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Abstract

Different household insecticide applications via telectric vaporizers emitting transfluthrin weealized in a
full-scale experimental room under controlled aikclgange rate conditions. On-line high-time resolved
measurements of the gas-phase concentrations ofdtiee substance during and immediately after the
spreading periods were performed with a High SimitgitProton-Transfer-Reaction Mass Spectrometes-(H
PTR-MS). Experimental and modelled data from thesExpo 4.0 software were also compared to evathate
sources of differences. Different application scesawere also compared. Averaged inhaled condimisa
over 1 h, 1 week, and 5 months were estimated t8.8e1.8, and 1.8g.m-3, respectively. Corresponding
margins of exposures range from 1000 to 10,000matg for the absence of effect. Dermal and dugestion
pathways, although roughly estimated, seems bedmgnegligible. This claims for a more in-depth grizted
risk assessment.

Keywords: Exposure, Pyrethroid, Pesticide, Indét8;PTR-MS

1.Introduction

The evaluation of indoor air contamination to eomimentally-significant and health-relevant
chemicals becomes a growing issue of concern, aubet current way of living that makes people
spending more than 80% of their time in indoor esvinents $chweizer et al., 2007In this context,

the increasing application of commercial househakkcticides in indoor atmospheres is raising
guestions due to the potential hazardous propestiise active substances, since both exposuré leve
and duration to those chemicals are likely to beificant.

Among the existing active substances present irsétmld insecticides, synthetic pyrethroids belong
to the insecticide family most frequently applieday Bekarian et al., 2006; Hahn et al., 2D#l0e

to their low toxicity for mammals, compared to argahlorine or organophosphate analogu&s(,
2009. The use of pyrethroid insecticides is actualigréasing for about ten years ndvo(ton et al.,
2010, especially via the application of electric vapers in FranceBouvier et al., 2006 Human
toxicity of pyrethroid is considered as limite&oderlund et al., 2002due to rapid metabolic
degradation of these compounds by hydrolysis, ¢xidaand conjugation reactions leading to water-
soluble metabolites that undergo urinary and ljiliexcretion Leng et al., 1999 At levels below
those inducing obvious signs of neurotoxicity (hdsome or CS-syndromé&oats, 199)) several
studies on animals however, show potential effeatsieurodevelopment, reproduction and immune
system after the exposure to some pyrethrddd$SOR, 2003. Pyrethroid long-term effects on human
health also still remain uncledfdo et al., 2010; Kolaczinski and Curtis, 2pBdit exposure to these
compounds has nevertheless been shown to causeastwase effects, especially for children and
pregnant womenATSDR, 2003. Pyrethroid exposure thus appears to cause migity and
developmental neurotoxicityShafer et al., 2005as well as adverse effects on the immune system
(Rosenberg et al., 199Besides, many studies reveal an increased figlamcer due to pyrethroid
exposurel(a et al., 2008; Kocaman and Topakta009; Shukla et al., 20p2More specifically, some
pyrethroids were classified by the US EPA as pdsdibman carcinogen®§ EPA (2006a,b) RED
reports for permethrin and cypermethrifrinally, these molecules are suspected to bearimd
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disruptors European Commission, 200Despite very frequent use of these insecticidesestern
countries Bouvier et al., 2006; Grey et al., 2006nly very few studies deal with the concentnatid
insecticidal substances during and immediatelyr aftenmercial household insecticide application
(Berger-Preiss et al., 2009; Leva et al., 2009; Matet al., 2004; Nazimek et al., 2011; Pentamwa et
al., 201).

Consequently, this study intends to evaluate tip@sxre to transfluthrin during the applicationwbt
electric vaporizers in a full-scale environmentdttroom. Few studiegléhn et al., 2010; Whyatt et
al., 2007 demonstrated that inhalation is one of the primrautes for residential pesticide exposure.
For this reason a particular attention is givenht® measurements of the concentrations of the gas-
phase and particulate phase in the indoor envirahma evaluation of the gas-phase concentration is
also performed with the ConsExpo software in otdecompare both experimental and modelling
approach. Due to the suspected health effectsegktmolecules as well as the potential frequencies,
levels and durations of exposure, the evaluatiothefaverage inhaled concentrations for different
durations during the application of household itis&le via electric vaporizers have been estiméted
supplement existing long-term exposure data.

2. Materials and methods
2.1. Insecticide electric vaporizers

Two commercial electric vaporizers (5 Welectric tirgaunits) used for household treatment against
mosquitoes were considered: “Raid® Electric — FlyM&squito Protector” and “Baygon® Genius
Protector — Electric Liquid”. The active substantansfluthrin (CAS# 118712-89-3), a type |
pyrethroid, is used in both commercial refills, andlifferent formulations: solid pad refill or ligl
mix refill. The active substance content (% w/wjl dormulation are detailed ihable 1

2.2. Test room description and conditions of apian

Different application scenarios of the electric @dpers Table ) were realized in the “Mechanised
house for Advanced Research on Indoor Air" (MARI&perimental house, at the Scientific and
Technical Centre of Building (CSTB), Marne-la-Va&|éFrance Ribéron and O'Kelly, 2002 The
electric vaporizers were mounted on the supportsapplied in an empty room (V = 32.3)nof
MARIA house. The ceiling is concrete painted andisvare covered with patches of painted plaster.
The temperature and relative humidity were contirslyp measured during the experiments. Air
exchange rates (AERs) were kept constant, at 0.3%hexperiments A and C and at 0.14 for
experiment BTable ).

Concerning the ventilation, the experimental aichange rates (0.14 and 0.35)hcorrespond to

realistic worst-case conditions compared to residewentilation conditions that typically range
from1 to 0.5 R for existing and new housing, respectiveBpéngler et al., 2001However, such

ventilation conditions can be found in dwellingsdderiksen et al., 20} With defective mechanical
ventilation systemsL{icas et al., 2009 More importantly, such low ventilation condit®especially

occur during the night.{ucas et al., 20Q9vhen electric vaporizers are supposed to be eghpli

The vaporizers were plugged in the centre of tlenrat a height of about 1 m above the floor level.
The application lasted 8 h according to typicahbhiduration. The concentration of the pesticide was
monitored 1 h before the beginning of the spreagiagod (so-called “reference situation”), during
the application (increase of concentration) andeotice vaporiser was unplugged, until the
concentration level becomes stable and close tinttial background level (elimination phase). The
vaporizers were weighted before and after theirliegion (Table J, in order to determine the
guantity of active substance emitted, accountimgtfe active ingredient mass content provided ley th
manufacturerTable 3. For more details about the experimental conasithe readers are referred to
Vesin et al. (2013)
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2.3. Gas-phase transfluthrin measurements

The household insecticide treatment exhibits higission variability. Therefore, the measurements
of the gaseous transfluthrin emitted by the elecuaporizer refills was performed with a High
Sensitivity Proton-Transfer-Reaction Mass SpectteméHS-PTR-MS) (lonicon Analytik), which
provided on-line and high time-resolved measuremdiesin et al.,, 2012 The HS-PTR-MS
technique is based on chemical ionization of thdemdes under study throughs;®f transfer
reactions, combined with subsequent mass spectricniat detection l(indinger et al., 1998 The
instrument is composed of an ion source in whigdHare produced from pure water vapour with a
hollow cathode, a drift tube where the proton tfanseactions betweens;8" and the molecules under
study occur, and a quadrupole mass spectrometehwlferentiates the ions, according to their m/z
downstream coupled to a secondary electron mudtipietector for selective and sensitive detection.

HS-PTR-MS calibration was realized through the gathen of a standard gaseous flux of
transfluthrin at constant temperature under contisucontrolled nitrogen flow. During the room
experiments, the HS-PTR-MS was operated under xtperinental conditions adjusted during the
calibration step\(esin et al., 201R

2.4. Modelling of transfluthrin gas-particle pdditing

Due to the relatively low vapour pressure of trankfin (4.12 x 10* Pa at 25 °C), this Semi-Volatile
Organic Compound (SVOC) is likely to be distributbdtween the gas-phase and the different
surfaces present in the indoor environment (iieboene particles, settled dust, indoor surfacés).
order to evaluate the inhalation exposure followinmgsecticide household application, the
concentrations of transfluthrin in both the gasgghand particulate phase ought to be considered.
Particles of transfluthrin may actually arise doenucleation or condensation processes that occur
only if the saturated gas-phase concentrationaoisftuthrin (62ug.m> at 25 °C) is reached. A SMPS
(ScanningMobility Particle Sizer) (GrimmTechnik)vilee scanning particles ranging from 11.1 to
1083.3 nm in diameter was used to observe evepautitlie formation.

Transfluthrin is likely to be adsorbed on airbopaticles (suspended matter) being already présent
the room. Transfluthrin equilibrium partitioning the air compartment between the gas-phase and
airborne particles was evaluated with the modekbiged byWeschler and Nazaroff (2008)at has
been extended iWeschler and Nazaroff (201@nd Little et al. (2012)(details are provided in
supplemental material).

A modelling of the gas-phase concentration viaGbasExpo 4.0 software was also realized to enable
a comparison with the experimental data. The meds run as a standard user would do it, only
having basic information about electric vaporizpplecation, viz. the application duration (8 h)eth
volume of the room (32.3 ) the commercial product amount spread in the r@eg), the weight
fraction of active substance in the commercial pobénd the air exchange rate (% w/Walfle J. It

was supposed that the pesticide is released vaitimstant rate during the application duration.

Table 1: Characteristics of the vaporizers refitid aonditions of application

Active Commercial Commercial Content AER ~_Mass of commercial
BXP- substance  formulation (% wiw)  (h?h) product emitted during
brand the 8h application (mg)
A Transfluthrin Solid Rai 13.4 0.35 18.44
B Transfluthrin Solid Raidl 13.4 0.14 18.56

C  Transfluthrin Liquid Baygoh 0.88 0.35 463.06
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2.5. Exposure assessment

As suggested by thdS EPA (1992)the exposure over a period of time is assesssatding to the
Eq. (1):

E = [ ct (1)

where Ei is the magnitude of the exposure durirgatpplication i gg.m>), C(t) is the concentration
as a function of timeug.m ), t is time (h), - t, being the exposure duration (h).

The exposure duration depends on the simulatedsexpoHowever, there is currently a significant
lack with respect the usage scenarios of houseimsielcticides in Europe. Consumer habits and
behaviours are actually most of the time unknowd are likely to vary a lot from a country to
another. In the context of the Directive 98/8/EC998, 2010) concerning the placing of biocidal
products on the market, the dossier of evaluatibtramsfluthrin as product-type 18 assumes a 5
months per year daily exposure to evaluate the @xpoarising from the application of electric
vaporizers CAR, 201(0. The ConsExpo factsheddremmer et al., 200Gs well as the study é¢fahn

et al. (2010pssumed the same frequency of application forr&ecdporizers. Their working time is
assumed to be of 8 h per day of application, inrd@us when people are asle&rgmmer et al.,
2009. During the other period of time it was considktkat people are not present in the room and
thus not exposed. Accordingly we chose 5 monthy@ar of 8 h daily exposure.

The exposure durations were set to 1 h and 1 wae&dute exposures and 5 months for subchronic
exposures.

3. Results and discussion
3.1. Concentrations of transfluthrin in the gasggha

The transfluthrin gas-phase concentration profileghe different experiment$ig. 1for experiment

C) show a rapid increase as soon as the elecpmrizar is plugged in and reach a peak a few mgute
after unplugging. The active ingredient concendratthen starts decreasing, to finally reach a
concentration close to the initial background ldéuedeveral hours.

50

‘ . Experimental data
—— ConsExpo modeling
‘ — — —  Time of unplugging

40 A

30 A
20 A

10 A

Transfluthrin gaseous concentration (ug.m'3)

o W by
00.00 04.00 08.00 12.00 16.00 20.00

Time (hours)

Figure 1: Concentration time profile of gaseoussfathrin during and after vaporizer application Experiment C.



Environment International 60 (2013) 1-6

Transfluthrin peak concentrations range from 4.9¥0g.m > for the solid refill of transfluthrin with

an AER of 0.35 i (Exp. A) to 8.5(x0.6ug.m ° for the same refill with an AER of 0.14'HExp. B)
(Table 3. For comparison, the background pyrethroid cotraéions found in homes sometimes reach
several dozens of ng.m-3 with very diverse valuepedding on the homes and the pesticide
substancesQlayton et al., 2003; Morgan et al., 2007; Panglgt2002; Wilson et al., 2010Thus,
trans-permethrin is often found to have the highedoor air concentration (gas-phase + airborne
particles), with maximums ranging from several rig.(6.8 ng.m? for Morgan et al., 200711 ng.n®

for Bradman et al., 2000 more than one hundred of ng°rt.30 ng.m? for Tulve et al., 200&nd

164 ng.m? for Whyatt et al., 2007 In some homes, the background trans-permetioricentration is

on the contrary very low, below the limit of qudicttion, ranging from 0.1 to 0.8 ng.i(Morgan et

al., 2007; Whyatt et al., 20p2Cypermethrin is found to have maximum indoor léckground
concentrations (gas-phase + airborne particlegjimgrbetween 100 and 380 ng°nfBradman and
Whyatt, 2005; Tulve et al., 20p8Compared to these concentrations typically foumnichdoor air, the
pyrethroid exposure peak levels measured in th@obgase during the spreading periods therefore turn
out to be from 10 to 1000 time higher. Moreovempared to the present measurements, the few
literature dataBerger-Preiss et al., 2009; Class and Kintrup, 188zimek et al., 20)1concerning
pyrethroid concentrations during application ofcéle vaporizers in indoor environments show
similar concentrations, ranging from 0.4 toyi@m >,

Table 2: Peak concentrations determined via thd®’fIR-MS experimental measurements (gaseous phaséhe@ConsExpo
model

Exp. concentration  concentration

(ng.ni) (ug.nt)
4.90.8 25.6
B 8.520.6 45.7
5.640.5 42.2

No significant formation of particles was observath the SMPS device during the application of the
electric vaporizers. However, the background cotmadon of PM1 airborne particles was detected
around 10(x2ug.m>. As a result, these particles can serve as a sufgp@dsorption of transfluthrin
and become another exposure medium in the air comeat in addition to gaseous transfluthrin.
According to Eq. (S3), the transfluthrin proportioging absorbed on PM1 airborne particles is found
to be around 0.11% relative to the quantity pregetite gas-phase. Consequently, nearly the tptalit
of transfluthrin being present in the air compartirie found in the gas-phase.

In addition, we compared the experimental datehtsé modeled with the ConsExpo 4.0 software
(Fig. 1), largely used for exposure evaluations to consupreducts Hahn et al., 2010 This
comparison shows that the peak concentrations a&emluby ConsExpoT@ble 3 are much higher
than the measured concentrations. The ConsExpolingdef concentration therefore proves not to
be in compliance with the concentration which ialty present in the room. This difference between
experimental and modelled data can be explainedhbyfact that a large proportion of emitted
transfluthrin is directly adsorbed on the differenirfaces (walls, soil, ceiling, dust, suspended
particles). According to the model &Feschler and Nazaroff (2008, 201ahd considering the
available surfaces of the test room, the proportibtransfluthrin assumed to be adsorbed on those
indoor surfaces is actually evaluated to be arof@& (Details for the partition modelling are
provided in supplemental information). This largegortion of transfluthrin being adsorbed on room
surfaces is moreover confirmed by a mass balanicellation realized invesin et al. (2013)This
mass balance evaluation on the present datasellgctowed an 81%- to 86%-deviation between the
concentration that should have theoretically baesegnt in the room considering the quantity thag wa
spread by the electric vaporizers, and the tratisflu gas-phase concentration that was actually
measured by the HS-PTR-MS. The theoretical tratisflu concentration was calculated on the basis
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of the weighing of the refills before and after #geriments. Finally, several authors find agrgein
results about deposition of household pyrethroidsvarious indoor surfacelassand Kintrup,
1991;Matoba et al., 2004; Pentamwa et al., 20Ifie differences observed between the experirhenta
data and the ConsExpo modelling are therefore duné large proportion of transfluthrin being
adsorbed on surfaces, since the ConsExpo model riiieake into account these sorption effects
(Delmaar et al., 2005 which can however considerably lower the gasspharansfluthrin
concentration, due to its semi volatile nature.

Based on the mass emission rates (ERh ") determined inVesin et al. (2013Yor the three
experiments Table J, different application scenarios are then builtevaluate the influence of
emission conditions on the gas-phase transflutoncentration. Assuming that ventilation is theyonl
elimination mechanism occurring in the air compamm the increasing gas-phase concentration
profile during the spreading of pesticide is goweerivy the following Eq(2):

E et
C,(t)= RV+(1—ekAER-) )

kAER'

where t is the time (h), &) is the gas-phase concentration of transfluthrithe room 19.M), Kagr
is the air exchange rate constant)hER is the mass emission rate of the vaporiggm(*) and V is
the volume of the chamber and of the sampling wikin’) (V = 32.3 ni + 0.35 ).

The influence of ventilation is tested by applyiitferent air exchange rates, of 0.14,10.35 h*, 0.5

h™ and 1.0 A respectively. Thus, the realistic worst-case dimnt applied during experiments to
simulate poor aeration during the nighiggk = 0.14 h* and 0.35 H) are compared to the typical
residential ventilation conditions ranging from M3 to 1.0 A™. In addition, the influence of the
spreading duration is investigated by modellingghs-phase concentrations for an 8-hour emission to
simulate the case of a nhormal and recommendedcatipli. Finally, a 24-hour emission was tested to
model the case of longer application periods sigcfoeyotten electric vaporizers plugged in all day

long (Fig. 2.

20 :
———— AERO0.14h1:

——— aeroa3shl
———  aerosh? :

AER1.0nL i :
Experimental : 24 hours:

i
3}
1

e
—_——

i 8hours

Transfluthrin gaseous concentration (ug.m'a)
S
1
\

T T T T T T
00.00 04.00 08.00 12.00 16.00 20.00 00.00

Time (hours)

Figure 2: Modelled gaseous concentration profifesamsfluthrin for different application scenaribased on Experiment C.

The resulting peak concentration ranges for théemtiht experiments after 8-hour and 24-hour
emissions respectively, are displayedTiable 3 as well as the steady-state concentrations amd th
emission duration needed to reach the steady+si@tenum concentrations.

According toTable 3andFig. 2 the lower is the AER, the higher are the conediains at the end of
pesticide application (8-hour and 24-hour emisgicAssimilar trend is also observed for the steady-
state maximum concentrations. Moreover, these remtlelata show that in the case of an overdose
application (24-hour spreading), low AER valuesréh®.14 h') lead to significantly higher
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concentrations compared to an 8-hour emissiorhdrcase the electric vaporizer has been forgatten t
plug into a poorly ventilated room, the resultingp@sure concentrations are therefore higher. On the
contrary, the data reveal that in the case of eecowentilation (AER of 0.5 and 1.0'hand even for

an AER of 0.35 1), the gas-phase concentrations are similar f@-haur and a 24-hour emission. In
other words, a correct AER prevents a significardréase of pesticide concentration in indoor
atmosphere. Therefore, the air exchange rate appgeabe a crucial parameter controlling the
concentrations levels of the pesticide indoorsthie case of insufficient ventilation, the spreading
duration also plays a significant role regarding thas-phase exposure concentrations that can be
increase of 40% for the 0.14fAER condition between an 8-hour and a 24-houriegidn.

Table 3: Modelled gaseous concentration rangedifi@rent application scenarios (AER and emissioratian)

Concentration after Concentration after Steady-state Time to reach steady-
AER o o ; )
Y 8h emlzsmn 24 h em_|355|on concent_rsatlon state concentration
(hg.m°) (Hg.n") (Hg.n") (within 1%) (h)

0.14 8.1-11.0 11.5-15.7 11.9-16.4 32.9
0.35 4.5-6.1 4.8-6.5 4.8-6.5 13.2
0.5 3.3-45 3.3-4.6 3.3-4.6 9.2

1 1.7-2.3 1.7-2.3 1.7-2.3 4.6

3.2. Exposure assessment

The inhalation exposure to transfluthrin correspoiudthe inhaled concentratiamg(m ) and depends
on its concentration in all the media that aredntact with the lung. This is the case for bothdhe-
phase and the particulate phase (for the smalldicles). Because of the very small proportion of
transfluthrin being present under the particuldtage (<0.11%, se®ection 3.}, the exposure via the
inhalation of particles was neglected.

The inhaled concentrations averaged over 1 h, kwaad 5 months are presentedlimble 4for the
lowest AER (0.14 H). The mean inhaled concentrations integrated tverof vaporizer use (in the
area of the maximal concentration measured), 1 vaeek5 months with an 8 h per day use of the
vaporizer (during the plugging), are 8.3, 1.8 aml |ig.m >, respectively. These integrated inhaled
concentrations correspond to a realistic exposteaasio (1 h of exposure around the peak during the
night, 1 week of exposure or several months duttiregblood-feeding period of mosquitoes). These
inhaled concentrations could be directly compardth voxicity indicators obtained in toxicological
studies (no observed adverse effect levels, NOAELsyder to determine amargin of exposure (i.e.,
the ratio between human exposure and NOAELs olitamenimal toxicity testing). For inhalation
exposures, the respiratory and central nervougmsysappear to be the main targets of transfluthrin.
Mice were exposed by inhalation during 45 min to aavosol (94.5% pure) of transfluthrin. A
respiratory rate reduction was observed at 46 nidending to define a NOAEL at 11 mgh{ACP,
1997. In the first public version of Competent AuttigrReport for transfluthrin QAR, 2010, a
NOAEL of 15 mg.m®was identified after a daily inhalation exposures(B per day) of pups from
postnatal days 10 to 16 (6 days) in mammals, basexh increase in muscarinic receptor levels in the
brain cortex at day 17. Thus the lowest NOAEL atridlni® could be used for acute (1 h) to subacute
(several days, 1 week) exposure duration. In sumitirtoxicity studies (28 and 90 days), NOAELs
between 36 and 46 mg.irwere identified after daily inhalation exposurésh(per day, 5 days per
week) of rats, based on minor clinical chemistrarges at 168 mgthand tremors, increased
motility and bristling or ungroomed coats at 220.mg (ACP, 1997. The lowest NOAEL at 36
mg.m* could be used for a 5-month exposure duratioruman. After a temporal adjustment (x6 h/8
h and x5 days/7 days), the NOAEL becomes 19 g Fhere are no chronic toxicological studies.
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Table 4: 1-hour, 1-week and 5-month inhalation expe to transfluthrin and corresponding marginexplosure, during the
use 8 h per day of an electric vaporizer with |64 hY) air exchange rate.

Exposure Average inhaled NOAEL Margin of
duration concentration (ug.H) (ng.md) exposure

1h 8.3 11 000 1300

1 week 1.8 11 000 6 100
5 months 1.8 19 000 10 500

As indicated inTable 4 margins of exposure range from 1300 to 10,500icating that adverse
effects are not likely to occur (the decision thid could vary from 100 to 1000 according to the
availability of toxicity data) S EPA, 1993 No margin of exposure could be calculated faoofc
exposures in the absence of NOAEL. In the casheoflth exposure duration, the margin of exposure
is close to the decision threshold (1300 versu®)1@6rived from the NOAEL obtained in the sensory
irritation study. If no adverse effects are theioedly expected, it would probably be relevant to
consider a more-in-depth evaluation. These shoomtdude multipathways and multi compounds
approach.

Although other exposure pathways can occur, asighdd for other pyrethroid, for instance
permethrin Zartarian et al., 20)2this first tier evaluation was limited to inhatm. Regarding their
specific time—activity pattern, including crawlig the floor and hand-to-mouth contact, childrem ar
likely to be exposed to the active substance thramiger exposure routes such as dermal contact with
air and surfaces (floor especially) and ingestibaattled dust. Due to the high concentrations dnat
likely to be present on the room surfac®®egin et al., 2018and in dust, the evaluation of the
ingestion and dermal intakes (ig of substance per day) could therefore be relewagét evaluation

of the total exposure.

Considering the ingestion route, on the basis loDgo,) for transfluthrin equal to 8.43/gsin et al.,
2012 and of a transfluthrin concentration in the ghsge of 1.8ug.m? (averaged inhaled
concentration for 8 h), themass fraction of trasfin in dust can be estimated to 4§4.g*
according to the SVOC partitioning model between ghs-phase and the settled dugegchler and
Nazaroff, 2019 Using a mean dust intake rate of 60 mg.tégr a child US EPA, 201}, we can
calculate that mean intake via dust ingestion wdigdequal to 2.9g.day". Breathing 8.9 m3.day
(for a 2—3 years child) of air containing 1:§.m> of transfluthrin leads to an inhalation intakel6f
ng.day™. Inhalation intake is thus expected to be more th@imes higher than ingestion one (details
of ingestion exposure are provided in supplementsdkrial).

Dermal intake is difficult to assess due to methogical difficulties and would fall beyond the seop
of this paper. However it seems possible to aseslasive importance of inhalation and dermal
pathway to exposure, based on the framework rgcpribosed byVeschler and Nazaroff (2012)n
the basis of chemical properties of SVOCs. Considethe chemical characteristics of transfluthrin
(Vesin et al., 201 application of this model leads to expect a ddrintake of the same order of
magnitude than inhalation one (details of dermaltedntake comparison with inhalation one are
provided in supplemental material).

To sum up, dermal pathway is expected to doublalation exposure whereas ingestion is expected to
add 20%. This reinforces the need for a more irtfdeptegrated risk assessment. This work moreover
shows the necessity of carefully evaluating chraposure to those types of chemicals that may
cause health effects on the long term. Moreovee, uthe significant proportion of transfluthrin
being adsorbed on indoor surfaces, they can aet secondary source of emission, because of the
reversible nature of the adsorption mechanism arkemte long-term and low pollution source of
insecticide.

Finally, a cumulative approach considering othdyssances with similar mode of action and similar
properties to transfluthrin (sensory irritationgunodevelopmental effects) would be a perspective t
this first tier of risk assessment of transfluthglactric vaporization.
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