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F1E Fim
1.1 ZRIEEMERZE ZIE KRS

B rA—HON, ENTHlE IR 80%LL B & F DTV 5 (Hellweg etal,2009; HiiHt 5, 1998), PESELAN
DOREEIZ, F& LTS — R LW B TERICRMIEESND Z &0 D, "HkOEN P E BEEIC X
HREREY A7 b E T IRFPRICIETET 5, 1990 FFRICHIBE & 72 o7z, ¥ v 7 D ZFEGERECAL S BB BUE O
JRR & 22 o Te RV LT VT v RED Yy 7T EBRRRE IR DY, TFE, B0 S 2165
B2 i, RE, B, 1—7 KRB OM, FO A& GRS, BRx RAETEHR DB S D
FMAILEW(VOC) CUHERIMEA L AW(SVOC)IT L D ENZERIBUNREIE & /e > Tnd ((bFHA PL
T Z—, 2019), LxL2nss, BfEETOLE A, B LSO R H kO AL 2 E 269 5 281
IREEMIT R, BATBE OENIRERHME S 13 WEOREICIEE > TnD,

ENEEFREHEDFr OB & LT, BAESBED 13 v 70 2 (BRZERI5Y) BIBEICET 25
IZBWTC, BEE3IWE(F T VY, 7 X NERY 7 F )W(DBP), 7 X IVERY(2-=F )L~F L /L)(DEHP)) D EHED
SIFTF B, B3 WED 2-=F )b-1-~F% /) —/LQEIH), 224-b U AFN-1 3N X PF—E ) AV
TFL—bbBEN224- R AF N3N F DA =NV Y TF L— FOFREHERERSBRR STV D,
72, AEFME ORI A~DX IR DT, B EARIL AP E(TVOC) 12 K D BB 2Nk A IR S 7
TWDH(Try 7y A (BRNZERIGY) BEICET 5 MErs, 2019),

ENBRELCIB T 2P E BB OB R A Mt 2 BT, REEHNCAHFEMRE, RBEEL@EY 27 &t
BT L2 LIFIHERICHEHETHD, Z0D, THETHRL RAEEHLD OB ESN 56 ELFWEIIONT,
Z O FBRESC HH  2 ARe IC ERIBFFE L T & 72 (FR, 2011; 2012a; 2012b; 2013a; 2013b) . Z &l T,
FBPEORRNFTH L0, WA, #RE, &0 ORI VT2 FE AL IR 2R FEHE TRV KRR
FoRIN, 2R ML D, TRTOTF—ATOERUIARATGETH 5, FHET /U K D 8HTFHmIE, 0%k
HEHm A e T 2 b0 L LTHIFF SN D, £z, UV AZIHIICIE, BELL FORBRETH-TH, EREFHFZ
BHr—AbdHbHZEND, BELTOREFERICR L TH, #EEY X7 &2 E&CAlRERiHMli NS LETH 5,

1.2 REFTERAOHEETILORK LFE

European Chemicals Agency (ECHA)IZ £ % Regulation concerning the registration, evaluation, authorization and
restriction of chemicals (REACH)X°> US Environmental protection agency (US EPA)IZ & » TEEE I 41TV 5 Toxic
substances control act (TSCA) AR S5 L O I, (L FWEEBEIRILY X 7 XR—ZAOEFEHBHELI LTV D,
HITOEBRA 72 L UC EEERED 2 WVITRERAERICL D U A7 ORJBEICH, FrLWikEes LT,
HEF ST 2LFWEO Y A7 FHERER Z I OTCW 5D, —KFERETHEH SV ME, 1, BLOEOf
D=8 NI T D DA E O PG 72 B & ESENANAT L, A E ) A 2 EHBOR DO EERENTH
%o BB TRNRAY L Y AT X—ZDOFHIZIE, HERRE O m ORIl ORERE T VN AR AR L 725> T
% (Bichler etal, 2019), LAF, AKX TiE, [BEHMOHOKHEET V) %2 THREET V) LT 5,
BEEET MOV, ZRETOL ZA, BCKEEEIZIHW T, BHMICERET VRS, K< A S
NTW5, EFVOREE L TR, =% A= M X0 RBRINCERIE S 7o R L BEEE 2 UV 5 R R &
TV, G BRO I EEAS N THE B D8 & 5lib 3 2 & 70, RIS I I 2 VW 2 &7 V4,
BRx 706 DA % (fEJE, 2016a; 2016b),
FENLFYERBMEICERT 2 0101E, FMROAL LT, HEE, BUFHERE, HEERMA—h—, &
EXFOHEMEZZOIEAT =7 ARNVE —DEAWRARNO DT 7a—FNRARTHY, TDOX



BY— e LTORBEET VA AHESTHHTEZRE TO L Z ENEE LUy,

LU D, BRBEETVOEHEOME L LT, (FEEHBEICHK L T, HRERETMFENIID2L, F
V2RI it B OO 2R FZ R O 13RO TO 72 WBLIRICH b, BT A — X RESCT OHEREEICET 5
HERLZ LD BEETNVICE S TRATENRTGA—F BRI TND 2 ENEL, EEOMHHICE LT,
ASIRTG A =2 ~DEF B BIEDRADREE Ly — 2 b7 < v, HEEREEOF T LT bR EER
NZ L BEEENDH Y, KEAT —7 ARNVE—DNEHIMHEHATE DREL T2 > TR,

1.3 ENLEYERZICEDLSE MEE XV FHEDRE

FEWLFEWE Y 275 TIE, SBEREEEFWER O U A 7 ik, BEOFWEIC L 2B EREOS
BDOYA7ERE, MR SN TWAIEFWEARE LIZGA O U AT WREEZZ X H0ERNH Y, K5
BEDO) A7 ZR—DORETRZDVLENH S, LrL, UAZIFMIZBNT, #EREHSNLTWHHEETH
L BB~ — T U (MOE)E, flx DILFWEIZHT L5 CTh D720, MER DY A7 IR TE 20,

—J5, U A7 Id{biRE CTdb % DALY (BEFEALFEL) 1%, GREICRV RN FRERL, VAT D
FHA A ARETH Y, FEFHAFTH U AT ORX S EZRGICHRTE DR AN H H, ZHETIZ, DALY I3,
KFEDT A 7 A 7 IVEBTHLCIA) Y AT LD X A=V E LTCHRAH SN TEY, BN PE 2%
YRR TE DR B 5, £7o, AFMREBIE THL X A—VEEIL, An—777 7 &2 &2 Hn
TS ZENLHEEOEEN 2, VRV~ #EH LS G0RRbH 5, LL, £ DLCIA Y AT A
TIE, BAMRBEZ BRI S L L0570, X A—VBENER SN TODLENLEMEITHO TN TH
%o FEIZ, SVOCIZOWTIE, NI AL A MA~D3E R E, SVOC OEWNERBEEIRENZ B J L TR WO DELIR
ThH 5D,

1.4 AREMNEBFINIHR
PO FNG, AT, REHIOMEE LT, RETT NV EZFEEHT 50O DREEFEZITHI 2 &
ZHME L, Z7a—UUdEHEN TS VOC B LN SVOC &fFE7 Va0 EiT,
s BT NVOHREREL LOVNT A — R EICRE T 5 FHsE e
- KT VOHEFNEEE DR & & O BRBHER DT T VM ZARICEIT 2 MGt
21107,
F7o, VAZFHEOREE LT, ¥ A—VEBOENFWE Y A 7 3~ 2B BT,
- SVOC O=ENENEE BB L 7= ¥ A — VRO EH 7 EORKE
c EFARIEET LAWY 27 b L— R4 7 BUR O E A T B OBt
2117,

1.5 KR DER

K LM 7 7 — %X 1-1 1R T, AiaIRD 6 EnOR I TV,

B1ETHE, AFEOE R L OCHMICOWTHEIZ Lz, FEOERE LT, EMNLEWEZRFEDORBIC
DWTRNRT, £, REBETTNVORE, VA7 FMOFREEIC OV TR, RFEOMES T ZH LT 5
L blT, RO E R LT,

B 2ETIE, LCIAICBIT X A—VEICER L, U AZFHMiAHIZ Pennington ©(2012)D HFiEEEIET 5
Z XY, AIAIOIEREN AL A=V EHE Lz, 512, 3 ETHY _EIF7- Weschler & Nazaroff
5(2008 ; 2012)D SVOC 4y e A€ 5 L A& IE S 372 Pennington & O FIEIZHAATr Z L2 XD, EWN SVOC



DWAFB L ORAFBRBRMELBE LI A—VEBEZRE L, £, BHoneF A—VBBEHWT, &%
HOAFMRE L DEHP ORBMEIZMED U A7 R b— KA 73R % Little H(2012)DEFIRIEFRE T 7 /L % Bl
kL, EEASREICHET 2 LA RE LT,

% 3 3 ClX, Weschler & Nazaroff ©5(2008; 20102 LV, FEREINTWAHH AR, ki1, XA MED 3
REM DB RMR A R E LTS VR sBNENEE T LICE R L, TOFEMAMELFHME L7z, ¥ X MERED
HEFREEE |2 DWW, R & ERME & O CTh D Factor EIZ L W RHE L7z, 7z, TF /L Ou RO
At D=0, {LFEME OHBEEORMEE L, 427 2 7 — VIR BRI Koa \ZE B LT 2 B8 27572,
AR/ Z2 3y Bl AR Kp O A~ DOBEF R KIREEE 7 VO H ATREME it L7z,

5 4 BT, SVOC Z#BFEET NEZIY B, /T XA —2FEIZHET 5 MRA 2R HHAEH T L O I 0
BE4T -7, £z, Little H(012)DENET LV EEIEL, DEHP ORBEHEFS LM & RERNT 21T > 72,
S BT, REEATIEA O Bz s L OV MEFEHE EOIRBEI R 2 55l L7, 5 2 B TR Lo iulE & kiko
MRE BT > 72,

%5 FE T, BN O ORR VOC OET AR ZIY I, 875 ioREE, 427 % 2 — VKo EfR
BKEEZET D, =T L2 K v = VILEAEVAEE~ > MO DMF 3 X OV 2E1H IZ%F L C, Consumer
TRA, ConsExpo Web, IH MOD/SkinPerm D %52 €7 /L& W T, RiEEOREMMEITV, HEH REFEEZ
YR L7z, E72, RENT A—FICHTHEHEEZITH & LBl BONTBEBRFMEOETT A OZERIZONT
HRRET ANz 7,

56 T, AGmSCOMIEZITV, AR THE DIV AR & 4 OWFFER-E & ik~ 7,
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Fig. 1-1 Research flow chart
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E2E EERUERILEVONEFEHZER LI-F A —DBBDRE EERNLEYE ) XV FHE~DIEA

2.1 [FLoIC

RO ERRIEF LA SVOO) NI ST\ b, filziE, 7 XVl 27 )VHEE, — BRI
WHRIE LTI TS, 72720, B MERSOEENRRIND 2D, —HDO 7 Z VT X7 )LITDONT
I, BUFE, BN REACH Bl FIZR W T, MRS 5 L UGB AT W 8 & & 40T 5 (ECHA 2013; 2018),

SVOC DiHE BT b HOSH I E— A E NS OO, BN EIICIE 2 FE & 5,

F 7o, TOEERBLOT- 012, " OEH & EVEHEY & 5 (Liang and Xu, 2014; Weschler and Nazaroff, 2008),
F72, SVOC IFZEKENMEL, WAEMENE WD, BNEREF T, AT TR, B0kl
AH AN EFEORDNWZTERE THEE L TV 5 (Clausen and Kofed-Serensen, 2009), & 512, /N7 AKX A FHZ &
FEEA2 3T ng/ g0 SVOC BEEFNTNDLEWVWIHELH Y, "NTRAX A MIEDLRZEIL BHOBEM
Renw I UT- 2258 L [RIBFICEBE R BRI TH D 2 & HVRIR E LTV 5 (Rudel et al.2003; Bornehag et al.2005;
Hwang et al.2008; Becker et al.2009; Langer et al.2010; Guo and Kannan 2011; Wang et al.2014; Bamai et al.2014),

b MEFEY 27 OEFELE OIRE K ZRard 5 BT, WA, O, BEOFKFZRBREEHNC SVOC Dt Mk
FEV A7 25l 2 Z LITAFIRTH D, EHIZ, HAERBEOLAX, SMWEBLUOHRAGB RO MY
AT HERD DI T 20 ERS S, LrL, RIS TV L EE~Y— Y (MOE)ETIE, {b%
WERIO ) A Y & 5 2 L I1XTE 720N (Gamo2012), Bl D X 512, b MEEZRMICERT 21L&
BT NTFT TN ) AT FIAENLETH D, U A7 LBLIRE CH 5 EEMEEFHFEDALY)E AN D
LCIA O A —VB¥UE, Z OffERKD 1 5T 5 (Itsubo and Inaba, 2010),

—J7, BLFWEREL, —BCEIMNEE LD bE, B MIFEALEORMZENTHE ZTI2H 0
56T, LCIA TlE, B L TFWEREIC L DREZEL, £< 0%E, EH STV 5 (Hellweg et al.,2009),
Hellweg ©(2009)i%, Meijer ©(2005a,2005b) & Hellweg ©(2005)D =R NAL W E 5% & LCIA ~DRELH) 7 7 1
—FICONTE LD TS, T, W ODDOIIEIZE T, LCIA OBREETFT VNICENEBEET LVERE
T HRANTL IHU TV D, Istubo and Inaba(2010)i%, The Japanese LCIA method based on endpoint modeling (LIME2)
IZBWT, RVLT AT R EOBEDENEFWE DY v 7 T ZIEERE(SBS)D X A — U BIUA R E L
72, Rosenbaum(2015) %1%, Rosenbaum(2008) 5 ® USEtox E7 /LIZEHN = L 3— F A > N &fIAZ, F7z,
Wenger(2012) 5> D ENHREWE O XK EIE 2B E LT-BOAEIS Z@HA L, © MEEICX T 2 BN e 285
D&Y %< DRI AZ R E LT,

7272, LCIA IZBWC, BN SVOC L, HrLWA X7 b AT 2Y =Dz, +HoIcifse st
W, BIRIZIE, BERL7ZE DI, AT AXZ MIEIRED SVOC HAEHEINTWND Z ERMEIN TV,
USEtox £7 /WZi# H S 4172 Wenger ©(2012)DENE T /VIX, FlER 7 ~DEl & Rk A D EEZZE LT
LD, kLI AT ZAX A MO SVOC I K 5 FE R BRBEITEE L 2hoTo, FIYIZ, SVOC IFZ&RKEN
R 7e s, [HFREIT BRI, ZAVTRARZ LD bROFZE NS © MERICREEL 5 2, RORENE
TR RBERE Ch D Z & Z78 LTV % (Wang et al 2014; Weschler and Nazaroff 2010), Z D72, 2N SVOC %
OV A7 % L0 EREICHET 2720121%, ¥ A—VBEBIC T AZ X @O SVOC 12X 5#% 0 &% BE
WCANDENH S,

ARFGENE, BT, AEEREFMOT-DIZ SVOC OFFEN/2ENEELZE L TH A —VEERET
HZEHRBEMET D, EARIZIE, Pennington ©(2002)D HiEEBEIET HZ L2k 0, a[YERIOIER N AMED X
A=V AEE T 5, £/, EIE L7 Pennington D HEIT, 5 3 BTk~ % Weschler and Nazaroff(2008;
2010)D /BT T VA fAGATe Z LT kD, A RN BRFEOREEKZBEMT D, ZoHEICkY,



BACFEE B L OB EBREO X A — VKA E - IIHAa T2 Lo L, /N SVOC &FED~/LTF 7L
I EVER T 2 RS ST 5,

WIZ, FoNTzF A=A HWT, FREOMREZELRBRICELD Y AT Mo — R T7BRERS 1D
EEMICHET L2 2L 2B ET 5, £2T, Little H(Q012)DFFET T /L% LA A T2 HGH 5 7152 125
L, BREENATHEZZ 1 TWD 7 VR Y (2-F )L~F L )L)YDEHP) & & OFRA[ AN DWW C, 7R
Faxt U 2 7 3D - — A A BT 4 B FIRT D,

2.2 M¥/AHE
2.2.1 ®ERE LI-ATEH

DEHP, 7 ¥ Wlig> A Y / =/ (DINP), 7 X )fg A V7 L /V(DIDP), 7 X NET -7 a i ~7F
JV)DPHP)IX, ZAEFEENRK D Z 4 SO RHAITH 5 (JPIA2016), HA & RN O [ EAIOHHFHII R E < Bip -
THEH, AARIZIT S DEHP OAEFELFEIT 50% 2 2 TW503, SHERIYIC, BN DEHP APESRITH 10%I2
F X 72\ (JPIA2016), DINP 3 LU DIDP |, DEHP OfWESA[¥AAITH VY, DEHP & [RARIZILAH A& TR &
A% (FSC, 2013; JEITA, 2016; Shu et al., 2018), DPHP (%, DIDP & [RIER7FE A2 FEoa[¥AI & LTS LTV
% (Kozlowski and Storzum2005),

LESLHRMMIZE LTI, DEHP (X7 TICAA, KE, N THEE L 72> TW5(DINP & DIDP %A
), &512, BKINTIE, REACH OFffJ&E XVII @ Entry 51 OEIEIC LYW, DEHP OHIROHHL, BrEB X
OFWRASNG, —HOBZR T X TOWRITIER I TV (EC2018), Z DLkiElX, 2020 47 A 7 H
VIBSICHE A S CTnb, Z D7, DEHP OB LIZA % bilki T 2 & PREN 5,

Table 2-1 1T, XI5 Al MA| O WHEAE & B Tk O A FEMERE 2 7~ 3, EPISuite 705 OB OS5I HIE, FE§R
BEES L, WARREE D, The animal no observed adverse effect concentration, NOAEC, (Bl NOAEC)I%, #%
M 73R C#F 54172, The animal no observed adverse effect level, NOAEL, (B NOAEL))> & #a5 U 7= 2 FRfiEC
&5, NOAEC, 1%, Q2—1)ZfEH LT, Table2-2 |Z/R S 7= FERENY) DOIFL 3 & (R E A VN CTEE L 72 (MOE,
2007; Matsuoka, 1980),

NOAEL, x BW
IHR
Z 2T, NOAEC, |38 D MEEGNEREE NOAEL, X8 O Mk &, BW XK HE (kg), IHR XM (m’/day) TH 5,

NOAEC, = @2-1)

Table 2-1 Physical properties and hazard information of the target substances.

Substance MW LogKoa Vapor pressure NOAEL, NOAEC, Endpoint Reference
g/mol (KOAWIN v1.10) (mmHg) (mg/kg/day) (mg/m3)
DEHP 390.57 12.56 1.42E-07 3 4.04 Anti-androgenic effects MHLW (2019),
on male rat. Christiansen et al. (2010)
DINP 418.62 13.59 5.40E-07 15 20.2 Dose-related increases  FSC (2015),

in relative organ weights  Lington et al. (1997)
of liver and kidney.

DIDP 446.68 14.70 5.28E-07 15 16.7 Swelling and vacuolation ~ FSC (2016),
of hepatocytes. Hazleton Laboratories (1968)
DPHP 446.68 13.18 *3.69E-08 40 53.8 Effects on thyroid and UBA (2015)

pituitary glands.

* Modified grain method



Table 2-2 Representative values of respiratory rate and body weight of human and experimental animal.

Rat Dog (beagle) Human
Respiratory rate (m3/day) 0.05 9 15
Body weight (kg) 0.03 10 50

222 FA—CEHEE FMEEWHEDES X

FATHIIEIZ L B &, Crettaz ©(2002)35 & O Pennington 5(2002)1%, ZEALZEILRN AMER L OFER N AMDE
DIEERI IR Z A — VA HE L TnD, T OHER, LIME2ICHAENTWSD, ABFETIE, x5
A[YRFINIERE D ANETEH 5 728, Pennington ©(2002)D J71k5% LL FIZHEVWMELE L7z,

HEWEOFMBRIC L5 v MEREHE & Dm(year-lost)lE, X(2-2) TIN5,
Dpn = DF XM (2-2)
Z 2T, DF3# A — Y B%k(year-lost/mg-intake) per year, M |%#:#& f:(mg-intake) T 5,
A —VBHIL, BEEICHIGT S MERERTH Y, X(2-3) TEFE SN D (Pennington et al., 2002),

1 1
DF = X X X

x DALY, (2-3)

22T, Bepw EAR—T7 57 7 X (incident/(mg/kg/day)), BW [ZIRH(50kg) (Istubo and Inaba, 2010; MOE, 2007),
LTy 1% & RFFAi(75 years) (Istubo and Inaba, 2010; MOE, 2007), N3ss | Z4F[H A #(days/year), DALY, 13 A > > 7 > b

Y0 OFEEFEEAF L (year-lost/incident) T 5,

FERNAMEME DA —T"7 7 7 % Bepioldk, Q2-4)Z &V 35 X412 (Pennington et al., 2002),

CFan X CEsyp chr (2-4)
NOAEL,

ﬂEDlO = 0062 X

ZIT, CFp 386 e b ~DIMELREL,  CFauben (ZHEIEVED S IBMEREIE~DIMERE TH D,

il dFAUE, Pennington H DIAKXEZ R L TNDEN, ¥ A —VEABOBNIIRFBEEOHNIZHAHOE TEET
HZLENARETH D, LCIA OX A —VBOBN & LTlE, EREZ BN E LT, —&AIZIE, year-
lost’kg D X 512, [lyear-lost/EH & | OEXBZEH SN TS, L, URAZIHMECHET T 5HE, BNEE
WREAFHGEALE LT, Tyear-lost/IRFE] , filZ1E, year-lost/(mg/m?), F7-1% year-lost/(mg/g) & Vo 72D
Tihs, FMEPES GV, AHFFETIE, A —VBEBORNZ, WARBEDOYE1L year-lost/(mg/m?), % F 2 D
Y13 year-lost/(mg/g) & L, Pennington & D ¥ A — VB O HANZEIE L 7= (Itsubo and Inaba, 2010; Narita et

al., 2006),



L7=03» T, MAZEZEDEAIE, (2-4)TNOAELa D1t ¥ (2 NOAECa i L C o Nt s 5, K
(2-5)B LVR-6)1F, BBEREEIES> THQRDEBEETLHZ LIZEL-THELNZLDTH D,

Inhalation exposure: DF = Bgpig X LT;* X DALY, (2-5)
Z 2T, DF OHfiild year-lost/(mg/m?) , Bepio DHALIT incident/(mg/m3) T 5,
Oral exposure: DF = Bgpio X BW 1 X INR X LT; ' X DALY, (2-6)

Z ZC, INR I3HBHEI (g/day) T 5, DF DHALIX year-lost/(mg/g) , Pepio D HALIE incident/(mg/kg/day) Th 5,

AW T, —RORANZFISRE L, ¥ X MEE#EL 0.05g /HIZEE L72(US EPA, 2011), 7z,
Krais(2018) 5%, 16 ADRT T 4 THERE 3 LT, EAFE TT UL L7z DEHP %W A L ONR R Bz
S 7-1%, DEHP DOJRPNHM A A L7k %, D4-DEHP OW AL L O ERTEIC L 5BUARL, WARE
WCEDHHEORTHD EHRE Lz, 2O, RFIETIL, BERBICOWVWTIERE L2~ 7=, —F, DALYp
{22 T, Pennington 520021233, A7 U —=2FH® 0.67 year-lost/incident D7 7 # /L ME % 3T
DOFEAM* G2 rT AN L7z,

2.2.3 {&IE Pennington iE~DHDEFEE ETFILDEAH

SVOC [FI&KEDME L, WA FmW T, ENBRE T AR Tldkl, FERFEOX A MEL
LTHIFET D, Weschler and Nazaroff(2010)i%, 3Bl FMET L& VT, T ARE Cip(mg/m®) & TEFE X 2
I Xdust,pred(mg/g) D B & L & O IR DO PR A BN,

fom_dust X Koq X C
Xdust,pred = 2 - Y= Kdg X Cag (2-7)
Pdust

2T, fom aust 1 EF A SR OAEMIATEEA(0.2) (Hunt et al., 1992), paus VEZ A N DEFE2 x 10° g/m?) (Hunt et
al., 1992), Koo l3A 7 2 ) —VIZEK 0 BAREL, Kug 134 A N ZER B S (mY/g) TH B,

ARFFETIE, HEFHEET LVORQ-7) ZFIH LT, WARBREROZEOX A — VOB ZHK—T 5,
BOBBOX A=V E L TROEZNXE-6) X, 51028 IEBEESND, WMARTEEROZRTED L A
— VB, RQ-HB LRI ED, N AEEE 72D, FLEAR LA A — VK LEHTEX 5,

Oral exposure: DF = K4 X Bgp1o X BW™1 X INR X LT; * X DALY, (2-8)

Z ZC, INR I A MMEEEHE(g/day) T %5, DF a DB, year-lost/(mg/m?) , Bepio D HALIZ incident/(mg/kg/day)
Th b,
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2.2.4 EMERBEEODRGEEL

U R 7L, F A=V TR, BRBEMLETH D, AT, b MEREEREL S A—Y
BIMUC RBERIE AT 5 2 & THET 5, MK L72EAN SVOC REZ T3 2810E T LIz T,
B OBREEEARM D SVOC 3B P BRI IS & Hiflifk L 72 & HIRHEE 7 /L & B % S4v7- (Liang et al., 2019),
Little 5(2012)I%, BN SVOC BFED A7 V) —=2 7 L~ ULOHBEEAZ M T 572D O RKETFT LV ARE LT,
DI APRPE Cog(pg/m?) & TEHRL IR Cop(ug/m)ITA(2-9) & (2-10)TE SN D,

c = hpy X Cy XA 29
a9 = p XA+ (1+K, XTSP) X Q (2-9)
Cap = Cag X K X TSP (2-10)

Z T, ColT B 522 > SVOC B EE (ug/m?), by (THCHE 2351 2 W E B EVMRE (m/h), 4 13 FE(m?),
O 1T (md/h), TSP IXF T 0k 71 (20ug/m?) (Weschler, 2003), K, I3 7ERL T-/228 R0 Bl fR$k (md/ug) (K, =
Som_part % Koa Ippar)) (Weschler and Nazaroff, 2008; Little et al, 2012), fom pare (ZTFIERL - HF O FHHEMIKRFE A (0.4)
(Weschler and Nazaroff, 2008; Fromme et. al., 2005), ppar | XTFIERL 1~ D% FE(1x10'? pg/m?) (Turpin and Lim, 2001) T 5,

P O AT TR T LogKoe, >12 TH D728, H(2-9) TIX(K,XTSP)>1 MY NiD, L=~ 7T, H(2-
9 EXQ-1DTEELEN D,

hp X Cy X A h,, X Cy

Mg X A+ K, XTSP X Q _ hp + (K, X TSP X Q)/A @11

Cog =

Z 2T, WEBEMREL by % Sparks IEIC K VEERET D &, HEEAICTRT LIS, by 131.21~131m/h &K<,
AR OZ /NS W, —ENRSENERESE T T, - 1)k sicXe-12)icEE a5,

Cprod

hy, X A Co Coroa by
Koa X Kma

Cp=———— X ——— = 2-12
% K,xTSPxQ K, Ky X Kmq (2-12)
2T, Coroa IHEHI D SVOC IREE, Koo 13BN 22553 Bl £2 2 (unitless)(Co=Cproa/Kima)(Liang et al. 2018) TdH %,

o & BIXIFEF—EELERBRTIENTE D,

K(2-12)F OB 22 LI BRI Ko \ 2OV T, Huang and Jolliet(2018)1%, Z(2-13)DOM EHEA DA % & %
720, — il U7 E 'S TS AR BI(QSPRYE T L A 2R L T 5, ZOET /WTRL M 2 B BT K
EHEETE DENMER S D

AH,,, /(1 1
= —0. . X ; X - 2-13
Log(Kpmg) 0.37 + 0.75 x Log(K,,) + 1.29 5303R (T 298_15> (2-13)
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T ZC, AHwa V3B E 22K D43 o Z )L B —(J/mol), T 1EAERHEE (K), R ITEAEE(8.314 J/(K-mol)) T
60

BASEIIZ, AR L OB O ZFE TS B E R, T ARE Cu(ugm®)DREEHE LT, X(Q2-14)THE
TX 5,

th = [(1 + TSP X Kp) X DFinhalation + DForal] X Cag = DForal X Cag (2‘14)

2.3 #E8
2.3.1 #A—CBBDRE

FA—VEABEIRT 2Lk, BRERKICLIEMEORENELTET HZ LN TE 5, Table
2-312, MR REAID X A — UL, FHRICHER U7AMEREL, Beow 8, 38X DALY, EERT,
Table2-3 DX A — VBB DAL, WA LKRORBECTRRDT-D, BREEEIZITE 2V, 207, XE2-8)%
fEH LT, BAFRBEOX A — VOB 2T AR L RO BN G Y, HALE# L7oFE5R % Table 2-4
WRT, EHIT, MABIOROBZEDZ A —VBEBOLRLESRF A —VBK LR,

fthiff 78 & O Lb#E ClL, Huijbregts ©(2005)7%, DEHP DIERNA X A — V% 23 H L, 3.50E-2 year-
lost/kg(#% DR DM ZHE L TW\WbH, RIFFEICELE THMERT S L, ¥ A—TBHUL 6.39E-7 year-
lost/(mg/g)lZ72 %, Table2-3 ™ DEHP O#f% 1585 D & A — %%, Huijbregts et al(2005)D 5.7 5K Z o7z,
Z 4, Pennington ©(2002)72% 10% 5 )is H #(ED10)Z £/ L, Huijbregts ©(2005)7% 50% St H #(ED50) % fifi
ML, ZA—VBEBOHETEOME B> TnD Z EICERT 5,

Table 2-4 726, EWEOROFZRFTOX A —VBHIL, BARBEOX A —VBBEI Y & 2~4fiRE N2 &n
/-T2, DINP & DPHP O # A — YRk DEHP O L v /&0 o7z, LavL, DIDP O A —
BI%0E DEHP £V 7.5 fFR&E o7, FMEB IOFBRBRROL A=V T 52 L1k y, b Mg
~OEIEN e B EEBART L 2N TE D, 1L, K& Y 27 3BV T, ¥ A — VK
72T, BEET—HXDPLETHY, RHEIT25,

Table 2-3. Damage functions of the target plasticizers.

Substance Extrapolation factor Slope factor, Bepio DALY, Damage function
CFaon CFsub,chr Inhalation exposure Oral exposure year-lost /incident  Inhalation exposure Oral exposure
mg/m?3 mg/kg/day year-lost/(mg/m?3) year-lost/(mg/g)
DEHP 6 33 0.304 0.0409 0.67 2.72E-03 3.66E-06
DINP 6 1 0.0184 0.0248 0.67 1.65E-04 2.22€E-07
DIDP 1.6 33 0.0196 0.0218 0.67 1.76E-04 1.95E-07
DPHP 6 3.3 0.0228 0.0307 0.67 2.04E-04 2.74E-07

Table 2-4. Total damage function and the ratio of damage function between exposure routes.

Substance Damage function Ratio KpxTSP Total damage function
Inhalation route Oral route DForal / DFinhaiation unitless (1+KpXTSP) DFinhaiation + DForai
year-lost/(mg/m?3) year-lost/(mg/m?3) year-lost/(mg/m?3)
DEHP 2.72E-03 1.32E+00 4.85E+02 2.88E+1 1.40E+00
DINP 1.65E-04 8.52E-01 5.18E+03 3.08E+2 9.03E-01
DIDP 1.76E-04 9.84E+00 5.61E+04 4.04E+3 1.05E+01
DPHP 2.04E-04 4.19E-01 2.06E+03 1.22E+2 4.44E-01
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2.3.2 £ MEEWEICHT S RY bL— FA T7EBROEEHILLE

/o A=A LT, DEHP & 2O A4 Tdh 5 DINP, DIDP, DPHP & DfjDIRE#H7Z Y A
7~ L— RA T 2387 LT, AWFZE T, IREBIRFOEERD b L— R 7BRZ B Lo < 3572018,
LR OILFEEIRE Coroa & K WVE M ClRI— T 5 LAET % (Eichler et al., 2018 ; Liang and Xu, 2014), Table
2-512, R 25°CT D Kya DFHFEAEFR & DF oratl(Koa*Kma) DB A 737, F 72, DEHP & R ATEHI D DF pratl (Koa* Kina)
EDFExE T,

DEHP OREEZN AT HOWTIE, BEERD 1/39~1/763 12 Lz, BTt T DIDP i KD X A — PR
s Lz, #iERTIE DINP & DPHP OZNEN 18 5L /195 Th 7o, AKIEE, BEORMNAE L
T LogKo,>12 @ SVOC [T T& %, aHlIEEEN 25°CTH DA, X A —VBHE KW D2 DD/ T A—H D
KBV TH Y, WEMORER Y A7 LR ARETH D,

Table 2-5. Quantitative comparison of the risk trade-off relationship for human health damage.

Substance LogKoa LogKma DForat | (KoaXKma) Ratio
(KOAWIN v1.10) Huang and Jolliet (2018) year-lost/(mg/m?3)
DEHP 12.56 9.05 3.28E-22 -
DINP 13.59 9.82 3.36E-24 1.03E-02
DIDP 14.70 10.66 4.29E-25 1.31E-03
DPHP 13.18 9.52 8.32E-24 2.54E-02
2.4 F&®

AETIE, Z|EA SVOC OW AL IO N BREFHEEZZE L THX A—VEAKEZREL, ThEr=ENLFWE
VAZFHMIMZIGHATHZ & BINE L, £, o A=A AWT, #REOZ#FEZ%E L DEHP
DOREBIEIZEES U AZ b L— RA 7R 2 ERMIGREICIERET 2 Z E 2 BN E LT,

U A7 5 FHIZ Pennington & DO HIEEAEIET 5 Z L8V, AIERIOIEEB AL A — VB AEHE LTz,
Z 512, Weschler & Nazaroff @ SVOC 43 Bl €7 /L A& IE S 4172 Pennington & D FIEICHAIAT Z & 1Z K
D, WALROZREOX A — VA BE#EMT 72, RIEICED, EMEBLOSEBEREO X A —V Ok
BECAEMNMAREL 700, BN SVOC B DO~ NVF NI U A7 FHlNE S 2~ 7=,

DEHP & Z ORI A[HANZ SN\ T, oz F A— VB ZHWT, b MEEICKH 2 W ARREE &f O R
DA EMEFEBELIE LT L 25, RN REOREITRAFEEZD 485-56,100 (5 ThH H Z L1bhrol, I HIT,
AIEAIOREBAIZMES U A7 O kN b— KA Z7BIROHYETIE, Little H OEFIRIEREZE T /L% LogKe>12 12
RETDHZ LT, LVHEMEL, ¥ A=V E LogKe, DA &M Lol 2 E Rt HFiEERE LIz, 20
i, AU ATANC K 2 fdEegkE B, DEHP & Hfg U CHY 1/39 - 1/763 LU P IR S v 5 L #HEE STz,

AVET, BEAFO LCIA FEICHBICHEAT 22 b T&, BFELCIA TIEBEE SN TW AN T2, HEA 2
NH®D SVOC IC K D RBHEBLKMIEDH L HTED, 4, b MEREHEREORHBELR LxE57-
DI, FHRFEOBEMLZRET 728D, K0 FEHIZR =N SVOC BhREE T /L & FiAF, /T A — X D AFRENE
[ P U APV Y SR
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2EMEA WHRELOMEBRBRUOHAEAEEHLR

R OMEBIREL by (2D T, Delmaar(2010)1%, EEE TIEXEAZIRO S M —E TIXeWizs, P
(2 & B EERIUTEL(Axley, 1991) X 0 %, Sparks 5 (1996) T H 7= EERIITRIZE 25 Z & A HELEL T 5,
L7223 »> T, AKWFZETIE, ha % Sparks iE TR L, T O#EHE % Table 2A-1 (279, & BT, T HIRY AF
JUDMP), 7 ZIVEEY =F )W(DEP), 7 X /\EY 7 F)V(DBP), 7 X INEET F IV (BBP)R Y, AEFFED
RIGND T ZNEETZ AT VD hy BEFE L, hw & LogKo M DOBIFRIZ OV T, Fig. 2A-1 IZ7R LT,

728, EIROFHHE TIL, Liang 5(2019)22%12 L, A 0.15m/s & RFMER 4am 246 L7, E5F 0b 2
DYEHSREL TS D Dui(m?/s)iE, FSG(Fuller, Schettler, Giddings)i%: % i L Tit# L 72(McCready et al., 2010),

Table 2A-1 Mass transfer coefficients for surfaces calculated by the Sparks method (Aoki et al. 2019).

DMP DEP BBP DEHP DPHP DINP DIDP
LogK,,, Octanol-air partion coefficient (unitless) 6.69 7.02 9.02 12.56 13.18 13.59 14.70
D.;,, Diffusion coefficient of the substance in air (m?/s) 5.71E-06  5.21E-06 4.50E-06 4.21E-06 3.65E-06 3.37E-06 3.50E-06 3.37E-06
Ly Typical length of the system (m) 4 4 4 4 4 4 4
H, Kinematic viscosity of air (m?/s) 1.50E-5 1.50E-5 1.50E-5 1.50E-5 1.50E-5 1.50E-5 1.50E-5 1.50E-5
v, Velocity of air over the surface (m/s) 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Re, Reynolds number (unitless) 4.00E+04 4.00E+04 4.00E+04 4.00E+04 4.00E+04 4.00E+04 4.00E+04 4.00E+04
h., Mass transfer coefficient (m/h) 2.05 1.87 1.52 1.31 1.21 1.26 1.21

= N
n N n
T

[y
I

Mass transfer coefficient (m/h)

y = 5.849E-1 + 8.864/x

|

|

Fig. 2A-1 Relationship between logK,, and the calculated mass transfer coefficient /i,

10
LogK,,
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FI3E NEBEIEEHEETILZFHVW-/N\DRARX MHROEEREERILEYEED#HE

3.1 IFLoIc

LA H ST D ATEIASOEEAA & O R A LS (SVOC) IZIZZFEO b DN d 5,

AIHIORFERN 2 b O L LTE, Z7XNABT AT NVEPAE)RH D, 2 biE, B MEFE~OBEND, Fkx
REHIAZ T TEBY, FHl21E, BN REACH HANCIB W TIE, HIRSSYWELH B EICIEES LTV
DM 5 (ECHA, 2013; ECHA, 2018),

FRANONREN 2D E LT, U 2 RERAI(PFRs) R R HEBAAI(BFRs) SR & 5, IT4EIE, BEU OEX -
AR R O R FWE O AL IR (RoHS)RBEE X « F 1% #5F5 (WEEE)S:(Z L ¥, BFRs 2>5 PFRs 12
BATONE A T D (Behletal, 2016), PFRs (IZOWTClE, 7®F a2l =25 T —P(AChE)LEH 2695
D, TOENFRITFENLE L IND (O 5, 2016),

ZIHD SVOC 1, RWAERE & mWIEEN G, BN T, F AT Tlddke <, Bk 000
LoD AZ A MIWE LT, RN AX A MEE L THIEL TS (Clausen and Kofed-Serensen,
2009), SVOC D JHGEE LB m < X720, ZOMREEZ RIS 572D, BT OEH BN E VLS
MY, FIZIXAEHITIE, WEMEOELE = ABIED 7 Z VT AT VO EHZHRITK 30-60wt% & 5
ILTEY CKkH B, 1998), MBS EHICIE LR HNH D, £1, DX T & ) — VKR GEMRIB(Kow)iE 10 £V
RELIFENETH D720, © NOAEBA~OHEIIAG ThHDHEEZ BN, ZOftl, "NTAXZXRMNBIE,
R T SVOC B SN2 FHl b #AE S TR Y (Bamai et al., 2014; Wang et al., 2014), & -0/ 285 H K
DOERUCINZ T, ZORAFRFEICOVWTHERTLILEN DD, ZNHDI b, ENEREIZEIT 5 SVOC
(2K DHEEE Y A 7 FHAICARIRORT R A M9~ 5 BT, WA, #852, B0 OFZBEREEHIC SVOC EA RS 5 Z &
MIEFICEE L 72> TS, LavL, ZOHEE TRITEHE CHINMIZE W KERTR IS,

Z DT DARETIL, SVOC ZFBIREDET WML HHER LT, 7 MHER LB O R geE 2 REtT 5729,
Weschler & D ¥ > 7V 7R SENBIREE T /L2355 B L 7=(Weschler and Nazaroff, 2008; 2010: LLF, Weschler €7 /L
EFRT), Weschler & Nazaroff ©(2010)TlL, wI¥EA, EERAAI, BABERIAERY), BR(LBILA, Rhg), Rk
#l, ZEA, PEAIE Vo TALEWE ISR L, TOMIESCHBOETBEST, T AX R NEHERRE &
FEPREDOEYFREHF TN D, ZORHBREIFRORERILE)IX 0.76 IZIEE 572, £/, —H L L THD
NIALFEE D LogKea TEITK T~14 LHEILNE D TH 7o, RBANIARFIETIE, HERESET VO A
RADOHARAL DT, {LFWEORBREEOFAME L, L FEWERESR LogKe, (28 B LIZBEREITV, #Hi-/n
BLANS Weschler &7 /L& il L7z, T ARE—RIF-RE D ELIC DWW CIE, TR D DGt 2252, BEfF
DRKERFEIZBIT 2TEBET VOENRE~OEH bEE LT (TS, 2017),

3.2 Ak
3.2.1 WHORFR bep SVOC REDHEFIE

N ZK A NI SVOC e OHEEFNE A Fig. 3-1 12759, BNZER T O SVOC HIE Tk, Z0WlEME S
AR LR FRERENGHE INIETROOND, 2D, 3.22 Sl IR oECEHEE T V&2 v
T, 323 HIUIRTLHAEIZ L > THONTEENEXFH OEHE SVOCIBET — 2D, 324 HilRd iz
FAWTH RAREEEZSBEL, I ZAZ R Mo SVOC BEAHERE TS, Bohiz T 24 X MeDHE
il & EREZ T 5 2 810k v, EFAHROENEZBRIET 5,
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Measured vales Measured total SVOC airborne
C.aatC concentration
ag™\“ap

K, was calculated by 4models of
Separated by Kp Junge, Mackay, Pankow, and

l l Weschler.

c c Cag, Gas phase concentration
ag ap Cap, Particle phase concentration

Kg¢g Was calculated by Weschler
Converted by Kag | %4 Y

Predicted mass-fraction of SVOC
Xdust_pred in dust

Measured mass-fraction of SVOC
Xdust_meas in dust

Fig. 3-1 Calculation procedures for mass-fraction of SVOC in house dust.

3.2.2 HRALE-DETEHETIL
T EEHER 35 L OEATIZ BV 7 Weschler E7LIE, H ABE, Kif-8E, /AKX X NEEICHOWT, Z2R 4 Ak
ET B PR A UE LT-BIREE T /L Tdh D5 (Weschler and Nazaroff, 2008; 2010), 4&-BED /3B BIfR D
B & X% Fig. 3-2 1277,
Weschler £7 V1%, fli# b SN TH DEMMEE BT D70, — MBIz, SVOC X bz 24 25 I
AR, FRECTITEFHEIGZEL WSS BEEINL T2, FHXIIIC LogKos 3@ WK TIL, N7 AKX A
MEHERREIIEREL D LENWZ ERTRIESND 728, ZBEMFHE~DO X VIRV T 2AZRNE LTS,
RRETIX, H AR — R FREM OSEEMTE T 2 DWW T, EBNEREED Weschler &5 /L DOfth, KIS
IZ31F % Junge, Mackay, Pankow O&FEF /L HEM L, FHNEIUTDOWTEHIRBE L1z, HABE— 7 2
5 A N RER O 4y B AT T LIE, ENERBEICIT 5 Weschler T L&A L7z, ZHEHDETLRITON
TIE, fH§&D Table 3A-112F & TR,

i Emission . . Sink
SVOC in product > SVOC in air < > Surface
Direct transfer Kg 1model K, 4models Exchange
v
. Kap . . Exchange . .
SVOC in dust < » SVOC in particle > Outside air

Fig. 3-2 Schematic diagram of equilibrium relationships between gas, particle, and dust phase SVOC.

-22_



3.2.3 fEtTxIR & L= SVOC DiE%E

AIYAR & LT VR AT VEHPABM, #EAKIE LCARY 7 eE Y7 = =/)L=—7 LFH(PBDE), AV
VRN AT VM DT — 5 & Tz,

ZID O E T DT — & Y — A% Table 3-1~3-6 [Z/RT, 7T —4 YV —RZHONW T, [P EBI0NY
A A MO SVOC DFERT —F O f705i> TWHMERH Y, MU SUIR LT, ZD7), Wesch
ler HOMTIZHNHNTWD T —F Y MIMAT, FT —F X=X L VI L7z Bergh HOFEHIT— 4 %18
JNL7z(Weschler and Nazaroff(2010), Bergh et al.(2011)), AMWFETIE, Weschler HIZH~T, (L5 E O Mk
B, K 0M b Lot 21T o 72,

Table 3-1 Chemical and physical properties of phthalate and adipate.

Substances Molecular formula MW g/mol LogKoa VP Pa
DMP (dimethyl phthalate) C10 H10 04 194.2 7.52 4.11E-01
DEP (diethyl phthalate) C12 H14 04 222.2 8.21 2.80E-01
DiBP (di(isobutyl) phthalate) C16 H22 04 278.4 9.62 3.22E-01
DnBP (di(n-butyl) phthalate) C16 H22 04 278.4 9.83 2.68E-03
DEHA(di(2-ethylhexyl) adipate) C22 H42 04 370.6 11.3 1.13E-04
BBzP (butyl benzyl phthalate) C19 H20 04 312.4 11.6 1.10E-03
DEHP (di(2-ethylhexyl) phthalate) C24 H38 04 390.6 12.9 1.89E-05

Table 3-2 Measured data sources of phthalate and adipate.

Reference Site Plasticizer
Fromme et al.(2004) 30 apartments, Berlin, DE BBzP, DEHP, DEP, DiBP, DMP, DnBP
Kanazawa et al.(2010) 41 houses, Sapporo, JPN DEHP, DEP, DiBP,DnBP
Morgan et al.(2004) 129 houses, North Carolina, USA DnBP
Morgan et al.(2004) 127 houses, Ohio, USA DnBP
Morgan et al.(2004) 13 daycare facilities, North Carolina, USA DnBP
Morgan et al.(2004) 16 daycare facilities, Ohio, USA DnBP
Rudel et al.(2003) 120 houses, Cape Cod, Massachusetts, USA DEHA, DEHP, DiBP, DnBP
Bergh et al.(2011) 10 private homes, 10 workplaces, 10 daycare centers, Stockholm, SWE  BBzP, DEHP, DEP, DiBP, DMP, DnBP

Table 3-3 Chemical and physical properties of PBDE and TBBPA.

Substances Molecular formula MW g/mol LogKo, VP Pa
TBBA (Tetrabromobisphenol A) C15 H12 Br4 02 543.9 12.7 1.83E-06
BDE-17(2,2',4-tribromodiphenylether) C12H7Br3 01 406.9 9.39 4.50E-03
BDE-28(2,4,4'-tribromodiphenylether) C12H7Br3 01 406.9 9.39 1.22E-03
BDE-47(2,2',4,4'-tetrabromodiphenylether) C12 H6 Br4 O1 485.8 10.5 2.10E-04
BDE-66(2,3',4',6-tetrabromodiphenylether) C12 H6Brda 01 485.8 10.5 8.14E-04
BDE-71(2,3',4',6-tetrabromodiphenylether) C12 H6Brda 01 485.8 10.5 8.14E-04
BDE-99(2,2',4,4',5-pentabromodiphenylether) C12 H5Br501 564.7 11.8 4,13E-06
BDE-100(2,2',4,4',6-pentabromodiphenylether) C12 H5Br501 564.7 11.8 1.44E-04
BDE-153(2,2',4,4',5,5'-hexabromodiphenylether) C12 H4 Br6 O1 643.6 13.1 2.49E-05
BDE-154(2,2',4,4',5' 6-hexabromodiphenylether) C12 H4 Br6 O1 643.6 13.1 2.49E-05

Table 3-4 Measured data sources of PBDE and TBBPA.

Reference Site Flame retardants
Abdallah et al.(2008) 4 residences, W. Midlands, UK TBBA
Batterman et al.(2009) 12 houses, Michigan, USA BDE-17, BDE-28, BDE-47, BDE-71, BDE-99, BDE-100, BDE-153, BDE-154
Fromme et al.(2009) 34 residences, S. Bavaria, DE BDE-28, BDE-47, BDE-66, BDE-99, BDE-100, BDE-153, BDE-154
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Table 3-5 Chemical and physical properties of organophosphate.

Substances Molecular formula MW g/mol LogKo, VP Pa
TCEP (Tris(2-chloroethyl) phosphate) C6H12CL3 04 P1 285.5 5.31 8.17
TEP (Triethyl phosphate) C6H1504 P1 182.2 6.63 52.4
TiBP (Triisobutyl phosphate) C12H27 04 P1 266.3 7.49 1.72
TCiPP (Tris(2-chloroisopropyl) phosphate) C9H18CL3 04 P1 327.6 8.20 7.52E-03
TBP (Tributyl phosphate) C12H27 04 P1 266.3 8.24 1.51E-01
TBEP (tris(2-butoxyethyl) phosphate) C18 H39 07 P1 398.5 9.31 1.64E-04
TDCPP(Tris(13-dichloroisopropyl) phosphate) C9H15CL6 04 P1 430.9 10.6 3.98E-05

Table 3-6 Measured data sources of organophosphate.

Reference Site Flame retardant
Kanazawa et al.(2010) 41 houses, Sapporo, JPN TBEP
Bergh et al.(2011) 10 private homes, 10 workplaces, 10 daycare centers, Stockholm, SWE  TEP, TiBP, TBP, TCEP, TCiPP, TCDPP, TBEP

3.2.4 FREI-EE NOC EEREDHEE (AIST, 2005)
KEHFIZH AL L UTHFET 5 SVOC DEREIRE S Cu, FITRED SVOC DE EIRE% C,p & LT2HE,
KH O SVOC R T DR FREDEIS 91X, (1) TEZRSND,

Cap

p=—2
Cag + Cap

(-1

F 7o, FBERL T/ A EARE (A ng)K, 1, R -H D SVOC RE Cyng/pg) & K H D SVOC R E
Coglngm® )D& L TEFRIND,

Kp = (3-2)

S
Cag
INZ T, RifHREL L CTIFEET D SVOC DR HIRE Cpng/md)E, PRI+ SVOC B C, & K& H D
FRIERI IR S TSP(ug/m3)Z VW CTIRD L 9 IcETZ LN TE D,
Cap = Cp X TSP (3-3)
RB2)BLOAGBHEHND EXG-DITKRDO L HITERTH ENRTE D,

K, - TSP

T K, TSP+ 1 4

FENZER PO SVOC REI, HARLRFEROBGHRE L LTHEShD LS, Ththainlid o0
Wb, XEB-DNBIUA(B-4)15,

Cap K, - TSP
0= = (3-5)
Cag+Cap K, TSP+1
LT
C 1
- (3-6)

Cag + Cap K, TSP+ 1
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Coo +C
Cag = - 75p 3 (3-7)

CK,-TSP+1

& 7¢% (Weschler and Nazaroff, 2010), UUE L 727 —% &> hOH ALK FREDOAEH SVOC IR CugtCop I
ST, RGDEH, HARED SVOC ML Cup %478 L CRIA L7,

3.3 R
3.3.1 FRE-—HFEMOASERFMKOELELETILHOER
A HEA
Table 3-7 35 X UM% Fig. 3B-1 | (BT TR R A T, e, DAREOICETIL, FHAMEIS O S HE

FEOMHXI A RE S (=HEE Tl_/é%{w ) % FactorX & L CFitd 5,

Weschler &7 /WIZxf 3 5 K, DxtE#ETlX, Junge €7 /L ClX Factorl.76x10%(DiBP)-1.74(DMP), Mackay “E
7 /L ClX Factorl.12x10%(DiBP)-1.10(DMP)23 G H v 7z, [EUREMOEE X, WTivh 0.838 T, JEMREITE
FLEXL 0.906 & 0.905 TH Y, fabrk 5% KHETHBIN G HiL7z, Pankow 7 /L & Weschler &7 /L DHER
ZEFNL, AWMOBRETIE ppar & po D/NT A —ZEOENZT T 5728, Factorl 23-1.26 285 51, *ﬁ%’é%’éfﬂ)
Weschler &7 VI RLOFFE L 72 5 7=,

Table 3-7 Correlation between plasticizers’ K, calculated with Weschler model and other three models.

Model Regression line Factor
Slope Y-intercept Corr. Coeff. Min. Max. Arv. Med.
Junge 0.838 -0.926 0.906 1.76x10° 1.74  6.92x10" 5.21x10"
Mackay 0.838 -1.12 0.905 1.12x10° 110 439x100  3.30x10"
Pankow 1.00 0.0951 1.00 1.23 1.26 1.25 1.25
HERA
Table 3-8 35 & (N Fig. 3B-2~3B-4 |Z K, {Z B3 2 fifATHE 2”1,

Weschler &7 /WX 5 K, @xﬂ:téf I%, Junge &7 /LTl Factor7.54x102(BDE-153,154)-70.6(TBEP), Ma
ckay “E 7 /L "Cld Factor4.79x10%(BDE-153,154)-44 8(TBEP) 23 % D 417-, W 4L & [BIFERROME X 23 0.870, REFR
#0915 TH Y, G 1%KETHBENZNZISE DI, Pankow E7 /L CiX Factorl.23-1.26 3G 541, #H
BEARE4R & Weschler &7 /WICIEELOBE L 72 572,

Table 3-8 Correlation between flame retardants’ K, calculated with Weschler model and other three models.

Regression line Factor
Models - -
Slope Y-intercept Corr. Coeff. Min. Max. Arv. Med.
Junge 0.870 -0.0660 0.915 7.54x10" 70.6 11.1 2.14
Mackay 0.870 -0.264 0.915 4.79x10” 44.8 7.04 1.36
Pankow 1.00 0.0945 1.00 1.23 1.26 1.25 1.26

FRATHE R DIRIE

EiRoi@y, K, iZoWTiE, 4 2OETARXEHWTHEIE L, /8, H%ElOEEnor—A 2o
T, Weschler &7 /VTHIL LT2 K, DIEEHER NG, w[HAITIE 2 A—4 —, HHRAITIE 3 A—F—RBED
KPS L & 7z,

Z ZTFig 33 1CXCHEZ AL TR SN D, ZERHICBIT S SVOC O AEDOEIE %7~ , Fig. 3-3 7
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HOND I, KD Cog \THBEZ KT T DIE, LogKea 25 10 F2ELL EDOFIK CTh H 728, FEERI72 kIR

| =X —RRETh o7, £z, BEMRANT AL X M SVOC i OHERE @ﬁ%/ﬁlfﬁtmwﬁfﬁtzﬁm,
WTNDOETVICENT S, AA—F—REOHERRL ko7, 2O &b, K, DRHIZOWTIE, BifF
REEBEET NV EZHA L CHOREREEL X720 ERbhoT,

T T T T T T ]
1.
| o
o 0.8 BFR i
w
«©
: L\
« 0.6k Plas.
oo
= PFR ’
- 04
°
5
© Plas. 7.52=LogKoa<12. 9
& 0.2 g™ 9 39=<Logkoa=13. 1 .
PFR 5.31=LogKoa=10.6(9.31)
¢ ¢ Plas. /FR-Pankow
OF| e o Plas. /FR- Weschler
1 " 1 "
8 10 12 14
LogK,,

Octanol-air partition coefficient

Fig. 3-3 Equilibrium distributions between gas and particle phase as functions of logKo..

3.3.2 NORFR if SVOC iRE DHEHE & EAED LLER

FEBTIZOWTIE, ElfE & HEREOZhEhoh I fEz AW TR Z 1T 72, £z, ZEMFEMD Factor fE
DOIEHEL LUTIL, BBRAYIZ Factorl0 2 1 IRAZ ) —=127", Factor3 Z HEREE L L CHEL, UTOMHNE
1T > 7=(Weschler and Nazaroff,2010; Keil, 2009),

ATEEF

Table 3-9 3 & UMk Fig. 3B-5~3B-8 |ZEHTHE B A 7~ 7,

KT MK T D L 2MEHME ORI, Factorl-3 LANAY 13.9%-27.8%DE |4, Factorl-10 LANAY 36.1%-58.
3%DE|A, Factor1-100 LIS 86.1%-88. 9%®%u/~\f3%>o7”:o FEWME & HERAE O BAR 2 7R 9 [l m E AR OB & 1%
Weschler &7 /L8 L Pankow EF /L0130 1 ICTIEWHEEN SO, FUFEROHEZxZ 1 SIRE Lﬁ/ﬁu,
Y Y A1 Factor 5 &7 A x4k 2 B - 7‘:?60)“6‘% v, #® Factor fE % 3.27-3.59 TH > 7=,

HESRE CEBRGEA & 22 > 72 1%, AI¥E%ITIX DMP & DEP T Y, LogK. TR L, ThZEh
752 BEW821 Thote, 728, ZD LogKe DHEIKTIE, @AM DH, HARREL L TOFEFIEIX 100%I230T
<, THAUTERFER & S L TWD(FHED, 2002),

Table 3-9 Correlation between measured and calculated mass-fraction of plasticizer in dust.

Regression line Factor
Models - -
Slope Y-intercept Corr. Coeff. Min. Max. Arv. Med.
Junge 1.24 0.526 0.921 7.28x10° 57.9 12.9 9.83
Mackay 1.28 0.515 0.925 7.28x10° 61.2 14.4 13.1
Pankow 1.04 0.555 0.887 7.28x10" 30.3 7.85 4.68
Weschler 1.06 0.552 0.891 7.28x10" 30.6 8.19 4.94
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EERA

Table 3-10,11 35 X OMF8k D Fig. 3B-9~3B-12 |[ZfRHTHE K% 59,

BRREERA

TRTOET M@ U TREBRAFER & 72> 721X > T2, KT ISKT 2L 2ARHE ORI,
Factorl1-3 LAPNZS 25. 0%-81. 3%DE|A, Factorl-10 LAY 50%-100%D %4, Factor1-100 LANAS 75. 0%-100%D
HEThHoT-, FEHNE & HEBREDORRZ T REREMROM XX, Weschler &7 /L35 XU Pankow E7 /L23 L 0
LIZIEWFERDZE BTz, BUREROMEE % 1 LRE LS A, £ Factor fEI 1. 29-2. 16 Th o7z,

Table 3-10 Correlation between measured and calculated mass-fraction of BFR in dust.

Regression line Factor
Models - -
Slope Y-intercept Corr. Coeff. Min. Max. Arv. Med.
Junge 0.838 0.204 0.893 0.206 26.5 6.20 2.78
Mackay 0.852 0.335 0.890 0.321 39.2 8.68 3.82
Pankow 0.912 0.109 0.987 0.864 5.03 2.03 1.78
Weschler 0.919 0.165 0.988 1.03 6.13 2.23 1.85

B REERH

WTNOET LVOHERIE D, LogKe, 73 10.6 THRIHIIZ K Z U TDCPP % BRUNT, Factorl LA T OfERR{HIFEAM
E72Y, F7z, Factor0.1 LA F D B EIGIE 77.8%, Factor0.01 LL F D 5 2 EIE A 22.2-35.3%H > 72,
i & HEBE O PR 2~ T AR EAROME X 13, Weschler &7 /L3 LN Pankow BT /LN LV 1 IEWVREEDNE S
Nz, EREROMEE % 1 LUE LIZSA, <O Factor fEIE 5.50x102-6.17x102 T~ 7=, 728, EUFMHTIX
TCEP %4 LTI 72,

Table 3-11 Correlation between measured and calculated mass-fraction of PFR in dust.

Regression line Factor
Models - -
Slope Y-intercept Corr. Coeff. Min. Max. Arv. Med.
Junge 0.818 -1.26 0.817 1.71x10° 1.20 0.139  2.96x10°
Mackay 0.850 -1.25 0.822 1.71x10° 1.72 0.168  2.96x10°
Pankow 0.931 -1.21 0.827 1.71x10° 4.88 0346  2.97x10°
Weschler 0.932 -1.21 0.826 1.71x10° 5.17 0361  2.97x10”

FRMTHRE R DORREE

Eak U7z, aT¥EAl & BRERERENC OV T, WTROETLIZOWT Y, il 70T AZ A D
IRT A —=HEIZONT, BERONRFMEEZH WD Z L2 XV, HRAfE T Factorl.78-13.1 DM OHERE A 15
iz, HEBRMEA GG & 72 o 7238035 D WE X, AI¥EAITIXDMP & DEP TH Y, LogKo, EITARIIIC
K<, ZRENT152BLV821 ThoT,

Table 3-12 Percentage of factor values in each factor category, given by the correlation of the dust phase concentration
calculated by the measured values and Weschler model.

Substance LogKoa Factor %

1-3 1-10 1-100
Plasticizer 7.52 - 12.9 13.9 - 27.8 36.1 — 58.3 86.1 — 88.9
BFR 9.39 - 13.1 25.0 — 81.3 50.0 — 100 75.0 — 100
PFRr 5.31 - 9.31 0 0 0

HEAAITIL, LogKu fEDS 10.6 @ TDCPP % FR<, AV » RWE DN ERMAFEM & 720, £ D LogKeq lE 5.
31(TCEP)-9.3I(TBEP) Ch -7, ZNHDZ &nb, SEFHMELIEAETT ML DT AX A M SVOC =
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DOHEFIZ DOV TIE, LogKoe 25 10 FRELL EOWEIZ DWW TIERRSL L, ZDOREEIZ DWW TIE, Table 3-12 (23
£ 912, Factorl0 FRIEETH D Z L nboot,

LogKoa 7% 10 FREELL T OFEIC 31T 2 HEFE O fEBRAFHM O ZR & U TiE, BYSRIK & L TEE L TW7Rwn,
SVOC ORIEFRFE N HE L TODH AT AL A M~OBEHEBITOM, TFAREICEHDL L ZAHD, NI RL
A SO ST ~D SVOC DIy BfRE & Koo & DACEESE D3 % & 41 % (Weschler and Nazaroff, 2010; Clausen
et al., 2004; Takigami et al., 2008; Shoeib etal., 2005),

ZIT, BEOHAEIZOWT, RGANEEE LT, AW ~D SVOC D7 BiFRE Kea % 2(3-8) & D 2K
¥ 7%, Fig. 3-41C LogKea % WMEIED LogKo  fEICKT LT 1y b LIzt D ERT,

T T T T T T
14 - Plasticizer Flame retardant
Weschler
| o |
A e
12| = PFR AT
"
n ‘.
S0 = o .
ey ] 1
15) m
— L] ' s
: /3
8F = * e .
Y=3 Ai x X
W osi A= o0.05|]
Y=X Gorr. Coeff. = 0.936
o BFR u
p A0 = -0.486 Al = 1.02
Corr. Coeff. = 0.988
[ SR B !
6 8 10 12 14

LogK,,
Octanol-air partition coefficient

Fig. 3-4 Scatterplot of LogK.. against corresponding logKo,.

(3-8)

X .
LOchal — 10g< dust * Pdust )

Cag ' fom,dust

AIYARK) & B REAFNCOWTIE, ZOEUFEMRD D LogKew™=LogKes DBIFEIFHIL TS, LvL,
LogKoea 73 10 LA FOFRE Y > ZREERANC DUV TIE, LogKew=LogKes DEMRI BN, LogKew 1% LogKe, £ 0 K
&<, LogKoa 7% 531931 1Z%F LT, LogKea 154 9.53, EEMRE 9.2%DRITNDE & 72 o7,

Weschler &7 /WZIWNT, ARG — 7 A RER] D 3 BlfREDS Koo (LT 5 & LT B-9)DIRED, ZD
LogKo, fEIK TILpk W \t72 7202 &2/ b,

Koa =7 (3-9)

3.4 F&H

ARFETIE, BREBERET D0 TEET NV EZHNT, NTAX A NEOREHE 21T\, BT —% Lk
L, LFOMmRAER:Z,

YRR & B REHAANC OV T, & T /LD B T Factorl.78-13.1 OZ 2O HER AN S, [RIFE
FOMEE 0.838-1.28 & 1 ITERI CTH o7z, 7 Bl G 7256, LogKe 25 10 FREELL EO#EIZHS
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ODPEET — 2N HIUE, MEEDEEAENT L L L HRETHY, —RIREBBEIMHOERICET 5,
—77, LogKoa 75 10 F2EELLF OB OHERAEIZ W TIE, 2 A — 2 —EDOERIAGEHE & 72~ 7=, FDERK
& LTIE, SVOC OB RME N DHEf L TWD AT AL A EA~DOEEBIT, ~NUAX A N OB T~
D SVOC DIYEURIE Koo & DTREEENE 2 SNDHD, T OMF & ZEOMIEICOWTIE, A% O 5 BEs
VETHD,
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Table 3A-1 Model equations used in the comparison.

Phase Model Equation
Pankow(1987)
€0 3A-1
K, = -
P py-TSP ( )
CJ' Bj
0= 7@'9]' TP (3A-2)

Ky, Particle-air partition coefficient(m3/pg); C, Junge constant(=0.172Pa-m: Okeme et al.(2018)); ¥, Surfa
Junge ce area concentration(=1.1x10*m?/m?3: Bidleman(1988)); P,, Saturated vapor pressure(Pa); TSP, Mass con
centration of airborne particles (=20ug/m3: Weshler(2013))

Reference

Pankow JF (1987) Review and comparative-analysis of the theories on partitioning between the gas and aerosol
particulate phases in the atmosphere, Atmos. Environ., 21, 2275-2283.

Weschler C 2003) Indoor/outdoor connections exemplified by processes that depend on an organic compound’s
saturation vapor pressure, Atmos. Environ., 37(39-40), 5455-5465.

Okeme JO, Rodgers TFM, Jantunen LM, and Diamond ML (2018) Examining the Gas-Particle Partitioning of
Organophosphate Esters: How Reliable Are Air Measurements?, Environ. Sci. Technol., 52(23), 13834—13844.

Bidleman T (1988) Wet and dry deposition of organic compounds are controlled by their vapor-particle partitioning,
Environ. Sci. Technol., 22(4), 361-367.

Mackay D (2001), Yamasaki et al.(1982)

_ 6 x 10° (3A3)
P Py Ppart

Ky, Particle-air partition coefficient(m3/ug); Po, Saturated vapor pressure(Pa); ppart, Density of airborne particles
(=1x10°g/m3: Turpin(2001))

Mackay
Gas / Particle Reference
Mackay D (2001) Multimedia environmental models - The fugacity approach Second edition, CRC Press, 69-116.
Yamasaki H, Kuwata K, and Miyamoto H (1982) Effect of ambient temperature on aspects of airborne polycyclic
aromatic hydrocarbons, Environ. Sci. Technol., 16(4), 189-194.
Turpin B and Lim J (2001) Species contributions to PM2.5 mass concentrations: revisiting common assumptions
for estimating organic mass, Aerosol Sci. Technol., 35, 602-610.
Finizio et al.(1991)
logKp = logK,q + logfom —11.91 (3A-4)
Ky, Particle-air partition coefficient(m3/ug); Koa, Octanol-air partition coefficient; fom, Mass fraction of organic
matter in the particle (=0.4: Weschler and Nazaroff(2008), Turpin and Lim(2001), Fromme et al.(2005))
Pankow Reference
Turpin B and Lim J (2001) Species contributions to PM2.5 mass concentrations: revisiting common assumptions
for estimating organic mass, Aerosol Sci. Technol., 35, 602-610.
Finizio A, Mckay D, Bidleman T, and Harners T (1991) Octanol-air partitioning coefficient as a predicror of
Partitioning of semi-volatile organic chemicals to aerosols, Atmos. Environ., 31(15), 2289-2296.
Fromme H, Lahrz T, Hainsch A, Oddoy A, Piloty M, and Riiden H (2005) Elemental carbon and respirable
particulate matter in the indoor air of apartments and nursery schools and ambient air in Berlin (Germany),
Indoor Air, 15,335-341.
Weschler and Nazaroff (2008; 2010)
C -C ‘K
Kp — _p — ﬁ:m_part om — ﬁ:m_part oa (3A-5)
Cayg Ppart * Cag Ppart
Weschler

Ky, Particle-air partition coefficient(m?3/ug); C,, SVOC concentration in airborne particles(pg/g); Cag, SVOC gas-
phase concentration(ug/m3); fom_part, Volume fraction of organic matter associated with airborne particles (=0.4:
Weschler and Nazaroff(2008), Fromme et al.(2005)); Com, SVOC concentration in organic matter(ug/m?); ppart,
Density of airborne particles (=1x10°g/m?3: Turpin and Lim(2001)), Kos, Octanol-air partition coefficient;
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Table 3A-1 (Continued.)
Phase Model Equation
Weschler and Nazaroff (2008; 2010)

Xdust fam_dust : Com fam_dust : Kaa

K = = = (3A76)
9 Cag Pdust Cag Pdust
st Koa " C.
Xdust,pred = fam_d S/;d = = (3A—7)
ust

Gas / Dust Weschler
Kag, Dust-air partition coefficient for SVOC (m?3/ug); Xaust, mass-fraction of SVOC in dust(ug/g); Cag, SVOC gas-phase
concentration(ug/m3); Com, SVOC concentration in organic matter(ug/m3); fom_aust, Volume fraction of organic
matter associated with settled dust (=0.2: Weschler and Nazaroff(2010), Hunt et al.(1992)); paust, Density of
settled dust (=2x10° g/m?3: Weschler and Nazaroff(2010), Hunt et al.(1992))

Reference
Hunt A, Johnson D, Watt J, and Thornton I (1992) Characterizing the sources of particulate lead in house dust by
automated scanning electron microscopy, Environ. Sci. Technol., 26, 1513—1523.

A A e — i F-REM O S B AR ¥R BE 3 2 #f B BEA

Junge BT VDA, IR FOREFERENEER/NTA—=ZD—D2L 725 TNDHN, EllT—X135
SAVEES , EEIRE & B R TIE72 ), Mackay &7 VI, IESERYEYE O FREERL - ~DW 35 2 48E L,
Yamasaki & (1982) 2NHIE L7V [a]7 >~ b T DOHET =405, TREICET VR ZRDZH DT
%, Pankow ET /LTI, TRIERL T EOWRIKAREMIE~DILFWE 0)%& WiEl LTET AR EZRDTZD
DT 5, Pankow 2 TlE, TR O Z BB L TV D SIZHRHEN H 5, Weschler £ /L & Pankow 7 /L
OHFRAXDZERL, AFEORETITET VR THEH LT ppn & po (37 X 7 — IV OEE kg/m¥)D/XT A—4
EOENZTTH S,

AR TIL, Table 3A-1 1Z/R T L D VFEERL T OPPEICEA L T b £ < N T A — X 2 F B L T %, Weschler
ETNEBRETVE LT 21T 72,

Table 3A-2 Parameters of model equation of particle-air partition coefficient related to physical chemical properties of substance and particle.
Physical chemical properties

Model Substance Particle

Junge Saturated vapor pressure Surface area concentration, Mass concentration
Mackay Saturated vapor pressure Density

Pankow Octanol-air partition coefficient Mass fraction of organic matter in the particle
Weschler Octanol-air partition coefficient Density, Volume fraction of organic matter
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A, B EFEWEREICOWTE, B HRO WEAISCHRA%E D SVOC g2 L 5 WNrniEEL D5
O, W ESLT L VX —ERE O R E 2N & 72 > TV 5 (Wu et al., 2016; Matsumoto et al., 2008; Jaakkola
etal, 2004; Manikkameetal., 2013), Z#LiE, %2 HIB KO 3 mCTR~2@Y, "AEHENE L, BB R
WD Z &0, REWA, IR 0N T AL X M~OGEL Y, BHRENBRELA L T05DZ &I %
T 5, T, APEAICERAICIIAEEEOB A DRBMENEELREE LTH D,

%5 3 B THLY LiF72 Weschler & Nazaroff DBl FA#E 7 /L%, LogKe 2% 10 BREELL EOWEIZDW T,
Factorl0 A% DHEFAEE 2 L, HARE, KR, XA MEOWTN 1 DOREFERL Y, MAEDIRE A&
MTx, MOAMERH D, LL, ZOKHE, WTHOREORERFRD 2WIGEITIIEH TE 2 WElR2A &
%o ZDT2h, RETIL, SVOCHBEETT N EIY LiF, /T A =X EICET D IFHRIEEC, HER AT
L EDFRBREDET VHIZERIZET 2 MEt 21T o 72,

BT, T A—HIEREBONENETH 508, T, Little HQROIITRENTWD K 912, Hdkimiaes
ZE DA T EIRIE CobT B 22 R BARIL Kina), WWERBENMREL h, TRUERLF/2E R BRI K, , A7 2 ) —
TZEZ BRI Koo & WS T2gR ENREEIR T A= DIFET D720 TH D, 2ERLIE, ZNHD/8T7 A—
PN B % AT TARKIE V, 1%, DEHP & ZOREBWE OREEO KK & i/ MED RITHIET 5 L 912
3.0E+3~8.1E+4 THMMLTHEY, REEEEZZGEATVWDLEDTHD, £, TNHD/RT A —Z OHEEN
IZOWTHERA RIBRD SN TS, AIFFETIE, STRFAEIZL Y, /8T XA —ZFEEFEITOW TR
P 2T,

B, WEORHMEi T A EHOCTCERBEET A E L, T OHEFREE OEWCRERE 22 L,
BRI, ENEEREORNT —4 N8 EI(2HD DEHP IO\ T, E=vryna—Y v 7 a2Z0RARE T
DENZEB TV AEIE L, R FZHME I i Lz,

IRT A= ZFERCHERIEEICOW T, BRLHL b ol Rin e —F -3t S T nBLRICH
5o FRREERICBWTH, (LFPWEEBSIEICB T 2 85T T VA RRIICHERT 2B TR 6TV,
IOX ¥ v T EED, BREETAEHHLCTL T 00REEMEITH 2 EBHEEENO—2TH D,

B, BETTAOISHE LT, DEHP &R U7 U 4% T, DEHP BB LI N7856 ORE
WHAEITolz, ZHUL, KREOLHH —DOHNTHY, HZBEREOHEIL, U A7 FMICER L, DEHP O
BIZfED VAT FL— RA TR EHIET S 72 OICARAIRRERTH L2 TH D, BT DEHP (Z
B, X0 RPN, BENERESOBIHRZEIR S50, ZOMfilhiRIic >N, BEET L
ERHWCHIRE L7z, £/, H2ETRDOIEL A -V EMAGDE, b MEFEEERELE DT 72,

4.2 5%

4.2.1 FHEXRILEME

DEHP, DINP, DIDP, DPHP i%, HARIZEBWTAEEN KL Z V4 OOREHITH Y, Z ORIz T
X, TCICE2ED 12.2.1 wHELEAEE) CBW TR, ZOM%ETIE, 9, DEHP BLUZFOD
FE R AT YA TdH 5 DINP, DIDP % it S'E & L7-, DIDP O BMERCTH 5 DPHP (22O T it
O ARRIEDFERT — 2 WEUF TE oo lolo®d, RN RNOERN LT, 26T, 4%, BARICE
WTHMAEIBEA S LCORMILRNRIAENDZET X NBIZDY 7 a~FH o A2-OH VR BRS A )
=/W(DINCH), 7 L 7 Z Vi (2-=F )L~F 2 )L)DEHT) % 5 ik 54 - 20 2.7 (Wu et al.2016; Xie et al. 2016;
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Bui et al, 2016; Izawa, 2015), DINCH (% DINP O/KZAMAETH O, DINP D41 & 418.62 ([T TH &N
424.67 £ REL 72> TFEY, DINP LV B2 2 Hnbl 23 514 S 41 % (Hirata et al., 2012), DEHT (X DEHP O
R TH Y, DEHP KV SIIKIFRMED S RHEDS & 5 (1zawa, 2015),

4.2.2 FHEXRRE L-REFERAKEETIL

SVOC & E T VORI ORELIZ OV TIE, Liang 5(2019)? Introduction [ZFEMICFL ST\ 5, L2 H'E
BRI L~ H T, REACH IZHER S D HEE T OFT 423, EHCA(2016)X° Eichler & (2019) (2 &
DRENTEY, ZD 95 US EPA @ Consumer exposure models (CEM) & European Chemical Industry Council
(CEFIC)® Integrated exposure for risk assessment in indoor environments (INTERA)A3ZE N SVOC Z&FZ (2 k&S LT
%, F7-, CEFIC @ The long-range research initiative (LRI)”'® 2= 77 k Td ¥, Dutch national institute for public
health and the environment (RIVM)(Z & ¥ BA%& S 4172 DustEx (22T %, REACH T SNbHET L& LT,
Wijnhoven and Affourtit (2018)IZFE STV 5,

ABFFETIX, DEHP OELIZHE 9 BNBREL ) X 7 DR Z(L &Rl 272007 nt 20— E LT, b
VB E P EE TR S4v% CEM & DustEx ZfEH] L, DEHP & Z O a0 =N R IR E OHER 217
572, INTERA (Z2W T, HUIE, HHCA VT2 AEEMTOIL TR WIRIL A 82, TR0 5 IEbR
ST,

CEM ver2.1

CEM (I, Microsoft Access N — XA CEMET HIHE L RITEET L THY, juxlE, USEPA @ Exposure and fate
assessment screening tool(E-FAST)NDE Y 22—/ & LTHE SN D TH D, FE, 74 A, FK, HEH
728, KR a T ENBREE LB E NIRRT E 2 L9 10 TR Y, BUTN—V 3 VI, 6 DOMEKET L,
3ODRAGBEET IV, 5 ODORNAREET IV, T OORKEREETT VNG END, FrIT, B TIE, HEE
RG5O SVOC 2 2 HEET 5T A0 HAA £, SVOC Dl &, |NEMR, sz #ET o700~
ARG VAT ANEGEENL TS, CEM 1L, BEAMIZ 2 YV —UEFAEZRALTEY, YV—r 1 I3 EE
mMEH SN AT v T o2 E)THY, TOMOMEEE Y — 2 L LTIV S, £/, CEMIZIE, 5
BETHY EIF% ConsExpo D K 9 72737 X —Z DAFEFNEIT KT 5 e 25w 72 )L BREERE I3 70 <, JRRBEFRAT OF%
RELHE STV, AR STV 5 CEM DOHER X & 18k D Table 4A-2 (2773 (ICF, 2019),

DustEx ver. 1.0

DustEx |, RIVM & F2—VU v & TR KFIZL > TCEFICLRI 7r Y =7 | B12 & L CRA%E S U 72(RIVM,
2018a), XIZREGIZ, KM, BEM, B2 EDOMIBMLTH D, EFT MIE, T AR LUK FRBOW AR,
A A NREDORR D ZRERB L OZER N D ORI FRFE LWV D 4 DO ZFHERKEZEE L T\ 5, DustEx I, ConsExpo
L AR N T A — 2 OREFRFRIVLEESRE 2 G 2703, REMATHERE IS S Ty,
DustEx OHER X A £145 D Table 4A-3 12777 (RIVM, 2018b),

4.2 3 XELYMHEOEE

CEM & DustEx (255 SVOC OWMHEEIZ OV TIE, RHEFEHERH 5720, AHEMRELZHRET S &
FHEMAFICE S THHET D ZEBRHELV, ZOREICHLT 572012, FEYMHMEOREICET 215 H®E £
L, fHek4B TR LT,
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4.2.4 REDFIVAX

CEM & DustEx ORBHFFMELZIET 5720, Little HQ012)O=ENETT L2 —HEEL THEHA L
(Addington et al., 2020), Table 4-1 |ZZ DFfa 3, B FHANZ~RT, DEHP O 7 1 —/L N7 —#13%<
HDHTD, MBALFWEIL DEHP & L7z, F7=, =W DEHP Ol IY, Elict=1r7a—) 7 ThHdT-
O, IEFHMExIGELEL & U7 (Liangetal., 2019), Z DOffid> CEM, DustEx ~D AJj§ 5 /37 A — X fH|L Table
4C-1~4C2 TR T TH D,

CEM, DustBx IZX WH#HEHE INT-KPBIUONT AX X MO DEHP RE%, 7 4 — /L RTF—F L gL,
= D REBHER 2 M L7=, £7-, DINP, DIDP, DINCH, DEHT {22\ T4, DEHP & REEEIC, KTB X
O 2R A SR OREHER 21TV, £ OfE 4 DEHP OHERLE & ik L7z,

Table 4-1 Indoor exposure factors.

Parameter Value Reference

Room volume, V m3 50 Little et al. (2012)

Floor area m? 20 Assumed

Ceiling height m 2.5 Assumed

Ventilation rate, Q m3/h 22.5 Calculated from Room volume and air exchange rate of CEM
Emission surface area, A m? 15 Addington et al. (2020)

Interior surface area, As m? 120 Little et al. (2012)

4.2.5 RREMRT

CEM 3 L U* DustEx ¢ DEHP #FEHERAEIZ DWW T, 2 EFVREEMRAT 21TV, Skt TRl L 72, Sl
K@D HHEM L(CF, 2017), ZBH T A =213, EE I XORMEFEVERT O JATIIE 2 2512 CEM B &
U DustEx |26 8 CTHJE L 7= (Liang et al.,2019; Shi and Zhao, 2012: 2014; Xu et al., 2010),

o . (Y, -Y)/1;
Sensitivity Ratio= ————— 4-1)
Y X2 — X1) /X1

X, =(1+0)xX; (4-2)

ZIT, XIFRT A K, YIFHERERE, o 1 ZEBHFEA0%)TH D,

4.3 8
4.3.1 TELYMHEDEE
AIFZE T U7 EEMEEIC OV THREE L, Table 4-2 12771,

Table 4-2 Determined physical chemical properties of plasticizers

DEHP DINP DIDP DINCH DEHT Reference
Cas No. 117-81-7 28553-12-0 26761-40-0 166412-78-8 6422-86-2
Vapor pressure, V, *10°¢ (Pa) 16 2.3 0.6 9.2 2.7 Wu et al. (2016)
Vapor pressure, V, ¥10°¢ (mmHg) 0.12 1.7E-2 4.5E-3 6.9E-2 2.0E-2 Wu et al. (2016)
Octanol/air partition coefficient, LogK,, 11.43 12.26 12.84 11.67 11.71 Median
Material/air Partition coefficient, LogKnq 11.06 11.88 12.43 11.27 11.84 Eichler et al. (2018)
Particle/air partition coefficient, K, (m3/ug) 0.221 1.12 3.77 0.322 0.164 Median
Mass transfer coefficient, hm (m/h) 1.31 1.26 1.21 1.25 1.31 Sparks et al. (1996)
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F7o, AERIEDOR T A —X DI RE & B/IMED % Figd-1 (TR T, WEBEREL hy SN DIRT A —X
DI KA/ F MEDOEMEENE 2 A—F =L EH Y, KFET —F ~— 2 OIS S0 SCHE & it 371 ]
ATE BRI 2o T,

10°F
e LogKp,
Tﬂ -
S L °
1
g 10 e
=
c
£ L
o 103 F -
S [ A
IS L °*
2 .2
E 10°F -
s i ey
IS
5 .l - K,
o 10°F = Ko
B v K,
o | - h,
10° ! ! ! ! ! ! =

DEHP DINP DIDP DINCH DEHT GM

Fig.4-1 Ratio of maximum and minimum values of each parameter.

4.3.2 DEHP M EE & EANED LLER

CEM, DustEx (C L WH#EH SN2 TBLONT AZ A MO DEHP RE %, 74—/ RT7F—Z LHL, £0
FRREHERURAE 23 L 72, Helsetge & L7z DEHP OFEMT—2 & LT, K[PIRE, ¥ A NREOW ;D7 —4
D3> CU 5, Rudel et al.(2003)(USA), Fromme et al.(2004)(DEU), Kanazawa et al.(2010)(JPN), Bergh et al.(2011)(SWE),
Blanchard et al.(2014)(FRA), Luongo and Ostman (2016)(SWE) %% L7z, Table 4-3 |ZZ DfEZ /T,

Table 4-3 Field measurements’ concentration data of DEHP in the indoor air and in household dust.

Source Total conc. in the air ug/m3 Conc. in the household dust ug/g
Rudel et al. (2003)(USA) 0.077 340
Fromme et al. (2004)(DEU) 0.128 703
Kanazawa et al. (2010)(JPN) 0.147 1200
Bergh et al. (2011)(SWE) 0.200 680
Blanchard et al. (2014)(FRA) 0.047 289
Luongo and Ostman (2016)( SWE) 0.232 449
Arv. 0.138 610
Med. 0.138 565

%72, Table4-4 |2 CEM & DustEx (2 X 2 #ER 62 7~4, #RHIZ CEM, DustEx & &2 1 R OFETH
%, CEMIZOWTIE, K ORLKRYE & LC, Respirable particles (RP), Abraded particle, Dust ¢ —FE¥H73 E 7%
SN TS, Table4-4 O Particle ffllE, DustEx DR & A Z M5 7281, Respirable particles (RP)D 7 —
% L CU 5, Abraded particle, Dust D7 — X 432D\, Total Ml EH STV 5,

HERAME D REE % L 6O Factor fEIZDWCIE, FERNEIZ ST D HEEME O HE (=HEEME/FZHE) & EFRL
2o BARIZIE, Table4-3 OFEMEDVIAE CHEMZR LI TH D, RBRALE LT, 7774 —10 %
— WAV —= T, Ty 7 X—3 % BEERE L L THY 72 (Weschler and Nazaroff, 2010; Keil et al, 2009),
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Table 4-4 Estimated concentration data of DEHP in the indoor air and in household dust.

in the air in the household dust
Conc. ug/m? Gas/Total % Factor Conc. ug/g Factor
Gas Particle Total

Model
CEM 0.225 0.156 0.387 58 2.8 423 0.69
DustEx 0.207 0.447 0.653 32 4.7 1360 2.2
Measurement data
Average - - 0.138 - - 610 -
Blanchard et al. (2014) 0.005 0.0415 0.0465 11 - 289 -

D DEHP 2 IZ-SUTlE, CEM & DustEx DWW T4 d Factorl0 O 1 IRAZ U —=" 7 H5EAZH LTV
72o CEM 22U TCIE, Factor3 O HEREE GO, 72721, CEMIZOWTIE, KH DT ZAEOEIE N 58%
ThY, 74— KT —2DON, TARELRTHEZ 7EESEH L 72 Blanchard 5(2014)D 11% & K& < F7p 5T
Ay
DustEx (22T, #KUZEET 2 HEF X M@A-18)1 5, R FREICE L TIIBA RN BE ST, b L
AW SN TWD AR H Y, CEM IZHAT, RFERENESHAESREZEEZLND, FF L I3
D2k RD,

A A2 MO SVOC EEIZOWTIE, CEM & DustEx DWW 1/3~3 O BRSNS G STz,

DEHP (Z2WTIE, &Y —/LOHEFEREE ONT Little et al.(2012) 2 1E1E L 7= Bl E T /L O %4 M & Mgt 4
HT ENTET,

4.3.3 KETBHIOHERE
DINP, DIDP, DINCH, DEHT (Z2WC#%, DEHP & [AERIZ, Table4-1 OENEFE LTV AT LT, K5HE

FUONT ZH 2 R OBEHERE 24TV, F O8R4 DEHP OHERE & ik U7-, Table 4-5 ([2F OFE R4 ~7,

Table 4-5 Estimated concentration data of alternatives in the indoor air and in household dust.

Substance Model in the air in the household dust
Total conc. pg/m? Ratio % Conc. pg/g Ratio %
DEHP CEM 0.387 - 423 -
DustEx 0.653 - 1360 -
DINP CEM 0.0391 10.1 169 40.0
DustEx 0.421 64.4 220 16.2
DIDP CEM 0.0174 4.5 57 13.5
DustEx 0.401 61.4 60 4.4
DINCH CEM 0.206 53.2 319 75.5
DustEx 0.567 86.8 840 61.8
DEHT CEM 0.0577 14.9 79 18.6
DustEx 0.165 25.3 240 17.6

DEHP & [t-X, DINP, DIDP, DINCH OLAIIESIERR LN TNALZEHH Y, [P B LT X NHRE
A L, ROBMRIC X DRGSR A R C & 72, BAKICIX, CEM OBE T, XHIREX, DIDP @ 4.5%
~DINCH ® 53.2% % Tl Lz, # A FHiEEE, DIDP @ 13.5%~DINCH ® 75.5% % Tl L7-,

DustEx O#&1E, KL, DEHT @ 25.3%~DINCH @ 86.8% £ Tl L=, # % hHifE|X, DIDP ®
4.4%~DINCH ® 61.8% £ T L=,

DEHT /% DEHP OEERMEARTH Y, AR TITEERE OGNS, REFEAIO 5 5, DEHT 2k b A9
R EN TV 5 (Isazawa, 2015), LA L7228 5, DEHP (ZH, NIZKSFRICEINT 2 2E1H OJLEED 13 50
EOHELH Y, DEHP ORBRIEIZE LTI, FlIAERYEZ & DT A MRt A7 3N LEL 725
(Isazawa, 2015),
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4.3.4 DEHP £ &K UK BB DHEERED S ELRE & DHEE

DEHP 35 J OMUES AT S O HERLIR B & A BE 22 R 0 BUfR I Kna 3 K OA 7 # ) — /225 0 BifR BT Koa & DR
BIZ DWW T, AR Cur & LogKn, DREFR% Fig. 4-2 12, LogK,. & DBfR% Fig. 4-3 1239, K HEE
Cair V&, TTAREIRIE Cog ERLTHEIRE Cpp DERIBETHDH, WTILD, LogKm LogKe WREL 725 &, &
IR BT T 5, F7IZ CEM OE IR IREE O XHUE & LogKm, & DHINZLL T DEYFHADF 54172, DustEx
DEETX, WEICL DREZE(ED/NS o Tz,

LogC,ir = —0.925 X LogK,,q + 9.73 (Corr. Coeff. = 0.99963) (4-3)
® CEM _
o DustEx
1| DEHP b
o D;NCH DINP DIDP

o

o
i
T

CEM LogC,, = -0.925logK, ,+9.73
L Corr. Coeff. = 0.99963

1 L 1 L 1 L 1
11 115 12 12.5

LogK.,

. . 3
o Total air concentration (ug/m°)

.01

Fig. 4-2 Correlation between estimated total air concentration and LogKu..

T T T T T
" 1} DEHP —
< DINCH ]
A a DINP DIDP
S * i °
© .
*E =]
3
c0l1r =
(@]
o r [ )
© DEHT .
=
2 °
® CEM
0.01r o DustEx ]
L 1 " 1 " 1 " 1 ]
11.5 12 12.5 13
LogK,,

Fig. 4-3 Correlation between estimated total air concentration and LogK..
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5‘\2 ]\ EF‘/)%}_E Xduxt,pred & LOgKma O)Eggﬁ% Flg 4-4 ﬂl, LOgKoa & O)Eggﬁ% Flg 4-5 L:i_\na—o %E‘j/}%}‘g & Ia*%czx
WAL D LogKme, LogKoa WREL 725 L, XA NREIIA T 5, CEM, DustEx DWW L h ¥ A~ HREE
DXEAE & LogKne & ORNCLL T ORYFEIR AR S 41, ThZEnX(4-4), (-5 TERIND,

T T T T T T T ]
— DustEx LogX,q preq= -0-988logK,,,+14.07
%‘; 1000 Corr. Coeff. =0.99981
= Y,
2 DEHP o DustEx
< DINCH
(S}
o -
>
7
G DINP
S °
=1
3
& 100 -
2 I DEHT o DIDP
©
= CEM  LOgX 5t prea= -0.64310gK,,+9.76

I Corr. Coeff. =1
! . ! . ! . !
11 115 12 125

LogK,,,

Fig. 4-4 Correlation between estimated concentrations in the household dust and LogKu..

T T T T
= [a} o CEM
Eo 1000 o DustEx | _|
P DEHP ©
3 DINCH
£ °
o .
> _ DIDNP
5 °
.5 DEHT
°
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" L ° DIDP J
©
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Fig. 4-5 Correlation between estimated concentrations in the household dust and LogK,..

LogX qustprea = —0.643 X LogKinq + 9.76 (Corr. Coeff. = 1, DEHT % 41) (4-4)

LogX qust prea = —0.988 X LogK g + 14.07 (Corr. Coeff. = 0.99981) (4-5)
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—J7, %3 BT o7 Weschler E7 /L TlE, # A NHIRE Xaspred & LogKoa ITRGBA-T)DBRN H Y, EIE
35 E@-6)TEREIND,

X,
log ( d“g“””“) = LogK,, — 7 (4-6)
ag

CEM & DustEx OHERIREICKH LT, LOBfREZ 2y M35 L, Figd-61l75,

>

w
n

LOg(Xdust,pred / Cag) m3/g

® CEM
O DustEx | 1

CEM Log(Xqust prea/Cag) = 0.49410gK,-2.31
Corr. Coeff. = 0.88758
L 1 . 1

. 1 . 1
11.5 12 12.5 13

LogK,,

Fig. 4-6 Correlation between Log(Xaustprea/ Cag) and LogKoa.

TEHRAETE T /L0 Weschler &7 /L NI ZE RN B D DIT LR D, LogKe < 12 DFEIKIZEHBVT, CEM &
DustEx D7 — X TR E 772 BMR A U,

DustEx (22T, LogKo (2% LT, Log(Xuustpred ! Cag) PEALIT/NZINE D THo72AY, T 4 HAHE D
T L 91T, HARIZOWTIE, CEM & DustEx OHERMEIZITR E 22080 DD, # A MEDOHEFEIX
Fig.4-5 27”3 K 912, LogKe, < 12 OFEIE TIE, DustEx DHERMEO S RE B SN0 Th D,

CEM |[Z2oW T, BURBZRAELN DD, X(E-60)LITMHE L YU b R0 Th o7, 4321CF L
£ 912, CEM B L O DustEx D H ZAREDAFAEFIE N FEREIZ R TR R DM H 5 Z E R EL T DA
L H 5,

4.3.5 RREEMRAT

DEHP (22T, CEM, DustBx TENEIVREMNT 21T o7z, 43,1 ZELRMMEE] 2D L7 XA—420
fitl, ®LARRICBET 537 A=, IR FIREE, T, AR ERE Lic, 72720, "I A—=FZ0DH
H4 1L CEM & DustEx CRINBRLHDO0NH 5, 708, CEMIZOWTITHKRENREED O, ZHITIET
X holz, £, CEM Ofi 3% Table 4-6 (/R

L RO R 1, AR ORI ICEEER T 5720, KB LY A MEOM HFIZEBWT 1 ISV
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bz R LTz, b ZfRE, KB LOF X MEOHE FIZEB W THMUL20.5 UL EdH 72 /3T7 A —41%, $E
VZERTBARIL Kinay VEBEMREL b T 0720 Kina DIREEDS VO, T 2K SVOC OREIZB 545737 A
— X THY, BT INRAELTZH AR SVOC OVFFRL -IEC X A NEE~DELEIE L TN D720 TH D,
FHIERL 71 B I B BUEUE 3+0.5 DL L& 57237 A — 21X, $RFRIERL TIRIE TSP ToHh > 72, TSP IZ DWW T,
VRIER TREIRE & T AR I LT, MR LIERZR LT,
IND AL A NI DL H£0.5 LLESH > 72 /3T A — 2 1%, SRR /122 K BlfR ¥R K, & TSP Th - 72,

Table 4-6 Sensitivity of predicted concentrations to selected model parameters for CEM.

Sensitivity Ratio

in the air in the household dust

Variables Baseline value Gas Particle Total

Product surface area (A, m?) 15 1.00 1.00 0.98 0.91
Initial Concentration of SVOC in Article (Cpros, mg/cm?) 225 1.02 1.02 1.02 1.02
Vapor pressure torr 1.20E-07 0.00 0.00 0.00 0.00
Substance Koa (LOg Koa) 11.43 0.00 0.00 0.00 0.00
Solid-Air Partition Coefficient (Kma) 1.15E+11 -1.06 -1.06 -1.05 -0.97
SVOC Partition Coefficient, RP (K, m3/mg) 221 -0.17 -0.02 -0.11 0.68
SVOC Partition Coefficient, Dust (Kaust, m3/mg) 26.92 0.00 0.00 0.00 0.00
Gas Phase Mass Transfer Coefficient for surfaces (hm, m/h) 1.31 0.59 0.59 0.58 0.54
Total suspended particle concentration (TSP, mg/m?3) 0.02 -0.26 0.73 0.14 0.66
Cleaning Frequency (per hour) 0.006 0.01 0.00 0.00 -0.03

RIZ DustEx OFEH % Table 4-7 |73, BGHEESCHGPIREE LIRS, JUAHB LIOX R MAD FIZHB T
BUHE 205 L EH -T2 3T A—H X, Kpe THoTZ,
PR 2B DL R £0.5 LLESH o 72T A —21%, F 7 X ) —VIZEK 3 BUREL Koay TSP T o177,
NG A A MDD AH0.5 UL L 57285 A— 21X, WEBIMRI b, TH -T2,

Table 4-7 Sensitivity of predicted concentrations to selected model parameters for DustEx.

Sensitivity Ratio

in the air in the household dust

Variables Baseline value Gas Particle Total

Product surface area (A, m?) 15 0.97 0.90 0.92 0.88
Concentration of the substance in the product (Corod, g8/cm?3) 0.225 0.97 1.04 1.02 1.03
Substance Koa (LOg Koa) 11.43 0.00 0.90 0.61 0.15
Kma (LOE Kma ) 11.06 -0.97 -0.90 -0.92 -0.88
Gas Phase Mass Transfer Coefficient for surfaces (hm, m/hr) 1.31 0.32 0.30 0.31 1.03
Air concentration particulate matter (TSP, ug/m3) 20 0.00 1.04 0.71 0.15
Ventilation rate (1/h) 0.45 0.00 -0.15 -0.10 0.00
Elimination rate from indoor environment 3 0.00 0.00 0.00 -0.44

B2 BT L HIT, SVOCIZOWTIE, EEHEFEZEO RN AR ARHORENHDLZ LD, 22

DY —)LTH A NEPRFEITKR LTI £0.5 L EZ /R LTe, BLER 4, B TRE Coros, MEHVZESSE
TR Ky WVEREENRIL h DER T RENRNT A —H L E 25,
INT A =B DARFEFEMEOBLE N BIE, WRHERICED D 4, Cpoa, ZBRINT 5 &, Table 4B-5 O hy, O e KAE/
IMEEE ST 4.76 T D DITHE L, Table 4B-3 725 D Koy O fe KAE/ e/ IMEHLIT YT 505 TH Y, hy 12k
N Kpg DAFEFENEITHT 100 FERE WD, K DI BREITHERZET 27 A—F2 02D, HRIEED
[ EDOTZDITIE, 72D Kng DERBIFEOHER O, Kng DRFEFEMEI LA 2T AHRPLETH D,

5
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4.3.6 FETAIBRABHIDAT A —PBEBRES LU E MEREETEDESHILLE

A=V EARETH L CEM OHEREE Z AW C b MEFEWERELHII 5, 4 2 2 Cl1%, DEHP,
DINP, DIDP ® ¥ A — VB 28 H L T\ D DT, AFETILDINCH & DEHT O 4 * — VB & [FIkE D 7L
X VEMEHT 5, Table4-8 I2A EMEHAZ R L, Table4-9 ([ZX A —VBEAE F L O TURT,

Table 4-8 Hazard information of the target plasticizers.

Substance NOAEL, NOAEC, Endpoint Source

(mg/kg/day) (mg/m3)
DEHP 3 4.04 Anti-androgenic effects on male rat. MHLW (2019), Christiansen et al. (2010)
DINP 15 20.2 Dose-related increases in relative organ weights of liver ~ FSC (2015), Lington et al. (1997)

and kidney.

DIDP 15 16.7 Swelling and vacuolation of hepatocytes. FSC (2016), Hazleton Laboratories (1968)
DINCH 40 53.8 Increase of the thyroid weight in male rats. NICNAS (2012)
DEHT 102 137.3 Loss of outer nuclear layer of retina in male rats. Deyo (2008), Danish EPA (2010)

Table 4-9 Damage functions of the target plasticizers.

Substance Extrapolation factor Slope factor, 8epio DALY, Damage function
CFap CFsub,chr Inhalation exposure  Oral exposure year-lost  Inhalation exposure  Ratio Oral exposure Ratio
mg/m3 mg/kg/day /incident year-lost/(mg/m?3) year-lost/(mg/g)

DEHP 6 33 0.304 0.0409 0.67 2.72E-03 - 3.66E-06 -
DINP 6 1 0.0184 0.0248 0.67 1.65E-04 171 2.22E-07 171
DIDP 1.6 3.3 0.0196 0.0218 0.67 1.76E-04 157 1.95E-07 191
DINCH 6 1 0.0069 0.0093 0.67 6.17E-05 441 8.31E-08 441
DEHT 6 1 0.0027 0.0036 0.67 2.42E-05 1121 3.26E-08 1121

W NS OAR R VAR D 2 A — P BI%kiE, DEHP (2 C, 1/15(DIDP))> & 1/112(DEHT)D K& X L 72572,
T/, BAORKEOF A —UBEIE, DEHP (2T, 1/17(DINP)2>S 1/112(DEHT)D K& & & 72 o7, WTh
DOF%EH DEHP O EIZ L 0, & A —VBIE 2RI C &, £72, (A D 5 B, FE7 Z Lg% D DINCH
BELODEHT O X A — VBN NI N EnbhoTz, AR IORROKRE T, DINP O & 2 — VB~
C, DINCH T 1/2.7, DEHT T 1/6.8 D KX X2 &7, FEEEENMIUESND Z EXbhoT,

Table 4-9 T/R 724 A — B4k & Table 4-5 T/ L7= CEM ORFTIEHE 2 F UC, b MEFEYE E(year-lost)
ZHH L, Table4-10 (2”7,
RIS AHEO e MEREIERIL, DEHP 2T, 1/59(DINP)A> 5 1/655(DEHT) & 72 ¥, DEHP OELIC L 0
EHERAKHT 52 ENTE, ZORIL DEAT Db mW\ I EARE T, 14.3.2 BT O HE R IR |
DI T~ L 212, AARTEHEERE OGNS, RBFABAIO 9 5, DEHT Ak b A EHRI N TS
(Isazawa, 2015), L 72>L725%5, DEHP (Zte~, NIKRRICHEER T 5 2E1H OHEDS 13 fFmV & OGS &
Y, DEHP OERRIEIZEE L CiX, BIAERMZ G DT-REN %Y A 7 3Hli A E & 72 % (Isazawa, 2015),

Table 4-10 Human health damage amount calculated by damage functions and CEM’s exposure concentrations.

Substance Damage amount year-lost
Inhalation Oral Total Normalized total damage amount
DEHP 1.05E-09 1.55E-09 2.60E-09 1
DINP 6.44E-12 3.75E-11 4.39E-11 591
DIDP 3.06E-12 1.12E-11 1.42E-11 183
DINCH 1.27E-11 2.65E-11 3.92E-11 6671
DEHT 1.40E-12 2.57E-12 3.96E-12 6551
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Fio, FH2ETRELERQ- 1) TRINDIREEELIEIC L S & MERYER & OB R Z LU FIORT,
72720, K ZFDOWMENT A —ZIIREOBIEZFEH L7,
EHER E Y, CEM OBAICHAT, MRER(LEIE 11.6~30.1 fEREVEEZ R Lz, 7272 L, DEHP O#
EECHME LI @BERIE &I, CEM O%A LI L TR Y, Xt 27 iHiilcktd 5, HiEE &bk
DHRMEPHER I,

Table 4-10 Human health damage amount calculated by the rapid quantification method.

Substance Damage function Cag mg/m? Damage amount
Oral exposure year-lost/(mg/m?3) year-lost Normalized value Rapid method/CEM ratio
DEHP 9.84E-02 7.95E-07 7.82E-08 1 30.1
DINP 4.03E-02 1.71E-08 6.90E-10 1131 15.7
DIDP 1.35E-01 1.22E-09 1.64E-10 4761 11.6
DINCH 3.89E-03 2.69E-07 1.05E-09 75 26.7
DEHT 1.67E-03 6.92E-08 1.16E-10 6761 29.2
4.4 FEBH

ARFETIE, SVOC BFEETNVEEY EIF, ERHECTAREL TWDHRNT A —X %I 2 E R A2 (KR MICE
L, REFEMEOHERE BIT-7-, £72, Little HDEEET VZMEIE L, DEHP OBBEHEF 21TV, 74—/ F
T—H LT 52 LIZRY, CEM & DustEx OHERREE AT L7z, S 618, BEMITICEY, 7 L %H#
T2 ETOXF— T 2—=2EHLNI LIz, AT, 7 X NEBRARBEAEANICER L, 2EEBXOE b
TR E B OB R 25l L7z, 52 B CRE LIl E R LIEORGEL T 72, SO iAE, TFo
WY ThHD,

% H DEHP R EEIZ-DUVTid, CEM & DustEx OV 34U Factorl0 D 1 IRA Y Y —= 7 #EE%Z4H L, CEM
{22 T, Factor3 @ BEEFSE L4557z, # A b SVOC JEEIZ 2V Tid, CEM & DustEx DWW 1/3~3
O BRSNS S T2, LogKes < 12 OFEE T, DustEx DX A MDD N E < HEFE SN AN R 5
72 DEHP 22\ TClE, &ET/LVOHERREEI ONT Little et al.(2012) 2 & 1E U 72 B2l T 7 /L D 22450 & He
RBEDHZLEMTE,

DEHP & t-X, DINP, DIDP, DINCH D& ITEHFHIENK LN TNAZ EEdh Y, KPR IS A NHjRE
WA U, (BRI & D R BRI B s C & 7=, BRI, K/ E, DIDP @ 4.5%(CEM)~DINCH
D 86.8%(DustEx) T L7z, & A FH2EE X, DIDP @ 4.4%(DustEx)~DINCH @ 75.5%(CEM) % T L7z,

FREEFRAT ORER, X A PREIREEICR LT, BAEAE 4, WETIRE Coos,, MEHAER BRI Koy WER
BNEREL A DIBUELL20.5 LU B2 IR LT, /NT A —F O ARFEEMEOBLENDIX, hn lZHART Ko ORHEEMEITR
100 fERENTZD, K IR OREICERLET LT A—FTH D,

A =VBEBICONWTIE, 2B TR~ 720, REIZBWTIEIET X LA DINCH & DEHT D4 A —
VRS A FIACIRE LTz, VR RYEAID 5 B, DINCH B L ODEHT DX A —VBBII L /&<, AR X
O DR T, DINP DX A — VB b_T, DINCH T 1/2.7, DEHT T 1/6.8 D K& X 720, HEMEE
MMEREND Z ERbhrolz,

CEM DZBRIREN O RO TR GHO b MaFgiE &L, DEHP IZHA~T,1/59(DINP)/ & 1/655(DEHT) &
720, ZOMEIX DEHT b w2 LRI, 72, 8 2 BECRELCNEERMEIC LD MiH
EREIT, CEM OGAIZHAT, 11.6~30.1 {FREVMEL R L7 b DD, DEHP O#E & TR L /- #iks 1k
fEEEGEE R CIE, CEM Of4A LI L TR Y, Fxi7e Y A7 k3 2 il E b ik o H A
iz,
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Table 4A-1 Physical chemical parameters referenced in CEM model equations

Symbol Property Units
Physical Parameters

% Volume of the room m?3

Q Ventilation rate of the room m3/hr
As Area of emitting article surface m?

Lart Thickness of emitting article surface m

Dart Density of emitting article mg/m?3
kdepre RP deposition rate constant 1/hr
kdepoust Dust deposition rate constant 1/hr
kdepabart Abraded article particle deposition rate constant 1/hr
kresge RP resuspension rate constant 1/hr
krespust Dust resuspension rate constant 1/hr
kresabart Abraded article particle resuspension rate constant 1/hr
Gabr Mass generation rate of abraded article particles mg/hr
gare Mass generation rate of RP into indoor air mg/hr
gapust Mass generation rate of dust into indoor air mg/hr
grrp Mass generation rate of RP onto indoor floor mg/hr
Grpust Mass generation rate of dust onto indoor floor mg/hr
AmbRPConc Concentration of RP in ambient air mg/m3
FilterPen Air Filter Penetration Ratio None
Clpr Cleaning Periodicity 1/hr
Clegr Cleaning Efficiency None
ka(t) Binary switch representing whether cleaning is ongoing (based on Clpr) None
Z(t) Binary switch representing whether product is present in room None
Drp Density of RP particle mg/m?3
Poust Density of dust particle mg/m?3
rep Radius of RP particle m

Ipust Radius of dust particle m
TabArt Radius of abraded article particles m

Aint Area of interior surfaces m?

Line Thickness of sorbing portion of interior surfaces m
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Table 4A-1 (Continued.)

Symbol Property Units
Chemical Parameters

h SVOC gas phase mass transfer coefficient m/hr
Kre SVOC RP-air partition coefficient m3/mg
Kpust SVOC dust-air partition coefficient m3/mg
Kart SVOC article-air partition coefficient None
Kint SVOC -air partition coefficient None
Hgp RP overall gas-phase mass transfer coefficient m/hr
Hopust Dust overall gas-phase mass transfer coefficient m/hr
Hint Interior surfaces overall gas-phase mass transfer coefficient m/hr
Habart Abraded article particle overall gas-phase mass transfer coefficient m/hr
Coart Initial concentration of SVOC in emitting article ug/m3
Inventory Terms

Nair SVOC mass in the gas phase in air ug
Nare SVOC mass sorbed to suspended RP in the air ug
Napust SVOC mass sorbed to suspended dust in the air ug
Nerp SVOC mass sorbed to settled RP on the floor ug
Nepust SVOC mass sorbed to settled dust on the floor ug
Nint SVOC mass sorbed to interior surfaces ug
Na_aart Air (suspended) abraded article SVOC mass ug
NE_abart Floor (settled) abraded article SVOC mass ug
Arp Mass of RP suspended in the air mg
Apust Mass of dust suspended in the air mg
Anbart Mass of abraded article suspended in the air mg
Fre Mass of RP settled on the floor mg
Foust Mass of dust settled on the floor mg
Fabart Mass of abraded article settled on the floor mg
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Table 4A-2 Equations used in CEM model.

Exposure Route Equation

(a) Mass balance for SVOC in gas phase

dNAL'r Coart AXt Q
——=Z(t) X h X Ag X Xexp| ——— | ——x Ny;
dt s Kyre Kare X Lare \% A

A 3 N, N 1
_HRpxﬁx_x( air  NVarp _)
Prp  TrP 14 Agp  Kgp
ADust 3 x (Nai‘r NADust 1 )

X —
Ppust Tpust 4 ADust KDust
Fgp 1.5 (Nair Negrp 1 )
—HRPX—X—X —— X—
4 FRP KRP

_HDust X

Prp  TrP
FDust 1.5 Nai‘r NFDust 1
—Hpust X X -7 X X
Il\)]Dust rDzﬁt 4 1 Dust Dust
—Hmt X ( alr _ Int )
Vo Ape XL Kine
_H Aspart % 3 Nair N apare pArt)
Abdrt Part Tapare |4 Appare  Kare
_H Fapart % 1.5 % (Nair _ Ng_apart % pArt)
Abdrt Part TapArt |4 Fapart Kyre

(b) Mass balance for SVOC sorbed to suspended RP
dNARP ARP 3 Ny NARP 1
-H x ( air x )

X —— X — — —
dt R pre ” Tre |4 Agpp  Kpgp

+krespp X Nppp — kdeppp X Ngrp — ==X N arp
14

(c) Mass balance for SVOC sorbed to suspended dust

. dNADust ADust 3 Nair NADust 1
Inhalation ———— = Hpyst X X ——X - X
dt Ppust  Tbust V. Apuse  Kpuse

+krespuse X Nppust — kdeppuse X N apust — T/ X N gpust

(d) Mass balance for SVOC in suspended abraded article particles

dNg_apart AX
e = - x C X ex Xt
dt Yabr ~ Part 0Art 1% KA” > LArt
A 3 N N
+Hapare X —t X x ( air _ Naavare ”A")
Part  Tabare |4 Aspare  Kare

+kresapare X Np_apart — kdepapare X N g_apare — 7 X Na_apare

(e) Mass balance for SVOC sorbed to interior surface (sink)

dNint _ Nair Nlnt 1

dt = Hpe X _V _A—XL K X At
Int Int Int

(f) Mass balance for suspended RP

dAgp Q

ar = g,pp T Q X AmbRPConc X FilterPen — ; X Agp — kdep,, x App + krespp x Fpp
(g) Mass balance for suspended dust

dADust

dt = Yppust — T/ X Apyst — kdep,, ., % Apust + kresp,s X Fpyge

(h) Mass balance for suspended abraded article particles

dAA AbArt

(_1t = Gapr + kresgpan X Fapare — kdep,, .. % Appart — T/ X Agpart

(4A-1)

(4A-2)

(4A-3)

(4A-4)

(4A-5)

(4A-6)

(4A-7)

(4A-8)
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Table 4A-2 (Continued.)

Exposure Route Equation

(g) Mass balance for SVOC sorbed to settled RP
dN, F, 1.5 N,; N, 1
FRP:HRPxﬂx_X<aLT_ FRP )
dat Prp  Trp 14 Frp  Kgp
—kresgp X Nppp + kdepgp x N g4pp — k() X Cl, £ X Nrggp

(h) Mass balance for SVOC sorbed to settled dust

dNFDust FDust 15 Nair NFDust 1
——— = Hpyge X —— X X - x
dt Ppust  Tpust |4 Fpust  Kpust
~krespuse X Nppust + kdeppyuse X N apuse — ka(®) X Cl, £ X Nrpust

(i) Mass balance for SVOC in settled abraded article particles

ANp_apare Fapare . 1.5 Noir  Nr_apare _ Part
—ar Havare X X X\ " F Xk
t art  Tabart ‘AbATt Art
Ingestion —kresapare X NF,, ,  + kdepapare X Na_apare — ka(®) X Clogs X Np_ppare

(j) Mass balance for settled RP

dF Fpp
dt = Gpre

+ kdepRP X ARP — kresgp X FRP - kd(t) X Cleff X FRP

(k) Mass balance for settled dust

dFDust _ k l
dt Grpuse T kdepy, o X Apyst — krespg X Fpyee — kq(t) X C eff X Fpust
(I) Mass balance for suspended abraded article particles
dAA AbArt
(_1t = Gapr + kresgpan X Fapare — kdep,, .. % Appart — T/ X Agpart

(4A-9)

(4A-10)

(4A-11)

(4A-12)

(4A-13)

(4A-14)
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Table 4A-3. Equations used in DustEx model.

Exposure Route Equation
(a) Emission of the substance from the product
dC,; S C.
air _ _hm % prod x (Cair _ Lod) (4A-15)
dt room Kina

Cair, The air concentration (mass/volume); hm, Mass transfer coefficient (distance per time); Vioom, The Volume of the room; Sprod, The
surface area of the product in contact with air; Coros, The concentration in the product (mass/volume); Kma, Material/air partition
coefficient (unitless);

(b) Transfer to airborne particulate matter

dCqp Sap ( Cap )
——=h,, X— X | Cuir — (4A-16)
dt mp Va » air Kpart

Cap, The concentration of the substance in the particles (mass/volume); hmp, Mass transfer coefficient for airborne particles (distance
per time); Vap, The total volume of the airborne particulate matter; Sqp, The total surface area of the airborne particulate matter; Kpart,
Particle/air partition coefficient (unitless);

(c) Transfer from air to indoor surfaces

dc S. C h C
Inhalation —surf — h,, X surf X (Cair — ﬂ) =" x (Cair — ﬂ) (4A-17)
dt surf Koa dsurf Koa
Csurr, The concentration of substance in the film on the surface (mass/volume); Vsurs, The volume of the film; Ssur, the surface area of
the film; Ko, Octanol/air partition coefficient(unitless); dsuy, the thickness of the film;
(d) Ventilation
dCair
g - 9x Cair (4A-18)
g, ventilation rate (air changes per time)
(e) Inhaled amount
Ainh = fabs,inhal X Qinh X (Cair + Cai‘r,p) X Texp (4A-19)
Ains, The total air concentration the daily-inhaled amount; fassinna, The fraction of the inhaled amount which is absorbed; Qins, The
inhalation rate of the exposed person (per hour); Cai,p, The air concentration of the substance bound to airborne particles
(mass/volume); Tex, The daily exposure duration (hours per day);
(f) Transfer into house dust
dCdust Sd Cdust
dt = _hm X V_ X (Cair - K ) - kel,dust X Cdust (4A-20)
d da
Caust, The concentration of the substance in dust (mass of substance/volume of dust); Vs, The total the volume of indoor surface dust;
Sq, The total surface area of indoor surface dust; Ksa, Dust/air partition coefficient (unitless) Kda = fom_dust XKoa ; Kei,dus, The dust
elimination rate coefficient (per time);
Ingestion

(g)Ingested amount

Agust = fabs,oral X Adust,ingest X Cayst (4A-21)

Aaust, The daily intake of a substance with dust; fabsora, The fraction of dust daily ingested amount; Adust_ingest, The daily ingested amount
of dust;
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7ARE Vapor pressure, V,

(bW DI D B B INENHE
%7 |Z Table 4B-1 |

< HDHR,

EENH Y, BFETTILOTHME
Iit-E7 /L % Partial saturator tube
HEDOAY v M

JEDOEREZ AFMEE LT,

(2B 5 DARELC

INT A—HFT, 8 < REE

D% =T D (Wuetal., 2016),

CICHRIRA 2 RS2, ARBFTE DRt G ATEE A D 7KK 27”97, DEHP O8I X2

REFEANZ SN TIE, FIHTE 23T Ch o7, £z, URBEMHEIZONTE, K&ER

CRERATHEFEMZ 52 AFNE 2> T05, Wu H(2016)1%, BRI
REHZEA L, 7N AT L ERBERBAIOARREZRE LT, 20k
X, AR EMHNLT 2700 TIEZERCEX 52 Th b, AR TIEL, Wu bOZEXR
BBHE LTS,

Table 4B-1 Calculated and measured vapor pressures at 25°C for DEHP and alternative plasticizers.

DEHP DINP DIDP DINCH DEHT Reference
Measured pg/m?
2.5+0.04 0.4+0.02 0.1+0.01 1.6+0.01 0.4+0.05 Wuetal. (2016)
5.64 0.52 - - - Liang and Xu (2014a)
Measured *10° (Pa)
16+0.3 2.310.1 0.60.1 9.240.1 2.7¢0.3  Wuetal. (2016)
36 3.1 - - - Liang and Xu (2014a)
25 - - - - US EPA, Wu et al. (2016)
5.3 0.36 - - - Schossler et al. (2011), Wu et al. (2016), Liang and Xu (2014a)
20 - - - - Clausen et al. (2012), Wu et al. (2016)
13 <67 <67 - - Staples et al. (1997), Wu et al. (2016), Weschler et al. (2008)
5.4 - - - 5.4 Gobble et al. (2014), Wu et al. (2016)
25 - - - - Cousins and Mackay (2000), Weschler et al. (2008)
49 - - - - Weschler et al. (2008)
860 - - - - Howard et al. (1985), Weschler et al. (2008)
- - - - - Rohac et al. (1999), Weschler et al. (2008)
- - - - - Rohac et al. (2004), Weschler et al. (2008)
19 - - - - Clausen et al. (2002), Weschler et al. (2008)
2000 720 70.4 128 - Giovanoulis et al. (2018)
18.9 72 70.4 - 333  EPISuitev4.11
Estimated *106 (Pa)
2.96E+02 - - - 8.29E+01 EPA OPERA, Addington et al.(2020)
5.27E+02 - - - 1.75E+02  ACD/Labs Software v11.02, Scifinder(accessed 5/16/2020)
0.14 9.1E-3 8.8E-4 0.13 0.37 SPARC v4.5 Wu(2016)
0.14 8.9E-3 - - - SPARC v4.5 Liang and Xu (2014a)
0.77 - - - - SPARC v3.1, Weschler(2008)
2700 115 30.5 840 1110 EPI Suite v4.11, Modified Grain Method
0.14 8.9E-3 8.8E-4 0.13 0.37 Min *10° (Pa)
2700 720 70.4 840 1110 Max *10° (Pa)
20 3.1 48.8 68.6 82.9 Midian *10® (Pa)
1.9E+4 8.1E+4 8.0E+4 6.5E+3 3.0E+3  Max/Min
209 202 78 142 152 RSD(%)

j‘y 5 / ‘—/I//Tﬁ EEC"\?’& Koa
Koo 13, SFHRIKREL
TT Y NVRFREDERE~Y N v 7 AL DM OFEHE D

CHBER

Nazaroff, 2008; 2010), 7272
EPI Suite v4.11 Tili7= & 2 A, S EEFHl% 5 & L7= DEHP & Z ORI R[EHI D K,, D EEREITEE) > =720,
Koo B % HEE T D BN & > 7=, EPI Suite KOAWIN %, REKOBIENS logK,, ZEH LTV 5,
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Log(K,,)=Log(K,,,) — Log(HLC/RT) (4B-1)

ZIT, logKo \XA 7 Z 7 — K53 EARER, HLC (3~ U —HIE#(atm-m3/mol), R IF5RE%X(0.0821 atm
MK, T 3R EK) T 5,

logKow {22 Tld, DEHP OAHNERMEAH Y, 7%V X KOWWIN OHEEME & 72 o7, ~v U —HIEEICS
Wi, DINCH D77 HENRYWIN Bond method DHEEE TH ¥, 7%V ITEBRIEN B - 7=,

HEE DA M & ITRRRIIIC, Kow & HLC OFEBEOEFEMET 5 Tid7e <, TD Ko-HLC HEIZ & - THEE
SNT2 Koy DIEFEIZ DWW TR E D4 U % (Meylan and Howard, 2005) .

L7>L, Meylan and Howard (2005) 1%, Ko fED@FER2T —Z X—2 & v h~Ou HIZ 1T % Kow-HLC A
Yy ROBEZFAEL, HEINTKWwB LOHLCEMMEH SN TV EHEAETYH, Kyl KUHLCEMHEH LT
Koo% EREICTRITE 2 2 & 2805 Uiz, BURIZIE, #Rx bB D310 Log Ko EDERT — &~ Mo
W, EICKnwd T OHLCOERE 2 H L7856, Kow-HLC A Y v ROFHIREE I, REFRET) 0.972,
PEHE(R 720.526, #axh F¥ER7£0.358CTH -7, — 7, KOWWINI L OHENRYWINZ 12 7' A& L TK,
BLOHLCHEZHEE L7, Wi X ERE(?) 0.957, HEHE(R£20.668, #axf F-Ha7£0.479Th -
7z EPI suite KOAWINIZ L 0 Fi~72, FEAMxEE D w84 D Log Ko fiE % Table 4B-21Z 777,

—7J7, Xiao and Wania (2003)(%, 222 OFEMMAEMEIZXT LT, Log Kou & LogPL (compound’s liquid state vapor
pressure) & OFIZEIREIRZRDTEHY, WXEZREL TWD, MWL, EREGE?) 0.99, HEAER=E
022 ThH o7z, X (@B-2)ZH\ T, LogK,, &R L7-#EH % Table 4B-2 (271”77,

Log(K,,)=(—0.98784 + 0.00584) x Log(P,) + (6.6914 + 0.0171) (4B-2)

X 51, Cousins and Mackay(2000)1%, [3 DD | 77 7 v —F @ the quantitative structure-property relationship
(QSPR) ZMEM LT, 22 D7 ZNgT AT N OWBMEERE & SRR OMBIBR M A Lz, o1k, Z
WO OWEOWEMRE R, 22K, K, FI %) —LD 3 D>OFFEMKITIIT S Le Bas E/VAFE & AR S B 72,
IO DEIREDN S, 228K (Kaw), A7 2 ) —IV-IK(Kow), B LA T & ) — ) -ZE5(Koa) D 53 BAREL D HEE X
N5, Koo 1IFMEB-3)TEIND,

Log(K,,)=0.0114 X V + 4.7 (4B-3)

Z Z T, ViZLeBas E/MEFE (cm’mol) THh D,

Cousins and Mackay(2000)\Z & 5 &, fEHTIZHE A Shuiz, KIBRE, ZAKE, Kowld, Staples(1997) TILEE S
b OMER SN TZ, FHAEDREZEI Factor3 & #iA STV D,
DEHP, DINP, DIDP @ LogK,, fi% Cousins and Mackay(2000)? # 2l % Table 4B-2 |Z5C#k L7z, DINCH ¥ L
DEHT (22T, LeBas /WA (cm¥/mol) ZFHH L, R(4B-3)% T, LogK.. %L, Table4B-2(Z
R L7,
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RO 3 DD FHIEIZ X D LogKo fEIE Table 4B-2 I F LD LIV TV 5, F/IME & B KEOZE, 097 75 3.18
DOIERH Y, FENEL 206 THY, RHEFEMEITD2 R, KR TIE, ERRO 3 SOHEICL2EHEOF
REEZRFME LT, BBEHE LT,

Table 4B-2 Reported and calculated LogK,. values for DEHP and alternative plasticizers.

Method DEHP DINP DIDP DINCH DEHT
Cousins and Mackay(2000) 10.53 11.03 11.52 *11.39 *10.63
Xiao and Wania (2003) 11.43 12.26 12.84 11.67 12.19
EPI Suite v4.11 KOAWIN v1.10 12.56 13.59 14.70 12.36 11.71
Min 10.53 11.03 11.52 11.39 10.63
Max 12.56 13.59 14.70 12.36 12.19
Midian 11.43 12.26 12.84 11.67 11.71
Max-Min 2.03 2.56 3.18 0.97 1.56
RSD(%) 7 8 10 3 6

*Calculated by using eq(4B-3)

B ZE R 7 BLER L K
Knd Kar)lZFH5k 4A @ CEM D (4A-1), DustEx DXMEA-1SIZHWHNTWD K 912, bW EORAEIZE
I 2EBERNTA—F T D, Knald, BaEFRIRE Cop & IROEARN & % (Liang et al., 2018),

(4B-4)

T, ColTMBHETLEZERIOPHIRE CTH D, Cooa (TR OILFEMERETH D,
Coroa \ZOWTIE, CEM Tid, A@B-5)T-T K 912, #iL T b7 HE s (Weight fraction, WF) & L FLE S

HEE S D, ARRFTE TRl 5 & L 72 pB S @ vinyl flooring Cl, WF 1% 0.15, S5 HE p 1$ 1.5g/em® & LT

V% (Little et al., 2012; Eichler et al., 2018), DustEx (Z-2\ T, Concentration of the substance in the product (g/cm?)
DIEZEENTTT DB D D,

Cproa = p X WF (4B-5)

Guo(2002)1%, HEMEIZ L B2, Ky & V, DD 2= N—H L 70 BRI EZ RIS LTc, 2 DHIEX Ko OHE
EMREL LT, CEM IZ##icsn Tk, KMEB-6) TR D, 7272, ZO7 Fu—FIL, FEITEHEME D
VOC %*tG & Lic/Mi 727 — 2 > MIESWTHE I TWAHT=®H, SVOC DGAIZIX, # Ol i
D3R =415 (Huang and Jolliet 2018),

Ln(Kpmq) =8.76-0.785 x Ln(Vp) (4B-6)

ZZT, V, IEEA R OLFIE O K (mmHg) Th b,
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FIE A DAL E OZRRIEIC DWW TS, Little HQROIICHME SN TND LI, M I5%OEERKETE
=7 a—Y U ZIAEET S DEHP 1%, ZASEIZE LU CoEAE BN BE Ui & L CHERET 5
RV, FEOWEIED DEHP OAKE THE TX 5L LTW5,

L22LRR D, ZAUTT AR TOr —RCYTUIEST, Co DR b P EORKE V, IZFE LW E W i
B2 lE, %< OEAE L < 2V ATREMEA & 2 (Eichler et al., 2018),

Eichler 5(2018)1%, kE4 727 X VR AT VEDBEHD Cproa EEZFFOSI I ERMEEFRSLO C 2 HIE L,
Cproa & CoDBRE L VIR FHEL, LD~ —OIERNC A 72BN E R DT D, 2 2 TOERSKIE Y,
DAL, BEZKEOIEANCE S\, pgm’ L72> T,

Co/V,=512 X WF (4B-7)

¥FIZ DEHP ([2DWTE, BATFORRNE R DT,

C,=12.29 x WF (4B-8)

Kna 133(4B-4), (4B-5), (4B-71)ZX 05X (4B-9)E L TEMN D,

K. =CpoyfCom—tWE P 4B-9
ma = Cproa/Co 512XV, x WF ~ 512 %V, (4B-9)
PVC DA, B p 1TV 1.5 g/em® THDH DT, KX(4B-10), H@B-11)E 725,
2.93 x 10t
ma == (4B-10)
p
Log(Kmga) = 11.47 — Log(V,) (4B-11)

DEHP @ V, 122\ i, I (@4B-7)&(4B-8)2 5, ¥V, =24ug/m? N85, Z oA, X (@B-11)2>5 DEHP O
LogKma 13 11.09 &RE D, ZORKIEIL, AFZETHEM L7 Wu et al.(2016)PD 2.5 ug/m® & 1ZIFEH LVMETH
Do

FROXEB-7)E T ZNFET AT VD Ko \ZBT 2HEEXTH 523, Liang(2018) TiX, AIHANIMZ T,
#ERAI D TCEP, TCPP Z N4 CTRARICARMT L7z, #E9R S -BIfRNA RO TV D,

Yo/Vp,=3.40 X WF (4B-12)
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pXWF _ p
3.40 X V, x WF ~ 3.14 x

Kma = Cproa/Co= (4B-13)

Log(Kinq) = 11.64 — Log (V) (4B-14)

FRULZEBY, K DEBIZIE, LFWEORKE V, BME L 722573, TabledB-1 27T K 912V, OHAE
EOIEIIRENEOTIX 10 D 5 BERESHDH, ORI, FIEAITIE, AREMELS, WENEH LW
ZEIWTERNT S EFZ X HD, Table 4B-1 IZFEd0 LBV, FEHMEOHRL FEHF S DEHP (Z{F > TH Y, DINP,
DIDP, DINCH, DEHT DO r[ AN O\ TIE, FIFTE LT =282 LWEIRICH 5,

CEM DALY — AL E O WP FEHE & LT3 U (EPI Suite 7 —#), Chemical property ¢ Vaper
pressure(torr) D AJIHHIZARA T D Z L 3 F[HETH 5 A3, Modified grain method program O %} 5 R FAA] O T HIE I,
fEFH L7z Wu et al(2016) DZEKEIT LA, 50~411 fERE W, HRMINIKREREELZ 5252 LTk D,
2O, {LFEWEOMIFHIFFED D Ko ZHEE T D 72012, WL DNOMBEENBRE STV D,
Holmgren 5(2012)i%, 6 DD 7 /L—TDMEID 5 SDOT 7 T NDEHF/RT A —Z OB E LT K ZHET L
7oo T OIFIEDOERHIFRIL, FHEIBMRFEE DLW B RE & B EHT £ % 2 & T 5 (Huang and Jolliet 2019),
ZNHDFEDX ¥ » STk LT, EVIRWEREEZET D, K ZHEET D720 OFERNRMEEEE LT,
Huang and Jolliet (2019) 1%, ZEMREIEIFET /LD QSPR % BH%E L7z, Kua 1%, 1LFXD Koy, 3BT Z L
v — (AHv), B, BIUWEIESZ AW TR 4B-15) 2L > CTTFHIE4 %, Huang and Jolliet (2019) [,
22 FREE DB & 179 FEE DAL E T HONT, 91 D Ky DEBRT =2y b2 T 4T 407 Lz 2
5, PEREE)IX 093 THHo7-EME L TWD, 7277 L, EPISuite THE SNT- Koo ENEHA SN2 & %
BIEIZANRIT UL 220,

Log (K 0.38 + 0.63 x Log(K,,) + 0.96 AHm“(l ! )—kb (4B-15)
= —0U. . X . X - — -
09 (Kma) 09 80a 2303R\T _ 298.15

Z 2T AHpa IM B —22 R D 43— o 2 b ¥ —(J/mol), T 1EHERHREE(K), R 1T5UAEE(8.3141/(K'mol)), b i
FEFE S (vinyl flooring 2.26) T 5.,

—7J7, Addington(2020) 5%, KU~ —-FFEAIE T OCFWEOIE BRI A HEE T 2720 0 B AR R A5
BT 57 N—THEFEESNT, RY e =@V D O AR 2 Tl 5 Hikima I8 L,
ZOFETIE, bFWEERY ~—OWE, EESER, WL FRFEOLZET 5720, PVCOIEIF
IRE BT TO Cp % B ([ ZHEE T & 5 (Addington et al. 2020), Addington ©(2020)i%, PVC % &ie 72 O AF
EHZ BT 5 10 FEO "[EEFI DY WF, FRIEMER, BI O CofEE#E L7z, £ 2T, Addington 5(2020)D Cy
il & (4B-4) %M LT log Kna A 515 L, Table 4B-3 127 L7,

7272 L, Addington(2020) 5%, Cp A5 HE T 2 72O D7 KT USEPA @ OPERA DOfEZ W TR Y, £ DI,
AEEA L7z Wuetal (2016)D 0D LV, DEHP O34 1% 18.5 1%, DEHT O%451330.7 %, KEWI & A2 BJE
LTBLIRERD D,

AW T, Bl L7EBY, K. OFEHIEE LT, Eichler et al.(2018), Liang et al.(2014a; 2018), Guo(2002),
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Huang and Jolliet (2018), Holmgren et al. (2012), Addington et al. (2020)D & FiEZ Mt LTz, 15 b2 iHm* 54
'H D Log K fE% Table 4B-3 |ZF & TR,

Guo(2002) & Huang(2018)i%, ¥ LogKmafEZ R L, fMOFEL Y b 2 BENSVMEZ R L2, Z4UEk, fF
#k 4A O CEM OH(4A-1), DustEx DXMEA-15ITRT L DI, MOFELD H 100 FRERE WRAEREL 5 2
D EEERT D, BEWEICE T DRKMEE R/AMED L, FHT 10 D 2.68 F(479 H)DENH Y, FHEFE
PEITA 72 < T,

ARG TIX, 7HXNBZ AT NVEENRET XV AT VEICWE ZRE LT, BT —% 0o ERAE Rk
7= Eichler et al.(2018)D H{EIZ £ D Ko ZAREME & L TERM LTz,

Table 4B-3 Reported and calculated LogK,., values for DEHP and alternative plasticizers.

Method DEHP DINP DIDP DINCH DEHT Reference

Guo (2002), CEM 9.24 9.90 10.36 9.43 9.84 Calculated by Eq.(4B-6)
Eichler et al. (2018) 11.06 11.88 12.43 11.27 11.84 Calculated by Eq.(4B-11)
Liang et al. (2018) 11.24 12.05 12.61 11.45 12.02 Calculated by Eq.(4B-14)
Huang and Jolliet (2018) 9.08 9.60 9.97 9.23 9.26 Calculated by Eq.(4B-15)
Holmgren et al. (2012) 11.44 12.27 - 11.75 - Reported values
Addington et al. (2020) 12.01 - - - 11.63 Reported values

Min 9.08 9.97 9.60 9.97 9.23

Max 12.01 12.61 12.27 12.61 11.75

Midian 11.15 11.39 11.88 11.39 11.27

Max-Min 2.93 2.64 2.67 2.64 2.52

RSD(%) 10.4 10.5 10.3 10.5 10.1

R T 125 R T ER I K,

Naumova 5(2003)1%, ZERAFGEFERILAKFE (PAH), PMs, BLOHHR X OUcHERFEOC B LU EC)D
T ARER L ORI RIS AT L, PAH O FERTEIFRIF-/28 R BUAREL Kpmeas 13, ALYV OBG HWRIAAR R
JEPL EEmWHBENR S D Z LA LML, KEB-16)2E 7,

Log(Kpmeas) = — 0.860 x Log(P,) — 4.67 (4B-16)

AR TIE, PLIZiE, Wuetal (2016)DEM S 7= AKEZMEH L, Logk, % % Hi L 7 (Weschler and Nazaroff,
2008).

—7J7, Weschler and Nazaroff (2008; 2010) T, Finizio et al. (1997) & Pankow (1998) @ K,, & K, \ZB35 A58
HUTOXOEBRAZENTND, i, 3 EMEOXGAS)IZRILTH S,

C. -C ‘K
Kp _ v _ fom_part om _ fom_part oa (4B-17)
Cag Ppart * Cag Ppart

ERUL7ZL91Z, K, 1%, SVOC OERE V, E1213A4 7 ¥ 7 — /v & 2R D5 EERER Koo DB E LT/

W ESN TS, K, DRHANTA—FL LT, V, & Ko EELORELTND0E WD AUIZDON T,
Weschler and Nazaroff (2008)i%, SVOC & W& L7 & O EAEH A SVOC & 42 % 7 — L O AELEH
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WITW AN EIMIZE B E LTINS,
Xiao and Wania (2003) 1%, JR&i72 L B 2—TZ O mUTxAL L Ty % (Weschler and Nazaroff, 2008),
Xiao and Wania (2003)(%, &S ERAEZARSIE PL & Koo DG Z2HEH LT, FEMEAEHILEWIZONT, AR
Lkkx fiﬁ’&%%%ﬁ@ﬁ'ﬁ@ SyBl A T,
Xiao and Wania (2003) 1%, HWIEDRIEN S &, Koo, Vy (EBRIITRMAERAEAKIE), BLOZOMOIF S
F IR DREE DD =D, Pp & Koo OFERICOWVTITHIET 5 Z ST RARETH 5 Ll i T
Do

FREOFREFEROM, EPI Suite DHEFE 7z K, OfEA T Table 4B-4 [Z3 7, FRMHE & F/IMED I
8~2,910 DIEN BV, AHEFEMET D2 v, AR TIE, FHIXISRME D K, & LT Table4B-4 @q:yaﬁ%
Hu 7=,

Table 4B-4 Reported and calculated K, values for DEHP and alternative plasticizers.

Method DEHP DINP DIDP DINCH DEHT Reference
Naumova et al. (2003) 0.285 1.51 4.80 0.458 1.32 V, of Wu et al. (2016)
Weschler and Nazaroff (2008; 2010) 0.107 0.730 2.75 0.186 0.204 Koo of Median in Table 4B-2
EPI Suite v4.11 Mackay model 0.158 0.0417 0.0426 0.00194 0.009
EPI Suite v4.11 Octanol/air (K,,) model 0.885 9.44 124 0.978 0.125
Min 0.107 0.0417 0.0426 0.00194 0.009 unit: m3/pg
Max 0.885 9.44 124 0.978 1.32
Midian 0.221 1.12 3.77 0.322 0.164
Max/Min 8.2 2.3E+2 2.9E+3 5.0E+2 1.5E+2
RSD(%) 87 129 160 91 127
WERBERE ha

KTV ERBTNERIL h 1T, ALFERONMEE & BB BREORMEO WG IUKAF L, W%, v —7 v F(Sh), LA
JIVAHE(Re), 2y MI(Se) 72 EDN L DD IERGLEIT L HFEEIRE L TE S 415 (Livetal., 2013; Huang
and Jolliet, 2018), Liang ©5(2014b; 2019) Ti¥, Axley(1991)? Flat plate 512335V T, DEHP, BBzP O h, %7t
B L TUW5, Delmaar(2010)i%, ENOZELKOBEN TN E)— TRWZD, FHROEGRAIITEL L D & Sparksetal.
(1996) T LN FZBRIIEPL A AT 5 Z L 2R L T b,

AWFSETIL, Flat plate % & Sparks {EI2 XK Y hy, ZEFE L, ?1‘%{ % Table 4B-5 (Z/x L7z, ZOFHETIX
Liang 520192 &M L, B 0.15m/s & FER 4m 2 H L7z, BRI E OIERE <ch 5 Dmr(mz/s)
I%, FSG(Fuller, Schettler, Giddings)i£ %z fifi H L CEHA L 72(McCready et al., 2010),

S 512, Holmgren ©(2012)1%, ZE5 T OLFWE OYREE, JRGH, 2250, ZZXEEND hy, #HEET 5
MO EER LT, —7F, CEM X h, OHERBEREZHHEH L TEH Y, AMEM(1990)D= 4-35 HEFR IS
(Schwope et al.,1990), £ b DEAHE S HFE T, Table 4B-5 (237,

CEM |2 X D HEEME & Sparks {5120 D EHRAENY, FEWITEN -T2, F72, BKEERMEDO D 2.3-64 Th
0, DT A—=ZEOHEITHKR L ThEWE D ThH -7z, AAFFETIE, HRMEIZETV Sparks IEIZ KD A
RFEMELTERALE,

-65-



Table 4B-5 Reported and calculated 4,, values for DEHP and alternative plasticizers.

Methods DEHP DINP DIDP DINCH DEHT Reference
. The air velocity was obtained from CFD analysis,but the
Liang and Xu (2014b) 0.288 0.281 - 0.277 values were nZt specified in Liang and Xu (Zgl4b),
Liang et al. (2019) 0.640 - - - -
Flat plate method 0.699 0.679 0.663 0.674 0.699
Sparks mehod 1.31 1.26 1.21 1.25 1.31
Holmgren et al. (2012) 1.84 1.79 - 1.77 - The air velocity was 0.17 m/s.
Schwope et al. (1990) 1.60 1.55 1.50 1.54 1.60 CEM'’s estimation function
Min 0.288 0.281 0.663 0.277 0.699 unit: m/h
Max 1.84 1.79 1.50 1.77 1.6
Midian 1.00 1.26 1.21 1.25 1.31
Max/Min 6.4 6.4 2.3 6.4 2.3
RSD (%) 52 50 31 50 31
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4E{HERC CEM B & U DustEx MERTE/NT A — R CRHT HEHE

Table 4C-1 Input parameters used in the present study for exposure estimation.

Category Parameter Set value Reference
DustEx CEM DustEx CEM
Product Product volume m3 - 0.03 - Holmgren et al. (2012)
- Thickness of ariticle surface layer (m) - 0.002 Holmgren et al. (2012)
_ Wellght fraction of chemical in product 0.15 Eichler et al. (2018)
(unitless)
- Density of product / article (g/cm?3) - 1.5 Eichler et al. (2018)
Concentration of the substance in  Initial concentration of SVOC in article 0.225 275
the product (g/cm3) (mg/cm?) i
Dust i i *0. .
us Organl.c matter content in dust Fraction organic matter, Dust 0.2 0.2
(fraction)
Dust loading (g/m?) Deposition rate (per hour), Dust 0.3 "33
Density of dust (g/cm?) Density of particle, Dust (mg/m?3) * ""2E+9
Eliminati te from ind
'm_'”a on rate from indoor Cleaning frequancy (per hour) 3 Med.0.006 once a week
environment per year
- Cleaning efficiency (unitless) - Med.0.46
Airborne Air concentration particulate ) . 3 .
. 3 Ambient RP concentration (mg/m3) 20 0.02
particulate  matter (ug/m?3)
matter Density airborne . ) 3 « -
particulate matter (g/cm?) Density of particle, RP (mg/m?3) 1 1.0E+9
- ) a: upper limit)
hiiifcr;:?:;;;)coeff|6|ent airborne Overall mass transfer coefficient, RP(m/h) 1000° 1.0E+04°  b: assumed value
P Guo(2014), Liang et al.(2019)
Organl.c matter content Fraction organic matter, RP ‘0.4 0.4
(fraction)
Indoor ) Equal to floor area
surfaces Surface area dust (m?) 20 Sukiene et al.(2016; 2017)
/sinks Surface layer thickness (um) Thickness of Interior surface (m) 0.1 1.0E-07 assumed value
Exposed Select defaults, Child / Adult Product user, Adult / Youth / Child Adult Adult
population Activity pattern
- Stay-At-Home / Part-Time / Full-Time - Stay-At-Home
Dust ingestion rate (mg/day) - '50 -
Inhalation rate (m%day) - 15 - Itsubo and Inaba(2010)
Body weight (kg) - 50 - Itsubo and Inaba(2010)
Skin surface area (m?) - 2 -
Simulation  Simulation duration (day) - 365 -
Exposure frequency per year - 365 -
Start of exposure (day) - 0 -
Exposure duration on day of .
—_ 24 _
exposure (h)
Exposure Oral absorption fraction (fraction) Ingestion fraction-, "1 1
P RP, Dust, Abraded particle
Inhalation absorption fraction _ 1 B

(fraction)

*Default vale of DustEx.

**Default vale of CEM.
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Table 4C-2 CEM’s specific input parameters for DEHP exposure.

Parameter Set value Reference

Chemical Properties
Chemical Properties / Attibute

Saturation concentration in air (mg/m3) 2.52E-03 Estimate
Log Kow (unitless) 8.39 LogKow KOWWIN v1.69
Water solubility (mg/mL) 2.70E-04 EPI suite v4.11
Henry's law coefficient (atm/M) 2.70E-03 EPI suite v4.11
Dust Parameter input (article models)
Solid-phase diffusion coefficient (m2/hr) 4.53E-12 Estimate
SVOC partitio coefficient, Dust (m3/mg) 26.9 Estimate
SVOC partitio coefficient, Abraded particle (m3/mg) 1.79 Estimate
Overall mass transfer coefficient, Dust (m/hr) 10 Assumed value, Guo(2014), Liang et al.(2019)
Overall mass transfer coefficient, Interior surface (m/hr) 1.3 Estimate
Overall mass transfer coefficient, Abraded particle (m/hr) 1000 Assumed value, Guo(2014), Liang et al.(2019)

Environment input
Environment property / Attibute

Use environment Living room

Building volume (m?3) 250

Interzone ventilation rate (m3/hr) 22.5

Dust parameter inputs (article models)

Deposition rate (per hour), RP 0.14 Assumed value
Deposition rate (per hour), Abraded particle 2.34 Default (Med.)
Resuspension rate (per hour), RP 0.000018 Assumed value
Resuspension rate (per hour), Dust 0.00021 Default (Med.)
Resuspension rate (per hour), Abraded particle 0.000129 Default (Med.)
Mass generation rate, suspended, RP (mg/hr) 0.53 Default (Med.)
Mass generation rate, suspended, Dust (mg/hr) 10.7 Default (Med.)
Mass generation rate, Floor, RP (mg/hr) 0 Default (Med.)
Mass generation rate, Floor, Dust (mg/hr) 7.7 Default (Low)
Mass generation rate, Floor, Abraded particle (mg/hr) 0.00531 Default (Med.)
Radius of particle, RP (m) 1.25E-06 Assumed value
Radius of particle, Dust (m) 5.0E-04 Default (Med.)
Radius of particle, Abraded particle (m) 7.0E-05 Default (Med.)
HVAC filter penetration (unitless) 0.05 Default (Med.)

FERLF DR E L O ERER O
CEM DORE/NRT A —ZTh D, HIFRTOILKEERL L OERERICHOVWTIE, & CEMED PRI LET 5
2 RFEE U GRE L, Table4C-2 IZE0# LT,

Table 4C-3 Reported deposition rate and resuspension rate.

Source Particle size (um) Deposition rate(/h) Resuspension rate(/h)
Shi (2014)SI 2.5 - 4.50E-06
Shin (2013) 0-2.5 0.375 -
Liu (2010) 1-3 0.14 1.80E-05
Liang et al. (2019) 0-2.5 0.076 1.22E-05
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AZ(143D CEM B LU DustEx DIfE S EE LT & DFEF

Fig.4-2 |27~ & 912 DustEx OHEFR T IEEE L, LogKnd (6T DI/ NE o tziz®, ZOERIZH
W B R GRE 21T o 7o,
T AREIRIE C,e OHER T, BEALL T, K@A-15D34E & KAA-18) DTN R T 2 B E T 5 & K4D-1)
TRIND, ZiuE, CEM OHHEATH DustEx OHEFR AT, RUEHERD,

dc, S c
9= _p, x2x (cag—;;"d)—q X Cay (4D-1)

dt room ma

EFREEZIET 2 EUTICEEIND, 22T, ak pITEHTHD,

C. = Cprod x 1 — L
9 Kina 1+ M Kina (4D-2)
hm X Sprod
logCoy = —l0gKma + B (4D-3)

[RARIZ, FRIERL T HEIRE C,p OHER UL, MEA-16)D 53 & AN RTIZ T 2B JET 5 L XUD-4)TERI N D,

ap Cap
7 XN\ Cag =) 7 a % Cap (4D-4)
P

part

2T, EFREBERET D, £, TR OWERBENREL hp (ZIEF TR ENTZORAED-S)ITEE S5,
A (4D-5)i%, Wescher & Nazaroff DI(A-5) LA TH Y, HKORRITAM SNz E 2D,

Cap = Cag ~C
CETT XV e X far (4D-5)
Kpart hmp X Sap
logCap =10gCuy + logK et (4D-6)

DEHP 13 X OMAES Al YA 4 A REFS K OVFIERL T RE O HERJR L & MR ZE X 0 AR Koe DFARSIZ DWW T,
Fig.4D-1 |Z CEM O#f5H %, Fig.4D-2 |Z DustEx OfER % RT,
T AREDHERIRE DEFUT DV TIE, CEM B X OV DustEx O WU DN T, H@D-3)DFRUTHEY, 1X
ERIFEDENFE 72572,
—J5, VR TREDOHERIR L O, CEM & DustEx TRE HBiro7-,
Fig.4D-3 | ZfER TC D VIR /22 R PR Kparne & MBHZE K53 BEARIR Kg DFRBA 2 7R, Z OFER B, F(4D-
NOEFRRNE SN D,
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Fig. 4D-1 Correlation between CEM’s gas and particle phase concentrations and LogKy..

DustEx
ol DEHP v Gas 1
DINCH <O Particle |
M
Eq.(4D-8)
DEHT o
-1
DIDP

Log of air concentration (ug/m®)

DINP
_2 -
| C,,=-1.007LogkK,,+10.43
Corr. Coeff. =1 1
3 ] . ] . ] . ] E
11 11.5 12 12.5
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Fig. 4D-2 Correlation between DustEx’s gas and particle phase concentrations and LogKi,.
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Kpar=0.929L0gK,,,-9.94
-1 Corr. Coeff. =0.75207 .

1 L 1 L 1 L 1
11 11.5 12 125

LogKi,

Fig. 4D-3 Correlation between LogK,.+ and LogKiu..

logK ,,,. = 0.929 X logK,, — 9.94 (Corr. Coeff. = 0.75207) (4D-7)

DustEx ORI - IERRE O TR, K@D-6)% AT, FigdD-2 (Zxd H AEDEFH & ED-7)1 5, &
DX HRED,

logCap = —0.0781logK,,, + 0.493 (4D-8)

FigdD-2 FIZ@D-8)&2 71 v b5 &, Rk TREIEE OHEBEIERITH D Z L bbb, Bz &
5, DustEx DVFIER FREDHEERIT SOV TIE, MK ZNEAEH LT, & L< I, KT 2 HENEI
SN TWDAEEMED N EV,
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B5E KABMBEROERMEARECEVICSHT IHEETIVICEK 2RETMH

51 [XL®IC

BIFE, VOC OREFIMICHH TE 2HFET /ML, 531ICTRT LA DL ONRH D, Fig 5-1 1ITHEA
W72 T VRIRODE 2 o mT, BRETT MIEWT, FHIC5ld 2imfeE, WARRK Tl yE 238l
MOBGRSNDIMFETH Y, R CIHMEFE DG FICBATT 2 Th D, YRRN L, ZORRIC
FRMEEFIRT 27 0%, FEREZFH L2WET VST, ERBERESWEEX LD, LL, K
O FE (Emission factor) <CRZ 1T (Dermal deposition rate) O FZRIEIFXFERITIZIA T TE RWEEMZ
EAETHD, TNHDATINRT A—=FDAFICHBER S 25618, RFMEICHMEZ G52 THIET DD, VA
T LB OMEEMEE, BRERET — 2 _X— 22 AV CHEEE EEZITOIST 20005, BREET VAR
THEE, FEMZ, ZHLLD%REDT—ANFELERDN, TO/T A —Z B ECHEREE S ORI 2 N
RRELTWD, ZOld, RETE, KHABEWEROYIEEORE B2 D 2 FEO KB ENN-T
FNBRNLT 2 RIDMF)EB L 2-=F /b-1-~FH / — LQEIH) D E/HEFNKT L, EFAHREZITH Z LI
K0, WRREESRE/NNT A — X ICHT 22TV, HEERBREAZHE L,

ETILEROE—HEE

@ HEITBELANNT A—FITRAT
—2EFATESN? NOT!

<<::::::>>EL RAEROREBTREORAT— 4 @ REBI<HH %5 2 THRERNISHIG
E/FLVNHIENTEDEIMN? % or SRATLEHDT 74 ME

ves ERBRUT IR —REZAVTHE
| HEBEZTWLHEGT S
<>ﬂ MRS A—EMAFTE BV
Diffusion coefficient (m?/s), Product/air partition coefficient
Yes Mass transfer coefficient (m/h)fth

Concentration in matrix(g/cm?), Skin permeability(cm/h)Z

A
IHMOD | ConsExpo | | Consumer TRA |

IH SkinPerm
A

RRELBEOHDAE |$ﬁ;j¢»bﬁgﬁm TRATIE., BET 74/ MEOEEAATHE
ThhiE, PFE5z HIEE ERARERIERELH D,
THERRBIZHIE Sentinel Product, Product Subcategory®;& iR

ERICETILEROELEZRAREICT HIC1E. EVATLIZERT
BALAET—aty ST UFTEERT, TOHEKRFLLE
L. #EETILORETMEEEZIRET ILENH D,

Fig. 5-1 Criteria for selecting estimation models.

5.2 WZEa4E
WHEO P % Fig. 5-2 127, BARIZIE, S8 bFEORANS L OREREOr— A2 2T 14 %

WLT, UFOZ L&23FEET 5,

OFHiHDZEFE S TV FNZEK DX, FET NVOHFRALRANRT A —F O LHE B2 4T 5, FrlZ, BB T,
TP E S E ISR (Weight fraction) 23 RH7e Z ENZ W, BGHET — % 25 LT HEEZITV, £
DZBMEZ TS D, Z O, BREDPEE LN T A—ZTONWT, ZOKEFHIER LOREEOFMEIT 5,

QFTNWVERIROEEZFEICT A0, BTV ANCESHERMRZ R L, FEEETT VOHERFAHE
RORREET S, £, BT VERRICET LB EZITO,
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Inhalation exposure

Emission factor Reference model Evaluted model Input parameter
JIS A1901 test - First order decay “ TRA - Table5A-3
Table5-2 model ConsExpo
Table5A-1,2 IH MOD
A Table5A-1,2

A

Exposure factor

Table5-1
Dermal exposure
v v
Dermal deposition rate > Reference model “ Evaluted model . Input parameter
Elution test IH SkinPerm TRA Table5A-4
Table5-2 Table5A-1,2 ConsExpo
Table5A-1,2

Fig. 5-2 Overall image of this research.

5.3 A&
5.3.1 FHERR L L1-REFEAREETIL

HUFIE EWENDEFADBE R R, TREhOEF VO, X, AT A—4 DT ST
1Z, BEROAERD Table 5A-1~5A-4 (TRT,

Consumer TRA (Targeted risk assessment) ver3.1

TRA (%, ECETOC(BRMAL P EAERERMER L O v ¥ )T X B S, 1EEH, HEE, RED
3O0DAY Y == P RBFMEITORBRUET LV TH D, 2D LHEFEHNTZTITRIE LIS D
73,Consumer TRA & L CHIBHE STV D,
B ZA T WM 7 Y — 2@ IRT 52 L1k 0, HHEL THWDLBEENT A —FEICESEHER
ZITD, 2P —MTELARRNTA—FLZ I TRVLDRH L, Hlx1E, BitE BLEME 1gom®) 1%
EHEARR LI TND,

ConsExpo Web

RIVM(A 7 > & EISLANRGETABR AT ZEATIZ & D ConsExpo Web (3, RHIEixISALFWE 1 X OBIE M OWERG
WD BRBRELWE T 2HEET LV CThH D, MOETNVERRY, KNRT A —F DRFEIFVEIKIL, EVT
T v e TR K DRI BRBEHERE N AREL 72 o T D, FT, BBERBEICNET LVER LTV,

W AR TlE, FAVE TN L7 A7 A CToh > 7= Emission Tool 7% ConsExpo Web (ZHE S & 41, AR
WIZBITHETNVE LT, ERNLD RKRA~DORE] & AT L —~DFFE] (2%, Emission Tool [ZFH
M2 TEEMEND OB 355, R TIE, B OEET ZEHICHE I N TV DIBREDOET
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BB 2T M, TR E OBE#EE) ST VORI TS, TBEH ], T—EsEE),
DELY ), TRAT), TIEE) O STEDOE— FRH 5, REAMEOHERIL, BREEHE— N e — FE2H0
TITo 72, BElhE AT — RiX, WO EEENBIFCRE LICBITT 5, Whwb T —RA Nr—RAE5 )L
THD, JhikT— Fix, "SEFOEWE NG E~ER T 572 R TE— R TH D,

PRI EOHERICIX, [—ElE| TN E TRETIEHB T A0 20905 50, WILENRMDT-D,
B &R ECE 7 v & Tz,

728, RRERIRIC BT DIRE T L OA LT ORI HOWTIE, B & OEEEEE T L OB T — R & %
&L T L ORI % ConsExpo BTG & — R L IEH 5, REICHLA, & O E T VOt
— R & RS TV OfAA T % ConsExpo fIEHCE — R L SRR 5,

IH MOD ver.0.212

ATHA CKEPEERE 2D THMOD 1%, WARZEHNO 12 DFET L E2H#HTHEET LV TH D, Akl
TliE, V—ANr—2bEE L, [B82EA EFRE] T V2RV THEZ1T->7-, IHMOD OFifH D/3F
A — BT 5 FHGHE OF%EMIZ DUV TE, JIS A1901 kiR o FERME 2 W 72(F K, 2013b), 7235, THMOD
X, Ak, EEERBETMCOFAZEE LD THDN, HEREELWVIBATIE, HEARBELEKET
bV, KFEIEHFRRET LV TH D,

5.3.2 BRETIL

BRBEYWHET D ETX— T A —& & 72 % H#GE E (Emission factor) X0 FZ J& #1738 £ (Dermal deposition
rate)l ERAEZH WD ET LT, —EOFENBEICE LN TWOIET AV ESRET L E L, FHliXSRET LD
HEBL R PE 2 374 L 7=,

First-order decay model (1 IRIFEFET /L)

1 RIBEEET /U1, EPA CKEBRBIEH# )P Tichenor HMER LI-BNEXEET /L TH Y, HOgEITFRERH
&L BITHEEEIBMNICHET 5 L B2 5, BAIORBRILBEBMBEOHETILEE LT, K<RDLATWD
(AARHR 2, 2003; Guo, 2002), AFREETIE, WMARBEOSIET LV E L THW ., FIHIBEBORES 1 RIBEE
Bk, JIS A1901 JEGABR O ERME N BRI L= 6 D& U= (F K, 2013b),

IH SkinPerm

AIHA @ IH SkinPerm I%, #RZZEEFEAGO TBREIAIILAE ), TRRRFIC K D04, TRE~DRXEE] O3 O
DONEBET IV EBE T IHEET LV CTH D, AFRETIE, 3 20FT/VOW, il UK 7ok Bk I & 488
THORBC L DU EET V2 O THR 21T > 72, TH SkinPerm OFH D /3T X —H T HIREBATHREIZO
WL, ALIFZ O SR b OB HEEZ W2 (FR, 2016, A A2, 2015),

IH SkinPerm (Z2VNTiE, SEHIME & ORI IWNT, HEFBGARIT Factor 3 INE DO#HE L HDHZ LD,
RREARRIRIC BT D2 ET L & L= (Tibaldietal.,2014), 7233, AIHA ® IH MOD %5 L OF IH SkinPerm 1%, 43K,
TE¥H BB CTOMMBZBELIZLDTH D, LvL, BEHEREL VW OIBL T, HEERBELRETHY,
AFEIZE A TR ET LV Th D,
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5.3.3 REVFUA

BRE LI RE YU AL LCIE, R 10m? (6 ) OREEORAER KA DN RE S -RET, Bk
MEINZIEY, EH 6.5 MM, 20 LTI THALIEE Lic, FREBRKE LTIE, AR & REREKLE
ZTo. el U T L7 &EEFREE Table 5-1 12”9, 7238, TRAIZOWTIX, BEEMAZHEH#HK L CTBYEEAR
"D, ZIUEBRIOERE L -7,

Table 5-1 Exposure factors.

Exposure factor Value Reference
Floor area of living room (m?) 10 Federation of fair trade conferences
Ceiling height of living room (m) 2.4 Estimated value
Air volume of living room (m?3) 24 Generated value
Air exchange rate (/h) 0.5 MLIT(2003)
Average staying time in living room (h) 6.5 Generated by NITE(2014)
Leg skin area (cm?) 4786 Generated by AIST(2016)

Body weight: Average of representative
value of man and woman (kg) 57.9 Generated by AIST(2007a)

Average respiration rate (m3/day) 17.3 AIST(2007b)

5.3.4 FHEXRDEME & MLEYME

FEAM SR DR S X, BEAEAFE CHROBOEREE 36 KX OV ERBATIREE D FE N 21T o 7=, IR D EVA(=F L > -
FEfg B = LILEAMBIIE~ > § & L72(F K, 2013b;2016), FHl*SALFEHE L, DMF(NN-Y A FILHR/V AT
RYDOA, BNBREEICHW T, BHEE TR S5 2EIHQR-TF /L-l-~FH / — /L) & L7=(F K, 2013b), EVA #f
fE~ > b OYERERIZOFE T, DMF 3 X O 2B1H O RHEGHEE R X OVRERBATHE Ot b K& 2o - HEM %
Table 5-2 (27”7,

%72, DMF ¥ X O 2E1H OWtER L OEEMEGHZ Table 5-3 8 X OV 5-4 ICFNENRT, Table 5-3 DT —
%1%, US EPA @ EPI Suite ®FERNEFH LM L2 DO TH D, DMF OFEERIEICIIEA 2 L0085 5
75, Table5-4 X, ECHA (2016) THRE SN TV 5 DMF OE¥#E DOEW DNEL DU EMETH H, AFRETD
R RTEIL 6.5 HDHWL 8 day THHD T, FENZEZEIIH D L DOD, 1EEE L RSEOEBEL L5,
hE—oDH%ZE L THIEIC Lz, 2EIH IZOWTIE, FHFEEHME 130pg/md 2355 21 B v 7 D A (ENZER
15Y%) I B RiEte (2017) ICBWTIRE SN TWS, T2 RBRA > MIt M D IREM:TH 5,

Table 5-2 Physical chemical properties of DMF and 2E1H.

EVA resin mat

Parameter No.3 No.4

Ingredient label 100% polyester pile, EVA resin Cork, EVA resin
Thickness (mm) 6 8
Volume density (g/cm3) 0.12 0.10
Surface density (g/m2) 733 767
Emission factor pg/m?h

DMF (at 1day) - 4784

DMF (at 7day) - 3326

2E1H (at 1day) 132 -

2E1H (at 7day) 31.7 -
Dermal deposition rate ug/cm?h

DMF - 20.8

2E1H 0.162 -
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Table 5-2 7°5, 2EIH [ZOWTIE, ARIEMIC AR 5425 ~100pg/m?h FEE O JHGHEE TH > 724 (H
ARG E, 2003), DMF OEGHEEIL 2EIH L0 | A—%—LIE&<, £/, Table5-3 b, A7 4% /) —)b
IR BRI Koy 21X U D & LW S DMF & 2EIH TRE K B 570, 6 OFHliRSALFEWE 134
FRIETT VORISR L R ZWMEIC T2 BUICEE L TWD,

¥, HA Q1LY HOWTIE, FEAROAHE SCITRT,

Table 5-3 Physical chemical properties of DMF and 2E1H.

Parameter DMF 2E1H
Molecular weight (g/mol) 73.10 130.23
Boiling Point (°C) 153 184.6
Water solubility (g/L at 25°C) 103 0.88
Vapor pressure (Pa at 25°C) 516 18.1
Octanol/water partition coefficient Kow -1.01 2.73"

* Estimated value

Table 5-4 Example of long term DNEL of DMF.

Inhalation Dermal
Long term DNEL for worker 3.2mg/m3 0.79mg/kg/day
Tyoe of stud Repeated dose toxicity
ye Y Rat 2years Rat 28days
Type of effect Reduged body weight, cI[ni_caI
chemistry changes, liver injury
NOAEC/NOAEL 40.2mg/m? 238mg/kg
1(AS) 2.5(RD) 4(AS) 2.5(RD)
Assessment factors 5(s)  1(ED) 5(S)  6(ED)

AS, Allometric scaling; RD, Remaining differences; ED, Exposure duration;
IS, Intraspecies factor

5.3.5 TEBINSA—HFDEREAHE
B P LM E LR (TRA, ConsExpo)

Little (1994) TiE, WAL EZ lgem® LIUE LI2GA, —y MRY~—F0D VOC DEHRIT 0.1%LL T &
WHELTWD, ZhEasB L L, ARBETE, HERXIS S Lz 2 FEO EVA 8~ v hOIE L7 0.10,
0.12g/cm® 5 [E L, TRA TiE, BT (LW E =% 0.001,0.01g/g L% E L7z, 728, TRA OBEEHIT0.1-
0.5g/g TH 5,

ConsExpo TliX, TRA DHEEESEIZ0.1-1%E L, —nfix 527,

BBE X (TRA, ConsExpo)
TRA OREEMEIX 0.001cm & L <L 0.0lem THAHA, EEGEI CH D78, ECHA (2015)% 252 LT, TRA,

ConsExpo & £ 12 0.001cm % V=,

YYEBEIRE (ConsExpo)
WYERE DO\ TC, Delmaar (2010) 1%, Flat plate i & Sparks 52 X 2 WEBEMREOF HIZOWTELE LTV

% o WYEREFEUZ DT, Delmaar (2010) 13, ZENZEROBEN T AT — Tld7e\ 72 Flatplate OFEFRITEE L 0,
Sparks D EERIBILIAHERE L T D, WEBEMRE by m/s 1L, THENLLTO L S IZERIND,

Flat plate %
Ry = 0.664 X Dy X ReY? X Sc'3/Lg,s  (2)
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Sparks 14

Ry = 0.33 X Dy X Re®67 /L, (3)
R Lgoys X v S 1
e = — Cc =
sys n Dair

2T, Dan ZRTICBI HACFWHEOWBRE m¥s; Re, LA /VAHG Se, v 2y MG Lyy, KRR
S m; v, Kifi EOZERGOE m/s; p, ZER[OERMARI mYs TH D, Dar 122V TIE, FSG {EIC KV R
(McCready and Fontaine, 2010) , 7233, #UEHR D22 XU IZ DUV TIE, JISA1901 RS Baldwin & (1998) @
WEEZZEICL, LRMEHhOBED 0.3m/s IZRE LT,

AT, Sparks O FEERABTPIIC K DA% VY, BI1i& Flat plate 1512 X 2 AEBfifi 2 VW CHER L7
i & bl U7z,

5.4 #HR
541 REDFTVAITE DK HEREREDLLE
B ARERE

Table 5-5 12, A X b (0-6.5h) (23T % DMF 3 L O 2EIH ORI EHEEZ =T, £7-, 1 REE
5 L% FEHUE L L7z Factor fH % (F8 TR,

DMF {22\ T, TRA @ PI=0.01 DFEEFRE, WTALOET /L § Factorl0 it D2 AFHM 3G iz,
RS S Z— X L 5 41 D ~100pg/m*h F2EE O BOE I b~ (A A#S 2, 2003), AWFFEIZHEH L 7= DMF
DOEECREEIL 1| A—F =L E@mO b DO TH 7273, Table SA-3 [IRTNTA—FETHRTLZ LI1cky,
ConsExpo DRl FRRAEIZIH VT, FHEkD Fig. 5C-1 1R & 5 IfERMIOHERAEIC 72D Z L1372 o 12,

DMF DHER RPN E ORI OV T, Fig. 5-3 12T X 918, bHEFENEN -7 L IRBETT L
IZBWTH, 113 KM O], DNELfEZ ERIZREEL 700, BERIICH O TENERREICG 2 B0 KX S
LN 3=V W

2EIH (22U TUX, TRA (X Factor100 Z#8 % 2 B 72 22 IR & 72 > 72, TRA OHER A TIL, FHAxI5A4k
FWE OWVEFBRICEE T 587 A—2 1%, HEROLTH Y, KRGEN 10Pa Ll ETHNIE T L7325, VOC
DAL, RRAENHEAE V2D, DMF T 2EIH TH[E CHEFE L 720, 8L FWE oMt 0@ %
Bk U 7= HERLRE D35 D VROV B 5

ATHRBEITAE ] U7z 2E1H O BCHOR LIS, BRI —ARAYIZ A & 41 5 ~100pg/m?h F2 52 O SO B STl oD
H DT o7z, TabeAS-3 IZRT/NT A—ZETHR T HZ LI XL Y, 8D Fig. 5C-2 12779 & 512 ConsExpo
OFHM T IREIZ BT H AERMOHEREIC 22 5 Z L1 o Tz,

2EIH OHEFLENIRE ORFFZEALIZ OV TIE, Fig. 5-4 (R T L 912, OHEFRMENEN -T2 L IRBETT L
IZBEWTh, MBI A T4 AAREBEISEWVIREEZ R L, BEOENEREIZE 2 28O K&
IR E T,

Table 5-5 Estimated mean event concentrations on each method.

Model DMF 2E1H
Conc. (mg/m?3) Factor Conc. (mg/m?3) Factor
TRA P1=0.001 52 17 52 520
TRA PI=0.01 520 173 520 5200
ConsExpo Web 36 12 4.1 41
IH MOD 4.0 1.3 0.11 11
First-order decay 3.0 - 0.10 -

-80-



5 ——————————
ConsExpo DMF

f IH MOD

DNEL 3.2mg/m® \

DMF concentration (mg/m®)

2.5F )
First—order decay
60 [T
[ TRA 52mg/m®
I 40 - 1

1 [— TRA(PI=0.001)

20 -1 | — ConsExpo(median)
4 |— IH MOD

First-order decay

L0 o 'zlolo 700 |
0 100 200
Time (h)

I
300

Fig. 5-3 Estimated time series of DMF concentration.
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Fig. 5-4 Estimated time series of 2E1H concentration.
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Table 5-6 (2, X b (0-6.5h) (Z351F 5 DMF & 2EIH OHEF ¥ e FBUAE DR R %271,

DMF [Z2WW I, AEHRBROBFTHE 2 H\ O CHER L7- IH SkinPerm |2 & % & M EUA &I 0.80mg/kg/day &
720, DNEL fE 0.79mg/kg/day % LI HfER & 720, EBEDORKE INREINT, £72, TRA, ConsExpo D>
THDOEE S, TH SkinPerm (2~ TRERRZEM & 722 - 7=,

ST S 8 — AR S & 41 5 ~100pg/m?h 72 FE O HBoR EEIZ b, AR U 72 HRf i O BOHOE 2 R
BHZOWTIE, BITEE LB E N EE 2 5, 212 TRA X O ConsExpo DFERRRIEIZH5 1T 2 #HER
RNRT A= BEPHIETERNAREEMERH D, ZOMIZHONTIE, %BiRoD 5.4.2 THREF LT,

2E1H 22T, ConsExpo Bfilfii HE— R ZFRUNC, TRA 3 L ¥ ConsExpo JILHE — KX Factorl0 Aijf% D
e X R Y E Y d Wil

7272 L, External dose AN &) & Internal dose (HUA &) DEIA %7~ Absorbed Fraction (WU ZE) 2D\ T
%, BERBETNTHRR-S>TEY, #HEEOZLGMEICOWTUIr —ARAXT 4 AL LT, Bk, MIEL T
WS LR D D,

7F, REREHEIZOWVWT S, TRA OREREOHERAL, TS FE OMPERERIC BT 5 /37 2
— X BN, DMF C% 2E1H THIA CHERAE L 72 0, ISYLZEWE O OE % S U 7= #5345
AR,

Table 5-6 Estimated mean DMF and 2E1H event doses on each method for the dermal route.

DMF 2E1H
Model - - N -

E.D. 1.D. Abs. fraction Ratio E.D. 1.D. Abs. fraction Ratio
TRA PI=0.001 0.042 0.042 100 191 0.042 0.042 100 2
TRA PI=0.01 0.42 0.42 100 1.91 0.42 0.42 100 20
ConsExpo Inst. 18 0.033 0.183 241 17 33 194 157
ConsExpo Diff. 0.023 0.017 73.9 471 0.027 0.027 100 13
IH SkinPerm 5.6 0.80 14.3 - 0.044 0.021 48.1 -

E.D., External event dose (mg/kg/day); I.D., Internal event dose (mg/kg/day); Abs.fraction, Fraction of external and internal doses (%); Ratio, Internal event
dose ratio based on IH SkinPerm; Inst., Instant application mode; Diff., Diffusion mode

KBUABIZIT 2 B AREE 57 DEFHIZ DT

Table 5-7 12, A X2k (0-6.5h) (235172 DMF 3L 2E1H OFRREEBIEHEGA & & BRI 7 D3 53 %2 R
R

DMF (22T, THMOD/SkinPerm T/R SNTCRRRRBE DT HRIL T1% TH D, #RERREKIZ K D 2REE R E
WD PN L RENTZ, —J7, TRA, ConsExpo & & IZW ARREE DEUA B 22 2RI L, R
DOEGARZ FERMIZEHE L CTWDBR b H Y, 1%RELLT ORI DOFGRE o7z, HRIUARIC/E
HOREIpRTA—2 L LT, 8T LW ELLER S L3, WET L EHICRAR X ORI OBGA &)
L EHRICHAIT 5720, REBCARICH T 2 REREHFGHEME 2 HR E LTIBE TS,
VN, IR OB TIR SO Kow TEMEV MEFEE A~ DO RNE A B8 L1256, RS/ T A — Ot 217
IMEND D,

2EIH 22V T, TH MOD/SkinPerm C/x SIVZ R IE D& H-31L 70% TdH Y, DMF & [FIERIZHE SRR
(LD BBREND 2 T WATREMEA VR & T2, TRA IR AR OBUA B2 2 2RI L TV 2B L &
D, 1%LL T ORBERIES ORGSR o7, Bk Uiz X 5 12BN B 72 5 2E1H & DMF CHEFE A FMEIZ
72 5%, Rl R E OV A K L7 WS %, ConsExpo 18RRI OHER T — N OB fin HE
— R, e — RIZ oW ZRENDFERIL 91,7.6% TH 0, Bl € — RIZ-5WTik, IH MOD/SkinPerm
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TRENTERERBEOEER 710% L R4 —F —DEERNE LN,
DMF, 2EIH OWTFHIZHOWT Y, BRERIKIC X 2 BB BN D7 W ATREME R &7,

Table 5-7 Contribution rates of dermal route in total internal event doses.

Model DMF dose (mg/kg/day) Contribution rate of 2E1H dose (mg/kg/day) Contribution rate of
inhalation dermal dermal route (%) inhalation dermal dermal route (%)
TRA PI=0.001 9.4 0.042 0.44 9.4 0.042 0.44
TRA PI=0.01 94 0.42 0.44 94 0.42 0.44
ConsExpo Emiss./Inst. 2.9 0.033 1.13 0.33 3.3 91
ConsExpo Emiss./Diff. 2.9 0.017 0.58 0.33 0.027 7.6
IH MOD/SkinPerm 0.32 0.80 71 0.0089 0.021 70

Emiss. Emission from solid materials model for inhalation route; Inst., Instant application mode for dermal route; Diff., Diffusion mode for dermal route

5.4.2 EERNS A —F DR LHEDORKE
S LY E 3 (Weight fraction)

AL DOBE, B EEME RN RHRBEENL N, KT /UICRBWT, Wbl L CTHERBUAEIZ/ER
HEFEIRNT A—HTEHDDERENHE L VRS 5,

1 RBET T VEROWCCEE Lz s SRR S, B LR R 2R U, R
[ZOWTIE, oRE 2 Ry U, B HERE & ORISRz, WIBIREGRE EF)pg/m*h 3L K
P EE k/h OFEHIZY > TIE, Table5-2 123 d, H bl DMF 3 KO 2EIH HBOHEE 27~ L7723kt 1 H
H& 7 HBOBBOEEMEZ W,

DMF 35 X O 2E1H D355 DGR % E €74 Table 5-8 (2777,

TRCHOHEE 2> & OB LB E R OHEREIL, DMF @ 0.26%(Z 2V TlE, ABFFETRE Lz /5Lt ks
W LR 0.1-1% & A DS H L2, 2E1H D 0.0022%2 2Tk, S5 b8t R 0% 2 fi1%, Factor 46.4-
464 DZEAOFETHD Z EB/RS Tz,

Fig. 5-5 (B L 0.1g/em?, 1 H B OFCHGEE A 100 35 XL OY 1000pg/m?h D354 O RG22 E LR O ik
B LA Z ) B A 2 BT 5, ABFSE TR E L2 8 L LR 0.1-1%1%, BIEMIC— I A D
% ~100pg/m*h F2JE DFHE DA IOV TIE, 2EIH OA & RIS E 22 M OB EM & 72 50,
1000pg/m?h LA E0 FEEG A W I E ~ DO XIS & B JE L2355 121%, DMF O%4 & RERICHBRIED H 2 5% E
BE7es, EBORBETNVOEME2EZ 21256, BEMOHRMEIIVNERAIRTHY, FH—EREHER &
LT, SR b E RO ER 0.1-1%I3# 0] & & 2 b,

FEEE, WS EFWELEERE 0.1-1%ICRE L 7o 2% iV C, DMF 3 X0 2E1H O A Z#& 71l T
Factor 12-520, 2E1H D #% 57 # @i Al C Factor 1.3-157 DM & 720, —E D415 57z, TRA O
BB R OBEER 0.1g/g TR TH 5,

Table 5-8 Weight fraction estimated with first-order decay model.

EFo (ug/m?h) k (/h) Weight fraction (%)
DMF 5083 2.52E-3 0.26
2E1H 172 1.09E-2 0.0022
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Fig. 5-5 Weight fraction distribution to emission rate.

BEfEE X (TRA, ConsExpo)

AR CRRE L7 B EIE X 0.001em (22T, 2B1H Of% 252 TlE, TRA (23T Factor 2, ConsExpo
JERCE— RIZEW T Factor 1.3 OZ2AOHEFENFF HN TV D, RREZZRENICI T D DMF O fE i lREm
ZZ[E L, TRAICOWTIE, HilE/E X% ECHA (2015) OHELHED 0.001cm 7>5 EC (2003) ([ZL W RENT
W5 0.0lem & L7234, ST EEME LR 0.001 OBA 1 Factor 1.9 OFERRAIGEM, S5 {2 E bR
0.01 DA1X Factor 5.3 OZEMIFHII~EELZX D Z LN TEX D,

—7J7, ConsExpo #IEHE— RIZ-DWWTIX, Table 5-9 (27”77 XL 91, DMF IZDOWTIXEEEE X% 0.0lcm &
LTH, BUARIZ 18 fFIC L 6, Wl L TREEZ KIFTT /AT A—Z TRV, BEtE iz 540
piguy, F£72, ConsExpo Bl E— RIZHOWTIE, #MEE DT A —2 %24 LW TEOmat 2Nz
D720y, ConsExpo DFEZAREEIZ DWW TIE, HBIEWBATIEE S Koy EMEWMETFZE ~D XL %5
2T A BANDH Y, HREAOWEZHRETT 20 ERNH 5,

Table 5-9 Effects of layer thickness to event doses of dermal route estimated with ConsExpo Web.

DMF 2E1H
Inst. Diff. Inst. Diff.
Layer thickness (cm) Ratio Layer thickness (cm) Ratio
0.001 0.01 0.001 0.01
External dose (Mean, median) (mg/kg/day) 18 0.023 0.23 10 17 0.027 0.27 10
External dose (95%tile) (mg/kg/day) 30 0.039 0.39 10 29 0.047 0.47 10
Internal dose (Mean, median) (mg/kg/day) 0.033 0.017 0.031 1.8 3.3 0.027 0.27 10
Internal dose (95%tile) (mg/kg/day) 0.058 0.030 0.054 1.8 5.7 0.047 0.47 10

Inst., Instant application mode; Diff., Diffusion mode; Ratio, Event dose ratio between 0.001cm and 0.01cm of layer thickness on ConsExpo Diffusion mode.

-84-



YERBENRE (ConsExpo)
ConsExpo/[EAKTEN D b DFEE T M 31T 2 WEB RO ERGET 2720, AR CHH L 72 Sparks

B L DR EOM, BI1i%E, Flatplate V51 X 2B HEZ AW TRA BB A 21TV, 400 OFERZ g LTz,
WERBERE O HER L O A ZFZ A5 5 2 Table 5-10 12777,

ECHA (2015) T, WEBEMREKIL, —%AIC 1.8-18 mh OHFPHICH S L LTEY, KFEDES S 2EIH
O Flat plate {5 &R, ZO#iPHIZH#E S L7z, Sparks 15 & Flat plate 512 X 2 WERBEMRELOFH TlX, Sparks
HEO T NEHEIE 245-283% K & Mo 7228, A X M EJE T, Flatplate #:12 X TC, Sparks 7513 120-132%
DOEEINREINDITIEE ST,

WEBEMR ORI T EOZERENHER ENREICE 2 5 8IS\ T, Fig. 5-6 ORE RIS IR 18
0, ERNREGEIMENGG 72 EWBEBERED N S WHEICITENIREICE 2 5 BIIRENE OO, KT
WERBEMEEII IR E <, BUENEWEENICIZ 2RV, HEEBEICREREEL 52 5L D TIER) -
776

Table 5-10 Impact of mass transfer coefficient to event concentrations of inhalation route estimated with ConsExpo Web.

DMF 2E1H
Sparks Flat plate Ratio (%) Sparks Flat plate Ratio (%)
Mass transfer coefficient (m/h) 6.05 2.14 283 3.95 1.61 245
Mean event concentration (mg/m?3) 36 30 120 4.1 3.1 132
Median (mg/m?3) 29 23 126 2.7 2.0 135
95%tile (mg/m?3) 97 85 114 13 10 130
Duration exceeding reference values (h) 297 322 - >8760 >8760 -
40 T T T T+ T T T 7 1 4

(0%}
(=)
T

I
[\S)
2E1H concentration (mg/m°)

DMF concentration (mg/m°)
S
T

10 11
Median
— DMF
—— 2E1H

o+ + 4 v 4 v 4 v 4, 3 40
0 2 4 6 8 10

Mass transfer coefficient (m/h)

Fig. 5-6 Sensitivity analysis of mass transfer efficient to DMF and 2E1H concentrations.
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BHZRBEET VBB INAR SN TWD OO0, KIMIZET 22T T V&2 AW EmIT 720,
ARFFETIL, B7p D HHCEE, K% A9 %, EVA BiE~ >~ MO DMF B8 X O 2EIH 122\ C, 1%
BRI AR T 572, Consumer TRA, ConsExpo Web, IH MOD/SkinPerm D &#&E7 /L3 L OV 1 KiIBET
TNERNT, REEORBIMEIT T, /o, RENTA—XIIHETLIEHLZITI L LB, HohiE
TRHEDET VHZRIZOWT O AT, UTICHmEEL DD,

5.5.1 DMF & 2E1H D REMRTHER

SRR L UCIE, WA TIL, OHERMENE -7 1 RBETT/LVICE W TS, DMF 1T 113 B o
, DNEL fEi% ERIDUREEL 720, 2EIH 1ZH A R T4 URREISEVIEEM 27 L, Bk TERN
RIEIZH 2 D BORE IPREINT, 70, W AZR#TE TIL, TRA(PI=0.001)35 L O ConsExpo (233N C, Factor10
A DL RFHI S DAL,

TR I, THMOD/SkinPerm (28T, MEBGARIZ 5D DRI DA 55 70, T1%03 8 S, Zfik
L U ORI DN C & W ATREME S R S Tz,

55,2 FEBELGNSA—FDRLHEDRIFER

FEfe SR & LT R TV ORI IR ERE RN T A— 2 Th D, WP LB R, SiEE S, WEBE)
BEUZ DWW TRRGEZAT o 72, OB TIE, TS EOEHRB ARG ENZ ), EEOREET L OE
MzEE 21250, BREMOHERMEALERFT K TH Y, RIFSE CIECIEZ 25 2/ T L) R 5 0.1-
1% & Uiz, AFFREOHERRERIS L O RBEETT V& AW TGRS S ORGP LB R ORGEIZ L 0,
BB HEE & LTS, B LT E R OREM 0.1-1% (ZZSENERR Sz, FUC LY, AR
FEIZFBUNT, Factorl0 gtk OZZSMFHL S BTz,

Bl S 12 oW ClE, BT EIC BV T, DMF O X 9 2R i E WA T IR S0 K, MRV B2
HAOXIEZDONTIE, TRA TlE, #fEEIFEORIICED, FUAEDOLZAAFHMENFIETH -7, Lo
L, ConsExpo TlE, #ffE/E XD /N7 A —F [THUABEIZHT D REPEDMERWV 2, mBATHESCIK Ky TEOAL
FE~DORIEEZ ZTGEITE, N T A—FREELLZT TIE 0TI, #EXOSB 2 2 0%
MR 5T,

WERBENREIC OV TIE, BHGIEDZER], ConsExpo &k A HERENIEEIZH 2 5 #2803 Factor 1.2-1.3
BETHY, REREELEZDLOTIERIoT,
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Table 5A-1 Applied models and characteristic parameters.

Exposure Route Model Number of Models Applied model Type Characteristic parameter
TRA ver.3.1 1 - Deterministic Product ingredient fraction by weight
ConsExpo Web ver.1.0.3 - - I Weight fraction substance, Diffusion
. . . Probabilistic, - X -
Exposure 3 Emission from solid materials Deterministi coefficient, Product-air partition
Inhalation Absorption 1 Fixed fraction eterministic coefficient, Mass transfer coefficient
Well-mixed room model wit R . .
IH MOD ver.0.212 12 ha constant emission rate Deterministic Contaminant mass emission rate
First-order decay 1 - Deterministic First-order decay rate constant
TRA ver3.1 1 - Deterministic Thl.ckness of !ayer, Product ingredient, Fr
action by weight
ConsExpo Web ver. 1.0.3 - -
Dermal Exposure 1 Direct contact with product Probabilistic, Weight fraction substance,
Application mode 5 Instant application, Diffusion Deterministic Skin permeability
Absorption 2 Diffusion through skin
IH SkinPerm ver.1.21 3 Deposition over time Deterministic Dermal deposition rate

Table 5A-2 Model equations used in the comparison.

Exposure Route

Model

Equation

Inhalation

TRA

Ei=PIXAXFQXFXDF XET XIRXCF/(VxBW) DF =V/(V + (ACH X ET xV))

PI, Product ingredient fraction(g/g); A, Amount product used per application(g/event); FQ, Frequency of
use(events/day); F, Fraction released to air(g/g); DF, Dilution fraction(unitless); ET, Exposure time(h);

IR, Inhalation rate(m3/h); CF, Unit conversion factor(unitless); V, Room volume (m3); BW, Body weight (kg);
ACH, Air changes per hour(/h)

ConsExpo Web

LS hy X Q=M —qxy = Dg—ilm =hn(o@®-y®) ¥ = %(3’0(0 —y(®)
y, Bulk air concentration(kg/m3); S, Product surface area(m?); V, Room volume(m3); hm, Mass transfer coefficient
(m/s); yo, Air concentration directly above the surface(kg/m?3); g, Ventilation rate(/s); C, Concentration of the
substance in the product(kg/m?3); x, Depth in the material(m); D, Diffusion coefficient(m?/s); L, Product

thickness(m); K, Material air partition coefficient of the substance(unitless); t, Exposure time(s)

IH MOD

_ GHCinQ[, _ —QHKLV —QHKLV

C, = Ky [1 exp( — t)]+Coexp( — t)

Ct, Air concentration(mg/m3); G, Contaminant mass emission rate(mg/min); Q, Room supply/exhaust
air rate(m3/min); V, Room volume(m?3); C,, Contaminant concentration at to; C», Contaminant concentration in

supply air(mg/m3); K., Loss mechanism value(/min); t, Exposure time(min)

First-order decay

EFyX[exp(—kt)—exp(—nt)]xS
E, = EF, X exp(—kt) C,=— oy

EFo, Initial emission factor (ug/m?h); k, First-order decay rate constant (/h); Ct, Air concentration
(mg/m3); n, Ventilation rate(/h); S, Product surface area(m?); V, Room volume(m?3); t, Exposure time(h)

Dermal

TRA

ED =PIXxCAXTF XFQ XTLxD x CF/BW

PI, Product ingredient fraction(g/g); CA, Contact area(cm?); TF, Transfer factor(unitless); FQ, Frequency
of use(events/day); TL, Thickness of layer(cm); D, Density (g/cm3); CF, Unit conversion factor(unitless);
BW, Body weight (kg)

ConsExpo Web

ac(xt) _

2
Dermal load Instant application Lgerm = Aproa X SW—f Dif fusion D %C(x, t)
exp

Uptake Aupt = Askin [1 — exp(—?t)]

Lderm, Dermal load(kg/m?); Aurd, Amount of product applied to the skin(kg); W;, Weight fraction of the
substance in the product(unitless); Sey, Surface area of the exposed skin(m?); C(xt), Substance concentration
in the product at depth x and time t(kg/m3); D, Diffusion coefficient of the substance inside the product(m?/s);
Aupt, Dermal absorption of the substance(kg); Askin, Amount of substance on the skin(kg); P, Permeability
of the skin(m/s); S, Exposed skin area(m?); V, Volume of the substance on the skin (follows from the
concentration and the amount on the skin)(m3); t, Exposure time(s)

IH SkinPerm

% = Deposition rate[mg/m?/h] — Uptake(SC)rate[mg/m?/h] — Evaporation(subst)rate[mg/m?/h]

Msuys, Actual mass of neat liquid on skin surface; SC, Stratum corneum; The differential equation described
conceptually fate of the liquid mass on the surface of the skin. For further details, see Tibaldi et al.(2014).
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Table 5A-3 Input parameters for inhalation route.
(R Parameter Set value
GIN
TRA ConsExpo Web IH MOD TRA ConsExpo Web IH MOD
etk _ _ Cor'lta'mlnant mass ' _ _ 080,0022"
emission rate (mg/min)
S EI Room ventilation (air change per hour) Ventilation rate (/h) Exhaust air rate (m3/min) 0.6" 0.5 0.2
HENRE V, Room volume (m?3) Room volume (m3) Room volume (m?3) 20" 24 24
=] 2
%éuj;si‘ﬂi " pl, Product ingredient fraction (g/g) Weight fraction substance (%) - 0.001, 0.01 Uniform (0.1,1) -
ES
B L Density (g/cm3) Product density (g/cm3) - 1 0.10, 0.12™ -
L FE A, Amount product used per application _ B 6000 _ _
(g/event)
i A E FQ, Frequency of use (events/day) Frequency (/day) - 1 1 -
gt F, Fraction released to air (g/g) - _ 1 _ B
AR DF, Dilution fraction (unitless) - - 0.17 - -
# % ET, Exposure time (h) Exposure duration (h) - 8" 6.5 -
NS IR, Inhalation rate (m3/h) Inhalation rate (m3/day) - 1.37 17.3 -
{AE BW, Body weight (kg) Body weight (kg) - 60" 57.9 -
L T Amount (m?) Product surface area (m?) - 8" 10 -
REX - Product thickness (mm) - - 8, 6" -
TEEREK - Diffusion coefficient (m?%/s) - - 1E-10, 1E-12™ -
B2 N . Uniform (220,2.20E+4),
o Product/air partition coefficient Uniform (3.05E+3,3.05E45) ™
WYERENREL - Mass transfer coefficient (m/h) - - 6.05, 3.95" -
e - Absorption fraction (fraction) - - 1 -
bi-ONG - - Loss mechanism value (/min) - - 0
*Unchangeable default vale of TRA **Left or upper side value is for DMF and right or lower side value is for 2E1H.
Table 5A-4 Input parameters for dermal route.
R Parameter Set value
TRA ConsExpo Web IH SkinPerm TRA ConsExpo Web IH SkinPerm
R T iE _ _ Dermalzdeposmon rate B B 208, 0.162"
(ng/cm?/h)
1] O 2
:i;;;f fes4 P, Product ingredient fraction (g/g) Weight fraction substance (%) - 0.001,0.01 Uniform (0.1,1) -
ES
GG R - Product amount (g) - - 184, 175™ -
L E Density (g/cm3) Product density (g/cm3) - 1" 0.10, 0.12™ -
s CA, Contact area (cm?) Exposed area (cm?) Affected skin area (cm?) 2500 2393 2393
BATIRE TF, Transfer factor (unitless) - - 1 _ B
i AR FQ, Frequency of use (events/day) Frequency (/day) - 1 1 -
BeilygEx TL, Thickness of layer (cm) Layer thickness (cm) - 0.001* 0.001 -
; Uniform (0.0001,0.001)
N7 AR - ion i i ? - - ) ’ - -
~ N7 AR Concentration in matrix (g/cm3) Uniform (0.00012,0.0012)
AU - Skin permeability (cm/h) - - 0.000226, 0.0223" -
ZRE I ET, Exposure time (h) Exposure duration (h) Duration of deposition (h) 8 6.5 6.5
RE BW, Body weight (kg) Body weight (kg) - 60.0" 57.9 -

*Unchangeable default vale of TRA **Left or upper side value is for DMF and right or lower side value is for 2E1H.

AHIRF H

— ZBREC BT AR

TRA

RIESDO T ITY —T, 7T —|

IR HBIZAE Y Flooring OBERIAHE 3d 5 6 DL, ACS fllif,

B LOSKR, ACI0 &85, ACIT KRG, ACI3 77 AF v o8 Thotz, ZNHDOEEEAES%
IZRAT L OREGRIE D/ T A — ZRIEMZ ED T, WARK OB G, ERIL7Z EVA #iflE~ > ho
BV OE & 733, 767g/m? & TRA OBLEDKREEE 8m? (AC11 ZF=<) 75, 6000g & L7z, #EEL#E
IR, RIS OV T, KBEER+ FEEER O A o R S mAE A 40 L7z, TRA OREE ORE HFEE I KB
A O AR E SR S AL TV W2, (REOBEEE 60kg 2 T, AIST (2016) 225 2,500cm? & L7,
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ConsExpo web

PEBFREICHOWNTIE, Welty & (2007) 1%, FEZALUERM BRI DAEM L IBAR T 1014102 mYs 1I2h 5 & LT
%, F7z, Delmaar (2010) T K 2 SCHERGHAIZ L 5 &, BB O SRR 72 R AR EI S 10713-101'm?/s D #iPH &
LTRY, IR E D TREOBGRE 77 7L LTS, 26D 0D, AiFJETIL, DMF, 2EIH O4)
FTEND, JEEREEZZNZE 107, 102m¥/s ERRE LT,

BT/ 22K AR ER K 12OV CE, Guo (2002) MZAKUE P (mmHg) & ORBRIIBHEX AR L TWDH DT,
ZhE AW,

InK = 8.76 — 0.785InP (5B-1)

Delmaar (2010) (%, FHHEAED 2 A— & —OHPHIZ K OBEERHDH &L LTS, AIFETIE, —Hofiz 5
Z, DMF {225\ T 2.20x102-2.20x10%, 2E1H (22 Tl 3.05%103-3.05x10% & L 7=,
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5 Z#k C ConsExpo D FEED FHEEMEIZ DT
e AR

Fig. 5C-1 33 X OV Fig. 5C-2 {2, A X2 b (0-6.5h) IZ351F % ConsExpo ¥ DMF 1 KON 2E1H D= PN FE D
PFEEIS ZoR~d, F72, Table 5C-112 50, 95, 99 /S—%& % A JLfli & Factor [HZRT, 5B LN95 —k
A A VB D Factor fliZ DMF T 15, 2EIH T 17 Th o7, 50 BL N 99 /X—Ft % A JLfHD Factor fEIX,
THH SHIBEORBETHTHY, AT A =2 EOHGACHRELZBE T UL, GEAREREATHD &
& 2 Hiu7=(Young et al., 2012),

Table 5C-1 Percentile distribution of inhalation exposure.

Mean event concentration (mg/m?3) Factors.ss Factorsogs
5%tile 50%tile 95%tile 99%tile
DMF 6.5 29 97 140 15 4.8
2E1H 0.75 4.1 13 22 17 5.4

1 £ DmF ]

I ConsExpo 4

I Mean 36mg/m° i

I Median 29mg/m® ]
0.8 95%tile 97mg/m’ -

g I 99%tile 140mg/m®
=
S [ First-order decay
= 0.6 3.0mg/m’ 1
5 L
>
=) = IH MOD
© 3
=S 04 40mg/m -
E -
S
o L

0.2 -

TRA PI=0.001 TRA PI=0.01
or ¢ 52mg/m’ 520me/m’ ]

10 100 1000

Mean event concentration (mg/m°)

Fig. 5C-1 Percentile distribution of estimated DMF concentration.

LA B B
1 2E1H

I First—order decay

I 0.10mg/m®

0.8 ]
c L
.2 L
*g’ L
& 0.6 ]
o L
= L ||'H MOD TRA PI=0.001 ]
S 04 0.11mg/m® 52mg/m° i
E T ]
S
o

0.2 B ConsExpo TRA PI=0.01| 7]
| Mean 4.1mg/m°® 520mg/m®

| Median 2.7mg/m® i

ok 95%tile 13mg/m? -

99%tile 22mg/m® ¢
m Ll s il sl MR
0.1 1 10 100 1000
Mean event concentration (mg/m°)

Fig. 5C-2 Percentile distribution of estimated 2E1H concentration.
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R B AR

Fig. 5C-3 3 X OV Fig. 5C-4 {2, A X2 b (0-6.5h) {Z31F % ConsExpo ® DMF 3 KT 2EIH Ot FEUARED R
MBS &9, F£72, Table 5C-2 1T 50, 95, 99 /S—& X ALEHE 50, 99 S—F XA MENSEB LT
Factor flii & 779", W\ 9410 ConsExpo DNFRET /L4, DMF B8 LU 2EIHIZDOWT, 5B LN95 R—k & A
JUE D Factor EIL 6 Bt TdH - 72, 50 B L9 /—F% o % A JLED Factor fEIL, W N b 1.8 DEBFETHI TH
D, AT A—=ZEOHGAPHR A A BETIUE, AERRHEREH CTh 5 L& 2 HiL7=(Young et al., 2012),

Table 5C-2 Percentile distribution of dermal exposure.

Model Internal event dose (mg/kg/day) Factors.gs Factorsos
5%tile 50%tile 95%tile 99%tile
DMF Emiss./Inst. 0.0089 0.033 0.058 0.060 6.5 1.8
DMF Emiss./Diff. 0.0046 0.017 0.030 0.031 6.5 1.8
2E1H Emiss./Inst. 0.099 3.3 5.7 6.1 5.8 1.8
2E1H Emiss./Diff. 0.0072 0.027 0.047 0.049 6.5 1.8

Emiss. Emission from solid materials model for inhalation route; Inst., Instant application mode for dermal route; Diff., Diffusion mode for dermal route

— T T T

I DMF ConsExpo Inst. T

1+ X Mean 0.033mg/kg/day |

I ConsExpo Diff. Median 0.033mg/kg/day T

I Mean 0.017mg/kg/day 95%tile 0.058mg/kg/day 1

| Median 0.017mg/kg/day 99%tile 0.060mg/kg/day -

0.8 95%tile 0.030mg/kg/day .

o 7| 99%tile 0.031mg/ke/ day IH SkinPerm ]

.© L 0.80mg/kg/day |

° L _

g 0.6 TRA PI=0.01 -

o - 0.42mg/kg/day E

= I 1

) L 4

« 0.4 TRA PI=0.001 |

27 0.042mg/kg/day i

=] L ]

(@) | ]

0.2 =

ok ]
0.001 0.01 0.1

Internal event dose (mg/kg/day)
Fig. 5C-3 Percentile distribution of estimated DMF internal dose.

L L B 22 L) om0 e e e
| [ TRAPI=0.001 ConsExpo Diff. 1
- Mean 0.027mg/kg/day 1
[ 0042me/ke/day L Lo 002 7me e/ day 1
L 95%t!|e 0.047mg/kg/ day g
I IH SkinPerm 99%tile 0.049mg/kg/ day 4
0.8 0.021mg/ke/day N
S I ConsExpo Inst. T
B r Mean 3.3mg/kg/day 1
8 r Median 3.3mg/kg/day 1
& 0.6 95%tile 5.7mg/ke/day .
o - 99%tile 6.1mg/kg/day E
2 r b
& 40 TRA PI=0.01 |
S 04 =0. .
g L 0.42mg/kg/day i
3> L 4
(@) L ]
021+ _
or 2ETH ]

1l P 7|||||| r 1 rannl L1
0.001 0.01 0.1 1 10

Internal event dose (mg/kg/day)
Fig. 5C-4 Percentile distribution of estimated 2E1H internal dose.
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SEMED FAR013b) OBE
HA (2013b) TiX, 8 FHDOIKHEW O OREBALFWEICE T 25 %17V, EVA Bili~ > b OS5
BB T, DMF Z it s st L7z, Fig. SD-11Z33 X 912, JIS A1901 HeiakBRizdsu ¢, &L DMF Ak
B 2 JEH L 7= EVA #iE~ > MZoW i, 387 HEIZEBWTE 1 H B DK 70%D Bt EZ R L, ol
VBRI bl U ORISR D 22 M 23 /L D AL7, £72, DanishEPA (2016) IZ3BW T, RY Z X7 LE
M DR g7 5 O DMF ORI ARG ST 5,
DMF %, REACH({L W 'E D %56k, 3FAM, 78 T 36 L OHIFRIZBE 3 2 BN G 38 L OB FSHIANIZ 1T 5 CMR
BN ANE, BRIFVE, AEEERH D ESNOIWE)THY, SVHC(EBRSMEICHIEESINLTWD, K
%@,%%ﬁ@ﬁi%ﬁb,%@ﬁ&&ﬂgi%@%%%k%z%hfwéﬁﬁy2%@ AT, (b
FIMHEMEVS B M TS Th o722 & b BRE Sz, 2o, HARQR013b) TIX, FrfEEHEREmE &
LTHAEN TS 2EIH bAFEAICH Sz 6B 21 By v 78T A (BNZERTEYY) REIC %#é@ﬂx,
2017),
Bz OWTIE, EENTHEH SN D RBESFHRINCIA LS, BRNBREICS 2 BRI RE VWL H
Z bbb, FRZ, RABWIIANE & OFRESRIIT <, B, KENEMT 2556 bEE S, WA
T, BENDOEWEORIN G BET H0ERH 5,

08 .
3
El
8 0.6F .
o
o
5 0.4 4
.Q
£ L
w —e— DMF
0.2F —a— 2E1H _

Emission rate at first day
DMF 4784 i g/m*h
2E1H 132 ug/m?h

I . I . I
2 4 6

Time (day)

Fig. 5D-1 Example of normalized DMF and 2E1H emission rate of measured EVA resin mats.
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Young BM, Tulve NS, Egeghy PP, Driver JH, Zartarian VG, Johnston JE, Delmaar CJE, Evans JJ, Smith
LA, Glen G, Lunchick C, Ross JH, Xue J, Barnekow DE (2012) Comparison of four probabilistic models
(CARESs, Calendext, ConsExpo, and SHEDS) to estimate aggregate residential exposures to pesticides,
J. Expo. Sci. Environ. Epidemiol, 22, 5622-532.
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b = H4SA.

5 6 E Tham

PEEHAMMO B, 2L LTRAESCH—ERE W B CTEHRICEREI S D Z &6, MEHkROERNL Y

BHRBIZ L DR 27 b £TRHPHICEET D, b MERED X7 OFEE OREIRZ M 572010
X, WA, O, BEOKRBEINCRBERS I OMEE) 27 2 EBIOIGHET 2 Z EALETHY, TDOD
X, YNV ThLIEBETTAOIEM L, R FWER ORI Y 27 FHIENRRAIR Th %,
AT CI, VEET BT U CTRIEFH 0D 72 BT ZZEON, FRTRE DD 72 0 i il ko
WERELZIY BiF 7o, M X OVERER AL EMHORBET T VDO NRT A =R EICHET 50 E
HEL, TOWREELZ SO HREZHME L, 72, VAZFMHAO X A —VBHKZREL, b MR
U A7 ORGEEEAIEIZ OV THRF LTz, BT, FETHLNTRHERICOWTIERRD,

v
v

6.1 AHARDKIE

F1ETIE, FROERE LT, B EFMEREE ORI OW TR, R 2B B koI
LD RBIEERRH R E 2B, V¥ 2T N —F A T 2ADBAND S, RBEEE b MEEY X7, (KEE
EZDHFIZONT, SN LT MERDH D, ZO7=OIZIE, ZEETT AOIEH EMxEY A 7 FHliE
RAIRTH D, ZIUTKHTHBUROF v v 7 Th D, BREETT/VOHE, VA 7FHEOFEIC OV TR, K
HFFEONLESHF EZA LT D E BT, MEENZERT 200K 7 o —%2 /R L7,

W2 ETHE, LCIA IZBIT DX A—VBICER L, U A7 FHfiHIZ Pennington ©(2002)D S kA EET %
ZEIiZk Y, AIYBAIOIEENANES A — VA E ST L7, 51T, Weschler & Nazaroff @ SVOC 43 -
& 7 VA AEIE &7z Pennington ©H O FIEIZHHAATY Z 128D, 2N SVOC O AR LUK 1 2B Rt %
B LT A — U BHE FiBUC I E LTz, DEHP & 2 ORI OWT, H oo A=A EHW T,
b NMERRICHRTT M ARK ERORBEOAEEHREEZ L2 A, BROBBOKEIIRARED 485~
56,100 (5 CHDHZ EEMOLNITL, BRARKDFELREFEBFERK THLZ EER LT,

FTo, ATBAIOREACIZMED U A7 Ok b— A 7EROHHE T, Little © O EFIRERTEET L% LogKo
>12 OFIRICIRET S Z T, KHEMbL, ¥ A—YB%kE LogKe DA &M A LR E B ik a4
F LT, ZORE, EMANC X AR ERIL, DEHP &l LTI 1/39 - 1/763 UL FICIE S D = &
LT,

% 3 B ClX, Weschler & Nazaroff ©(2008; 2010)(2 XV, #EREINTWSH H AR, K1, ¥ A RMED3RE
DS EE T BISR & AE Lo > v TNV IR SBNEREE T V&2 B0 B, LB o gk A7 & ) — L)%
RTEREL Koo \ 25 B LT2EMT 24TV, 2 O FEREZ FaFm L 7=,

ALY & R RERANC OV TIE, &E T /L OHJE T Factorl.78-13.1 DR EMOHERMEAEF S, [BIFE
MOMEEH 0.838-1.28 & 1 I TH 72, —F, LogKe 2 10 FREELL T OWE OHEFAEIZ DOV TIE, 2 A4 —
X —TEE DGR & 72 o 72, ~ 7 B ZREEN G B A, LogKe 23 10 FRELL EOWEIZOWTIE, Z
NWHDETNVTEHAMICHIITE 5, RET VX, TRE, BiiE, NUAXZRNEOWTIN 1 DORET
—ZRhiUE, MEORELZEHTLZEHLAETHY, —ROLZFEFNOIERICET D, /-, F2=E,
B AECTHMIAAET LV E LTHIHINTEY, HAEREWRER S 5,

TR/ 28 K0 AR K, DR~ DB F R KR T T LV OMA T EE RN Lz 25, T L0ERIT
KREREBEE 2202 L # LM LT,
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%4 ®TlE, SVOC BFET/NEIY B, /T A — X R EICHET DR R 72 EHRIER I L OREEMEOH
BE1T-o7-, F7=, Little 5O=EWNET VL AEIE L, DEHP OZFEEE OHEFREETMN & £ /3T7 A — X DJRJE
RN 24T o 72, &I, REMHAIORBERB L Ot MEEWEROKB R AT L, F2ECTRELE
TE ERAWEDOKGE BT 7=,

LT RTGA—ZEREHA NS Z LI2X Y, KW DEHP EEIZHOWTIE, CEM & DustEx OV ith
Factorl0 ® 1 IRAZ V—= k&% 4H L, CEMIZ2OWTIE, Factor3 O HIERBEN S ONAZ EE2HLMNTL
72 A A R SVOC EFEIZSWTIE, CEM & DustEx DWW ud 1/3~3 O BEERTEN G SND Z L 2R LTz,
DEHP (Z2WClE, 457 —/LOHER RS ONT Little et al.(2012) ZE1E L 7= BNET /L DU EZ2 R LT,

DEHP & b-X, DINP, DIDP, DINCH D& ITEHFIENK LN TNAZ EEh Y, KPR IS A NHjRE
WD L, AT K D SRR R AR T & 7=, BRI, KPR, DIDP @ 4.5%(CEM)~DINCH
D 86.8%(DustEx) T L7=, & A kL, DIDP @ 4.4%(DustEx)~DINCH @ 75.5%(CEM) % T L7=,

JRPEFRATOFER, A MO SVOC REEICK LT, RGEE A4, B TIRE Coos, MENZER BRI Knas
W ENMREL hy DSERELEEE0.5 LA EZIR LTz, 23T A =X ORHEEMEOBLE DX, halZHAT Ky ORISR
PRI 100 5 RE WD, K TR BREICERZET HNRXTA =L THLZ L LNIT LT,

A=V BEBICONWTIE, 52 BT -7, REIZBWTIEIET X LA DINCH & DEHT D4 A —
DA B ACIRE Uiz, RUERRIEHID 9 B, DINCH 3 X OVDEHT O X A — VBT L v/ &<, MAB X
O ORI T, DINP D& A —PRI¥IC b~ C, DINCH T 1/2.7, DEHT T 1/6.8 D K& & L7e 0, AEMEE
MEREND Z & R LT,

CEM DZBRIREN O RO TR GHO b MaFegE &%, DEHP IZHA~T,1/59(DINP)A & 1/655(DEHT) &
720, ZOMEIX DEHT b w2 LRI NTc, 72, 2 ECRELLNEERMEIC LD MiH
PERIL, CEM OEFAITHAT, 11.6~30.1 fFREVMEZ R L7 H DD, DEHP O#E & THML L 72 kb
fEEEALE B ClE, CEM DA BRI L TR Y, Mxii7e U A 7 Rkt 2 s e B ik o f A 2 feas L,

95 BT, BARDIRECEE, 40 X ) — VIR ERE Ko &35, EVA B~ » hHI3EO DMF
KX OV2EIH 122\, {HEEZBREZ YR T 5729, Consumer TRA, ConsExpo Web, TH MOD/SkinPerm 7D %
BETLVBLON 1 KBEETVEZHWT, REEORBIHMOEZITo72, £o, FEMIRERENSTA—F L L
T, AP LB, EEE S, EBEMREIC OV TREEEIT o T2,

SR L LI, WA CIL, OBHEFEDNEN -7 1 WEET T /LICBWTH, DMF X 113 B o
], DNEL % ERIZIREEL 720, 2EIH I H A R T A ARRMEICITWVIREMEZ R L, EPIHIC B TEN
BREZICH 2 DO RE SR ST, R T, THMOD/SkinPerm (28T, HBEGARIZ 5 D
REE D FF 52270, T1%D37R S41, B & U CREGRIE MR T E 2V ATRRMED R ST, AWFIE O HERE
REBLO 1 WEEET AV Z AW EGERE D D OB L2 E LR ORGEIZ L D, F—BERE0eHE L LT
1%, WAL E RO ER 0.1-1% ([CZ4 2R Lz, ZAUc kD, WAREFEIZIT, Factorl0 Fiff%
DEEMFHH G SN D Z L AW 52N Lz, TRA ORLEF{LAE RO BEE 0.1g/g 13 R TH 5,

BefdEE S I2oWTIE, RRBITHMEICIB VT, DMF O X 5 2 LRI E OB TR ERC K, EMEV ML
BHADORISZDOWTIE, TRA TlE, #ifg/E IEORBPRIC IV, L2MFHh2 7HETdh - 7273, ConsExpo T
I, BEEE S DT 2 — X [FREMEW O RN H Y, HEXOKRZMRET20EERH L L%
A &I Lz,

WERBEMREIZ DUV T, Flatplate 1% & Sparks IEO B LD ZET A, ConsExpo (2 K A HEF ENIREIZ S
Z DY Factor 1.2-13 FRETH Y, REQEELZHEZHLOTIERNWI L 2R LT,
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6.2 AARLYRFToN=RE
U R 75T, AFREOLERRTH D, REEHCAEFWER ORI Y 2 7 FHIEIC DWW TRl Z2 b~
5. £, HEETIVTIE, FEE DN OG- REETT NV OERE TOMREZ TLICRE T ER~D,

6.2. 1 EEMEETMLS XV XV 5

AT OFHINMEE LT, JEATHISED Pennington ©H D {EZSE LT, REHIZHIZ, HEMERERES A
— VBB ORIE ST EE YRR LTZ, VOC OFE1E, SVOC LIdHER ) A NME~DEN RN, B A=Y
B OEMNILVEG ThH D, VAZFHIHO X A — VBB EHIEORRIZ LY, RO ) R 7 g
Of, BEOCFEWMEIZL HDEEFEREICONTH, BEHEEOBRSCAENREL 2D, v LT TR Y R
JiHE~BICHTE D LD ZheoTe, Flo, ¥ A—VEKEA T & ) — /22K BARI D B A Al L 7ok
2 MEFRHEROTEREITIELZREL, TOHAEEZHR LT,

Fio, RWEOICHBERE LT, BEFD LCIA TIXEHA I TV D SVOC DOfF M #EE DR BN A EH R BRE
fili, Y A7 FHIICIB W TIERI TH D Z & &R Lz, REZBEFD LCIA VESBAALK R T2 2 E A Th D,

6.2.2 RETMAYEETIL
VOC DA

AWFFEOF ML LT, ®ETLEWE LR WF oW T, IBMOEAE, Hik VOC ITEEREREIC XY
L7726, R Z E RN, AREFFEDFERND 0.1-1% (22402 el L7=, TRA O b5 g e
DOEEEM 0.1g/g 1B R TH D, WF &8, KR THEONTZ/XT A—2IEREZFHT 5 Z £I12L Y, ConsExpo
5 KLY TRA Tl Factorl0 Biitk DZ2 SMIEHE S 5 7z,

INT A — B DARHEFNE~DOXFIETIL, ConsExpo [ZHBW TSR TIEZI ANT=23, ENFPHRED 5
BLWIS X—t ¥ A MED Factor fEiZ DMF T 15, 2EIH T 17 THY, 50 B L9 R—t & A MED
Factor %, Wb SRIETH Y, WFEBIOMEVZELRDEMREL Kne D AHEENEZ E B3 0UE, A7 HE
B Th o7,

WERBENREL hy \ZOWTIE, VOC OYATIHN 2mh DL EE 255680134 <, ZOFEKRCIIHBRRE~DE
BIIRERTH Y, SVOC LIFRRDFERE R LT,

SVOC DA

AGEOH ML LT, SVOC 122\ T, ARENMEL, /37 A —2 OFERHEIZ IS ORRENE i
TS EBZOLNDLT®, IR SCHAEZITV, REMEERET H & & DICRHEEEZ R Lz, FIEED
iV, US EPA @ EPI Suite OWPEIGH Z %2 O £ EHIH T E D ROUZITT 220,

AWFIETHF LN R T A—ZIEREFIHT 5 Z LI12X Y, K4 DEHP 22OV TiE, CEM & DustEx OV
T4 Factorl0 D 1 IRA T UV —=V THEENIS S, CEM IZ2W\WTIE, Factor3 O HERE LSO, 7277
L, DustEx (DWW TIE, VR FREDOIREHEFICTHKERIZEAT 2HNEME STV D RN B > 72,
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