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ABSTRACT

Objectives: This study aimed to review model algorithms and input parameters applied to some exposure
models and to compare the simulated estimates using an exposure scenario from each model.

Methods: A total of five exposure models which can estimate inhalation exposure were selected; the Korea
Ministry of Environment(KMOE) exposure model, European Centre for Ecotoxicology and Toxicology of
Chemicals Targeted Risk Assessment(ECETOC TRA), SprayExpo, and ConsExpo model. Algorithms and input
parameters for exposure estimation were reviewed and the exposure scenario was used for comparing the
modeled estimates.

Results: Algorithms in each model commonly consist of the function combining physicochemical properties, use
characteristics, user exposure factors, and environmental factors. The outputs including air concentration
(mg/mq) and inhaled dose(mg/kg/day) are estimated applying input parameters with the common factors to the
algorithm. In particular, the input parameters needed to estimate are complicated among the models and models
need more individual input parameters in addition to common factors. In case of CEM, it can be obtained more
detailed exposure estimates separating user’s breathing zone(near—field) and those at influencing zone(far-field)
by two—box model. The modeled exposure estimates using the exposure scenario were similar between the
models; they were ranged from 0.82 to 1.38 mg/m?®for concentration and from 0.015 to 0.180 mg/kg/day for
inhaled dose, respectively.

Conclusions: Modeling technigue can be used for a useful tool in the process of exposure assessment if the
exposure data are scarce, but it is necessary to consider proper input parameters and exposure scenario
which can affect the real exposure conditions.

Key words: Exposure model, inhalation, aerosol, algorithm, exposure scenario
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85, 7+ Hdlo] A5kl Qe V& daesy 2
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Table 1. Exposure scenario for comparison of output values between each model

Content Input parameter
Substance Aerosols mixed with ethanol
Chemical properties Weight of fraction (%) 10
Airborne fraction (%) 10
Sprayed amount (g) 25
Use characteristics Frequency of use (event/day) 1
Duration of use (min) 20
Common Exposure duration (min) 120
exposure User exposure factor Inhalation rate (m®/h) 0.6
factor Body weight (kg) 65
Use environment Living room
Exposure Building volume (m®) 500
scenario , Room volume (m°) 40
Environmental factor ,
Room height (m) 25
Air exchange rate (/h) 3
Dispersion condition” Homogeneous

- CEM: User, Adults (> 21 years); Background air concentration, 0.05 mg/m3;
Near-field exposure option (volume: 1 md).

- ECETOC TRA: Inhalation reference value, 0.05 mg/m?®; Exposed body part,
upper body

- SprayExpo: Turbulent diffusion, 0.01 m?/s; Room application; Droplet spectrum,
0-5 um 80%, 5-10 um 10%, 10-20 um, 5%, 20-40 um, 5%; Spray angle
30: Spray nozzle diameter, 0.5 mm; Spray duration: 120 sec

- ConsExpo: Density of non-volatile, 1 g/cm®; Inhalation cut off diameter,
10 um:; Aerosol distribution, log—normal; Median diameter, 1 um; Maximum
diameter, 100 um

Individual factor ¥

"Common input parameters used in all models, T The statue of aerosol distribution in the space, T Individual input
parameters in addition to common exposure factors in each model.
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& 34 vue 35 =F 19 543 CEM ver.
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Basic algorithms

USEPA, 2012)

A% W,
o [1—exp(— Nxt)]/t

vV

Table 2. Summary of basic algorithms in each exposure model (BAuA, 2019; ECETOC, 2014; NIER, 2018; RIVM, 2009;
V, room volume (m%); IR, inhalation rate
(m3/h); A, sprayed amount (mg); Far,

2159 et A2 == Hlw 363

Parameter description
C., airborne concentration (mg/m®); Wi
ingredient proportion; N, ventilation rate (/h);

airborne proportion; n, use frequency
(event/day):t, exposure time (h), Bw, body
weight (kg); Cimn, inhaled concentration
(mg/m®); D, inhaled dose (mg/kg/day)
CADD, chronic average daily dose in the
air (mg/kg/day): Cgs avg, average gas phase
concentration (ug/m°); FracTime, fraction of
time in environment (unitless); /nhalAfter,

Model (Country)
A, X W, X F,

Inhalation rate after use (m°/hr); CF,

(1) Screening: ¢, =
VXN

conversion factor (24 hrs/day); CF,
conversion factor (1,000 ug/mg); BW, body

KMOE
Exposure model (2) Detailed: ¢, =
Concentration: C,,,= C,xtxn/24
weight (kg); CADDpartieuiate, Chronic average
daily dose of particulate (mg/kg/day):

(South Korea) @)
SVOCTSPair_avg, average SVOC in TSP
concentration in the air (ug/mg): TSP avg,

(4) Exposure dose: D;,,(mg/kg.d) = C,x IRt < n/BW
X FracTime X Inhal A fter X CF,
average TSP concentration in the air
(mg/m®); CADDye, potential chronic
average daily dose of total air (mg/kg/day):
ADRair, potential acute dose rate in the air

X FracTime X InhalAfter X CF,

(mg/kg/day); Cgas.max, max gas phase
concentration; ADRparicuate, pOtential acute

i

(1) capp,, = S
CADD,; = BWX CF,
SVOCTSP ;g™ TSPy g
CADDyarticuare = BWxX CF,
CEM CADD = CADD,;, X CADD,pricuiare
(United States) Chas_maw X FracTime X Inhal A fter X CF,
(2) ADR,; = BWx CF,
SVOCTSP,;, yyux X TSP,y oy X FracTime X Inhal A fter X CF,
AD Byariciose = BWx CF,
ADRyyy = ADR,;, < AD Rpmm:ulaﬁc
dose rate of particulate (mg/kg/day);
SVOCTSP4ir max, maximum SVOC in TSP
concentration in the air (ug/mg); ADRiotal,
potential acute dose rate of total air
(mg/kg/day)
E, exposure dose (mg/kg/day); Pl, product
ingredient (g/g):A, amount used per
application (g/event);FQ, use frequency
ECETOC TRA (event/day):F, airborne fraction (f/f):DF,
(EV) B= (PIX AXFQx X DEX BTX IR 1,000)/ (V> BW) dilution fraction (unitless);ET, exposure time
(h%IR, inhalation rate (m3/h);1,000,
conversion factor;V, room volume (m®);Bw,
body weight (kg)
C(x, v,z, 1), time dependent concentration
. , ) , ) at each location; G, concentration of droplets
s ) Clz,y,zt) = /dt/zG,;(l’(t)7:u(t>7Z(t),l'S(t )yS(t),28( ),t—t) « Q(t)  of initial diameter; S(t), concentration of
prayExpo 0 =1 X g
(Germany) " suspended dropl.ets, Qgﬁt), time dependent
) DM:Q,W/ dt ClzR(t),yR(t),2R) source strength; Din, inhalation dose
0 (mg/kg/day); Qresp, respiratory volume (10
L/min),
Car, room air concentration (mg/m°);
Tairborne(2oum, Traction of respirable (less
than20 um) aerosols (unitless); My, total
u 7(%,+ )( mass of sprayed aerosols (mg); Vieom, room
C (1) Cr(t) = Fuinborne X S P(§) < Agxe | volume (m®); P(5), probability density
onskxpo S function f | with diameter &
(Netherlands) 0. (6) 0. (6) unction for aerosol with diameter '
) Ay (5,8) = (Ropporme (0))/ (@ + ———) 3 (1— exp(— (qWJr > )t (unitless); Asr, mass of airborne droplets with
h h diameter & (mQ):Raimome, rate of released
mass in droplets (g/s); Guent, Ventilation rate
(/h); vs, Stoke’s settling velocity (m/s); h,
room height (m); t, exposure time (sec)
Abbreviations: KMOE, Korea Ministry of Environment; CEM, Consumer Exposure Model; USEPA, United States Environmental Protection
Agency; ECETOC TRA, European Centre for Ecotoxicology of Chemicals Targeted Risk Assessment; SVOC, semi volatile organic compound;
TSP, total suspended particulate.
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Table 3. Comparison of essential input parameters for exposure modeling

(Table 3). €3], CEM¥} SprayExpo, ConsExpo &
AHE7F Qs CEMS AR =& &

Input parameters

Model - - — - Final output
emical properties se characteristics ser exposure factor nvironmental factor
Ch I t Use characterist U fact E tal fact
MOE - Weight fraction of - Inhalation rate - AIr conScentratlon
Exposure  substance ~ Sprayed amount - Body weight - Room volume (mg/m")
posur . . - Frequency of use v o - Ventilation rate - Inhaled dose
model - Airborne fraction - Exposure time (mg/kg/day)
- Use environment
(residence/office and
- User school/automobile/outside)
(adult/youth/child) Eggdgr?vi\r/grl\ﬂent volume Air concentration
- Physicochemical - Exposure duration . (mg/m®)
roperties - Frequency of use (chronic/acute) - AIr exchange rate - Acute dose rate
CEM g P : - Duration of use : (Ventilation)
- Product or article M - Inhalation rate B . (mg/kg/day)
ass of product use . Background air h
used - Body weight . - Chronic dose rate
- Time activity pattern in _ CB(;zcke:;Lar?(?r:just (mg/kg/day)
each environment grourne
concentration
~ (option) Near field or far field
environment
- Physicochemical
_ s:ggfg;(l:jbcate o - User (adult/child) - Use environment - Air concentration
ECETOC (PC/AC) 1y Frequency of use - Inhalation rate (indoor/outdoor) (mg/m°)
TRA - Spray type or not Mass of product use - Body weight - Room volume - Exposure dose
~ Weight fraction of - Exposure time - Airborne fraction (mg/kg/day)
substance
_ . - Application patterns
Eggﬁsxaporatlon (wall line/wall area - Inhaled dose
- Vapor pressure of /ceiling/floor/room) - Room size (total/inhalable/thoraci
SprayExpo soIE)/entp = Spray nozzle - N/AT (length/width/height) c/respirable, mg)
prayexp characterization (spray - Ventilation rate /resp - Mg
- Droplet spectrum : e - Time average
) 8 angle/area/diameter) ~ Turbulent diffusion - 3
(fractions in each Rel concentration (mg/m?®)
size range) elease rate
- Spray length
_ : T
- Physicochemical - Release mode |nha|at|on_ rats - Mean event
! : - Body weight . . 3
properties (instantaneous - duration Room volume/height concentration (mg/m?°)
ConsExpo - Weight fraction of  release/spraying) xposure duration” _ e sijation rat - Peak trati
onsExpo eight fraction of  release/spraying ~ (option) Spraying entilation rate eak concentration
substance - Spray duration - Airborne fraction (mg/md)

- Aerosol information — Frequency of use

towards exposed
person

- External event dose (mg)

Abbreviations: PC, product category; AC, article category, N/A, not applicable.
* Exposure factors provided in the regulation can be applied for estimating the exposure when the KMOE exposure model is used. T
There are no input parameters for user exposure factors in the SprayExpo model, so the factors should be additionally applied to final
inhaled dose(mg). TFactors related to personal exposure characteristics should be applied to estimate the final inhaled dose(mg).
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H4ofA ARl of=lo], fol= &o| 7hssh, I
B 548 =230 T &3S A0 AET S 9
Ao SFF 24A17HE 1AIRE 9IRSt 7
s AAhof|A 9] A7t & miEl(time activity pattern)
< AAFE & Qlo] FUst B 7hssith AR o
olgZof E3}H SprayFxpo RS ARE B4 HE0
Al AR BRI gt 39 ERR1E ot EAPH

=A, E= oY 2AL A, v, S W 3§
EARIA oARE dES 4= glom, EAF ket BAL
T9] Yoo} ¥ & ooj2F WA 7P 8T
AL Zo] gt JHEE "gsitt. 53], 37 F EAF
A Hfols BAMERE 37| o2 EAEE JA
A2(spray length)7}A] 112]%]7] wjzo] o FAIFE =
% 37%o] 7Fs3lth ConsExpo REL ofojz2Zo] B
AL FEI7E AEA 02 BALEE FHIRIAL, 1FEA #AL
FERJAAE =S & A=t AT St A &
o BEAE = AEY AS- AA EAF Ao X goto
B7re 4= Sl

EAF olo]2F0] WAE= oA 3 24 T
St =& oA ufe- FQa3 Wo|t}, ZF o] &
Y08 HEE= I Hae 3 AR A T
57| 1EE(F] AE)olckTable 3). 53], o2 2dl
o] %+ AA Aztg F7] e T A&kt
H|gl, CEM< © %2 JE7} dgsitt WAl €5 &
7k A, AA, T, AsAL AQE MRSk 42
AL, o] o]FojR= FhS EIkste] AE AA o of
FHEE dgsitt. 121l ooj2F Aol 9FE

—

o mek L o o

<] flo S

2 g N

Modeled estimates of air concentration

ol L= ool Qra|=0| AT} ALIE|Q L=S2F H|W 365

T

]

£ 4 Q= w3 sE(background concentration)®l
gt JES} Two box ZES JFHOE 2-85to] ARG
A Z(near-field exposure)¥ AMEA 9 L&
(far-field exposure)ol|l gt HARE Ao & 5
QtHLosert et al., 2014; Steiling et al, 2014;
Huang et al., 2017).

DEgE o] 83t & F0A 7PF F83 34=
7 dlo] gtsh= Y B9 S79} ARt JHo|
oh QHA 713t el o] ZF B HE 9ol 35
A W Qo EFoZ "Qgh HaEo| Wol 1
& 4 PHgAN= 2 FHE7E B8s5itHTable
1&3). mebA] 87F A1 sk Aot & 34 #
< A= oY W] Yo AFEHL & 5 ok

3.7M EE ANLE |20 E RE H S/ EH FH

Table 194 AARE A9l & AlUERE 7+ &
doj] Hgsto] 37 F =E 5= Y & FS F
Aot A3}, HF F4 #1922l glitkFig.
D. 371 & 5&9 4 g2 CEMES A9st & &
doflA] 2F 1 mg/m’ Wel(range; 0.82 - 1.38)9] HY
oA Bxstct =& 4 el M= 0.015-0.180
mg/kg/day= CEMS] A3} glo] ddidoz kot
AAH 07 FAF 2ol Ho|A] it} ol k& A
yg|e 4 ofd Tl BRote BAF olojEE2 112
Al BExEo| Q= FHE 7PYotar] HiEe] g 4
& ESE A gARHA =& Aoz Helth I#y
CEM 24 Two-box B g4o] A-L&F 7L

Modeled estimates of exposure dose

Concentration (mg/m°)

r0.5
-0.4
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Figure 1. Comparison of each modeled estimate using the exposure scenario
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