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A new method was developed to measure on the field VOC sorption coefficients (k a ; k d ) on the surface of a material by coupling a Field and Laboratory Emission Cell (FLEC) to a Proton Transfer Reaction-Mass Spectrometer (PTR-MS) as presented in the first part of this study. In this second part, the method is compared to the classical method based on a CLIMPAQ chamber coupled to an on-line GC analyzer. Different models were used to determine the sorption parameters from experimental data taking into account the sink effect on empty chamber walls and the presence of a boundary-layer. Determined sorption equilibrium coefficients K e (k a /k d ) for a mixture of BTEX on a gypsum board was found to be in good agreement between both methods. However, the CLIMPAQ method seems to be less robust than the FLEC method in the determination of sorption coefficients since more than one couple of (k a ; k d ), showing the same ratio K e can retrieve the same CLIMPAQ experimental data. Giving this result, the question arises about the reliability of the literature data determined using emission test chamber which could be one of the reasons behind the discrepancies found between experimental indoor concentrations and predicted ones using chamber derived parameters.

Introduction

Nowadays, people spend between 60-80% of their time in indoor areas that can be contaminated by a large range of pollutants having hazardous effects on human health [START_REF] Haverinen-Shaughnessy | An assessment of indoor environmental quality in schools and its association with health and performance[END_REF][START_REF] Ramalho | Association of carbon dioxide with indoor air pollutants and exceedance of health guideline values[END_REF][START_REF] Park | Methodology for assessing human health impacts due to pollutants emitted from building materials[END_REF][START_REF] Li | The influence of home environmental factors and life style on children's respiratory health in Xi'an[END_REF].

Pollutants, especially Volatile Organic Compounds (VOCs), are ubiquitous contaminants for indoor areas [START_REF] Zhu | Primary pollutants in schoolchildren's homes in Wuhan, China[END_REF]. Other than their emissions by surfaces such as building materials, VOCs can interact with these indoor surfaces through different processes including adsorption and desorption. Therefore sorption processes can be key drivers of indoor air concentrations since building materials can act as both a source or a sink for VOCs [START_REF] Niedermayer | VOC sorption and diffusion behavior of building materials[END_REF].

In the literature, studies were carried out using either static or dynamic (flow-through) chamber experiments to determine sorption rate coefficients (k a and k d ) of VOCs on indoor materials or equilibrium partition coefficients (K e ) [START_REF] An | Measurements of VOC adsorption/desorption characteristics of typical interior building materials[END_REF][START_REF] Jorgensen | Sorption behaviour of volatile organic compounds on material surfaces -The influence of combinations of compounds and materials compared to sorption of single compounds on single materials[END_REF][START_REF] Singer | Sorption of organic gases in a furnished room[END_REF][START_REF] Tichenor | The Interaction of Vapour Phase Organic Compounds with Indoor Sinks[END_REF]. In these studies, experimental data were analysed using different mathematical sinks models to extract sorption parameters [START_REF] Blondeau | Physically Based Modelling of the Material and Gaseous Contaminant Interactions in Buildings: Models, Experimental Data and Future Developments[END_REF][START_REF] Zhang | A critical review on studies of volatile organic compound (VOC) sorption on building materials[END_REF]. However, indoor air quality models using chamber derived parameters failed to predict real indoor concentrations [START_REF] Sparks | Volatile Organic Compound Emissions from Latex Paint -Part 2[END_REF] and differences as high as a factor of 9 were observed [START_REF] Won | Validation of the surface sink model for sorptive interactions between VOCs and indoor materials[END_REF].

First, this disagreement can be related to the non-representativeness of laboratory experiments compared to field conditions (type of material, implementation conditions, aging due to environmental conditions, etc.) and highlights a need to reliably measure sorption parameters in the field under real conditions [START_REF] Won | Validation of the surface sink model for sorptive interactions between VOCs and indoor materials[END_REF]. Secondly, sorption on experimental chamber internal walls was considered in some studies as insignificant [START_REF] Bouhamra | Development of a Model for the Estimation of Indoor Volatile Organic Compounds Concentration Based on Experimental Sorption Parameters[END_REF] while others [START_REF] An | Measurements of VOC adsorption/desorption characteristics of typical interior building materials[END_REF][START_REF] De Bortoli | Determination of VOC emitted from indoor materials and products, interlaboratory comparison of small chamber measurments[END_REF][START_REF] Kirchner | Characterization of adsorption/desorption of volatile organic compounds on indoor surface materials[END_REF][START_REF] Sollinger | Indoor air pollution by organic emissions from textile floor coverings. Climate chamber studies under dynamic conditions[END_REF] reported a sink effect on chamber walls for different VOCs such as ethylbenzene, n-dodecane, α-pinene, 1,2,4-trichlorobenzene...etc. Thus, any underestimation of the chamber sink can introduce biases in measuring sorption coefficients of materials. Thirdly, the use of inappropriate mathematical models to extract sorption coefficients from experimental data may also introduce biases that could be responsible for the discrepancies mentioned above. Blondeau [START_REF] Blondeau | Physically Based Modelling of the Material and Gaseous Contaminant Interactions in Buildings: Models, Experimental Data and Future Developments[END_REF] demonstrated that models relating macroscopically the bulk air and the surface concentrations through adsorption and desorption constants are not scientifically sound.

Zhang YP [START_REF] Zhang | Understanding and controlling indoor organic pollutants: mass-transfer analysis and applications[END_REF] highlighted that the mass transport process taking place between the material surface and the bulk air has to be accounted for, which is not usually described in the mathematical models used to analyse chamber experiments. In fact, several models has been developed without taking into account for the mass transfer coefficient but the adsorption (k a ) and desorption (k d ) rates [START_REF] Singer | Sorption of organic gases in a furnished room[END_REF][START_REF] Tichenor | The Interaction of Vapour Phase Organic Compounds with Indoor Sinks[END_REF][START_REF] Won | Validation of the surface sink model for sorptive interactions between VOCs and indoor materials[END_REF] or the diffusion coefficient (D m ) in the building material [START_REF] Little | A strategy for characterizing homogenous, diffusion-controlled indoor sources and sinks[END_REF]. Later on, Deng [START_REF] Deng | An analytical solution for VOCs sorption on dry building materials[END_REF] proposed an improved model that considers for the convective mass transfer coefficient (h m ) through the boundary layer present on the surface of a material as well as the diffusion and the partitioning coefficients. Therefore, models combining local sorption equilibriums should be used in combination with the mass transport equations to fit the experimental measurements.

Trying to shed some light on the discrepancies found in literature, a new methodology based on a coupling between a FLEC (Field and Laboratory Emission Cell) and a PTR-MS (Proton Transfer Reaction -Mass Spectrometer), was developed. The experimental setup is detailed in the companion paper (Part 1) [START_REF] Rizk | Fast sorption measurements of volatile organic compounds on building materials: Part 1 -Methodology developed for field applications[END_REF], and only few details are given here. The FLEC inlet is connected to two gas generation systems, to be supplied either with humid clean air at constant flow rate and stable relative humidity or with a diluted VOC mixture; the outlet is
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connected to the PTR-MS to quantify VOC concentrations exiting the cell. A sorption experiment performed using the FLEC is similar to the classical experiments described in the literature and using a test emission chamber of several liters of volume. The method was tested by performing sorption experiments on a gypsum board and vinyl flooring using a mixture of BTEX at ppb levels. Adsorption and desorption coefficients were derived from experimental output concentration profiles using the Tichenor model [START_REF] Tichenor | The Interaction of Vapour Phase Organic Compounds with Indoor Sinks[END_REF] that can be applied to the FLEC cavity to determine elementary sorption coefficients. Sorption coefficients were successfully determined and independently on flow conditions and on VOCs concentration, with an experimental error lower than 15%. The limits of applicability were also assessed for this method and showed that sorption parameters (k a , k d ) in the range of (0.01m.h -1 ; 0.01h -1 ) and (0.09m.h -1 ; 0.09h -1 ) can be measured using 2 and 20 seconds of time resolution respectively, with an accuracy better than 10%. The FLEC-PTRMS method is suitable for field applications and allows a reduction of the measurement time to 0.5-12 hours compared to several days for the emission test chamber method [START_REF] An | Measurements of VOC adsorption/desorption characteristics of typical interior building materials[END_REF][START_REF] Colombo | Adsorption Of Selected Volatile Organic Compounds On A Carpet, A Wall Coating, And A Gypsum Board In A Test Chamber[END_REF][START_REF] Popa | The impact of VOC mixture, film thickness and substrate on adsorption/desorption characteristics of some building materials[END_REF].

The objective of the present study is to compare sorption coefficients measured using the FLEC-PTRMS and the emission test chamber methodologies for a common VOC mixture and the same unpainted gypsum board. In fact, the FLEC was developed and used in previous studies to measure materials emissions [START_REF]Part 10 : Determination of the emission of volatile organic compounds from building products and furnishing[END_REF] as an alternative method to emission test chambers [27]. Under this framework, the two methods were only compared for emission measurements in several studies [START_REF] Afshari | Comparison of three small chamber test methods for the measurement of VOC emission rates from paint[END_REF][START_REF] Kim | Formaldehyde and TVOC emission behaviors according to finishing treatment with surface materials using 20 L chamber and FLEC[END_REF][START_REF] Risholm-Sundman | Comparison of different laboratory methods for determining the formaldehyde emission from three-layer parquet floors[END_REF]. Since the FLEC had never been used as a tool to measure in-situ VOC sorption parameters, a comparison for sorption measurements has yet to be performed. To achieve this new objective, a 50-liter CLIMPAQ chamber (Chamber for Laboratory Investigations of Materials, Pollution and Air Quality) coupled to a compact gas chromatography analyser (AirmoVOC, Chromatotech) was used to perform the sorption experiments. The comparison of the two methods involved two approaches: [START_REF] Haverinen-Shaughnessy | An assessment of indoor environmental quality in schools and its association with health and performance[END_REF] the comparison between CLIMPAQ experimental concentration profiles and the concentration profiles that should be obtained considering the sorption parameters derived using the FLEC-PTRMS method and,

(2) the comparison of the sorption coefficients derived from the CLIMPAQ data using two models (that account for the sink effect on the chamber walls and for the boundary-layer mass transport) with the FLEC derived parameters.

A highlight on the usefulness of the FLEC derived parameters for modelling sorption processes in real buildings is also given.

Materials and Methods

To perform the comparison experiments between FLEC and CLIMPAQ methodologies, both experiments are conducted using the same BTEX mixture provided by Air products and containing the following VOC in the mixing ratio of 2 for benzene, 6 for toluene, 1 for ethyl benzene, 2 for p-xylene and 1 for o-xylene. The same test material is used, a 12.5 mm thick unpainted gypsum board. In the part 1 [START_REF] Rizk | Fast sorption measurements of volatile organic compounds on building materials: Part 1 -Methodology developed for field applications[END_REF], the use of two samples coming from the same material showed no significant difference on measured sorption parameters. Since the FLEC experiment was described in the first part of this study [START_REF] Rizk | Fast sorption measurements of volatile organic compounds on building materials: Part 1 -Methodology developed for field applications[END_REF], only the CLIMPAQ experiments are presented in this section. 

Experimental setup

The experimental setup used in this part of the study is based on the coupling of a CLIMPAQ chamber to an on-line GC analyser and presented in Figure 1. 

Experimental protocol

To determine the sorption coefficients, a blank experiment referred in the following as "No sink" is first performed using an empty chamber to evaluate the sink effect on the chamber walls. For the adsorption phase, the chamber is supplied with humidified air containing the targeted VOCs using a gas cylinder connected to a dilution system (Gas Calibration Units, Ionicon analytick). This dilution unit allows controlling the total flow rate and the humidity of 

Theory and data treatment

SigmaPlot TM and a Microsoft Excel Eulerian solver are used to extract sorption parameters from experimental data using three different models as detailed below.

The model used in the companion paper to extract sorption parameters is the Tichenor Model

[10] referred in the following as "Tichenor Model -1 surface" or TM-1S. This model, as described in the companion paper is suitable when only one sorption surface is considered (sorption effect on the chamber walls are negligible). However, as mentioned above, some studies have reported that for chambers of several litters, the chamber can itself act as a sink for some VOCs [START_REF] De Bortoli | Determination of VOC emitted from indoor materials and products, interlaboratory comparison of small chamber measurments[END_REF][START_REF] Kirchner | Characterization of adsorption/desorption of volatile organic compounds on indoor surface materials[END_REF][START_REF] Sollinger | Indoor air pollution by organic emissions from textile floor coverings. Climate chamber studies under dynamic conditions[END_REF]. To account for this sink effect on the chamber walls and the tested material, the Tichenor Model is modified to be used when two sorption surfaces should be considered (Tichenor Model -2 surfaces or TM-2S). Finally, as already mentioned in the introduction, the mass transport process taking place between the material surface and the bulk air should be taken into account to analyse chamber experiments. Thus, a model called "Tichenor Model with a boundary layer" or TM-BL combining the sorption and the mass transport processes is proposed.

Tichenor Model -1 surface (TM-1S)
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The Tichenor model, derived from the Langmuir theory [START_REF] Tichenor | The Interaction of Vapour Phase Organic Compounds with Indoor Sinks[END_REF] is based on the assumption that the concentration of a species in bulk air is homogeneous and proportional to the surface concentration. Therefore, the concentration variations (dC g /dt and dC S /dt) observed in a chamber depends on the adsorption (k a ) and desorption (k d ) coefficients, as shown in the following equations:

( )

) C C ( V Q C k C k V A dt dC g in s d g a g - + - - = ( 1 ) s d g a s C k C k dt dC - = ( 2 )
where, C in is the VOC concentration at the chamber inlet performed (µg.m -3 ), C g the gasphase VOC concentration inside the chamber (µg.m -3 ), A is the material surface (m 2 ), V the volume of the chamber, Q the air flux in the chamber (m 3 .h -1 ), C s the surface concentration (µg.m -2 ), k a the adsorption rate constant (m.h -1 ) and k d the desorption rate constant (h -1 ).

Tichenor Model -2 surfaces (TM-2S)

The model TM-2S is used to extract VOC sorption parameters on the material surface taking into account the sorption effect on the chamber walls. Equations 1 and 2 represents the model

TM-2S when the number of materials is n =2. i ) C C ( V Q ) C k C k ( V A dt dC i , g i , in n j ij , s ij , d i , g ij , a j i , g ∀ - + - - = ∑ =1 ( 3 ) n , j , i C k C k dt dC ij , s ij , d i , g ij , a ij , s 1 = ∀ ∀ - = ( 4 )
where, C g,i is the concentration of a pollutant i in the chamber gas phase (µg m -3 ), A j is the surface of a material j (m 2 ), V is the volume of the chamber (m 3 ), Q is the air flux in the chamber (m 3 .h -1 ), C in , i is the concentration of a pollutant i at the inlet of the chamber (µg m -3 ), C s,ij is the concentration of a pollutant i on the surface of a material j (µg m -2 ), k a,ij is the adsorption coefficient of a pollutant i on the surface of a material j, and k d,ij is the desorption coefficient of a pollutant i on the surface of a material j.

Tichenor Model with a boundary layer (TM-BL)

This model TM-BL is applied to three compartments in the chamber: the material surface, the boundary layer (i.e. a thin layer of air exhibiting a concentration gradient above the material surface) and the bulk air above the material. The mathematical equations to model the concentrations in each compartment are detailed below.

i C C Q C C A h dt dC V i g i in n j i g ij j ij m i g ∀ - + - = ∑ = ) ( ) ( , , 1 , * , , ( 5 ) 
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where, C * ij is the concentration of a pollutant i in the elementary layer of air present above the surface of the material j and which defines the limit between the boundary layer and the surface of the material (µg m -3 ), V * ij is the volume of the elementary layer of air present above the surface of the material j (m 3 ) and h m,ij is the average mass transfer coefficient of a pollutant i acting on the surface of a material j (m h -1 ). The coefficient h m can be calculated (See [START_REF] Rizk | Fast sorption measurements of volatile organic compounds on building materials: Part 2 -Comparison between FLEC and CLIMPAQ Methods Data in brief[END_REF]) based on equations provided by [START_REF] Axley | Adsorption Modelling for Building Contaminant Dispersal Analysis[END_REF]. The boundary layer conditions depend on air velocity at the surface j and on the targeted compound i.

Assuming that V ij * <<V, equation 4 for each species and surface becomes:

ij , i a ij , m ij , s ij , d i , g ij , m * ij k h C k C h C + + = ( 8 )
When equation ( 6) is introduced into equations ( 3) and (5), they become:
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Using the new formalism:

ij , a ij , m ij , m ij , a ij , a k h h k ' k + = ( 11 ) and ij a ij m ij m ij d ij d k h h k k , , , , , ' + = ( 12 )
The equations ( 7) and ( 8) have the same appearance than equation ( 1) and ( 2), with k ' a,ij and k ' d,ij being apparent sorption coefficients measured in a test emission chamber or in a real room, considering the influence of the mass transfer coefficient h m,ij due to the boundary layer. 
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Results
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Sorption experiments in CLIMPAQ

The experimental concentration profiles obtained for the three experiments performed in the empty emission test chamber (No Sink) show relatively good overlay as well as the two experiments performed with the gypsum board (See Figure 1 in [START_REF] Rizk | Fast sorption measurements of volatile organic compounds on building materials: Part 2 -Comparison between FLEC and CLIMPAQ Methods Data in brief[END_REF]). Therefore and for simplicity reason, only one profile for each type of experiment will be shown in the following.

These profiles show that the duration of a sorption experiment in CLIMPAQ varies between 20 and 40 hours for the No Sink and between 40 and 80 hours for the gypsum board, depending on the target VOC. However, the FLEC experiment is 6 to 13 times faster, showing the advantage that provides the FLEC-PTRMS method for field studies.

Investigation of VOCs sorption effect on chamber walls

The sink effect on the chamber walls is investigated by calculating the theoretical concentrations that should be obtained for a blank experiment (No sink) under the conditions of this study and assuming negligible walls effects. The equation used, accounts only for air exchange in the chamber and is Unlike the FLEC, the CLIMPAQ experiment shows a significant difference between the theoretical and experimental no sink profiles as shown in Error! Reference source not found.. This difference is likely due to a sorption effect on the internal walls of the CLIMPAQ chamber and it is only observed for ethylbenzene and xylenes (See Figure 2 in [START_REF] Rizk | Fast sorption measurements of volatile organic compounds on building materials: Part 2 -Comparison between FLEC and CLIMPAQ Methods Data in brief[END_REF]).

Therefore the CLIMPAQ itself acts as a sink and the chamber surface should be considered in the analysis of the concentration profiles. VOCs sorption coefficients for ethylbenzene and xylenes on the chamber walls are assessed using the model TM-1S and obtained values for the three experiments performed in empty CLIMPAQ are presented in Table 2. Obtained results show that the adsorption k a and desorption coefficients k d for ethylbenzene and o-p/xylene are in the same order of magnitude and presented consistent results between the three experiments with an RSD varying between 7.9 to 21%.

Figure 2. Comparison of concentration profiles obtained during the desorption phase for ethylbenzene using the CLIMPAQ method and C8 aromatics using the FLEC/PTRMS method. Table 2. Obtained results for adsorption (k a ), desorption (k d ) and equilibrium (K e ) coefficients of ethylbenzene and xylenes on the CLIMPAQ walls using TM-1S. RSD is the random standard

Determination of VOCs sorption parameters on test material

After the assessment of the sorption behaviour on the CLIMPAQ walls, sorption coefficients of the ethylbenzene and the o-p/xylene on the gypsum board are determined using the model TM-2S. However, the sorption coefficients of the benzene and toluene on the gypsum board are evaluated using the model TM-1S since any sorption effect on CLIMPAQ walls is noticed for these two compounds. Sorption coefficients of target VOCs on the Gypsum board are compared to those previously obtained with FLEC method (Part 1) in Table 3. First, the coherence in the K e coefficient results obtained with the CLIMPAQ chamber for ethylbenzene and o-p/xylene, proves the similar sorption behaviour for these 3 compounds.

Thus, the comparison of their sorption behaviour can be done with the C8 aromatics (i.e. the sum of these 3 compounds when the FLEC-PTRMS method was used).
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Additionally, the K e ratios obtained for all tested compounds between both methods show a good agreement except for benzene. Benzene shows a weak sorption effect on CLIMPAQ walls, but also on the gypsum board and the determination of the sorption parameters is consequently associated to a more important uncertainty than other compounds. However, the While a clear difference can be observed between the experimental profile and the simulated curves for the FLEC experiment, this difference is less significant for the CLIMPAQ chamber. The difference between the simulated curve for each value of α and the experimental observations could be computed using a parameter Q defined below.

∑ ∑

- ∆ - ∆ = ) ( ) ( 2 2 BF Mod Exp Mod Exp Q α α ( 15 )
ΣΔ 2 (Exp-Mod α ) is the sum of the square differences calculated between the experimental profile and the curve simulated using (αk a ; αk d ) and ΣΔ 2 (Exp-Mod BF ) is the sum of the square differences calculated between the experimental profile and the curve obtained from the best fit (BF) for (k a ; k d ) when α=1 (Modeled data on Figure 4). Therefore, when the Q parameter presents a value close to 1, the difference between the curve simulated with (αk a ; αk d ) and the modelled one (k a ; k d ) is negligible. The curves presented on the Figure 4 show in the FLEC case a Q value of 5.6 and 16 for the curves simulated with (5k a ; 5k d ) and (10k a ; 10k d ) respectively. However, in the CLIMPAQ case the Q parameter
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13 presents a value of 0.94 and 0.95 for the curves simulated with (5k a ; 5k d ) and (10k a ; 10k d ) respectively. Giving these results, the experimental concentration profile obtained using CLIMPAQ can be retrieved using different couples of sorption parameters (αk a ; αk d ) having the same K e .

In order to look for all possible solutions, a large study is conducted using the same methodology for different couples of (αk a ; βk d ). It is worth noting that this time both k a and k d are scaled by different factors α and β, respectively. This methodology is applied for all sorption parameters determined for all compounds, using both CLIMPAQ and FLEC methods, and for sorption on internal walls or on gypsum board.

First, the analysis result obtained for a "No sink" experiment performed in empty CLIMPAQ is presented on Figure 5, for only the ethylbenzene and the o-p/xylenes since the toluene and the benzene doesn't show any sorption properties on internal walls. This figure shows that a single pair of solution (for α=β=1 ) corresponds to Q=1. This result indicates that for no sink experiments, the analysis of the experimental CLIMPAQ data using the model TM-1S, gives only one value of (k a ; k d ). Second, the same analysis performed for the sorption parameters determined for gypsum board using the CLIMPAQ method, is displayed on Figure 6. This figure shows that more than one couple of sorption parameters are characterized by a Q value close to 1 and corresponding to α=β (the model TM-1S is used for the benzene and toluene and the model TM-2S for the ethylbenzene and o-p/xylene). This result proves that different couples of solutions having the same K e ratio lead to overlapped concentration profiles and consequently, the analyses of experimental data, may give several couples of solutions. It is important to note that the benzene presents a particular behaviour as shown on Figure 6 where many couples of sorption parameters (k a ; k d ), not corresponding to the same K e ratio, can retrieve the same concentration profile. This result can be due to the low sorption properties of benzene on gypsum board associated to an important uncertainty in the determination of its sorption parameters as already highlighted using the FLEC method. Finally, in comparison to the FLEC method for a sorption experiment conducted on the gypsum board, Figure 7 shows that the Q value is found to be 1 for only one couple of sorption parameters, showing a unique solution (k a ; k d ) with α=β=1. This result proves that the application of the model TM-1S on the experimental data, gives only one value of (k a ; k d ). In conclusion, Figure 8 presents the same analysis presented previously on Figure 5, 6 and 7, with a focus on the results obtained for a constant K e (αk a ; αk d ). In the FLEC case, Q is equal to 1 for only the couple of (k a ; k d ) determined by applying the model TM-1S to the experimental profile obtained for the gypsum board. Q increases significantly when different couple of (k a ; k d ) are used even if K e is kept constant, which is consistent with the simulated curves being significantly different from experimental observations as shown in Figure 4.
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However, the parameter Q is close to 1 for the CLIMPAQ and remains at a constant value when α was varies between 1 and 100. Consequently, for the CLIMPAQ case, there is no significant difference between simulated curves using different (k a ; k d ), if the ratio K e is kept constant (Figure 4). It is interesting to note that a significant difference was observed only between both methods when the ratio α varies between 0.01 and 1.

380 To conclude about the effect of the chamber size on the results observed above, some simulations are performed by changing the initial values of k a and k d with an factor α varying between 0.01 and 100, using three chambers having different volumes, 40 mL, 1 m 3 and 30 m 3 (See Table 1 and Figure 3 in [START_REF] Rizk | Fast sorption measurements of volatile organic compounds on building materials: Part 2 -Comparison between FLEC and CLIMPAQ Methods Data in brief[END_REF]). Only the micro chamber shows sensitive results for the show similar results as the CLIMPAQ chambers. Therefore, small chambers, characterised by high loading factor and high air exchange rates like FLEC and the micro chamber are recommended to perform sorption experiments and to extract robust couples of solutions (k a ; k d ) from an experimental profile while larger chambers seems only to provide robust K e coefficients.

Influence of the mass transfer coefficient

The mass transfer coefficient h m is calculated in the CLIMPAQ chamber under the conditions of this work from the correlations between dimensionless numbers that are the Sherwood number, Reynolds number and Schmidt number according to the equations presented in [START_REF] Rizk | Fast sorption measurements of volatile organic compounds on building materials: Part 2 -Comparison between FLEC and CLIMPAQ Methods Data in brief[END_REF].

According to Table 4, the flow of air is laminar in the CLIMPAQ chamber, since the boundary between the laminar flow and the transient state corresponds to a Reynolds number of 5 × 10 5 [START_REF] Bourdin | Formaldehyde emission behavior of building materials: On-site measurements and modeling approach to predict indoor air pollution[END_REF]. The mass transfer coefficient h m varies between 3.1 and 3.4 m h -1 depending on the type of VOCs. The thickness of the boundary layer developed on the surface of the material is estimated to be around 0.9 cm. According to the equations 9 and 10, the ratio K ' e could be represented by the equation ( 9):

ij , m ij , d ij , m ij , a ij , d ij , a e h k h k ' k ' k ' K = = ( 16 ) 
where h m is equivalent to the factor α used before to carry out the study of the methods sensitivity in the determination of sorption parameters. Nevertheless, the h m value determined for the CLIMPAQ is in the range of variation of the factor α, corresponding to a couple of parameters (k ' a ; k ' d ) that can reproduces the experimental trace as well as the couple (k a,ij ; k d,ij ). Therefore, the boundary layer effect cannot be investigated in the CLIMPAQ chamber under the conditions of this study, due to the presence of several possible solutions for the same experimental data.
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Influence of the mass transfer coefficient in a real room

The influence of the mass transport within the boundary layer is also investigated in a real indoor environment. For this, a real room of 7.2×6.9×2.7m (V=134 m3) is considered for the simulations. Ethylbenzene and a gypsum board material are selected as an example to model the concentration decay using 2 couples of sorption parameters. The first couple is the FLEC derived parameters (k a FLEC ; k d FLEC ) determined independently on the mass transfer coefficient h m . The second couple used is (k' a ; k' d ) calculated according to equations 11 and 12, using FLEC results and the mass transport coefficient h m calculated for the real room. All parameters used are shown in Table 5, where one air exchange rate (ACH) was chosen to mimic conditions when the ventilation is turned off. The details of all calculations are given in [START_REF] Rizk | Fast sorption measurements of volatile organic compounds on building materials: Part 2 -Comparison between FLEC and CLIMPAQ Methods Data in brief[END_REF]. As expected, Figure 9 shows that the sorption effect leads to a slower decay of concentration in a real room compared to the ventilation process. It is also interesting to note that the concentration decay is significantly slower when the mass transport of VOC in the bulk air is taken into account, which indicates that sorption processes on surfaces are significantly influenced by the presence of the boundary layer on the scale of a real room. This result highlights that sorption parameters should be used as data inputs to indoor air quality IAQ models to predict concentrations in combination with a mass transport model. In the literature, IAQ models usually considered indoor processes like emission, ventilation and chemical reactions related to reactivity phenomena [START_REF] Carslaw | A new detailed chemical model for indoor air pollution[END_REF]. However, the interactions of pollutants with surfaces through sorption processes were never before considered in IAQ models except the newly developed INCA-indoor model [START_REF] Mendez | Assessment of the impact of oxidation processes on indoor air pollution using the new time-resolved INCA-Indoor model[END_REF]. Using the FLEC-PTRMS device, it is become possible to measure VOC sorption parameters on indoor surfaces to validate this model and predict better indoor air concentrations.

Conclusion

Comparing the equilibrium coefficient K e , it was proved that the sorption properties assessed are consistent for all VOCs using the FLEC and the CLIMPAQ methods. However, using the CLIMPAQ method, several limitations can introduce biases in the determination of adsorption and desorption parameters, k a and k d , respectively. The sink effect of the chamber walls can introduce a bias on derived parameters if it is not taken into account in the mathematical model used to analyze the concentration profiles. Giving the experimental error of 15% observed on measured concentrations [START_REF] Xiang | Development of a methodology examining the behaviours of VOCs source apportionment with micro-meteorology analysis in an urban and industrial area[END_REF], several couples of (k a , k d ) values can be determined from the same set of experimental data with the CLIMPAQ chamber. In contrast, it is found that the analysis of FLEC data is more sensitive to the variation of sorption parameters, and as a consequence, the method seems more robust for measuring sorption parameters. The robustness of the fit procedure was never assessed before in literature and the discrepancy found can be behind the difference observed with indoor air quality models using chamber derived parameters.

In actual applications conducted in our group, the FLEC method proved to be promising, very useful for both field and laboratory experiments even if it requires a fast analytical tool such as the PTR-MS. The measurement of sorption parameters can be performed within a few hours, and a simple model can be used to accurately derive the elementary sorption coefficients of several VOCs on the surface of homogenous materials. In addition, the TM-BL model used in this study is well adapted to use these data in combination with the VOC mass transfer properties in the gas phase, to describe the influence of adsorption and desorption processes on ambient concentrations. However, the influence of the diffusion in the inner of the material is not taken into account since it is considered to be slower than the instantaneous sorption phenomena on the surface of the tested material. In real case, it is interesting to predict indoor air concentrations using a model that takes into account the diffusion inside porous materials and the available quantity of VOCs inside a material present on the field.

Unfortunately, it is a real challenge to measure on the field such parameters [START_REF] Mendez | Assessment of the impact of oxidation processes on indoor air pollution using the new time-resolved INCA-Indoor model[END_REF] and further works are needed to develop rapid and accurate method to determine the diffusion characteristics in porous material on the field [START_REF] Zhang | Understanding and controlling indoor organic pollutants: mass-transfer analysis and applications[END_REF]. 

Figure 1 .

 1 Figure 1. Experimental setup for measuring VOCs sorption coefficients on building materials, using a CLIMPAQ test emission chamber. The CLIMPAQ chamber [27] is made of panes of 6 mm window glass assembled with lowemitting epoxy glue and has a volume of 50.9 litres. Other main surface materials used are stainless steel and aluminium. One internal fan recirculates air over the test material. The chamber outlet is connected to on-line gas chromatograph (GC) equipped with a flame ionization detector (FID) (Airmo VOC C6C12. Chromatotec). Air samples are collected every

  mixture. When the monitored concentrations reach an equilibrium during the adsorption phase, the desorption phase is triggered by supplying the chamber with zero air at the same flow rate and humidity, using a zero air generator (Claind) and a water bubbler connected to mass flow controllers (MKS). Three experiments are performed with empty CLIMPAQ and two are performed using the test material, under the same experimental conditions. The conditions of CLIMPAQ experiments are compared to FLEC experiments in Error! Reference source not found..
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  , with C(t) the concentration versus time (µg m -3 ), C e the equilibrium concentration reached at the end of the adsorption phase (µg m -3 ), and N the air exchange rate measured experimentally (h -1 ).

  1σ obtained for the three experiments referred as Exp.

Figure 3 .

 3 Figure 3. Analysis of the experimental profile obtained for the gypsum board in the CLIMPAQ test chamber. The concentration profile obtained theoretically in CLIMPAQ using sorption parametersdetermined in FLEC is also presented.

Figure 4 :

 4 Figure 4: Results obtained for simulated curves using a factor α for o-xylene using the CLIMPAQ chamber and for C8 aromatics using the FLEC.

Figure 5 .

 5 Figure 5. Variation of the parameter Q as a function of the factors α and β used to multiply the sorption parameters k a and k d , in the case of empty CLIMPAQ chamber.

15 Figure 6 .

 156 Figure 6. Variation of the parameter Q as a function of the factors α and β used to multiply the sorption parameters k a and k d , in the case of gypsum board tested in a CLIMPAQ chamber.

Figure 7 .

 7 Figure 7. Variation of the parameter Q as a function of the factors α and β used to multiply the sorption parameters k a and k d , in the case of gypsum board tested in a FLEC cell.

Figure 8 :

 8 Figure 8 : Calculated ratio Q (Log scale) between experimental data and modeled curves obtained using different couples of sorption parameters (αk a ; βk d ) for CLIMPAQ and FLEC.

  E P T E Dsorption parameters changed as already observed for the FLEC. However other chambers

Table 5 :aFigure 9 :

 59 Figure 9: Decays of ethylbenzene concentration modeled in a real room taking into account air exchange and neglecting sorption effects (gray plot), taking into account sorption effects but neglecting the boundary layer effect (k a ;k d ) (red plot), and taking all processes into account (k' a ; k' d ) (green plot).

Table 1 : Comparison of experimental conditions between the CLIMPAQ and FLEC experiments

 1 

	Parameters		CLIMPAQ		FLEC
	Temperature (°C)		23 ± 2		23 ± 2
	Relative humidity (%RH)		50 ± 5		50 ± 5
	Volume (V ; m -3 )		50.9 10 -3		35 10 -6
	Air flow rate (F ; ml min -1 )		200	300	400	500
	Air exchange rate (Q ; h -1 )		0.3 * (±5%)	514	686	857
	Air velocity at test material surface (ν ; m s -1 )	0.16 *	0.0106 ** 0.0142 ** 0.0177 **
	Area of test piece (A ; m 2 )		0.099		0.0177
	Loading factor (L ; m 2 m -3 )		1.94		506
	Detection system (Time resolution)	GC-FID (30 min)		PTR-MS (2-20s)
		Benzene	182		106 -479
		Toluene	658		377 -1131
	Concentrations (µg m -3 )	Ethylbenzene	128		
		P-xylene	253		289 -868
		O-xylene	127		

*Experimental measurements ; **

[START_REF]Part 10 : Determination of the emission of volatile organic compounds from building products and furnishing[END_REF] 

1, Exp. 2 and Exp.3.

  

	VOC		k a (m.h	-1 )	Sorption coefficient -Empty chamber k d (h -1 )	K e (m)
		Exp. 1	5,40×10 -3	2,16×10 -1	0,03
	Ethylbenzene	Exp. 2 Exp. 3	6,84×10 -3 6,48×10 -3	1,91×10 -1 1,87×10 -1	0,04 0,03
		RSD (%)	12		7,9	19
		Exp. 1	5,04×10 -3	1,91×10 -1	0,03
	O-Xylene	Exp. 2 Exp. 3	5,54×10 -3 5,40×10 -3	1,62×10 -1 1,80×10 -1	0,03 0,03
		RSD (%)	4,9		8,2	13
		Exp. 1	5,15×10 -3	1,66×10 -1	0,03
	P-Xylene	Exp. 2 Exp. 3	7,20×10 -3 5,04×10 -3	1,62×10 -1 1,37×10 -1	0,04 0,04
		RSD (%)	21		10	18

Table 3 . Comparison of BTEX sorption coefficients on gypsum board between FLEC and CLIMPAQ methods. n=5 correspond to five repeatability tests performed with the FLEC. VOC Model Method Sorption coefficients -Gypsum Board k a (m.h -1 ) k d (h -1 ) K e (m) R 2

 3 

	Benzene	TM-1S	FLEC (n=5) CLIMPAQ	1,5 ± 0,13 3,25×10 -3	11 ± 0,68 0,26	0,13 ± 0,01 0,01	0,96 0,99
	Toluene	TM-1S	FLEC (n=5) CLIMPAQ	1,5 ± 0,10 0,33	5,1 ± 0,54 1,02	0,30 ± 0,04 0,32	0,97 0,99
	C8 aromatics	TM-1S	FLEC (n=5)	1,3 ± 0,18	1,7 ± 0,29	0,76 ± 0,12	0,97
	Ethylbenzene			14	18	0,80	0,99
	O-Xylene	TM-2S	CLIMPAQ	0,16	0,20	0,79	0,99
	P-Xylène			1,8	2,2	0,81	0.99

Table 4 . Parameters and dimensionless numbers used to calculate the mass transfer coefficient h m in the CLIMPAQ test emission chamber. Benzène Toluène Ethylbenzène o-Xylène p-Xylene

 4 

	Molecular diffusivity of the binary VOC a in the air	α-air D (m 2 .s -1 )	0,09	0,09	0,08	0,09	0,08
	Length of the surface in the direction of the air flow	L (m)			0,60	
	Kinematic viscosity of the air phase	(m	ν 2 .s -1 )			1,57×10 -5	
	Mean fluid velocity (parallel to the surface) outside of the boundary layer	U (m.s -1 )			0,17	
	Reynolds number	R eL			6,5×10 3	
	Mass transfer coefficient	h m (m.s -1 ) 9,52×10 -4 h m (m.h -1 ) 3,4	9,45×10 -4 3,4	8,56×10 -4 3,1	9,45×10 -4 8,70×10 -4 3,4 3,1
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• First comparison of two methodologies used to measure VOC sorption parameters on indoor surfaces • Highlighting on the robustness and the advantages of the FLEC-PTRMS method for field measurements • Usefulness of FLEC derived parameters as data inputs for indoor air quality models