiothh wew measurements, and in case of
reproducibility an inquiry into the source of thellption is needed to remediate the problem.
Apart from this acute intervention it is necesdarperform a wider screening of dwellings in
Flanders for these pollutants, and perhaps alsediore other pollutants with high maximum
values in this study, to assess whether the proewidespread. Toluene, acetaldehyde,
MTBE are some examples.

TVOC concentrations are also very high (>95% exogethe guideline value) and the
spectrum of organic compounds contributing to TVI®@@Gwuch wider than outdoor. There is
a need to standardize TVOC measurements and aforeegtensive emission and exposure
data to develop new standards.

Exact recommendations for precautionary measuresdoce or avoid exposure to certain
gases are difficult to make at the moment becaoselear source-concentrations-exposure
relationships were found. For this, work on shert¥t and long-term emission sources their
relation to concentrations, and using on variousetiaverage measurements should be
performed. This is best placed in the context mfdpct policies. Currently, the federal
product policy only regulates bulk concentratiohs @roduct, and no emissions, nor does it
link to typical and high exposures. There is lidi®vidence on the health relevance of these
exposures. This requires further toxicological agwidemiological evidence of indoor
exposure and effects.

Finally a continued effort to inform the public agpod product use to the public is
welcomed. A good cooperation and communication vimdustry to appeal for better
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labelling and to stimulate the development of iratove and safe product, especially to
avoid exposure of children, is the best way forward
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