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INTRODUCTION

What is BTEX?

Benzene, toluene, ethylbenzene, and xylene (BTED€) \latile mono-aromatic hydrocarbons
commonly found together in gasoline and are comM@®C components of outdoor and indoor air
mixtures due to their widespread use in many corameproducts. Vehicle exhaust is considered to
be the main source but non-professional use oftpagiues, adhesives, varnishes, lacquers, shoe
polish and cigarette smoke contribute significarttlythe levels of these four VOCs in the indoor
environment and to personal exposure.

Table 1. BTEX identification

Benzene 71-43-2 GHe 78.11 134.896
Toluene 108-88-3 GHgor CsHsCH3 92.14 446.684
Ethylbenzene 100-41-4 GHyo 106.17 1348.963
Xylenes 1330-20-7 GH4C:He 106.16

How are people exposed to BTEX?

Exposure in the indoor environment is dominatednimalation. As BTEX is not is not one chemical,
but rather a quaternary mixture of chemicals, edpo$o BTEX involves a multi-chemical approach
which has to take into account possible interastioetween the four substances.

According to the benzene EU Risk Assessment Ref@AR) (ECB 2008) inhalation represents the
only important exposure route associated to benegpesure in indoor locations, since the oral route
would only be associated with accidents and desrpbsure may occur when a person is filling the
tank of a car at a filling station and gasolineashes, or when using benzene as a solvent in shoe
making factories. It has been concluded that bodlsé exposure routes could be neglected for indoor
exposure assessment and can be neglected forhd@skaterization. This is also valid for the other
VOC's (TEX) considered herein as the general pdpprais exposed to them mainly through
inhalation of vapor in ambient air and cigaretteking.

Health effects

Each of the chemicals in the mixture of concermdkatile, well absorbed, extensively metabolized,
and does not persist in the body for long periodsnoe. All of the BTEX chemicals can produce
neurological impairment, and exposure to benzerre additionally cause hematological effects
including acute myelogenous leukemia.

The carcinogenic (leukemogenic) potential of bepzém well established as indicated by its
consensus classification as a human carcinogen hby National Toxicology Program, U.S.
Environmental Protection Agency (USEPA 2001), amernational Agency for Research on Cancer
(IARC 1987). Ethylbenzene is possibly carcinogawmichumans based on a recent assessment by
IARC (IARC 2000). Toluene and xylenes have beergmized as not classifiable as to human
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carcinogenicity by both EPA (2001) and IARC (199999), reflecting the lack of evidence for the
carcinogenicity of these two chemicals.

Guidelines

Reference Exposure Limits (REL) for the BTEX regagdacute and chronic effects are given by
OEHHA and EPA (USEPA 2009) and the respectiveeshre presented in Table 2.

Table 2. Reference Exposure Limit valuesug m®) for the BTEX compounds

REL values fug m®)
EPA OEHHA
Acute Chronic Acute Chronic
Benzene 30 1300 60
Toluene 400 37000 300
Ethylbenzene 2000
Xylene 100 22000 700

Guidelines about benzene in the indoor air have lse¢ by the Flanders region in Belgium and in
China, but there is a big difference in the valtessommended by these two countries; in Flanders a
target value of 2 pg/m3 and a limit value of 10myhave been set whereas in China a guideline
value of 90ug/m?® has been set.

Guideline values for toluene have been set in Geyn(8 pg/m?) and in Flanders, Belgium (260
ng/m?) as target value. Similarly to benzene, the uppmits set by these two countries vary
significantly.
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Step 1: Scope of the case study

The overall scope of the BTEX case study is to yapipé full-chain methodology to a mixture of

chemicals (rather than to a single chemical) tdavdepopulation exposure levels to BTEX (both
external and internal) in indoor settings accordimglifferent geographical locations in Europe. The
exposure pathway taken into account is inhalation.

One of the main objectives of this case study isgeess how simultaneous exposure to the four
VOC'’s composing the mixture can modify the bioladig effective dose (BED) of each chemical
resulting in more than a simple additive effecte($p-called ‘cocktail effect’) through metabolic
interactions which can alter tissue dosimetry, dhereby the toxicity of mixture components
resulting in lower toxicity (antagonism) or greatexicity (synergism) of mixtures than would be
expected from the individual chemicals.

To apply the full chain methodology we will follothe steps outlined in Figure 1 and hereinafter
summarized:

Emissions = Concentrationsin air = External exposure 2 Internal exposure (dose).

The case study will start from collecting data onission rates from consumer products which feed
the indoor air quality (IAQ) to derive the indooir @oncentration. Data regarding typical indoor
characteristics such as locations volumes and R¢hBnge Rate (AER), will be also collected as they
are needed as input data to the IAQ modeling. Tites step will also serve as first check on the
reliability and completeness of the collected dasawell as of the IAQ results to reproduce the
existing air concentration levels.

Whenever emission data are incomplete or not alailthe full chain approach outlined is flexible
enough to allow starting from concentration valtsher than from emission values.

Then external exposure levels will be derived cammg indoor air concentration levels (either
calculated or measured) with time activity data.

Regarding the internal exposure step, there imigtavidence that cancer risk in humans associated
with exposure and benzene mostly results from noditeb of benzene formed internally. On this
basis the use of a Physiologically-based Pharmaetki(PBPK) model to evaluate the internal doses
in the target tissues allows the estimation ofaperopriate exposure metric related to the expasure
the quaternary mixture. Furthermore, PBPK models e unique capability to take into account
the interaction between chemicals using a full raedtic approach thus allowing the quantification
of the effect of co-exposure on the internal dasesach chemical.

Geographical stratification

Indoor air concentration levels of BTEX have beetiected for many different cities and regions in
Europe allowing a good geographic differentiatibhe inventory of BTEX indoor concentrations is
given in Appendix 1 (Sarigiannis et al, 2011).

As far as the parameters entering in the IAQ medsgle of them are already in the KMS and they are
differentiated according the geographic locatidrwey are:

» Residence volumes

e Indoor-outdoor air exchange rates

e Qutdoor concentrations

12



« Data on emission ratéom consumer products have been collected.

« Time activity dateentering the exposure modeling are also storéderKMS according with
geographical location.

» Data on_use frequencies consumer products have been collected. No ineiiéormation
about its geographical stratification is currerkhown.
Parameters and variables entering the PBRi¥del are already collected and implemented in the
PBPK model. These data are automatically scaledotyweight so that separate results can be
obtained for children and adults.

In the next sections a detailed analysis of tha daguirements is provided highlighting also tht&ada
gaps. These sections are reported following theesarder of the different steps encompassing the
full-chain methodology.
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Figure 1. Methodological frame of BTEX case study
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Step 2: Identification of the main sources of emigsn (products) in
residential settings

Emission Data

Benzenecan be found in gasoline and in products suchyathstic rubber, plastics, insecticides,
paints, dyes, resins-glues, furniture wax, deteésgand cosmetics.

Auto exhaust and industrial emissions account baua 20% of the total exposure to benzene in the
EU. Benzene can also be found in cigarette smokagRy about 50% of the exposure to benzene
results from smoking tobacco or from secondhancbsxge to tobacco smoke (Karakitsios, et al.
2010).

Toluene occurs naturally as a component of many petrolpunducts. Toluene is used as a solvent
for paints, coatings, gums, oils and resins.

Ethylbenzeneis used mostly as a gasoline and aviation fueitizdd It may also be present in
consumer products such as paints, inks, plastidpasticides.

There are three forms ofylene: ortho-, meta-, and para-. Ortho-xylene is theyombturally-
occurring form of xylene; the other two forms arammmade. Xylenes are used in gasoline and as a
solvent in printing, rubber and leather industries.

Table 3 provides an overview of the main consumedycts emitting BTEX

Table 3. Main consumer products emitting BTEX

Chemical Consumer products

Solvents in products such as paints and coatiniggitiy materials, and constituents

BTEX of petroleum products, particulamsoline andkerosene. Tobacco smoke.

Rubbers, lubricants and abrasives, dyes, paintusteddetergents, tobacco smoke,
furniture wax, grease cleaners, stain removerd, dagng inks, perfumes, foam
insulation, building materials and furnishings,v&uit, artificial leather.

Benzene

Gasoline, kerosene, paints, and lacquers, nail polish or nail polismover floor and
furniture polish and cleaners, and tobacco smokibesive films, architectural
coatings, household hard surface cleaners, indugidrticleboard, gravure inks,
leather dressings and finishes, ironing and drgrileg aids, inks, synthetic resins
and rubber adhesives, shoe polishes and cleaimescdloring pens and markers
and tobacco smoke

Toluene

Gasoline, paints and inks, carpet glues, varnishes andgaathroom tube and tile
cleaners, building and construction plastic foaraulation, floor and furniture
polish, rubber floor and wall coverings, oven cle@n cleaning and sanitation
products, sheet vinyl flooring, waterproof composindiood office furniture and
tobacco smoke

Ethylbenzene

Gasoline, paint, varnish, rust preventives architecturatows, epoxy adhesives,
floor polish, household hard surface cleaners,i¢ating oils, caulking compounds
and sealants, ironing and dry cleaning aids, piolgsipreparations and related
products, cleaning and sanitation products andcbamoke

Xylenes

BTEX emissions

Previous studies demonstrated that vehicular eomissind industrial sources are the major sources of
ambient VOCs (Chan, et al. 2002; Ho, et al. 200&akKitsios, et al. 2006; Pfeffer 1994; Scheff and
Wadden 1991; Vega, et al. 2000), while the souodesOCs are quite humerous within any indoor
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environment. These sources include combustion bghtpts, cooking, construction materials,
furnishings, paints, varnishes and solvents, adhesind caulks and office equipment.

Emission rates in consumer products and buildingeriads, for Benzene, Toluene, Ethylbenzene,
Xylene have been reviewed from literature and tieye been summarized in Table 4 to Table 8.

For Benzene, emission rates were identified in bo#ding material (painted sheetrock) and 2
consumer products (Mosquito repellents and Tobasmoke). In accordance, variation in the
Mosquito repellents ranged betweendgh™in mat and 54Qug-h™ coil.

For Toluene, emission rates were found in 3 consymmaucts and 5 building materials. The highest
emission rate in the consumer products was in Masqepellents (350ug-h™, point source).
Regarding building materials, the highest emissi@s found in Vinyl flooring (6.f1g-h™m?) and
the lowest in the Particle board with carpet (0.06h™m?).

For Ethylbenzene, emission rates were found in @swmer products and 1 building material. It
should be noted that the emission rate for Ethydeea, in the Mosquito repellent was identified ¢o b
the highest amongst the other pollutants (BenZEoleene, Ethylbenzene, Xylene).

Lastly, differences in the emission rates betwéendylene forms (the m,p-Xylene and the o-Xylene)
were identified. Specifically, in the Tobacco smokee emission rate for the m,p-Xylene is 300
ug/cig, higher when compared to the emission ratéhi® o-Xylene 67ig/cig. For the m,p-Xylene the
highest emission rate was for the Vinyl flooring3(fg-h™m?) after 48 hours. The lowest emission
was in the wallpaper adhesive assembly (@gh™-m?) after 250 hours.

For o-Xylene the highest and the lowest valuegherbuilding materials were in vinyl flooring (6.3
ug-h™m?after 48 hours) and the glued wall paper (u§&™"-m?), respectively.

Emission rates from consumer products

Table 4. Benzene emission rates from building mates and various consumer products

Source Emission rate Country Reference

Painted sheetrock 7.2 + 1.7dg(h™m™) USA (Wallace, et al. 1987)
Mosquito repellent /coil| 54Que-h™) Korea (Jo and Lee 2009)
Mosquito repellent 30 g-h™ Korea (Jo and Lee 2009)
/liquid vaporiser

Mosquito repellent /matl  1Qu§-h™) Korea (Jo and Lee 2009)
Tobacco smoke 9Qug cigh) USA (IARC 2004)

Table 5. Toluene emission rates from building matéals and various consumer products

Source Emission rate Country Reference
Mosquito repellent /coil 35Querh™) Korea (Jo and Lee 2009)
Mosquito repellent /liquid 270 @gh™) Korea (Jo and Lee 2009)
vaporiser

Mosquito repellent /mat 1Qug-h™ Korea (Jo and Lee 2009)
Particle board with carpet 0.061gth™m™) USA (USEPA 1993)
Synthetic rubber adhesit| 0.59 (ug-h™m?) USA (USEPA 1993)
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(for walls and ceilings)

Synthetic rubber adhesie62 (ug-h™m?) USA (USEPA 1993)

(for vinyl carpet)

Unspecified polymel 2.4-2.6 (1ig-h™m?) USA (USEPA 1993)
adhesive (for subflooring)

Carpets <3yg-h™m?) after 48h| USA (USEPA 1999)
Tobacco smoke 660ugcig’) (from 6| USA (Hodgson, et al. 1996)

commercial brands in
USA)

Wallpaper/adhesive 2.67 ugh™m? Korea (Choi, et al. 2010)
assembly after 250 h

Plywood flooring/ adhesive 1.93 ug-h™m™) Korea (Choi, et al. 2010)
assembly after 227 h

Vinyl flooring 6.7 @gh™m? after| USA (USEPA 1999)

48h

Table 6. Ethylbenzene emission rates from buildinghaterials and various consumer products

Source Emission rate Country Reference
Glued carpet 4.62 = 2.34¢h™m?) | USA (Wallace, et al. 1987)
Mosquito repellent /coil| 230Qug-h™) Korea (Jo and Lee 2009)
Mosquito repellen{ 90 (ug-h™) Korea (Jo and Lee 2009)
/liquid vaporiser
Mosquito repellent /matf  5Q¢-h™) Korea (Jo and Lee 2009)
Tobacco smoke 101pugcig)) (from 6] USA (Hodgson, et al. 1996)
commercial brands in
USA)
Carpets <3ygh™m?) after 48h | USA (USEPA 1999)

Table 7. M, p-Xylene emission rates from building raterials and various consumer products

Source Emission rate Country Reference

Glued carpet 9+ 1,44uGh"m?) USA (Wallace, et al. 1987)
Glued wallpaper 1,56 £ 0,3a¢h™m?) | USA (Wallace, et al. 1987)
Mosquito repellent /coll 170Qug-h ™) Korea (Jo and Lee 2009)
Mosquito repellent /liquid 450 @gh™) Korea (Jo and Lee 2009)
vaporiser

Mosquito repellent /mat 16Qug-h™) Korea (Jo and Lee 2009)
Tobacco smoke 300ug-cigh) (from 6| USA (Hodgson, et al. 1996)

commercial brands in
USA)

16



Wallpaper/adhesive 0.11 @gh™m? Korea (Choi, et al. 2010)

assembly after 250 h

Plywood flooring/ adhesive 0.31 ug-h™m™) Korea (Choi, et al. 2010)

assembly after 227 h

New carpets <3ug-h™m?) after 48h| USA (USEPA 1999)

Vinyl flooring 53 @gh™m? after| USA (USEPA 1999)
48h

Table 8. o-Xylene emission rates from building mateéls and various consumer products

Source Emission rate Country Reference
Glued carpet 5.88 + 1.5@¢h™m?) | USA (Wallace, et al. 1987)
Glued wallpaper 0.39 £ 0.18adh™m? | USA (Wallace, et al. 1987)
Tobacco smoke 67 pgcigh (from 6] USA (Hodgson, et al. 1996)
commercial brands i
USA)
New carpets <3ug-h™m™) after 48h | USA (USEPA 1999)
Vinyl flooring 6.3 ug-h™m?) after 48h | USA (USEPA 1999)

As detailed in the next chapter (Step 3: Emissi@oor air modeling) emission data was not used to
derive indoor concentration through an IAQ moddheTreason for this was that at the time of
performance of the study, no reliable data werdlable at the European scale. On the contrary,
measurements of indoor concentrations of BTEX warailable and quality controlled through a
series of peer reviews. Thus, we decided to bas8THEX case study on these measurements instead
of the as yet unreliable release data. The aboteate listed for informative purposes. They wél b
used in future revisits of the case study to cotepkhe full chain assessment with European
release/emissions data and intercompare them héthdn-European datasets provided above.

Step 2a: Overview of the concentration of BTEX datan UE residential settings
Concentration data

BTEX is currently monitored in many cities and isthial areas in EU. In addition many literature
works focused on indoor air concentration measunésngo that the amount of data available
regarding the concentrations levels of all the ff@C’s could be considered enough to have a
comprehensive picture of the current levels in EU.

The range of measured concentrations of differéd€¥ in indoor air is extremely wide, often two or
more orders of magnitude. Also, the range of cotmations for specific VOCs can vary widely
between measurements.

There are a lot of information sources about VOi@@oor concentration as this mixture and its
components are widely studied in literature. A coghpnsive review paper on VOC'’s concentration
in indoor locations (Sarigiannis, et al. 2011) hasn used to collect typical indoor concentratimns

selected cities and locations type. This paper realvstudies published within the last twenty years
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(1990-2008) and focused on various indoor enviramsjeincluding flats, residences, public
buildings, cars etc. In this report, the reviewextended until the year 2011.

Benzene

Benzene is detected in almost all indoor envirorisieihe only cases where benzene was not
detected were in Finland in two newly built apanmise The highest benzene concentration (404.4
ug/m°®) reported by Zabiegala et al. (1999), who inves#g the levels of VOCs concentration in
newly constructed and renovated buildings in Gdaegion in Poland. The authors reported a mean
value of benzene concentration of 8jign?. Results from other studies indicate that in nhwshes
mean concentrations are typically lower thamgif?® (or around 1fg/m®; i.e., 10.1pg/m®, 10.6
pg/m® and 10.9ug/m® in Athens, Disseldorf and Rouen, France, respagti{Chatzis, et al. 2005;
Elke, et al. 1998; Jantunen 1999; Kouniali, e28D3). Only five studies in Torino, Milan, Hannoyer
Birmingham and Germany, reported mean concentsatignl3.4pug/m?, 12.5pug/m® - 80.9 pg/n?,
13.9ug/n?, 11.5pg/m® -16.3pg/m® and 22ug/m® respectively (Eberlein-Kénig, et al. 2002; ligen,

al. 2001; Jantunen 1999; Kim, et al. 2001; Tumbi@bal. 2005). In studies conducted in public
buildings, the highest benzene concentration redoim Europe (10%g/m®) was recorded in the
study by Zuraimi et al. (2006), which is a compaeistudy on the indoor air VOCs concentration
between public offices in Europe and in Singapbased on campaigns conducted by the authors.
The mean concentration of benzene in all Europeshlibgs studied was 14.6g/m®, while for
Singapore mean value was 87u/nt, i.e. significantly higher than in Europe. Based the
outcomes of other similar studies, it is concluttest high benzene concentrations were observed in
public buildings; i.e., in a library in Italy the @an value was 3@g/m® (Righi, et al. 2002); in
Thessaloniki (Greece) a mean value of @87 is reported (Kotzias, et al. 2009). Relatively low
benzene concentrations ranging from @gfm® — 10.5ug/n? are reported from studies in schools and
day care centers, and only in a day care centRouen, France (Kouniali, et al. 2003), concentratio
exceeds 3mg/n?. Increased concentrations of benzene(@#4n’) were observed inside the Athens
Olympic Sports Complex—Indoor Sports Hall (AOSQ)e tfacilities that hosted the indoor sports
during the Athens Olympic Games in 2004. High beezeoncentrations were measured in pubs and
restaurants in UK (31.Ag/m® and 22.7ug/n?), in Madrid (19.4ug/m?) and Bucharest (17 g/n?)
(Field 2005; Virtanen, et al. 2007). Esteeve-Tasllet al (2009) reported concentrations from car
parks and diesel tank rooms ranging fromgm® to 1200ug/m®. Concentration of benzene in cars
from three studies in UK, Germany and Spain ramgen f3pg/m® to 203.7ug/m?® (Elke, et al. 1998;
Esteve-Turrillas, et al. 2007; Virtanen, et al. 2D0

On the one hand, concentrations of benzene (aret ¥QCs) are slightly higher in southern Europe,
attributed to the higher temperatures that leadhigher volatilization. On the other hand, during
spring and summer, the more frequent opening oflews in southern Europe results in higher AERs
and therefore a decrease in VOCs indoor concemtrafine type of ventilation may also differ, eny. i
northern Europe, mechanical ventilation is commwhereas in southern parts of Europe natural
ventilation is used. The air flow rates may difeggnificantly among the different ventilation types
resulting in consequent differences in concentnaligeels. The net result of these contrastingedsiv

is significant variability both within and amongetdifferent countries in Europe.

The collected indoor concentration levels of beezare given in Table 12 in Appendix 1.
Toluene
Toluene is almost always present in indoor airétedtable concentrations, which range from a few

pg/m®to 1117ug/m?. It is worth noticing that the highest values vebserved in diesel tank rooms
(1117pg/m®) and car parks (830y/n?) in UK (Eberlein-Kénig, et al. 2002). In residesaar houses,
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the typical concentrations of toluene ranged frors 4g/m® to 30 pg/m?, although higher
concentrations have been registered, as well;54ug/m?® in Erfurt (Schneider, et al. 1999), 84.9
pg/m® in Torino (Tumbiolo, et al. 2005), 86.2 and 77§/n’ in Prague and Milan, respectively
(Hanninen, et al. 2002), 148,&/m’ in Gdansk (Zabiegala, et al. 1999) and §&@® in Hannover
(llgen, et al. 2001). In a naturally ventilated gpaentre in Athens (Stathopoulou, et al. 2008hat
spectator seats, the toluene concentration wasg8#® for the whole sampling period. During the
sports “event” days, however, the toluene concéintravas even higher, reaching g§/m°. Given

the prevalent wind direction in the area and thatilagion system of the stadium, the relativelyhig
concentrations of toluene could be attributed ttoor sources, and more specifically, to the heavy
traffic of the surrounding roads. Concentrationsbars and restaurants range from aggn? in
Helsinki (Vainiotalo, et al. 2008) to 57/m?® in Birmingham (Virtanen, et al. 2007). Relativébyw
values of toluene concentration (belowdnr’) have been observed in schools and day care centers
(Roda, et al. 2011; Stranger, et al. 2007). In jputlildings, mean concentrations are typical lower
that 20pg/m®. However, higher values have been reported; dféiges in Birmingham (22ug/n?),
Athens (90.2ug/m?®) and EU (35.1ug/m), a library in Modena, ltaly (4@g/m®) and a museum in
Athens (42.9ug/m3) (Righi, et al. 2002; Saraga, et al. 2011; Virtganet al. 2007; Zuraimi, et al.
2006). The concentration detected in cars, busgsrams range from 11,8y/n?in a train in Torino
(Tumbiolo, et al. 2005) to 494g/m’in a car in Birmingham (Virtanen, et al. 2007).

The collected indoor concentration levels of tokiane given in Table 13 in Appendix 1.

Ethylbenzene
Ethylbenzene in indoor environments is releasethbyuse of consumer products such as pesticides,

liquid process photocopiers and plotters, solvergmet glue, paints, varnishes, automotive praguct

adhesives, and fabric and leather treatments (AT38%9). Studies have identified that in a home
using gasoline-contaminated drinking water, expesuo ethylbenzene could occur via inhalation
during showering and other household activitiesa{iges, et al. 1996). Ethylbenzene concentrations
in shower air were often one to two orders of maglg higher than non-shower air (ATSDR 1999).

Concentrations of ethylbenzene usually follow thends of the other aromatics, usually ranging
between 0.9 to ig/m®>. Among the reported studies, the latest one based large number of
samples (350) carried out by Esplugues et al. (ROL¥alencia identified an average concentration
of 2.3 ug/m’. Elevated concentrations of ethylbenzene weretiiitsth in newly finished offices,
where concentrations up to 3pg/m® were measured in Gensk (Zabiegala, et al. 1999).

Locations where ethylbenzene might deviate fromutheal levels are car parking (Esteve-Turrillas, et
al. 2009) and chemical laboratories (Elke, et &98). On the contrary, the variation in the
concentrations between smoking and non-smokingsaness small, as identified by the study of
Vainiotalo et al (2008), indicating that environnentobacco smoke (ETS) is not such a strong
source of ethylbenzene emissions as it is for ah@matics.

The collected indoor concentration levels of etkylbene are given in Table 14 in Appendix 1.

Xylenes

Xylenes are widely used in the chemical industrngalsents for products such as paints, inks, dyes,
adhesives, pharmaceuticals, and detergents. Xylaneslso emitted in the indoor environment as a
result of cigarette smoking (Kotzias, et al. 200Xylenes are usually reported in literature togeth

A lot of organic contaminants are emitted by smgkindoors; overall, the presence of ETS is a dontina
source, followed by outdoor air penetration andafsgeaning products and disinfectants.
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with benzene and toluene. Xylene concentrationeported in three different ways: (a) as three
individual isomers (m-, o-, and p-xylene) sepasatéb) as the sum of all three xylene isomers
without any information on the most abundant; azjdofxylene on its own and (m- and p-) xylenes
together, because of their close gas chromatograptention times and insufficient separation.

The concentrations of xylene reported in the litgeare given in Table 4. Individual xylenes mean
indoor concentrations usually range between nataeti (ND) and 1@g/n?. Nevertheless, higher
concentrations have also been reported; i.e., measoin Helsinki (72ug/m®) and Gdansk (438.9
ng/m?) (Jarnstrém, et al. 2006; Zabiegala, et al. 199%) maximum observed concentration is
concerned was 24g/m’ for the sum of m- plus p- xylenes in office builgim Athens (Liu, et al.
2011). m-Xylene concentrations were high in twadistas in Athens (Stathopoulou, et al. 2008).
Results revealed that outdoor pollution signifibamtffected 1AQ of both halls. However, this effect
was different for the two buildings, depending be ventilation types, the wind direction prevailing
and the kind of indoor activity recorded. In theaPe and Friendship Stadium (PFS) in Athens at the
spectator seats, m-xylene concentration wagds® for the whole experimental period. During the
sports event” days, however, m-xylene was only slightlgremsed (6Lig/m®). It is worth noticing
that concentration in xylenes deviate from the Lweels at car parks and diesel tank rooms (Esteve
Turrillas, et al. 2009).

The collected indoor concentration levels of xykeaee given in Table 15 in Appendix 1.
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Step 3: Emission-indoor air modeling

Exploiting the flexibility of the INTERA source tdose methodological approach we decided to
follow the full chain starting from the indoor cantration data for the BTEX case study.

Two main and complementary reasons are behindligige: data on BTEX emission from consumer
product and other indoor emission sources lackadaliowing therefore the creation of reliable
emission scenarios. This could lead to a substamiderestimation of the true indoor concentration
levels and consequently of both the external atetrial exposure associated.

On the other hand the extensive review carriedirodhe project on BTEX concentration levels in
residential settings showed a wide data availgbitit many different European Countries and in
several types of indoor settings. This allowedaus/ork with more detailed estimates of the exposure
levels and to better address the geographicalrdiffeation in the exposure levels, which is on¢hef
main objectives of the INTERA case studies. In tiddithe use of concentration levels allowed to
reduce the uncertainty associated with the usé@flAQ model mainly due to uncertain emission
data and finally to provide more reliable estimaitthe exposure levels associated.
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Step 4: Exposure modeling

Exposure modeling

Personal exposure is equal to the average contientd a pollutant that a person is exposed ta ove
a given period of time, e.g. 1 day, 1 month or ary# over the given period of tim&, the person
passes through n locations, spending a fradtiof the periodr in locationn where the concentration
of the pollutant under considerationGs, then the personal exposure for this pefipdepresented by
the concentratiokr, is given by (Ott 1982):

E. =) f,[C,Onh,

w—Home

«++««Workplace 4
= = Other indoor

—Exposure

Benzene concentration
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Figure 2. Diurnal variation of indoor locations corcentrations encountered by a single
individual and the corresponding exposure

whereinh, is the inhalation correction coefficient for edgpe of microenvironmern encountered
in the calculations.

In accordanceyptake is defined as the integral in time of exposklrand inhalation ratenh divided
by the bodyweighBW for the relevant time frame (usually one day).

> E, linh,
Uptake=—"~——
BW

For as much as possible accurate exposure estimatioformation from TMADs (Time Micro-
environment Activity Diaries) has to be evaluatedider to assess the diurnal variation of exposure
(as shown in Figure 2). Adequate data on TMADs ndigg the EU exist from the EXPOLIS study
(Edwards, et al. 2006; Lai, et al. 2007; Lai, et 2004; Schweizer, et al. 2007), are already
implemented in the KMS and they will be used faog tieeds of the assessment. Indicative data for
selective countries are presented in Table 9. Dhaptete list of data used for characterizing thedi
Micro-environment Activity Diaries are reported ippendix 2. Data on inhalation rates and
bodyweight disaggregated by gender, age classegemgitaphical location are reported Appendix 3.

In order to expand exposure assessment from tigtesimdividual to the wider population groups,
probabilistic modeling techniques have been implaee: (Bogen, et al. 2009; Mutshinda, et al. 2008;
Zidek, et al. 2005). In this case the exposurerdetants will constitute the prior distributionsdan
they will be implemented in a Monte-Carlo modegnfr where the population exposure distributions
will be derived.

Table 9. Indicative data for selective countries TMD (hours/day)

Outdoor Home Work Other
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indoor

Mean 3.0 13.8 5.9 1.2
Einland Max 14.0 24.0 12.3 11.1
Min 0.0 3.8 0.0 0.0
STD 2.0 3.0 3.1 15
Mean 3.3 15.3 4.1 1.3
Max 12.6 24.0 15.0 7.8
Greece
Min 0.0 2.4 0.0 0.0
STD 2.1 4.3 3.6 1.5
Mean 3.2 13.5 5.6 1.7
Switzerland Max 13.7 22.5 14.3 10.6
Min 0.3 0.9 0.0 0.0
STD 2.0 3.4 35 1.6
Mean 2.6 14.5 5.3 1.7
Max 24.0 23.6 17.4 16.9
France
Min 0.0 0.0 0.0 0.0
STD 2.6 4.4 3.7 2.7
Mean 2.7 13.5 6.3 1.4
Max 11.4 22.5 12.2 10.6
Italy
Min 0.0 8.1 0.0 0.0
STD 1.7 2.6 3.0 1.3
Mean 3.1 14.1 5.6 1.2
Czech Max 12.1 23.5 10.4 8.7
Min 0.5 7.6 0.0 0.0
STD 2.2 3.6 3.4 1.7
Mean 2.8 16.0 4.3 0.9
UK Max 9.4 23.0 13.9 6.3
Min 0.4 4.3 0.0 0.0
STD 1.8 3.3 35 1.2
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Step 5: Internal dose modeling

A PBPK/PD model for BTEX has been already develoaed validated against experimental data
(Sarigiannis and Gotti 2008).

Benzene, toluene, ethylbenzene, and xylene ardileolaono-aromatic hydrocarbons commonly
found together in gasoline and are common VOC corapts of outdoor and indoor air mixtures due
to their widespread use in many commercial proddsa result, these aromatic compounds co-exist
in the majority of environmental settings (occupaél and residential). Because these aromatics
compete with benzene for cytochrome P450 isozym#P@E1), these co-exposures might potentially
reduce the overall metabolism of benzene. Thusgttantification of this interaction to the overall
internal dose is of great interest.

To quantify this interaction, a PBPK/PD model foqaaternary mixture of BTEX was developed
(Sarigiannis and Gotti 2008) based on the approééhishnan et al. (2002). This approach considers
that the interaction between two or more chemicaisses a modification of the rate of metabolism of
each chemical due to the presence of the otherichksmhat compete for the binding sites resulting
in a mutual inhibition of metabolism. The PBPK/PDbdel for a generic mixture of chemicals is
represented as a combination of “single chemicatidets interconnected at level of hepatic
metabolism where the effect of the interactionvaleated according to the potential mechanism of
action (competitive, non-competitive, and uncompetimetabolic inhibitions). The latter, in the eas
of a BTEX mixture, is assumed to be of “competitinkibition” since the four VOC’s considered are
known substrates for CYP2E1. This is further conéid by the analysis of the kinetic data from all
binary exposure studies relevant to the BTEX mi{{iifaddad, et al. 1999).

The overall conceptual representation of the PBBKMbdel for a mixture of BTEX is shown in
Figure 3. The models used for toluene, ethylbenzame all the family of xylenes are all four-
compartment models similar to that of Tardif et(dB97) and of Haddad et al. (1999) encompassing
richly perfused tissues (RPT), poorly perfusedutss (PPT), adipose tissues (FAT), and liver
(metabolizing tissue), interconnected by systermmutation and a gas exchange lung.
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Figure 3. Conceptual representation of the PBPK/PDnodel for a mixture of BTEX

The model for benzene is a six-compartment modal ihan extension of that of Medinsky et al.
(1989) and of Travis, et al. (1990) adding the kias a further site of metabolism. The six tissue
groups utilized in the model include the liver (manetabolic tissue); adipose tissue (FAT); richly
perfused tissues (RTP); poorly perfused tissuesTPBone marrow (the main target organ for
benzene toxicity) and the kidney; each one intarected to the others by systemic circulation and a
gas-exchange lung. The bone marrow was includedusecit is recognized as the main site where
benzene toxicity (i.e. leukemia) is manifested Bedause it is, together with the kidney, a poténtia
site for benzene metabolism.

As the toxicity of benzene is main related to itetabolites, due to the high potential toxicity of

benzene metabolites associated to the leukemiairistumans, the model takes into account the
metabolic chain of benzene to its key metabolites Whole metabolic chain of benzene was modeled
through the PBPK model schematically presentedigure 4 to evaluate tissue levels of benzene,
benzene oxide (BO), phenol (PH), and hydroquind#@)( as well as the total amounts of muconic

acid (MA), phenylmercapturic acid (PMA), phenol ggyates, hydroquinone conjugates, and total
catechol produced.
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Figure 4. Conceptual representation of benzene PBP#odel (Sarigiannis and Gotti, 2008)

The metabolic inhibition effect grows with the numloé substances constituting the mixture: when
humans are exposed to all four chemicals togethtsraction effects on benzene are even greater
than in the ternary or the binary mixtures. Ethygtbene, for example, further increases the unchanged
concentrations of benzene not only because ethzéimeninterferes directly with the metabolism of
benzene but also because it inhibits toluene arldn®g metabolism, increases their unchanged
concentrations, and thus enhances their inhibigdfgct on benzene. The interaction effect due to
concurrent exposure to a chemical mixture can lebappreciated when the exposure levels are
higher with respect to typical environmental expesu

Biomonitoring data

Human biomonitoring (HBM) is rapidly becoming a gealized approach to estimating the internal
dose of xenobiotics in humans as exemplified bygdescale exercises such as the NHANES and NCS
studies in the USA and the COPHES/DEMOCOPHES iiiga in the EU. In the implementation of
the INTERA methodology, HBM data are used to vdbdie internal dose estimates of the PBPK
model developed for each individual component & BTEX mixture and for co-exposure to the
quaternary mixture as a whole.

Benzene

The main biological markers of exposure to benzere products of benzene metabolism or
unmetabolized benzene excreted in urine. Benzertebwlesm begins in the liver where several

enzymes convert it into a number of metabolitesustiog phenol, hydroquinone (HQ), catechol, s-

phenylmercapturic acid (s-PMA) (Tranfo, et al. 2)1hd trans, transmuconic acid (tt-MA). Both s-

PMA and tt-MA are excreted in the urine, and ashstiey are commonly used as biomarkers of
exposure (Weisel, et al. 1996). Phenol has beendfdo characterise levels of exposure between 1
ppm and 190 ppm (Weisel, et al. 1996). Urinary #&-lind s-PMA (Paci, et al. 2007) have been

considered suitable biomarkers for exposures imahge of 0.1-1ppm (Weisel, et al. 1996).
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tt-MA is excreted in urine (3-18% of total absorlzkabe) after the formation of the toxic intermeeliat
t,t-muconaldehyde. However t,t-MA lacks specificityd reliability at low exposure levels (Barbieri,
et al. 2002). In particular, it is also producednir metabolism of sorbic acid that may be present in
food; daily ingestion of sorbic acid significanilycreases the biological background concentratfon o
t,t-MA, therefore its specificity as marker for lzeme is limited.

S-phenylmercapturic acid (SPMA) is derived fromykw levels of metabolism from electrophilic
intermediates reacting with endogenous glutathi@mwoxification pathway, <1%). Contrary to tt-
MA, SPMA shows high specificity but is poorly extzd in urine (Barbieri, et al. 2002). These
biomarkers rarely show good correlation with enminental exposure at ppb levels (Sabatini, et al.
2008). Therefore, the value of either of these arsinbiomarkers to detect low, environmentally-
relevant levels of exposure via the environmenjuisstionable (Manini, et al. 2006).

Both metabolites have relatively long half-lives l§5for t,t-MA and 9 h for SPMA). This may
influence strongly biomonitoring results with regato inferring actual exposure to benzene
depending on monitoring time (for instance, sigmwifit differences can be observed if the monitoring
occurs at the end of the work-shift or during therkweek) (Qu, et al. 2000). For these reasons,
unmetabolized benzene excreted in urine (UBz) heen lrecently investigated as a specific and
reliable biomarker at very low levels of exposuxe0(002 ppm) (Fustinoni, et al. 2005; Fustinoni, et
al. 2005). The powerful analytical methods devetbpe the last few years allow the quantitative
determination of very low concentrations of benzenerine. Although the use of UBz as an accurate
benzene exposure marker has not been fully vatidatveral works have shown a better correlation
between UBz and airborne benzene as compared & ttlomarkers (Fustinoni, et al. 2005;
Fustinoni, et al. 2005; Waidyanatha, et al. 2001).

Benzene biomonitorig data were user to validate PiB®PK model. Validation of the benzene
“section” of the PBPK model was accomplished thioagcomparison with the experimental data of
the work of Pekari et al. (1992). They exposeddhrealthy volunteers to benzene vapor at 10 ppm
and 1.7 ppm for 4 hours collecting, at certain tichging and after the exposure, the benzene
concentration in venous blood and expired air. tvmparison between the PBPK/PD model results
and the experimental data are showgiror! Reference source not found. Each experimental data
point represents the mean of the three adult nalenteers.
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Comparison of the
PBPK/PD model
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(diamond) obtained
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concentration of 10
ppmand 1.7 ppm.
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Results show that the developed model provides gstichations of the benzene kinetic within the
human body reproducing correctly the dynamic ofZeae both in the venous blood and in the
exhaled air.

A further validation step regarded the whole maatelnetabolic chain of benzene. The model results
were validated through a comparison with two incelamt datasets derived from literature.

In the work of Kim et al. (2006), the authors ingated the major urinary metabolites (phenol [PH],
muconic acid [MA], hydroquinone [HQ] and catech@AT]) as well as the minor metabolite, S-
phenylmercapturic acid [S-PMA], in 250 benzene-egub workers in Tianjin, China. Full-shift

exposures to benzene were monitored with passimglees and urine was collected from each
participant at the end of each working shift forievhair had been monitored. In terms of exposuee th
median value of benzene exposure during the wafkvghs equal to 1.18 ppm.

Waidyanatha et al. (2004) collected urinary coneditn data for the same keys metabolites of
benzene in 44 benzene-exposed workers selectedtirem factories in Shanghai where benzene was
used in the production chain. Spot urine samples wellected at the end of work-shift.

Individual exposures were monitored using passamrsgnal monitors worn by each worker for a full
work-shift on 5 consecutive workdays during thed 2-week period prior to urine collection. The
subjects were subdivided into two different growgzsording to the exposure levels: the “lower
exposure” group showed a median value of 13.6 pifevthe “higher exposure” group a median of
92.0 ppm during the working hours.

The results of both the comparisons in term of eob@tion of each single metabolite in urine are
summarized in
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Table 10.

The data given refer to occupational exposure tzéee; at the time of performing the study we were
not aware of HBM data referring to residential esyp@. Nevertheless, the range of urinary benzene
metabolite values given in the table above covéarge enough range of values under controlled
exposure conditions. Thus, the HBM data given alareeconsidered as appropriate for a full-blown

validation of the PBPK/PD model for benzene.
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Table 10: comparison between experimental urinaoycentration (mg/L) of main benzene

metabolites and PBPK/PD predictions:

Benzene exposure: Metabolite Urinary concentration* Urinary concentration
92 ppm Median [min - max] from PBPK/PD model

PH 196 [27.1 - 374] 342.5

CAT 40.3 [3.79 - 85.1] 71.9

HQ 22.1 [3.3 - 50.6] 11.5

S-PMA 7.69 [0.123 - 27.5] 6.2

MA 41.2 [7.25 - 133] 32.6
Benzene exposure: Metabolite Urinary concentration* Urinary concentration
13.6 ppm Median [min - max] from PBPK/PD model

PH 18.2 [3.87 - 175] 86.2

CAT 3.09 [0.673 - 23.8] 30.4

HQ 3.97 [0.524 - 36.2] 4.5

S-PMA 0.175 [0.050 - 5.89] 1.6

MA 7.14 [1.14 - 77.8] 8.8
Benzene exposure: Metabolite Urinary concentration** Urinary concentration
1.18 ppm Median [min - max] from PBPK/PD model

PH 149 [1.5-389.6] 85.3

CAT 2.3 [ 0.4 -48.2] 27.4

HQ 1.9 [ 0.3 -47.0] 4.0

S-PMA 0.06 [ 0.00036 - 7.04] 0.6

MA 1.7 [0.1 - 60.5] 5.8

* Data from Waidyanatha et al. (2004).

** Data from Kim et al. (2006)

Results shows that the urinary concentrations @flain benzene metabolites are within the range of
variability showed by the experimental studies gomhg the correctness and the accuracy of the
model developed

Toluene

The biological exposure indices recommended by AC@EI999) to assess exposure of workers to
toluene in the workplace are ortho-cresol and hijgpacid levels in urine at the end of a workshift
and toluene levels in blood immediately prior te tast shift of a workweek. However, there are no
markers of toluene exposure that persist in the/ lhodan extended period of time after exposure has
ceased. Although measurement of urinary excretidaloene metabolites (hippuric acid, mercapturic
acids, ortho-cresol and para-cresol) is a lesssimgamethod than blood sampling for determining
toluene exposure, the presence of these compountteiurine is not definitive proof of toluene
exposure since they are also produced by metabdtmm the normal diet (Maestri, et al. 1997). It
has also been reported that the presence of tolnaméne is a more sensitive biomarker for toluene
exposure than the presence of hippuric acid oroescthsol (Kawai, et al. 1996). In addition, the
background levels of these metabolites may be taifleby individual variability (Lof, et al. 1993)
ethnic differences (Inoue, et al. 1986), or otlestdrs such as alcohol consumption and smoking
(Maestri, et al. 1997). Despite these limitatioascording to the extensive review carried out by
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USEPA (2000), a significant number of authors hsivewn a correlation between the levels of these
metabolites in urine and toluene exposure and bz been widely used as biomarkers of toluene
exposure.

Ethyl benzene
According to the review of USEPA (1999), exposupeethylbenzene can be determined by the

detection of mandelic acid and phenylglyoxylic aicidirine or by direct detection of ethylbenzene in
whole human blood. Numerous studies indicate thatrenmental exposures to ethylbenzene can
result in detectable levels in human tissues (Ampoet al. 1986) and in expired air (Wallace, et al
1985). Analysis of blood specimens from a test pegfan of 250 patients (Antoine, et al. 1986) and
composite samples obtained from blood donatioralwiratory personnel with potentially low-level
exposure (Cramer, et al. 1988) indicated ethylbeazeoncentrations in the blood to range from
below detection limits to 59 ppb. Studies examirtimg correlation of ethylbenzene concentrations in
ambient air with concentrations measured in expioedalveolar air have also been conducted
(Wallace, et al. 1985). Ethylbenzene concentratinfweath samples were reported to correlate well
with ethylbenzene concentrations in indoor samtak&en with personal air monitors (Wallace, et al.
1985).

Xylenes

Xylene levels in the blood and levels of its metdabp methylhippuric acid, in the urine are the
primary markers used to detect exposure to xyl&fREPA 2007). Measurement of blood levels of
xylene is limited by the rapid metabolism of xylerMoreover, there are no data on background
concentrations of xylene in blood or urine. Xyleaed xylene isomers have been detected at
concentrations of up to 400 nM in urine of workessposed to xylene at geometric mean
concentration of 1.9 ppm with a maximum concerdratif 27.3 ppm (Takeuchi, et al. 2002). Xylenes
are metabolized almost exclusively to methylhippwatids in humans. Detection of methylhippuric
acid in the urine is the most widely used indicatbérxylene exposure (USEPA 2007). A strong
association has been shown between urinary megpdhic acid concentrations and exposure to
xylene (Daniell, et al. 1992); The excretion of hydhippuric acid is complete within 1 or 2 days of
exposure to xylene, limiting the utility of this dmharker to the detection of only very recent
exposures. With chronic exposure to xylene, theabrdism is enhanced, further limiting the time
following exposure that xylene levels may be meeduin the blood (USEPA 2007). Since the
methylhippuric acid background levels in personst mxposed to xylenes are very low,
methylhippuric acids are specific markers for xggenexcept for exposure to alkyl toluenes in which
the number of carbon atoms in the alkyl group id.od

Mixture

The study of the effect of the interaction betw#®sn chemicals composing a TEX mixture has been
the subject of the work of Tardif et al. (1997).eVhexposed four human volunteers to a ternary
mixture of alkyl benzenes (toluene, ethylbenzer rmrxylene) for 7 hours to 17, 33, and 33 ppm,
respectively, both alone and in combination. Oretioourse of blood concentrations regarding the
above three VOC's were collected to derive theradgon mechanism as well as to quantify the
interaction effect. The data are reported in Tafle
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Table 11: average venous blood concentrations (mgter) of toluene, m-xylene, and ethylbenzene
obtained in four humans volunteers exposed for 7 hws to 17, 33, and 33 ppm, respectively, of these
solvents alone or in combination.

_ Toluene (in | Xylene (in | Ethylbenzene| Toluene Xylene Ethylbenzene
Time ) mixture)? mixture) > | (in mixture) > | (alone)® (alone)* (alone)®
(hours)

(mglLiter) (mglLiter) (malLiter) (mglLiter) (maglLiter) (mglLiter)

55 0.18 0.50 0.52 0.17 0.40 0.52

6.5 0.18 0.52 0.51 0.18 0.43 0.49

7.5 0.10 0.26 0.25 0.09 0.21 0.25

8 0.06 0.19 0.19 0.06 0.15 0.19

T hours after the exposure started

2 exposure scenario: Toluene 17 ppm; Xylene 33 ithylbenzene 33 ppm
3 exposure scenario: Toluene 17 ppm;

4 exposure scenario: Xylene 33 ppm;

5 exposure scenario: Ethylbenzene 33 ppm

The venous blood as well as the alveolar conceotr@tresulting from the PBPK/PD simulations
were compared with the experimental data obtaingdosng humans to the same mixture
concentration derived Tardif et al. (1997). Eacheginental data point represents the mean for four
adult male volunteers. The results of the compariselevant to venous blood and alveolar

concentrations are shown in Figure 7 and in Figure

The results show that the PBPK/PD model developesigees accurate estimation of the kinetics of
the TEX mixture in the human body. This confirmattthe mechanism of interaction based on the
competitive inhibition between the three componesitgshe mixture, all substrates for the same
cytochrome P450 isozyme (CYP2EL1), describes therarpntal data adequately.
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Figure 6. Comparison of the PBPK/PD model regelisvant to blood concentration of toluene (a),
m-xylene (b) and ethylbenzene (c) predicted byirtdeszidual chemical (solid lines) or a ternary
chemical PBPK model (dashed lines) with correspogeéixperimental data (symbols) obtained in
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humans exposed for 7 hr to 17, 33, and 33 ppmeosisely, of these solvents alone (square points)
or in combination (diamond points).

Toluene concentration in alveoli

(@)

10
,g _______________________
s i . *
=
p=
g
T 1
o
=
o
o
5]
S
[
=2
<

0.1 : : : : : : : : : : :

0 1 2 3 4 5 6 7 8 9 10 11 12
time (hours)
‘——— TOL 17 ppm + XYL 33ppm + EBZ 33ppm —— TOL 17 ppm + Expdata (TEX) = Exp data(T) ‘
(b) m-Xylene concentration in alveoli
10

Alveolar concentration (ppm)
=

0.1 T T T T T
0 2 4 6 8 10 12
time (hr)

\——— TOL 17ppm + XYL 33ppm + EBZ 33ppm —— XYL 33 ppm ¢ Expdata (TEX) = Exp data (X) \

Ethylbenzene concentration in alveoli

(©

10

Alveolar concentration (ppm)
-

0.1 T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
time (hours)
‘— ——TOL 17 ppm + XYL 33 ppm + EBZ 33 ppm ——EZB 33 ppm + Expdata (TEX) = Exp data (E) ‘

Figure 7. Comparison of the PBPK/PD model residlsvant to alveolar concentration of toluene
(a), m-xylene (b) and ethylbenzene (c) predictedhayindividual chemical (solid lines) or a ternary
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chemical PBPK model (dashed lines) with correspagdixperimental data (symbols) obtained in
humans exposed for 7 hr to 17, 33, and 33 ppmeotisely, of these solvents alone (square points)
or in combination (diamond points).
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Step 6: Addressing the deficit in the data

Data on indoor sources

The main sources of data deficit has been idedtifiethe data on BTEX emission from consumer

products and others indoor sources. Lack of datdisrsubject has been overcome by information on
indoor air concentrations, which after an extensexaew showed a wide availability both in terms of

geographical differentiations across several céemin the EU and in terms of type of indoor segtin

Geographical coverage

The literature review on BTEX measured concentraticevealed missing data for the indoor and
outdoor locations for a number of countries. Inirttidace synthetic data have been used. Surrogate
data from other indoor locations are used to agprate concentrations, taking into account the
current deviation from the EU concentration. Foaraple, benzene indoor (home) concentration in
Poland is 28.§ig/m®, 4.2 times larger than the EU average concentrati@8 pg/nv. In this respect,
starting from the EU average at @u&/m°, concentration in public buildings (e.g. officés)estimated

at 27.1pg/n?.

In addition, although concentration data are reegweparately for the m,p- xylene and the o-xylene,
xylene concentrations are aggregated: mean, maxnamadoncentrations are linearly added and new
standard deviations are estimated from the log abemuations.

No others main deficits in the data needed to hercase study were observed.
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Step 7: Case study calculations

General considerations

Given the limitations of data availability regargithe emissions of BTEX from consumer products
and their use, the calculation of exposure, uptahke internal dose was based starting from micro-
environmental concentrations. The respective modetiodules for the individual components of the
BTEX mixture have been developed and implementethénINTERA platform by parameterizing
appropriately the generic PBPK model of INTERA. Hwer, no generic PBPK model was developed
for mixtures of chemicals in the indoor environmarside the INTERA platform. Thus, we opted to
develop a dedicated model for the BTEX mixture iolgtshe platform and use this for estimating the
potential interactions among the mixture componeviien it comes to estimating the internal and
biologically effective dose of the BTEX chemicatglaheir toxic metabolites

The workflow of the calculations is based on:

- Gathering data on micro-environmental concentratioglevant to the major activities of the
population.

- Use of information of time-activity data for estitimg exposure diurnal variability and
uptake, utilizing the duration and the type of\dtyj which in turn affects the inhalation rate.

- Estimation of internal dose in terms of benzenéiwithe systemic circulation, as well as the
biologically effective dose of benzene toxic metdbs in the bone marrow.

To compute exposure from each population grougma tlependent activity pattern is assumed,
including five common locations: home, office, tsportation, school, leisure places, outdoor. People
on each group are assumed to repeat the samdiastturing the working days, differentiated in the

weekends. Activity patterns are summarized in ApjpeB, Table 16-Table 19.

In addition, each activity is tabulated accordiogt$ intensity into four levels: level 1 is assulrie

be the lightest (e.g. sleeping) and level 4 theviesa activity (e.g. sports). The correspondingueal

of inhalation rates per intensity level and ageugrare presented in Appendix 2, Table 20. A
summary of all activities and their classificatiare presented in Appendix 2, Table 21.

From the above data, exposure variability as wellttee average weekly uptake was estimated.
Exposure was the input to the BTEX PBPK model, tillsving us to track how exposure variability
is translated into internal exposure variability.

Monte Carlo Smulations

A Monte Carlo (MC) analysis is used to investigateertainty and variability in exposure, uptake
and internal exposure. This analysis can be doimg tlse probabilistic exposure analysis tool of the
INTERA platform. Variability was considered for:

- Physiological and biokinetic parameters (Appendixs8ch as the bodyweight differentiated
per age group and country (Table 22), the alveaatilation rate Q., the kinetics of
benzene metabolism.y in liver and bone marrow (Table 23).

- Micro-environmental concentrations. Based on tterdture review on BTEX concentrations
data, distributions were derived when an adequateber of data was able to support a
distribution. Table 24 - Table 27 in Appendix 4rsuarizes all values used to run both mean
value (Garrick, et al. 2003) and Monte Carlo sirtiafss.
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Suitable distributions were assumed: lognormalritistion for the indoor microenvironmental
concentrations (country differentiated), as seemppendix 4, while normal distributions were
assumed for the physiological/biokinetic parameteported in Appendix 3.

All MC calculations were executed with 10.000 iteras.
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Step 8: Interpreting and reporting the output

Diurnal variability computations

The following set of figures (Figure 5) illustréetee diurnal variation of benzene exposure and mader

dose to all exposed groups in Germany, as an itiakic@xample. Results for all the others EU
Countries are reported in Appendix 5.

According to Figure 8, internal dose to toxic melébs in the bone marrow is higher for infants, a
fact explained by the relatively higher uptake fodyweight normalized dose). The same but to a
smaller extent occurs for the children aged 3-14iJexgender differences between adults seem to be
of minor importance, as a result of the small défees in exposure profiles and physiology
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Exposed group: Adult Fernales in Germany
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Figure 8. Benzene exposure and internal intake fdibur exposed groups for a representative

week in Germany. (a) Infant, (b) 3-14 years, (c) Adt females and (d) Adults males
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Diurnal variability for TEX exposure in Germany psesented in Figure 9. Similarly to above, the
intra-day variability is attributed to the diffeteractivities and the related micro-environmental
concentrations. Similar results for all other EWtries are reported in Appendix 6.
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Figure 9. Toluene, ethylbenzene and xylenes exposutdiurnal variability for a representative
week in Germany. (a) Infant, (b) 3-14 years, (c) Adt females and (d) Adults males

In the following group of Figures, the calculatedBX exposure and uptake are presented for the
most vulnerable exposed groups, children below dr yé age (infants). Results for all other age
groups are reported respectively in Appendix 7hiarts and in Appendix 8 in tabular format.

In all whisker plots reported belovind rectangular box represents the 5 and 95 peleetite two
whiskers (black vertical and horizontal lines) #re minimum and maximum values the red line is
the median and the green line represents the nadaa.v
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Figure 10. Whisker plot for benzene, exposure (a)a uptake (b) for infants- In green are
shown the mean estimates.

According to the left panel of Figure 10, the highmean concentrations are in Poland (62/0r7),,
ltaly (24.7pug/m%), UK (18.99ug/n?), Greece (15.¢g/m’) and Spain (12.5g/n?). Alternatively, the
highest computed concentrations are for Poland. (4@#nr), Italy (240.7ug/m®), UK (127.2ug/nr)
and Spain (88.6g/m"°). Estimated uptake values are in-line with thenhb&l mean uptake estimates in
Poland (19.8.g/kg/d), UK (8.21ug/kg/d), Italy (7.2ug/kg/d) and Spain (4.2g/kg/d). Furthermore,
the highest computed uptake estimates are 2dg/kg/d in Poland, 182.2g/kg/d in Italy, 91.9
ug/kg/d in UK and in Spain 62 4&y/kg/d.
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Figure 11. Whisker plot for ethyl-benzene, exposuréa) and uptake (b) for infants- In green are
shown the mean estimates.

According to Figure 11, the highest mean exposareentrations are in Poland (3L&n?), in Italy
(6.1 pug/n7), in Czech Republic (5.7g/n®) and in Greece (3.Fg/m®). The maximum computed
exposure concentrations are in Poland (55/in’), in Greece (131.1ig/m®), in France (131.1
ng/m?), in Italy (69.2ug/m?). Furthermore, according to the right panel ofufégl1, maximum mean
uptake estimates are for Poland (100ggkg/d), Italy (19.1ug/kg/d), Czech Republic (17/kg/d)
and Greece (12.ig/kg/d). In accordance the highest computed conzigons are in Poland (741.1
ug/kg/d), France (246.4g/kg/d), Italy (90.3ug/kg/d) and Czech Republic (24qud/kg/d).
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Figure 12. Whisker plot for Toluene, exposure (a)d uptake (b) for infants- In green are
shown the mean estimates.

According to Figure 12, the highest mean conceptratfor toluene are in Greece (4Qug/n?),
Czech Republic (37.2g/m°), in Italy (37.8pg/n?), in Poland (31.6ig/m®), in UK (24.9ug/m®), in
Denmark (23.519/m?) and Cyprus 22.kg/m®. As expected the highest computed concentratieinar
Greece (803.1ug/m%), in Czech Republic (646.6g/m°), in Italy (418.7ug/m%), in Denmark (351.3
ng/m?), in France (319.8g/n7), in UK (297.6pg/m?), in Poland (295.;g/m® and in Cyprus (263.8
ug/m®). In accordance, from the right panel of Figure th2 highest computed mean uptake values
are in Greece (1331g/kg/d), in Italy (118,5ug/kg/d) and in Czech Republic (116.:6/kg/d). It is
noted that the highest computed concentrationsirar@reece (1414.99/kg/d), Czech Republic
(846.4ug/kg/d) and in Italy (574.1g/kg/d).
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Figure 13. Whisker plot for Xylene, exposure (a) ath uptake (b) for infants- In green are shown
the mean estimates.

According to Figure 13, the highest mean conceptiatare in Italy (25.2u9/m°), Czech Republic
(16.8 ug/nt), France (10.4ig/m®), Denmark (7.2:g/n) and in Cyprus (7.@g/nt). In addition, the
highest computed concentrations are in Italy (33&67°), in Czech Republic (233.8g/m?), in
France (230.1ig/m?) and in UK (99.9ug/m®). Furthermore, based on the right panel from Fidl8,
the highest maximum uptake values are in Italyg7@/kg/d), in Czech Republic (51ig/kg/d), in
France (31.8ug/kg/d) and in Cyprus (26.gg/kg/d). The maximum uptake estimates are in Italy
(394.9ug/kg/d), in France (317.8g/kg/d), in Czech Republic (255u/kg/d), in UK (165.6) and in
Cyprus (131.Qug/kg/d).
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Benzene in blood
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Figure 14. Whisker plot of benzene concentration ifblood (in green the mean estimates) for
infants

Variation in venous concentration are presentedgugvhisker plots; which are modified accordingly
to include median (red line), mean (green line), &l 95% percentiles, minimum and maximum
estimates. Hence, according to Figure 14, the bighemputed concentration for infants, are in
Poland, Italy, UK and Spain. Furthermore, conceianadistribution is strongly lognormal with
highest values ranging from Qug/l to 1pg/l. These high venous concentrations are in aecma to
the elevated maximum concentrations indoors (horf@);example maximum concentrations in
Poland, Italy, UK and Spain are at 40g/m®, 242ug/m?, 128pg/m® and 89ug/m®. Alternatively, the
computed mean estimates for these countries afie @/, 0.04 pg/L, 0.03 ug/L and 0.02ug/L
respectively.
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Exposed group children 3 - 14 years old
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Figure 15. Whisker plot of benzene concentration ifvlood (in green the mean estimates) for
children aged from 3 to 14

In Figure 15, the highest mean concentrations @gegtified in Italy (0.04ug/l), Greece (0.03g/1),
and UK (0.03ug/l). In accordance the maximum computed conceairsitare in Italy (0.57g/l), in

UK (0.29 pg/l), Spain (0.20ug/l), Greece (0.16ug/l) and France (0.14ug/l). Low venous
concentrations are identified in Ireland, Nethad®nSlovenia, Poland, Finland, Germany, Cyprus,
Hungary and Portugal.

Exposed group adult fermales

o
o
T

1

=]

o
T

1

=
b

0 s &@é ééé¢Tg_

BE FI T &P SW RO DE GR FR CI CY HU PO

Wenous concentration in pg/L
o = = = = =
— [ o E=N m o
T T T T T T
e ——————
=f
21
1 1 1 L

o
=
b
2T

=
=

Figure 16. Whisker plot of benzene concentration itvlood for adult females

In Figure 16, the Whisker plot illustrate variatioim venous benzene concentration for adult females
it is identified that maximum concentrations re&elues up to 0.8g/L for Poland, 0.7.g/L for UK,

0.45pg/L for Italy and 0.3ug/L for Germany and Hungary. The highest mean edémare in Poland
(0.13ug/L) and UK (0.11ug/L).

49



Exposed group adult males
T T T T T T T T

“Yenous concentration in pgfl
=] = = = = = =
[EL) = o [=2] -~ oo o -
T T T T T T
1 | | 1 L 1 L

(=]
]
T

B 1o 2 J'éf‘@éééﬁé@__

UK IR ML BL PL BE FI IT 8P W RO DE GR FR CZI CY HU PO

o

Figure 17. Whisker plot of benzene concentration ifblood (in green the mean estimates) for
adult males

In Figure 17, using the Whisker plots the highestoentrations are identified in Poland (0.13, max a
0.77ug/L), UK (0.11 max at 0.7Qg/L) and Italy (0.03 max at 0.48)/L).

Benzene toxic metabolites (BO, PH, HQ) concentratioin bone marrow
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Figure 18. Whisker plot of benzene toxic metabolite(BO, PH, HQ) concentration in bone
marrow for infants

According to Figure 18, the highest mean valuesimari@oland (0.83:g/L), UK (0.34 pg/L), Italy
(0.31 ug/L) and Czech Republic (0.2fg/L). Alternatively, the maximum concentrations are
estimated in Italy (16.30g/L), Poland (11.099/L), UK (5.23ug/L) and Spain (5.06g/L).
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Exposed group children 3 - 14 years old
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Figure 19. Whisker plot of benzene toxic metabolite(BO, PH, HQ) concentration in bone
marrow for children aged 3 to 14

According to Figure 19, the highest mean valuesratgK (0.11ug/L), France (0.07ug/L), Hungary
(0.07 ug/L), Poland (0.06ug/L), Italy (0.06ug/L) and Greece (0.06g/L). Alternatively, the highest
computed concentrations are in Italy (2,22L), UK (1.06ug/L) and Czech Republic (1.Q&/L).
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Figure 20. Whisker plot of benzene toxic metabolite(BO, PH, HQ) concentration in bone
marrow for adult females

According to Figure 20, the highest mean benzeneatration in bone marrow are in Poland (0.15
ug/L) and UK (0.14ug/L). Maximum concentrations are identified in UKZ2pug/L) , Italy (1.14
ug/L), Poland (1.06ig/L) and Hungary (0.88g/L).
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Exposed group adult males
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Figure 21. Whisker plot of benzene toxic metabolite(BO, PH, HQ) concentration in bone
marrow for adult males

According to Figure 21, the highest mean conceaotraistimates are in Poland and UK (both at 0.13
ug/L), where the other countries concentrationsratew magnitude close to 0.02 to 0.04/L. In
accordance, the maximum computed concentration.@rgg/L in UK, 0.98ug/L in Poland, 0.78
ug/L in Italy.
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Discussion

General issues

Carrying out an EU indoor air BTEX exposure assesgns a challenging and demanding task. A
major difficulty arises from the relative paucitf data in many of the EU countries, especially from
the newer member states. However, even at the esinwhere data exist, there are significant
problems and inconsistencies in the respectivesdttaA major issue is that nationally represevdati
indoor air BTEX data are only available from Germay the GerES Il &IV studies (Hoffmann, et al.
2000; Ullrich, et al. 2002), England (Raw, et &02) and France (Kirchner, et al. 2006). The Ehglis
and French data do not include ethylbenzene. [l#ede variation in the measured data might be
expected due to socio-economical differences, tuffigcboth consumer product use and building
materials/emission sources, and/or climatic difiees that may affect the indoor/outdoor air
exchange. Moreover, BTEX are emitted by strongdfitafources and penetrate to the indoor air
(benzene is the most characteristic example); thaffic load and management (which strongly
depend on the degree of urbanization) also affédD.| All of the above determine the
representativeness of measurement campaigns. @ategminants are the number and the distribution
of samples collected. In many studies, the numbsamples and/or the combination of the selected
dwellings (mixed occupational and non-occupatis®itings) are not adequate for considering them
representative of the entire urban area. Findflg, way that the results are very often presented i
literature lacks consistency with regard to théistieal metrics used, obstructing data interpietat

A realistic and representative view to indoor expesof the wider population would be greatly
facilitated by a sampling harmonization protocdttiprovides guidance on the number and spatial
distribution of samplers (at the country and urbeale) taking into account the arguments discussed
above as well as on the way of presenting the tesal that they can be easily utilized by other
experts and policy makers.

The overview of the results indicated that for s@moetaminants a wide variability is observed, due t
the different source characteristics. Thus, thedsence is limited to regions where socio-economic,
regulatory or consumer behaviour reasons greafgctafndoor air quality. However, also possible
strong outdoor emission sources and out-to-indaop@netration might have a more significant
contribution than indoor sources, making sourceogmment even more complicated.

Fuel- and solvent-related compounds such as BTEXtwo to three times more abundant in the
indoor air in the south than in the north of Européis is mostly associated to indoor sources ssch
building materials and ETS and outdoor sources fgclransport; the latter have a much higher
influence on indoor air concentrations in the satldn in the north, because of the higher out-to-
indoor air penetration observed due to the diffectimate (much warmer in the south. Xylenes are
also much higher in the south than the north obgareven though their origin is more indoor-based.
This can be explained primarily by the relativevatence of cigarette smoking in the south compared
to the north of Europe, even though many buildiregenals like carpets and parquet floor covering,
which are significant sources of the two chemicaisg, widely used in northern Europe — once more,
due to the relatively colder climate.

There is a need to consider regulating sources ahdr indoor air pollution determinants in
residential and non-residential environments mdsjty

- Emission characterization and labeling scheme$didding materials, household appliances
and consumer goods. This is an effort that is atlyren-going at the EU level, e.g. through
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dedicated working groups of CEN, the Blue Angelesob in Germany, the EU LCI working
group, and ad hoc projects such as BUMA (DG SAN@@) EPHECT (DG RTD - FP7).

- Issuing guideline values for major indoor air cheas at the WHO and European
Commission level. Given the globalization of traies essential that such guidelines are
proposed and endorsed by the WHO.

- Publicizing good practices in handling newly acqdirconsumer goods (destined for
primarily indoor use), maintenance of older producubstitution of toxic chemicals in
articles with less toxic ones (e.g. naphthalermaath balls)

Given the complexity and the differences in thensital composition of the indoor air chemical
mixture in Europe, there would be scope for addingsthe combined exposure of the population to
airborne chemical mixtures characteristic of spednvironmental settings in order to assess the
potentially attributable health risk and identifiyet most appropriate risk management strategies.
Considering also the relatively large variance ohaentration values for most of the chemicals
reviewed herein within the same city (especially davellings) it is essential to include in future
studies analyses of the socio-economic determirthatanay affect population exposure to indoor air
chemicals.

Methodological considerations

From the methodological point of view, the INTERAetinodology is a clear advance towards the
refinement of exposure assessment. Although measmte of personal exposure comprise an
advancement in exposure/risk assessment compamavi@nmental monitoring, the process might

be further enhanced by translating external exgosuactual uptake and even more to internal dose
metrics.
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Figure 22. Benzene exposure, inhalation correcteckgosure, benzene in the blood and the sum
of benzene toxic metabolites in bone marrow.

The progressive steps for exposure assessmengmedint are illustrated in Figure 22. The green line
indicates the personal exposure as calculated dyighal formulas of exposure taking into account
micro-environmental time concentrations and timévag patterns. The grey line indicates the

exposure to benzene, when the intensity of actigitiaken into account, which in turn affects the
overall uptake. Thus, although someone might si#lyinva location (characterized by constant levels
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of contamination) for a specific duration, actugpesure might be different for sub-regimes of this
duration, based on the intensity of activity. Tiatiag this exposure to benzene internal exposuee,
obtain a relatively different curve. Should the mogical impairment caused by benzene was the
aim of the study, this curve would be a key elem8iice in common environmental settings we are
more interested in benzene carcinogenic poterd@icentration of toxic metabolites in the target
tissue (bone marrow) is the actual exposure méfhis curve (in red) is significantly differentiatén
form by the exposure curve (green line), allowitgpahe room for possible bioaccumulation under
specific exposure patterns. In addition, the lomesponse of this curve to external exposure pésks,
useful for understanding significant misconceptiom&xposure/risk assessment: peaks of exposure
events of short duration (e.g. car refueling by am-nccupant) is less important than prolonged
exposure to elevated “background” exposure lewets (iving close to a heavily trafficked road).

Another advantage of a comprehensive internal dosdysis is the investigation of interactions
among the selected contaminants at the levels tdboksm. Although the mechanism of interaction
among BTEX is well known fact, this interaction ¢éskplace at exposure levels, significantly beyond
the ones found in the study. The interaction eftka to concurrent exposure to a chemical mixture
can be better appreciated when the exposure lavelfigher with respect to typical environmental
exposures. This is the case for occupational exposlharacterized by exposure levels of the same
order of the Threshold Limit Value (TLV) for alléhfour substances composing the mixture. TLV is
defined as “the concentration of a substance tahvhiost workers can be exposed without adverse
effects”. These limit values are defined takingpimiccount exposure to only individual chemicals.
Therefore, it is of great interest to verify if siftaneous exposure to a mixture containing multiple
chemicals could vary the effective dose to theghoggans.

The TLV’s for the four chemicals considered hem ar

- Benzene: 1.60 mg/in

- Toluene: 124.36 mg/fn

- Xylenes: 217.10 mg/in

- Ethylbenzene: 217.10 mg/m

To evaluate the effect of the interaction, Sarigiarand Gotti (2008) compared the internal dose of
benzene in the bone marrow when workers are expmsbdnzene alone at TLV vs. when they are
co-exposed to the quaternary BTEX mixture, assurfongach chemical exposure levels at several
fractions of the respective TLV, following a typi@&hours daily exposure scenario. The result ef th
comparison is shown in Figure 23. Benzene concdiémiran the bone marrow is higher under
combined exposure to BTEX with respect to exposoifeenzene alone. To better evaluate the effect
of the interaction among the different VOCs compgghe BTEX mixture the increment is reported
as percent of the corresponding internal dose &dedcto benzene alone. These increments can be
estimated to range between 2% and 80% respectioekyxposure to BT at TLV/3 and to BTEX at
TLV. The resulting change in internal dose of berzmetabolites in the bone marrow and increased
concentration of benzene in the blood lead to areased risk of neurotoxicity and a slightly lower
risk of leukemia to healthy individuals after lifglg exposure compared to exposure to the same
levels of benzene alone.
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Figure 23. The effect of BTEX interaction under diferent exposure levels. Y axis represents the
increment (%) of the internal dose of benzene in # bone marrow associated to different
mixture exposure scenarios reported on X axis whecompared to exposure to benzene alone.

Steps towards an indoor air sampling harmonizatiorprotocol

Though some efforts are ongoing in this directierg( INDOOR MONIT project — DG SANCO),
currently there is no Community or national ledisla in Europe that prescribes explicitly a
monitoring and control program for indoor air qtialiConsequently, no EU-wide systematic indoor
air monitoring data exist. Harmonized criteria oonitoring requirements and the development of
harmonized protocols will improve exposure assessroé indoor air pollutants. The harmonized
protocols must include pollutants to be measureshdardized analytical techniques to be employed,
survey designs (including standardized questioeagitarget locations for measuring exposure (e.g.,
kindergartens, schools, offices, private dwellirdgmy care centers, hospitals, transportation vescl
periods and frequencies of measurements, range ditdbutions of concentrations, target
population groups (general public, susceptibleigsp etc) and statistical tools for data evaluatim
already mentioned above, one of the major diffiegltencountered in the current study for proper
data interpretation as well as for exposure assa#swas the lack of adequate data and the extent to
which these data are representative of the exposeftengs they referred to. Thus, in view of
optimizing the exposure assessment procedure, whileaining the sampling/measurements cost, we
suggest the following criteria for a sampling prabframework towards harmonization in indoor air
measurements:

= The number of samples should be representativieegpdpulation. A ratio of one sampler per
thousand residents should be the minimum in ordeeftectively support the assessment
process with adequate and representative data.

= The distribution of samplers within the city. Tlésvery important since within the limits of
a large urban agglomeration, the intra-urban vditatof indoor air concentrations is in
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general seen to be higher compared to inter-urlbaeven, inter-country variability for the
same climatic zone according to the data collettiad far. Thus, “density” of samples should
be higher in more populated areas, so that the weae represents with less uncertainty the
actual exposure of the population. If a sufficigiirge sample can be collated, a probability
sample randomly drawn from the target populatioV@nindoor spaces is the ideal choice. It
will also cover the monitoring locations listed &badn a representative way and allow for
generalization of the results.

Sampling in residential and non-residential lomagi Indoor air concentration data are
needed from the majority of the locations encowueby the population; thus, besides
dwellings, a significant number of samplers (abone third) should be placed in non-
residential locations. Special attention should paéd to children, considering that they
constitute the most vulnerable group among the neesnbf a population from the point of
view of public health. At least half the samplaken from non-residential locations should
be devoted to assessing indoor air quality in sishawd kindergartens. Overall, the following
locations are characteristic for designing a regaregtive indoor air survey:

- City centre

- Suburban/residential

- Urban background

- Rural background

- Sites in proximity to major roads/streets

- Sites in proximity to specific industrial site(s)

- Specific source/target-oriented (e.g., garages,pesks, tunnels, schools, hospitals,
kindergartens, public buildings, etc)

Sampling distribution within the country. The vdida of indoor dwellings concentrations in
the cities within a country might vary based on esaV differences discussed above.
However, an overview of the situation in the whoteintry is necessary and for this reason,
considering also the cost of sampling, the citresusd be clustered by relevance criteria; one
city from eachcluster should be the field of a measurement campaigneasridbed above.
The criteria for clustering the cities refer tohert a) strong outdoor sources/ high
concentrations, which affect the indoor concentregiby penetration of ambient air indoors;
or b) purely indoor emission processes and sourtésis, possible clustering criteria should
comprise:

- degree of urbanization and population density, whaéfects traffic volumes and
ambient air pollution

- meteorological conditions and local topography, clhaffect indoor-to-outdoor air
interactions, as well as the use of ventilatioratimg or cooling devices etc.

- existence of industrial sites or power generatiamis nearby the urban location

- socioeconomic status of the urban population, amater which affects consumer
products choice, use pattern and consequently m@ibemissions

- information on the specific building materials as@hsumer products/apparatus used
in the indoor environment sampled

Duration and type of sampling. BTEX indoor air sdimgp is usually carried out by passive
sampling (which is also the case of the majorityhef studies reviewed in this paper). Passive
sampling presents numerous advantages, such as:
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- lower cost of samplers

- no need for electric power

- longer period of sampling, providing thus more mfiation for chronic exposure

assessment purposes

However, passive sampling data are time-integratetithus have low temporal resolution, a
problem that does not exist when active samplingsexd. The concentrations detected in the
reviewed studies are average concentrations, butigwere the history of the diurnal
concentration profiles (for example the concentregiof BTEX are significantly higher right
after the application of cleaning products or smgki Acute health effects, however, may be
triggered when a defined exposure level is exceeWth passive sampling this kind of
information is completely lost, a fact that couldodify the overall risk assessment
significantly. Although low time resolution is adexje for long term exposure assessment,
when acute effects (e.g. eye, lung or skin irdgt@tiare concerned, peak exposures might be
important and a higher temporal analysis is neetiémteover, with passive sampling, the
identification of indoor air concentration deteriauts is either described qualitatively, or it is
not sufficiently quantified with statistical methedlrhus, when significant temporal variation
is expected in an indoor location (either due torgg outdoor contributions such as proximity
to heavily trafficked streets, or to indoor aciies as smoking, cooking or cleaning) and when
active sampling is available, at least a day ofrlyomonitoring over a 24-hr period is
indispensable (typical diurnal profile). The besiution seems to be a combination of active
and passive sampling as proposed by Karakitsiad €010). Since passive sampling is
proper for giving an overview at low temporal reg@n but wide areas can be included with
relatively low cost, still remains the method ofoide. However, for optimizing the
assessment procedure, active sampling should bieedpditionally, in order to capture
indoor air quality dynamics under specific actdtiaccompanied by strong emissions (as the
ones just described above). Furthermore, undeffrimee indoor air exposure assessment,
active sampling measurements can target specifiiviteess and microenvironments,
elucidating thus their respective role in the défin of the overall exposure profile. On the
contrary, passive sampling measurements demantfieiesuly high number of volunteers,
making it difficult to represent homogeneously #xposure pattern of the population.

= Repetition of the sampling. Seasonal variation tngignificantly alter indoor concentrations
due to differences in ventilation, indoor/outdoateraction, use of space heating etc. At least
a two-season campaign (winter and summer) is nagesseach sampling location.

Technical details of recommended method on chenaicalysis for the indoor pollutants referred in
the study (BTEX) is described in 1SO-16000-6 bagpdn active sampling on Tenax TA sorbent,
thermal desorption and gas chromatography using resctrometry or flame ionization detection.
Moreover EN 14662-5:2085identifies a suitable standard method for measen¢nof benzene
concentrations in air based upon diffusive samplfoiowed by solvent desorption and gas
chromatography.

%http://shop.bsigroup.com/ProductDetail/?pid=000@IEXB0093665
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Conclusions

- There are significant data gaps with regard tarileor concentrations data on BTEX across
EU. There is a need for harmonized and represeatBtl indoor concentrations
measurements data

- Concentration of BTEX resulting from the extenditerature review carried are significantly
below the Reference Exposure Limit (REL) for Acatiects. In only very few cases the
concentration of benzene are higher than the retdREL for chronic effects confirming that
the importance of BTEX exposure arises due to thiopged exposure to benzene.

- Internal exposure to benzene toxic metaboliteggisdr to children, due to the relatively
higher bodyweight normalized daily dose

- BTEX PBPK/D model was validated against indepentdé&rnonitoring data set. Results
showed that the PBPK/D model provides accurateigfeds of both the interaction
mechanism among the constituents of the mixtureoérige benzene metabolic chain.

- At the levels of environmental concentrations meEU indoor locations, no mixture
interaction at the metabolism level is manifesthds, co-exposure to BTEX does not pose
any reason for additional concern should theseapoimiants be assessed as individual
substances
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Appendix 1 - Overview of the concentrations g/m°) of benzene
observed in indoor environments within the EuropeariJnion
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Table 12. Overview of the concentrationsyg/m°) of benzene observed in indoor environments
within the European Union

G Location
) GSD Mean Median Max  Min SD Environment Source (other Samples
mean information)
1.57 2.23 14.11 1.94 Homes no smoke (Edwardsd, 2001) Helsinki
5.0 4.2 Homes + smoke II- Helsinki
1.6 1.3 7.7 Homes (Ullrich, et al. 2002) German
10.1 7.8 -|I- (Hanninen, et al. 2002) Athens 42
2.7 17 -||- -II- Basel 47
2.2 1.9 -||- -II- Helsinki 188
17.0 23.4 -||- - Milan 41
36 3.4 -||- -II- Oxford 40
8.0 46 -||- -II- Prague 46
“ AOSC Stadium (Stathopoulou, et al. Athens
(seats) 2008)
2.2 Homes (Stranger, et al. 2007) AntwerdgiBen 18
0.98 Schools (= -II- 27
nd Apartmz;t 0 month (Jarnstrom, et al. 2006) Finland 14
nd Apartm(zr:(tje months " " "
3 faieivy I I I
14.6 109 1 20.9 Buildings (Zuraimi, et al. 2006) EU
3.2 23 33 Homes (Schiink, et al. 2004) Lie‘miohl"n”mhe"' 2103
6.5 Library | (Righi, et al. 2002) Italy
12 Library II 1- -I-
1 Library 11l - I
39 Library IV 1- -II-
3 Home room 1 (Eberlei;[—)l;g;\ig, etal. Germany 11
6 1-2 II- |- II-
3 {-3 - -II- I-
5 1-4 II- |- II-
10 {-s II- |- I-
20 {-¢ - -II- I-
2 -7 II- |- II-
6 1-8 -II- |- II-
1 -9 II- |- II-
2 1-10 - -II- I-
22 {-11 - -II- I-
7 1-12 |- |- II-
2 1-13 - -II- II-
3.2 29 8.1 06 17 ST D (Janssen, et al. 2001) Netherlands 160
motorways
2.9 25 48 2 0.7 schools near (Janssen, et al. 2001) Netherlands 24
motorways
1.975 2071 Homes near (Kingham, et al. 2000) Huddersfield, UK 1
motorway
1152 0.795 Homes far from " " "
motorway
7.7 7.3 18.8 2.2 High traffic homes (Fischerale2000) Amsterdam 13
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Location

G. i . .
GSD Mean Median Max  Min SD Environment Source (other Samples
mean . .
information)
5.7 6.3 105 15 Low traffic homes - - -I-
7.4 17.1 4.9 Public buildings (Kotzias, et2405) Catania (October) 3
3.9 4.8 2.8 - -I- Catania (May) 3
Athens
10.9 133 73 - -I- 3
(December)
Athens
8.8 12.9 56 - -I- 3
(October)
Nijmegen
43 5.4 3.1 - -I- 2
(March)
Nijmegen
24 25 23 1- I- 2
(August)
Arnhem
35 6.2 18 - -I- 2
(March)
Arnhem
11 14 10 - I- 2
(August)
Thessaloniki
33.0 63.7 8.0 - -I- 3
(November)
Thessaloniki
50 7.9 3.1 - -I- 3
(May)
Leipzig
29 3.9 19 - I- 3
(April)
Leipzig
20 29 15 - I- 3
(July)
2.9 3.9 1.9 - -I- Brussels(September) 3
213 24 1.9 - -I- Brussels (March) 3
Nicosia
- -I- -I- 3
(July)
4.3 9.6 3.7 - |- Nicosia (January) 3
_ -I- |- Milan (November) 3
Budapest
19 27 12 - -II- 6
(May)
Helsinki
0.94 13 0.7 - -I- 3
(August)
Dublin
2.9 18 218 1- -I- 4
(May)
3.8 4.4 3.1 Schools/:](smdergarte - Catania (October) 3
2.6 28 2.3 - |- Catania (May) 3
Athens
7.4 107 49 - I- 3
(December)
Athens
5.0 6.1 29 - -I- 3
(October)
Nijmegen
2.1 -II- -I- 2
(March)
Nijmegen
0.9 |- -I- 2
(August)
3 -I- |- Arnhem 2
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(March)

G Location
) GSD Mean Median Max  Min SD Environment Source (other Samples
mean . .
information)
Arnhem
0.8 -II- -I- 2
(August)
Thessaloniki
58 75 26 - -I- 3
(November)
Thessaloniki
31 5.6 15 - -II- 3
(May)
Leipzig
14 18 10 - -I- 3
(April)
Leipzig
0.7 07 06 - I- 3
(July)
B -II- -I- Brussels(September)
B -II- -I- Brussels (March) 3
Nicosia
17 27 11 - -I- 3
(July)
4.4 5.6 3.7 - |- Nicosia (January) 3
3.0 12 45 - |- Milan (November) 3
Budapest
6.5 258 09 - I- 6
(May)
Helsinki
093 11 08 - -I- 3
(August)
Dublin
1.85 26 1.3 - -I- 4
(May)
UK
3.0 homes (Brown, et al. 2002) 876
UK (spring)
2.6 homes (Brown, et al. 2002)
1.2 homes (Brown, et al. 2002) UK (summer)
4.1 homes (Brown, et al. 2002) UK (autumn)
4.2 homes (Brown, et al. 2002) UK (winter)
4.3 homes (Brown, et al. 2002) UK (intergral garage)
UK (detached
25 homes (Brown, et al. 2002) (EEEEhD
garage)
29 homes (Brown, et al. 2002) UK (no garage)
UK I
4.4 homes (Brown, et al. 2002) (g
smokers)
UK I
2.6 homes (Brown, et al. 2002) (DG
smokers)
24 homes (Brown, et al. 2002) UK (rural)
3.2 homes (Brown, et al. 2002) UK (suburban)
3.3 homes (Brown, et al. 2002) UK (urban)
4.9 homes (Brown, et al. 2002) UK (central urban)
. (Tunggal and Indonesia. Erfurt (Eastern
3.53 3.28 8.28 0.89 1.56 Homes, Living room 20
2009) Germany)
T | and Ind ia. Erfurt (East
3.86 3.39 1262 133 233 Homes, Living room ('UNg9al and Indonesia riurt (Eastern 20

2009)

Germany)
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Location

G. i . .
GSD Mean Median Max  Min SD Environment Source (other Samples
mean . .
information)
4.27 3.63 14.08 1.43 2.49 Homes, Living room (Tunggal and Indonesia. Erfurt (Eastern 20
2009) Germany)
25 217 -||- (Schneider, etal. 2001)  Erfurt (Germany) 204
29 homes (Schneider, etal. 2001)  Crurt (Bastem 204
Germany), winter
Erfurt (Eastern
0.9 homes (Schneider, et al. 2001) ( 204
Germany), summer
23 1.48 -||- (Schneider, etal. 2001) Hamburg (Germany) 201
Hamburg (West
25 homes (Schneider, et al. 2001) 9l . 201
Germany), winter
Hamburg (West
1.2 homes (Schneider, et al. 2001) a( 201
Germany), summer
o . (Esteve-Turrillas, et al. . i
1.72 0.06 car, Vehicle interior Valencia, Spain
2007)
o . (Esteve-Turrillas, et al. . i
3 0.1 car, Vehicle interior Valencia, Spain
2007)
5.4 0.1 car, Vehicle interior (Esteve-Turrillas, et al. Valencia, Spain
2007)
18.3 0.3 car, Vehicle interior (Esteve-Turrilas, et al. Valencia, Spain
2007)
16 0.7 car, Vehicle interior (Esteve-Turrilas, et al. Valencia, Spain
2007)
Esteve-Turrillas, et al. . )
3.9 0.4 car, Vehicle interior (Esteve-Turrilas, et a Valencia, Spain
2007)
40 4 car, Vehicle interior (Esteve-Turrilas, et al. Valencia, Spain
2007)
Esteve-Turrillas, et al. . ,
44 5 car, Vehicle interior (Esteve-Turrilas, et al Valencia, Spain
2007)
Esteve-Turrillas, et al. . )
6.1 0.7 car, Vehicle interior (Esteve-Turilas, et a Valencia, Spain
2007)
Esteve-Turrillas, et al. . )
32 3 car, Vehicle interior (Esteve-Turrilas, et al Valencia, Spain
2007)
16 3 car, Vehicle interior (Esteve-Turrillas, et al. Valencia, Spain
2007)
(Esteve-Turrillas, et al. X .
9 Car park 2009) Valencia, Spain
(Esteve-Turrillas, et al. X .
45 Car park 2009) Valencia, Spain
Esteve-Turrillas, et al. X .
17 Car park ( 2009) Valencia, Spain
Esteve-Turrillas, et al. X .
99 Car park ( 2009) Valencia, Spain
Esteve-Turrillas, et al. X .
132 Car park ( 2009) Valencia, Spain
Esteve-Turrillas, et al. X .
123 Car park ( 2009) Valencia, Spain
MQL
(less than .
Esteve-Turrillas, et al. . )
method Car park/diesel tank ( sevezolgg) as, eta Valencia, Spain
quantitati
on limit)
Esteve-Turrillas, et al. . .
51 Car park/diesel tank (Esteve-Turrilas, et a Valencia, Spain
2009)
. (Esteve-Turrillas, et al. . .
10 Car park/diesel tank Valencia, Spain
2009)
. (Esteve-Turrillas, et al. . .
48 Diesel tank rooms Valencia, Spain
2009)
. (Esteve-Turrillas, et al. . .
185 Diesel tank rooms Valencia, Spain

2009)
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Location

G. i . .
GSD Mean Median Max  Min SD Environment Source (other Samples
mean . .
information)
60 Diesel tank rooms (Esteve-Turrillas, et al. Valencia, Spain
2009)
MQL
(less than .
(Esteve-Turrillas, et al. . .
method Car park Valencia, Spain
o 2009)
quantitati
on limit)
Esteve-Turrillas, et al. . .
82 Car park ( 2009) Valencia, Spain
Esteve-Turrillas, et al. . .
20 Car park ( 2009) Valencia, Spain
MQL
(less than .
method Car park (Esteve-Turrillas, et al. Valencia, Spain
L 2009)
quantitati
on limit)
(Esteve-Turrillas, et al. . .
63 Car park Valencia, Spain
2009)
13 Car park (Esteve-Turrillas, et al. Valencia, Spain
P 2009) 5P
MQL
(less than .
(Esteve-Turrillas, et al. . .
method Car park Valencia, Spain
. 2009)
quantitati
on limit)
(Esteve-Turrillas, et al. . .
69 Car park 2009) Valencia, Spain
Esteve-Turrillas, et al. . .
28 Car park ( 2009) Valencia, Spain
Esteve-Turrillas, et al. . )
989 Diesel tank rooms (Esteve-Turilas, et a Valencia, Spain
2009)
1156 Diesel tank rooms (Esteve-Turilas, et al. Valencia, Spain
2009)
Esteve-Turrillas, et al. . )
1200 Diesel tank rooms (Esteve-Turilas, et a Valencia, Spain
2009)
Esteve-Turrillas, et al. . )
976 Diesel tank rooms (Esteve-Turilas, et a Valencia, Spain
2009)
946 Diesel tank rooms (Esteve-Turrillas, et al. Valencia, Spain
2009)
943 Diesel tank rooms (Esteve-Turrillas, et al. Valencia, Spain
2009)
(Esteve-Turrillas, et al. . .
21 Car park 2009) Valencia, Spain
Esteve-Turrillas, et al. . .
123 Car park ( 2009) Valencia, Spain
Esteve-Turrillas, et al. . .
75 Car park ( 2009) Valencia, Spain
Esteve-Turrillas, et al. . .
27 Car park ( 2009) Valencia, Spain
Esteve-Turrillas, et al. . .
93 Car park ( 2009) Valencia, Spain
Esteve-Turrillas, et al. . .
37 Car park ( 2009) Valencia, Spain
2.6 2.2 3.6 Houses (Lai, et al. 2004) Oxford, U
<LD Airport terminal (Tumbiolo, et al. 2004) France, south-east
3.9 home, Flat bedroom (Tumbiolo, et al. 2004 Turin
0.17 Train with a/c (Tumbiolo, et al. 2005) lle&sadria
3.9 home, Bedroom 1 (Tumbiolo, et al. 2005) Torino
5.9 home, Kitchen (Tumbiolo, et al. 2005) Torino
3.3 home, Living room (Tumbiolo, et al. 2005) Torino
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Location

G. i . .
GSD Mean Median Max  Min SD Environment Source (other Samples
mean . .
information)
2.1 home, Bedroom 2 (Tumbiolo, et al. 2005) Torino
2.6 home, Bathroom (Tumbiolo, et al. 2005) Torino
1.9 home, Bedroom 1 (Tumbiolo, et al. 2005) Torino
2.7 home, Kitchen (Tumbiolo, et al. 2005) Torino
2.7 home, Living room (Tumbiolo, et al. 2005) Torino
1.2 home, Bedroom 2 (Tumbiolo, et al. 2005) Torino
3.4 home, Bathroom (Tumbiolo, et al. 2005) Torino
h , Livil s . .
134 omg Ving rolom (Tumbiolo, et al. 2005) Torino
during renovation
home, kitchen, 5 .
10.5 . . (Tumbiolo, et al. 2005) Torino
during renovation
home,bedroom, 5 .
124 . . (Tumbiolo, et al. 2005) Torino
during renovation
home, Living room,
0.48 after renovation (10 (Tumbiolo, et al. 2005) Torino
months)
home, kitchen, after
0.28 renovation (10 (Tumbiolo, et al. 2005) Torino
months)
home, bedroom, after
0.68 renovation (10 (Tumbiolo, et al. 2005) Torino
months)
1.06 Train no a/c (Tumbiolo, et al. 2005) Torino
0.2 0 0.2 University Libraries (Allou, et aD@8) Strasbourg 20
bars+rest: its+ Gil ities (NE
165 1.39 5.49 0.42 1qp CArstrestauranistsm o onso, et al. 2010) irona cities ( 21
oke Spain) (fall)
bars+restaurants+sm  (NikoAomovrov-Erapd Girona cities (NE 4
37 23 11.9 0.4 3.1 P LR ] i bars+restaura
oke 2008) Spain) (Sept-March) S
bars+restaurants (non (NwohomovAov-Eroud Girona cities (NE 15
KOAOTTOVAOV- ZTOLHOTT
0.7 0.6 2 0.5 bars+restaura
smoking) 2008) Spain) (Sept-March) nts
579 571 11.86 175 3.04 bars+restaurants+sm  (NwoXomotAov-Etapdm Glroqa cmels (NE 20
oke 2008) Spain) (winter)
9.7 Printing shop (Caselli, et al. 2009) Bari
2.8 Printing shop (Sun, et al. 2004) Bari
5 Printing shop (Sun, et al. 2004) Bari
6.8 Printing shop (Sun, et al. 2004) Bari
10.2 13.35 6.03 6.5 homes (Chatzis, et al. 2005)  Athens, Greece
London+East
Delgado-Saborit, et al. Ry
1.9 1862 032 241 home (belga go S)m' €& Midlands+rural 155
S.Wales, UK
155 Labolatories (Elke, et al. 1998) Dusssld Germany
1.63 Labolatories (Elke, et al. 1998) Dusssld Germany
<0.54 Labolatories (Elke, et al. 1998) Dudsel Germany
1.84 Labolatories (Elke, et al. 1998) Dusssld Germany
13.6 Train (Elke, et al. 1998) Dusseldorf 2
19.7 Car (Elke, et al. 1998) Dusseldorf 2
10.6 Homes (Elke, et al. 1998) Dusseldorf 2
Valencia +
1.4 27 88.7 0.52 6.4 homes (Esplugues, et al. 2010) .a encia Sl." 352
villages, Spain
6.3 33 2 homes (Field, et al. 2005) Brussels 52 citizens
3 office (Mozaffarian, et al. Brussels 18 offices

2011)
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Location

G. i . .
mean GSD Mean Median Max  Min SD Environment Source (other Samples
information)
1.6 schools (Mozaffarian, et al. Brussels 4 schools
2011)
6 bars (Mozaffarian, et al. Brussels 4 bars
2011)
(Mozaffarian, et al.
10.8 shops 2011) Brussels 10 shops
. (Mozaffarian, et al.
27.5 taxis Brussels 5
2011)
Mozaffarian, et al. .
1.6 55 11 homes ( Doublin 10 homes
2011)
45 schools (Mozaffarian, et al. Doublin 10 schools
2011)
. (Mozaffarian, et al. ) )
16 offices Doublin 10 offices
' 2011) Lol !
(Mozaffarian, et al. )
2 bars Doublin 9 bars
2011) ubl
(Mozaffarian, et al. .
35 homes Lisbon 18 homes
2011)
(Mozaffarian, et al. .
4.2 9 1 schools Lisbon 9 schools
2011)
Mozaffarian, et al. .
1.6 shops (Moz ! Lisbon 9 shops
2011)
Mozaffarian, et al. .
4.4 bars (Mozaffarian, et a Lisbon 8 bars
2011)
y (Mozaffarian, et al. . N
59 offices Lisbon 10 offices
' 2011) : '
Mozaffarian, et al. . 5 metro
57 metro stations (Moz ! Lisbon .
2011) stations
(Mozaffarian, et al. .
9.2 buses Lisbon 4 buses
! 2011) ! !
(Mozaffarian, et al. .
79 24 3 homes Bucharest, Romania 30 homes
2011)
(Mozaffarian, et al.
4.6 schools Bucharest 1 school
2011)
(Mozaffarian, et al.
225 shops Bucharest 2 shops
2011)
(Mozaffarian, et al.
17.7 bars Bucharest 1 bar
2011)
Mozaffarian, et al. X
10.3 offices (Mozafarian, et a Bucharest 6 offices
2011)
(Mozaffarian, et al. L .
2.2 4.8 1.2 homes Ljubljana, Slovenia 21 homes
2011)
25 schools (Mozaffarian, et al. Ljubljana 10 schools
2011)
29 restaurants (Mozaffarian, et al. Ljubljana 5 restaurants
2011)
. (Mozaffarian, et al. L N
3.6 offices 2011) Ljubljana 11 offices
Mozaffarian, et al. o
5.8 bars (Moz ! Ljubljana 5 bars
2011)
(Mozaffarian, et al. o
3.8 shops Ljubljana 10 shops
2011)
(Mozaffarian, et al. . .
5.3 23 25 homes Madrid, Spain 13 homes
2011)
Mozaffarian, et al. .
6 schools (Mozaffarian, et a Madrid 3 schools
2011)
. (Mozaffarian, et al. . .
14.8 taxis Madrid 7 taxis
2011)
7.9 offices (Mozaffarian, et al. Madrid 4 offices

2011)
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Location

G. i . .
GSD Mean Median Max  Min SD Environment Source (other Samples
mean . .
information)
19.4 bars (Mozaffarian, et al. Madrid 5 bars
2011)
8.8 shops (Mozaffarian, et al. Madrid 4 shops
2011)
Fl , Rifredi
59 57 9.6 33 24 Home I, near street (Fondsllal. 2008) Or((avr\]l‘i:rier)l red! 11 apartments
H I, . Fl , Rifredi
5.1 47 87 29 2 ome 1l, near (Fondelli, et al. 2008) orence, RITEAl 11 apartments
courtyard (winter)
FI , Rifredi
3.3 3.1 6 1.7 1.3 Home I, near street (Fondetlal. 2008) orence, Rilred! 10 apartments
(summer)
Home I, near . Florence, Rifredi
2.7 25 6.2 1.6 1.3 (Fondelli, et al. 2008) 10 apartments
courtyard (summer)
55 2.07 Office (Fuselli, et al. 2010) Romeq?)
X (van Dartel and Piersma
51 201 Office 2011) Rome (2008)
N (van Dartel and Piersma
3.3 1.2 Off R 2009
ice 2011) ome (. )
Cl t-F d
16 145 0.4 homes (Hulin, et al. 2010) ermont-rerran 27
(summer)
33 535 13 homes Clermont-Ferrand 36
(winter)
0.8 9.8 0.3 homes Clermont-Ferrand 49
rural (summer)
1.8 53.5 0.3 homes Clermont-Ferrand 112
urban+rural
0.48 Homes (ligen, et al. 2001) Hannover éRur 23
2.03 Homes (llgen, et al. 2001) Hannover (Rural) 96
2.06 Homes (ligen, et al. 2001) Hannover (Urban) 29
3.87 Homes (llgen, et al. 2001) Hannover (Urban) 44
1.7 Homes (llgen, et al. 2001) Hannover (Rural) 58
1.4 Homes (llgen, et al. 2001) Hannover (Rural) 57
17 Homes (llgen, et al. 2001) Hannover (Rural) 52
1.6 Homes (ligen, et al. 2001) Hannover (Rural) 34
1.3 Homes (llgen, et al. 2001) Hannover (Rural) 12
3.1 Homes (llgen, et al. 2001) Hannover (Urban) 51
29 Homes (llgen, et al. 2001) Hannover (Urban) 50
3.1 Homes (llgen, et al. 2001) Hannover (Urban) 53
2.7 Homes (ligen, et al. 2001) Hannover (Urban) 10
3 Homes (ligen, et al. 2001) Hannover (Urban) 11
1.27 Homes (llgen, et al. 2001) Hannover 61
1.76 Homes (llgen, et al. 2001) Hannover 99
25 Homes (ligen, et al. 2001) Hannover 38
3.22 Homes (llgen, et al. 2001) Hannover 101
125 Homes (ligen, et al. 2001) Hannover 2
20.1 Homes (ligen, et al. 2001) Hannover 2
80.9 Homes (ligen, et al. 2001) Hannover 2
1.4 Homes (ligen, et al. 2001) Hannover 2
1.7 Homes (llgen, et al. 2001) Hannover 2
1.2 Homes (llgen, et al. 2001) Hannover 2
6.1 Homes (ligen, et al. 2001) Hannover 2
not
Homes (llgen, et al. 2001) Hannover 2
measured
43.2 Homes (ligen, et al. 2001) Hannover 2
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Location

G. i . .
GSD Mean Median Max  Min SD Environment Source (other Samples
mean . .
information)
1.53 Homes (ligen, et al. 2001) Hannover 22
1.31 Homes (ligen, et al. 2001) Hannover 21
184 2.38 12.36 0.27 1.97 Homes (llgen, et al. 2001) Hannover 59
3.07 3.46 12.08 1.24 1.9 Homes (Houston 2011) Hannover 56
homes, parent e
9.1 6.2 (Kouniali, et al. 2003) Rouen, France
bedroom
homes, children e
10.9 7.2 (Kouniali, et al. 2003) Rouen, France
bedroom
10.5 1.9 Day care center, A (Kouniali, et24103) Rouen, France 8
D ter, B -
35.5 13.5 ay care. center (Kouniali, et al. 2003) Rouen, France 4
section 1
D ter, B -
11.1 6.9 ay care. center (Kouniali, et al. 2003) Rouen, France 4
section 2
D ter, B -
9.1 5 ay care. center (Kouniali, et al. 2003) Rouen, France 4
section 3
D ter, B -
7.9 3.4 ay car(-.T center (Kouniali, et al. 2003) Rouen, France 5
section C
6.2 7.4 1.8 Police Station (Manini, et al. 2008) Parma, ltaly 62
Child Day Care . .
2 1.6 21 4.4 0.5 (Virtanen, et al. 2007) Paris 28
Centers
Child Day Care . .
1.4 15 1.4 3.7 0.5 (Virtanen, et al. 2007) Paris 28
Centers
Child Day C
21 16 21 45 0.9 fic Day Care (Virtanen, et al. 2007) Paris 28
Centers
Child Day C
16 15 16 3.9 0.9 fic Day Care (Virtanen, et al. 2007) Paris 28
Centers
4 0.2 Office buidings (Salonen, et al. 2009) Finland 520
35 3.8 3.1 0.2 Dental hospital (Santarsiera).e2011) Rome
3.2 3.8 21 0.5 Dental hospital (Santarsiera).e2011) Rome
Athens, Aghi
17.6 38.6 36 104 office, Smokers (Liu, epan1) ens, Aghia
Paraskevi (July)
Athens, Aghi
15.3 18.3 124 417 office NON Smokers' (Liuakr011) ens, Agnia

Paraskevi (July)

printery industry -
Press section, urban
area with
69.4 79.4 59 141 Wi (Liu, et al. 2011) Athens, center (May)
intensevehicular
circulation, appr. 100

yr,

printery industry -
Bookbindery section,
urban area with .
121 12.4 11.8 0.42 . . (Liu, et al. 2011) Athens, center (May)
intensevehicular
circulation, appr. 100

yr,

printery industry -
Dispatch section,
urban area with .
41.9 59.3 245 24.6 . X (Liu, et al. 2011) Athens, center (May)
intensevehicular
circulation, appr. 100

yr,

museum, glass,

wood, carpet, metals, .
P Athens, Goudi (June-

9.29 12 5.04 2.56 formalin, wood, semi (Liu, et al. 2011) July) 20
open windows, no o
AIC
Athens, Aghia
5.06 8.91 1.8 2.72 Home (Saraga, et al. 2010) Paraskevi (May)
Athens, Aghi
6.85 12 45 301 Home-+smoke (Mahadevan, eoatt) ens, Aghia

Paraskevi (May)
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Location

G. GSD Mean Median Max  Min SD Environment Source (other Samples
mean information)
2.03 22 219 homes (Schlink, et al. 2010) Leiptig, Germany 601
6.21 7.82 492 g Coffeeshop,smoking oo o oralponyy V- Portugal (Aprilto 8
allowed July)
409 56 203 145 Cc(::::jzgp dgfrasr (Aardema and N. Portugal 6
open, no smoking MacGregor 2002) (February)

6.1 Restaurant (Vainiotalo, et al. 2008)  Helsinki, Finland
5.5 Restaurant (Vainiotalo, et al. 2008)  Helsinki, Finland
2.2 Restaurant (Vainiotalo, et al. 2008)  Helsinki, Finland
25 Restaurant (Vainiotalo, et al. 2008)  Helsinki, Finland
1.9 Restaurant (Vainiotalo, et al. 2008)  Helsinki, Finland
1.9 Restaurant (Vainiotalo, et al. 2008)  Helsinki, Finland
29 Restaurant (Vainiotalo, et al. 2008)  Helsinki, Finland
4.2 Restaurant (Vainiotalo, et al. 2008)  Helsinki, Finland
4.8 Restaurant (Vainiotalo, et al. 2008)  Helsinki, Finland
3.7 Restaurant (Vainiotalo, et al. 2008)  Helsinki, Finland

3.3 3.6 6.1 1.9 1.6 Restaurant (Vainiotalo, e2@08) Helsinki 20
2.9 Restaurant (Vainiotalo, et al. 2008) Helsinki
3.7 Restaurant (Vainiotalo, et al. 2008) Helsinki
2.1 Restaurant (Vainiotalo, et al. 2008) Helsinki
1.4 Restaurant (Vainiotalo, et al. 2008) Helsinki
1.3 Restaurant (Vainiotalo, et al. 2008) Helsinki
1.7 Restaurant (Vainiotalo, et al. 2008) s
1.2 Restaurant (Vainiotalo, et al. 2008) Helsinki
0.9 Restaurant (Vainiotalo, et al. 2008) Helsinki
1.2 Restaurant (Vainiotalo, et al. 2008) Helsinki
3.8 Restaurant (Vainiotalo, et al. 2008) Helsinki

1.8 2 3.8 0.9 1.1 Restaurant (Vainiotalo, e2@08) Helsinki 20
139 13.8 homes (Virtanen, et al. 2007) Birminghamn 64
16.3 11.4 63.7 4.2 153 homes+smoke (Virtaneal. &007) Birminghamn 32
115 6.6 51.7 3.4 118 homes+ no smoke (Virtageal. 2007) Birminghamn 32
5.9 2.3 offices (Virtanen, et al. 2007) Birminghamn 12
22.7 4 restaurants (Virtanen, et al. 2007) Birminghamn 6
31.7 335 pubs (Virtanen, et al. 2007) Birminghamn 6
10.5 5.6 department stores (Virtanen, etG072 Birminghamn 8
155 9.1 cinemas (Virtanen, et al. 2007) Birminghamn 6
6.8 1.2 perfume shops (Virtanen, et al. 2007) Birminghamn 3
8.8 25 libraries (Virtanen, et al. 2007) Birminghamn 6
4.2 1.6 labs (Virtanen, et al. 2007) Birminghamn 6

train station (waiting . o
46.5 37.7 (Virtanen, et al. 2007) Birminghamn 12
areatplatforms)??

coach station
20 16.1 (waiting (Virtanen, et al. 2007) Birminghamn 12
areatplatforms)??

203.7 152.3 cars (Virtanen, et al. 2007) Birminghamn 36
24.3 35.8 trains (Virtanen, et al. 2007) Birminghamn 18
20.2 7.8 buses (Virtanen, et al. 2007) Birminghamn 18

home, New Building

L (Zabiegala, et al. 1999) Gdansk 34
- living room
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Location

G. . . .
GSD Mean Median Max  Min SD Environment Source (other Samples
mean . .
information)
<0.5 <0.5 <0.5 homg, .New Building (Zabiegala, et al. 1999) Gdansk 34
- living room
47.1 68.7 39.6 14.2 homg, .New Building (Zabiegala, et al. 1999) Gdansk 30
- living room
home, New Buildi )
816 4044 244 ome, New BUTAING 7 hiegala, et al. 1999) Gdansk 30
- living room
home, New Buildi )
<01 €1 <01 ome, New BUIAING 7 .6 yala, et al. 1999) Gdansk 40
- living room
home, New Buildi )
17.6 68.2 18 ome, New BUldiNg 7 o iegala, et al. 1999) Gdansk 40
- living room
home, Old Building - )
82.7 88.1 79.5 3.8 omg . uraing (Zabiegala, et al. 1999) Gdansk 9
living room
home, Old Building - )
6 9.6 14 omg . uraing (Zabiegala, et al. 1999) Gdansk 9
living room
home, Old Building - )
39.9 43.2 35.6 3.3 omg . uraing (Zabiegala, et al. 1999) Gdansk 9
living room
235 25.9 20.9 homz.e,.OId Building - (Zabiegala, et al. 1999) Gdansk 9
living room
home, OId Building - )
143 24 107 82 ome, 9 BUIEING = 7 hiegala, et al. 1099) Gdansk 60
living room
home, OId Building - )
6.7 222 22 ome, DA BUIEING = 7 iegala, et al. 1099) Gdansk 60
living room
home, Old Building - )
256 314 23 gq ome DEBUING - iegala, et al. 1999) Gdansk 30
living room
home, Old Building - )
247 318 56 ome NG (zabiegala, et al. 1999) Gdansk 30

living room
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Table 13. Overview of the concentrationsyg/m®) of toluene observed in indoor environments
within the European Union

© GSD Mean Median Max  Min SD Environment Source Locabn Samples
mean
20.0 Indoor (Kotzias, et al. 2005) Helsinki
74.0 1- -I- Prague
15.0 11 87.0 I (Ullrich, et al. 2002) Germany
82.7 141 Homes (Hanninen, et al. 2002) Athens 42
19.5 13.2 -||- -||- Basel 47
20.1 24.4 -||- -||- Helsinki 188
776 70.1 -||- -||- Milan 41
23.7 415 -||- -||- Oxford 40
86.2 95.7 -||- -||- Prague 46
84 PFS Stadium (seats) (Stathc;%ooﬂ;)u, etal Athens
. sy +
4.25 Homes (Stranger, et al. 2007) Antrgwp, 18
Belgium
4.44 Schools - -I- 27
35.1 158 2 40.6 Buildings (Zuraimi, et al. 2006) EU
Liepzig,
29.5 18.3 43.6 Homes (Schlink, et al. 2004) Munchen, 2103
Koln
Modena
19 Library | (Righi,etal.2002)  (oren
Modena
- Library 11 - (Northen
Italy)
Modena
16 Library 11l - (Northen
Italy)
Modena
46 Library IV 1- (Northen
Italy)
23 Home room 1 (Eberlei;(—)l;g;ig, ek Germany 64
121 -[l-2 -I- -I- -I-
36 -[-3 -I- - -
52 -l-4 -I- - -
70 -II-5 -I- -I- -I-
96 -|-6 -I- -I- -I-
7 -Il-7 -I- -I- -I-
358 -|-8 -I- - -
7 -Il-9 -I- -I- -I-
141 -[-10 -I- - -
100 -f-12 -I- - -
51 -Il-12 -I- -I- -I-
167 -[-13 -I- - -
15.1 1783.5 0.3 homes (Brown, et al. 2002) UK 876
111 homes (Brown, et al. 2002) UK
10.9 homes (Brown, et al. 2002) UK
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19 homes (Brown, et al. 2002) UK
G.
GSD Mean Median Max  Min SD Environment Source Locabn Samples
mean
17.8 homes (Brown, et al. 2002) UK
214 homes (Brown, et al. 2002) UK
11.7 homes (Brown, et al. 2002) UK
15.2 homes (Brown, et al. 2002) UK
17.6 homes (Brown, et al. 2002) UK
14.2 homes (Brown, et al. 2002) UK
Erfurt
53.2 37.3 homes (Schneider, et al. 2001) (Ge:muany) 204
Erfurt
43.3 homes (Schneider, et al. 2001) " 204
(Germany)
Erfurt
27.1 homes (Schneider, et al. 2001) i 204
(Germany)
. Hamburg
326 20.5 homes (Schneider, et al. 2001) 201
(Germany)
Hamb
33.8 homes (Schneider, et al. 2001) ambourg 201
(Germany)
Hamb
14.6 homes (Schneider, et al. 2001) ambudrg 201
(Germany)
Apart t0 ith
20 par mi:; MM Garnstrom, et al. 2006) Finland 14
5 Apartment 6 month -|I- -I- -I-
old n
Apartment 12 montt
11 -I- -I- -I-
- I I I
Catania
26.9 29.39 Public buildings (Kotzias, et &03) (October 9
2004)
Catania (May
14.75 14.39 - -I- 2004) 8
Athens
46.73 31.51 - -II- (December 6
2003)
Athens
30.62 12.14 - -II- (October 14
2005)
Nijmegen
5.63 4.01 - -1- 3
H " (March 2004)
Nijmegen
6 252 i- -II- (August 4
2006)
Nijmegen
7.25 3.89 Houses [I- (August 2
2006)
Arnchem
35 0.94 Public buildi - 5
ublic bulldings I (March 2004)
Arnchem
3.52 0.93 Public buildings - (August 5
2006)
Arnchem
10.62 9.46 Houses - (August 5
2006)
Thessalonica
37 23.57 Public buildings [I- (November 7
2004)
15.16 7.88 Public buildings - Thessalonica 7
(May 2006)
Th loni
15.63 1051 Houses I- essalonica 8

(May 2006)
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"_ Leipzig

9.3 8.52 Public buildi 10
ublic buildings (April 2005)
G.
GSD Mean Median Max  Min SD Environment Source Locabn Samples
mean
Leipzig
14.88 8.83 H - 8
ouses I (April 2005)
Leipzig (Jul
393 288 Public buildings I- eipzig (July 9
2006)
Leipzig (July
6.61 7.13 H - 7
ouses I 2006)
Brussels
10.34 3.79 Public buildings II- (September 8
2004)
" - Brussels
10.24 5.91 Public buildings - 8
(March 2007)
9.4 7.3 Houses [I- Brussels 3
: ’ (March 2007)
. - Nicosia (July
7.47 1.47 Public build - 3
ublic buildings I 2004)
Nicosia
19.58 11.23 Public buildings - (January 12
2007)
Nicosia
36.39 56.75 Houses - (January 9
2007)
Milan
10.04 5.42 Public buildings II- (November 7
2002)
Budapest
5.03 2.14 Public buildi - 12
ublic buildings I (May 2007)
Budapest
8.31 4.71 H - 7
ouses I (May 2007)
Helsinki
4.25 2.89 Public buildings - (August 11
2007)
8.88 7.32 Houses - -I- 12
. - Dublin (May
3.6 1.44 Public build - 11
ublic buildings I 2007)
6.06 2.01 Houses I Dublin (May 7
: : 2007)
Museum geology
H )
5 department room (Schieweck, et al. 2005) GZ?;::
UG03 Y
7 Museum geology - -
department room
UG04
Museum zoology
6 department room -|I- |-
EG10
10 Museum zoology - -
department room
R32¢
Museum ethnology
10 department room 114 -|I- |-
storage case
Museum ethnology
12 department room -|I- -I-
R121 drawer
Museum ethnology
13 department room -|I- -I-
R117
Museum prehistory
6 department room -II- -I-
UG20.1
Museum prehistory
6 department room -|I- |-
R214
21 -I- -I-

Museum art gallery
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department room

R42
G.
GSD Mean Median Max  Min SD Environment Source Locabn Samples
mean
(Esteve-Turrillas, et al. Valencia,
145 10 cars
2007) Spain
a3 2 cars (Esteve-Turrillas, et al. Valencia,
2007) Spain
(Esteve-Turrillas, et al. Valencia,
58.4 0.6 cars .
2007) Spain
3 2 cars (Esteve-Turrillas, et al. Valencia,
2007) Spain
10.6 03 cars (Esteve-Turrillas, et al. Valencia,
’ : 2007) Spain
(Esteve-Turrillas, et al. Valencia,
115 2 cars
2007) Spain
(Esteve-Turrillas, et al. Valencia,
103 7 cars
2007) Spain
(Esteve-Turrillas, et al. Valencia,
140 10 cars
2007) Spain
a1 6 cars (Esteve-Turrillas, et al. Valencia,
2007) Spain
69 6 cars (Esteve-Turrillas, et al. Valencia,
2007) Spain
(Esteve-Turrillas, et al. Valencia,
13 1 cars -
2007) Spain
(Esteve-Turrillas, et al. Valencia,
34 Car park .
2009) Spain
(Esteve-Turrillas, et al. Valencia,
36 Car park .
2009) Spain
(Esteve-Turrillas, et al. Valencia,
35 Car park .
2009) Spain
802 Car park (Esteve-Turrillas, et al. Valencia,
P 2009) Spain
(Esteve-Turrillas, et al. Valencia,
671 Car park
P 2009) Spain
830 Car park (Esteve-Turrillas, et al. Valencia,
P 2009) Spain
12 Car park/diesel tank (Esteve-Turrillas, et al. Valencia,
P 2009) Spain
. (Esteve-Turrillas, et al. Valencia,
60 Car park/diesel tank .
2009) Spain
MQL
(less than (Esteve-Turrillas, et al Valencia
method Car park/diesel tank ! ’ N
. 2009) Spain
quantitati
on limit)
X (Esteve-Turrillas, et al. Valencia,
256 Diesel tank rooms 2009) Spain
. (Esteve-Turrillas, et al. Valencia,
377 Diesel tank rooms .
2009) Spain
243 Diesel tank rooms (Esteve-Turrillas, et al. Valen.ua,
2009) Spain
a4 Car park (Esteve-Turrillas, et al. Valen.ua,
2009) Spain
(Esteve-Turrillas, et al. Valencia,
152 Car park 2009) Spain
(Esteve-Turrillas, et al. Valencia,
117 Car park
P 2009) Spain
(Esteve-Turrillas, et al. Valencia,
89 Car park
P 2009) Spain
112 Car park (Esteve-Turrillas, et al. Valencia,
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2009)

Spain
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GSD Mean Median Max  Min SD Environment Source Locabn Samples
mean
(Esteve-Turrillas, et al. Valencia,
177 Car park .
2009) Spain
(Esteve-Turrillas, et al. Valencia,
124 Car park .
2009) Spain
143 Car park (Esteve-Turrillas, et al. Valen.ua,
2009) Spain
(Esteve-Turrillas, et al. Valencia,
156 Car park 2009) Spain
X (Esteve-Turrillas, et al. Valencia,
881 Diesel tank rooms 2009) Spain
. (Esteve-Turrillas, et al. Valencia,
1117 Diesel tank rooms .
2009) Spain
. (Esteve-Turrillas, et al. Valencia,
909 Diesel tank rooms .
2009) Spain
. (Esteve-Turrillas, et al. Valencia,
713 Diesel tank rooms .
2009) Spain
. (Esteve-Turrillas, et al. Valencia,
981 Diesel tank rooms .
2009) Spain
700 Diesel tank rooms (Esteve-Turrillas, et al. Valen.ua,
2009) Spain
68 Car park (Esteve-Turrillas, et al. Valen.ua,
2009) Spain
(Esteve-Turrillas, et al. Valencia,
82 Car park 2009) Spain
(Esteve-Turrillas, et al. Valencia,
55 Car park
P 2009) Spain
(Esteve-Turrillas, et al. Valencia,
65 Car park
P 2009) Spain
(Esteve-Turrillas, et al. Valencia,
3 Car park 2009) Spain
(Esteve-Turrillas, et al. Valencia,
40 Car park .
2009) Spain
12.1 3 23.7 Homes (Lai, et al. 2004) Oxford, UK
131.1 (out
.Of N Airport terminal (Tumbiolo, et al. 2004) France,
calibratio south-east
nrange)
10.6 home, Flat bedroom (Tumbiolo, et al.4900  Turin. Italy
Allessadria,
3.35 Train with a/c (Tumbiolo, et al. 2005) Italy
10.6 home, Bedroom 1 (Tumbiolo, et al. 2005) Torino, Italy
225 home, Kitchen (Tumbiolo, et al. 2005) Torino, Italy
19.7 home, Living room (Tumbiolo, et al. 2005  Torino, Italy
13.3 home, Bedroom 2 (Tumbiolo, et al. 2005) Torino, Italy
19.8 home, Bathroom (Tumbiolo, et al. 2005) Torino, Italy
6.6 home, Bedroom 1 (Tumbiolo, et al. 2005) Torino, Italy
7.3 home, Kitchen (Tumbiolo, et al. 2005) Torino, Italy
14.4 home, Living room (Tumbiolo, et al. 2p05  Torino, Italy
11.1 home, Bedroom 2 (Tumbiolo, et al. 2005) Torino, Italy
11.2 home, Bathroom (Tumbiolo, et al. 2005) Torino, Italy
home, Living room, 5 .
84.9 . . (Tumbiolo, et al. 2005)  Torino, Italy
during renovation
home, kitchen, 5 .
36.6 . . (Tumbiolo, et al. 2005)  Torino, Italy
during renovation
72.3 (Tumbiolo, et al. 2005) Torino, Italy

home, bedroom,
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during renovation

G.
GSD Mean Median Max  Min SD Environment Source Locabn Samples
mean
home, Living room,
4.35 after renovation (10 (Tumbiolo, et al. 2005) Torino, Italy
months)
home, kitchen, after
5.66 renovation (10 (Tumbiolo, et al. 2005) Torino, Italy
months)
home, bedroom, after
28.5 renovation (10 (Tumbiolo, et al. 2005) Torino, Italy
months)
11.8 Train no a/c (Tumbiolo, et al. 2005) Torino, Italy
Strasbourg,
3.8 115 2.4 2.6 University Libraries (Allou,adt 2008) 9 20
France
bars+restaurants+sm  (NucoAomovdov-Ztapud Girona cities
TKOAOTTOVAOV-ZTOL O
5.67 363 22,51 1.8 4.69 HETL (NE Spain) 21
oke 2008)
(fall)
bars+restaurants+sm  (NucoAomoviov-Ztapud Girona cities 4
123 6.3 67.1 18 14.4 o 1o 0"‘;6(;;’) THHOT . (NE spain)  bars+restaura
(Sept-March) nts
bars+restaurants (non (Nwolonobrov-Etapdm Girona C|t_|es 15
42.9 21 7.6 0.8 2 . (NE Spain) bars+restaura
smoking) 2008)
(Sept-March) nts
| Girona cities
bars+restaurants+sm  (Nucoromovrov-Ztapdm .
19.29 14.53 67.12 2.38 17.79 (NE Spain) 20
oke 2008) .
(winter)
homes, Main Paris,
11.9 414.2 15 ! (Billionnet, et al. 2011) mainland 490
dwellings
France
776.5 Printing shop (Sun, et al. 2004) Biealy
51.8 Printing shop (Sun, et al. 2004) Bari, Italy
54.4 Printing shop (Sun, et al. 2004) Bari, Italy
103.6 Printing shop (Sun, et al. 2004) Bari, Italy
. London+East
17.53 177.8 0.65 24.8 home (DeIgad(;;)Sﬁl;ont, etal Midlands+
rural S.Wales
+]
(Delgado-Saborit, et al. Lor?don East
17.53 177.8 0.65 248 home Midlands+
2011)
rural S.Wales
Helsinki.
14.62 20.35 247.44 24.86 Homes (Edwards, €08i1) ) Nt
Finland
4.59 Labolatories (Elke, et al. 1998) Dusseldorf,
Germany
5.36 Labolatories (Elke, et al. 1998) Dusseldorf,
Germany
Dusseldorf,
<0.87 Labolatories (Elke, et al. 1998)
Germany
Dusseldorf,
4.53 Labolatories (Elke, et al. 1998) Y
Germany
. Dusseldorf,
54.5 Train (Elke, et al. 1998) 2
Germany
Dusseldorf,
55.3 Car (Elke, et al. 1998) 2
Germany
Dusseldorf,
20.6 Homes (Elke, et al. 1998) 2
Germany
Valencia,
9.3 16.2 175.5 0.09 20.6 homes (Esplugues, et al. 2010) Sy 352
13.2 4.6 Dental hospital (van Dartel and Piersma Rome (2007)
2011)
van Dartel and Piersma
13.7 5.04 Office ( Rome (2008)

2011)
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113 2.9

Office

(van Dartel and Piersma

Rome (2009)

2011)
G.
GSD Mean Median Max  Min SD Environment Source Locabn Samples
mean
Clermont-
326 522.5 21 homes Ferrand 27
(summer)
Clermont-
238 167.4 7.8 homes Ferrand 36
(winter)
Clermont-
12.2 253.7 2.6 homes Ferrand rural 49
(summer)
Clermont-
Ferrand
20.2 522.5 21 homes urban+rural 112
(winter+sum
mer)
15.96 Homes (ligen, et al. 2001) Hannover 23
20.82 Homes (ligen, et al. 2001) Hannover 96
14.66 Homes (ligen, et al. 2001) Hannover 29
24.43 Homes (ligen, et al. 2001) Hannover 44
233 Homes (llgen, et al. 2001) Hannover 58
12.9 Homes (llgen, et al. 2001) Hannover 57
19.1 Homes (ligen, et al. 2001) Hannover 52
155 Homes (llgen, et al. 2001) Hannover 34
195 Homes (ligen, et al. 2001) Hannover 12
247 Homes (llgen, et al. 2001) Hannover 51
19.1 Homes (ligen, et al. 2001) Hannover 50
20.9 Homes (ligen, et al. 2001) Hannover 53
21 Homes (ligen, et al. 2001) Hannover 10
26.7 Homes (ligen, et al. 2001) Hannover 11
13.63 Homes (llgen, et al. 2001) Hannover 61
20.19 Homes (ligen, et al. 2001) Hannover 98
16.67 Homes (ligen, et al. 2001) Hannover 40
238 Homes (llgen, et al. 2001) Hannover 101
57.2 Homes (ligen, et al. 2001) Hannover 2
70.8 Homes (llgen, et al. 2001) Hannover 2
318.7 Homes (ligen, et al. 2001) Hannover 2
23.8 Homes (ligen, et al. 2001) Hannover 2
9.7 Homes (lligen, et al. 2001) Hannover 2
3.3 Homes (llgen, et al. 2001) Hannover 2
24.6 Homes (ligen, et al. 2001) Hannover 2
not
Homes (ligen, et al. 2001) Hannover 2
measured
102.9 Homes (ligen, et al. 2001) Hannover 2
115 Homes (llgen, et al. 2001) Hannover 22
21.52 Homes (ligen, et al. 2001) Hannover 21
19.72 30.82 509.12 4.49 65.11 Homes (Houston)2011 Hannover 59
21.75 25.28 79.12 6.08 14.23 Homes (Houston 2011) Hannover 56
3.2 8 3.1 Police Station (Manini, et al. 2008)  Parma, ltaly 62
Child Day Care . .
73 1.8 8 18.4 1.7 (Virtanen, et al. 2007) Paris, France 28
Centers
Child Day Care . .
6 1.5 55 255 3.3 (Virtanen, et al. 2007) Paris, France 28

Centers
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Child Day Care

7.1 1.9 7.9 17.8 2 (Virtanen, et al. 2007) Paris, France 28
Centers
G.
GSD Mean Median Max  Min SD Environment Source Locabn Samples
mean
Child Day Care
71 17 6.4 26.4 3 e bay (Virtanen, et al. 2007)  Paris, France 28
Centers
Helsinki,
6.5 190 0.9 Office buidi Tagitng 2010 520
ice buidings (Magitng ) Finland
5.6 6.4 4.8 0.5 Dental hospital (Santarsiera).e2011) Rome, Italy 12
55 6.5 4.8 0.6 Dental hospital (Santarsiera).e2011) Rome, Italy 12
Athens,
) . Aghia
53.7 84.1 35 24.6 office Smokers' (Liu, eal11) .
Paraskevi
(July), Greece
Athens,
) \ . Aghia
90.2 108 72.3 25.3 office NON Smokers' (Liuaket2011) X
Paraskevi
(July), Greece
printery industry -
P tion, urb
res:?i ;e: VI::S] urban Athens,
149 165 132 233 . . (Liu, et al. 2011) center (May),
intensevehicular
. y Greece
circulation, appr. 100
yr,
printery industry -
Bookbind tion,
i
147 225 68.1 111 ) . (Liu, et al. 2011) center (May),
intensevehicular
. N Greece
circulation, appr. 100
yr,
printery industry -
it
155 160 151 6.72 . . (Liu, et al. 2011) center (May),
intensevehicular
. . Greece
circulation, appr. 100
yr,
museum (glass,
wood, carpet, metals, Athens,
42.9 65.1 29.3 12.1  formalin, wood) semi (Liu, et al. 2011) Goudi (June- 20
open windows, no July), Greece
AIC
Athens,
Aghia
18.6 36.4 3.91 125 Home Saraga-Batzis et 0201 Paraskevi
(May),
Greece
Athens,
Aghia
233 57.9 10.8 16.9 Home+smoke (Mahadevan, 20al1) Paraskevi
(May),
Greece
Leiptig,
26.78 4653 34.19 homes (Aaokédov 2008) €iptg 601
Germany
5 Erfurt
. (Tunggal and Indonesia.
46.97 46.48 88.19 15.71 20.2 Homes, Living room 2009) (Eastern 20
Germany)
(Tunggal and Indonesia. Erfurt
50.13 5251 9662 1883  19.82  Homes, Living room " 99 2009) " (Eastem 20
Germany)
(Tunggal and Indonesia. Erfurt
53.96 55.52 103.78 17.99 22.7 Homes, Living room 99 2009) ) (Eastern 20
Germany)
4.25 Homes (Stranger, et al. 2007) Antwgrp,
Belgium
Antwerp,
4.44 Schools (Stranger, et al. 2007) . P
Belgium
N Athens,
3 beauty salon room 1 (Tsigonia, et al. 2010) Greece
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Athens,

67 beauty salon room 2 E.C. 2008,
Y ( ) Greece
G.
GSD Mean Median Max  Min SD Environment Source Locabn Samples
mean
Athens,
10 beauty salon room 3 (E.C. 2008)
Greece
40.6 Restaurant (Vainiotalo, et al. 2008) Helsinkd,
’ ’ ’ Finland
L Helsinki,
28.9 Restaurant (Vainiotalo, et al. 2008) .
Finland
. Helsinki,
3.1 Restaurant (Vainiotalo, et al. 2008) .
Finland
. Helsinki,
8 Restaurant (Vainiotalo, et al. 2008) .
Finland
Helsinki,
4.4 Restaurant (Vainiotalo, et al. 2008) .
Finland
Helsinki,
6.3 Restaurant (Vainiotalo, et al. 2008) .
Finland
Helsinki,
9.9 Restaurant (Vainiotalo, et al. 2008) . inxt
Finland
115 Restaurant (Vainiotalo, et al. 2008) Helsinkd,
’ ’ ’ Finland
18.3 Restaurant (Vainiotalo, et al. 2008) Helsinkd,
’ ’ ’ Finland
. Helsinki,
11 Restaurant (Vainiotalo, et al. 2008) .
Finland
L Helsinki,
10.6 14.2 40.6 3.1 12 Restaurant (Vainiotal@l.e2008) ) 20
Finland
L Helsinki,
42 Restaurant (Vainiotalo, et al. 2008) .
Finland
L Helsinki,
25.9 Restaurant (Vainiotalo, et al. 2008) .
Finland
. Helsinki,
3 Restaurant (Vainiotalo, et al. 2008) .
Finland
Helsinki,
4.9 Restaurant (Vainiotalo, et al. 2008) . Nt
Finland
. Helsinki,
1.7 Restaurant (Vainiotalo, et al. 2008) .
Finland
. Helsinki,
5.2 Restaurant (Vainiotalo, et al. 2008) .
Finland
. Helsinki,
3.8 Restaurant (Vainiotalo, et al. 2008) .
Finland
. Helsinki,
1.3 Restaurant (Vainiotalo, et al. 2008) .
Finland
. Helsinki,
2 Restaurant (Vainiotalo, et al. 2008) .
Finland
. Helsinki,
9 Restaurant (Vainiotalo, et al. 2008) .
Finland
. Helsinki,
5.1 9.9 42 13 134 Restaurant (Vainiotalo, €2@08) ) 20
Finland
- Birmingh
38.4 21.7 homes (Virtanen, et al. 2007) "m”:JgK amn 64
- Birmingh
29.2 28.4 78.2 9.6 17.4 homes+smoke (Virtaneal. 2007) "m”:JgK amn 32
. Birminghamn
47.6 455 99.3 8.8 22 homes+ no smoke (Virtageal. 2007) UK 32
X " Birminghamn
22 144 offices (Virtanen, et al. 2007) UK 12
. Birminghamn
57 20.2 restaurants (Virtanen, et al. 2007) UK 6
. Birminghamn
75.4 79.7 pubs (Virtanen, et al. 2007) UK 6
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Birminghamn

56.7 29.2 department stores (Virtanen, €2G07) UK 8
G.
GSD Mean Median Max  Min SD Environment Source Locabn Samples
mean
. . Birminghamn
43.6 28.3 cinemas (Virtanen, et al. 2007) UK 6
. Birminghamn
43.8 26.7 perfume shops (Virtanen, et al. 2007 UK 3
. " . Birminghamn
21.2 9.7 libraries (Virtanen, et al. 2007) UK 6
. Birminghamn
8.3 3.1 labs (Virtanen, et al. 2007) UK 6
train station (waiting . Birminghamn
135.3 117.1 (Virtanen, et al. 2007) 12
area+platforms)?? , UK
coach station Birminghamn
47.3 33.8 (waiting (Virtanen, et al. 2007) UgK 12
area+platforms)?? '
. Birminghamn
494.0 283.6 cars (Virtanen, et al. 2007) UK 36
. . Birminghamn
64.9 119.7 trains (Virtanen, et al. 2007) UK 18
) Birminghamn
69.3 30.9 buses (Virtanen, et al. 2007) UK 18
home, New Buildi . Gdansk,
130.4 1497 1063 203 OMe NeWBUIANG o ohiegala, et al. 1099) ans 34
- living room Poland
h , New Buildi 5 Gdansk,
537 513.8 5 ome, New BUIAING 2 iegala, et al. 1999) ans 34
- living room Poland
home, New Building . Gdansk,
95.8 102.4 87.5 6.7 L (Zabiegala, et al. 1999) 30
- living room Poland
home, New Building . Gdansk,
57 188.2 10.4 . (Zabiegala, et al. 1999) 30
- living room Poland
h , New Buildi 5 Gdansk,
148.8 1867 1127 342  Ome NeWBUWANG oo hieqala, et al. 1099) ans 40
- living room Poland
home, New Buildi i Gdansk,
55.4 97.3 49 ome, Mew BUIAING 7 hiegala, et al. 1999) ans 40
- living room Poland
home, Old Building - . Gdansk,
424 482 36.9 55 ome DIABUKANG" o oesala, et al. 1999) ans 9
living room Poland
home, Old Building - . Gdansk,
18.8 36.8 13 ome, DIdBUNAING - 7 - hiegala, et al. 1999) ans 9
living room Poland
home, Old Building - . Gdansk,
613 1041 284 339 OMe DABUIANGs e ala, et al. 1999) ans 9
living room Poland
h , Old Building - 5 Gdansk,
14.2 19.9 12.2 ome, QI BUIdING = 7 hiegala, et al. 1999) ans 9
living room Poland
h , Old Building - 5 Gdansk,
73.4 01 732 65 ome, DA BUIdING = 7 -\ ieqala, et al. 1999) ans 60
living room Poland
h , Old Building - 5 Gdansk,
201 323 96 ome, DA BUIdING = 7 1\ iegala, et al. 1999) ans 60
living room Poland
home, Old Building - . Gdansk,
16.2 16.8 15.8 0.4 L (Zabiegala, et al. 1999) 30
living room Poland
home, Old Building - . Gdansk,
29.7 72.7 10.3 L (Zabiegala, et al. 1999) 30
living room Poland

Note: || - means the same as above, gap means there ifomoation; Shadowed lines indicate studies witleast 40 samples
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Table 14. Overview of the concentrationsyg/ m®) of ethylbenzene observed in indoor
environments within the European Union

G. i . . .
mean GSD Mean Median Max  Min SD Environment Source Locabn Samples
(Kliucininkas,
03 etal. 2011) Kaunas
. (Billionnet, et .
22 85.3 <LD Dwellings al. 2011) Paris 490
Espll ,et  Valencia,
23 40.9 0.03 4.3 homes s, @ aenlCIa 352
al. 2010) Spain
. _ (Missia, et al.
23 9,3 0.9 Public build Athi
ublic building 2010) ens
1.9 Schools [+ Milan
14 24 11 Houses - Copenhagen
(Tumbiolo, et .
25 Bedroom 1 Torino, Italy
al. 2005)
3.8 Kitchen (Tumbiolo, et Torino, Italy
al. 2005)
. (Tumbiolo, et .
3.2 Li T , Ital
iving room al. 2005) orino, Italy
(Tumbiolo, et .
15 Bedroom 2 al. 2005) Torino, Italy
(Tumbiolo, et .
2.9 Bathroom al. 2005) Torino, Italy
(Tumbiolo, et .
2.7 h , Bed 1 T , ltal
ome, Bedroom al. 2005) orino, Italy
3 (Tumbiolo, et .
3.1 h , Kitch T , ltal
ome, Kitchen al. 2005) orino, Italy
4 home, Living room (Tumbiclo, et Torino, Ital
»HVIng al. 2005) ey
(Tumbiolo, et .
21 h , Bed 2 T , ltal
ome, Bedroom al. 2005) orino, Italy
(Tumbiolo, et .
3.01 hi , Bath T , ltal
ome, Bathroom al. 2005) orino, Italy
home, Living room, (Tumbiolo, et .
6.47 ) . Torino, Italy
during renovation al. 2005)
home, kitchen, (Tumbiolo, et .
4.82 T , ltal
during renovation al. 2005) orino, ftaly
741 home, bedroom, (Tumbiolo, et Torino. Ital
’ during renovation al. 2005) ey
home, Living.room, (Tumbiolo, et )
0.86 after renovation (10 Torino, Italy
al. 2005)
months)
home, kitchen, after .
. (Tumbiolo, et .
1.5 renovation (10 Torino, Italy
al. 2005)
months)
home, bed.room, after (Tumbiolo, et )
1.59 renovation (10 Torino, Italy
al. 2005)
months)
X (Tumbiolo, et .
1.06 T al T , ltal
rain no a/c al. 2005) orino, Italy
L (Tumbiolo, et Allessadria,
0.77 Train with a/c al. 2005) italy
London+East
(Delgado- Midlands+
1.74 16.98 0.12 2.42 homes Saborit, etal. rural S.Wales, 155
2011) UK
(Pennequin-
0.5 Cardinal, et France
al. 2005)
35.0 Airport terminal (Tumbiolo, et Turin, Italy
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al. 2004)

25 Flat bedroom - Italy
G. ) . . .
GSD Mean Median Max  Min SD Environment Source Locabn Samples
mean
(Esteve- .
Valencia,
3 Car park Turrillas, et Spain
al. 2009) P
(Esteve- Valencia,
16 Car park Turrillas, et Spain ’
al. 2009) P
(Esteve- .
34 Car park Turrillas, et VaIenFla,
Spain
al. 2009)
(Esteve- .
40 Car park Turrillas, et VaIenFla,
Spain
al. 2009)
(Esteve- .
3 Valencia,
90 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
3 Valencia,
13 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
3 Valencia,
38 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
Val ,
62 Car park Turrillas, et zer;icrl]a
al. 2009) P
Esteve-
( s.eve Valencia,
9 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
21 Car park Turrillas, et VaIenFla,
Spain
al. 2009)
(Esteve- .
3 Valencia,
37 Car park Turrillas, et .
Spain
al. 2009)
(Esteve- .
3 Valencia,
4 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
Val ,
15 Car park Turrillas, et aéer;icr:a
al. 2009) P
(Esteve- .
Val ,
25 Car park Turrillas, et aéer;icr:a
al. 2009) P
(Esteve- .
47 Car park Turrillas, et VaIenFla,
Spain
al. 2009)
(E§teve- Valencia,
16 Car park Turrillas, et .
Spain
al. 2009)
(E§teve- Valencia,
24 Car park Turrillas, et Spain
al. 2009) P
(Esteve- Valencia,
47 Car park Turrillas, et Spain ’
al. 2009) P
(Esteve- Valencia,
14 Car park Turrillas, et Spain ’
al. 2009) P
(Esteve- .
3 Valencia,
25 Car park Turrillas, et X
Spain
al. 2009)
(Esteve- Valencia,
7 Car park/diesel tank Turrillas, et e
Spain
al. 2009)
29 Diesel tank rooms (Es.teve- Valencia,
Turrillas, et
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al. 2009) Spain
G. ) . . .
GSD Mean Median Max  Min Environment Source Locabn Samples
mean
(Esteve- Valencia,
40 Diesel tank rooms Turrillas, et e
Spain
al. 2009)
(Esteve- Valencia,
67 Diesel tank rooms Turrillas, et Spain !
al. 2009) P
(Esteve- .
. . Valencia,
595 Diesel tank rooms Turrillas, et Spain
al. 2009) P
(Esteve- .
. . Valencia,
636 Diesel tank rooms Turrillas, et )
Spain
al. 2009)
(Esteve- .
. ) Valencia,
662 Diesel tank rooms Turrillas, et Spain
al. 2009) P
(Esteve- Valencia,
635 Diesel tank rooms Turrillas, et Spain !
al. 2009) P
(Esteve- Valencia,
766 Diesel tank rooms Turrillas, et Spain !
al. 2009) P
(Esteve- .
. . Valencia,
521 Diesel tank rooms Turrillas, et )
Spain
al. 2009)
Restaurant, Smoking  (Vainiotalo, Helsinki,
1.7 6.1 0.73 . 20
areas et al. 2008) Finland
27 Restaurant, Smoking  (Vainiotalo, Helsinki,
’ areas et al. 2008) Finland
6.1 Restaurant, Smoking  (Vainiotalo, Helsinki,
’ areas et al. 2008) Finland
073 Restaurant, Smoking  (Vainiotalo, Helsinki,
’ areas et al. 2008) Finland
13 Restaurant, Smoking  (Vainiotalo, Helsinki,
’ areas et al. 2008) Finland
0.79 Restaurant, Smoking  (Vainiotalo, Helsinki,
' areas et al. 2008) Finland
12 Restaurant, Smoking  (Vainiotalo, Helsinki,
’ areas et al. 2008) Finland
18 Restaurant, Smoking  (Vainiotalo, Helsinki,
’ areas et al. 2008) Finland
16 Restaurant, Smoking  (Vainiotalo, Helsinki,
’ areas et al. 2008) Finland
26 Restaurant, Smoking  (Vainiotalo, Helsinki,
’ areas et al. 2008) Finland
15 Restaurant, Smoking  (Vainiotalo, Helsinki,
’ areas et al. 2008) Finland
Restaurant, Non- (Vainiotalo, Helsinki,
0.9 5.6 0.32 20
smoking areas et al. 2008) Finland
2 Restaurant, Non- (Vainiotalo, Helsinki,
smoking areas et al. 2008) Finland
56 Restaurant, Non- (Vainiotalo, Helsinki,
’ smoking areas et al. 2008) Finland
0.74 Restaurant, Non- (Vainiotalo, Helsinki,
’ smoking areas et al. 2008) Finland
0.87 Restaurant, Non- (Vainiotalo, Helsinki,
’ smoking areas et al. 2008) Finland
0.44 Restaurant, Non- (Vainiotalo, Helsinki,
’ smoking areas et al. 2008) Finland
11 Restaurant, Non- (Vainiotalo, Helsinki,
’ smoking areas et al. 2008) Finland
073 Restaurant, Non- (Vainiotalo, Helsinki,
’ smoking areas et al. 2008) Finland
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mean GSD Mean Median Max  Min SD Environment Source Locabn Samples
032 Restaurant, Non- (Vainiotalo, Helsinki,
’ smoking areas et al. 2008) Finland
052 Restaurant, Non- (Vainiotalo, Helsinki,
’ smoking areas et al. 2008) Finland
13 Restaurant, Non- (Vainiotalo, Helsinki,
’ smoking areas et al. 2008) Finland
Police station, (Manini, et al.
3.2 4.5 25 P , Ital! 62
Offices 2008) EATE (1217
. o (Allou, et al.
0.8 2.2 0.4 0.5 University library Strasbourg 20
2008)
16 22 2.9 Houses (L etal o o, Uk 110
2004)
23 1.3 homes (V;:'tazr:)%r;)et Birminghamn
(Virtanen, et L
1.9 15 5.9 0.6 1.2 homes+smoke Birminghamn
al. 2007)
(Virtanen, et L
2.7 24 6.5 1.1 1.2 homes+ no smoke Birminghamn
al. 2007)
X (Virtanen, et _—
2.4 1.3 offices al. 2007) Birminghamn
(Virtanen, et L
6.2 3 restaurants Birminghamn
al. 2007)
7.3 11.4 pubs (Virtanen, et Birminghamn
al. 2007)
Virtanen, et L
3.4 2.4 department stores ( al. 2007) Birminghamn
Virtanen, et L
5.9 5.6 cinemas ( al. 2007) Birminghamn
2.4 0.1 perfume shops (Virtanen, et Birminghamn
al. 2007)
Virtanen, et L
35 2.8 libraries ( al. 2007) Birminghamn
Virtanen, et L
0.7 0.2 labs ( al. 2007) Birminghamn
74 76 train station (waiting  (Virtanen, et Birminahamn
’ ’ area+platforms)?? al. 2007) 9
coach station (Virtanen, et
3.8 1.3 (waiting al 2007') Birminghamn
area+platforms)?? :
Virtanen, et L
51.9 30.8 cars ( al. 2007) Birminghamn
Virtanen, et S
5.6 8.8 trains ( ;l' 2007) Birminghamn
Virtanen, et L
8 3.9 buses ( al. 2007) Birminghamn
X X (Edwards, et L
2.89 18.98 2.78 Residential Helsinki
esidentia al. 2001) elsinki
77 Workplace - -II-
2.6 Houses (lgen, et al. Hannover 380
2001)
(llgen, et al.
161 Homes 2001) Hannover 23
ligen, et al.
23 Homes ( g2001) Hannover 96
1.87 Homes (ilgen, etal. Hannover 29
2001)
ligen, et al.
2.98 Homes ( 92001) Hannover 44
2 Homes (llgen, et al. Hannover 58
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GSD Mean Max  Min SD Environment Source Locabn Samples
mean
ligen, et al.
16 Homes ( 92001) Hannover 57
ligen, et al.
2 Homes ( g2001) Hannover 52
1.9 Homes (ilgen, et al. Hannover 34
’ 2001)
ligen, et al.
21 Homes ( g2001) Hannover 12
ligen, et al.
2.3 Homes ( g2001) Hannover 51
ligen, et al.
22 Homes ( g2001) Hannover 50
2.4 Homes (”g:g(')f; b Hannover 53
(ligen, et al.
25 Homes Hannover 10
2001)
(ligen, et al.
3 Homes Hannover 11
2001)
(llgen, et al.
1.48 Homes 2001) Hannover 60
2.02 Homes (llgen, et al. Hannover 99
2001)
211 Homes (g, clietl Hannover 40
2001)
ligen, et al.
247 Homes ( 92001) Hannover 101
ligen, et al.
6.8 Homes ( 92001) Hannover 2
12.2 Homes (ilgen, etal. Hannover 2
2001)
ligen, et al.
48.8 Homes ( 92001) Hannover 2
ligen, et al.
13 Homes ( 92001) Hannover 2
2.3 Homes (ilgen, et al. Hannover 2
’ 2001)
ligen, et al.
16 Homes ( 92001) Hannover 2
ligen, et al.
2.6 Homes ( g2001) Hannover 2
not
measure Homes (igen, etal. Hannover 2
2001)
d
ligen, et al.
15.8 Homes ( 92001) Hannover 2
ligen, et al.
1.39 Homes ( 92001) Hannover 22
2.16 Homes (ilgen, et al. Hannover 21
) 2001)
204 3.03 3199 062 455 Homes (Houston Hannover 59
2011)
2.66 12 102 175 Homes (Houston Hannover 56
2011)
home, New Building  (Zabiegala, et Gdansk,
332.8 407.2 262.2 70.5 . 34
- living room al. 1999) Poland
home, New Building  (Zabiegala, et Gdansk,
95.4 805.3 13 . 34
- living room al. 1999) Poland
home, New Building  (Zabiegala, et Gdansk,
1.7 2 14 2.6 30
- living room al. 1999) Poland
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home, New Building  (Zabiegala, et Gdansk,
9.7 248 2 30
- living room al. 1999) Poland
G. i . . .
mean GSD Mean Median Max  Min SD Environment Source Locabn Samples
6.4 335 229 ) homg, New Building  (Zabiegala, et Gdansk, 20
- living room al. 1999) Poland
83 313 05 home., New Building  (Zabiegala, et Gdansk, 40
- living room al. 1999) Poland
01 01 <01 homz.e,_old Building -  (Zabiegala, et Gdansk, 9
living room al. 1999) Poland
18 28 1 homz.e,_old Building -  (Zabiegala, et Gdansk, 9
living room al. 1999) Poland
<01 <01 <01 homz‘e,.old Building -  (Zabiegala, et Gdansk, 9
living room al. 1999) Poland
home, Old Building -  (Zabiegala, et Gdansk,
14 1.7 12 9
living room al. 1999) Poland
14.3 20.4 13.2 47 homé,.old Building -  (Zabiegala, et Gdansk, 60
living room al. 1999) Poland
3 227 07 homé,.old Building -  (Zabiegala, et Gdansk, 60
living room al. 1999) Poland
home, Old Building -  (Zabiegala, et Gdansk,
23.4 26.2 21.3 1.8 30
living room al. 1999) Poland
home, Old Building -  (Zabiegala, et Gdansk,
55 23.7 2.9 - 30
living room al. 1999) Poland
. . (Elke, et al. Dusseldorf,
9.1 Residential
esidentia 1998) Germany
99 Train (Elke, et al. Dusseldorf,
’ 1998) Germany
(Elke, et al. Dusseldorf,
22.4 Car
1998) Germany
3.69 Laboratory (Elke, et al. Dusseldorf,
1998) Germany
(Elke, et al. Dusseldorf,
4.06 Laboratory
1998) Germany
(Elke, et al. Dusseldorf,
<0.36 Laboratory
1998) Germany
204 Laboratory (Elke, et al. Dusseldorf,
1998) Germany
bars+restaurants+sm (NikoromoOr Girona cities
1.94 154 7.95 1.01 1.51 oke ov-Srapdm (NE Spain) 21
2008) (fall)
(NikoromoOr Girona cities 41
bars+restaurants+sm -
23 15 10.9 0.5 2 oke ov-Xtapdtm (NE Spain) bars+restaura
2008) (Sept-March) nts
(NikoromoOr Girona cities 15
bars+restaurants (non .
1.1 1.1 25 0.2 0.6 smoking) ov-Xtapdtm (NE Spain) bars+restaura
9 2008) (Sept-March) nts
bars+restaurants+sm (NikoromoOh Girona cities
2.77 2.12 10.85 0.54 2.41 oke ov-Zrapdm (NE Spain) 20
2008) (winter)
(Eberlein-
3 Home room 1 Konig, et al. Germany 6
2002)
(Eberlein-
20 Home room 2 Konig, et al. Germany 6
2002)
(Eberlein-
0 Home room 3 Konig, et al. Germany 6
2002)
(Eberlein-
2 Home room 4 Konig, et al. Germany 6
2002)
(Eberlein-
4 Home room 5 Konig, et al. Germany 6
2002)
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Home room 6

(Eberlein-
Konig, et al.
2002)

Germany

mean

GSD

Mean

Median

Max  Min

SD

Environment

Source

Locabn

Samples

217

5.9

24

37.4

2.89

1.2

7.2

5.6

5.9

1.92

0.55

16.3

45

6.6

2.9

13

11

18.98

2.78

0.1

0.9

0.1

0.1

0.08

0.03

0.7

0.4

0.1

Home room 7

Home room 8

Home room 9

Home room 10

Home room 11

Home room 12

Home room 13

Printing shop

Printing shop

Printing shop

Printing shop

Homes

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

(Eberlein-
Konig, et al.
2002)

(Eberlein-
Konig, et al.
2002)

(Eberlein-
Konig, et al.
2002)

(Eberlein-
Konig, et al.
2002)

(Eberlein-
Konig, et al.
2002)

(Eberlein-
Konig, et al.
2002)

(Eberlein-
Konig, et al.
2002)

(Sun, et al.
2004)

(Sun, et al.
2004)

(Sun, et al.
2004)

(Sun, et al.
2004)

(Edwards, et
al. 2001)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Bari

Bari

Bari

Bari

Helsinki

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia
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al. 2007)

(Hanninen, et

6 24 9.1 homes Prague
al. 2002)
G. i . . .
mean GSD Mean Median Max  Min SD Environment Source Locabn Samples
(Hanninen, et
1.9 7.7 hi Athi
omes al. 2002) ens
(Hanninen, et ;
7.5 23 10.7 h Mil 43
omes al. 2002) ilan
(Hanninen, et
21 18 2.7 h Basel
omes al. 2002) asel
(van Dartel
1.4 0.49 Office and Piersma Rome
2011)
(van Dartel
1.6 0.45 Office and Piersma Rome
2011)
(van Dartel
11 0.43 Office and Piersma Rome
2011)
Clermont-
4.3 67.5 0.5 homes Ferrand 27
(summer)
Clermont-
4.1 64.6 13 homes Ferrand 36
(winter)
Clermont-
19 270.1 0.2 homes Ferrand rural 49
(summer)
Clermont-
Ferrand
2.9 270.1 0.2 homes urban+rural 112
(winter+sum
mer)
Child Day Care (Virtanen, et N
1.3 1.8 13 5.7 0.4 Paris 28
Centers al. 2007)
13 18 13 5.4 06 Child Day Care (Virtanen, et paris 28
Centers al. 2007)
Child Day Care (Virtanen, et .
1.4 19 11 4.9 05 Centers al. 2007) Paris 28
Child Day Care (Virtanen, et N
1.4 1.9 13 7.4 0.6 Paris 28
Centers al. 2007)
61 0.2 Office buidings (e Finland 520
: 2010)
. (Santarsiero,
2.2 2.6 18 0.3 Dental h ital R 12
ental hospital et al. 2011) ome
. (Santarsiero,
21 27 17 0.3 Dental hospital etal. 2011) Rome 12
(Aackdrov -
2.23 29 2.95 hi Leipt 601
omes 2008) eiptig
. Leipzig,
Schlink, et
3.6 1.9 10.2 homes, Dwellings (il M.unchen, 2103
al. 2004)
and Koln
(Tunggal and Erfurt
3.43 294 15.06 0.41 2.97 Homes, Living room Indonesia. (Eastern 20
2009) Germany)
(Tunggal and Erfurt
3.59 3.09 15.23 1.23 2.95 Homes, Living room Indonesia. (Eastern 20
2009) Germany)
(Tunggal and Erfurt
3.89 3.48 14.18 1.22 2.81 Homes, Living room Indonesia. (Eastern 20
2009) Germany)
. Hamburg
Schneider, et
2.2 0.7 homes (e, @ (West 201
al. 2001)
Germany)
Schneider, et
2.8 167 homes ( Cl ";(;Oi' € Erfurt 204
s ) (Eastern
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Germany)

(Stranger, et

0.62 Homes
al. 2007)

Antwerp 18

Table 15. Overview of the concentrationsug/ n°) of xylenes observed in indoor environments
within the European Union

G. G.
Mean Median Max  Min SD Environment Source Location  Samples
mean SD

m-p- 7.8 Indoor (Hanninen, et Helsinki
Xylenes al. 2002)
-1 37.0 Indoor - Milan
(Stranger, et Antrewp,
-I- 1.3 Homes al. 2007) Belgium 18
(Stranger, et Antrewp,
-|I- 2.64 Schools al. 2007) Belgium 27
- (Zuraimi, et
-||- 22.2 243.2 1 39.8 Buildings al. 2006) EU
. Liepzig,
- 98 46 58.6 Homes (ilchzl'g&)e ' Munchen, 2103
' Koln
(Eberlein-
-1 7 Home room 1 Konig, et al. Germany 19
2002)
-|I- 48 Home room 2 -|I- -I- -I-
- 3 Home room 3 -|I- |- |-
-|I- 8 Home room 4 -|I- -I- -I-
- 10 Home room 5 -|I- |- |-
- 9 Home room 6 -|I- |- |-
-|I- 3 Home room 7 -|I- -I- -I-
- 6 Home room 8 -|I- |- |-
- 2 Home room 9 -|I- |- |-
- 8 Home room 10 -|I- |- |-
-|I- 0 Home room 11 -|I- -I- -I-
-|I- 15 Home room 12 -|I- -I- -I-
- 39 Home room 13 -|I- |- |-
. Catania
- 12.01 383 Public buildings (';?tz'gg's)e ' (October 9
: 2004)
Catania (May
-|I- 14.46 2457 [ -II- 2004) 8
Athens
- 14.17 6.39 I+ -I- (December 7
2003)
Athens
- 15.88 8.74 I+ -I- (October 14
2005)
Nijmegen
-I- 24 1.05 I- I- (March 2004) 8
Nijmegen
-||- 2.98 2.04 - -II- (August 4
2006)
Nijmegen
- 1.95 0.35 Houses - (August 2
2006)
R Arnchem
-|I- 1.94 0.52 Public buildings [I- (March 2004) 5
Arnchem
-|I- 1.62 0.23 Public buildings [I- (August 5
2006)
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Arnchem

-1 2.44 14 Houses - (August 5
2006)
G G.
Mean Median Max  Min SD Environment Source Location  Samples
mean SD
Thessalonica
-1 23.11 17.39 Public buildings - (November 7
2004)
A Thessalonica
-1 9.13 4.36 Public buildings - (May 2006) 7
Thessalonica
- 6.65 1.83 Houses - (May 2006) 8
S Leipzig
-Il- 273 0.67 Public buildi - 10
I uplie buldings I (April 2005)
Leipzig
-Il- 5.28 4.44 H - 8
I ouses I (April 2005)
. - Leipzig (July
Il 1.76 0.46 Public buildings I 2006) 9
Leipzig (July
I 2.99 3.45 Houses I 2006) 7
Brussels
- 355 0.82 Public buildings - (September 8
2004)
I 235 073 Public buildings B Brussels 8
i ’ 9 (March 2007)
Brussels
-Il- 2.53 0.81 H - 3
I ouses I (March 2007)
. . Nicosia (July
Il 3.93 1.42 Public buildings I 2004) 3
Nicosia
-||- 7.14 2.22 Public buildings [I- (January 12
2007)
Nicosia
- 7.83 7.81 Houses II- (January 9
2007)
Milan
- 6.69 3.36 Public buildings - (November 7
2002)
. - Budapest
- 222 0.64 Public buildings - (May 2007) 12
Budapest
-|I- 3.17 1.11 Houses - 7
(May 2007)
Helsinki
-|I- 1.76 0.67 Public buildings [I- (August 11
2007)
- 3.6 3.29 Houses - |- 12
. . Dublin (May
Il 25 0.86 Public buildings I 2007) 11
Dublin (May
-Il- 243 125 H - 7
Il ouses I 2007)
Museum zoology .
(Schieweck, Hanover,
-II- 2 department room et al, 2005) German
EG10 : Y
Museum ethnology
-1 4 department room 114 -II- -I-
storage case
Museum ethnology
-|I- 2 department room -II- -I-
R121 drawer
Museum ethnology
-|I- 4 department room -I- -I-
R117
Museum art gallery
- 28 department room -|I- -I-

R42
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4.8

25

homes

(Lai, et al.
2004)

Oxford, UK
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G. G.
Mean Median Max  Min SD Environment Source Location  Samples
mean SD
100.3 (out
of . . (Tumbiolo, et France,
" . Airport terminal
calibratio al. 2004) south-east
n range)
10.9 Flat bedroom (Tumbiolo, et Turin, Ital
: al. 2004) ey
L (Tumbiolo, et Allessadria,
4.87 Train with a/c
al. 2005) Italy
(Tumbiolo, et .
10.9 home, Bedroom 1 Torino, Italy
al. 2005)
3 (Tumbiolo, et .
15.4 home, Kitchen Torino, Italy
al. 2005)
- (Tumbiolo, et .
12.5 home, Living room Torino, Ital
ving al. 2005) no. ialy
(Tumbiolo, et .
5.6 home, Bedroom 2 Torino, Italy
al. 2005)
(Tumbiolo, et .
11.2 home, Bathroom Torino, Italy
al. 2005)
(Tumbiolo, et .
7 home, Bedroom 1 al. 2005) Torino, Italy
3 (Tumbiolo, et .
16.6 home, Kitchen Torino, Italy
al. 2005)
10.4 home, Living room (Tumbiolo, et Torino, Italy
al. 2005)
(Tumbiolo, et .
4.3 home, Bedroom 2 Torino, Ital
al. 2005) v
(Tumbiolo, et .
10.8 home, Bathroom Torino, Ital
al. 2005) v
209 homé, Living ropm, (Tumbiolo, et Torino, ltaly
during renovation al. 2005)
home, kitchen, (Tumbiolo, et .
28.2 Torino, Ital
during renovation al. 2005) Y
home, bedroom, (Tumbiolo, et .
43.3 Torino, Ital
during renovation al. 2005) 4
home, Living room, Tumbiolo. et
291 after renovation (10 (Tumbiolo, Torino, Italy
al. 2005)
months)
home, kitchen, after .
. (Tumbiolo, et .
5.68 renovation (10 Torino, Italy
al. 2005)
months)
home, bedroom, after .
. (Tumbiolo, et .
5.5 renovation (10 Torino, Italy
al. 2005)
months)
. (Tumbiolo, et .
3.49 Train no a/c Torino, Italy
al. 2005)
. L . (Allou, et al. Strasbourg,
1.9 4 0.9 1.2 University Libraries 20
2008) France
bars+restaurants+sm (Nuokonoth Girona cities,
2.56 2.15 6.78 0.73 1.42 ov-Xtapdm . ’ 21
oke Spain
2008)
bars+restaurants+sm (Nuokoroth Girona cities, 4
5.6 2.8 38.7 0.7 6.8 oke ov-Ztapdt Spain ’ bars+restaura
2008) P nts
(NkoromoOA . - 15
bars+restaurants (non Girona cities,
15 1.2 4.7 0.6 1 smoking) ov-tapdtn Spain bars+restaura
9 2008) P nts
(NoromoOA . -
bars+restaurants+sm Girona cities,
8.87 6.68 38.68 1.74 8.65 oke ov-Xtapdm Spain 20
2008) P
Paris,
homes, Main Billionnet, et )
54 232.8 0.8 . ( mainland 490
dwellings al. 2011)
France
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G. G.

Mean Median Max  Min SD Environment Source Location  Samples
mean SD
(Brown, et al.
3.8 152.8 0.1 h UK 796
omes 2002)
(Brown, et al.
2.9 homes 2002) UK
(Brown, et al.
2.3 homes 2002) UK
5.3 homes (Brown, etal. UK
2002)
(Brown, et al.
4.5 hi UK
omes 2002)
(Brown, et al.
5 hi UK
omes 2002)
(Brown, et al.
2.9 homes 2002) UK
(Brown, et al.
4 hi UK
omes 2002)
(Brown, et al.
3.3 hi UK
omes 2002)
3.8 homes (Brown, etal. UK
’ 2002)
(Brown, et al.
4.3 hi UK
omes 2002)
(Brown, et al.
5.6 hi UK
omes 2002)
(Edwards, et Helsinki,
6.13 7.84 62.48 7.1 Homes X
al. 2001) Finland
. (Elke, et al. Dusseldorf,
51.6 Labolatories
1998) Germany
. (Elke, et al. Dusseldorf,
60.5 Labolatt
abolatories 1998) Germany
. (Elke, et al. Dusseldorf,
<1.11 Labolatories
1998) Germany
. (Elke, et al. Dusseldorf,
22 Labolatories
1998) Germany
. (Elke, et al. Dusseldorf,
232 Train 1998) Germany 2
(Elke, et al. Dusseldorf,
55.4 Car 2
1998) Germany
15 Homes (Elke, et al. Dusseldorf, 2
1998) Germany
Espl t Valencia,
1.9 35 73 0.35 6.3 homes SIS E a enf:la 352
al (2010) Spain
(Esteve- Valencia,
0.92 0.03 Car, Vehicle interior ~ Turrillas, et Spain '
al. 2007) P
(Esteve- .
L . . Valencia,
18.1 0.8 Car, Vehicle interior  Turrillas, et )
Spain
al. 2007)
(Esteve- .
L . . Valencia,
11.8 0.5 Car, Vehicle interior  Turrillas, et )
Spain
al. 2007)
(Esteve- Valencia,
18.6 0.8 Car, Vehicle interior  Turrillas, et Spain !
al. 2007) P
(Esteve- Valencia,
5.5 0.4 Car, Vehicle interior ~ Turrillas, et Spain '
al. 2007) P
(Esteve- Valencia,
25 0.2 Car, Vehicle interior ~ Turrillas, et Spain '
al. 2007) P
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(Esteve-

Valencia,
62 6 Car, Vehicle interior ~ Turrillas, et E;eZiC:l
al. 2007) P
G. G.
Mean Median Max  Min SD Environment Source Location  Samples
mean SD
(Esteve- Valencia,
81 5 Car, Vehicle interior  Turrillas, et Spain !
al. 2007) P
(Esteve- Valencia,
9.1 0.3 Car, Vehicle interior ~ Turrillas, et o
Spain
al. 2007)
(Esteve- .
L . . Valencia,
17 1 Car, Vehicle interior  Turrillas, et )
Spain
al. 2007)
B (Es_teve» Valencia,
7 0.6 Car, Vehicle interior ~ Turrillas, et Spain
al. 2007) P
(Esteve- .
Val .
11 Car park Turrillas, et E;eZiC:l
al. 2009) P
(Esteve- .
Val .
11 Car park Turrillas, et E;eZiC:l
al. 2009) P
(Esteve- valencia
13 Car park Turrillas, et ca,
Spain
al. 2009)
(Esteve- .
159 Car park Turrillas, et Valen.ua,
Spain
al. 2009)
(Esteve- .
Val ,
186 Car park Turrillas, et a en.ua
Spain
al. 2009)
(Esteve- .
} Valencia,
110 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
. ! Valencia,
10 Car park/diesel tank  Turrillas, et Spain
al. 2009) P
(Esteve- Valencia
27 Car park/diesel tank  Turrillas, et Spain !
al. 2009) P
(Esteve- Valencia,
10 Car park/diesel tank  Turrillas, et Spain !
al. 2009) P
(Esteve- Valencia,
143 Diesel tank rooms  Turrillas, et Spain !
al. 2009) P
(Esteve- .
. ! Valencia,
182 Diesel tank rooms Turrillas, et )
Spain
al. 2009)
(Esteve- .
5 ! Valencia,
77 Diesel tank rooms Turrillas, et )
Spain
al. 2009)
(Esteve- .
) Valencia,
55 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
Valencia,
138 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
Valencia,
57 Car park Turrillas, et Spain
al. 2009) P
(Es_teve» Valencia,
50 Car park Turrillas, et .
Spain
al. 2009)
(Es_teve» Valencia,
86 Car park Turrillas, et .
Spain
al. 2009)
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(Esteve-

Valencia,
36 Car park Turrillas, et Spain
al. 2009) P
G. G.
Mean Median Max  Min SD Environment Source Location  Samples
mean SD
(Esteve- .
Valencia,
32 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
63 Car park Turrillas, et Valencia,
Spain
al. 2009)
(Esteve- .
} Valencia,
25 Car park Turrillas, et .
Spain
al. 2009)
. (Es_teve» Valencia,
1063 Diesel tank rooms Turrillas, et Spain
al. 2009) P
(Esteve- .
Val .
999 Diesel tank rooms  Turrillas, et zezicrlla
al. 2009) P
(Esteve- Valencia,
1067 Diesel tank rooms  Turrillas, et Spain !
al. 2009) P
(Esteve- Valencia
1082 Diesel tank rooms  Turrillas, et o
Spain
al. 2009)
(Esteve- Valencia,
1039 Diesel tank rooms Turrillas, et s
Spain
al. 2009)
(Esteve- Valencia,
1089 Diesel tank rooms  Turrillas, et o
Spain
al. 2009)
(Esteve- .
} Valencia,
58 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
} Valencia,
39 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
) Valencia,
61 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
Valencia,
57 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
Valencia,
37 Car park Turrillas, et Spain
al. 2009) P
(Esteve- .
} Valencia,
65 Car park Turrillas, et .
Spain
al. 2009)
(Hanninen, et Helsinki,
7.8 Indoor X
al. 2002) Finland
26.1 2.2 36.5 Indoor (Hanninen, et Milan, Italy
al. 2002)
142 24 215 h (Hanninen, et Prague, 6
: : : ome al. 2002) Czech
(Hanninen, et Athens,
3 24 homes
al. 2002) Greece
(Hanninen, et Basel,
£:2 & ) fore al. 2002) Switzerland &
(van Dartel
2.2 0.5 Office and Piersma Rome, Italy 23
2011)
(van Dartel
2.1 0.84 Office and Piersma Rome, Italy 96
2011)
1.6 0.74 Office (van Dartel Rome, Italy 29
and Piersma
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2011)

(ligen, et al.

Hannover,

3.23 H 42
omes 2001) Germany
G G.
Mean Environment Source Location  Samples
mean SD
Ao7 Homes (ligen, et al. Hannover, 58
2001) Germany
(llgen, et al. Hannover,
4.74 Homes 2001) Sy 57
a7 Homes (ligen, et al. Hannover, 5o
2001) Germany
(ligen, et al. Hannover,
4.1 Homes 34
2001) Germany
(ligen, et al. Hannover,
3.6 H 12
omes 2001) Germany
(llgen, et al. Hannover,
4.4 Homes 2001) Sy 51
7l Homes (llgen, et al. Hannover, 50
2001) Germany
(llgen, et al. Hannover,
4.4 H 53
omes 2001) Germany
(ligen, et al. Hannover,
5.9 H 10
omes 2001) Germany
65 Homes (ligen, et al. Hannover, 1
: 2001) Germany
(llgen, et al. Hannover,
6.1 H 60
omes 2001) Germany
(ligen, et al. Hannover,
6.5 H 10
omes 2001) Germany
(ligen, et al. Hannover,
7.5 Homes 11
2001) Germany
(ligen, et al. Hannover,
3.18 Homes 60
2001) Germany
(ligen, et al. Hannover,
451 Homes 99
2001) Germany
(ligen, et al. Hannover,
55 Homes 40
2001) Germany
ligen, et al. H s
il Homes (ligen, et al annover %9
2001) Germany
219 Homes (ligen, et al. Hannover, 2
’ 2001) Germany
(ligen, et al. Hannover,
38.3 Homes 2
2001) Germany
(ligen, et al. Hannover,
1815 Homes 2
2001) Germany
(ligen, et al. Hannover,
35 Homes 2
2001) Germany
(ligen, et al. Hannover,
6.6 Homes 2
2001) Germany
45 Homes (ligen, et al. Hannover, 2
2001) Germany
(ligen, et al. Hannover,
6.7 Homes 2
2001) Germany
not (ligen, et al. Hannover,
measured Homes 2001) Germany 2
(ligen, et al. Hannover,
485 Homes 2001) Germany 2
(ligen, et al. Hannover,
2.68 Homes 22
2001) Germany
(ligen, et al. Hannover,
5.49 Homes 21
2001) Germany
(Houston Hannover,
4.47 7.15 Homes 59
2011) Germany



5.99 711 418 27 617 Homes iousen L 56
2011) Germany
G. G.
Mean Median Max  Min SD Environment Source Location  Samples
mean SD
Child Day Care (Virtanen, et .
3.9 19 3.9 21.7 11 Paris, France 28
Centers al. 2007)
Child Day Care (Virtanen, et .
3.7 1.8 3.6 14.2 1.7 Paris, France 28
Centers al. 2007)
4 2.1 3.2 17.9 1.2 Child Day Care (Virtanen, 8t o e France 28
’ ’ : : Centers al. 2007) ’
3.8 2 36 23 15 Child Day Care (Virtanen, 8t e France 28
’ ’ : Centers al. 2007) ’
X - (Magitg Helsinki,
4.2 190 0.4 Office buidings 520
& 2010) Finland
183 303 20.6 83.3 office Smokers' (L, etal. Athens,
2011) Greece
) (Liu, et al. Athens,
241 276 206 49.4 office NON Smokers'
2011) Greece
printery industry -
Press section, urban
area with (Liu, et al. Athens,
59.9 83.9 36 34
intensevehicular 2011) Greece
circulation, appr. 100
yr,
printery industry -
Bookbindery section,
urban area with (Liu, et al. Athens,
21 21 21 0
intensevehicular 2011) Greece
circulation, appr. 100
yr,
printery industry -
Dispatch section,
urban area with (Liu, et al. Athens,
57.5 81.2 33.7 33.6 . .
intensevehicular 2011) Greece
circulation, appr. 100
yr,
museum (glass,
Wood,'carpet, metalsf, (Liu, etal Athens,
74 104 57.5 17 formalin, wood) semi 20
. 2011) Greece
open windows, no
AlC
(Mahadevan, Athens,
9.63 18.4 251 6.29 Home
etal. 2011) Greece
(Mahadevan, Athens,
8.14 18.2 4.49 4.96 Home+smoke
etal. 2011) Greece
AacKaho Leiptig,
479 88.1 791 homes G €Iptg 601
2008) Germany
T
N (Tunggal .and Etfurt,
7.76 6.83 30.28 1.64 5.9 Homes, Living room Indonesia. 20
Germany
2009)
(Tunggal and Erfurt
8.28 7.22 30.83 3.63 5.82 Homes, Living room Indonesia. ! 20
Germany
2009)
(Tunggal and Erfurt
9.12 7.91 33.99 3.83 6.59 Homes, Living room Indonesia. Germa’n 20
2009) Y
Schneider, et Hamburg,
7.3 2.92 homes (i, @ amourg 201
al. 2001) Germany
(Schneider, et Hamburg,
6.2 homes 201
al. 2001) Germany
6 homes (Schneider, et Hamburg, 201
al. 2001) Germany
Schneider, et Erfurt,
6.5 417 homes (EENEEER " 204
al. 2001) Germany
il homes (Schneider, et Erfurt, 204
al. 2001) Germany
ol homes (Schneider, et Erfurt, 204
al. 2001) Germany
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(Vainiotalo,

7 Rest: it Helsinki
estauran et al. 2008) elsinki
G. G.
Mean Median Max  Min SD Environment Source Location  Samples
mean SD
(Vainiotalo, .
16.9 Rest: t Helsinki
estauran et al. 2008) elsinki
2.6 Restaurant (vainiotalo, Helsinki
et al. 2008)
(Vainiotalo, .
3.8 Rest: it Helsinki
estauran et al. 2008) elsinki
(Vainiotalo, .
23 Rest: it Helsinki
estauran et al. 2008) elsinki
3.9 Restaurant (vainiotalo, Helsinki
et al. 2008)
5.4 Restaurant (vainiotalo, Helsinki
et al. 2008)
4.5 Restaurant (vainiotalo, Helsinki
et al. 2008)
7.7 Restaurant (vainiotalo, Helsinki
et al. 2008)
4.7 Restaurant (vainiotalo, Helsinki
et al. 2008)
(Vainiotalo, L
5 5.9 16.9 23 4.2 Rest: t Helsinki 20
estauran et al. 2008) elsinki
5.2 Restaurant (vainiotalo, Helsinki
et al. 2008)
(Vainiotalo, L
15.7 Restaurant et al. 2008) Helsinki
(Vainiotalo, L
2.6 Rest: it Helsinki
estauran et al. 2008) elsinki
(Vainiotalo, .
25 Rest: it Helsinki
estauran et al. 2008) elsinki
(Vainiotalo, L
1.4 Rest: it Helsinki
estauran et al. 2008) elsinki
(Vainiotalo, L
3.4 Rest: it Helsinki
estauran et al. 2008) elsinki
(Vainiotalo, L
21 Rest: it Helsinki
estauran et al. 2008) elsinki
(Vainiotalo, .
1 Rest: it Helsinki
estauran et al. 2008) elsinki
(Vainiotalo, L
1.6 Rest: it Helsinki
estauran et al. 2008) elsinki
(Vainiotalo, .
4 Rest: it Helsinki
estauran et al. 2008) elsinki
(Vainiotalo, .
2.8 3.6 15.7 1 43 Restaurant Helsinki 20
et al. 2008)
M.p. o 30.4 14.6 Homes (AT, G Athens 42
Xylenes al. 2002)
- 10.2 8.2 - -||- Basel 47
-II- 10.1 75 -II- -||- Helsinki 188
-II- 88.2 184.1 -II- -||- Milan 41
- 12.5 21.7 - -||- Oxford 40
-II- 222 12.2 -II- -||- Prague 46
. (Righi, et al.
Il 25 Library | 2002) Italy
- 30 Library II {- |-
- 14 Library 11l 1- |-
-|I- 25 Library IV 1- -I-
(Eberlein-
22.2 12.2 Homes Konig, et al. Prague 46
2002)
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G. G.
Mean Median Max  Min SD Environment Source Location  Samples

mean SD

Clermont-
11.6 198.6 19 homes Ferrand 27
(summer)

Clermont-
13.9 176.4 45 homes Ferrand 36
(winter)

(llgen, et al.

.94 H
3.9 omes 2001)

Hannover 23

(llgen, et al.

6.32 Homes 2001)

Hannover 29

(llgen, et al.
5.4 Homes Hannover 34
2001) v
(llgen, et al.
5.7 Homes Hannover 12
2001) v

(llgen, et al.
A H H 1
8.9 omes 2001) annover 0
(llgen, et al.
A H H 11
9.9 omes 2001) annover
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2001)

G G.
Mean Median Max  Min SD Environment Source Location  Samples
mean SD
8.16 Homes (gen, et al. Hannover 99
2001)
(ligen, et al.
3.62 Homes Hannover 22
2001)
(llgen, et al.
7.3 Homes 2001) Hannover 21
Houst
5.85 9.29 87.79 1.84 13.74 Homes (e Hannover 59
2011)
Houst
7.97 9.41 54.64 3.64 8 Homes (=T Hannover 56
2011)
121 17 103 PolcelStaton i L aun etel Parma 62
2008)
. (Santarsiero,
4.2 4.9 3.7 0.4 Dental hospital etal. 2011) Rome 12
4 5 2.9 0.6 Dental hospital (Santarsiero, Rome 12
etal. 2011)
Hamburg
Schneider, et
9.2 homes ( (West 201
al. 2001)
Germany)
Erfurt
Schneider, et
8.4 homes ( (Eastern 204
al. 2001)
Germany)
not
detected beauty salon room 1 (E.C. 2008) Athens
10 beauty salon room 2 (E.C. 2008) Athens
not
detected beauty salon room 3 (E.C. 2008) Athens
m- . (Sun, et al. .
135 Print hi B,
Xylenes rinting shop 2004) ari
- (Sun, et al. X
3.3 Print h B,
rinting shop 2004) ari
- (Sun, et al. X
15.6 Print he B,
rinting shop 2004) ari
o (Sun, et al. .
155 Print he B,
rinting shop 2004) ari
(Delgado- London+East
4.14 38.02 0.19 6.05 home Saborit, et al. Midlands+ 155
2011) rural S.Wales
Virtanen, et L
53 32 homes ( al. 2007) Birminghamn 64
Virtanen, et L
4.3 35 16.1 1.3 2.9 homes+smoke ( al. 2007) Birminghamn 32
(Virtanen, et .
6.3 5.5 155 2.4 13 homes+ no smoke Birminghamn 32
al. 2007)
Virtanen, et L
6 3.6 offices ( al. 2007) Birminghamn 12
Virtanen, et -
16.3 8.2 restaurants ( alll. 2007) Birminghamn 6
(Virtanen, et .
18.3 28.6 pubs Birminghamn 6
al. 2007)
8.9 6.4 department stores (Virtanen, et Birminghamn 8
: : P al. 2007) 9
15.7 14.1 cinemas (Virtanen, et Birminghamn 6
: : al. 2007) 9
(Virtanen, et A
6 0.3 perfume shops Birminghamn 3
al. 2007)
) . (Virtanen, et .
9.2 8.2 libraries Birminghamn 6
al. 2007)
1.9 0.9 labs (Virtanen, et Birminghamn 6

al. 2007)
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Mean Median Max  Min SD Environment Source Location  Samples
mean SD

train station (waiting ~ (Virtanen, et A
18.8 18.7 Birminghamn 12
area+platforms)?? al. 2007)

coach station (Virtanen, et
10.1 3.7 (waiting al 2007‘) Birminghamn 12
area+platforms)?? ’

(Virtanen, et

127.2 76.8 cars Birminghamn 36
al. 2007)
. (Virtanen, et A
13.2 20.4 trains Birminghamn 18
al. 2007)
20.3 10.2 buses (Virtanen, et Birminghamn 18
al. 2007)
438.9 5358  356.3 82.3 home} N ew Buiding  (Zabiegala, et Gdansk 34
- living room al. 1999)
2638. home, New Building  (Zabiegala, et
339.2 5.4 L Gdansk 34
6 - living room al. 1999)
165 20 143 25 home_, New Building  (Zabiegala, et Gdansk 20
- living room al. 1999)
23.7 60.9 58 homé, New Building  (Zabiegala, et Gdansk 20
- living room al. 1999)
home, New Buildi Zabiegala, et
25.9 288 238 19 ome, New Buiding — (Zabiegala, et 40
- living room al. 1999)
home, New Buildi Zabiegala, et
1838 1328 25 ome, New Building  (zabiegala, et .o 40
- living room al. 1999)
16.1 16.6 154 08 homg,.Old Building-  (Zabiegala, et Gdansk 9
living room al. 1999)
63 92 47 home'z,.old Building -  (Zabiegala, et Gdansk 9
living room al. 1999)
h , Old Building - Zabiegala, et
8.4 8.9 7.8 0.4 Om?. uicing (zabiegala, e Gdansk 9
living room al. 1999)
49 6 a1 homg,.Old Building -  (Zabiegala, et Gdansk 9
living room al. 1999)
h , Old Building - Zabiegala, et
25 32.2 21 43 ome. uilding - (2abiegala, & Gdansk 60
living room al. 1999)
h , Old Building - Zabiegala, et
14 377 25 ome, Old Building - (zablegala, et . 60
living room al. 1999)
home, Old Building -  (Zabiegala, et
248 31.6 17.2 55 om(?. ureing (zabiegala, e Gdansk 30
living room al. 1999)
home, Old Building -  (Zabiegala, et
19.1 114.8 9.5 L Gdansk 30
living room al. 1999)
Stath I
57 PFS Stadium (seats) (Stathopoulou Athens
, et al. 2008)
AOSC Stadium
I 51 oty |- -
Apartment 0 month  (Jarnstrém, et .
-|I- 72 Finland 14
old al. 2006)
Apartment 6 month
-|I- 24 -I- |- |-
I o I I I
Apartment 12 month
-I- 4 old |- -I- -I-
) Apart t 0 th .
0P 72 partment mon |- Finland 14
Xylenes old
Apartment 6 month
-|I- 24 -I- - -
I o I I I
Apartment 12 month
|- 4 |- -I- -I-
I o I I I
o- (Stranger, et Antrewp,
0.68 H 18
Xylenes omes al. 2007) Belgium
-|I- 0.88 Schools I+ -I- 27
- 10.2 29.5 1 9.3 Buildings EU

(Zuraimi, et
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al. 2006)

G. G.
Mean Median Max Min  SD Environment Source Location ~ Samples
mean SD
. Liepzig,
- 2.7 1.4 7.8 Homes (SIEAITLS & Munchen, 2103
al. 2004)
Koln
(Eberlein-
-|I- 0 Home room 1 Konig, et al. Germany 6
2002)
-I- 13 1-2 - -I- -I-
-I- nd 1-3 - -I- -I-
-I- 2 {-4 - -I- -I-
-I- 3 i-5 - -I- -I-
-I- nd -I-6 - -I- -I-
-I- nd -7 - -I- -I-
-I- nd -I-8 - -I- -I-
-I- nd -II-9 - -I- -I-
-I- 2 {-10 - -I- -I-
-I- nd -1 - -I- -I-
-I- 4 {-12 - -I- -I-
- 1 J-13 1- - -
. (Schneider, et Erfurt
Il 1.9 0.79 homes al. 2001) (Germany) 204
Hamburg
-II- 1.9 1.2 homes -||- (Germany) 201
Kotzias, et Catania
-I- 4.17 1.35 Public buildings (al ?00'5) (October 9
' 2004)
. - Catania (May
- 474 7.09 Public buildings - 2004) 8
Athens
- 4.4 2.24 Public buildings II- (December 7
2003)
Athens
- 5.44 2.66 Public buildings - (October 14
2005)
. . Nijmegen
-||- 1.33 0.72 Public buildings [I- (March 2004) 3
Nijmegen
-|I- 1.2 0.78 Public buildings [I- (August 4
2006)
Nijmegen
-|I- 0.9 0.57 Houses [I- (August 2
2006)
R Arnchem
-|I- 0.78 0.29 Public buildings [I- (March 2004) 5
Arnchem
-|I- 0.72 0.18 Public buildings [I- (August 5
2006)
Arnchem
-|I- 1.14 0.76 Houses - (August 5
2006)
Thessalonica
- 713 5.56 Public buildings - (November 7
2004)
S Thessalonica
- 2.67 1.77 Public buildings - (May 2006) 7
Thessalonica
-||- 2.09 0.6 Houses [I- 8

(May 2006)
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Leipzig

-1 0.89 0.23 Public buildings - (April 2005) 10
G. G.
Mean Median Max  Min SD Environment Source Location  Samples
mean SD
Leipzig
-1 1.89 1.75 Houses II- (April 2005) 8
|- 0.74 021 Public buildings - Leipzig (July 9
I 9 2006)
Leipzig (Jul
-I- 0.96 1.2 Houses [I- e'g;'gs() i 7
Brussels
-1 1.29 0.36 Public buildings - (September 8
2004)
. - Brussels
-|I- 1.08 0.27 Public buildings [I- (March 2007) 8
Brussels
-|I- 1.4 0.44 Houses (B (March 2007) 3
Nicosia (Jul
- 14 0.66 Public buildings I- '°ZZ‘(;"4() i 3
Nicosia
-|I- 2.83 1.03 Public buildings [I- (January 12
2007)
Nicosia
-I- 5.01 6.74 Houses - Januar 9
y
2007)
Milan
- 3.8 1.85 Public buildings [I- (November 7
2002)
Bud t
|- 088 068 Public buildings B (M:ye;%f;) 12
Bud t
|- 097 0.46 Houses II- (M:y"’;%f;) 7
Helsinki
- 0.87 0.29 Public buildings - (August 11
2007)
- 1.63 1.06 Houses II- |- 12
Dublin (M
- 13 037 Public buildings B ! 2(')':)(7) d 1
Dublin (May
-||- 1.19 0.43 Houses - 2007) 7
M rt gall
useum art gaflery (Schieweck, Hanover,
- 10 department room
Ra2 et al. 2005) Germany
. . (Tumbiolo, et France,
43.6 Airport terminal al. 2004) south-east
Tumbiolo, et .
4.1 home, Flat bedroom (Tumbiolo, & Turin
al. 2004)
L (Tumbiolo, et )
2.4 Train with a/c al. 2005) Allessadria
(Tumbiolo, et .
4.1 home, Bedroom 1 al. 2005) Torino
3 (Tumbiolo, et .
. , Ki i
5.4 home, Kitchen Torino
al. 2005)
5.1 home, Living room (Tumbiolo, et Torino
: »Lving al. 2005)
1.4 home, Bedroom 2 (Tumbiolo, et Torino
) ’ al. 2005)
(Tumbiolo, et .
. s i
23 home, Bathroom Torino
al. 2005)
(Tumbiolo, et .
3 3 i
3.9 home, Bedroom 1 Torino
al. 2005)
. (Tumbiolo, et .
4.9 home, Kitchen al. 2005) Torino
3.8 home, Living room (Tumbiolo, et Torino
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al. 2005)
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G. G.
Mean Median Max  Min SD Environment Source Location  Samples
mean SD
(Tumbiolo, et .
2.4 home, Bedroom 2 Torino
al. 2005)
(Tumbiolo, et .
3.14 home, Bathroom al. 2005) Torino
home, Living room, (Tumbiolo, et N
133 during renovation al. 2005) Torino
014 home, kitchen, (Tumbiolo, et Torino
: during renovation al. 2005)
home, bedroom, (Tumbiolo, et N
11.2 T
during renovation al. 2005) orino
home, Living room, .
Tumbiolo, et .
0.66 after renovation (10 (Tumbiolo, e Torino
months) al. 2005)
home, kitchen, after .
. (Tumbiolo, et .
1.64 renovation (10 Torino
months) al. 2005)
home, bedroom, after .
. (Tumbiolo, et .
10.8 renovation (10 Torino
months) al. 2005)
1.16 Train no a/c (Tumbiolo, et Torino
) al. 2005)
. Lo . (Allou, et al.
0.5 0.3 0.1 0.4 University Libraries Strasbourg 20
2008)
NikoAoOmoOL Girona cities
bars+restaurants+sm
1.39 1.19 4.1 0.34 0.8 oke ov-Lrapdm (NE Spain) 21
2008) (fall)
NikoAomoOL Girona cities 41
bars+restaurants+sm
1.9 1.3 9.7 0.3 1.6 oke ov-Xtapdtn (NE Spain) bars+restaura
2008) (Sept-March) nts
(NworomoOA Girona cities 15
bars+restaurants (non
1 1 1.8 0.3 0.4 smoking) ov-Ztapdm (NE Spain) bars+restaura
9 2008) (Sept-March) nts
(NworomoOA Girona cities
bars+restaurants+sm
2.48 2.04 9.71 0.71 2.01 oke ov-Ztapdt (NE Spain) 20
2008) (winter)
Paris,
homes, Main (Billionnet, et _ans
22 112.3 <LD X mainland 490
dwellings al. 2011)
France
25 Printing shop (Sun, etal. Bari
2004)
- (Sun, et al. X
1.4 Print h B,
rinting shop 2004) ari
- (Sun, et al. X
14.3 Printing shop 2004) Bari
12.1 Printing shop (Sun, etal. Bari
2004)
(Delgado- London+East
2.02 18.6 0.1 2.95 home Saborit, et al. Midlands+ 155
2011) rural S.Wales
(Edwards, et L
1.88 2.46 23.9 2.6 H Helsinki
omes al. 2001) elsinki
Elke, et al.
3.42 Labolatories (Elke, eta Dusseldorf Laboratory 1
1998)
Elke, et al.
3.66 Labolatories ( 1998) Dusseldorf Laboratory 1
Elke, et al.
<0.8 Labolatories ( 1998) Dusseldorf Laboratory 2
. (Elke, et al.
4.47 Labolatories 1998) Dusseldorf Laboratory 2
Elke, et al.
18.1 Train ( 1998) Dusseldorf 2
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322

Car

(Elke, et al.
1998)

Dusseldorf

mean

SD

Mean

Median Max  Min SD

Environment

Source

Location

Samples

14

11.4

3.1

0.163

1.1

10.1

6.1

131

0.52

24

72

5.3

10.5

5.5

10

19

a7

40

139

10

16

41 0.03 55

0.005

0.3

0.7

0.4

0.03

0.02

0.4

0.4

0.4

Homes

homes

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car, Vehicle interior

Car park

Car park

Car park

Car park

Car park

Car park

Car park/diesel tank

Car park/diesel tank

Car park/diesel tank

(Elke, et al.
1998)

(Esplugues, et
al. 2010)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2007)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

Dusseldorf

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

352
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mean

G.

SD

Mean

Median

Max

Min

SD

Environment

Source

Location

Samples

49

48

112

31

53

120

22

22

52

17

16

39

326

250

309

370

332

318

53

12

23

52

Diesel tank rooms

Diesel tank rooms

Diesel tank rooms

Car park

Car park

Car park

Car park

Car park

Car park

Car park

Car park

Car park

Diesel tank rooms

Diesel tank rooms

Diesel tank rooms

Diesel tank rooms

Diesel tank rooms

Diesel tank rooms

Car park

Car park

Car park

Car park

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et
al. 2009)

(Esteve-
Turrillas, et

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia

Valencia
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al. 2009)

Mean Median Max  Min SD Environment Source Location  Samples
mean SD

(Esteve-
11 Car park Turrillas, et Valencia
al. 2009)

(Esteve-
25 Car park Turrillas, et Valencia
al. 2009)

(Hanninen, et

4.8 23 7.1 homes al. 2002)

Prague

(van Dartel
1.6 0.57 Office and Piersma  Rome (2007)
2011)

(van Dartel
1.6 0.59 Office and Piersma  Rome (2008)
2011)

(van Dartel
1.2 0.44 Office and Piersma  Rome (2009)
2011)

(llgen, et al.
2001)

0.68 Homes Hannover 23

(llgen, et al.

1.56 Homes 2001)

Hannover 29

(llgen, et al.

1.3 Homes Hannover 34
2001) v
(llgen, et al.
1. H H 12
3 omes 2001) annover

(llgen, et al.
2.4 Hom: Hannover 1
omes 2001) lannove 0
(llgen, et al.
2.4 Homes Hannover 11
2001)

(llgen, et al.

H, 2
2001) annover

6.2 Homes
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G. G.

Mean Median Max  Min SD Environment Source Location  Samples
mean SD
(ligen, et al.
11 Homes Hannover 2
2001)
(ligen, et al.
46.5 Homes 2001) Hannover 2
(llgen, et al.
11 Homes 2001) Hannover 2
1.9 Homes (llgen, et al. Hannover 2
2001)
ligen, et al.
1.4 Homes ( 92001) Hannover 2
ligen, et al.
2.2 Homes ( 92001) Hannover 2
not (ligen, et al.
measured Homes 2001) Hannover 2
ligen, et al.
13.4 Homes ( 92001) Hannover 2
ligen, et al.
0.93 Homes ( 92001) Hannover 22
1.8 Homes (igen, et al. Hannover 21
’ 2001)
1.37 214 1691 031 296 Homes (Houston Hannover 59
2011)
1.97 23 1281 094 185 Homes (Houston Hannover 56
2011)
X - (Zuraimi, et
10.2 29.5 1 9.3 Office Buildings EU
al. 2006)
Child Day Care (Virtanen, et .
1.4 1.9 1.4 6.4 0.4 Paris 28
Centers al. 2007)
Child Day Care (Virtanen, et .
1.3 1.8 13 5.6 0.4 P, 28
Centers al. 2007) ans
Child Day Care (Virtanen, et .
1.4 2.1 11 6.4 0.4 Paris 28
Centers al. 2007)
Child Day Care (Virtanen, et .
1.3 2.1 1.2 9 0.5 Paris 28
Centers al. 2007)
29 0.2 Office buidings (lostone Finland 520
2010)
(ligen, et al.
46.5 Homes Hannover 23
2001)
1.1 Homes g, el Hannover 96
2001)
ligen, et al.
1.9 Homes ( 92001) Hannover 29
(llgen, et al.
1.4 Homes 2001) Hannover 43
2.2 Homes Wgam, el Hannover 58
2001)
not (llgen, et al.
H H 57
measured omes 2001) annover
ligen, et al.
134 Homes ( 92001) Hannover 52
0.93 Homes (igen, et al. Hannover 34
’ 2001)
ligen, et al.
1.8 Homes ( 92001) Hannover 12
1.37 214 1691 031 296 Homes (Houston Hannover 51
2011)
197 23 12.81 0.94 1.85 Homes (e Hannover 50
2011)
14 18 14 64 04 Child Day Care (Virtanen, et Paris 28

122



Centers al. 2007)
G. G.
Mean Median Max  Min SD Environment Source Location  Samples
mean SD
Child Day Care (Virtanen, et .
1.3 1.8 13 5.6 0.4 Paris 28
Centers al. 2007)
Child Day Care (Virtanen, et .
1.4 2.1 11 6.4 0.4 Paris 28
Centers al. 2007)
Child Day Care (Virtanen, et )
1.3 21 1.2 9 0.5 Centers al. 2007) Paris 28
Athens,
. (Liu, et al. Aghia
118 204 5.7 64.6 fice Smokers' 520
otfice SmOkers 2011) Paraskevi
(July)
Athens,
174 196 152 31.4 office NON Smokers' (Liu, et al. Aghia X
2011) Paraskevi
(July)
printery industry -
Press section, urban
area with (Liu, et al. Athens,
16.1 19.4 13 34
intensevehicular 2011) center (May)
circulation, appr. 100
yr,
printery industry -
Bookbindery section,
9 0.9 a1 127 urban area with (Liu, et al. Athens,
: . : intensevehicular 2011) center (May)
circulation, appr. 100
yr,
printery industry -
Dispatch section,
173 20.9 136 516 .urban are§ with (Liu, et al. Athens,
intensevehicular 2011) center (May)
circulation, appr. 100
yr,
museum (glass,
wood, carpet, metals, (Liu, et al Athens,
15.5 18.3 10.7 2.93 formalin, wood) semi 20'11) ' Goudi (June- 20
open windows, no July)
AIC
Athens,
(Mahadevan, Aghia
3.56 6.93 1.36 2.18 H
ome etal. 2011) Paraskevi
(May)
Athens,
4.25 7.65 2.68 171 Home+smoke (Mahadevan, Aghia .
etal. 2011) Paraskevi
(May)
(Aackdrov L
1.49 25 2.37 hi Leipti 601
omes 2008) eiptig
(Tunggal and Erfurt
2.7 2.27 11.62 0.77 2.28 Homes, Living room Indonesia. (Eastern 20
2009) Germany)
(Tunggal and Erfurt
2.84 2.21 11.32 1.04 2.27 Homes, Living room Indonesia. (Eastern 20
2009) Germany)
(Tunggal and Erfurt
3.07 251 10.22 1.2 2.08 Homes, Living room Indonesia. (Eastern 20
2009) Germany)
2.1 Restaurant (vainiotalo, Helsinki
et al. 2008)
(Vainiotalo, L
7 Restaurant et al. 2008) Helsinki
0.83 Restaurant (vainiotalo, Helsinki
et al. 2008)
1.1 Restaurant (vainiotalo, Helsinki
et al. 2008)
(Vainiotalo, L
0.73 Restaurant Helsinki
et al. 2008)

123



(Vainiotalo,

1.4 Restaurant Helsinki
et al. 2008)
G. G.
Mean Median Max  Min SD Environment Source Location  Samples
mean SD
(Vainiotalo, .
1.4 Restaurant Helsinki
et al. 2008)
1.1 Restaurant (vainiotalo, Helsinki
et al. 2008)
(Vainiotalo, .
1.9 Restaurant Helsinki
. et al. 2008) i
(Vainiotalo, .
11 Restaurant Helsinki
. et al. 2008) i
(Vainiotalo, .
15 19 7 0.73 1.9 Restaurant Helsinki 20
et al. 2008)
1.8 Restaurant (vainiotalo, Helsinki
et al. 2008)
6.6 Restaurant (Vainiotalo, Helsinki
et al. 2008)
0.85 Restaurant (vainiotalo, Helsinki
et al. 2008)
0.78 Restaurant (vainiotalo, Helsinki
et al. 2008)
(Vainiotalo, L
0.55 Restaurant Helsinki
et al. 2008)
1.3 Restaurant (Vainiotalo, Helsinki
et al. 2008)
(Vainiotalo, L
0.69 Restaurant et al. 2008) Helsinki
(Vainiotalo, L
0.42 Restaurant Helsinki
et al. 2008)
(Vainiotalo, .
0.6 Restaurant Helsinki
et al. 2008)
(Vainiotalo, L
0.96 Restaurant Helsinki
et al. 2008)
iniotalo, L
0.99 15 6.6 0.42 19 Restaurant  (/ainiotalo Helsinki 20
et al. 2008)
(Virtanen, et -
1.9 13 homes Birminghamn 64
al. 2007) 9
1.4 12 6.3 0.4 11 homes+smoke (Virtanen, et Birminghamn 32
: : : : : al. 2007) 9
(Virtanen, et A
25 2.2 6 1 13 homes+ no smoke Birminghamn 32
al. 2007) 9
1.8 0.6 offices (Virtanen, et Birminghamn 12
: : al. 2007) 9
(Virtanen, et A
6 2.9 restaurants Birminghamn 6
al. 2007)
6.9 11.2 pubs (V;.tz:%;ft Birminghamn 6
(Virtanen, et .
35 25 department stores Birminghamn 8
al. 2007)
X (Virtanen, et A
5.9 5.3 cinemas Birminghamn 6
al. 2007)
2.4 0.3 perfume shops (Virtanen, et Birminghamn 3
al. 2007)
33 27 libraries (Virtanen, et Birminghamn 6
: : al. 2007) 9
(Virtanen, et .
0.8 0.3 labs Birminghamn 6
al. 2007)
train station (waiting  (Virtanen, et A
w5 81 area+platforms)?? al. 2007) Birminghamn 12
coach station (Virtanen, et
3.5 1.3 (waiting ! Birminghamn 12

area+platforms)

al. 2007)
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Virt: , et -
54.2 33.6 cars ( ;;%?7)6 Birminghamn 36

Mean Median Max  Min SD Environment Source Location  Samples
mean SD

(Virtanen, et

8 8.3 trains al. 2007)

Birminghamn 18

(Virtanen, et A
8.6 4.1 buses Birminghamn 18
al. 2007)
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Appendix 2 - Time activity patterns
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Table 16. Time activity pattern for adult males andfemales during the working days

Adult Males Adult Females
N/N Location/ Activity | Duration Level Location / Activity | Duration | Level
(h) (h)
1 Sleep 7 1 Sleep 7 1
2 Breakfast/Shower 1 2 Breakfast/Shower 1 2
3 Transport 0.75 2 Transport 0.5 2
4 Work 8.25 3 Work 7.5 3
5 Transport 0.75 2 Transport 0.5 2
6 Dinner 1.25 2 Shopping 1 2
7 Shopping 0.5 3 Housekeeping 1 3
8 Sport 0.5 2 Dinner 1 2
9 Home resting 1 3 Walking 1 3
10 Reading 1 1 Home resting 15 1
11 Sleep 1 1 Reading 1 1
12 Sleep 1 1 Sleep 1 1
Table 17. Time activity pattern for adult males andfemales during the weekends
Adult Males Adult Females
N/N Location/Activity Duration Level Location/Activity Duration Level
(h) (h)
1 Sleep 8 1 Sleep 8 1
2 Breakfast/Shower 1 2 Breakfast/Shower 1 1
3 Shopping 2 3 Shopping 2 3
4 Gardening 1 3 Gardening 1 3
5 Lunch 1 2 Lunch 1 2
6 Social life 3 2 Social life 3 2
7 Reading 1 1 Reading 1 1
8 Diner 1 2 Diner 1 2
9 Car driving 1 2 Car driving 1 2
10 Social life 3 2 Social life 3 2
11 Car driving 1 2 Car driving 1 2
12 Sleeping 1 1 Sleeping 1 1
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Table 18. Time activity pattern for children during the working days

Children below 1 years of age Children between ®114 years of age
N/N Location Duration Level Duration | Level
(h) (h)
1 Sleep 7 1 Sleep 7 1
2 Breakfast 1 2 Breakfast/Shower 1 2
3 Lie/Playing 3 2 To school 1 2
4 Sleep 1 1 School 8 2
5 Lunch 1 2 To home 1 2
6 Travelling 1 1 Dinner 1 2
7 Sleep 1 1 Sport 1 3
8 Lie/Playing 1 2 Watching TV 1 1
9 Lie/Playing 1 2 Sleeping 1 1
10 Dinner 1 2 Sleeping 1 1
11 Lie/playing 1 1 Sleeping 0.5 1
12 Sleeping 5 1 Sleeping 0.5 1

Table 19. Time activity pattern for children aged 3to 14 during the weekends

\ Children below 1 years of age Children betweent® 14 years of age
N/N Location/Activity | Duration Level Location/Activity | Duration | Level
(h) (h)
1 Sleep 7 1 Sleep 8 1
2 Breakfast 1 2 Breakfast/Shower 1 2
3 Lie/Playing 3 2 Sport 3 3
4 Sleep 1 1 Lunch 1 2
5 Lunch 1 2 Social life 4 2
6 Travelling 1 1 Diner 1 2
7 Sleep 1 1 Watching TV 2 1
8 Lie/Playing 1 2 Sleeping 1 1
9 Lie/Playing 1 2 Sleeping 1 1
10 Dinner 1 2 Sleeping 1 1
11 Lie/playing 1 1 Sleeping 0.5 1
12 Sleeping 5 1 Sleeping 0.5 1
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Appendix 3 - Activity related inhalation rates, bod/weight and
biokinetics parameters distributions
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Table 20. Inhalation rates based on the intensityfactivity for the several age groups

Inhalation rates (m°/h)
Age Gender Resting/sleeping Light Moderate Heavyxercise
0-1 Female 0.120 0.160 0.270 0.550
0-1 Male 0.120 0.160 0.270 0.550
03-08 Female 0.233 0.307 0.673 1.267
03-08 Male 0.233 0.307 0.673 1.267
09-14 Female 0.326 0.388 1.180 2.240
09-14 Male 0.354 0.420 1.220 2.360
15-64 Female 0.335 0.395 1.300 2.650
15-64 Male 0.435 0.510 1.450 2.950
Table 21. Distribution of activities according to heir severity level (resting, light, moderate and gavy)
ACT_ 1 ACT_2 ACT_3 ACT 4
Resting Light Moderate Heavy
Other reading Activities related to employment @grior pets Other sports outdoor activities
Radio and music Computer and video games Cleaniediidg Walking and hiking
Reading books Eating Construction and repairs
Resting Entertainment and culture Dish washing
Sleep Free time study Food preparation
TV and video Homework Gardening
Informal help to other households Handicraft
Organizational work Ironing
Other computing Laundry
Other domestic travel Main and second job
Other personal care Other domestic work
Other social life Other hobbies and games
Participatory activities Other household upkeep
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Physical care supervision of child

Shopping andises

School and university

Tending domestic animals

Teaching reading talking with child

Walking thegdo

Transporting a child

Travel related to leisure

Travel related to shopping

Travel related to study

Travel to from work

Unspecified leisure

Unspecified time use

Unspecified travel

Visits and feasts
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Table 22. Bodyweight distributions definition per exposed group and country

Male Female Child 0-1 Child 3-14 Male Female Child 0-1 Child 3-14
Mean 78 64 6.1 33.3 mean 75.7 61.2 7 30.1
1 | Belgium STD 3 3.61 2.22 9 10 | switzerland STD 11.8 10.3 2.5 7.5
Max 88 75.1 12.9 61.1 max 112.2 93 14.7 53.3
Min 66 52.8 0.7 5.5 min 39.2 29.4 1.92 6.9
Mean 78.6 66.4 6.9 32.7 mean 80 67 6.1 33.2
2 | cyprus STD 3 5.1 2.5 8.4 1 | uk STD 13.8 12.6 2.3 6.9
Max 87.9 82.2 14.6 58.7 max 123 105.9 13.2 54.5
Min 69.3 50.6 0.9 6.7 min 38 28.1 1.1 11.9
Mean 75.8 64.3 6.92 24 mean 68 58.2 7 29.1
3 | czech STD 13.5 12.3 2.45 12.4 12 | Hungary STD 13.6 12.1 25 8.2
Max 117.5 102.3 14.6 62.3 max 110 95.6 14.7 54.4
Min 34.1 26.3 0.6 2.5 min 26 20.8 1.92 3.8
Mean 81.2 66.4 7.6 25.8 mean 83 67.8 6.1 33.2
4 | Finland STD 13.8 12.6 2.2 6.6 13 | Ireland STD 13.2 12.6 2.3 6.9
Max 123.9 105.3 14.4 46.2 max 123.8 106.7 13.2 54.5
Min 38.6 27.5 0.8 5.4 min 43.2 28.9 1.1 11.9
Mean 74.8 61 6.1 26.6 mean 75.7 61.2 7.9 31.6
5 | Erance STD 2.7 3.2 2.3 2.8 14 | Netherlands STD 11.8 10.3 2.2 6.8
Max 84.7 70.9 13.2 35.3 max 112.2 93 14.7 52.6
Min 64.9 51.1 0.9 18 min 39.2 29.4 1.6 10.6
Mean 75.8 64.3 6.1 26.6 mean 79.3 66.8 7 30.4
6 | Germany STD 13.5 12.3 2.3 2.8 15 | Poland STD 14.9 14 2.5 8
Max 117.5 102.3 13.2 35.2 max 125.3 110.1 14.7 55.1
Min 34.1 26.3 0.6 18 min 33.3 23.5 1.92 5.7
Mean 78.6 66.4 7.9 32.2 mean 75.7 62.5 6.1 33.2
7 | Greece STD 3 5.1 1.9 7.5 16 | Portugal STD 2.6 5.1 2.3 10.3
Max 87.9 82.2 13.8 55.4 max 83.7 78.2 13.2 65
Min 69.3 50.6 2 9 min 67.7 46.7 1.9 3.1
Mean 72.8 60.8 6.9 33.8 mean 79.3 66.8 7 31.8
8 | Italy STD 11.8 11.1 2.5 8.3 17 | Romania STD 14.9 14 2.5 8.7
Max 109.3 95.1 14.6 8.2 max 125.3 110.1 14.7 4.9
Min 36.3 26.5 1.1 59.5 min 33.3 23.5 1.92 58.7
mean 75.7 62.5 6.1 33.2 mean 79.3 66.8 7 30.5
9 | Spain STD 2.6 5.1 2.3 10 18 | Slovenia STD 14.9 14 2.5 8
max 83.7 78.3 13.2 64.1 max 125.3 110.1 14.7 55.2
min 67.7 46.7 1.1 33.2 min 33.3 23.5 1.92 5.8
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Table 23. Important biokinetics parameters

Variable name mean min max STD
Bone marrow Vpax (Hmol/h/kg) 14 0.03 29 4.8
Liver V max (umol/h/kg) 15 0.18 30 5
Quenc (I/h/kg) 18 9.2 26 25
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Appendix 4 - Assumed concentration distribution
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Table 24. Assumed concentration distribution for Bazene (inpg/m?)

Location
Country Homes Schools/kindergartens offices/public building bars/cafes/restaurants/shops train/bus/car/taxi (@door
Mean Max Min SD Mean Max Min SD Mean Max Min SD Mean Max Min SD Mean Max Min SD Mean
Belgium 6.3 33.0 0.8 4.1 3.7 25 39| 15 0.4 3.0 275 34
Cyprus 4.6 3.1 5.6 15 0.6 4.3 96| 17 1.2 4.9 16.0 25
Czech 8.0 36.2 1.2 4.6 4.8 7.6 8.4 27.1 45
Finland 2.2 17.1 0.1 1.9 0.9 1.1 0.8 0.1 0.9 13| 07 0.1 2.8 61| 11 0.8 7.6 2.0
France 4.6 58.4 0.1 5.8 9.0| 1033 0.3 10.6 0.2 19| 0.0 0.2 4.9 16.0 4.0
Germany 35| 141 0.6 1.8 1.1 18 0.6 02| 25 39| 15| 04| 37 16.7 2.0
Greece 8.1 66.2 0.5 7.4 5.3 10.7 2.4 13| 223 79.4| 47| 104 8.6 28.2 6.0
Hungary 11.0 6.5 25.8 1.2 3.3 1.9 27| 12 02| 117 38.3 6.0
Ireland 1.6 5.5 0.4 0.7 1.9 2.6 1.3 0.2 2.2 29| 18 2.2 2.0 5.6 3.0
Italy 6.8 241.7 0.0 211 3.1 4.4 2.1 0.4 5.0 171 11 2.2 6.1 0.6 3.0
Netherlands 6.7 18.8 2.0 25 3.1 8.1 1.0 1.1 2.8 62| 1.2 0.8 7.1 23.3 3.0
Poland 28.8| 404.4 0.6 39.3 17.0 271 30.5 100.4 6.0
Portugal 5.2 4.2 9.0 1.7 1.1 5.8 4.1 78| 20 0.9 9.2 41
Romania 7.9 24.0 2.1 3.2 4.6 10.3 20.1 18.1 8.0
Slovenia 2.2 4.8 0.9 0.6 25 3.6 4.2 7.7 7.0
Spain 4.0 88.7 0.0 7.9 6.0 7.9 3.0 11.9| 05 15 16.9 63.0| 3.3 8.2 45
Switzerland 3.0 27.4 0.2 3.0 1.8 2.8 3.2 10.5 2.0
UK 7.2 127.5 0.1 11.8 4.3 16.4 3248 | 12| 293| 174 316.5| 0.2 29.1 67.1 12790| 07| 1164 2.0
Average 6.8 76.9 0.6 7.7 4.6 17.2 1.3 1.9 7.0 412| 15 4.3 8.1 856 | 1.0 8.1 24.3 671.0| 2.0 62.3 4.1
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Table 25. Assumed concentration distribution for Téuene (in pg/m)

Location
Country Homes Schools/kindergartens offices/public building bars/cafes/restaurants/shops train/bus/car/taxi @door
Mean Max Min SD Mean Max Min SD Mean Max Min SD Mean Max Min SD Mean Max Min SD Mean
Belgium 9.4 62.0 0.8 7.3 4.4 10.3 46.5 1.5 5p 6.72 67.0 10.2
Cyprus 36.4 607.5 0.5 56.8 7.0 13.6 88.3 11 410. 79.3 64.2 7.5
Czech 47.3 920.1 0.5 83.5 9.1 5.0 16.3 1p 2[1 03.1 83.4 135
Finland 16.4 247.4 0.3 23.6 3.2 5.4 190.4 0p .61 121 42.0 2.7 5.5 28.9 6.0
France 20.1 522.5 0.1 45.7 7.0 26. 13)8 34 318 511 24 2.6 43.8 35.4 12.0
Germany 317 509.1 0.5 48.0 6.1 6.4 76.5 0f2 7\8 69.1 54.9 6.0
Greece 35.1 1,542.7 0.0 140.1 6.9 76(7 256)9 7 1. 33.7 26.7 61.9 18.0
Ireland 6.1 10.0 35 1.0 1.2 3.6 11.0 .9 1.4 .313 10.8 18.0
Italy 77.6 626.6 45 70.1 14.9 11.6 281.0 A1 724 246.6 7.6 9.0
Netherlands 8.9 84.1 0.4 9.0 1.7 4.7 33.2 0/4 8 3 194 15.7 9.0
Poland 58.4 513.8 2.9 56.2 11.2 337 127.3 103.0 9.0
Spain 16.2 175.5 0.6 18.2 3.1 25.6 20.p 67|1 4.6 8.8 64.3 179.0 19.0 23.3 18.0
Switzerland 19.5 108.0 21 13.2 3.8 118 425 34.4 12.3
UK 31.3 456.7 0.6 44.0 6.0 46.7 1,031.8 0.3 9117 55.3 753.1 1.2 73.7 67.1 2,229.3 0.2 194{0 24,
Average 29.6 456.1 1.2 44.0 6.1 26.4 13.9 3.4 185 1857 3 2. 183 63.2 287.4 2.8 29.3 49.9 1,204.1 6 108.7 231
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Table 26. Assumed concentration distribution for Ehylbenzene inpg/m®

Location
Country Homes Schools/kindergartens offices/public building bars/cafes/restaurants/shops train/bus/car/taxi @door
Mean Max Min SD Mean | Max Min SD Mean | Max Min SD Mean Max Min SD Mean Max Min SD Mean
Belgium 0.6 11 0.6 0.6 31.5 2.4
Czech 9.1 89.8 0.3 1.7 2.5 6.3 17 8 1.
Finland 2.9 25.4 0.2 2.8 0.5 0.8 1.7 6.1 0{3 0.8 5.6 3.2
France 3.1 270.1 - 44.2 13 74 0.] (0] 2|2 405 21 6.0 14
Germany 3.2 32.0 0.1 34 0.6 3.6 2.1 16 2.8
Greece 7.7 38.4 1.0 4.8 1.4 2.3 9.8 4 1.2 5|3 15.0 14
ltaly 10.7 98.4 0.5 10.6 1.9 1.9 4.5 0.f 0l6 317 0.9 4.2
Poland 40.3 805.3 0.4 72.7 7.3 11 277 8.37 4.2
Switzerland 2.7 12.9 0.3 1.6 0.5 0.7 1.4 35 21
Spain 2.3 40.9 0.03 4.3 0.4 0.4 2. 10.p 02 1.3 9.1 51.6 1.0 6.3 21
UK 2.2 17.0 0.1 1.9 0.4 35 71.1 0.3 6.4 5. 122 0.03 10.8 17.3 243.7 0.4 23.7 21
Average 7.7 143.0 0.3 16.3 15 74 0.1 b 21.80.4 2.2 6.6 46.4 0.2 43 18.4 147 4 0.f 15| 2.5




Table 27. Assumed concentration distribution for Xyene pg/m®

Location
Country Homes Schools/kindergartens offices/public building bars/cafes/restaurants/shops train/bus/car/taxi @door
Mean Max Min SD Mean Max Min SD Mean Max Min SD Mea| Max Min SD Mean Max Min SD Mean
Belgium 3.9 9.7 1.4 12 35 4.1 9.9 15 9.9 4.1 11.7 6.8
Cyprus 12.8 141.4 0.4 14.6 4.2 7.7 253 1.8 3[3 65 29.5 5.0
Czech 28.6 275.4 1.2 294 9.3 33.5 14.4 .0 66 9.0
Finland 7.8 86.4 0.3 8.9 3.0 190. 0 21.0 g .392 0.0 18.3 6.5 23.9 1.3 3.1 11.0 4.0
France 7.6 345.1 0.0 31.6 4.8 32.( 169 4 4.0 1.4 0.4 3.8 17.5 8.0
Germany 9.2 113.1 0.2 11.3 3.0 31 7.5 1.0 10 6 4 64.5 4.0
Greece 114 26.1 4.4 3.3 3.7 106.8 507.0 14.8 064 57 26.3 12.0
Hungary 4.1 12.0 1.2 1.6 1.3 3.1 10.6 0.7 14 12 9.5 12.0
Ireland 3.6 8.1 14 1.0 1.2 3.8 10.0 13 1P 14 8.3 6.0
ltaly 48.0 430.8 2.3 46.8 15.6 94 343.7 0.0 030, 7.6 6.0 6.0
Netherlands 3.2 17.2 0.4 21 1.0 3.2 23.0 0.2 72 16 7.4 6.0
Switzerland 10.6 53.4 14 6.7 3.4 12.4 5.3 245 12.0
Spain 6.6 114.0 0.1 10.5 21 7.7 6.3 48 455 34.6 173.0 45 215 8.2
UK 5.8 1714 0.0 14.9 19 34 77.1 0.0 6. 49 211 0.0 10.7 18.6 268.4 0.3 26. 16.0
Average 11.7 128.9 1.0 13.1 4.1 111.0 00 19.0 14. 110.4 1 2 12.6 5.4 64.5 0.6 6.4 23.9 220.Y 2.4 23(8 8.7

13¢



Appendix 5 - Benzene exposure and internal dose dnal
variability
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Belgium

Exposed group: Infants in Belgium

Exposed group: Children 3 14 years of age in Belgium
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Figure 24. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Belgium
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Cyprus

Exposed group: Infants in Gyprus
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Figure 25. Benzene exposure (yl-axis) and interndbse (y2-axis) for a representative week for all pulation groups in Cyprus
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Czech Republic

Exposed group: Infants in Czech Republic
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Figure 26. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Czech Republic
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Finland

Exposed group: Infants in Finland
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Figure 27. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Finland
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France
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Figure 28. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in France
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Germany

Exposed group: Infants in Germany
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Figure 29. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Germany
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Greece

Exposed group: Infants in Greece
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Figure 30. Benzene exposure {yaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Greece
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Hungary

Exposed group: Infants in Hungary
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Figure 31. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Hungary



Ireland

Exposed group: Infants in Ireland
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Figure 32. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Ireland
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Exposed group: Infants in Italy
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Figure 33. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Italy
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Netherlands

Exposed group: Infants in Metherlands
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Figure 34. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Netherlands
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Poland
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Figure 35. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Poland
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Portugal

Exposed group: Infants in Partugal Exposed group:Ghildren 3 14 years of age in Portugal
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Figure 36. Benzene exposure {yaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Portugal
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Romania
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Figure 37. Benzene Exposure (yaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Romania
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Slovenia

Exposed group: Infants in Slovenia
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Figure 38. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all populatiorgroups in Slovenia
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Exposed graup: Infants in Spain Exposed group: Children 3 14 years of age in Spain
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Figure 39. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all exposed gups in Spain
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Switzerland

Exposed group: Infants in Switzerland
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Figure 40. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all exposed gups in Switzerland
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UK

Exposed group: Infants in UK
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Figure 41. Benzene exposure {Aaxis) and internal dose (y-axis) for a representative week for all exposed gups in UK
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Appendix 6 — Toluene, ethylbenzene and xylenes exquve diurnal

variability
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Belgium

Exposed group: Infants in Belgium

Exposed graup: Children 3 14 years of age in Belgium
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Figure 42. Toluene, ethylbenzene and xylenes exposwliurnal variability for a representative week for all population groups in Belgium
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Figure 43. Toluene, ethylbenzene and xylenes exposwliurnal variability for a representative week for all population groups in Cyprus
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Czech Republic

Exposed group: Infants in Czech Exposed group: Children 3 14 years of age in Czech
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Figure 44. Toluene, ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in Czech Republic
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Finland

Exposed group: Infants in Finland
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Figure 45. Toluene, ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in Finland
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France

Exposed group: Infants in France Exposed group: Children 3 14 years of age in France
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Figure 46. Toluene, ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in France
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Germany

Exposed group: Infants in Germany Exposed group: Children 3 14 years of age in Germany
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Figure 47. Toluene, ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in Germany
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Greece

Exposed group: Infants in Greece Exposed group: Children 3 14 years of age in Greece
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Figure 48. Toluene, ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in Greece
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Hungary

Exposed group: Infants in Hungary Exposed group: Children 3 14 years of age in Hungary
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Figure 49. Toluene, ethylbenzene and xylenes exposwliurnal variability for a representative week for all population groups in Hungary
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Exposed group: Infants in reland

Exposed group: Children 3 14 years of age in Ireland
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Figure 50. Toluene, ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in Ireland



Italy
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Figure 51. Toluene, ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in Italy
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Netherlands

Exposed group: Infants in Metherlands

Exposed group: Children 3 14 years of age in Netherlands
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Figure 52. Toluene, ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in Netherlands



Poland

120

Exposed group: Infants in Poland

100

80~

@
=]
T

Ethylbenzene
Toluene

Exposure pgf

40 =

140

i 1
80 100 120
Time th)

Exposed group: Adult Females in Paland
T

140 160 180

@
=]
T

Exposure pgf

@
=)

40—

0+

Ethylbenzene
Toluene

Figure 53. Toluene,

| 1
80 100 120
Time th)

I I
140 160 180

Exposure ugfrr@

Exposure ugfrr@

120

100

Exposed group: Children 3 14 years of age in Paland

Ethylbenzene
Toluene

140

20

Time ()

|
oo

I
120

Exposed group: Adult Males in Paland
T T T T

I |
140 160 180

120+

Ethylbenzene
Toluene

Time ()

|
80 100

I
120

I !
140 160 180

ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in Poland

17C



Poland

120

Exposed group: Infants in Poland

100

80~

Exposure pgf
@
g
T

40 =

Ethylbenzene
Toluene

140

i
60 80 1
Time th)

Exposed group: Adult Fem
T

|
oo 120

ales in Poland

140 160 180

@
=]
T

Exposure pgf

@
=)

40—

0+

Ethylbenzene
Toluene

Figure 54. Toluene,

|
60 80 10
Time th)

ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in Poland

|
o 120

I I
140 160 180

Exposure ugfrr@

Exposure ugfrr@

120

100

Exposed group: Children 3 14 years of age in Paland

Ethylbenzene
Toluene

140

20

Time ()

|
oo

I
120

I |
140 160 180

120+

Exposed group: Adult Males in Paland
T T T T

Ethylbenzene
Toluene

Time ()

|
80 100

I
120

I !
140 160 180

171



Spain

Exposed group: Infants in Spain Exposed group: Children 3 14 years of age in Spain
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Figure 55. Toluene, ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in Spain
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Exposed group: Adult Females in Switzerland Exposed group: Adult Males in Switzerland
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Figure 56. Toluene, ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in Switzerland
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UK
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Figure 57. Toluene, ethylbenzene and xylenes exposwiurnal variability for a representative week for all population groups in UK
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Appendix 7 - Exposure and uptake to BTEX in the EU
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Figure 58. Whisker plots for benzene exposure andptake for infants
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Figure 59. Whisker plot for toluene exposure and ugake for infants
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Figure 60. Whisker plot for ethyl-benzene exposurand uptake for infants
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Figure 61. Whisker plot for xylenes exposure and ugke for infants
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Children aged 3 to 14
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Figure 63. Whisker plots for toluene exposure andptake, for children aged 3 to 14
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Exposed group children 3 - 14 years old
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Figure 64. Whisker plots for ethylbenzene exposurand uptake, for children aged 3 to 14
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Figure 65. Whisker plots for xylene exposure and ugke, for children aged 3 to 14

184



Adult females

Exposed group adult females

400+

3E0 -

300 -

280 -

200 -

1580 |

Exposurs to benzene in pgir?

100+

50 H

HaelddBs

lo.

IR

(-1

PL

BE

Fl

T

5P 5w RO DE GR

Exposed group adult females

I I
FR CZ CY HU PO

50+

45+

40+

&

30

25+

20-L1

Uptake to benzene in pofkgdd

ho s

)24

ML 3L

B

BE

Fl

IT

I
SF 5w RO DE GR FR CZI CY H

I
U F

Figure 66. Whisker plots for benzene exposure andptake, for adult females

8]

185



Exposure to toluene in pgfm?

Uptake to toluene in pofkgdd

250

200

150

100

a0

1000

900

800

700

B00

500

400

300

200

100

Exposed group adult females

Js0HGE

I I I
PL BE FI T SF SW RO D

Exposed group adult females

a0 _

PL BE FI IT &SP 5w RO DE

Figure 67. Whisker plots for toluene exposure andptake, for adult females
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Exposed group adult females
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Figure 68. Whisker plots for ethylebenzene exposur@nd uptake, for adult females
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Figure 69. Whisker plots for xylene exposure and upke, for adult females
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Exposed group: adult males
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Figure 70. Whisker plots for benzene exposure andptake, for adult males
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Exposed group adult males
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Figure 71. Whisker plots for toluene exposure andptake, for adult males
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Exposed group adult males
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Figure 72. Whisker plots for ethylebenzene exposur@nd uptake, for adult males
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Appendix 8 — Exposure, uptake and internal dose tdbs for BTEX
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Table 28. Exposure to Benzene for all groups ipg/m®

Infants
P5
P50
P95
Min
Max
Mean

FR
0.1
4.2
455
0.1
58.3
11.3

cz
15
9.9
32.3
1.2
36.1
12.7

CcYy
2.5
25

25
2.5
25
2.5

HU
6.0
6.0

6.0
6.0
6.0
6.0

PO
2.7
2.7

2.7
2.7
2.7
2.7

Children 3 to
14

P5
P50
P95
Min
Max
Mean

FR
0.1
4.2
455
0.1
58.3
11.0

cz
15
9.9
32.3
1.2
36.1
12.7

CcYy
25
25

25
25
25
2.5

HU
5.7
5.7

5.7
5.7
5.7
5.7

PO
2.6
2.6

2.6
2.6
2.6
2.6

Adult
females

P5
P50
P95
Min
Max
Mean

FR
0.1
4.2

455
0.1

58.3

11.0

1.5
9.6
32.0
1.2
36.2
12.7

CcYy
24
24

24
2.4
24
2.4

HU
4.6
4.6

4.6
4.6
4.6
4.6

PO
2.7
2.7

2.7
2.7
2.7
2.7

Adult males
P5

P50

P95

Min

Max

Mean

FR
0.1
4.2
455
0.1
58.3
11.0

cz
15
9.6
32.0
1.2
36.2
12.7

CcYy
25
25

25
25
2.5
2.5

HU
4.8
4.8

4.8
4.8
4.8
4.8

PO
2.8
2.8

2.8
2.8
2.8
2.8
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Table 29. Exposure to Toluene for all groups irmg/m3

Infants UK IR NL SL PL BE RO

P5 0.2 1.0 0.1 0.0 0.7 0.8 0.2 0.4 1.3 1.6 0.0
P50 9.1 2.7 24 0.0 125 3.6 2.9 13.0 45 5.2 0.0
P95 107.2 5.4 215 0.0 130.4 19.3 52.6 155.2 44.3 22.7 0.0
Min 0.2 0.4 0.1 0.0 0.7 0.4 0.2 0.4 0.2 0.7 0.0
Max 297.6 8.4 455 0.0 295.5 46.6 138.2 4187 107.7 545, 00
Mean 25.0 2.9 5.4 0.0 316 6.1 11.2 37.9 11.0 7.8 0.0
Children 3 to

14 UK IR NL SL PL BE RO

P5 0.2 0.6 0.4 0.0 21 0.8 0.2 05 0.7 0.6 0.0
P50 5.7 1.4 1.3 0.0 7.6 2.4 1.6 75 3.1 3.0 0.0
P95 50.2 2.8 10.4 0.0 63.4 9.8 26.9 73.6 20.9 15.4 0.0
Min 0.2 0.3 0.1 0.0 0.8 0.4 0.2 05 0.2 0.3 0.0
Max 137.3 37 235 0.0 137.0 18.1 68.6 176.5 47.3 305 0.0
Mean 12.9 15 2.8 0.0 16.3 3.4 6.0 18.7 5.6 4.9 0.0
Adult

females UK IR NL SL PL BE RO

P5 15 0.6 0.3 0.0 2.2 0.9 0.1 2.1 0.9 0.9 0.0
P50 9.1 15 1.6 0.0 7.2 2.7 2.3 8.7 35 3.0 0.0
P95 52.5 2.8 8.7 0.0 50.4 8.6 21.0 60.7 17.6 12.7 0.0
Min 0.2 0.3 0.2 0.0 1.2 0.4 0.1 0.7 05 0.4 0.0
Max 127.9 3.8 18.4 0.0 100.8 15.8 53.6 133.9 37.5 240 0.0
Mean 15.8 16 2.7 0.0 14.1 3.4 5.2 16.8 5.6 4.4 0.0
Adult males UK IR NL SL PL BE RO

P5 1.4 05 0.7 0.0 21 0.8 0.1 1.9 1.2 0.9 0.0
P50 10.0 13 23 0.0 7.0 26 2.2 8.1 37 2.9 0.0
P95 53.3 26 9.2 0.0 47.6 8.2 19.6 57.8 16.8 11.9 0.0
Min 0.1 0.3 0.3 0.0 1.2 0.4 0.1 0.7 05 0.4 0.0
Max 123.7 3.4 185 0.0 97.9 15.2 51.3 124.8 35.9 225 0 0
Mean 15.9 1.4 3.2 0.0 13.6 3.3 5.0 16.0 5.4 42 0.0
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Table 30. Exposure to ethylbenzene for all groupsipg/m®

Infants UK IR NL SL PL BE FI IT SP SwW RO DE GR FR cz cYy HU PO
P5 0.2 0.0 0.0 0.0 0.4 0.2 0.2 0.1 0.0 0.3 0.0 0.3 04 0.0 0.1 0.0 0.0 0.0
P50 15 0.0 0.0 0.0 5.9 0.6 1.0 21 0.9 0.9 0.0 13 24 0.0 2.3 0.0 0.0 0.0
P95 6.2 0.0 0.0 0.0 154.7 1.2 5.5 25.0 10.0 3.2 0.0 9.3 11.9 4.0 24.2 0.0 0.0 0.0
Min 0.0 0.0 0.0 0.0 0.4 0.2 0.0 0.1 0.0 0.1 0.0 0.1 0.2 0.0 0.1 0.0 0.0 0.0
Max 15.0 0.0 0.0 0.0 551.7 19 11.9 69.2 27.8 6.0 00 512 22.7 131.2 73.2 0.0 0.0 0.0
Mean 2.1 0.0 0.0 0.0 31.8 0.7 1.6 6.1 2.3 1.2 0.0 2.6 7 3. 1.4 5.7 0.0 0.0 0.0
Children 3 to

14 UK IR NL SL PL BE FlI IT SP SwW RO DE GR FR Ccz cY HU PO
P5 0.1 0.0 0.0 0.0 0.4 0.2 0.1 0.1 0.1 0.2 0.0 0.2 03 0.0 0.1 0.0 0.0 0.0
P50 0.9 0.0 0.0 0.0 3.1 0.5 0.6 1.3 0.6 0.7 0.0 0.8 14 0.0 15 0.0 0.0 0.0
P95 3.7 0.0 0.0 0.0 75.6 1.0 2.9 11.7 4.7 2.3 0.0 45 06 1.9 12.0 0.0 0.0 0.0
Min 0.0 0.0 0.0 0.0 0.4 0.2 0.1 0.1 0.0 0.1 0.0 0.1 01 0.0 0.1 0.0 0.0 0.0
Max 8.3 0.0 0.0 0.0 268.7 15 5.1 314 11.1 4.1 0.0 9.0 125 63.6 34.1 0.0 0.0 0.0
Mean 1.2 0.0 0.0 0.0 16.1 0.6 0.9 2.9 1.2 0.9 0.0 1.3 0 2 0.8 3.1 0.0 0.0 0.0
g?rl:gles UK IR NL SL PL BE FI IT SP Ssw RO DE GR FR (04 CY HU PO
P5 0.2 0.0 0.0 0.0 0.5 0.2 0.1 0.3 0.1 0.1 0.0 0.2 03 0.0 0.3 0.0 0.0 0.0
P50 1.2 0.0 0.0 0.0 3.9 0.5 0.5 1.2 0.4 0.5 0.0 0.8 1.2 0.0 11 0.0 0.0 0.0
P95 43 0.0 0.0 0.0 57.5 0.9 22 9.3 3.6 1.8 0.0 35 7 4. 15 8.5 0.0 0.0 0.0
Min 0.0 0.0 0.0 0.0 0.5 0.2 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.0 0.1 0.0 0.0 0.0
Max 9.9 0.0 0.0 0.0 168.0 0.9 3.9 20.9 8.1 29 0.0 74 81 48.5 20.5 0.0 0.0 0.0
Mean 1.6 0.0 0.0 0.0 12.5 0.5 0.7 2.5 0.9 0.7 0.0 1.1 7 1 0.5 2.2 0.0 0.0 0.0
Adult males UK IR NL SL PL BE FI IT SP sw RO DE GR FR Ccz CY HU PO
P5 0.2 0.0 0.0 0.0 0.5 0.2 0.1 0.3 0.1 0.1 0.0 0.2 03 0.0 0.3 0.0 0.0 0.0
P50 1.2 0.0 0.0 0.0 3.8 0.5 0.5 11 0.5 0.5 0.0 0.7 1.2 0.0 11 0.0 0.0 0.0
P95 4.4 0.0 0.0 0.0 55.3 0.8 2.0 8.7 34 17 0.0 34 5 4. 14 8.1 0.0 0.0 0.0
Min 0.0 0.0 0.0 0.0 0.5 0.1 0.1 0.1 0.0 0.0 0.0 0.1 01 0.0 0.1 0.0 0.0 0.0
Max 10.5 0.0 0.0 0.0 166.6 0.9 3.7 19.3 7.8 2.7 0.0 70 75 45.8 191 0.0 0.0 0.0
Mean 1.6 0.0 0.0 0.0 12.0 0.5 0.7 2.4 0.9 0.6 0.0 1.1 6 1. 0.5 2.2 0.0 0.0 0.0
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Table 31. Exposure to ethylbenzene for all groupsiipg/m®

Infants UK IR NL SL PL BE FI IT SP SwW RO DE GR FR cz cYy HU PO
P5 0.1 0.6 0.2 0.0 0.0 0.6 0.1 0.3 0.1 0.0 0.0 0.3 12 01 0.4 0.2 0.6 0.0
P50 21 17 14 0.0 0.0 1.8 2.0 10.4 1.8 0.0 0.0 2.9 9 3. 0.1 74 2.8 1.8 0.0
P95 35.0 3.9 5.6 0.0 0.0 45 20.2 104.5 25.6 0.0 0.0 329 102 59.9 68.1 28.6 5.0 0.0
Min 0.1 0.2 0.1 0.0 0.0 0.2 0.1 0.3 0.1 0.0 0.0 0.3 06 0.1 0.4 0.2 0.2 0.0
Max 99.9 6.9 12.0 0.0 0.0 9.2 47.9 336.7 88.2 0.0 00 828 16.4 230.1 233.9 66.2 8.8 0.0
Mean 6.8 1.9 1.9 0.0 0.0 2.1 4.9 25.2 5.9 0.0 0.0 7.2 6 4. 104 16.8 7.0 2.2 0.0
Children 3 to

14 UK IR NL SL PL BE FI IT SP Sw RO DE GR FR Ccz CcY HU PO
P5 0.1 0.3 0.2 0.0 0.0 0.4 0.1 0.4 0.1 0.6 0.0 0.6 08 0.1 0.5 0.2 0.4 0.0
P50 11 0.9 0.8 0.0 0.0 11 1.3 4.7 15 21 0.0 2.2 24 1.0 4.8 1.8 11 0.0
P95 15.7 2.0 29 0.0 0.0 25 11.7 50.6 12.0 8.5 0.0 614. 58 28.3 35.0 17.0 2.8 0.0
Min 0.1 0.1 0.1 0.0 0.0 0.2 0.1 0.4 0.1 0.3 0.0 0.3 04 01 0.5 0.2 0.2 0.0
Max 48.9 2.8 5.2 0.0 0.0 4.4 315 107.2 35.6 16.8 00 083 8.8 91.0 108.2 52.6 4.8 0.0
Mean 3.5 1.0 1.1 0.0 0.0 1.3 2.9 12.6 3.1 3.0 0.0 4.0 7 2. 5.4 9.4 4.5 1.3 0.0
ﬁa?rlljgles UK IR NL SL PL BE FlI IT SP SwW RO DE GR FR Ccz cYy HU PO
P5 0.1 04 0.2 0.0 0.0 04 0.1 0.2 04 0.6 0.0 0.5 14 01 1.3 0.5 0.4 0.0
P50 1.6 0.9 0.9 0.0 0.0 1.0 1.0 5.3 16 2.1 0.0 1.8 55 0.8 4.6 1.9 11 0.0
P95 13.1 1.9 2.8 0.0 0.0 2.1 8.4 40.5 9.8 7.1 0.0 10.7 22.2 21.3 27.0 13.6 2.6 0.0
Min 0.1 0.2 0.1 0.0 0.0 0.2 0.1 0.2 0.2 0.4 0.0 0.3 06 0.1 0.7 0.2 0.2 0.0
Max 38.4 2.9 54 0.0 0.0 3.0 22.6 103.7 24.2 12.9 00 572 415 65.4 56.6 28.1 3.8 0.0
Mean 3.3 1.0 1.1 0.0 0.0 1.1 2.2 10.8 2.8 2.7 0.0 3.0 7 7. 4.1 7.8 3.7 1.3 0.0
Adult males UK IR NL SL PL BE FI IT SP sw RO DE GR FR Ccz CY HU PO
P5 0.1 0.3 0.3 0.0 0.0 0.3 0.1 0.1 0.4 0.6 0.0 0.5 14 01 1.3 0.5 0.4 0.0
P50 15 0.9 0.9 0.0 0.0 0.9 0.9 52 15 2.0 0.0 1.7 56 0.7 45 1.8 11 0.0
P95 12.4 1.9 2.7 0.0 0.0 2.0 7.9 38.2 9.5 6.8 0.0 104 23.0 19.7 26.3 12.9 24 0.0
Min 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.2 0.4 0.0 0.3 06 0.1 0.7 0.2 0.2 0.0
Max 36.4 2.7 53 0.0 0.0 2.9 219 100.3 22.4 12.1 00 442 42.9 61.4 54.0 27.2 3.6 0.0
Mean 3.2 1.0 1.2 0.0 0.0 1.0 2.1 10.3 2.7 2.6 0.0 3.0 9 7. 3.8 7.7 3.6 1.2 0.0




Table 32. Uptake to Benzene for all groups ipng/kg/d

Infants UK IR NL SL PL BE FI IT SP SwW RO DE GR FR cz cYy HU PO
P5 0.0 0.3 0.7 0.4 0.5 0.5 0.2 0.0 0.0 0.3 0.8 0.4 05 0.1 0.5 25 6.0 2.7
P50 37 1.0 25 1.2 5.4 25 1.0 0.0 13 11 29 1.7 23 16 3.0 25 6.0 2.7
P95 32.2 24 7.3 24 90.9 115 4.3 41.9 20.1 5.6 9.1 6 5. 178 15.4 12.8 25 6.0 2.7
Min 0.0 0.1 0.3 0.2 0.5 0.2 0.1 0.0 0.0 0.2 0.3 0.1 02 01 0.2 25 6.0 2.7
Max 91.9 45 13.2 3.8 244.8 29.3 11.3 182.2 62.6 11.2 661 11.6 35.5 36.6 28.1 25 6.0 2.7
Mean 8.2 1.1 3.1 1.3 19.8 3.7 1.4 7.2 4.2 1.8 3.7 2.2 8 4. 3.7 4.3 2.5 6.0 2.7
Children 3 to

14 UK IR NL SL PL BE FI IT SP SwW RO DE GR FR Ccz cY HU PO
P5 0.1 0.2 0.5 0.3 0.9 0.5 0.1 0.1 04 0.2 0.6 0.3 04 0.3 0.5 25 5.7 2.6
P50 25 0.6 14 0.8 2.3 15 0.5 0.8 12 0.8 18 1.0 1.7 19 1.9 25 5.7 2.6
P95 18.4 14 24 15 4.3 5.6 2.2 18.6 9.6 3.9 4.9 2.9 39 8.9 7.0 25 5.7 2.6
Min 0.1 0.1 04 0.2 0.7 0.2 0.0 0.1 0.1 0.1 0.3 0.1 02 0.1 0.3 25 5.7 2.6
Max 48.3 2.0 31 25 6.0 12.1 4.0 74.2 26.4 7.6 9.9 44 21.9 22.2 14.3 25 5.7 2.6
Mean 5.0 0.7 1.4 0.8 2.4 2.0 0.8 3.5 2.4 1.2 2.1 1.2 29 28 2.6 2.5 5.7 2.6
Adult females UK IR NL SL PL BE Fl IT SP SwW RO DE GR FR cz CcY HU PO
P5 0.5 0.2 0.5 0.3 16 0.3 0.1 0.0 0.3 0.1 0.6 0.3 06 0.2 0.5 24 4.6 2.7
P50 4.3 0.5 13 0.7 4.7 1.2 0.5 0.6 11 0.7 1.8 0.9 23 07 1.6 24 4.6 2.7
P95 195 11 34 13 34.3 4.4 1.8 15.7 7.6 31 4.4 23 84 55 5.2 24 4.6 2.7
Min 0.1 0.1 0.2 0.2 0.8 0.2 0.1 0.0 0.1 0.1 0.3 0.1 02 0.1 0.3 24 4.6 2.7
Max 47.6 1.6 51 1.9 78.6 7.1 34 52.4 18.3 5.8 7.1 34 17.7 12.0 9.2 24 4.6 2.7
Mean 6.3 0.5 1.5 0.7 9.1 1.6 0.7 3.0 2.0 1.0 2.0 1.0 31 15 2.0 2.4 4.6 2.7
Adult males UK IR NL SL PL BE FI IT SP Sw RO DE GR FR cz CY HU PO
P5 0.6 0.2 0.5 0.3 15 0.3 0.1 0.0 0.3 0.1 0.6 0.3 06 0.2 0.5 25 4.8 2.8
P50 4.6 0.5 13 0.7 4.6 1.2 0.5 0.5 1.0 0.6 1.6 0.9 24 07 1.6 25 4.8 2.8
P95 20.6 1.0 33 13 32.9 4.2 1.7 15.0 7.2 3.0 2.8 22 84 5.2 5.0 25 4.8 2.8
Min 0.0 0.1 0.2 0.2 0.8 0.2 0.1 0.0 0.1 0.1 0.5 0.1 02 0.1 0.3 25 4.8 2.8
Max 50.7 15 4.9 1.7 77.2 6.8 3.1 48.3 17.0 5.4 35 3.3 16.8 11.2 8.7 25 4.8 2.8
Mean 6.6 0.5 1.5 0.7 8.7 1.6 0.6 2.9 1.9 1.0 1.6 1.0 31 14 2.0 2.5 4.8 2.8
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Table 33. Uptake to Toluene for all group inug/kg/d

Infants UK IR NL SL PL BE FI IT SP SwW RO DE GR FR cz cYy HU PO
P5 1.6 5.9 14 0.0 7.4 3.9 17 48 3.7 8.9 0.0 3.0 34 21 45 3.5 0.0 0.0
P50 30.2 8.9 8.3 0.0 44.8 12.3 10.8 50.4 13.7 17.7 0.0 16.9 34 6.8 21.3 20.1 0.0 0.0
P95 321.7 10.3 62.8 0.0 3724 51.1 164.6 449.4 1251 661 0.0 338.3 836.2 317.7 585.4 397.8 0.0 0.
Min 1.6 44 14 0.0 7.4 3.9 17 48 21 8.3 0.0 3.0 34 21 45 3.5 0.0 0.0
Max 479.3 10.4 78.1 0.0 475.4 60.0 227.9 574.7 1683 .071 0.0 468.7 1414.9 480.3 846.4 558.9 0.0 0.
Mean 76.5 8.6 17.5 0.0 98.8 18.3 36.0 118.5 32.9 246 0 0. 713 133.8 59.1 116.7 84.5 0.0 0.0
Children 3 to

14 UK IR NL SL PL BE FI IT SP SwW RO DE GR FR Ccz CcY HU PO
P5 34 5.4 2.2 0.0 11.3 6.2 31 7.5 4.6 5.8 0.0 5.4 5 6. 34 8.3 6.3 0.0 0.0
P50 28.3 7.5 7.0 0.0 37.3 121 9.4 43.1 14.2 15.2 00 511 6.5 101 20.0 17.9 0.0 0.0
P95 2231 8.4 44.3 0.0 264.9 39.0 116.4 316.3 91.2 62.4 0.0 235.2 575.6 223.0 411.9 280.6 0.0 0.4
Min 34 43 2.2 0.0 11.3 6.2 31 7.5 3.4 5.1 0.0 5.4 5 6. 34 8.3 6.3 0.0 0.0
Max 418.0 8.5 55.5 0.0 336.5 45.2 160.4 403.4 1236 572. 0.0 329.1 987.7 341.2 593.3 392.6 0.0 0.
Mean 60.6 7.3 13.3 0.0 74.8 16.2 27.1 88.2 26.6 22.7 0.0 53.9 98.9 45.1 86.3 62.5 0.0 0.0
Adult females UK IR NL SL PL BE Fl IT SP SW RO DE GR FR Ccz cY HU PO

P5 7.8 6.9 3.3 0.0 22.0 7.9 24 12.8 11.3 8.9 0.0 6.3 10.0 5.2 10.0 7.6 0.0 0.0
P50 61.1 9.0 10.0 0.0 46.0 16.7 13.2 54.8 19.1 17.7 0.0 221 38.8 11.4 26.4 26.3 0.0 0.0
P95 264.4 105 44.4 0.0 2555 41.0 114.1 310.7 90.9 6 61. 0.0 223.6 557.4 207.3 381.2 262.6 0.0 0.
Min 3.0 5.2 2.7 0.0 22.0 7.0 24 12.8 9.0 8.3 0.0 6.3 001 5.2 10.0 7.6 0.0 0.0
Max 487.1 11.1 58.3 0.0 321.4 53.0 1825 432.4 1212 071 0.0 321.3 970.3 316.2 555.9 382.6 0.0 0.
Mean 90.2 8.9 15.1 0.0 80.5 19.6 29.5 94.2 31.1 24.6 0.0 52.9 110.3 42.7 83.0 63.4 0.0 0.0
Adult males UK IR NL SL PL BE FI IT SP Sw RO DE GR FR cz CY HU PO
P5 7.4 6.6 7.0 0.0 22.0 7.9 2.6 12.6 11.6 9.3 0.0 6.9 10.7 5.4 10.8 8.2 0.0 0.0
P50 63.2 8.7 13.7 0.0 46.0 16.7 13.6 54.8 20.7 18.0 0.0 225 39.3 11.5 27.0 26.9 0.0 0.0
P95 2714 10.3 48.2 0.0 2555 41.0 114.1 308.1 90.9 461. 0.0 223.1 555.6 205.6 378.5 262.1 0.0 0.
Min 2.3 48 6.4 0.0 22.0 7.0 2.6 12.6 9.3 8.7 0.0 6.9 071 5.4 10.8 8.2 0.0 0.0
Max 510.2 10.9 62.2 0.0 321.4 53.0 1854 434.8 1226 .770 0.0 320.2 966.7 3134 551.5 381.6 0.0 0.
Mean 94.9 8.6 18.9 0.0 80.5 19.6 30.0 94.0 32.0 24.8 0.0 53.3 111.8 42.6 83.3 64.0 0.0 0.0




Table 34. Uptake to Ethylbenzene for all group img/kg/d

Infants UK IR NL SL PL BE FI IT SP SwW RO DE GR FR cz cYy HU PO
P5 0.7 0.0 0.0 0.0 3.8 2.0 0.7 0.7 0.2 1.2 0.0 0.9 19 03 11 0.0 0.0 0.0
P50 5.2 0.0 0.0 0.0 18.5 2.0 34 8.7 25 35 0.0 4.4 109 0.3 7.7 0.0 0.0 0.0
P95 15.3 0.0 0.0 0.0 497.8 2.0 15.0 715 28.6 7.7 00 462 31.8 12.6 65.8 0.0 0.0 0.0
Min 0.2 0.0 0.0 0.0 3.8 2.0 0.5 0.7 0.2 0.9 0.0 0.9 16 0.3 11 0.0 0.0 0.0
Max 25.3 0.0 0.0 0.0 741.1 2.0 17.8 90.4 38.5 8.4 00 013 35.9 246.5 83.0 0.0 0.0 0.0
Mean 6.4 0.0 0.0 0.0 101.0 2.0 5.2 19.2 6.9 3.8 0.0 7.6 12.1 4.4 17.4 0.0 0.0 0.0
Children 3 to

14 UK IR NL SL PL BE FI IT SP SwW RO DE GR FR Ccz CcY HU PO
P5 0.8 0.0 0.0 0.0 6.9 2.7 0.9 11 0.6 11 0.0 14 22 05 1.8 0.0 0.0 0.0
P50 4.8 0.0 0.0 0.0 17.2 2.7 2.9 6.1 2.8 3.6 0.0 3.8 9 6. 0.5 6.3 0.0 0.0 0.0
P95 14.7 0.0 0.0 0.0 350.2 2.7 10.9 50.9 20.3 8.1 00 801 22.9 9.1 46.8 0.0 0.0 0.0
Min 0.3 0.0 0.0 0.0 6.9 2.7 0.8 11 0.3 0.8 0.0 14 19 05 1.8 0.0 0.0 0.0
Max 24.9 0.0 0.0 0.0 519.2 2.7 12.7 63.4 28.5 8.8 00 172 25.8 172.8 58.7 0.0 0.0 0.0
Mean 5.8 0.0 0.0 0.0 74.4 2.7 4.1 13.8 5.4 3.9 0.0 6.0 3 9 3.9 13.1 0.0 0.0 0.0
Adult females UK IR NL SL PL BE Fl IT SP SW RO DE GR FR Ccz cY HU PO
P5 1.6 0.0 0.0 0.0 9.4 2.8 1.0 2.2 0.7 1.2 0.0 21 28 0.6 21 0.0 0.0 0.0
P50 8.0 0.0 0.0 0.0 18.9 2.8 2.9 7.5 2.8 35 0.0 4.4 8 7. 0.6 6.3 0.0 0.0 0.0
P95 19.7 0.0 0.0 0.0 3254 2.8 10.4 48.0 19.3 7.7 00 761 21.9 8.6 43.9 0.0 0.0 0.0
Min 04 0.0 0.0 0.0 9.4 2.8 0.9 1.6 04 0.9 0.0 21 18 0.6 21 0.0 0.0 0.0
Max 38.2 0.0 0.0 0.0 481.0 2.8 12.2 60.3 26.6 8.4 00 102 25.8 160.5 55.0 0.0 0.0 0.0
Mean 8.9 0.0 0.0 0.0 71.6 2.8 4.0 14.1 5.3 3.8 0.0 6.5 6 9 3.2 12.6 0.0 0.0 0.0
Adult males UK IR NL SL PL BE FI IT SP Sw RO DE GR FR cz CY HU PO
P5 1.6 0.0 0.0 0.0 9.4 2.8 1.0 21 0.7 1.2 0.0 2.3 3.0 0.7 2.3 0.0 0.0 0.0
P50 8.4 0.0 0.0 0.0 18.9 2.8 2.9 7.4 3.0 35 0.0 45 0 8. 0.7 6.5 0.0 0.0 0.0
P95 21.8 0.0 0.0 0.0 3254 2.8 10.3 47.5 19.2 7.6 00 761 22.1 8.6 43.7 0.0 0.0 0.0
Min 04 0.0 0.0 0.0 9.4 2.8 0.9 15 04 0.9 0.0 2.3 20 07 2.3 0.0 0.0 0.0
Max 424 0.0 0.0 0.0 481.0 2.8 12.1 59.7 26.9 8.3 00 102 25.9 159.0 54.7 0.0 0.0 0.0
Mean 9.6 0.0 0.0 0.0 71.6 2.8 4.0 13.9 5.4 3.8 0.0 6.6 8 9 3.3 12.7 0.0 0.0 0.0
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Table 35. Uptake to Xylene for all groups img/kg/d

Infants UK IR NL SL PL BE FI IT SP SwW RO DE GR FR cz cYy HU PO

P5 0.7 2.9 1.2 0.0 0.0 2.9 0.9 2.6 0.6 0.0 0.0 3.1 64 1.1 41 1.9 2.6 0.0
P50 5.6 6.0 5.2 0.0 0.0 6.6 6.4 34.0 7.1 0.0 0.0 9.3 015 4.2 21.7 10.9 7.0 0.0
P95 107.9 7.8 14.6 0.0 0.0 9.4 61.6 308.6 77.1 0.0 0.0 817 24.3 187.6 197.7 101.3 11.4 0.0
Min 0.7 19 0.9 0.0 0.0 2.0 0.9 2.6 0.6 0.0 0.0 3.1 56 1.1 41 1.9 2.0 0.0
Max 165.6 8.0 16.3 0.0 0.0 9.7 79.8 394.9 109.8 0.0 0.0 106.5 255 317.3 255.5 131.0 11.9 0.0
Mean 21.0 5.8 6.3 0.0 0.0 6.4 15.8 79.6 17.8 0.0 0.0 621. 15.2 31.8 51.2 26.2 7.0 0.0
Children 3 to

14 UK IR NL SL PL BE FI IT SP SwW RO DE GR FR Ccz CcY HU PO

P5 15 2.8 15 0.0 0.0 34 11 5.9 2.2 4.2 0.0 5.0 6.6 1.6 7.4 34 2.8 0.0
P50 6.4 4.9 4.3 0.0 0.0 6.0 6.7 27.8 7.8 10.5 0.0 9.3 251 6.0 19.7 9.7 5.8 0.0
P95 74.6 6.2 10.8 0.0 0.0 7.9 46.7 218.8 55.6 32.7 0.0 59.6 19.0 136.6 141.9 71.6 9.0 0.0
Min 15 21 13 0.0 0.0 2.8 11 5.9 14 3.9 0.0 5.0 6.0 1.6 7.4 34 24 0.0
Max 123.3 6.3 12.0 0.0 0.0 8.2 94.2 278.8 82.3 37.1 0.0 76.8 19.8 222.9 182.1 93.1 9.3 0.0
Mean 16.7 4.7 5.0 0.0 0.0 5.9 13.2 58.7 14.6 13.7 0.0 917 127 24.6 40.1 20.3 5.9 0.0
Adult females UK IR NL SL PL BE Fl IT SP SW RO DE GR FR Ccz cY HU PO

P5 2.7 3.8 21 0.0 0.0 3.6 1.2 2.6 3.6 6.5 0.0 5.1 713. 22 13.0 3.9 3.9 0.0
P50 9.7 5.9 5.9 0.0 0.0 6.2 6.2 344 8.9 12.4 0.0 9.2 203 4.3 24.4 10.9 6.8 0.0
P95 75.5 7.5 12.0 0.0 0.0 8.2 43.2 211.3 53.9 32.9 0.0 574 108.9 126.8 138.1 69.7 9.9 0.0
Min 1.6 24 1.3 0.0 0.0 2.6 1.2 2.6 2.8 6.2 0.0 4.4 88 22 13.0 3.0 2.7 0.0
Max 117.1 8.1 16.1 0.0 0.0 9.3 85.1 321.2 79.0 37.0 0.0 723 130.9 206.5 175.4 90.7 11.2 0.0
Mean 18.7 5.8 6.3 0.0 0.0 6.1 12.8 60.9 15.5 15.3 0.0 217 441 22.9 43.5 20.8 6.9 0.0
Adult males UK IR NL SL PL BE FI IT SP Sw RO DE GR FR cz CY HU PO

P5 2.3 3.8 24 0.0 0.0 3.6 1.2 24 3.6 6.8 0.0 5.9 113. 22 14.4 4.2 3.7 0.0
P50 10.5 6.0 6.4 0.0 0.0 6.2 6.4 34.8 9.8 12.6 0.0 9.9 344 4.3 25.6 12.0 6.7 0.0
P95 74.8 7.5 12.4 0.0 0.0 8.3 43.8 209.3 54.1 33.0 0.0 57.7 119.5 125.6 138.2 69.6 9.8 0.0
Min 11 24 17 0.0 0.0 2.6 1.2 24 2.8 6.5 0.0 5.2 9.1 22 14.4 3.3 24 0.0
Max 118.1 8.2 16.8 0.0 0.0 9.4 88.1 325.6 80.6 37.0 0.0 725 142.1 204.5 175.2 90.6 111 0.0
Mean 18.9 5.8 6.8 0.0 0.0 6.1 12.9 61.1 16.0 15.5 0.0 917 473 22.8 44.5 21.2 6.7 0.0
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Table 36. Benzene venous concentration for all exped groups inng/L

Infants UK IR NL SL PL BE FI IT SP Sw RO DE GR FR cz cY HU PO

P5 14E-04 20E-03 44E-03 3.3E-03 1.7E-03 2.6E-03 E®Z 8.2E-05 1.9E-04 4.7E-03 45E-03 18E-03 23E-03.4E-04 3.2E-03 4.8E-03 1.1E-02 5.4E-p3
P50 1.2E-02 53E-03 15E-02 6.5E-03 3.0E-02 13E-02 E®S 8.2E-05 4.3E-03 1.0E-02 17E-02 94E-03 13E-07.3E-03 1.7E-02 8.3E-03 2.0E-02 9.4E-p3
P95 16E-01 10E-02 34E-02 9.9E-03 50E-01 53E-02 E®2 25E-01 1.1E-01 3.6E-02 4.2E-02 25E-02 9BE-07.8E-02 59E-02 1.1E-02 25E-02 1.2E-p2
Min 14E-04 48E-04 22E-03 15E-03 1.7E-03 1.0E-03 ED4 8.2E-05 1.9E-04 3.1E-03 22E-03 85E-04 84E-03.4E-04 15E-03 3.8E-03 9.2E-03 4.2E-p3
Max 3.0E-01 1.3E-02 4.6E-02 1.2E-02 9.4E-01 7.8E-02 E®3 5.7E-01 20E-01 5.7E-02 6.0E-02 34E-02 1.6E-014E-01 8.6E-02 1.2E-02 28E-02 1.3E2
Mean 3.5E-02 5.7E-03 1.7E-02 6.5E-03 1.1E-01 1.9E-02 E-D8 4.2E-02 2.2E-02 14E-02 20E-02 1.1E-02 2.2ZE-01.9E-02 2.2E-02 8.1E-03 1.9E-02 9.1E-p3
Children 3 to

14 UK IR NL SL PL BE FlI IT SP Sw RO DE GR FR cz cY HU PO

P5 3.5E-04 23E-03 7.0E-03 3.7E-03 1.2E-02 2.0E-03 E®3 3.1E-04 52E-04 1.1E-03 55E-03 21E-03 23E-04.9E-04 3.3E-03 49E-03 1.2E-02 5.6EP3
P50 9.1E-03 5.5E-03 1.2E-02 6.9E-03 2.0E-02 1.3E-02 E®3 6.0E-03 4.5E-03 6.9E-03 1.7E-02 9.3E-03 1.2E-07.4E-03 1.7E-02 8.4E-03 2.0E-02 9.7E-3
P95 16E-01 1.0E-02 16E-02 1.0E-02 26E-02 5.3E-02 E®D2 24E-01 1.1E-01 4.0E-02 43E-02 24E-02 923E-07.7E-02 509E-02 1.1E-02 2.6E-02 1.2E-p2
Min 3.5E-04 8.8E-04 55E-03 1.9E-03 9.1E-03 1.3E-03 E®8 3.1E-04 52E-04 4.2E-04 26E-03 7.9E-04 1.3E-049E-04 16E-03 4.0E-03 9.3E-03 4.5E-P3
Max 29E-01 13E-02 1.7E-02 1.3E-02 29E-02 7.9E-02 E®3 5.7E-01 20E-01 6.5E-02 6.0E-02 34E-02 1.6E-014E-01 8.6E-02 1.2E-02 29E-02 14E-p2
Mean 3.4E-02 5.9E-03 1.2E-02 7.0E-03 2.0E-02 1.8E-02 E-D8 4.2E-02 2.2E-02 12E-02 20E-02 1.1E-02 2.2ZE-01.9E-02 2.2E-02 8.2E-03 2.0E-02 9.4E-p3
g?rl:gles UK IR NL SL PL BE FI IT SP SwW RO DE GR FR (04 CcY HU PO

P5 7.9E-03 3.8E-03 1.2E-02 509E-03 34E-02 9.7E-03 E€32 1.7E-03 5.3E-03 4.6E-03 16E-02 75E-03 1.3E-06.5E-03 1.2E-02 8.4E-03 1.8E-02 7.4E-P3
P50 7.1E-02 7.0E-03 2.2E-02 1.0E-02 7.1E-02 2.0E-02 E®8 6.0E-03 16E-02 10E-02 28E-02 1.3E-02 28E-01.3E-02 25E-02 14E-02 3.2E-02 13EP2
P95 3.5E-01 1.1E-02 3.9E-02 1.4E-02 4.1E-01 5.2E-02 ED2 1.8E-01 809E-02 36E-02 50E-02 28E-02 82ZE-065E-02 59E-02 1.8E-02 4.3E-02 16Ep2
Min 9.3E-04 2.1E-03 7.3E-03 4.0E-03 2.6E-02 6.3E-03 EDE@ 1.7E-03 1.7E-03 3.0E-03 1.0E-02 4.5E-03 7.9E-04.3E-03 8.0E-03 6.7E-03 16E-02 57E-P3
Max 7.0E-01 1.4E-02 5.0E-02 1.6E-02 7.7E-01 7.4E-02 E®2 4.4E-01 18E-01 56E-02 6.6E-02 3.0E-01 14E-01.1E-01 8.2E-02 20E-02 29E-01 18E-p2
Mean 1.1E-01 7.2E-03 2.3E-02 9.9E-03 1.3E-01 24E-02 E-DP 34E-02 2.7E-02 14E-02 3.0E-02 1.5E-02 3.2E-02.1E-02 2.9E-02 1.4E-02 3.2E-02 1.2E-p2
Adult males UK IR NL SL PL BE FI IT SP Sw RO DE GR FR Ccz CcY HU PO

P5 7.9E-03 3.8E-03 1.1E-02 509E-03 33E-02 9.7E-03 E€©32 1.3E-03 25E-02 4.6E-03 16E-02 7.2E-03 1.3E-06.4E-03 1.3E-02 84E-03 1.9E-02 7.4E-P3
P50 7.0E-02 7.0E-03 2.2E-02 1.0E-02 7.1E-02 2.0E-02 E®3 5.7E-03 2.5E-02 1.0E-02 2.7E-02 1.4E-02 2B8E-01.3E-02 25E-02 14E-02 33E-02 13EPp2
P95 3.5E-01 1.1E-02 3.9E-02 1.4E-02 4.1E-01 5.2E-02 E®2 18E-01 25E-02 3.6E-02 3.3E-02 27E-02 8.BE-065E-02 58E-02 1.8E-02 4.2E-02 1.6E-p2
Min 9.8E-04 2.1E-03 7.3E-03 4.0E-03 2.6E-02 6.3E-03 ED2 0 0 3.0E-03 1.2E-02 4.6E-03 7.9E-03 4.2E-031E&3 6.7E-03 1.6E-02 5.7E-0B
Max 6.9E-01 1.4E-02 5.0E-02 1.6E-02 7.7E-01 7.3E-02 E®2 43E-01 18E-01 56E-02 3.7E-02 34E-02 14E-01.1E-01 8.2E-02 20E-02 82E-02 18Ep2
Mean 1.1E-01 7.2E-03 2.3E-02 9.9E-03 1.3E-01 24E-02 EDP 3.4E-02 2.9E-02 14E-02 26E-02 15E-02 38E-02.1E-02 2.9E-02 1.4E-02 3.2E-02 1.2E-p2
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Table 37. Concentration of toxic metabolites in maow barrow in pg/L

Infants UK IR NL SL PL BE Fl IT SP SwW RO DE GR FR cz cY HU PO

P5 14E-03 1.6E-02 3.6E-02 2.1E-02 1.5E-02 3.8E-02 ED2 7.86-04 21E-03 28E-02 3.7E-02 23E-02 22ZE-03.7E-03 8.2E-03 2.0E-02 7.3E-02 3.6E-p2
P50 16E-01 4.4E-02 9.8E-02 4.8E-02 24E-01 1.0E-01 E49@3 7.8E-04 53E-02 7.3E-02 12E-01 7.2E-02 8.8E-06.5E-02 1.2E-01 3.9E-02 15E-01 7.4Ep2
P95 14E+00 1.1E-01 26E-01 1.0E-01 3.7E+00 4.8E-01 ED® 1.8E+00 8.6E-01 2.7E-01 3.6E-01 2.7E-01 6.4E-06.8E-01 6.7E-01 6.2E-02 2.8E-01 14Ep1l
Min 14E-03 4.0E-03 1.0E-02 7.9E-03 1.5E-02 6.5E-03 ED3 7.8E-04 2.1E-03 9.6E-03 1.1E-02 6.6E-03 6.9E-03.7E-03 8.2E-03 1.1E-02 27E-02 1.6E-p2
Max 5.2E+00 4.1E-01 8.9E-01 2.3E-01 1.1E+01 3.2E+00 E4#00 1.6E+01 5.1E+00 9.1E-01 8.7E-01 1.6E+00 2.0E+®B.1E+00 3.9E+00 1.3E-01 6.0E-01 3.0EP1
Mean 3.4E-01 5.1E-02 1.2E-01 5.4E-02 83E-01 17E-01 E®Z 3.1E-01 19E-01 10E-01 15E-01 1.0E-01 1.9E-01.7E-01 2.1E-01 4.0E-02 16E-01 7.8E-p2
Children 3 to

14 UK IR NL SL PL BE FI IT SP SwW RO DE GR FR Ccz CcY HU PO

P5 29E-03 6.6E-03 1.6E-02 9.9E-03 2.6E-02 1.3E-02 E®% 19E-03 1.1E-02 5.0E-03 1.6E-02 1.0E-02 2PRE-09.7E-03 1.7E-02 1.3E-02 27E-02 1.2E-p2
P50 5.6E-02 14E-02 3.0E-02 2.0E-02 53E-02 3.4E-02 ED2 24E-02 3.0E-02 1.7E-02 4.2E-02 25E-02 4.BE-05.0E-02 4.8E-02 25E-02 6.1E-02 2.6E-p2
P95 3.9E-01 2.6E-02 5.0E-02 3.6E-02 9.7E-02 1.0E-01 E4€2 3.4E-01 17E-01 7.2E-02 9.5E-02 5.5E-02 1.7E-02.0E-01 1.7E-01 4.9E-02 12E-01 5.1E-p2
Min 29E-03 3.1E-03 7.5E-03 4.1E-03 1.3E-02 5.1E-03 ED3 19E-03 4.3E-03 25E-03 6.2E-03 3.4E-03 6.3E-03.9E-03 6.3E-03 5.6E-03 1.2E-02 5.4E-p3
Max 1.1E+00 7.1E-02 9.7E-02 1.0E-01 23E-01 4.2E-01 E®% 22E+00 6.4E-01 25E-01 3.3E-01 1.0E-01 6.7E-05.9E-01 1.1E+00 1.9E-01 5.1E-01 2.1E-p1
Mean 1.1E-01 15E-02 3.1E-02 2.1E-02 5.7E-02 4.3E-02 EDZ 6.3E-02 4.9E-02 26E-02 4.7E-02 2.8E-02 6.2E-07.0E-02 7.1E-02 2.8E-02 6.5E-02 2.8E-p2
g?rl:gles UK IR NL SL PL BE FI IT SP sw RO DE GR FR (04 CcY HU PO

P5 15E-02 4.8E-03 1.2E-02 7.5E-03 3.7E-02 8.3E-03 E&3 1.3E-03 1.0E-02 4.7E-03 1.7E-02 7.4E-03 1BE-04.3E-03 1.3E-02 9.8E-03 1.6E-02 1.1EP2
P50 9.4E-02 9.6E-03 2.6E-02 15E-02 9.0E-02 22E-02 E®@2 24E-02 24E-02 13E-02 36E-02 1.7E-02 59E-01.2E-02 3.2E-02 19E-02 3.3E-02 20E-p2
P95 41E-01 18E-02 53E-02 25E-02 47E-01 6.1E-02 EBB 25E-01 12E-01 4.8E-02 7.3E-02 3.7E-02 15E-084E-02 8.1E-02 3.1E-02 5.1E-02 3.0Ep2
Min 14E-03 1.8E-03 4.0E-03 3.2E-03 1.6E-02 4.0E-03 ED3 1.3E-03 49E-03 23E-03 6.5E-03 3.0E-03 58E-02.3E-03 5.0E-03 3.5E-03 7.1E-03 5.6E-pP3
Max 1.3E+00 3.9E-02 1.1E-01 5.0E-02 1.1E+00 1.1E-01 ED® 1.1E+00 2.7E-01 1.2E-01 1.5E-01 7.6E-02 3.6E-02.0E-01 2.2E-01 4.8E-02 809E-01 4.4E-p2
Mean 14E-01 1.0E-02 2.8E-02 1.5E-02 15E-01 2.7E-02 ED2 54E-02 3.7E-02 1.9E-02 3.9E-02 19E-02 6.8E-02.4E-02 3.7E-02 19E-02 3.4E-02 2.0E2
Adult males UK IR NL SL PL BE FI IT SP Sw RO DE GR FR Ccz CcY HU PO

P5 1.2E-02 4.0E-03 1.1E-02 6.5E-03 3.4E-02 7.9E-03 E®3 12E-03 1.1E-02 48E-03 15E-02 6.5E-03 1BE-05.1E-03 1.3E-02 85E-03 1.5E-02 9.1E3
P50 8.7E-02 8.3E-03 2.3E-02 1.3E-02 8.2E-02 19E-02 ED3 1.7E-02 20E-02 1.2E-02 29E-02 1.5E-02 52E-01.1E-02 29E-02 1.7E-02 28E-02 1.7E-p2
P95 40E-01 15E-02 45E-02 22E-02 4.1E-01 50E-02 EPRP 19E-01 3.1E-02 3.7E-02 4.8E-02 3.1E-02 12E-06.3E-02 6.5E-02 2.8E-02 4.8E-02 2.6E-p2
Min 1.3E-03 1.7E-03 4.1E-03 2.9E-03 15E-02 4.1E-03 ED® 12E-03 6.1E-03 2.2E-03 7.5E-03 3.0E-03 5.3E-02.2E-03 4.9E-03 3.0E-03 6.3E-03 5.1EP3
Max 1.1E+00 2.8E-02 9.0E-02 39E-02 9.8E-01 13E-01 E®2 7.8E-01 4.1E-02 9.0E-02 86E-02 6.2E-02 5.1E-014E-01 1.6E-01 4.2E-02 11E-01 3.6E-p2
Mean 1.3E-01 8.7E-03 25E-02 1.3E-02 1.3E-01 2.3E-02 E®@3 4.3E-02 2.0E-02 15E-02 3.0E-02 16E-02 6.2E-01.9E-02 3.2E-02 1.7E-02 2.9E-02 1.7E-p2
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