Supplemental material

Equilibrium partitioning between the gaseous phase and airborne particles

The equilibrium partitioning in the air compartment between the gaseous phase and airborne particles is evaluated with the model developed by Weschler and Nazaroff (2008) that has been extended in Weschler and Nazaroff (2010) and Little et al. (2012). This approach, based on the gas/particle partitioning theory of Pankow (1998), assumes that most indoor surfaces have organic films at their interfaces with room air. The partitioning coefficients, which are specific to the different sorptive compartments present in indoor atmospheres (here, airborne particles) can be described as a function of octanol–air partition coefficient (KOA), as described in Eq. (S1).
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Where Kpart is the partitioning coefficient for airborne particles, Cpart and Cg are the equilibrium concentrations (µg.m-3) of the SVOC on airborne particles and in the gaseous phase, respectively, and fom-part is the fraction of organic matter in the airborne particles.

The equilibrium mass balance in the air compartment is therefore described by Eq. (S2):
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(S2)

Where ma is the total mass of transfluthrin being present in the air compartment at equilibrium (µg), mg and mpart are the mass of transfluthrin present at equilibrium in the gaseous phase and on the airborne particles (µg), respectively, V is the volume of the room (m3) and Vpart is the volume of airborne particles (m3).

Thanks to this model, the proportion of pesticide adsorbed on the airborne particles can be evaluated relative to the quantity present in the air compartment (gaseous phase + airborne particles; Eq. (S3) and (S4)): 
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Where [PART] is the concentration of airborne particles (µg.m-3) and ρpart is the density of the airborne particles (µg.m-3).

Equilibrium partitioning between the different indoor compartments
The equilibrium partitioning of SVOC between the different indoor compartments can be calculated on the basis of Eq. (S5), taking into account the mass conservation between the gaseous phase, the airborne particles phase, the surface compartment and the dust compartment (Weschler and Nazaroff, 2008; Weschler and Nazaroff, 2010; Little et al.; 2012):
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With :


[image: image6.wmf]dust

dust

surf

part

part

g

dust

om

oa

dust

g

oa

surf

g

part

om

oa

part

A

Dust

q

e

S

V

V

PART

V

C

f

K

X

C

K

C

C

f

K

C

r

r

].

[

.

].

[

.

.

.

.

.

=

=

=

=

=

=

-

-









(S6)

With mg, mpart, msurf et mdust the SVOC quantities (µg) present at equilibrium respectively in the gaseous phase, in the airborne particles phase, on the surface compartment and in the dust compartment, Cg, Cpart et Csurf the SVOC equilibrium concentrations (µg.m-3) respectively in the gaseous phase, in the airborne particles phase, on the surface compartment and Xdust the SVOC concentration (µg.g-1) in the dust compartment, V, Vpart et Vsurf, the volumes (m3) of the room, of the airborne particles and of the surfaces, respectively, considering that the SVOC can be adsorbed on the room surfaces on an organic film whose thickness is e (nm), qdust the dust quantity in the room (g), fom_part organic fraction of airborne particles, fom_dust  the organic fraction of dust, [PART] the concentration of airborne particles in the room (g.m-3), ρpart the airborne particles density, ρdust the dust density, S the total area of the room surfaces (walls, floor, ceiling) (m2), [dust] the mean dust mass on room surfaces (g.m-2) and A the area of the floor surface (m2). The experimental data are displayed in Table S1.
Table S1: Initial data for the SVOC partitioning model in indoor environments for the MARIA model room
	
	Symbole
	Value
	Unit

	Room volume 
	V
	32.3
	m3

	Room surfaces (walls, ceiling, floor)
	S
	64.459
	m2

	Floor surface
	A
	13.0
	m2

	Organic film thickness a
	e
	10
	nm

	Organic fraction of airborne particles a
	fom-part
	0.4
	-

	Organic fraction of dust a
	fom-dust
	0.2
	-

	Airborne particles concentration 
	[PART]
	10.10-6
	g.m-3

	Mean dust mass on room surfaces b
	[Dust]
	0.35
	g.m-2

	Airborne particles density a
	ρpart
	1.0.106
	g.m-3

	Dust density a
	ρdust
	2.0.106
	g.m-3


a Data recommended by Weschler et Nazaroff, 2008 and 2010
b Giovannangelo et al., 2007
The partitioning of transfluthrin (log(KOA) = 8.43) is given in Table S2.
Table S2: Equilibrium partitioning between the different indoor compartments

	
	Transfluthrin

	Gaseous phase (%)
	9.83

	Airborne particles (%)
	0.01

	Dust (%)
	37.36

	Surfaces (%)
	52.80


Comparison between inhalation and dermal pathways

Thanks to the model developed by Weschler and Nazaroff (2012), based on physico-chemical properties of SVOCs, the dermal exposure can be compared to the inhalation intake.

Depending on the value of skin-surface lipid to gas-phase partitioning coefficient (Klg) and to the molecular weight of the SVOC, the amplitude of dermal pathways can be determined relative to inhalation pathways. According to Weschler and Nazaroff (2012), Klg can be calculated with Eq. (S7):
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Where Klg is the skin-surface lipid to gas-phase partitioning coefficient, Kow is the octanol to water partitioning coefficient, H is the Henry's law constant (M.atm-1), R is the the gas constant (0.0821 atm.M-1.K-1), and T is the temperature (K).

The physico-chemical characteristics of transfluthrin (Vesin et al., 2012) needed for the comparison are the following: molecular weight of 370 g.mol-1, Henry's law constant at 20°C of 2.57×10-5 atm.m3.mol-1 and log Kow = 5.46 at 20°C. The Henry's law constant H expressed in [atm.m3.mol-1] needs to be converted in [M.atm-1] as follows: [M.atm-1] = 1/ [atm.m3.mol-1]×1000, which leads to H = 38.9 M.atm-1. 

As a result, the skin-surface lipid to gas-phase partitioning coefficient log(Klg) is equal to 7. According to the partitioning model of Weschler and Nazaroff (2012) (Figure S1), the dermal and inhalation exposure to transfluthrin are therefore expected to be of the same order of magnitude.
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Figure S1: Relationships between molecular weight and skinsurface lipid to gas-phase partitioning coefficient (Klg) for SVOCs. Solid lines demark scales for human exposure and uptake from the gas phase via inhalation as compared to upperbound dermal processing. For line a, inhalation intake is estimated to exceed the maximum rate of dermal uptake by 10×. For line b, inhalation intake and potential dermal uptake are approximately equal. For line c, the potential rate of dermal uptake is roughly 10× as large as the rate of inhalation intake. (Source : Weschler and Nazaroff, 2012)

Comparison between inhalation and ingestion pathways

The SVOC partitioning model between the gaseous phase and the settled dust allows estimating the mass fraction of transfluthrin in dust Xdust,pred, on the basis of the mean gaseous phase concentration (Weschler and Nazaroff, 2010), according to Eq. (S8): 
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Where Xdust,pred is the predicted mass-fraction of SVOC in dust (mg of dust-associated SVOC per g of dust), KOA is the partitioning coefficient between octanol and air, Cg is the equilibrium concentration (µg.m-3) of the SVOC in the gaseous phase and fom_dust is the volume fraction of organic matter associated with settled dust and ρdust is the density of settled dust (mg.m-3). According to the recommendations of Weschler and Nazaroff (2010), fom_dust was assumed to be 0.2 and ρdust was set as 2.0×106 g.m-3.

On the basis of a log(KOA) for transfluthrin equal to 8.43 (Vesin et al., 2012) and of a transfluthrin concentration in the gaseous phase of 1.8 µg.m-3 (averaged inhaled concentration for 8 hours), the mass fraction of transfluthrin in dust can be estimated to 48.4 µg.g-1. 

Afterwards, assuming a mean dust intake rate of 60 mg.day-1 for a child (US EPA, 2011), we can calculate, assuming a 100% absorption that overestimates intake, that mean transfluthrin intake via dust ingestion would be equal to 2.9 µg.day-1. In the meanwhile, breathing 8.9 m3.day-1 (for a 2-3 years child), of air containing 1.8 µg.m-3 of transfluthrin, leads to an inhalation intake of 16 µg.day-1. The predicted ingestion is thus more than 5 times lower than the inhalation intake one.
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