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Introduction

Most semi-volatile organic compounds (SVOCs), such as phthalates and polybrominated diphenyl ethers (PBDEs), have widespread consumer use and environmental occurrence, and some are suspected to be neurotoxic or endocrine-disrupting chemicals [START_REF] Rudel | Phthalates, alkylphenols, pesticides, polybrominated diphenyl ethers, and other endocrine-disrupting compounds in indoor air and dust[END_REF][START_REF] Salapasidou | Endocrine disrupting compounds in the atmosphere of the urban area of Thessaloniki, Greece[END_REF][START_REF] Blanchard | Semivolatile organic compounds in indoor air and settled dust in 30 French dwellings[END_REF][START_REF] Fournier | An exposure-based framework for grouping pollutants for a cumulative risk assessment approach: case study of indoor semi-volatile organic compounds[END_REF][START_REF] Bamai | Exposure to house dust phthalates in relation to asthma and allergies in both children and adults[END_REF][START_REF] Dodson | Semivolatile organic compounds in homes: strategies for efficient and systematic exposure measurement based on empirical and theoretical factors[END_REF]. SVOCs in indoor environments appear in the gas-phase, on airborne particles and in dust settled on floors and other surfaces [START_REF] Weschler | Semivolatile organic compounds in indoor environments[END_REF]. If the gas-phase SVOC concentrations in an indoor environment have not been measured, they can be predicted from the measured concentrations in another phase. Unknown gas-phase SVOC concentrations may be predicted from the measured SVOC concentrations in airborne particles or settled dust, assuming that the partition equilibrium is reached between the different phases (Weschler et al., 2009). The partitioning of SVOCs between airborne organic particles and the gas-phase at equilibrium is characterized by the SVOC particle/gas partition coefficient, 𝐾 p , which can be estimated with the saturation vapor pressure of the pure sub-cooled liquid, 𝑝 L 0 , and the octanol/air partition coefficient, 𝐾 OA (Weschler et al., 2009). The 𝐾 p value is needed to predict the unknown gasphase SVOC concentration from its measured concentration in airborne particles. 𝐾 p values can be retrieved from the literature for a limited number of SVOCs and must be calculated from the 𝐾 OA or 𝑝 L 0 values for the many SVOCs for which no values have been measured. Moreover 𝐾 p depends on temperature [START_REF] Pankow | Review and comparative analysis of the theories on partitioning between the gas and aerosol particulate phases in the atmosphere[END_REF].

Adsorption/desorption and absorption/desorption between the gas-phase and airborne particles constitute the two partitioning mechanisms for organic compounds. Previous studies show that the structure of a suspended airborne particle can be described as either a solid core covered by a SVOC liquid film or a porous material in which the pores are filled with SVOC liquid [START_REF] Husar | Thermal analyses of Los-Angeles smog aerosol[END_REF][START_REF] Ancelet | Carbonaceous aerosols in an urban tunnel[END_REF][START_REF] Liu | Analysis of the dynamic interaction between SVOCs and airborne particles[END_REF]. Therefore, absorption/desorption may be dominant for SVOCs with low volatility.

In previous studies, the adsorptive models of the particle/gas partitioning mechanism for organic compounds have assumed physical adsorption and desorption of organic compounds between the gas-phase and airborne particles [START_REF] Pankow | Review and comparative analysis of the theories on partitioning between the gas and aerosol particulate phases in the atmosphere[END_REF]. Thus, a theoretical linear relationship can be described between log 10 𝐾 p and 𝑇 -1 (Pankow, 1987, Boethling and[START_REF] Boethling | Handbook of property estimation methods for chemicals: environmental and health sciences[END_REF][START_REF] Finlayson-Pitts | Chemistry of the upper and lower atmosphere[END_REF][START_REF] Schwarzenbach | Environmental organic chemistry[END_REF][START_REF] Seinfeld | Atmospheric chemistry and physics[END_REF] and between log 10 𝐾 OA and 𝑇 -1 (𝑇 in degrees Kelvin) [START_REF] Harner | Measurement of octanol-air partition coefficients for chlorobenzenes, PCBs, and DDT[END_REF] for organic compounds.

Empirical relationships have also been established based on regressions of the experimental data of log 10 𝐾 p and 𝑇 -1 for dioxins and furans, polychlorinated biphenyls (PCBs), polychlorinated naphthalenes (PCNs), and polycyclic aromatic hydrocarbons (PAHs) [START_REF] Kaupp | Gas/particle partitioning of PCDD/Fs, PCBs, PCNs and PAHs[END_REF]). In addition, several studies have addressed the empirical relationships between log 10 𝐾 OA and 𝑇 -1 for some chlorobenzenes [START_REF] Harner | Measurement of octanol-air partition coefficients for chlorobenzenes, PCBs, and DDT[END_REF][START_REF] Shoeib | Using measured octanol-air partition coefficients to explain environmental partitioning of organochlorine pesticides[END_REF][START_REF] Li | The fragment constant method for predicting octanol-air partition coefficients of persistent organic pollutants at different temperatures[END_REF], methylsiloxanes (Xu and Kropscott, 2013), PCNs [START_REF] Li | The fragment constant method for predicting octanol-air partition coefficients of persistent organic pollutants at different temperatures[END_REF], pesticides [START_REF] Harner | Measurement of octanol-air partition coefficients for chlorobenzenes, PCBs, and DDT[END_REF][START_REF] Shoeib | Using measured octanol-air partition coefficients to explain environmental partitioning of organochlorine pesticides[END_REF][START_REF] Li | The fragment constant method for predicting octanol-air partition coefficients of persistent organic pollutants at different temperatures[END_REF][START_REF] Odabasi | Determination of octanol-air partition coefficients of organochlorine pesticides (OCPs) as a function of temperature: application to air-soil exchange[END_REF], PAHs [START_REF] Li | The fragment constant method for predicting octanol-air partition coefficients of persistent organic pollutants at different temperatures[END_REF][START_REF] Harner | Measurement of octanol-air partition coefficients for polycyclic aromatic hydrocarbons and polychlorinated naphthalenes[END_REF]Odabasi et al., 2006a,b;[START_REF] He | A study of gas/particle partitioning of SVOCs in the tropical atmosphere of Southeast Asia[END_REF],

PCBs [START_REF] Harner | Measurement of octanol-air partition coefficients for chlorobenzenes, PCBs, and DDT[END_REF][START_REF] Li | The fragment constant method for predicting octanol-air partition coefficients of persistent organic pollutants at different temperatures[END_REF][START_REF] He | A study of gas/particle partitioning of SVOCs in the tropical atmosphere of Southeast Asia[END_REF][START_REF] Harner | Measurements of octanol-air partition coefficients for polychlorinated biphenyls[END_REF], and PBDEs [START_REF] Li | The fragment constant method for predicting octanol-air partition coefficients of persistent organic pollutants at different temperatures[END_REF][START_REF] Chen | Quantitative predictive models for octanol-air partition coefficients of polybrominated diphenyl ethers at different temperatures[END_REF].

However, considering the absorption mechanism, the theoretical equations between 𝐾 p and 𝑝 L 0 or 𝐾 oa , which were determined by [START_REF] Pankow | An absorption model of gas/particle partitioning of organic compounds in the atmosphere[END_REF] and [START_REF] Finizio | Octanol-air partition coefficient as a predictor of partitioning of semi-volatile organic chemicals to aerosols[END_REF], respectively, consist of temperature-independent constants and temperature-dependent parameters, e.g., 𝐾 oa . Thus, the temperature impact on 𝐾 p is associated with the temperature impact on 𝐾 oa . One limitation in the calculation of the theoretical equations is that some of the physical parameters of the equations, e.g., the activity coefficient of the absorbing SVOCs in airborne particles, have not been fully studied for most SVOCs at different temperatures and their values remain assumed in the calculation [START_REF] Harner | Octanol-air partition coefficient for describing particle/gas partitioning of aromatic compounds in urban air[END_REF][START_REF] Weschler | SVOC partitioning between the gas phase and settled dust indoors[END_REF]. The empirical relationships between 𝐾 p , 𝐾 OA or 𝑝 L 0 in the literature, which are based on regressions of experimental data, were generally obtained at a reference temperature, e.g., 25 °C [START_REF] Finizio | Octanol-air partition coefficient as a predictor of partitioning of semi-volatile organic chemicals to aerosols[END_REF][START_REF] Naumova | Gas/particle distribution of polycyclic aromatic hydrocarbons in coupled outdoor/indoor atmospheres[END_REF]. No previous study has indicated whether the regression constants in the empirical equations obtained at a reference temperature can be applied to other temperature values.

Because the theoretical relationship between 𝐾 p and temperature based on the absorptive mechanism has not been fully studied, the difference between the real indoor temperature and the temperature used in the literature for developing the empirical equation may lead to errors in the predicted gas-phase SVOC concentrations.

The objectives of this study were to (1) develop a theoretical relationship between the particle/gas absorptive partition coefficient and temperature for SVOCs and (2) quantitatively analyze the extent to which the indoor temperature influences the precision of the predicted SVOC concentrations in the gas-phase from the concentrations in the airborne particles.

Material and methods

Theoretical derivation

The equilibrium gas-phase SVOC concentration is defined by

𝐶 g = 𝐹/𝑇𝑆𝑃 𝐾 p (1)
where 𝐹 (ng/m 3 ) and 𝐶 g (ng/m 3 ) are the equilibrium concentrations of SVOCs in the airborne particles and in the gas-phase, respectively, 𝑇𝑆𝑃 (µg/m 3 ) is the total concentration of suspended airborne particles, and 𝐾 p is the particle/gas partition coefficient (m 3 /µg).

According to the absorptive mechanism for SVOCs, Pankow derived the following particle/gas partition coefficient 𝐾 p (m 3 /µg) [START_REF] Pankow | An absorption model of gas/particle partitioning of organic compounds in the atmosphere[END_REF]:

𝐾 p = 𝑓 om 𝑅𝑇 𝑀𝑊 om 𝛼𝑝 L,𝑇 0 10 6 (2)
where 𝑓 om is the weight fraction of the airborne particles absorbing organic materials; 𝑅 (8.314 J/(mol K)) is the gas constant; T (K) is the temperature, 𝑀𝑊 om (g/mol) is the mean molecular weight of the absorbing organic material; 𝛼 is the activity coefficient of the compound in the organic material phase; and 𝑝 L,𝑇 0 (Pa) is the saturation vapor pressure of the pure sub-cooled liquid compound at a temperature T.

The phase transition of a single constituent between the liquid phase and the gas-phase can be characterized by the Clausius-Clapeyron relationship:

d𝑝 L,𝑇 0 d𝑇 = ∆𝐻 𝑇∆𝑉 (3) 
where ∆𝐻 (J/mol) is the phase change enthalpy; and ∆𝑉 (m 3 /mol) is the change in the volume of the constituent during the phase change. The phase change enthalpies for SVOCs can be retrieved from the literature [START_REF] Acree | Phase transition enthalpy measurements of organic and organometallic compounds: sublimation, vaporization and fusion enthalpies from 1880 to[END_REF].

We assume that (1) the change in the SVOC volume in the liquid phase is negligible compared to the change in the gas-phase, (2) the gas-phase containing SVOCs is an ideal gas, and (3) the variation in the phase change enthalpy for SVOCs is negligible at room temperature, as shown in [START_REF] Acree | Phase transition enthalpy measurements of organic and organometallic compounds: sublimation, vaporization and fusion enthalpies from 1880 to[END_REF] for many SVOCs. Thus, the change in the volume of the SVOC during the phase change can be expressed as

∆𝑉 = 𝑅𝑇 𝑝 L,𝑇 0 (4) 
Combining Eqs. ( 3) and ( 4), we have

d𝑝 L,𝑇 0 d𝑇 = 𝑝 L,𝑇 0 ∆𝐻 𝑇 2 𝑅 (5) Thus, 𝑝 L,2 0 𝑝 L,1 0 = 𝑒 ∆𝐻 𝑅 ( 1 𝑇 1 - 1 𝑇 2 ) (6)
Assuming that the variation in the activity coefficient of SVOCs in the airborne particles is negligible for varying room temperatures, Eqs. ( 2) and ( 6) can be combined to obtain a relationship between the particle/gas absorptive partitioning coefficient and temperature for SVOCs:

𝐾 p2 = 𝐾 p1 𝑇 2 𝑇 1 𝑒 ∆𝐻 𝑅 ( 1 𝑇 2 - 1 𝑇 1 ) (7) 
log 10 𝐾 p2 = ∆𝐻 2.303𝑅 ( 1 𝑇 2 - 1 𝑇 1 ) + log 10 𝑇 2 𝑇 1 + log 10 𝐾 p1 (8) 
Eqs. ( 7) and ( 8) indicate that if a reference particle/gas partition coefficient (𝐾 p1 ) associated with a reference temperature (𝑇 1 ) is known for a given SVOC, the particle/gas partition coefficient (𝐾 p2 ) at the indoor temperature (𝑇 2 ) can be predicted for that SVOC. Therefore, the accuracy of the predicted 𝐾 p2 is associated with the accuracy of the measured temperature and the reference 𝐾 p1 (measured or predicted). Eqs. ( 7) and ( 8) allow 𝐾 p to be extrapolated from the room temperature in a previous study to the room temperature of interest.

According to Eq. ( 8), log 10 𝐾 p,T is a function of temperature varying with ∆𝐻/(2.303𝑅𝑇) and log 10 𝑇. We define

𝑓(𝑇) = log 10 𝑇 2 𝑇 1 1 𝑇 2 - 1 𝑇 1 (9) 𝑓(∆𝐻) = ∆𝐻 2.303𝑅 (10) If |𝑓(𝑇)| ≪ |𝑓(∆𝐻)|, then 𝑓(𝑇) is negligible compared to 𝑓(∆𝐻)
. This indicates that when the temperature varies over a small range and ∆𝐻 is high, Eq. ( 8) can be simplified to

log 10 𝐾 p2 -log 10 𝐾 p1 1 𝑇 2 - 1 𝑇 1 ≈ ∆𝐻 2.303𝑅 (11) 
Thus,

log 10 𝐾 p,T = 𝐴 𝑇 + B ( 12 
)
where 𝐴 ≈ ∆𝐻/(2.303𝑅) and 𝐵 is a constant that varies among SVOCs. Eq. ( 12) is the theoretical relationship between 𝐾 p and temperature based on the adsorptive mechanism [START_REF] Schwarzenbach | Environmental organic chemistry[END_REF]. Some phthalates were investigated as examples in the present study to quantitatively analyze the errors associated with this assumption and simplification.

2.2. Validation of the derived relationship with experimental data [START_REF] Kaupp | Gas/particle partitioning of PCDD/Fs, PCBs, PCNs and PAHs[END_REF] measured the concentration of total suspended airborne particles, 𝑇𝑆𝑃, and the SVOC concentrations in both the gas-phase and airborne particles for temperatures ranging from 0.2 °C to 20.4 °C. The experimental 𝐾 p values in their study for PCNs (𝑛=4), PCBs (𝑛=3), dioxins and furans (𝑛=3), and PAHs (𝑛=3) for a range of temperatures were calculated in the present study using Eq. ( 1) and then compared with the predicted values obtained by applying Eq. ( 7) under the assumption that the 𝐾 p values measured at the median temperature (12.4 °C) were used as the reference value. It should be noted that the 𝑇𝑆𝑃 value in the experiment was not associated with a specific particle size. Thus, the 𝐾 p value calculated with Eq. ( 1) is equivalent to the value estimated from all of the particles of equivalent size in the measurement.

Because there are few studies in the literature that report measurements of SVOC 𝐾 p under different temperatures, we used indirect values (i.e., observed 𝐾 p values). The observed 𝐾 p values were obtained from the measurement of 𝐾 OA and calculated using the linear relationship between 𝐾 p and 𝐾 OA [START_REF] Weschler | SVOC partitioning between the gas phase and settled dust indoors[END_REF]:

𝐾 p = 𝑓 om 𝐾 OA 𝜌 p (13)
where 𝑓 om is assumed to be constant in an indoor environment with a value of 0.4 for SVOCs and 𝜌 p (=1×10 6 g/m 3 ) is the density of the airborne particles [START_REF] Weschler | SVOC partitioning between the gas phase and settled dust indoors[END_REF]. Eq.

(13) was selected over other equations for the validation of Eq. ( 7) because it was not established based on a reference temperature. Although 𝑓 om and 𝜌 p may depend on the temperature, indoor environment, and nature of the particles, and may vary across SVOC classes, the assumed values proposed by [START_REF] Weschler | SVOC partitioning between the gas phase and settled dust indoors[END_REF] were applied in this study. Many measurements of 𝐾 OA values under various temperature conditions are available in the literature for PCNs (𝑛=7), PCBs (𝑛=12), dioxins and furans (𝑛=5), PBDEs (𝑛=4), and PAHs (𝑛=4) [START_REF] Li | The fragment constant method for predicting octanol-air partition coefficients of persistent organic pollutants at different temperatures[END_REF]. The observed 𝐾 p values were calculated from the measured 𝐾 OA values under various temperatures using Eq. ( 13). The predicted 𝐾 p values under various temperatures were calculated from Eq. ( 7)

assuming the observed 𝐾 p at 25 °C as the reference value. The observed and predicted 𝐾 p values were then compared.

For phthalates, the 𝐾 p and 𝐾 OA values for a range of temperatures have rarely been measured. range of temperatures were predicted using Eq. ( 7), using a reference temperature of 22.0 °C for the measured 𝐾 p value.

For other phthalates, e.g., di-n-butyl phthalate (DnBP), diisobutyl phthalate (DiBP), diisononyl phthalate (DiNP), benzyl butyl phthalate (BBzP), diethyl phthalate (DEP), and dimethyl phthalate (DMP), the experimental determination of 𝐾 p over a range of temperatures has never been studied. For these compounds, 𝐾 p values were calculated from the 𝐾 OA values at 25 °C using Eq. ( 13). The 𝐾 OA values used for calculating 𝐾 p were obtained using EPI Suite v4.11 software, which was developed by the U.S. Environmental Protection Agency (U.S. EPA). The 𝐾 OA values were estimated from octanol/water partition coefficients using the KOAWIN calculator in the EPI Suite software. The 𝐾 p values calculated at 25 °C were used as the reference values, and the values at other temperatures were predicted using Eq. ( 7).

Temperature dependence of the predicted gas-phase SVOC concentrations

The relationship between 𝐾 p and temperature can be applied to both indoor and outdoor environments. It was applied to an indoor environment in the present study. An unknown equilibrium gas-phase SVOC concentration in an indoor environment can be predicted using Eq.

(1) if both the SVOC concentration in the airborne particles, 𝐹, and the total concentration of suspended airborne particles, 𝑇𝑆𝑃, are measured. The indoor temperature is the key parameter that influences the determined 𝐾 p value and the predicted SVOC concentration in the gas-phase.

The temperature influence on the predicted SVOC concentration in the gas-phase varies among previous studies. However, a universal temperature dependence law for the prediction of gasphase SVOC concentrations can be quantified by a dimensionless analysis applicable to any SVOC regardless of the measured concentration of 𝐹 or 𝑇𝑆𝑃 . Considering that 𝐾 p values decrease and 𝐶 g values increase with increasing temperature [START_REF] Kaupp | Gas/particle partitioning of PCDD/Fs, PCBs, PCNs and PAHs[END_REF], we defined the dimensionless temperature, 𝑇 * , and the dimensionless gas-phase SVOC concentration, 𝐶 g * , as

𝑇 * = 𝑇 𝑇 e ( 14 
)
𝐶 g * = 𝐶 g 𝐶 g|𝑇=𝑇 e (15)
where 𝑇 e (K) is the assumed highest temperature in a common indoor environment; and 𝐶 g|𝑇=𝑇 e (ng/m 3 ) is the gas-phase SVOC concentration at a temperature 𝑇 e . Thus, 0 ≤ 𝑇 * ≤ 1 and 0 ≤ 𝐶 g * ≤ 1.

Combining Eqs. ( 1), ( 7), ( 14), and ( 15), we obtain a dimensionless relationship between 𝐶 g * and 𝑇 * for any SVOC:

𝐶 g * = 𝐾 p|𝑇=𝑇 e 𝐾 p = 10 ∆𝐻 * (1- 1 𝑇 * ) 𝑇 * (16) 
where ∆𝐻 * = ∆𝐻/(2.303𝑅𝑇 e ) . Eq. ( 16) provides a dimensionless gas-phase SVOC concentration associated with a dimensionless temperature, regardless of the measured 𝐹 or 𝑇𝑆𝑃 values. The assumed 𝑇 e value has a negligible influence on the predicted 𝐶 g * value when it lies between 10 °C and 50 °C (Fig. 1). In the present study, we assumed 50 °C as the highest temperature in an indoor environment.

Fig. 1. Influence of the assumed 𝑇 e on the predicted value of 𝐶 g *

Results and discussion

Comparison of the predicted and measured 𝐾 p values

The predicted and measured 𝐾 p values for PCNs, PCBs, dioxins and furans, and PAHs [START_REF] Kaupp | Gas/particle partitioning of PCDD/Fs, PCBs, PCNs and PAHs[END_REF] are compared in Fig. 2. The temperature for the measurements ranged between 0.2 °C and 20.4 °C, although measurement at 12.4 °C was performed for all of the studied compounds. Therefore, we used 12.4 °C as the reference temperature. The predicted and measured 𝐾 p values for a range of temperatures are well correlated in most cases. The determination coefficient, 𝑅 2 , for tetrachloronaphthalene and 2,3,7,8-tetrachlorodibenzofuran is 0.87 and 0.92, respectively, whereas the 𝑅 2 values for the other PCNs, PCBs and dioxins all exceed 0.95. The 𝑅 2 values for PAHs range from 0.68 to 0.78 (Fig. 2(d)). The difference between the predicted and measured values can vary up to 50% for some PAHs. This variation may be due to the scatter of the experimental data, as apparent in Fig. 2(d). Nevertheless, the comparison shows the consistency between the measured and predicted 𝐾 p values over a range of temperatures for the 13 studied SVOCs. Additional comparisons between the predicted and observed 𝐾 p values are presented in Table 1.

The predicted 𝐾 p values were calculated using Eq. ( 13), employing the 𝐾 OA values measured at 25 °C from the literature [START_REF] Li | The fragment constant method for predicting octanol-air partition coefficients of persistent organic pollutants at different temperatures[END_REF] as reference values; then, 𝐾 p was predicted at various temperatures using Eq. ( 7). The observed 𝐾 p values at different temperatures were calculated using Eq. ( 13), employing the 𝐾 OA values from the literature [START_REF] Li | The fragment constant method for predicting octanol-air partition coefficients of persistent organic pollutants at different temperatures[END_REF]. A high correlation (𝑅 2 >0.95) was found for all of the PCNs, PCBs, dioxins and furans, PBDEs, and PAHs (𝑛=32 in total). PAHs over a range of temperatures, we assumed that the temperature influence on the 𝐾 p values for phthalates can be predicted via Eq. ( 7). 7) to Eq. ( 12) results in less than 5% error in |log 10 𝐾 p2 -log 10 𝐾 p1 |.

The 𝐾 p values for these 7 target phthalates at different temperatures predicted using Eq. ( 7) are regressed using Eq. ( 12) (Fig. 4). The R 2 values for the regression of the target phthalates exceed 0.99. The regression slopes and the intercepts, which indicate the empirical A and B values in Eq. ( 12), for the target phthalates range from 3,764 to 5,808 and from -20.16 to -18.29, respectively. 

Impact of temperature on the predicted gas-phase SVOC concentrations

The predicted equilibrium gas-phase SVOC concentrations are very sensitive to temperature (Fig. 5). For all of the examined SVOCs with a phase change enthalpy between 50 kJ/mol and 100 kJ/mol, the equilibrium gas-phase SVOC concentration decreased between 31% and 53% for a decrease of 2% in the dimensionless temperature (namely, 6 K). This finding indicates that the temperature is critical for determining accurate 𝐾 p values and thus accurately predicting the gasphase SVOC concentrations. When the indoor temperature is lower than the reference temperature used for determining 𝐾 p , the predicted gas-phase SVOC concentrations may be significantly overestimated. However, when the temperature is higher than the reference temperature, 𝐶 g may be underestimated. The equilibrium gas-phase SVOC concentrations were found to increase by as much as 750% due to increasing the indoor temperature from 15 °C to 30 °C (Table S1 in the supplementary material).

Fig. 5. Temperature dependence of the dimensionless gas-phase SVOC concentration.

Limitations of the study

Some assumptions made for the derivation of the theoretical relation between 𝐾 p and temperature may restrict the application of the derived relation. First, absorption was assumed to be the dominant mechanism for SVOC gas/particle partitioning. However, as discussed by [START_REF] Lohmann | Adsorptive and Absorptive Contributions to the Gas-Particle Partitioning of Polycyclic Aromatic Hydrocarbons: State of Knowledge and Recommended Parametrization for Modeling[END_REF], both adsorptive and absorptive mechanisms may contribute to the gas/particle partitioning for some SVOCs, e.g., PAHs. As a result, the volatility of SVOCs needs to be taken into account when applying the equations proposed by [START_REF] Pankow | Review and comparative analysis of the theories on partitioning between the gas and aerosol particulate phases in the atmosphere[END_REF] or studied in the present paper. The Eqs. ( 7) and ( 8) proposed in this study may be appropriate for modeling SVOCs of low volatility due to the absorption assumption, whereas the equations proposed by [START_REF] Pankow | Review and comparative analysis of the theories on partitioning between the gas and aerosol particulate phases in the atmosphere[END_REF] may be appropriate for modeling compounds of high volatility due to the adsorption assumption. Second, the airborne particles were assumed to be porous materials. This assumption may not be true in some mining areas and locations near oceans, where the airborne particles are mainly composed of mineral crystals. In addition, in some extreme environments, the indoor temperature may be below 0 °C, while the relative humidity may be close to saturation, resulting in condensation and freezing of water vapor on the airborne particles.

However, Eq. ( 2) developed by [START_REF] Pankow | An absorption model of gas/particle partitioning of organic compounds in the atmosphere[END_REF] to describe the absorptive partitioning is independent from the morphology of particles. Third, possible chemical reactions between SVOCs on the airborne particles were not considered in the present study. Therefore, the derived equation is not applicable if chemical reaction occurs. Fourth, the variation in the activity coefficient for SVOCs in the airborne particles was assumed to be negligible for the studied range of temperatures. This assumption was applied due to a lack of studies on the activity coefficients of SVOCs. Measurements showed that the activity coefficients of some hydrocarbons generally decreased by less than 5% with increasing temperature from 9 °C to 35 °C [START_REF] Won | Thermodynamic calculation of cloud point temperatures and wax phase compositions of refined hydrocarbon mixtures[END_REF]. Moreover, when the temperature increased from 25 °C to 35 °C, the activity coefficients of methanol and toluene decrease by 2% and 7%, respectively, at infinite dilution in ionic liquid [START_REF] Domanska | Gas-liquid chromatography measurements of activity coefficients at infinite dilution of various organic solutes and water in tri-isobutylmethylphosphonium tosylate ionic liquid[END_REF]. The activity coefficient of a compound, e.g., SVOC, can be calculated using thermodynamic models such as the universal functional-group activity coefficient (UNIFAC) model [START_REF] Fredenslund | Group-contribution estimation of activity coefficients in nonideal liquid mixtures[END_REF][START_REF] Jang | A thermodynamic approach for modeling partitioning of semivolatile organic compounds on atmospheric particulate matter: humidity effects[END_REF]. The calculation of the activity coefficient using the UNIFAC model shows that the variation of the activity coefficient, α, of a compound is related to its partial molar excess enthalpy at infinite dilution, H [START_REF] Coutinho | Evaluation of activity coefficient models in prediction of alkane solid-liquid equilibria[END_REF], which generally ranges between -1 kJ/mol and 5 kJ/mol [START_REF] Kato | Systems with ionic liquids: measurement of VLE and 𝛾 ∞ data and prediction of their thermodynamic behavior using original UNIFAC, mod. UNIFAC(Do) and COSMO-RS(Ol)[END_REF]. The α varies between 1% and 7% when the temperature varies by 10 °C (Fig. S1 in the supplementary material). Eqs. ( 7) and ( 8) were only validated under room temperature in the present study. Last, the dimensionless model can be used to predict the gasphase SVOC concentration at equilibrium partitioning when the indoor air is well mixed. For SVOCs, the time to reach equilibrium partitioning between gas-phase and airborne particles varies between seconds to days depending on the volatility of the SVOCs and the diameter of the particle [START_REF] Weschler | Semivolatile organic compounds in indoor environments[END_REF]. The dimensionless model in the present study has the advantage of providing rapid estimates for a large dataset, such as a nationwide sample.

However, it cannot be used to address the dynamic mass transfer process of SVOCs.

Conclusions

A theoretical relationship between the particle/gas partition coefficient and temperature was developed for SVOCs based on the absorptive mechanism. 

(m 3 /µg) PCNs 1-Chloronaphthalene 1.07×10 -6 9.82×10 -7 - - 2.50×10 -7 1.32×10 -7 1.30×10 -7 7.98×10 -8
1,2-Dichloronaphthalene 9.53×10 -6 8.95×10 -6 --1.86×10 -6 1.10×10 -6 8.90×10 -7 5.40×10 -7

1,2,3-Trichloronaphthalene 7.33×10 -5 6.95×10 -5 --1.17×10 -5 7.98×10 -6 5.09×10 -6 3.25×10 -6 1,2,3,4-Tetrachloronaphthalene 4.34×10 -4 4.29×10 -4 --5.97×10 -5 4.49×10 -5 2.44×10 -5 1.56×10 -5 1,2,3,6,7-Pentachloronaphthalene 2.74×10 -3 2.97×10 -3 --3.77×10 -4 2.83×10 -4 1.54×10 -4 8.36×10 -5 1,2,3,4,6,7-Hexachloronaphthalene PBDEs 28 8.04×10 -3 6.27×10 -3 --6.16×10 -4 7.78×10 -4 1.93×10 -4 3.03×10 -4 66 1.66×10 -1 2.60×10 -1 4.44×10 -2 5.53×10 -2 1.29×10 -2 1.31×10 -2 4.09×10 -3 3.37×10 -3 100 4.82×10 -1 5.04×10 -1 1.14×10 -1 1.11×10 -1 2.97×10 -2 2.69×10 -2 8.45×10 -3 7.16×10 -3 153 2.75×10 0 2.15×10 0 5.98×10 -1 5.19×10 -1 1.44×10 -1 1.37×10 -1 3.80×10 -2 3.95×10 -2 PAHs Fluorene 1.71×10 -5 1.27×10 -5 --1.84×10 -6 1.31×10 -6 6.75×10 -7 6.23×10 -7 Phenanthrene 1.11×10 -4 7.40×10 -5 --9.79×10 -6 1.05×10 -5 3.28×10 -6 3.37×10 -6 Pyrene 2.11×10 -3 1.35×10 -3 --1.69×10 -4 1.45×10 -4 5.42×10 -5 5. 

1.36×10 -2 1.51×10 -2 - - 1.36×10 -3 1.16×10 -3 4.80×10 -4 2.75×10 -4 1,2,3,4,5,6,7- 1.31×10 -1 1.32×10 -1 - - 1.10×10 -2 1.11×10 -2 3.62×10 -3 2.25×10
.06×10 -5 1.08×10 -5 - - 1.69×10 -6 1.67×10 -6 - - 53 2.01×10 -4 2.00×10 -4 - - 2.47×10 -5 2.77×10 -5 - - 66 2.15×10 -3 1.79×10 -3 - - 2.22×10 -4 2.64×10 -4 - - 77 1.25×10 -2 0.92×10 -2 - - 1.16×10 -3 1.18×10 -3 - - 95 1.69×10 -3 1.29×10 -3 - - 1.36×10 -4 1.42×10 -4 - - 96 8.34×10 -4 6.64×10 -4 - - 7.24×10 -5 7.98×10 -5 - - 101 2.65×10 -3 2.41×10 -3 - - 2.72×10 -4 2.41×10 -4 - - 105 2.70×10 -2 2.77×10 -2 - - 2.24×10 -3 2.36×10 -3 - - 118 1.70×10 -2 1.75×10 -2 - - 1.48×10 -3 1.49×10 -3 - - 138 1.80×10 -2 1.63×10 -2 - - 1.47×10 -3 1.36×10 -3 - - 153 1.90×10 -2 1.67×10 -2 - - 1 

  [START_REF] Benning | Characterizing gas-particle interactions of phthalate plasticizer emitted from vinyl flooring[END_REF] used a stainless steel chamber to measure 𝐾 p for di-(2-ethylhexyl)phthalate (DEHP) at 22.0±0.3 °C with vinyl flooring as the DEHP source, resulting in a 𝐾 p value of 0.032±0.003 m 3 /µg. To study the temperature dependence of 𝐾 p for DEHP, 𝐾 p values for a
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 2 Fig. 2. Comparison of the predicted and measured values of log 10 𝐾 p at various temperatures.
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 3 Fig. 3 shows the simulation of |𝑓(𝑇)/𝑓(∆𝐻)| for different temperatures and phase change
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 4 Fig. 4. 𝐾 p for phthalates.

Fig. 5 .

 5 Fig. 5. Temperature dependence of the dimensionless gas-phase SVOC concentration.

  

  

  

  

  

  

Table 1 .

 1 Comparison of the predicted and observed values of 𝐾 p . 3.2. Estimates of 𝐾 p at different temperatures for phthalates Experimental 𝐾 p and 𝐾 OA values as a function of temperature are scarce for phthalates. Because the 𝐾 p values are consistent between the predicted and both the measured values and the observed values obtained from 𝐾 OA for several PCNs, PCBs, dioxins and furans, PBDEs, and

Table 1 .

 1 This equation does not require the input of 𝐾 OA or 𝑝 L 0 . The 𝐾 p values at indoor temperatures can be predicted using the derived relation if 𝐾 p values at a reference temperature are available (measured or predicted). The derived relationship agrees well with the experimental results from studies on the temperature dependence of 𝐾 p in the literature. Both theoretical and experimental materials show a strong influence of temperature on 𝐾 p and the prediction of 𝐶 g from 𝐹. One equation is now available to account for this dependency and to estimate both 𝐾 p and 𝐶 g . Xu, S. H., Kropscott, B., 2013. Octanol/air partition coefficients of volatile methylsiloxanes and their temperature dependence. J. Chem. Eng. Data 58 (1), 136-142. Comparison of the predicted and observed values of 𝐾 p .
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