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1) Betad AhaAY) A8 ARES

(1) T O|E MARZED 2L AMRZO|

et o]EX(Phthalates)=
ree BEQY) s ARow
A5 D(poly chloride, PVC)E 1L
2004 A 43 % 7Hdlse= A
TH 93 At 2 A7AAA
Z 9orE HRIE ot®, TR &
AzGollA FEASHA  2o]w (2
F,2017), Azt A AA Agakgo]
[1& 1-1] TEHHO|E 7|2 = 5508t & o]4<l High Production
Volume ChemicalsZ AAZAOC=R
A A FELE EFHEHOECD, 2018).
U mPolE ATAYYE 20184 13387142, 0|5 AP &
B 224 48 o 52 63 Gom 29T 4 AUEAT 2015, A

BUp

m}m il

O
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OR’
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QA AZ A = 1338X Tgg e

] 2 =z + g0 2= , ,
(eteolE 23 Abgd g x A AL A G o o 2,928,000

=l ZEYO|EA 7IANME FSote AIREZ Ot 8832 HH2E CAS no2 AME. Dimethyl
phthalate(DMP), Diethyl phthalate(DEP), Dibutyl phthalate(DBP) Butyl benzyl phthalate(BBP),
Diethylhexyl phthalate(DEHP), Di-n-octyl phthalate (DnOP), Di-isononyl phthalate(DiNP),
Di-isodecy! phthalate(DiDP)
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(2) MANM T2 M0|= TER0|E Z2 2 22|35

ARFO A 71 ol AR EH T A 659 e olE [1F 1-2]19 $
gutet 714 A7) = ZEEo|E(DMP. DEP, DBP, BBP,
DEHP, DnOP, DiNP, DiDP)9] g3l 8% A4 1zsl9ith

g ZEFolES =73 EA4E ILO(nternational Labour

Organization)®] Phthalates: Physicals & Chemicals Properties

i

X
s

(https://www.iloencyclopaedia.org/part-xviii-10978/guide-to-chemi
cals/item/1206-phthalates-physical—chemical-properties)S %+als}
of FESIAUTHKE 1-1).

Maolecular Weight
E -
1 200 08 SN

S S : = ~~ [ L
LS = = O .
| o

Dimethyl Phibslste Dicthy] Phithalate Dbre-Busty | Phitulaie Baty! Wenay] Phihalate [hem-ncty] Phihmlate 4 2-ealyy Bhexy 1) Phtbalate

I

[T 1-2] ARIOIN =2 MOJ= OER0|E 651} TRET(Huang, L et al, 2021)

* Solal rocket propellants < Adhovives and seabents = Adbesives and seabants

* Lacquers * Adtomotive care prodocts * Clemming care products

* Plntics » Cleaning care products * Floot coverings

* Safery glises * Dishwashmg producis = Ik, Woner prodacis * Home M <
* Rubber coating agents  « oy, playgromd = Mot and rubber products | * o
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B 1-1) MAUCNM K= 20|z BE
(International Labour Organization, Phthalates: Physicals & Chemicals Properties, 2011)
tH =Xt == ® == 3 ol | H20A<
_ OEHO0IE Cas No 2= o .
s | ==l T @/mo) | (0O 0 | /0 | w8y
O
Dimethyl o o~ 400 .
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(0]
Diethyl phthalate aal OCHs 295 B 932 o
oeD) 84-66-2 ©¢OCH3 2223 | qorsen | 05 | ooty | fiovid
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L,
Dibutyl phthalate o R or ~ oF 11.4 liquid
(DBP) SR R S e o 340 3 (25°C) | (il AHD)
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ot Aot FEA o= PVC &4, I1FAE 5ol A7HIE AMEEH= A
o2 YerYTE Low molecular weight T€o]EQl DMP, DEP, DBP,
BBP= Zt7} gojAxngo], HAAE, |8F, 7oA 5ol I7H=E AREH
t}. DnOP, DEHP, DiNP, DiDP®} 72 High molecular weight T&|0]
Es ASAA B= AsAF 4AdolA 3l fstAl ARSE T

T [-2) ¥3CHAL DER0|E 8F9| 2%
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- e 15 AN
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« 2N, dEE e 7t
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o HIEHH « A= 3 VIEAE
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5 DnOP |« H&EE, UK o S4 LT
« AERT R
° IT [ Ry | o
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LRV « HOIE, T
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1) Huang, L et al., Phthalic Acid Esters; Natural Sources and Biological Activities. Toxins
2021
2) Wang Y et al., Phthalates and their impacts on human health, healthcare, 2021



2) Betad RaAY falgn BeEY

o|EQ Yt LEAHRE /ALE, 43E&E At 5 uIst
H 751?-, %‘Q, IRE 59 3502 502K Adibi et al. 2003; Rudel et

Personal care
TR Overweight
Allergy Genital development
Daily use = g Precocious puberty
3 Thyroid function
; | 4 ~ Phthalates > @ im0 e
L1 o & 0 ® : H n
: I ! i
' .Egp‘-‘“ Endocrine-disrupting
. .6 ®
9 L __ . Adults Children
A
o A
O nst
is

[23 1-3] ZEYO0|EQ AUUHHQI 2N L=A2(Wang Y et al., 2021)

g olEx YiH]A neEA(endocrine disruptor)® &40 0]
H Y& B At 28-S dorj=g|, E9| Oﬂj\EiXﬂ(estrogen)iﬂr ot = Al

Al =
(androgen) Z2 AHZO|EA TE2E9] {AM = JAAZ vF4F 2
SEEREE FESHAY BAAEQd ZEEFEE FeRiH (RS AL,
2017). &3 HY RFoAA BA5E o4 S4°] U=, 7‘47(}4 &4
(Rozati et al. 2002), 949 AL Ax&=Z 4 Ar&E71E ol
(Chakraborty et al., 2012; Yum et al., 2013), #HstcHRozati
et al., 2002; Tranfo et al., 2012). ZEHO|E &2 A4S =2E wgt

_;

7]
olo
o=

m{n: I-N

R
=
A



B A3o] k(Ibhazehiebo and Koibuchi 2014; Choi S et al.,
2020, Kim MJ et al., 202D)[1¥ 1-4]. ZHHo|ES] &2 Tk 5 T
AP 5, I 52 Fdcke ACERE g#A JHRusyn et al,
2006; Lopez-Carrillo et al., 2010; Lee et al., 2019). 7L o] T&H|o]
E 52 4R} HiotoAE dFFE T, 4L B, AASoF S4L
gloto] A A Ao & Lo 7ittal R E YK Latini et al., 2004; Swan et
al., 2009; Adibi et al., 2009; Meeker et al., 2009; Ferguson 2014;
Ferguson KK 2019).

+ Cancers(Liver, breast, etc.)
* Endometriosis

* Circulatory disease

* Metabolic disorder

* Reproductive disorder

* Developmental disability

* Intake
+ Inhalation
* Dermal penetration

* ADHD
* Precocious puberty
* Etc. y
g}sij hrmone effects “Anti-thyroid hrmone effects

(DEHP, DOP, DBP,DINP)

*Estrogenic effects ADTE: ic effects \
(BBeP, DeHP, DIHP, DiBP, DBP, 3
i (DAP, DIBP, DBP, DeHF, BEeP, DPeP, DIHP,
DPeP. DHF, DEHP, DiHepP) DHE, DitiepP)
' 4 - 7
* Mimicking(over response) + Interference
s @ @ ooy
P 2%® 90




(2) SSHAE JtAM(Of st R2(Li2te] 2E5H &

ngdolEL g4 D AEAY ERe S4SHH, fold W] we
Uetol 4 AH8-S FAISIL It (2 [-5)= et BUS) Sekad 7t
24 FR9 74 L BYEL WEE Aol oA eld Sepag
e % 412% F 53%0] HAARCH, EUE 418% & 66502 97
Uehe @okeh kA A 9 B 0182 EUZL 54 %2 A ool F
A 9 BYHE v, SR BURT kA FRE Ag0lE A L B
L oulS B2 0% Uergth e A BATE, 2020)

(B 4-1) E2AE VISE SUE S oy 20 EU 4 & 22| 51
7 = 87 i =W FVEE EU EctAE IS
SN @) | FH/E HBO) | NN B | FA/EE HIE%)
g 29 24.1 26 65
AA7] A 11 45.5 16 43
A 44 31.8 40 67
Bl 3 0.0 5 20
7haA] 53 283 66 54
otz 126 1.1 127 30
@ A 26 42.3 27 66
Uv/g A 15 13.3 16 62
71ek QEEA 20 10.0 23 45
715k 715 85 51.8 72 12
% 412 27.7 418 41
Am: S ] A% AR &4 9 ECHA2019), p.6 98-

[0 1-5] =i ¥ EUQ| S2AE] 714K iRl HISE=2iaER- T2, 2020)



(3) ACGIH? f2|Lt2te] T 0|E =&7|&E

zelgo]E % DEHPO| tiste] ACGIHE 7]& TLV-TWA 5 ng/moll Al

20209 0.5mg/mweE HFTE AL gt fo] o]o(ACGIH, 2020

TLV), 20229 0.1 mg/m'e.2 /AT RS A IFATHACGIH, 2022 TLV).
19

o
=
A

7|29] 7)%0] 357 E40] 2A% Aollth, Az AHL Akt 71zl
DAL YAEAel AL LA Yhgt Folo|}, EF WRE B Wi T

23 & “skin” notation®] UL, AI(FSENAA &H
7 vetEA) 2 RSk Qi
Syt AP EAO= 459 =g o|E(DMP, DBP, DEP,
DEHP)O| tat =27|%2 5ng/mre® At 9o, DBPY} DEHPE A
NE4 1BR EREQCNE [-3). 20229 109, =E%LE DBPE X33
BAEY 4 82 T RoledE 7 AFsto HE 224 &
Aoy e, AH AHA 718 5ol AYEHES st WeeE 3 /A
Fe XSt DBP= SEIHEEE A AE AT

10



(B 1-3) L2} DY 0|ES =HUSH LIIIE
=]
=]

(BetE2d ¥ SRS =E7|E, 1ESHE, 2020)
E'_1 E WA=
= CAS OER0|IE B3R TWA STEL /Eroty
ppm| mg/m |ppm| mg/m | " ==
e CHEDEYH0|E _ _ _
1131113 DMP(Dimethylphthalate) 0
o CIf2E ZEHY0|E _ _ _ A
2 |84-7472 DBP(Dibutyl phthalate) 0 =418
aal CIEREY0|E _ _ _
3 | 84662 DEP(Diethyl phthalate) 0
AA]
Cl(2-0il 2 A 0|1 E %(;;TB
4 |117-81-7| DEHP(Di(2-ethylhexyl) | - 5 - 10 BOEATD
phthalate) °
SHARE, ZEHH0|E 432 =E7|E0] AAE & & AdSASEUY
Ao 2% YAEA 1B

e S70409 dqi4d=4o] oyt DEHPSF DBP= =
EFEeT, °ol 5 DEHP= #EHA4EE, DBP+= SET ot
(E 1-4). 20229 109, =55E= DBPE 23t A5 B4 852 &
g FelEd TS “‘Mﬂ”ﬁ 15 BeddEd)= + 7
o S2A9 2o Ur 4], A9 A¥AY 719 5ol AYHEE ste &
o7 37 /HAHME FES }Oﬂt} o}7]4 DBP+= SHIHEHLE A=At
(AAPHA R AV Eo] B3 713 AHL TE, B, 2022.10.18.). °] /A
Qh2 20239 10¥ 199%E {&sit

{1149

11



(B I-4) =27|1F 1M9| A=Y 23 4430 #2sg
(MASYEES MAUCHHMEHAN S HE|+ZF HEE 9ISt Rdld =M Hot, FME S, 2020)9] (B [M-2-1)2 LA
- MASY [ B2y i
No | CAS NO | LE7|F0| U= HA=H SHEFHD) -E-;T os==l SEYALSE | MHSESsdE | SeUgTH
1 7439-92-1 el T 2Y|5kekE 1A v v v v
2 75-26-3 2-H2poam 1A v v v v
3 127-19-5 N,N-C|HEOtM EOHD| = 1B v v v v
4 109-86-4 2-HIEANEIS 1B v v v v
5 111-15-9 2-0{| = A|0||ELOLM|EO|E 1B v v v v
6 110-80-5 2-IEANEIS 1B v v v v
7 106-94-5 |-H2po=an 1B v v v v
8 7439-97-6 22 49 27|HE} 1B v v v v
9 110-49-6 2-HIEANEOIMEIO|E 1B 4 v 4 4
10 96-18-4 1,2,3-E2|Z22=20=2T 1B v v v v
11 b56-52-5 22 A= 1B v v v v
12 | 25321-14-6 CLEZEZA 2 v v v v
13 79-06-1 ofzEotn|= 2 v v v v
14 | 7440-43-9 IEE 2 1 3otz 2 v v v v

12




= - =] ?-*EIEH** I
No | CAS NO | LE7|&0] /U= MAEN EX(Z2) -E-;T os=x EHESE | MeEdEy | ExdZH
15 | 630-08-0 QUALSIErA 1A v v v
16 | 98-95-3 L|E 2 I 1B v v v
17 | 68-12-2 CHEZ2S0t0|E 1B v v v v
18 | 108-88-3 E20 2 v v v
19 | 100-42-5 AE[H 2 v v v
20 | 110-54-3 L R 2 v v v
21 | 1314-62-1 QAEIHILEE 2 v v v
22 | 75-15-0 EIEIZEN 2 v v v
23 | 591-78-6 HEe CU-2EHE 2 v v v
24 | 67-66-3 g221s 2 v v v
25 | 106-92-3 UZZAIZOE 2 2 v v
26 | 117-81-7 Cl(2-02& &) ZE0|E (DEHP) 1B v
27 | 13463-39-3 Lz Jl2ed 1B v v v v
28 | 7758-97-6 IEM A 1A v v v v
29 | 81-81-2 o2 1A v’
30 | 7784-40-9 OtMIHIO|E ¢ 1A v v v v

13



—

14

QHHEAY|Z0 et A RN, ety wotizE 4459 =2 85

AHAIE A

No | CAS NO | LE7|%0| U= MAMEN BHE=EE) | “2° B3a
=TT
31 | 12179-04-3 SAM ALESH(R4:352) 1B v
32 | 1303-96-4 SAM ALHEEB(H23E) 1B
33 | 1303-86-2 AtsE 2A 1B v
34 | 1330-43-4 SAM ALESH(ESE) 1B
35 | 50-32-8 GESRIE] 1B v’
36 | 17804-35-2 . 2 1B
37 75-12-7 ZEoHE 1B v’
38 | 84-74-2 C|2e ZE0|E (DBP) 1B v
39 58-89-9 =42l +R=4
40 | 108-91-8 INEEE SIS 2
41 | 88-72-2 | LEREZ (R4 MIE}, m2t-0Ax]) 2 v
42 61-82-5 | 3-0t0|=-1,2,4-E2|0tE(E= OIO|EE) 2
43 142-64-3 M2t XIC|50| E2E2 =210 = 2
44 | 624-83-9 =R ESNI IS 2
ror 4 FII0H (Ml449%




& A9 F22 & g9 AFAEA0lE ok, A8 22wl
ol Skl Qe ZEECIE FF AN AdEd S

AR, ZEYo|ES A4 LEwe|d BEE U FAIRT A3
7= AAZCE FFi)

4, 9euet nedole HF AUg 2 Sad 8% 24T
=3

A, A48 F Lol AR AH U BAPEE 3
R
<

Z}
BUI. TEE BT 224 HEAOIE L2FE 24TOA

go]E w21} A7F9lse Wyt
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2 A7 F2 W2

o (¥ I-1)3} Zth

(B I-1) AL

HAUE HEUHE
1. DZ0|E TR U|+ 249 TL0|E FHFE FA}
el aH A s e HUHILEEEL ZHZA
EATAL * TLHe| ZH0|E HIO|RQEHHY AT
2. |tz TOE
23 MY 2 22X |- Q22 DHR0|E ARE Y Y LEI2X 7R 3
B 23
3. Z2AY BH0IE | AAUY EFHHOIE UF
LE Jtedd HEeE | S Y AMRY U8
=8 « Aged Az HEZE et GH=A
c AEEE S/ME H BEANE 4280 H 1F
s ZEX NS & YR FEHIEYY, Ld)
— RHASAA = o B _
e S| B7NE RS 24, SONS A0l 24, 4EI
< bt —od =

17



2. gUHE

1) ZeolE FAAY L TS B A7 BA=A
(1) =LHel ZEYO0|E MG XA

St 18LFRIA A2020-48% [FE 119 sfstEd9] w&7]F,
o= ACGIH TLVs, 9% GESTIS International limit values
(www.dguv.de/ifa/gestis-database)& &8st -2yt u|=, 49 Z+
=9 ZEF0|E =&7|ES H|WSHt &S v=, dE, 19 59 BHEA
(A]oFA], S F 5)9 Y o|lE HAETZ AL HWSHAT

(2) ZUHQ EABALZEHTII ZFHZAHPRISMA systematic review)

Q] ZEYERY wEPrlo]| IS AT AYE RAFH] f5Ho
PRISMA (Preferred Reporting Items for Systematic review and
Meta-Analysis) 7to|EekRlof me} & &SI 1-1], [ 10
-21.

=4 HlojeHo]A ShaEAFHHABIARISS)F eH=ot& H(KISS), =<
tlolef#lo]lA PubMed, F+2AZEE ol&sto] 20224 8Y97HA] AMIY
ot =i dlojEfHlo]lA HMoj= "TRFo|E", "EStAY", VIAA'E 13+ 4
Mol A, REA, "BehaE AXSY, ANB, A, B
7V, AR, "R AREE 23 MO Shlth 78] HloE o] A HAHo]
= 'phthalate’, "phthalate acid’, ‘'phthalate metabolites" AND
‘occupational’, 'plastic’, 'plastic recycling’, ‘"worker’, ‘plastic
worker'2 3t9it}. RISSe KISSE &3 42 324, 2309 “128]1L PubMed
£ &9l 4599 wRlo] AMEleH VAo g IMER 46H7HA] F 353
HOl £elo] HAEI. HlojEHo]A 99| Faadw HMZ &3 & 3H

18



o 2w 14, SMEd 27)0] F7Hez AAEIT AAE 29
s 1Adezs SEEY 78S AL, 22HFo= duiel i
(n=69), & A7+(n=38), =4 £+ FAHn=80), ZF(n=3), & A+
FAL 4] = FAl(n=154) 7122 & A Ysioitt. HFHoE 356HY]
= F 5%l AFHUH.

)

Additional records identified
through other sources: n=3
* Paper: 1

* Grey Literature: n=2

Records identified through
database searching: n=353
* RISS: n=32

» KISS: n=230

* PubMed: n=45

* Grey Literature: n=46

Identification

v

Duplicates removed: n=7

Records after duplicates removed:
n=349 Studies excluded full text

with reasons (n=344)

* General population: n=69

* Animal study: n=38

* Toxicology or Genotoxicity: n=80

Records screened: n=5 + State—of-the-art review: n=3

* Not on the topic: n=154

Selected literature: n=5

[ Included ] [ Eligibility ] [ Screening ] [

a3 0-1] =W 2

rBE

ZAIE 98t PRISMA flowchart

29| B3 AMLE PubMed®} SciencedirectE -85t tHIH 11-2]. 7]
A== (‘phthalic acid" OR "phthalates") AND ("occupational" OR
"plastic recycling” OR "worker" OR "plastic worker" OR "occupation"
OR "workplace" OR "working" OR "working environment")2.2 %5}
ATk AAAL 20229 8€¥ 15¢€°lqleH, AA 7|7k AA7%E, AN BH

19



L A5 Qorth PRISMA Aol 8] A =5e B5, 48 2 1%
5l ch. PubMed®}t Sciencedirect® %3l 2tz 309H, 108HO| £3lo] 7
A= lor dlolgwolA 99 FEadE AME 5 & 18 ==°]
Aoz AAEth e 23] g3 (1Mo FREA 5198 AY
ST, 24H o AuklT HAHn=70), B8 AT70=17), B4 EE §
A1), Rm25), DAL Bel(ed2), B AT A} A g
dn=1742 7122 At HFHoz 417H9 2 & 2090
A= AT
c Records identified through Additional records identified
2 database searching: n=417 through other sources: n=1
S| |- PubMed: n=309 * Paper: 1
E « Science direct n=108
s
|
: | Duplicatesremoved: n=51
o
= Records after duplicates removed: -
g n=367 Studies excluded full text
& with reasons (n=347)
o * General population: n=70
: — '|* Animal study: n=17
=z * Toxicology or Genotoxicity: n=19
= S * Effect biomarkers or relation to health: n=42
% Records screened: n= 20 * State—of-the-art review: n=25
w * Not on the topic: n=174
2
S
% Selected literature: n= 20
=

[O8 [-2] 22| 8 XAE gt PRISMA flowchart

(3) =Ll 2=t TE0|E HIO|IRELEHY ZHXAL

PRISMAE &3l 48
2a0] AAAR(EH, Bo) 5 DY o|=S
g 34014 ZRelE $EE AN %8) F9 749 BANA 2ag
o mgdolE ol ATE AL,

2d e ZEECIE AALF =287 £olM 2

20



2) $ete nEolE AF AYY B 22X Y 37

.

Syt A Q] ZEYo|E AMSASE XAFSH] foto] HEE o=
A BA ZRI7(https://icis.me.go.kr/search/searchType6.do)& &
stutt. “gerEd FHFAE O ZEHolEE HAAEAR ot AR AAY

EE5S gRIskglt). 3 AllEx 20144, 20164, 2018W%S] RS A
o3 9om, AdY, 45, AduAER Adsie] 94 Hojgz the
2EY 4 9k B A3e feue} ngwolE A8EFS Holelr] e
Amt 7 A2 20189ER St on, AAPEAN FE U I8
=470] ofd cas. no® 729 ZHYC|EE HMSIUH. AARE FAEA
2 (FE [-2)9F Zrt.
SIEEEFIHE Shptg e RtalE

P L= 20184 v - X ki bai=z] v HAxY v

- 52 SZ0g | HHEZ v | AHMEE | ®HAsZ v

2R CHER He v || EBEER v || 22% v | HEE v

. AeiCiE] Hi g v « HE

]

[22 [1-3] S DHIO|E MBHUYS Il B8 AL S5t SAHE

21



(B [-2) 2L DEY0|E AISHES Q6] MXNs HM M
AMAOIE | SistEEotH HestEE SR EAIAE
sietEd 84 SE3H )
NEEAES | geznngme ) gz
HMAE 20184
x| e
dMEZETIE M=
HMAZ TS
HMMATHX] HAAATK]
DMP 131-11-3
DEP 84-66-2
DBP 84-74-2
s DEHP 117-81-7
IEH0|E
(CAS No.) BBP 85-68-7
DnOP 117-84-0
| 28553-12-0;
DiNP 68515-48-0
DIDP 26761-40-0

22




3) 2229 ZEHolE & JFsAT ARYYE 3
(1) HRCHA DTERY0|EER MHY

A7y mREolEL 1) APrARAYY wB7IE0] 9
4%(DMP, DEP, DBP, DEHP)=
o % ool $5% U AMS

=4 HAlE ZEEoE

oA EHH
F 119

A=
=
=

AR I EATTHEAAHS]  IstEE A FEFN(2018,
https://icis.me.go.kr/search/searchType6.do)& ©]-&3d}o] At oFAHA]

o] medolE U Az, B4k, AP gt AR I, A st
A, 224 5 5L LAY 224 5 9 AS ZZHolE SR %
2 pEelol AR L4 WA AU 200 Fo] AT BEES WEIY
th Al AT gEAeld A7HeL AYsty ATgeld] it §o
£ 7HYTHIY 11-4]
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24

APDARR ZERD SE SN ZEROD

T ¥ SIRAMIOIHTIHICH MAOHHDHADR

AT E2AE AN ASAAE 20002
(B%)
HES  B2lASDIAK 22 S AE AT 22X 228 67 X 23

»

JHoz oHE - HAFOIA MMM B ~E

3028 PRBNE 2RNL BAASILN =S ALY 07, B UHHD U
LICH S STDRe LHOR MIRIBUM CIST 20 ZUBBEI 2 A2y
JE MABDIR stell ®EE o,

I ST MPAEETE, SHSHEE, NSUTNED, STURSHATL
L TN © BEtAS AN #2 ME ARE

Ch @qere © (BIEM 3 NUSAEN 9 S2FA S aA

BL. MITUE : BRASIIAN(ZRA0E RI0 UE THASTEI, TLY0E

0t

#OOPHENE= HEQ MATHHHY Y <EHE A8 NS2 S0, AEE 2 22X
HidsE Mg B0A: SlSLIL 2.

BIAQOINEHZE MROtRE A HE

g HHE menm s

HEX

L= ]

A EosHeal-805 ( 2022. 6, 22. ) B+ { )
2 44429 EMFHA EF BZ L0(EFS) [ http://waw kosha or kr

®3t 052-7030-893  /E& (52-7030-337 / rlatpehd7@kosha.or ke / HiZH(5)

eSS 052)703-0500  1644-4544  http://ww kosha or e/ TT2HE0

o Bt ST 2@ QIRE, LW, S8es, RHHS & MD(HS 052

A WS AR T 2
g3t7] flote] AddAEA
M-S AR FS5HA
AN 1™ 1I-51.

IR
A
N
2
e
(@)
M
1o
>,
e
oN
o
re
-
=
Yy
f



HA R ARE

S H0RUAIS ”IE=
DEYOIE AAE 71704

24 MHZHY

67 MEE 7t

31 871 Al

[23 O-5] iy My M8 SEB

AR TRAIE wd S Wieo] AYHE FY B HulS of
HZASIT) ol o AP wF e 9k B4 L 9AE ¥

=7 A7, AEe B8 =, A= MDSD 52 9t HES)
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(4) METEE 37Nz & BEfAE 24

AFAE BTN EL BHAR F ZEHYCE 5L EASHAT. AR

H IHE DY olE shaEd H|wskelt
7h S7IME H BEAE & DTE0|E M7 Y

ZAPeH 5 T olE AEAFH 2 EAYHS 24570 94 NIOSH
5020 (1994), OSHA 104 (1994), KOSHA A-164-2018 (2018)9] ety
o|E AEAFH 9 EAHE HWSFUTKIE 11-3).

NIOSH 5020 DBP, DEHPE /=4 & 3t} A& X{FH+= MCE 24
(0.8um MCE)E AH&stil. A& AFAZFS 1-3( /min, T2 10-200 ¢ ©]
ot CS2E 307t 221 923kt &, GC-FIDE &A%t

OSHA 104% DMP, DEP, DBP, DEHP, DnOPE HAIER=E it} Alg
= OVS-Tenax tubeE AREsto] ZFstct A& A3 952 14 /mine]2,
FHL 2400 o]t}t. ToluenelZ ¥2olal, GC-FIDZ 43ttt OSHAS
z27] WHE ehtylene glycolZ A|ZHFHE st MCE filtergE AA,
Tenax GCE SAAR AR IASZTE AMESH = 59t o] OVS
(OSHA Versitile Sampler)E AASte], S2AIZ XADE ARgstou
XAD AA7F t27] & EA7F ?lo] Tenax TAZ S&E2-S WA Ao
A4 "ol

KOSHA guide= 201890 A= Sl=], 7|24 2= OSHA 1045 4&
gt AoR AqAZY. Al® AF= OVS-Tenax tubeE ARESI=d], ot
OSHA 1049] f%©°] 1 {/min?l AZ 2¥ 0.2-2¢ /min°& 3},

26



(B 1-3) SLHO|E AIZHI ¥ 24 SHAHY

Al
%',é.%/ T MU
1. &F
1) 2 Otz EHE
2) 7|7 & xHFH: MCE ZH (0.8 um MCE)
3) AMZXFRZE: 1-3 0 /min
ANZ | 4) 32F 10 (at 5mg/m")-200 {
ME | 2. 2EE LBEAOL g
3. AZOrEAN
1) DBP: 6¥ 0OJ& (at 25 C)
2) DEHP: not knwon
NIOSH i oo e "
(5020) 4. Z2AZ: A29 10% (27 O|4h
Ig)EBI—TP 1. 7|7|: GC/FID
2. g A 2m0 CS, 241 3027t =21
3. T 50
4. 22L& FY+300°TC
A AL 300°C
= Z™: 200-250 T
5. REItA: He 30 md/min
6. Z&H: 5% OV-101 2m*3mm O.D stainless steel)
7. Y 0.05-0.5 mg/sample
8. A&ESHA: 0.01 mg/sample




SHILEE

OSHA
(104)

DMP,
DEP,

DBP,
DEHP,
DNOP

NI
A

1. MF

1) 28 TS

2) 7|7 2 ZFH: OVS-Tenax tube
3) NZAFRYE: 1 0 /min

4) 25 240 (

SAz: A=z NEY 1749 SA=

1z

HT

717|: GC/FID
& W toluene 4 mget 211 3027 401
g Tl
2C: ZQIT 270
&8 275C
Zd: 75-270C
Ht7IA: He 5.53 md/min, N2 30 md/min
= HP-1 (5m, 0.53mm i.d., 2.65um film)
H2l: 300 ug/md STD solution@Z Etl SEZ=HQ| MH
BE8A (ug/sample):
DMP: 6.5; DEP: 4.8; DBP: 2.4; DEHP: 3.9; DnOP: 3.3

P@Nf!\’

e Ho [

oY

KOSHA
(A-164-
2018)

DEHP

ANz
A

—l1oNo o

B

1) g8 IHSEE

2) 7|7t 2 Z4FH: OVS-Tenax tube

3) AMZXFRE: 0.2-2 (0 /min

4) &2k 10-600 ¢

2. 24 UEENQl 24t

3. AZROHEY A2 UHBEHNAM ZF 156 04 NSt
4. BNR: B ANZEE0 10 %04 = AZ ME H 2-107H9)
Y SA=

1z

HL

717]: GC/FID
EaF gt 2-4ml toluene E1l, 302 &X|
IOlE_F ’ImQ
2 FUA270TC
A8 275T
Z3H: 75-270°C
7tAT No 0.5-3 md/min
© HP-1 (30 m*0.25 mm*0.25 um)
?I: 0.6-2.5mg/sample
SHAI: 3.9 ug/sample

%F*’.’\’f

r

0 ~N OO
oY OF ¥ Ho
o rc

i
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4

S

Olﬂ [Ull:l

<E I-4)= & A4 FF5Ho= 483 37 4 #H ERC
ol /AR AH e ngEolE A B ARARS SA] o A3

:‘Q 4 &= Tenax TA OVS (part no. 226-56, SKC Inc)E ARl 2 ¢
/min FFLE ZYSIAY. BHAEE F7IANE AF FH9 HuEHZ
wipest= WAlog FHstac. 7] AE MEY A, OVS (Osha
Versertile Sampler) &2 W2 et 347} 7HdA ARAFH S A"
AXS o gle AF JAd 2249 257 HX]0 H= S1tol ME

=i
1o
=

&on
== T 1T
e
E
;"R
41

g
I

ol 9

1E A &il%%,% Zﬂ%ﬁ At EFAR of
wEs1E e g5 wet stop

T
T
=)
olr
ol
®
=
X
=
[l
r&"

(o]
Horr B P
B o
fl
(=D
(1]
il
~J
(@)
NS
[t
_IZi
%
o
=
g,
(0]
H
H

o 2 o &

Z°]7] s A Wi wASHHL, MEY EHES ofolAZEd 70
%= Al st

4%t Tenax TA OVSE ¥FE "WIE & 91 HEELE OVSe} vy
£S5 T ofoldfio] Yo utstgity, HHAIRE ARAH & A4E Ho
2 91 IYHE o] &4 LEotAtt BHAIRY I vial FES ThHA]
HEE08 2 7 ofojAttAof Yol RISt M HE AlEs B4

A7VA 20 ToflA EHE A

i
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(B 1-4) 37] ¥ BHAZ M3 L 2oy

S5 MEg gk Hdi
° O
* Sampler: Tenax TA OVS (part no. Ol\;sgtgbie_mgﬂ capt
226-56. SKC Inc) - ooleA0l 30f ygus
* Flow rate: 2 0 /min O|=3t & -20°Coj
o IEIYO|E free Tygon tube SRR Bt
=7 E
SELE) A== \
| A neolE
OVS , free tygon tube
(SKC. 226-56) " sample pump (SAINT-GOBAIN)
 AH|HH AR Wipe2 0|8
o M= HX(5x5 cm)E * Vial(TER0|E free)d| 24
O|AZZHAUTAS 70 % M 2m0| | 2= =2t
X4l
=Y 5 ZE5F
1) Latex gloves 22
=4 t 3 3 i
wEEE OS]
Ji?&ﬂpilirgglﬂ
A M oweesomwing = &
(% 2 _
5) 50 al
A—lxlig) [E;o!l!i‘-%

HOAR A5 D2EZD

+“; 3‘41I A
" mmu I‘
| ¥ Lo bz;
BBAE MHE  goamamome
HEA|= wipe(gTIL) ! (|SAI\/ICHUN) )

M E vial
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) 271 Y BPAR & DZ0E BAY 42
2 Aot BATOIH 0 7FsAo] A1, ulAgol glol A
Zoln], AZTAC ALWATE 945 TAY 7] 2SHU(SPME)S Tenax
OVS tubed] Gl 6 Be Hua} s 520 Axe oz 25
CHE 11-5).
AR 49 Az $3o} ofosxR ™| G ¥Eo] SPMES 483
S QonE UE FEUue AT AFHoR AR Sre JI
A7t sk BA0] Bol A8 28 2EUUADS HEIIATHE

0-6).
2 AT oA AitE BAHS 285t0] AFIAERE field blank A&
oF 24T F T7IANE, EHAIRE E45H9TE Z7]AEE Tenax TA
W} HS52 F5ke], SPME AA
GC—MSE olﬂ }o% ﬂ ot EHAIRE UAER 23 & GC-MSZ

< Ho|H(fiber) T, E3hZ

, A ZAL JAstelnk FA %
oA " EAH-E HASoH7] Yol AEA(limit of detection, LOD),
AFSHA(limit  of quantitation, LOQ), ZAA(linearity), I

(reproducibility), W& (sensitivity), 3sE&(recovery)S A4S
2 AFolA et A § ZEEolE AlRAfFet EAYHS B
A BEo AAI5] Alsshis

K
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(E II-5) Tenax TA OVS A& & HIYAQI TEQ Mi{2| I 2AJuitH

Mz 2

NEEE

. M=t
A Z2tg 22

27|
20 T

50 mQ vial®f| tweezers
7

+ 228t AIRE 225 T sand bath
OilA 5 &7t Lap Tl

* 0]0{A 225 C sand bathO|Af 45
2t S5 oY

* GC/MS inletO A 3 27+ E2fet

= =
= BN T

&7 WE T Tenax® Filter SREE

1) Deep freezer (-70°C)0f| H
AofE 308 S ¥ (19°) 2

e
k4

2) MEYE OVSE 50 ml vialdf
Filter2} Tenax& 22|54 &717I
TE

3) 587} 225°C sand bath0] A =3}

371 V%
A2 4) 452.7F 225C sand bath OIA]
SPMEE E&
CPT :

~

5) GC/MS inlet0f|A] 327F
EEE E RN Y

A

1

T GL/MS indetlffAf 382

=

1)
|

1
-

T Deep freezer (-TOC)0] 3 3 @A OveE 50 mL viale]
JoHE 308 B0 U 155 21 Filter2} Tenax® 2oief 717

o ‘ !

J )

R O S|

T 4587} 2257 5 521 29%

L e ] ‘;;MIE‘:—!}‘;LJL\' sand bathtd A @

SPME

Saturation . .

temp. / time 225C / 5min
Adsorption time 45 min
Desorption time 3 min
Volume 30 ul

Fiber PDMS/DVB
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(E I-6) BH Ag9| Mx2| ¥ FAUH

Mg =& NE
» FEEH ANZE 100m round
MIZSE 70 mg vialoll AXE 22 bottom flask2 271 = 60 COIA|
&, F& 01! acetone 20 md A2230x 73N BY sF|=
s Ft s5 T
Z2W =& 162 21 = 1mQ acetoned| =91 F 1827t
tweezer2 AXE z|U{ot WH7| sonication XI&H
= HPX] BHE = vialof 2t

>
Hu rg

IE

I

HEUAE ZEES

1) Deep freezer (-70°C)0f = £tsH
NofE 30% 5o 4 2@

2)2mLOlO|AZEE YASS
3l 7 =0f 20 mL OLH|E F7}

<7 ® 100mL 2 s SEA30
3) 12 52 vortexing ¥, N 5]
15'5' ?_I' _’.:_%_ $§ Eso" U (1970 23
@20 mL OME =3¢ AZ W7

<

o]
g¥ El
de s

ra fijo
Aol o
Sk
oy
0 I
L
]

&

& GC/MS 24 51 mLOHE =7
= = = 2
6) 1mL Ol ES 21 1E7 T o
sonication2 £ 2l A7! H, primadi
10.45 um, Nylone membranel

GC/MSE £4 T

e

FE0| MRSt =4 & 7|
(70 mQ vial, tweezer, round bottom flask(with
cork, septum), auto—sampler vial, syringe filter)

OFMIE(99.7%)




(5) Z2Xt JHOI-E2F A HZQISM

J ) Hjghore =

A U 37 e

TeH0]lE w2 (dose) AL A=A 2|2t
EAA FAAE BT EE5IAY. &2 49 BEL A dA V&0
ot A} Zro] AAkeF Tt BAEQLt &9 dFA &S =H5) 9]

3 ot =
9 1- 6]01]*14 w2717, wEYE, kFo] HFHoIAE /|7ke 2
Ane B85 2AANE H8stA Yot

E(n/day): A4 FA BFO2 714 1621 + 2.93 w/day (FHAT

s, 2018)

» Al (kg): = A HAY B A 715 + 11.74 kg (3B A,
2018)

» Inhalation ADD (Average daily dose, ¥4¥ BHa == (mg/kg/day)
= % (ig/n’) x TE&E’/day)/ As(ke)

C., X RRX IRX EFX EDX ABs
InhalationADD (mg/kg/day)= — BIW< AT

* Cair (Concentration): YAHE EF E= 7IAF €29 2 A% (ug/m)

* RR (Retention Rate): H|o] doll= A=

* IR (Inhalation Rate): 3&E(m’/day)

= BF (Exposure Duration): =& HlZ(days/year)

» ED (Exposure Duration): =& 7|7Hyears)

» Absorption Factor (ABs): &5&, &5&°| ZHHA &2 EEL2 AA 9
LE29 49 100%7F SEotal 713

* BW (Body Weight): B A% (kg)

* AT (Averaging Time): l&%°| HHH|A= 7]7Hdays)

[23 O-6] Sl M2 AN=EY FY A(EZ2ASS], ez, 2019)

-

34



(B TI-7) ZEH0|EQ| oral chronic RfD

abbrevi

Oral Chronic RfD

Chemical ation s Reference
1 x 107" Subchronic
Basis:Increased absolute
Dimethyl and relative liver weight;
phthalate DMP Decreased serum and RAIS
(131-11-3) testicular testosterone
Target organ:Liver; Clinical
chemistry
8 x 107
. EPA IRIS /
Diethyl phthalate oep Basis:Decreased g.rovvth RAIS
rate, food consumption and ,
(84-66-2) : (Basis, Target
altered organ weights )
Target organ:Whole body organ
. 17 x 107 EPA IRIS /
let(gél_%t_hzzilate DBP Basis:Increased mortality RAIS
Target organ:Whole body | (Target organ)
. 2 x 1072
Bls(ihfﬁzg?eexyl) DEHP Basisill_ncrease_d relative EPARAITSIS /
iver weight

(000117-81-7)

Target organ:Liver

(Target organ)

= 33X4(Hazard Quotient) = 8% =& (mg/kg/day)/RfD (EPA, IRIS)
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L}) Monte Carlo simulation® &2st E4A
IHY0lE 239 JAFGA = 37 = 429 skof St A
49 Hd FFAY} ZS5F2

Monte Carlo simulation (Crystal ball software 11.1.2.4 ver.,

[o
)
Obo
_0|L
he
é
2
_°|L
)
o
of
X,
)
4
o,
rTr

Decisioneering, Inc.) 7|H-& AF&S} . Monte Carlo simulation 4

7V E AR St 7 WHgol ERE AYSfofF gttt 2 AolA
FRBAIIACOIAN AT B A2 5ol Ak B
Fach Al3eE 10,0008 2 3193, TYHO|E FHEE E25FS
Astsiet

'{N‘ o, Fll‘ flo
ol
8

O_t.:
ol

L

C) gerd =9
DEHPE ESEAG0A HAdAe Aoz et o (Becker K et al.,
2004), "= ZIAHESHU.S.EPA)NAE= HL7HFsEZ(Probablehuman
carcinogen(B2)Z ®&Fol11 Qlow, wWtE(cancer potency factor;

CPF)& 1.41x10° 2(Ing/kg/day)i Alorstal JATHEPA.,1987,1989).

4ol (cancer potency factor; CPF)2 1.41x107 (ng/kg/day)E A3
SFTHEPA.,1987,1989). WAL=+ ot A& B3l Aibstalod,
ZIPTALIBAETE 13107 o4l S 91317k dow, 1x10° ofatl F¢
A7 gletal wasiRtiEeEd AsidE7te] FAA Bl 5ol e
T8, TR AIAl A2021-13%).

ECR = ADD(ng/kg bw-day) x CPF

»= ECR: Excess Cancer Risk

» ADD: Average Daily Dose (mg/kg bw-day)

= CPF. Cancer Potency Factor
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M. d+Z23

1. ZEYOIE wHeig A UL 23 g+ ESIXAL

1) e ZgdEolE FAAF 24
(1) 2L ZEH0|E LE7|F XAt

AAeE 5 g o|ER| tisto] ul=t (ACGIH, NIOSH, OSHA)S %
=9l =E7|ES PSR MI-1~5). =&7]&C] Zgd
FolEx X5 10350t &lE HiEE I7HER kEv]Ee] dHE ]

FolE FFol Aol7t oy, k&7]E ¢ A= 2 Aollo] H]

30 |H oo
b oA o
£

=

X,

d

o

DMP9| =&7]&g A4t e deke 2270l -2yt 8-hr
TLV-TWAE 5 ng/m'O.2, fiF29] yato A Z2 7|&& A48t At 5
mg/m & O 7|2 AAIG BL, 0.3, 3, 10mg/m’ 5ol A} Ly
DMPof| djste] STELS kA gkou, 294 5 67H=<2 STEL HA] 5 ng/
O 2 Aok= T UX F7tolAE 6mg/w’ T 10 mg/n® STELS Aokl
Atk
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(B mM-1) =L DMP E7|&

phthalate 8—hour TLV-TWA (mg/m) STEL (mg/m*)
(CAS) 5 mg/m’ 5mg/m @ 5 mg/m’ 5mg/m 2
South Korea 0.3 mg/m 6 mg/m’
Australia Lativa Denmark
DMP Belgium s
(Dimethyl | Canada - Ontario 3 mg/m’ ;%Er{én**
hthalate) | Canada — Québec 9/m q
P . Denmark Irelane
Finland . L
131-11-3 | France Norway Sogth Af_rlca Mining
| Sweden United Kingdom
reland
_CH, | New Zealand Sweden”
o Poland®
0 Singapore
o South Africa Mining
Spain 10 mg/m’
O Switzerland™ South Africa
CHs | USA - NIOSH
USA - OSHA

United Kingdom

*0.05ppm, 'Inhalable aerosol and vapour, ¥Inhalable fraction and vapour, §Inhalable fraction, "0.1ppm, 915 minutes reference period,

“15 minutes average value, *'Inhalable aerosol
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=

0

DEP9] &yt 8-hr TLV-TWAE 5mg/m'o=, v, g, d& &5
1670=0l 4 22 712 A5t Ut} 5 mg/m’ TLV-TWAZ} ofbd =7t=
H=rolalth. eevete Wi B2 vehsat v7HA R DEPY] STEL2 4
gotAl @Al Q. eAE=oret A9, 27§=0] 5mg/mE AAe o,

1 9 571=°] 5mg/m’ = AASEL AU

(@)}
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) . Rz
(B M-2) JL4e| DEP =&EII&E
8-hour TLV-TWA(mg/m* STEL (mg/m*)
ALEEE 5 mg/m’ 5mg/m 2 5 mg/m’ 5mg/m 2
South Korea
Australia R
Belgium E‘? ”79/”‘
Canada — Ontario atvia 5
DEP Canada - Québec bpm
(Diethyl Finland Denmark
phthalate) France
ga-66-2 | roand 3 mg/ Austria
Japan (JSOH) )
Austria, Denmark, Norway, Sweden
New Zealand
o Sweden
e Poland
@f;ovc,*j Singapore 10 ppm
I South Africa Mining Finland, Ireland,
Spain United Kingdom, .
Switzerland™* 10 mg/m’ South Africa Mining
USA - NIOSH South Africa

United Kingdom

*0.05ppm, 1 Inhalable aerosol and vapour, T Inhalable fraction and vapour, § Inhalable fraction, |/ 0.1ppm, 9 15 minutes reference period, **15

minutes average value, ++inhalable aerosol
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DBPY| k=&7]%S& A4t A= Uihe 2770=olith. DBPY -2u=t
8-hr TLV-TWAE 5 g/’ 2.2, ul=, J=, & 5 T 157404 22 7]
& 443t ot 5mg/m’ TLV-TWAZ} obd =7h= 11700t 98yt
= gl 2o yetEa A& DBPY] STELS AASHA] ¢l itk &

opuort A9dl, 271=°] 5mg/mw= AAsIAeH, 1 9 77H=0] 5mg/m
-

olelz dAstal AU
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(& I-3) =2 DBP L&E7|E

8—hour TLV-TWA (mg/m)

STEL (mg/m’)

phthalate 5 mg/m’ 5mg/m 2 5 mg/m’ 5mg/m 2|
South Korea 0.5 mg/m’ 1.16 mg/n?
Australia Latvia Switzerland!
Austria 0.58 mg/m’ . Germany (AGS)! ¥
Belgium Germany (AGS)*Jr Germany (DFG)! T4
Germany (DFG)'T
DBP Canada - Ontario New Zealand” 6 mg/m’
(Dibutyl phthalate) | Canada - Québec 0.8mg/m Denmark
France Switzerland
84-74-2 Ireland 2 mg/m’ Romania”
o Japan §(JSOH) Romania Sweden”
O Ppland* 2.5 mg/m’ ,
© Singapore People's Republic of China 10 ng/m
" | South Africa Mining P P Ireland ™ .
© Spain 3 mg/m’ South Africa Mining
USA - NIOSH Denmark United Kingdom
USA - OSHA Norway
United Kingdom Sweden
10 mg/m’

South Africa

*0.05ppm, t Inhalable
minutes average value,

aerosol and vapour, T Inhalable
++inhalable aerosol

fraction and vapour, § Inhalable fraction, [|0.1ppm, 9| 15 minutes reference period, **15
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DEHP?| :=2&7]%& At e Uehs 24711t 92yt 8-hr
TLVE 5mg/wl &, & 137=olA 22 71&S AAste Utk 5mg/n
olglo] & H7H= 11780l em. 72t 1, 2, 3, 10 mg/w'e& A5t
ot 2u2ke] Short term TLVE 10 mg/m’ol R, 470=olA 5 mg/m’= A
skt 1370] 5ng/m 2|2 22t 4, 6, 10 ng/m' 22 Short term TLV

£ A5t AN
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) . Rz
(E M-4) 2| DEHP L&57|&
8-hour TLV-TWA (mg/m) STEL (mg/m’)
b 5 mg/m’ 5mg/m 2| 5 mg/m’ 5mg/m 2
South Korea 1 mg/m Poland 4 mg/m* N
Australia Norway, Poland Austria Hungary®™
Belgium ’ Canada - Ontario Germany (AGS)'TT"
DEHP Canada - Québec 2 mg/m Sweden® 1™ Germany (DFG)'TT™
(Di(2-ethylhexyl) | Finland Hungary™ " 6 mg/n?
phthalate) France Switzerland® Denmark
Ireland Germany (AGS)'TT 10 mg/m*
117-81-7 Japan (JSOH) Germany (DFG)*™T Australia
New Zealand 3 mg/m Belgium™
South Africa Mining | Austria Finland™
1 B Spain Canada-Ontario Ireland ™
P USA - NIOSH Sweden® ! New Zealand
N USA - OSHA Denmark South Africa Mining™
South Korea”™
10 mg/m’ USA-NIOSH™

United Kingdom

South Africa

United Kingdom
Canada—-Québec”

*0.05ppm, t Inhalable aerosol and vapour, ¥ Inhalable fraction and vapour, § Inhalable fraction, ||0.17ppm, 9 15 minutes reference period, **15
minutes average value, ++5 inhalable aerosol, ¥ T Skin, §§The same limit value, expressed in mg/m?, shall also be applied to phthalates for which
no limit values have been defined, || || There are a number and variety of dioctyl phthalates (DOPs). Di-(2-ethylhexyl) phthalate (DEHP) is the commonest
industrial octyl phthalate and, like other octyl phthalates, is also rather vaguely termed DOP. The designation disec-octyl phthalate often refers to )
DEHP, which from a chemical viewpoint is not entirely correct.



28 yet= BBP, DnOP, DiNP, DiDP, DiBP, DCHP9 k&7|&S AH
Sta QJA] ¢t} BBPY k=E&7|ES A4St Qv UEs 1178=0I9t. 4
A=ell A 8-hr TLVE 5 mg/w'= 71 Aot At 8-hr TLV 5mg/
m o2 AAstA Q= =F7H= 77H=oldTt. STELS 27i=olA] 5 ng/m'E
AAsteom 1 9 47h=o] 5mg/w’ o|E AAstal AU

DnOP9] =&7|&& AHsta A= Hets 57i=oldtt. 270=tollA 8-hr
TLVE 5mg/m'Z A3 At 5mg/m’ o]&2 HAs= Yahs 37]=0]
Qom, 2, 3ng/m'eE AASIE STELS 170=0A 0.1 ppmo&E A5}
Fom 1 9 171=0°] 0.3 ppme=Z A3k AT

DINP9] =&7|&S A4S Q= Ughs 57070l 47h=tollA 8-hr
TLV =272 5ng/n’E AR5kl YA 8-hr TLVY 5 mg/m’ ©]<]o] ot
£ 7= VisoldeH, 3mg/wm'E AAsHnh. STELS 17F=°] 5 mg/n’
92 6mg/m’'CE Short term TLVE AAstaL AL

DiDP9 =&7|&2 ARSI U= Hakes 870=olqlth. 57i=olA 8-hr
TLV =57|&Z Sng/w'=E 7|5& A5k A3t 8-hr TLVO]| 5 mg/m’ ©]
Qo] oE =7k= 37i=olerH, 3mg/m'eE AASHH. STELZ 27]=5°]
5mg/m2E AR5kl Qlow, 17]=0] 5mg/m’ & 6 mg/m'2E Ak Q)
ATt

DiBPY k&7]&S Aot S+ vets 67h=oldtt. 47i=olA 8-hr
TLV ke&7]%s Smg/m'2 7|2 A5l Sl 8-hr TLVOl 5 mg/m' ]
Qo] tE H7h= 2750l 1, 3mg/me2 AAstal ATt STELS
17h=0] 5mg/m’ 22 6mg/m’ 22 HAStA YA

DCHPY 275 AFsta = yWate 67i=oldtt. 578794 8-hr
TLV 27|55 Smg/n'E 7153 A4t ot 8-hr TLVEl 5 mg/m’ ©]
Qo] o2 H7k= 1700l er, 3 mg/m' o2 AAstArt. STELS 17§=0]
5mg/mQE 6 ng/m'eE AR5 YUTH
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(E II-5) Uz}t =E7IF U= 635 DEYOIEY I =E7IE

phthalate

8-hour TLV-TWA (mg/m)

STEL (mg/m")

5 mg/m’ 5mg/m 2| 5 mg/m’ 5mg/m 2
New Zealand 1 mg/m Austria 6 mg/m*
BBP Poland Norway Sweden Denmark
(Benzylbutyl South Africa Mining 3 mg/m 20 mg/ mf
phthalate) United Kingdom Austria Switzerland
Denmark 40 g/t
85-68-7/ Sweden Germany(AGS)
10 mg/m’ Germany(DFG)
o Switzerland
o
o 20 mg/m?
O Germany(AGS)
Germany(DFG)
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phthalate 8-hour TLV-TWA (mg/m") STEL (mg/m’)
5 mg/m’ 5mg/m 2| 5 mg/m’ 5mg/m 2
0.3 ppm
.DnOP Austria 2 mg/ms Romania Romania
(Di-n-octyl Romania
phthalate)
117-84-0 3 mg/m?
i PN Singapore Norway Sweden
Cﬁ?\/\/\/\/ Sweden
I 0.1Tppm
Romania
DINP Ireland
(Diisononyl
phthalate) New Zealand
28653-12-0 South Africa Mining 3 mg/m? 6 mg/m?
i O/\/\/\)\ Denmark Denmark
o . .
] V\/\/\( United Kingdom
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phthalate

8-hour TLV-TWA (mg/m")

STEL (mg/m’)

5 mg/m* 5mg/m 2l 5 mg/m’ 5mg/m 2|
DiDP ~ . . 6 mg/m’
(Diisodecyl Canada - Ontario Austria Denmark
phthalate) Ireland 3 mg/m* Sweden
Austria
26761-40-0 New Zealand Denmark
i | South Africa Mining Sweden
: Oi ow United Kingdom
DiBP 1 mg/m* 6 mg/m?®
(Diisobuty)l Ireland Latvia Denmark
phthalate 3 mg/m
84-69-5 New Zealand Denmark

South Africa Mining

United Kingdom
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8-hour TLV-TWA (mg/m")

STEL (mg/m’)

hthalate
P 5 mg/m* 5mg/m 2l 5 mg/m’ 5mg/m 2|
DCHP : 3 mg/m* 6 mg/m®
(Dicyclohexyl Austria Denmark Denmark
phthalate) Ireland
84-61-7 New Zealand

OOO
is

South Africa Mining

United Kingdom
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(2) Q2|Ltat EpEx{o| DLHO|E FHFE

SUE 5 z7)7], WA, AIMIE, Boly HlE 5 kA, fobg
8%, ofglolg Bekael A%, oH8E 5ol Zgdo|Est AEHUH:
Fa

ZolA| =t Gut AlFle] 97 WEZRIA] 2yt FR7|He] nEd
O|E 1A= =& dRIRIE0| AMShe AlF & Tid= 712 =E o|FoA]
I QIEKE MM-6y. 71+ 9 |71239 7|& € #ARIEFA8Y 2021), A
A, AAAE D AsAo| ZHEolE § folEd A (7], ARAE
4 AEx19] AHUsesto] B WE, 2020), oHoAE 35 HAVE A
(2021)°] QU EIF AFA= [Y=7]7] S7HIIAHAL Sl B F75]0A4]

71&0] AN Eo|| Lekgo]E 3Z(DEHP, DBP, BBP)S AM&-F4/(2015.7)
gk Ao o]of, JIFAY7]-E BHI R = o]F Y o|EE AHEAITH 5H3L
CHA1eFA], 2021). ojolAlEo] AAokI= Fall&d A= 71&0 A
AL EQL S AR} ZEFA ST Yot 20219 o] AJEAAYE
o ATOE UYUSHE AT AFFETIAIE R TolHo| A EIHEE jof =
2} 7|20 = Yol Yol A 88X of-o|AES 659 E%ﬂﬂﬂlzﬁl 7}
AAE, Yol Yol AT 8%7} ofd ofHojA|ES 3T =
SAE FAISHL, B F= T EA o wet 259 R o|EA TtAaA|
AFES ojFo]&Eo disto] FAISE AUt 20214¥ o]Fo= o Y=

>
u

utt
é
2, llTl
)
N
—‘—l

1..

|5l AHgle] 639 ZHHolESY Y V&S ot "ok AAHE
4 QALE 27t e AECl He T 7|Eo] AoEE AR 2, 4
AA 2o fsjAE ACGIH TLVE X}&dto] k272 S AT B ALY

d el kedd 9 ddgdede 29 v /i
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(£ [M-6) L2t HF 71 ZHYOE A At

) N AIIEA}
No ZE|0lE =527 | Mo | #Esd | Lol
DMP
1 (Dimethyl phthalate) 5 mg/m’ - - -
131-11-3
DEP (Diethyl phthalate) . ~ ~ ~
2 84-66-2 5 mg/m
DBP .
3 (Dibutyl phthalate) 5 ng/ O'%"‘E/ 0|01 wt%
|5t oj 3t
84-74-2
DEHP )
4 | (Di(2-ethylhexylphthalate) | 5 mg/n 15()?2{ . O'1D|V§tr %
117-81-7 -
BBP )
5 | (Benzyl butyl phthalate) - 300"‘8” 0.1 wt%
|5t oj 3t
85-68-7
DnOP .
. 5mg/ 0 e
6 (Di-n-octyl phthalate) - - - -
0 % 0
117-84-0 |5t 0.1 % OJa}
DINP
7 (Diisononyl phthalate) - = &t -
28553-12-0; 68515-48-0 9n /E'Q
DIDP g‘g;
8 (Diisodecy! phthalate) - lof -
26761-40-0
DIBP ;
9 (Diisobutyl phthalate) - - O'1D\|/;J; %
84-69-5 =
1) AIotMEAY, SElEA U 22| QKo =E7|FE, 2020
2) AELIMY, 717 2 87| =HO| JIE ¥ 74, 2021
3) M7|, MAIMZE L XSt A&Stol &St Mg, 7|, MXHES0 ZE0IE S
Qa2 Mt Sy, 2020
4) OfZIOIHIZ OHH S, TEOHHIIE HE, 2021
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Q) =2 ZEH0|E g & 2|L2tet Hl

7H RoHS Il 2% F7t 744
A71AAAE W FoliEd A=Al Bt 78 (Directive 2015/863/EU
on the Restriction of the Use of Certain Hazardous Substances in
Electrical and Electronic Equipment, RoHS)oAl+ 7]&0] A& AX}A|
Eof| Agstd 6714 |3EA(Pb, Cd, Hg, Cr®*, PBBs, PBDEs)O] &7}
o] ZeHo|E 4%(DBP, DEHP, BBP, DIBP)Z L& A HAA|E s}
of FANG FlEEE FUFeth ole ZETClES] FHHHE wE+e
0.1 Wt%)Z, 20199 797¥ AP
(L) REACH regulation
IeHo|E 3= REACH®C] Candidate list of substances of very
hlgh concern for Authorisation(Z YA LHEZ)O EZ =, 1
F7F Eolvs FAlOItKE [I-7). 550 &7t EE T o|Ex A4
—L%*go] 911, DBP, BBP, DEHP, DiBP & 6% QA HEH A4 nHEd
Aol E5of xgH vjAo|t.

2]
A
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(Z MM-7) REACH SVHC list0f] Z&tEl TE0|E JIAH|(ZZICHARK X|2)

Substance name Reason for inclusion _Date .Of
inclusion
Toxic for reproduction (Article 57¢) 98-Oct-
Dibutyl phthalate (DBP) #Endocrine disrupting properties 2008
(Article 57(f) = human health)
Benzyl butyl phthalate Toxic for.repro.ductpn (Article 570) 28-0ct-
(BBP) #Endocrine disrupting properties 2008
(Article 57(f) = human health)
Toxic for reproduction (Article 57¢)
Bis #Endocrine disrupting properties 28-Oct-
(2—ethylhexyl)phthalate (Article 57(f) — environment) 2008
(DEHP) #Endocrine disrupting properties
(Article 57(f) = human health)
Bis(2-methoxyethyl) . . . 19-Dec-
ohthalate Toxic for reproduction (Article 57¢) 2011
Toxic for reproduction (Article 57c) 27— Jun—
Dicyclohexyl phthalate #Endocrine disrupting properties 2018
(Article 57(f) = human health)
Dihexyl phthalate Toxic for reproduction (Article 57¢) 162_0230_
Toxic for reproduction (Article 57¢c) 13- Jan-
Diisobutyl phthalate #Endocrine disrupting properties 2010
(Article 57(f) = human health)
Diisohexyl phthalate Toxic for reproduction (Article 57¢) 162_OJ;6]_
N . . . 19-Dec-
Diisopentyl phthalate | Toxic for reproduction (Article 57¢) 2012
Dipentyl phthalate : . . 20-Jun-
(DPP) Toxic for reproduction (Article 57¢) 2013
n—pentyl-isopentyl . . . 19-Dec-
ohthalate Toxic for reproduction (Article 57¢) 92012
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(B M-8) =E7|& 1|9 MA=M EX 445
No | CAS no =2 22 | No | CAS no =29 =5
opr | EZI e | W -
1 | 7439-92-1 Saae 1A | 23 | 591-78-6 Sens 2
2 | 75-26-3 | 2-BEmozm | 1A | 24 | 67-66-3 | Z2z=zm= 2
__ |[N.N-C/mEOME PN EEENEL
3 | 127-19-5 e 1B | 25 | 106-92-3 = 2
= ot Cie-o=5d
4 | 109-86-4 | 2-MISNOIEFE | 1B | 26 | 117-81-7 | G o0 | 1B
T 2-0[E A0S 202 124 ¥
5 | 111-15-9 OLHEIOLE 1B | 27 [13463-39-3| Uz 7t=22<d | 1B
6 | 110-80-5 | 2-O|EAEL2 | 1B | 28 | 7758-97-6 | A=At A 1A
7 | 106-94-5 | 1-22pozm | 1B | 29 | 81-81-2 oty 1A
8 | 7439-97-6 |22 2 27|EY | 1B | 30 | 7784-40-9 | OtMYOIE o1 | 1A
NN A ENE g | BAN ALE
9 | 110-49-6 OLAIEIOIE 1B | 31 [12179-04-3 Soi(onrsig) | 1B
o 123~ Cong | BAN ALE
10| 96-18-4 | cog5lpog | 1B | 32 | 1303-96-4 Soi(pasig) | 1B
11 | 556-52-5 =R 1B | 33 | 1303-86-2 | A5t 24 | 1B
SAAF AILIE
12 |25321-14-6| CIUEZEZY 2 34 | 1330-43-4 | Lo 1B
13 | 79-06-1 NEE = 2 | 35 | 50-32-8 EE] 1B
FiEE Ol
14 | 7440-43-9 f—i’; 2 36 | 17804-35-2 HY =2 1B
2 sietE
15 | 630-08-0 QUALBIELA 1A | 37 | 75-12-7 | H==2o0m|E | 1B
=g
16 | 98-95-3 L E 2 I 1B | 38 | 84-74-2 | olo . | 1B
A0
17 | 68-12-2 |CmEz=omi= | 1B | 39 | 58-89-9 2i0 0l S
18 | 108-88-3 £20 2 | 40 | 108-91-8 |A|Z=2&lAlonl| 2
LEZEZ
19 | 100-42-5 INSE] 2 | 41 | 88-72-2 |(QAOEf, TF| 2
20| )
3-0f0[-1.2,
20 | 110-54-3 =T 2 | 42 | 61-82-5 |4-E2|O|E(E| 2
= OlDIES)
e . |mmEECEtol
21 | 1314-62-1 | QAIBHILE 2 | 43 | 142643 | Coooaige| 2
22 | 75-15-0 0|5t5ErA 2 | 44 | 624-g3-9 | M= OI% 2
Seres AlOtH0[E
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(14 A YA At 4AS e 71224 AT, 20154
I 59 (AR 5 ASFA A% FHE A% A § TS
goz S YAEAH 22 Bl A

Y}

)
H
o
= TAA ol =AY = T

AA Q] dgto g YAEFdEL] HE AES A ZE= 200849 HJ 5
o] (A, BAEA, HolddEH] gt JAA Ay, 2011d AAHH
Fol=d BYAA" FLSo] e AF-EAA, #old
A, BAEHERS FA02-) 2012¥ IJAE 59 At sletEZ o]
T 5ol AUt =Y *é% TEGlo] BAEAE=E Ayt
st A ZE 20149 ASF 59
AR AR FEd HF € 2 Ay 2AF A5, 20159 7201
A AStAT(1 ), e 59 U A=A ek

4 59 FoAr AT AEA D A=A AAERE A 2017>9F
</\HM %7\10 A O} _g. @E-‘:é— 0@_ OH/H HOJM ﬁcﬂ)
7}, 20207°] Slth. AieHE AEE TEAS] T 0|E 34
7He 9% A= AR 59 (FoigeEde] A= 37h 7 YR
[oFskxH, 20114 Fofistet=4de] sl B7He Al9stal CMR &4d3
29l dgto g A=A B4 AAL LSS Ajbehs A7)
T?Loﬂ = & ok AAEAHY S I EAER Agste] AEstd
Holuh 22 AR Q] FAEHoE gt A2 v Agh o s o
ﬁxlt} oot AF7HA] Aol @ &<t 449 A5 Eote] BAsd £
e, SE%F B9 Ha 4o Fostal, AA ARl FoidErte] 2o
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U AFGF E Z2RE AR S TEHolE &t T APAFL
125k th. A E3S PRISMA protocolo] @t ofg] <& MM-10)
| AAstatt. 579 £4 F 370] AU F Y o|EE 4519
Aty 5 ZEFolEX Q37 DEHPYRS EA3191 thE ITEdolE

= BA45HA] oottt 7P HE A F TEYolE EY7
2 Kim HY et al. (2016)2.2 DEHP & 2 AzxJ9 7]
g &F7gotglon, 7IstE+ 0.014 ng/w et HALlH=H 7 At 7]
W TEE=rE 1.302 7[EXA 1& 2Tt =583 A A+A
(2013)°14+= PVC AR W9l Z7IAM RS A3, &AdA &, AlFxde |
A % DEHPE E45t9th 4 Z2AE giifoz A4S ¢Js19oH,

_]

olF Al& & DEHP WiAHAIE 4ottt AFAPdEAATLY (2011) 2L
_]

of M1 qu oMl wfu
)
o
4(3
< ]

K1

ol

9w AT gaiel A e How ekt
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(B M-10) S2LZ THHO|E 22Xt LEWIL +HEE
X}
no T2 Ei oLl ;J;_
o =2
D2t AW & DER0IE AL |
agxy |OFELL HAlel wan otzio] gigig | TOT
1 sloleRuefd | SEE 0KED & MCPPOR: 8.928 i
== |24 85-ox0-MEHP OR:2267, & | L)
MBzPOR:2.550 —
DEHP %2 ¥ HMXY 27| 5 i Hy
; PVC |DEHP7ISIBZSEE0.014 ng/m RS,
2| H85= | aox |pzxe ma we ojsce 13, kx| 2000
9B%E 7.92 71FQ 18 FWSIAUS =2
27|, Mg MUKt £, MEED S Chfst
AR Z DY0E L5472
IEPVC DR deixiel XY 2ol |
sotsizam | pyc |28 3 DUUOE M s=7t | Sl
3 agx SRS 2013
KoM vs XIRIS J[o1ET SE(ug/ 0,
) | (E1A)
Cr)- MEHP: 4.02 vs 5.75 / MEHP:
12.86 vs 13.64 / MEOHP: 8.72 vs
8.95 / MECPP: 37.98 vs 39.30
S PVC MZZF0IN 27| & DBPE | AOMER
4| oipmyy | PVC |EESR g meRjol=ol gavig | zieipe
o | SRR EIE fiEol gL Re 2011
4+Z02 myiE (14)
XU 2ZROAH B
DER|0|EE KOS =4S Stk
dolosLpey | AT KU vs Net= JisiE see/e,| o Y
5 = | M C)- MEHP: 2.23vs 310 / MEHHP:|  2-
22X} 354 vs 437 / MEOHP: 266 vs 340| (o
DER0|E CHAMHIQ BX B221to) =
cIEge giols
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Q) =2 HAUAH =Y

Ao
ro
B
>

7t) WX|/HH

=8| ZIEAE LR Tt T olE &7t B AYPAFE AAA
o B okt A} E3-2 PRISMA protocolo] weh (E M-11)%}
Zo] Attt Syt AdolA A 2ol= 8F9 ZEHo|E (DMP.
DEP, DBP, BBP, DEHP, DnOP, DiNP, DiDP)S 402 A5t}

Ay T HWA/REH T T EE BA%H EHS F= 24, v|H 1
A02 F 370l or 2017EHE 2022W7HA] B|w A ZLof o]FojFt
(3 TM-11>. Hoang AQ et al. (2022)°1A4 H7]& A& AFAH 9 52F
A7 535 e E 3070, 2w 7S dAdoz 32709 HUAAR
£ B4 Zggo|lEE FY%2 DEHP (33000 ng/g), DnBP (4500
ng/g), DiBP (2370 ng/g), DnOP (2240 ng/g), BBP (2180 ng/g), DnHP
(161 ng/g), DPP (63.3 ng/g), DMP (59.9 ng/g), DEP (62 ng/g) <o
AEEUCH, AEA ZHHo|EHG VEA DY O|EA w2 FEE
Holok 2 78T Hn g o s gAY 2 AsA A
4ol 1.5~4.8¥ £ S & o, DPP7} 4.84] zto]2 71 F X}o]
£ =23t

AR 715 AL AAT 4132004 42 st Y HARXEE 351,
AR 7= A8 AR A 7P (n=25)7 Ee] HolXl 7P (m=21)2
2 ro] R AEE A5 TtHMan Deng et al., 2021). Ax{H71E &
ARG A Yol EY 5432 DINP (860 ug/g), DEHP (390 ug/g),
DnBP (18 ug/g), DiBP (11 ug/g), DnOP (11 ug/g), BBP (1 ug/g), DnHP
(0.49 ug/g), DMP (0.23 ug/g), DEP (0.2 ug/g) <02 HAEF oY, 18
Zpo]31 9P A Q1 DINP, DEHP S©] AEA} TEHo|EHT 22 =55 1
At 2 HEPE o AEA T o|Es gRFA o 2 5EE

BHAX g, 7EA} mZehgolEQl DEHP, DnOP, DiNPE A& oAl 2 F5H
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AAAZ7F 242F 2.3, 4.1 16.9¥ &3tk di22 |AARE BARS
I 0|E Fre AA-TY Ao met w1l Wokke B
A ¥ttt

Subedi B et al. (2017)& 5719] u]&AlojA WA R ZZF PR % 5
NE -9t SLYHCE DEHP (643 ug/g), DOP (154.5 ug/g), BBP
(68.2 ug/g), DBP (8.92 ug/g), DiBP (5.74 ug/g), DEP (2.09 ug/g), DMP
(0.11 ug/g) wo= HEHUH. xR 739 WA 5 T olEQ} H]
1P o, DOPE A|9sta 1.3~2.8817H4] &2 w28 HArh
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) . ¢z
(B M-11) AIE HX|/EHAIR § TEYO0IE sk 28 1E(ZH2)
Ref OC‘;‘;‘:;:;’““" S;’:tﬁ]'(')’;g Matrix | N | unit | DMP | DEP | DBP | BBP | DEHP | DnOP | DiNP | Extra
Wast?
recycling DPP 63.3
workshops & . :
Hoang | end-of-lie \S/Vavceue“pr}“n Olbust (30 |ng/g [59.9 [620 |- 2180 |33000 |2240 |- piBr, 239
AQ et al., | S ee csing DnHP 161
202_2 workshops
(China) DPP 13.1
) Vacuum or _ _ DiBP 1500
Control: homes sweeping Dust 32 ng/g | 21.4 41.3 658 13500 640 DnBP 1130
DnHP 48.5
E-waste DiBP 11
reoykclikr]wg Vacuum Dust 41 ug/g 10.23 0.20 - 1 390 11 860 BnEI; 2)849
workshops n .
Man DiBP 29(a),
D|eﬂg0<z’f1 Control: home . %6%)')3,
al., a. adjacent to - a: . ) a:0.12 | .. . =1 n
. - s a:25b; ) a:0.29; | _ e a:170; |2.7(a), |a:b1;
(China) E: \é\éars\}veaySlftrec;m Vacuum Dust b2 ug/g 8?70 b-0 66 5 g8 b:410 | 2560): |b78 3D§1(I?|)P 34(b)
E-waste site 0.069(a),
0.076(b)
Subedi B salons Vacuum [Dust |5  [um/g |0.11 |2.00 [8.92 |68.2 |643 - DOP o0
(ZLCJ);X) Control: homes | Vacuum | Dust |11 ug/g |0.04 1.05 |3.54 |51.8 |73.1 B%FI; 214098
HAlE 2t 25 median, = ug (or ng)_E)hthaIate /g dust. HX|/EH AZ & DIDP A2t IS, */HE T MAIEH0 /UZ. SYLUS Adteto] L=t 0|34E
E X & ZE0|E 22 =20M &2 5+ USB.
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Lh AR S7|A=(active)

Al E F71AE S pumpE °l&S ZEHICIEE 3, E4% &3
87N A 1370]ATHE M-12, 13). tivtoA 3HOoZ
FIE =, AMuth, Uigste 247 2840l qith. AFA F71 A& (active
IHYolE LS W7 =E2 A4l T2t 1) PVC 5 =
2 L2E 97 A& EGE M-12), 2) U84, vd4k, @sky 5 v
A AR Y EEAECE MM-13)S Hde2 e & At A%
e ZHEolE BVt =52 FEtt A= F 870Ut v&A, vd

A 5 94 253 ZEFolE W7k & 57°I8

N -

Porras SP et al. (2020) #Al°o|&, &gtAE, PVC HARY, B2 A X
AFEE LR 7 ARYAOA ARESh= EealOIE%'—i% 371 oA &
Aot tiF2 A ZEF0]EQ] DiNP, DiDP, DPHP S°|9lor, &
= ARAROIA BEgEo] (LOQLE Ask $Fo|qlth

EHEo 17, ETAE, PVC-PP-HieT AR AMGA Al XollA 371 5
7EAAY, QA 384 TEYo|lEE &40l tHSzewezynska M et al.,
2019). 5 Az AMFACIA 7IAA R Eo|EQ] F442> DBP (1.60 ug/

), DEP (1.23 yg/m’), DMP (0.16 ug/m’) <=oIAth. YA =54 =

°o|JE= DBP®} DEHPE ZAstd=dl, YA 242 0.58 ug/n’, 0.675 ug/
', 7kAAE Zzy 2,13 wg/nt, 2.23 ug/m Atk EEAE AR AFGAOA ThA
A e ol EQ] £4gHe DEP (1.49 ug/mr’), DBP (0.39 ug/m’) DMP (0.19
ug/m)Ack. YA T o]EX DEHP (0.77 ug/m’), DBP (0.26 ug/m),
DEP (0.24 ug/xf), BBP (0.21 ug/m), DnOP (0.20 ug/mr’), DMP (0.08ug/
m) <02 DEHP7} 7F8 &9kttt S84 T 0o|E 9t DEHP7 3.22 ug/
m'Z 7 &9kow, DBP (0.32 ug/m’), BBP (0.21 ug/m’), DnOP (0.20 ug/
n’), DEP (0.16 ug/m’), DMP (0.07 ug/m’) <=°]1ct.
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Wang W et al. (2015) 7oA+ PVC &% Al 3 22| 3t 3o
X DEHPE &% 4519t} PVC 342 A7|HE 372 YHeeH, &
o 7|0 &2 F7] S DEHP sZ7F =or3th233 ug/m’< 291 ug/m<
707 ug/m’). TIFA S DEHPE H&: 0.26 ig/r® 7P &L 339
DEDHP &=¢} oF 2,7009] 8] o]z} W,

o]% 1985W~201497HA] H AFed 371 § ZEE0lE &3V}
2 personal airZ $£HERACH, Gromiec JP et al. (2002)& A5t
DEHPYHS: =74 EA3}9tt. Fong JP et al. (2014) 59 =504 PVC
A 379 =AY 371 S DEHP(32.7 ug/mf)7h 24 Z=AK5.27 ug/
)T} oF 6.20 H} &%}t PVC pellet AL A&y} 12 F 74| 4
-9 222 37| & DEHPE S353eH, A&wo] 7.9 ug/nf, 1S
0] 56.3 yg/w'E IleEwto] 7.18) oo ER=] A FEH L2RAE
9] 7] % DBP 0.014 yg/m* DEHP% 0.001 ug/m*o] i}, Dirven HA et
al. (1993)0l4 F=8} Alol& 38 LEA=2 37| 5 DEHP 5L & &4
s, B23AoAE JAFA] 261 ig/m'E ¥E 120 ug/m'Ect =9k
1, AlolE FRolA= 1 239 ug/n’, M/4J3780] 180 g/’ L=

'

0%

Or1

e

= 37
= 540

.

Nguyen LV et al., (2022)°14 Y4 S2XE9] 57] 5 ZEHolE
TEE ST, ZTEYolEY YR DEP (471 ng/n’), DiBP (337
ng/m’) DnBP (331 ng/n’), DMP (43 ng/n’), DEHP (36 ng/n’), DEHtP
(15 ng/m)¥.2¥, DnOP, DiNP, DiDP9} 22 A& TEHo|EEL &4
S53loh n-&A4 24 F DBPE £43% =&°l4 DBP 5%7} 21 ng/n’°|
Ack(Kaikiti C et al., 2022).
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=204 TSP (Total Suspended Particulate)s &%t w=FofA 14—‘—
o] ZEHo|EE B4t o, X} TA Qo] Hest & EHO]-E— I 4
HAHLu L, Rong et al., 2019). Jiulongpo® ZEH0|E HE+= DBEP
(346 ng/m’), DEHP (279.5 ng/m’), DCHP (273 ng/nf), DBP (20.69 ng/
), DiBP (6.23 ng/m’), DMP (2.41 ng/n’), DMEP (1.89 ng/m’), DnOP
(1.55 ng/m’), DEEP (1.50 ng/m’), DNHP (0.78 ng/n), BBP (0.7 ng/my),
DPP (0.47 ng/ur), BMPP (0.40 ng/nf), DEP (0.33 ng/mf) <=0tk Wux
i A¥92 DCHP (36 ng/mf), DEHP (35.23 ng/nf), DBP (3.04 ng/ny),
DMEP (1.66 ng/nf), DMP (1.46 ng/nf), DnOP (0.83 ng/m’), DEEP (0.77
ng/n’), DPP (0.36 ng/n’), DBEP (0.33 ng/m’), BMPP (0.31 ng/m’), BBP
(0.25 ng/m’), DNHP (0.25 ng/n’), DiBP (0.20 ng/m’), DEP (0.18 ng/m’)
0|3l

Chang CJ et al. (2018) HI= 1| &4 F7] F IO EE 451
on, A7 wet 4714 e E YT A FHoA ZEF o] EL] Bt
© DMP (1.37 yg/nf), DEP (1.1 yg/nf), DEHP (0.76 ug/nt), DBP (0.69 g/
), BBP (0.03 ug/m)Ath. A= FHolA ZHFo|EQ H+#2 DMP (4.96
ue/1¥), DEP (1.2 yg/), DEHP (0.98 ug/uf), DBP (0.72 ug/us), BBP
(0.005 ug/m’) &=olqitt. Tt 52 AFst= FHollA DMP7F B+t 2.49 ug/
w2 7H4 wekow | DEHP (1.85 ug/m), DEP (1.57 ug/uf), DBP (0.77 ug/
n’), BBP (0.41 yg/m’) &=olqltt. di7| oA ZEEo|ES FY4> DEP
(1.05 ug/m’), DEHP (0.95 ug/), DBP (0.82 ug/m’), DMP (0.13 ug/m),
BBP (0.005 yg/m) &l em, YA Al FHof| H|g] £3] DMP7} @2 <
o2 HAEHIH-

Huang PC et al. (2018) tigt ¥Wig}™oA F7] 5 ZEFO|EE &
stlow, SPE, &, FuiAolA 242 SAsHT. SHE ol A
gHo|EQ] SY#> DEHP (2.41 yg/m), DEP (1.77 ug/m’), DBP (0.7 ug/

), BBP (0.19 ug/nr), DMP (0.09 yg/m’) =0l et F== migolA ZEo]

lt:l
2 mim
=R
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EO] %7k DEHP (6.98 ug/m’), DEP(1.75 ug/m’), DBP(0.72 ug/m),
BBP(0.19 ug/m’), DMP (0.11 ug/m)Att. SFmigellA ZEeo|EQ] 5434t
< DEHP (2.16ug/n’), DEP (0.89 ug/uf), DBP (0.84 yg/n’), BBP (0.29 ug/
n’), DMP (0.09 ug/m) At 2= "iRolA DEHP7l 7MY =2 =& H9
o, DEP, DBP, BBP, DMP <=o|qitt. i} EFol o&E ZEolE 24
9] Zpoli= Ho|A| ASktt,
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N

(E MM-12) AR B7|A|E(active) T ZEHO|E sk 28 1E(=2)-1
Ref OCZ:‘;;:;’M' Matrix N | unit | DMP | DEP | DBP | BBP |DEHP | DINP | DiDP |DnOP|  Extra
0.07 DPHP0.01

Cable factory | Area Air 2 mg/m* | - - - - - - 0'02 ND & 0.15
plastic
producing Area Air 3 |mg/m |- - - - - (LOQ |<LOQ |- DPHP(LOQ

Porras SP et | company

al., 2020

(Filand)
PVC coated . . | B B _ _ _
toxtilos Area Air 6 mg/m (LOQ |<LOQ DPHP{LOQ
tarpaulin Area Air 1 ng/m | - - - - - - 0.02 |- -
producer

" Median; 7 GM; T AM
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) I ez
Ref oc‘;:‘;;;‘;”a' Matrix unit | DMP | DEP | DBP | BBP | DEHP | DiNP | DIDP |DnOP|  Extra
Area Gas phase ug/m | 0.16 |[1.23 [1.60 |- - - -
Comapany V | Area Respirable s | _ _ _ -
(related fraction ug/m 0.58 0.675
rubber)
ﬁ;%z?tl()lghalable ug/ms _ _ 213 _ 293 _ _
Area Gas phase ug/m | 0.19 [1.49 [039 |- - - - -
Szewczynsk .
a M et al., ?@%ﬁggﬁe area Hespirable w/m 1008 024 |026 021 |077 |- - 0.20
(ZFg)ozlgnd) of plastic)
area Inhalable w/m 007 016 032 021 |322 |- - 0.20
Area Gas phase ug/m* [0.12 1051 [2.20 |- - - - -
Company D .
(PVC, PP and | £1ea Hespirable w/m | - - 008 |- 0.00 |- -
d_raina)ge
pipes
]cAr;e(:?[i()IRhalable wg/m | - _ 142 |- 095 |- _
" Median; © GM; T AM
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Ref

Occupational
setting

Matrix

unit

DMP

DEP

DBP

BBP

DEHP

DiNP

DiDP

DnOP

Extra

Wang W et
al., 2015
(China)

PVC
manufacturing
facilities (Large
sized)

Area Air

360

ug/m*

233

PVC
manufacturing
facilities
(Medium
sized)

Area Air

360

ug/ m

291

PVC
manufacturing
facilities (Small
sized)

Area Air

360

ug/m*

707

PVC
manufacturing
facilities
(Control)

Area Air

360

ug/m*

0.26

" Median; ~
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GM; ™ AM




) I ¢z
Ref oc‘;:‘;;;‘;”a' Matrix N | unit | DMP | DEP | DBP | BBP |DEHP | DiNP | DiDP |DnOP|  Extra
PVC produce
factories (All | Personal Air 89 |ug/m |- - - - 204 |- - -
- P ot workers)
ong e
al., 2014 |PVC . 3
(Taiwan) production Personal Air 66 | ug/m |- - - - 32.7 |- - -
workers
AdMINISIEtVE | pe conal Air 23 /m |- - - - 5.27 |- - -
staff Hg/m '
PVC pellet
plants (Low Personal Air 23 | ug/m |- - - - 7.9 - - -
Huang LP et
Al 2011 exposed)
(T.z;livvan) PVC pellet
plants (High Personal Air 23 | ug/m |- - - - 56.3 |- - -
exposed)
Gromiec JP
35;2';’** Repair shop Personal Air 13 | mg/m |- - 0.014 0.001 | - - -
(Poland)
" Median; 7 GM; 7 AM
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Ref oc‘;:‘;;;‘;”a' Matrix N | unit | DMP | DEP | DBP | BBP |DEHP | DiNP | DiDP |DnOP|  Extra
Boot- Mixing Personal Air 16 | ug/m - - - 261 - - - -
Dirven HA et | Boot— Extruder | Personal Air 11 | ug/m - - - 120 - - - -
al., 1993
(Netherland) | Cable- Mixing | Personal Air 8 | ug/m - - - 180 - - - -
Cable- : s _ _ B _ _ ~ _
Extruder Personal Air 13 | ug/m 239
Liss GM et | PA and DEHP
al., 1985 production Personal Air 50 | ug/mt - - - 71 - - - -
(Netherland) areas
" Median; © GM; 7 AM
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) . ¢imzia
(B M-13) MHE B7|A|Z(active) & ZER0|E st 261 12K(=2Q])-2
Ref Oczlgt’t"’;:]';’"a' Matrix | N | unit | DMP | DEP | DBP | BBP | DEHP | DnOP | DiNP | DIDP Extra
Nguyen LV et al,, Nail Salon P DiBP 337
2022 V\f‘orkefso aff‘ﬁ” 60 | ng/m |43 |471 |- - 36 ND ND |ND |DnBP 331
(Canada) DEHtP 15
Kaikiti C et al., A
2022 Hair salon A.rea 30 | w/m |- - 21 - - - - - -
Ir
(Cyprus)
DMEP 1.89
Road BIEAEPE 0'4(())
oa 1.5
(iulongpo (TASrF;a) 3 | ng/w | 241 |033 12069077 |2795 155 |- - o 08
average) BEE'I; ?2>4%
%ébﬁong et al., DiBP 6.273
(China) DMEP 1.66
BMPP 0.31
Road DEEP 0.77
(Wuxd ey |3 | no/m 146 018 304 025 (3523 [083 |- |- |ZREee0s
average) '
DBEP 0.33
DCHP 36.0
DiBP 0.20
" Median; T GM; T AM
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Occupational

74

Ref e Matrix | N unit | DMP | DEP | DBP | BBP | DEHP | DnOP | DiNP | DiDP Extra
Hair salons | Area | g | e 1137 | 11 | 069 | 003 | 076 | - - | - -
(working area) | Air H ' ' ’ ' '
Hair salons | -Area | g | i | 496 | 1.2 | 072 |0005| 098 | - | - | - -
Chang CJ et al., |(washing area) | Air H9 ' ' ' ' '
201_8 _ Hair salons Are
(Taipei) (technical w29 | w/m | 249 | 157 | 077 | 041 | 185 | - - - -
area)
Hair salons Area
(reception Air 29 | ug/m | 0.13 | 1.05 | 0.82 | 0.005| 0.95 - - - -
area)
Department
Area
store . 16 | wg/m* | 0.09 | 1.77 | 0.7 | 0.19 | 2.41 - - - -
. Air
(cosmetic)
Huang PC et al,, Department Area
2018 store . 8 ug/m | 0.11 | 1.75 | 0.72 | 0.19 | 6.98 - - - -
. Air
(Taiwan) (perfume)
Department Area
store . 38 ug/m* | 0.09 | 0.89 | 0.84 | 0.29 | 2.16 - - - -
. Air
(clothing)
" Median; T GM; T AM




=
e
1
(N
H

CH AFIE 37IAN=(passive)

AIA7 57 & T 0|EE passive sampler® £43F =&
2 2018WHE 2022W71X] Bl Z ZHTof o]FolHTKE II-14).

Huct mj8AoA BEX e &EEMEES o]&d 37| F BEAE o|&%t
nEHolE ARE £33t oM (Nguyen L.V. et al., 2022), DEHP (211
ng/dm?/h), DiNP (100 ng/dm?/h), DnOP (89 ng/dm?*/h), DnBP (74
ng/dm?/h), DEP (72 ng/dm?/h), DiBP (70 ng/dm2/h), DMP (68
ng/dm?/h), DiDP (67 ng/dm?/h), DEHtP (ND) <=0|it}. Hhdo] &&ul
ToAE B22)04 NDIE DEHtP7} 5800 ng/dm?/ho& 7} %A
el o™, DEHP (8770 ng/dm?/h), DiNP (3230 ng/dm?/h) 5 <o]it}.

Craig J.A et al. (20190 HI@4fNA £AH} &5 SWB (Silicone
Wrist bands)g ©]&sto] A T7] 5 ZHEC|ERE 45U
DMP, DEP, DBP, BBP®} Z2 AEA TR O|E= mediac] Aglo]
ND¥Th 27 SWBE DEHP 251 ng/g DiNP 200 DEHtP 81.9 ng/g 5
$o|lom, &8 SWBE= DiNP 50.7 ng/g, DEHP 42.4 ng/g, DEHtP 20.8
ng/g SLoE BlWZF NEX} T o|ERTL AEE

Anh H.Q et al. (2019) TXZoA] passvie MEHsECH, ELV
(End-of-Life Vehicle)@ H|7|& &L A, EAIX G 71 Z A 57]
% T olEE S, gRAYL AlZ 7HYolqt. HAIR EA|

7839 571 & ZEECIEZL AR ELV, H71E AEE AFET =4

& 4712

rlo

AFEA oA PDMS (polydimethylsiloxane) broochoA &7] & ZE|
OlE B2 & BA3% A7 (Okeme J.O. et al., 2018)°4] DEHP 465 ng/nt’,
DiBP 423 ng/m'®} &2 154 T o|ERY 57t A ugtth 1 F
Z DEP (283 ng/m’), DnBP (219 ng/m’). BBP (17 ng/m’) =0]ch,
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(B M-14) MAE S7|AR(passive) T TEH0|E Sk

N

Ref Oc‘;‘é‘ggﬁg"a' Matrix | N | unit | DMP | DEP | DBP | BBP | DEHP | DnOP | DiNP | DiDP Extra
DiBP 70
Brooch 58 |ng/dm*/h |68 72 - - | 211 89 100 67 DnBP 74
Nguyen Canadian Nail DEHtP ND
Ié.a/zzet al., \S/\?Iorlg /
orkers .
(Canada) | Salon _ ) DiBP 292
Wristband | 60 | ng/dm“/h | 16 156 - - 8770 93 3230 |2140 |DnBP 453
DEHtP 5800
DiBP ND
Lapel SWB |9 ng/g ND ND ND ND 251 - 200 - -?CE)-I[JO 22
Craig J.A. DEHtP 81.9
%%’ Nail salon '
sh BlEBI—TANZDS
Wrist SWB | 9 | ng/g ND ND |ND ND |42.4 - 50.7 - |36t 1A
DEHtP 20.8
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] . ¢imzia
Ref Oc‘s’:gt?}]'g"a' Matrix unit DMP | DEP | DBP | BBP | DEHP | DnOP | DIiNP | DiDP Extra
normal: DCHP ND
Eg{};g" rural ng/n? 1 18 |32 - ND ND - - | DMT 12 DPP
i50:15 ND DPrP ND
ELV™ ) 0 55 DCHP ND
dismantling ng/n’ 1.2 2.1 L - ND ND - - DMT 1.5 DPP
Anh H.Q. | workshops Iso: 33 ND DPrP ND
(2\(/)1?*3 - PUF=PAS DCHP 310
letham 3 .
Urban houses ng/m 12 ND ir;o:1250% - 300 ND - - BMPT ,\%
DPrP 1.1
Waste n: 49 DCHP 130
recycling ng/m’ 4.7 ND iso34 |~ 130 ND - - DMT 5.7 DPP
cooperative ’ ND DPrP 5.7
%eme | PDMS DiBP 423
.0. et al,, . 3 _ _ _ _ _ I
2018’ Office brooch ng/m 283 17 465 DnBP 219
(Canada)
HAIE Zf 25 median
" OHEZIT HAIEO] QS EUZS A el

“n: normal, iso: iso
End-of-Life Vehicle
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3) 9] meolE Hlo| QmUE EAzA

(1) =l ZE0|E HIO|QELEHY ZHZTAL

u

(B IM-15) 22XI9| TEHH|0|E HIO|RELIEZ 23 1EH(ZLY)

o
=35 2 A
Ref TSH3UIATL, Park M et al., 2010
2013
Participants PVC workers Workers in .dental
laboratories
N 9 25
unit ug/g Cr ug/g Cr
value Median Median
DEHP
MEHP 18.59 8.00
MEHHP 33.45 31.07
MECPP
MEOHP 17.28 13.49
MCEPP 36.00
Median
* 27 = 4 HA

S
S
FLET 3R F 3 HA
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m.%?éﬂ)

(2) =2 TE0|E HIO|QELEHY ZHZTAL

-160= =9 ZEHO|E Hlo| QM YE Y FARAtIH. 2%

= S 74014 ZEAS] TYHYo|E HiojoR
B &2 AAGE dgler, 679 =2 aRdA, 119 =22 29
A Yol ES A3 diF-22] A7olA DEHPO| tARAIE &415
o}
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(B M-16) 22X TEY0|E HIO|RELIEYH 28 1E(F2)
Contents Urine
Ref Meleah D. Boyle et al., | Jean-Bernard Henrotin Craig J.A. et al,, Po-Chin Huang et al., 2018
2021 (USA) et al., 2020 (France) 2019 (USA) (Taiwan)
W Hair Office Worker in plastic . Clothing Cosmetic Perfume
orkers d c ¢ . Nail salon worker sale sale sale
ressers worker actories
clerk clerk clerk
N 23 17 97 10 9 23 4
unit ng/md-SG ug/g-cr ug/g-cr ug/g-cr
value GM median GM median
DMP
MMP 33.4 34.4 26.6
DEP
MEP 161.4 15.3 37.9 29.9 91.4 93.2
DBP
MBP 8.7 154 220.9 197
BBP
MBzP 0.9 0.9 1.9 12.5 19.7 17.3
DEHP
MEHP 0.9 0.3 1.1 35.5 53.3 47
MEHHP 7.2 2.2 5.1
MECPP 7.5 2 5.7 8.7
MEQOHP 4.2 1.2 3.3
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Contents Urine
Ref Meleah D. Boyle et al., | Jean—Bernard Henrotin Craig J.A. et al,, Po-Chin Hua_ng et al., 2018
2021 (USA) et al., 2020 (France) 2019 (USA) (Taiwan)
W Hair Office Worker in plastic : Clothing Cosmetic Perfume
orkers . Nail salon worker sale sale sale
dressers worker factories
clerk clerk clerk
N 23 17 97 10 9 23 4
unit ng/md-SG ug/g-cr ug/g-cr ug/g-cr
value GM median GM median
OH-MEHP 6.2
OXO-MEHP 3.3
DINP
MiNP
OH-MINP 7.5
CX-MINP 5.6
OXO-MINP 2.4
MCOP 4.2
DiDP
MCNP 1.2

T AEHAOE HA

“n=54




0

(B M-16) 22Xt M} M F ZHY0E L& +F 22 1E(GID)

Contents Urine Blood
Ref Fong JP et al., 20141} A A M Dirven et al., 1993 (Netherlands) Lu et al,, 2019
(Taiwan) (China)
, , Traffic patrol
Traffic patrol policemen :
Participants PVC production worker Boot factory Cable factory worker : F;netrogolis 'po||cemen
worker (Jiulongpo) : suburl_oan
(Wuxi)
N 39 9 6 60
unit ug/g-cr nmol/mmol ug/L
value GM Median median
DMP 107.55 63.92
DEP 3.46 1.56
DBP 167.98 131.23°
BBP 17.72" 9.74"
DEHP 176.6 191.46
MEHP 22.5 48.9 34.5
MEHHP 84.6 54 25.9
MECPP
MEQHP 66.4 24.2 16.6
MCEPP 37.9 15.1
DiNP 21.37 19.564"

*AUSETLZ HA

**n=b4
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2. 2oLzt ZEYOIE g MEEY A 224 g F=H

D 2yt 22 olE AIE 8 9@ LEZEA 2 4

(1) et THHOIE A8 HE X ZEYOIE IF

et S ZEHo|EVE ARl 2=H, 1 & f-EyEt AkolAe] &
FeolE AMSARES A QI8 A ZEEolEY FRE ARt
a7t oo eg7]E0] Sle 282 SHLE ARICIM 7P Bl A=
ASE AR 6%, TFIL kg o]9]9] AR FAA A5k alh =4
5= X3sto], DMP. DEP, DBP, BBP, DEHP, DnOP, DiNP, DiDP, & 8
FTOF otk nETolE HF ARG FE«E 20189 (FAFHE SpEACT
A spetad SYFEAILTED Y] FFshEd SAEE 37hE ol&ati.
A AR fE ARk T2 FktHaE 1I-11.
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setEE 2| =S
MEIZOISIE AR A ¢ Hau
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HERBUNIYE

EL =g

I

N E3
SR A|AEY

(O m-1] 2tA38 sisERoHe sEiEd 58
o.kr/main.do)2 &&%t DL 0|E AL

(https://icis.me.g
AT ZM



m.%?éﬂ)

ANZT 852 ZEYC|EE FHF B ARSI A2 § 1,338714%
A<

ot AQEZL 7|50 354742 T2 Qo] HF] YEHOo R wokrh
I H2 AAEE, 3HEE, SHHEY ZEHolE ARE AFAAo] 10074
ol EXsIITHIIH T-2]
400
354
350
300
3 250
‘<_f-r200 176
K0
gwu 118 117
100 82 79 71 S i
50 9 a0 w0 3 6 1

AN AN AN AN AN
%.,\@ %%‘ég ?ﬁé@ ?3%&@ %Q:_\% o\ﬁé@- }\g@- A gg fé’é@- t{'&a} 22 \é'(; ;\’% 1““;{" \*\"\
W
X%
73 1-2] Xl SHAOIS NS MEIE +o01a, g steE

ASE LY O|E AGARS AR A3 d=EEAIERE A8ot

At FFEEAQY RFEE AZA0=1,114)942 To|E A-go|
7}’% wew, =oj 5% & H%ﬂ( =125), @3] & &4, 2 9 715 Rl A
2(n=63), & 1Y (n=20), ALA0=Y), =&, st A H7= A
FJ L2 QYA (n=4)° 9“4 a9 A7), tA, 27 9 2] 2F 239, T
L BAY D AEEA AHAY, REARILS bz 1]9) Aol A,
AR dFE2e 17719 ASOTEAI)CNA ZEo|ES AREstal U
o Soted 9 SEAE AXEHE Aol 2937442 A BLe
o, 35 9 FSAEAIE A2 0=199), =1 % & $M40=112), #
s 2 EFdE AxAd(n=106) =ClAHLH 1-3].
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350 |

a00 | 2%
250
d i 199
F
150
- 112 106 105 gg
1 84
= 100 &
3 35
50 3 2% 19 17 17 15 1a
0_.______________.____
D 22 4 ﬂf—‘é +‘%21&9}« £ o ﬁ-f}"é ﬁ. 1—"3 ﬁ—x;,‘ﬁ “\;‘ﬁgﬁ‘% ﬁ‘;_f'é ‘&1.‘& ﬂqn“é 18
of mﬂ;ﬁ o ~“\ o ‘5\%"5 ,\fs“ B % 2 &, S 1\‘* on®
'&"'?%?"’ ‘s—ﬁ ¢\°‘? W GNP 1\*"%25‘% @ﬁ'%ﬁ o &
o;ﬁﬂﬁgﬂg’e’ \a 1&? %é% 3 '3%,%9', .‘%
t‘x‘&%% %5;)\ 4%‘%
29 AR s
= A = o] =L=I=a
[O3 mM-3] g3 DE0|E A2 AR (2018, S HQHHY SisiEH

SEHEAIAL)

(E M-17)= IdSEE AMshe ZEYolE S/ foltt. set=d ¢
SISHAIE A ZA(QFE A|)olA BBPES AQst 659 e o]E(DMP,
DEP, DBP, DEHP, DiNP, DiDP)E 7Fg @o| AR8ot= ALZ UEyt
BBP= /i H &H|EFE Ed 21014 ARESEAL A3t DnOPE F+&
g ARESHE AR IIHH2018WU:E 7]9).
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) m. e
(B M-17) PEER A5H= TUHOIE SR AR £
_ R
HBE=EEEUURR) ws | M®® 4| DMP | DEP | DBP | BBP | DEHP | DiNP | DiDP
stet2d 2 SRR HIZY
o= X9 20 293 38 19 71 3 112 41 9
02 3 ZAENE MEY | 22 199 14 2 17 0 123 42 1
SO 2 AE B 46 112 12 4 21 2 48 20 5
AMsSAH H EdEe M2 30 106 10 2 17 3 39 33 2
B 714 & | MY 29 105 1 1 19 6 60 6 2
SA7ISHE MEL: 717 L
SI=T 25 98 37 0 13 1 43 3 1
7188 =Y 28 66 1 1 9 2 18 27 8
el 8 AHIEE 42/¢ 95 63 20 0 21 12 1 0
TR 83, TRE, 94, 8% &
T%ﬁlgl M= 26 36 9 2 9 1 13 2 0
1At =24 MY 24 35 9 1 4 4 15 1 1
7|EF 2EHH| MEY 31 33 11 0 4 0 18 0 0
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m.%?émw

A1, 50 % o1 n=697)9] Ar4%
iNP, DBP, DMP, BBP, DiDP, DEP
s=o|}t}. o]= A ,_7]94 =H44=7F 67] ©]6kQl Low Molecular Phthalates
(C1-C6, LMP)Rt} 77] ©]AFQl heavy phthalates (DEHP, DiNP)7} © &
o] 2o]= AAH J ZA|9} H]&5t Ao o AXHEuropean Plasticisers,
2021). HEEY AGAONA  17HA] FFY ZEFO|EE ARESIIA
(n=1,042), 27FA] o9l ZHEo|EE ARESt= A= AAY 22%
(n=29672)Att. 2709] Aol A= 77HA1S] ZE Y o|EE AMESH|E o
R T-4].

U_LL.
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90

697
700

600

290

ARE 4 (h2)
g

207

300 '
ol |

‘ 103 101

DEHP DINP DBP DMP BBP DIDP DEP

OHY0IE EF

1042

21
53 19

mn 2

174%) 2 71| 371 4 7bx] 5 71%] 7 7t

A3k THHO|E 7Hx]

[0 m-4] ZEHO0IE SRE AE AAT (2N
MUTE A= ZEHY0IE JHX| +=(0t2H)



3. 22X DE0|E L= JIsdut HZ4

oo

EE AAsH] fdl (19 [M-519F 2ol Al 7HA] V&<

WY =E271€0] e ZEHOIE 452
: 4 5 [o1E F& Aol B2 A
o] Axde] ZHFolE HEdA®e 1LBstal, 3) ZEIOE

=207t == AES dE80] 52 TEICIEE Y5

ol
8
=

2) 22|zt H2Y Sgeo|=
+ S2|LIBHHN, Ot HZY oY
+ ZQ0|E FB Y AHSY DB}

3) ZY0|E L &M} =g

- 287t =E0M 428 52 0 E R

(23 1-5] HPCHY DEHO|E MHHR

o1



(1) S2|LIEHEOL, OFAl RIXYU0IMS] TEHOE AREHE

Szt Xﬂ?“é oAl AMESHz ZEE0|E T/} AMEES RANSH| Y5
20189 % A E IEIEHAHHBARAE ol&stitt A H2 dAxlo]l A
A MED T AL LEsto] HE 7Hs/dol 2 A, oA 9o g HAst
AT (I [M-18)-> HeL, oA H o] ZEo|E ARG ARl tigt e
o|E ARgdZolty. F 871A9] ZEFo]E(DMP, DBP, DEHP, DiNP,
DiDP, DEP, BBP, DTDP)E FHgodh= At oKX AMQA} & 71704
% DEHPE AF&5t= Aol 30 2& 7F4 Wekal, DINP, DBP, DiDP,
DMP <=°|2{tt. DEP, BBP, DTDP= 214} 17142 ARShe AFdAel 719
ATt ARE AFFA =71 5704 o)A}l TEE|o]E= DMP, DBP, DEHP,
DINP, DiDP¥o™, <7t vy AL 9 mujzF S 2I<Fo| Wi A7t
1~2.5 & o]Aol 522 DMP, DEHP, DiNP, DiDPtt.

(2 I-18) M9, OMMX|Y ZE0IE FHF AT

mER| Gz Qs C1Zh AL TOfEP
No o | MEE T s Taa [ mm | ma | ma | 2
1 DMP 6] 4 1 7 4 1 7
2 DBP 10 2 1 4 2 1 3
3 DEHP 30 4 1 9 4 1 9
4 DiNP 15 5 1 8 5 1 8
5 DiDP 7 7 3 8 6 1 8
6 DEP 1 2 2 2 2 2 2
7 BBP 1 4 4 4 4 4 4
8 DTDP 1 1 1 1 1 1 1

§ unit: S2HE/H); 1: 0.1 02 2: 0.1~0.5; 3: 0.5~1.0; 4: 1~2.5; 5: 2.5~5.0;
6: 5~20; 7:20~200; 8: 200~1,000; 9: 1,000~5,000; 10: 5,000 O
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(2) ZEYO|E ==t ==24E

DY olE &3/l =& F UFE2 DEHP 3 249k ol 497t

okt (& [M-19= AJLG00A A48 7HA] ZEHo|EE &7, 24T =
2%

[ [111:1
S
2
-
o)
a
QO
&
w
=
e
&
~
o
[\]
=
re
-
2
X
rr
O
W)
o
<
Z
o
W)
)
o
)
|

=t Hoang AQ et al., (2022)9] 7oA HIEGS] A5t 4=2] A4S
4 {715 QG AGGolA RHAR F 1059 T |EE BAt9L
o, BE A 504 £319 AZEEo] 100 %A UY Ao TEHoE L
B7He 2193 Nguyen LV et al., (2022) A7olA 571 5 952 g
EE =4 9 BA399on, DiNP, DiDP, DnOP % H|ZA high
molecular weight ZEF0]EE A|2J5}1L 87 %~100 %71A] AEE&S BN

o

O
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(B M-19) Zetd & DEY0|E EWHIt =29 IEY0|E HES
= = . DEYO|E HES Sk & (37| :mg/m , EH :
HS o AR XHH 517 1]'ps = = = z
= HX} _ .
A=7| 1 DIDP (-) DIDP : 0.07
7 = AKX} - .
: Porras SP, 1|0|Ei*h:|o / 27| (Kol n=1) DPHP (-) DPHP_ 0.15
et al., 2020 A&7 2 DIDP (-) DIDP : <LOQ
= DINP (-) DINP: {LOQ
EatAE HZ ARIE | 7] (KY, n= .
SEAS AR A (IR, n=D) DPHP (-) DPHP: (LOQ
DEHP (GM: 44925/22929)
DMP (GM: 57/147)
DEHP (100/100) DEP (GM: 60/300)
oong AQ | MER 421 A2 / omP (100/100) | D2 19109 Dnop (Gm: 2830/873)
2 |t D05y | VI MBS AR | BXI (1=7/6) | DEP (100/100) | P\ Toc ol DBP (GM: 7349/3605)
o (Hanoi X&) DnOP (100/100 )BZBP (100/100) DPP (GM: 33/114)
DBP (100/100) DIBP (GM: 3895/5542)
DnHP (GM: 28/392)
BzBP (GM: 389/16977)
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E =9 Ax (2] - 3 -
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T 75 | 136 | ND | 851 | 413 | 0.01 | 370 | 0.19 | ND | 1.78 | 0.76 | 0.06 | 3.57
- A 57 | 132 | ND | 851 | 413 | 0.01 | 286 | 0.18 | ND | 1.78 | 0.76 | 0.06 | 3.57
iEXY | 18 | 1.70 | ND | 7.28 | 431 | 0.26 | 37.0 | 0.32 | 0.01 | 1.68 | 0.70 | 0.07 | 2.21

o
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7h 7 0lE AIRIE A
O 334 37Mg & ZYY0IE 5
o (I [I-44) = Al°lE A A9l 37X E 5 ZHE0E 5k &4
A3tolth, ARG YollA PVC ¥&, PVC HIE, I54E, AolE A%
2 AEEIA, F2x| oz AMRAD FA A F7|A R =y
TE EANst. 1 23 DMP ND-3.76 ug/m’, DEP 0.01-7.03 ug/n,
DBP 0.01-0.88 ug/m’, DEHP 0.07-1.37 ug/m'2 AZES At

DMP&} DEP B PVC 9&°lA 242 3.76, 7.03°2.2 7P &3kt A°]
At9% A= DMP, DEP 25 S35 DBOA ARESHA] b= E4o]al, T
ZolE Tf AEFY MSDS A == A] ghol A4 Yo o k=EHo]
2 AZteEot. DBP 3 15 &4 0.88 yg/m'= 7HY A
, Y sEe UE ZgEo|Eo Hg) W2 Holith. DEHP+=
oA 1.37 g/w'E 7 =A ugten, Aols AFoIAE BTt
ot (1.01 wg/m’). °ol= DEHP7} AA9] A&, A 9 nEEo= A&
G 721 FHL B3 &2H Aoz Helch HhHO| gIRA|HQl AR
oA 9o] LetHo]E s DMP ND, DEP 1.62 ug/n’, DBP 0.36 ug/n,
DEHP 0.19 yg/m’= DEP (1.62 yg/m)E ALlgt ZEHo|E FL7t AFGA
ol Blsf -2 otk FAAY F7] T ZEY0lE k= ARl H|

3 diAlz W2 sEolUH.

i

L

o)
—

A}

rir
pau)
lo

T
N dd0 %
ins

(0]

—_

]

oo 3@ w2 ox0 e
H
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(B II-44) HO|2 AIHE A°| BIAE £ OEHY0|E S5 (ug/n)

No | & 33 DMP DEP DBP | DEHP
1 AR PVC &= 3.76 7.03 0.81 0.78
2 ArRE PVC &= 2.09 0.72 0.10 0.39
3 AR PVC & 0.97 0.31 0.10 0.39
4 AR PVC HIZ 1.70 0.01 0.05 0.14
5 Y IRYE 0.98 3.78 0.88 1.37
6 | AMEE Hol= Ag 0.54 2.73 0.21 1.01
7 INRuPSy =3 ND 2.50 0.15 0.61
8 AR =5 0.34 0.04 0.07 0.32
9 AFRIES =3 ND 0.21 0.04 0.29
10 | AMHE ME H2HA 0.95 0.20 0.23 0.18
11 | =X ARH ND 1.62 0.36 0.19
12 | H=XS sAE 0.16 0.27 0.01 0.07
o=k (T) AEE W 29.5, iz 25.2
Brsr (MUER, %rh) AGE W 73.9, Xz 66.4
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L) HRIE RZE AIHE A

O 334 37Mg & =2

= (I M-45)= HRIE AR AGE A9 37N E 5 ZEY°E 5%
AATolth AFGA W iRt 53X gixA o g 394 E FA A
SN E F ZEE0E 5L g EA45ith. 1 Z3} DMP 1.88-7.28 ug/nf,
DEP 0.06-7.35 ug/n’, DBP 0.09-0.60 ug/m?, DEHP 0.12-2.25 ug/m'2 %
Z 53l

DMP+= & ZHo|Eo] H|s) AMAR W} A FE3le] DMPY
SE7F oA =94t DEP= E5Het 389 #i@dr] 1271014 6.42 ug/nf,
0.06 g/ = tA w2 =5 EAUth ¥ X9 A W 31994
oA 7.35 g/’ e = ARG W Eeudt 8 EY =4 HEESIH. DBPe
AFA Het di2A Y 79 & Zol= gle ZAoE EAESIY. DEHP+= &
e 349 A= F #E7] 15 ZH 1 SMg/mE FEHAA =A
AEEHAL UHA] 87 J2AFLS HE5 H| 3

HRJAE A2 ALY A= DMPE 91t 20~200% UL EE AREShe AMY
o2, DMP7} 95~100 % 78 AES 7taA, 3144, H8Al 822 At
&5kl Qlo] i AR AEEd AsHAH. B FAANA 7.28 ug
/R ARG Yl ESHiet 3AEY =2 FLE 3U%+=H, o= DMPE
A AHEohs 22AEC] AYES Y2 1 FAAE HES 4 DMP
=29] 7FsAdol Qo] EQIth DEP+ ARESHA] &= EZo|A|T, E4ulgt
=4 2 Fuet A GoA Hnd =4 AEEAo. DEPE AR Wl
T2 L29o] 9= Aoz AztgEth DBPS DEHPY 7HY Z
20~200E&, 200~1000&°] A, DBPLF DEHPE $Hoh= A&
o, §7]1 % DBP2} DEHPY| 5= FEZAA =4 &3t

|O|E h:E

M
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m.%?éﬂw

(E II-45) HIE M= MPF A2 7\ 5 ZHYO0IE 5 (ig/m)

No| & 23 DMP | DEP | DBP | DEHP
1] oMNeE | s 427 | 642 | 060 | 225
2 | AE | sS4 656 | 6.66 | 048 | 0.35
3 AR Satie 4.38 4.02 0.56 0.90
4| NeE | sauE 188 | 006 | 018 | 0.12
5 | AN | SauiE 523 | 046 | 021 | 0.24
6 | HEXY | AEHE 2 394 | 3.71 5.75 0.60 0.73
7 | RIS | AR W BHA| 249 | 347 | 011 | 082
8 | HEXIS] | AR Lf &A1& | 354 | 7.35 | 031 | 068
9o | hxxel | =2 &AM | 246 | 067 | 009 | 078
10 | =X 38 A 7.28 0.26 0.09 0.54

ol

BE2E (O BdE: (HUEE %rh) SHoIK R

i
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i)
ille
)
=]
A
a
flo
H
TE
[
é’
Y
>,
A
ol
o
1o
o4
N
>,
Fr
of
[E
u
&
)
[
off
H

71 A3} DMP 0.11-1.36 ug/m’, DEP 0.80-7.54 yg/n, DBP ND-0.94 ug
/mf, DEHP 0.06-0.99 g/ m'=E HZ= Ut DMP= tHEAHQl 24t FA|
A(1.36 ug/m)ollA 7P ESka AF We] AA(1.31 ug/m)F} Hljt 5
F£o0=2 AEFHA. DEP= BAREA(7.54 ug/uf)ollA, DEHP= AE4(0.99
ug/m)ellA 71 =94t BHA DBPe Rl AAA FAHNA 0.94 ug/
w2 7P =A%

DMPY] 7t YN FH(E= AR 20~200E 08 Tekdo|E AMgH}l F
7] & TYYO|E 5% 52 AYT 5 AT DEP= AR U9 di 24
SE QAT &5 DB 9@ T 0lE g AlE
o] MSDS 4 AH8sHA] b= Edol9le. o] DBP<} DEHP= 2H3%

2 MSDS “JollA AR&st= E40]

AEES H3oh

29,
)
rd
)
=
-
)
@]
3
1o
I
R
g
filo
g
o &
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m.%?éﬂw

(E [M-46) H2AE MZ AHY B S7IMz & ZEHYO0IE Sk(ug/m)

No | & 33 DMP | DEP | DBP | DEHP
1 oagm | ZEEEA 070 | 379 | 011 | 0z
2 | AlE ZYTH U 072 | 299 | 007 | 0.06
3 | AlH 2Tl 0.27 1.1 ND 0.07
4 | ANHHE it Sd 0.11 0.80 0.06 0.22
5 | AfE AT 065 | 754 | 027 | 076
6 | AN HEA 1.31 466 | 025 | 0.99
7 AMgE A H(EAHEX) 0.24 2.43 0.09 0.10
8 | THEXY A A 1.36 5.55 0.94 0.68

HA2E (T) AIHA W: 27.8, ti&xZ: 27.8
YOS (HUSE, %rh) AR LY 65.7, tHET: 64.2
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4|0|E h:E

g A A A9 B4R
o AEFH SEI YAA L 1R, h2AY
37 AR F nEelES ¥

éfi

H**Z—_.iﬂrolq A4
2 394 2304 3%t
1 A3 DMP 0.48-1.84 ug/m’, DEP 1.05-5.57 ug/m’, DB
ug/m’, DEHP 0.22-2.03 ug/m'2 AZ&=Utt. DEHP+= A}E%Xé 13Lof A
2.03 i/’ E 7 A AE=UATE ¥, DMP, DEP= tiEA| Q1 319
Ao A 7H A HEEHAT(1.84 ug/n’, 5.57 ug/’). DEP= o2 ZEE|0]
Eo] Hlg £2 saEa HoH, 34 1304 5.57 wg/m'sE 7P =
Ut DBP= AR W9t di2A9 7k & Zo|7F gigith
U ZEHYOlE AMEF A=7L Ileh 394
2 AMFA BEE R3] YAS L A FE, olojxd 5 f7IAAEo] glof A
I WY 371 F ZEHIE vk & Aot fle ALE HQlth

oHTj- /\]-O:l}(]—_Q. 7]-_9_01- 2

(2 [I-47) SUAE AE MY A S7ME & ZEY0IE 5E(ug/m)

No| & 34 DMP DEP DBP | DEHP
1 AEE MNE3E1 0.70 5.06 0.26 2.03
2 | AMEE MNE3F2 0.91 2.37 0.11 0.69
3 | AE MESHES 0.83 4.42 0.12 1.31
4 1 A MNESHL 0.48 1.05 0.12 0.83
5 | ARHE MNESHL 1.32 4.62 0.18 0.54
6 | AHE A 1 1.12 3.34 0.12 0.55
7 | HEXY 3|94 1.84 5.57 0.39 0.63
8 | HxXY CISIES 0.84 1.15 0.13 0.22

YreE (T) MY% W 25.3, =3 24.9

BoEr (JUEE.%rh) ARE W 71.7, A= 68.5



=
e
1
(N
H
—

op gdXl & S2UAE HME AEE A
O &88 &/MNz & ZEH0IE 5k
O (B I-48)2 A & Edh2E Az AR A 9 7R F
LY O|E sk £4Z2ToIH. AYE U d=TA 271, A5V 4E7I
HEZH 2N, F4/AG 20, A-GVIA 2A 20, diE2TAGS 25 394
= st

71 A3} DMP 0.82-3.13 ug/m?, DEP 2.80-37.0 yg/n, DBP ND-0.56 ug
/m’, DEHP 0.46-3.12 yig/m’= HEEHSth. DMP= IF7A FE7]°0A
3.13, 1.49 ig/'2 &2 £ 2 FEHAT. DEP+ dxS 23 394
oA 7 #=% (37.0, 21.9 ug/n’), DBP E3t £2 =02 HEEH AT
(0.48 g/, 0.43 yg/1’). DEHP= 1574 4=7] TH(2.24 ug/n?, 1.65
ug/m)Q}F FZH/AE TH(3.12, 2.95 ug/m)olA =k

sig AIE 4% DB Yold 857 gske, TEeolE g A%
2 AFg3HA oA, DBPE AYE ZFolESY & SES AYY

rr

el F+Eglo] =3th £9] DEP+= tiERA|go] AFFA WHES 57t =3k
o], AFAA "oizl 3of] X5k 7] wiEol AFYAE 9 tHE DEP k=&4H0]
9 Aow Holth

159



(B T-48) B42K| U SUAE HX MYZ A9 ZIKIE 5 ZY0E

&= (ug/ ')

No | & 34 DMP DEP DBP | DEHP
1 AEE H= 94 2.03 6.00 0.32 2.44
2 AR Hz 9A 1.09 4.42 ND 0.46
3 ARHE V2I|H &E7] 1.35 12.6 0.21 2.24
4 A UFI|AH &7 1.37 7.31 0.19 1.65
5 AT eV RN = 3.13 21.0 0.56 2.15
6 AT DRI|AH LE7] 1.49 10.3 0.20 0.76
7 AR 2 2N 1.01 511 0.14 1.83
8 AR U4 53 1.38 6.15 0.10 0.79
9 AR Azt TN 1.10 2.80 0.08 3.12
10 | AMRHE A28, M 1.45 7.83 0.15 2.95
| AR ZEIA 0.82 15.7 0.28 1.88
12 | AEE ZEI|A 1.77 13.6 0.31 1.01
13 | =X Y 2Z 3|94 2.21 37.0 0.48 1.15
14 | =X 25 2|94 1.21 21.9 0.43 1.02
Boa2r (T) AIEZ W 30.1, ix=: 28.8
Brsk (YUEE, %rh) AFRE L 58.5, HiZa: 58.1

160



SEY F7NR F DLYOIE 5=
Th (H [M-49= F8AH AR AR AY 37X =
T EAZTo|th A WY Alme vid, Edt A4A-A
o AEE goi/FAANA 1=
1 A3 DMP 1.25-6.45 ug/m’, DEP 0.01-10.8 ug/m’, DBP 0.09-0.86
ug/n’, DEHP 0.26-2.21% H&%Uth. DMPe DEP EF A4-AY 54
oA Z+Z+ 6.45 ug/nf, 10.8 ug/’'E 7% =9th DBPE &3 A 0A
0.86 ug/m'2 71 =9kt DEHPY A% 2olA/FAHQ2.21 ug/m)ol Al At
A WET =4 HE=HA

g AFAAL 573 BojA 2SS

2 =D 2 & itk AEC] DOPE 7IaAE
ARSI 4% DR O|ES AMSSHAl kAR, DMP, DEP7F 4" &
g 3t XA A AEE AR Hol A W =&Yo| Q= A= HA
=2
(B M-49) 443 HXE AMAE A9 37IME & TEHY0|E s=(ig/m)
No | & 33 DMP | DEP | DBP | DEHP
T | Al ik 148 | 015 | 0.09 | 0.90
2 | ANl AYA-S 5t 2.68 | 0.01 0.16 | 0.26
3 | AE AfA-ZHE 6.45 | 108 | 066 | 1.33
4| ANE Z5} 330 | 218 | 086 | 0.41
5 | =X NS 156 | 3.00 | 031 | 052
6 | HHEXIS SHolH/FAHA 1.25 5.15 0.32 2.21
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AR ASEE B T ARG A
O &88 &/MNz & ZEH0IE 5k
O (& [I-5002 #AF2F F5 A2 AR A $71A = & ZE 0]
sk ZAETeIn AR WY 7H2Ed, "=y 34, HiEE ], A9
=

ES
H3HE, dRAGe= AR 298 W 224, =1
A
o

ol of |m

71 A3} DMP ND-8.51 ug/m’, DEP 2.75-28.6 ug/m’, DBP 0.06-1.78 ug
/n’, DEHP 0.22-1.88 yg/m’'2 A&= k. DMPS DEP, DEHP 2% A
SAolA Z+ZF 8.51 ug/nf, 28.6, 1.88 ug/m'C.2 714 =9ttt DBPE: 7h&
374 7 oA 1.78 ug/w'E 7P X AIA W ERA RE 2H3A
M= 1.68 ug/m'=E AA| o= w2 HAESEHUTH

g AR ARE, W 59 &%= DINPRRE AMESHIAIRE, DMP,
DEP, DBP, DEHP7} & &7 ZA A &2 ¢#E22 ASHUH. 57
=y, dggdo], A8 ZAHo|A DEPY %7} thE FHo s =4 4
59+, o] FHEY TEH2 22T JH HFAAE AsAF AA Ol vt

2 Aoz HAA Sl DEP7} vl A oz SFE e 7Fsdol AU
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No | & 33 DMP DEP DBP | DEHP
1 AR 2 38 1.22 3.42 0.16 0.62
2 AT 2 38 2.01 4.13 0.29 0.24
3 ANEE 7t 8732 5.99 18.9 1.78 0.88
4 A HEH 53 ND 23.4 0.26 0.98
5 | MEE M| = 2/ H|0f 1.76 23.6 0.25 0.53
6 A de 38 8.51 28.6 0.35 1.88
7 AR oo 838 1.02 2.90 0.11 0.22
8 ANEY | EE3 BE =8 53 ND 10.8 1.68 1.30
9 ARE | EE3 B5 2 38| 0.89 3.35 0.33 0.88
10 | OI=XSY | AHUY W Eod 3.33 3.44 0.13 0.78
| H=XY EEARY s 0.99 2.75 0.06 0.38
12 | t=XY 25 2|94 3.33 11.5 0.55 1.38
Br2c (C) My W 238, Uiz 244
Brss (MUEE, %rh) ARG W 72.4, tiRF: 75.3

O Y BIINZ 3

oS (E M-512 Sehae w72 ABg ARG A o BINR F oY
dolE FE EAATolh. AEFY 3E, vIFRY 3 12, WHBH 12
N 5" Aol Bt

71 ZA3 DMP 0.82-3.88 ug/n', DEP 1.80-11.5 ug/m’, DBP 0.11-0.35
ug/m’, DEHP 0.66-3.57 uig/n'2 &= %ot DEP, DBP, DEHP 2% A'H

=

7171 125014 242 11.5 ug/nt', 0.35 ug/mf, 3.57 ug/ 'z 71 =74 A=A
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th. DMP&= #4574 7171 ol 3.88 ig/m'E 7P =3kt
S A E%Hiﬂ O|EE AMESh= ARIAO] ofd ZEHo S
EAY H7lEs AZEste AFdAelal 12 igbo] EFE 2ol gl

1= 2e 34 W 459 ZEHo|EZT HEH A,

e

(& [I-51) S2AE H7IE HEE MY AQ S7ME T ZEY0IE Sk(ug/m)

No | & CxS DMP | DEP | DBP | DEHP
1| MY MEZH1 2.48 115 0.35 3.57
2 | Mg HESHI 1.66 5.71 0.12 1.48
3 | AEE HESH2 0.82 1.80 0.12 1.15
4 AeE IHIES 3.88 5.69 0.13 0.66
5 | AE HEE22 38 1.84 6.05 0.11 0.66

o
oig A2 AL SAM/AMRY 227t HOUX EeB= AT M=E +HoH| a5

AL
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m.%?émw

B) AETE EH 5 ZEYOIE 5k

S (F [M-52)= AAE BFHAR 5 ZEHo|E 43%(DMP, DEP,
DBP, DEHP) §&= #3olth 7} Adgde ndeolE =9 SI3g, 3
, HAE eI 8719 AR el BHA R § TEHIYCE 5k H*H
DMP ND~368, DEP ND~50.0, DBP ND~31.0, DEHP ND~5243%}

DEHPY] &k 3ol 7 Wttt AR d2AFETt AFA%} 'JH R
%}Eﬂ 1E 5=7F =4 A=l

) r[r 1~>
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(B [I-52) AIiE BHOAlR & ZEYO0IE 5 2%(ng/ar)
JUE=1 DMP DEP DBP DEHP
No e | S
T | 50" | EA | Zof 50™ | EA | HOf | 50" | A | Eof | 50" | EA | A
TA| 12 ND | ND ND ND | ND ND ND ND | 148 | 614 | 6.35 | 516
1 & NPy 10 | ND | ND ND ND | ND ND ND ND | 148 | 77.2 | 6.35 | 516
=X | 2 ND | ND ND ND | ND ND ND ND ND | 43.1 | 39.6 | 46.7
| 12 ND | ND 368 | ND | ND | 50.0 ND ND | 31.0 | 40.0 | 6.93 | 2,114
2 AR 6 17.6 | ND 368 | ND | ND | 50.0 | 0.60 ND | 31.0 | 205 | 6.90 | 2,114
=X | 6 ND | ND ND ND | ND ND ND ND | 483 | 249 | 920 | 91.0
| 14 | ND | ND ND ND | ND |0.001|0.0004 | ND |0.001| 235 | 6.18 | 182
3 AFHE 12 ND | ND ND ND | ND |0.001| 0.001 | ND |0.001| 274 | 6.18 | 182
EXSY | 2 ND ND ND ND | ND ND ND ND ND 15.1 | 9.31 | 20.9
TA| 12 ND ND 14.4 | ND | ND ND ND ND | 275 | 243 | 3.84 | 255
4 INQupSy 10 ND ND 14.4 | ND | ND ND | 0.0004| ND | 275 | 314 | 7.85 | 255
EXYG | 2 ND | ND ND ND | ND ND | 0.001 |0.001]0.001| 124 | 3.84 | 21.1
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) M. ezt

" ot e 4B DMP DEP DBP DEHP
= | % [bo"| HA | Aoy | 50M| HA | My | 50M | A | Aoy | 50" | HA | A
staxj e | FAH | 12 [ND | ND | ND [ ND | ND | ND | ND | ND |0.001] 440 | 7.95 | 1,016
5 | =alAel Mx | AKE | 10 | ND | ND | ND |ND | ND | ND | ND | ND |0.001| 476 | 7.95 | 1,016
MAZ A Igzxiet| 2 [ ND | ND | ND | ND | ND | ND |0.0004| ND |0.001| 150 | 112 | 188
] X% | 10 | ND| ND | ND |[ND|ND | ND | ND | ND | 2.02 | 2692 | 138 | 5243
6 ggﬁ;;z ﬂ'ﬁ A& | 8 [ND | ND | ND [ND | ND | ND | ND | ND | 202 | 2692 | 138 | 5243
(h=xle{| 2 |ND | ND | ND |ND| ND | ND | 072 | ND | 143 | 2487 | 334 | 4,639
] ¥ | 20 | ND| ND | ND |[ND| ND | ND | ND | ND | 6.80 | 34.0 | ND | 1,425
7 X*%f*giﬁAﬂ'E ARZ | 14 [ ND | ND | ND | ND | ND | ND |0.0004| ND | 680 | 41.2 | ND | 941
(hxx|%{| 6 |ND | ND | ND |[ND| ND | ND | ND | ND | ND | 264 | 840 | 1,425
8 ﬁggig'g% ¥ | 8 | ND| ND | ND |[ND|ND | ND| ND | ND | ND | 325 | 118 | 121
XM | 100 | ND | ND | 368 | ND | ND | 500 | ND | ND | 31.0 | 464 | ND | 5243
58 ARzt | 78 | ND | ND | 368 | ND | ND | 500 | ND | ND | 310 | 52.0 | ND |5.243
Ch=xle{| 22 |ND | ND | ND |ND | ND | ND | ND | ND | 483 | 346 | 3.84 | 4,639
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) AI0IE AIRE A
¥E BHAR & DH0|E 5%

ol& ARG A EHAR T ZHTOE 5k
Z W9 PVC &=, PVC HYE, 15U¢=, A
ARgEIA F4, RAGoAS AL wﬂ*‘oﬂﬁ =
FEolqlth. 1 23 DMPS DEPE 2E AJ#0A ND, DBP ND-1
ng/ar, DEHP 6.35-516 ng/ar2 #ZEE Ut DBPE PVC 4&3 A 1
A TA 7 oA 22 14.8, 11.4 ng/arC 2 AEEQIth DEHPE: 2
= A4 AEEHYeH PVC 4= TAHG16 ng/ar), =334 234494,
168 ng/cmz)cﬂw =4 AEE A

{m

g

> O,
e oo o

)

1
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m.%?éﬂw

(E I1-53) #HO0IZ AAT A2 EFAE F ZEYO0IE Sk(ng/cr)

No T2 33 #%9/X| | DMP | DEP | DBP | DEHP
(o] =S
1 aem | pvc s | TVC §F7' AN | ND | ND | 516
. |PVC 257| B
2| Mg PveEE | ;I7|Ef ND ND | 148 | 76.2
_ | ¥E17| ¥
3 | Algl® | PVC YE b'zog"t'ﬂ ND | ND | ND | 250
4 | MHE | PVCHY PVCEHEZZIE| ND | ND | ND | 635
_ = 71830tx7
5 | Mem | mees |2 ETEE o | np | ND | 110
AOlE | AHOlE &
6 | A% o1 o ND | ND | 11.4 | 40.0
7 | AR CX HRlE ND | ND | ND | 782
=e CEEel F '
HoIE
8 | Ald LSS 7171 & ND ND ND 494
H7E @
HoIE
9 | MEE LS LS. ND ND ND 168
e i=ls|
| IR FE 9
10| ARy | MEERE | T o ND | ND | ND | 235
JNI=PN| _E_ %
11 | tEXS | AR fj%,g ND ND ND | 46.7
12 | =AY | AL HOIS ND ND ND 39.6
o2k (T) MY W: 29.7, Tzt 27.1
Yrsr (MEE,%rh) AIEE W 75.9, & 53.6
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L) HRIE ME AMAY A
O ZXMY HHAIZ & DER0IE =&

ocoo=2 b -

e (E M-54% HAE AR AYY A BHAR F D0l S=
wagsolt, AAg e S4ug BHNA M@y s 15 =HenE
S, QRAGNA FALL U S L WY 6RO BHAR F Leky

O|E HxE BA35Ict 1 23 DMP ND-368 ng/ar, DEP ND-50.0 ng/
af, DBP ND-31.0 ng/af, DEHP 6.93-2,114 ng/ar2 #H&% Ut DMPE
15 EHEZE HHOA 368 ng/arE 7Y =7 EQ%.L Higt 1, 2, 5%
719] EHOMZ 25.8 ng/ar, 44.0 ng/ar, 9.41 ng/ct S Z51c}. DEP
+ i} 25719 EHAIAT HEEJTH50.0 ng/ar). DMPQ} DEPE= H=2A]
q AgmoA= 25 AEEA 23Ut DBPLF DEHP+= Hig 2271004 242}
31.0, 2,114 ng/ar= 7V A A==t DEHPY] 4%, A HA FA
At 390 gt 9 A EHANE BT HEEUTH
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(B IM-54) HIE AIAE AQ] HHA|E = IE0|E SX(ng/ar)
No | F& =3 4ZI9IXx] | DMP | DEP | DBP | DEHP
T | AR | EH1g | HHE 157 25.8 ND 0.001 400
2 | AR | ELHNE | HIE 257 44.0 50.0 31.0 | 2114
3 | AR | EHEE | HIE 537 9.41 ND ND 6.93
4 | ANQGE | EbiE | HHE 757 ND ND 6.76 16.7
5 INJuES) Etig HiEt 8&7| ND ND 1.17 42 .3
15
6 | AR - capme 368 ND ND 368
7 | =X MEE LU SHA W X} ND ND ND 12.2
8 | =X MBS U EAA W) BR[| ND ND ND 9.20
== §r7'”)élA 7= = .
AP LY | AATED AFRA
9 | WEX T Sg et ND ND ND | 114
AFARE LY | AATE] AFRA
10 | IEX|Y SHAB | 2R A 9 ND ND ND 42.0
11 | HEXS | 3l9/A | MM L&A | ND ND ND 91.0
12 | HRXY | 3|9/Al | M7 L) & ND ND 4.83 37.6

BILE (0% BISE WUEE, %h) SHoIR 23
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Ch) HOIE AT B
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)
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=
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Z
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O
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=

ND-0.001 ng/cm2 DBP ND-0.001 ng/cr, DEHP 6.18-182 ng/ar= @%Q

0*1:} DEPE: Hi3FE4 9] Hiby] 9 HHAIR 13145 0.001 ng/ars A2
I UHA AgoA= NDE £4%th. DBP+= Hids42] g7 ¢

9}_,_4-1—%%_,] A7, FARA] A |5 HH, AFAoA 2+ 0.001 ng/

2 A&t DEHPE 2E AJR0)A] %ﬂ%ﬂtﬂ, A 741713* *

HoflA 182 ng/er® 7H =Qkar, AlS

38 W E8Ax 5489 714 &

=]
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SRR =
. )
: S| 2 alo
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= f0|E sk

02 (E [M-56)2 E24Y AR AFYR A9l EHAR
I oA Ar=5789 A7, HH, el AHA
Za19] Auto] A /‘] E TASH N QXA 9o g Jo4 g3 Y AR F
g0l EE 24519t 1 23 DMPE ARE54 1 A713H(14.4 ng/ad)S
A&fsta H5% NDRIHh. DEP= AFAA WieF di2AY 254 NDI
DBP+= ND-27.5ng/ar, DEHP 3.84-255ng/ar® HZEFt. DBPQ+
DEHP+= AFE34 9 AFE7] BT oA 22} 27.5 ng/ar, 255 ng/ai® A=
g U AREYE FEHAA EJYH. DEHP= 2E AlE0]4 ND7F il
o g ZHYOEREY ¥ &2 $Fo|th tR2A ]l oA HE T AL

H
M
o
0 [‘Llﬂ,
)
o,
_EL
¢
O‘r‘
éé

=380A Hid 2 52 dSHIAH
(H [I-56) S2AE AIE AIHE A9l HUAlR 5 ZEYO0|E Sx(ng/ar)
No| & 323 #%9%x] | DMP | DEP | DBP | DEHP
. Hol NS
1| ARIY | AR BE i ND | ND |0.001| 79.6
- N
2 MY | AE SE 1 H7|mt 14.4 ND ND 27.5
3 | NeI® [AE 38 2| AEJI A7 | ND | ND | ND | 353
4 | Me® (A= 382 MNE7 g | ND | ND | ND | 204
5 | AYY [AME B3| AEJ e | ND | ND |0.001| 11.8
6 | A% [AE 88 3| AEJ #HH | ND | ND | ND | 16.0
7| NYY [NEB¥4| AE7HH | ND | ND | 0.001 | 652
8 | AIY [AlE 3™ 4| AE7| WAM | ND | ND | 27.5 | 255
9 | AI¥A | B AT | #AFH AT 48| ND | ND | 0.001 | 7.85
10 | AIIE | ®IXIH D [ @IXIK) ZO 4Et] ND | ND | ND | 16.6
11| HEXS | glely SAM EX | ND | ND | 0.001 | 3.84
12 | EXS | sloly SAM ER | ND | ND | 0.001 | 211

HARE (T) AYE W: 25.3, tixF: 24.9
HAgE (BUEE, %rh) AFEE W: 71.7, ti2Z: 68.5
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S 0IE 5k
O (& [I-57)2 A 5 EhaE AR AR A9 #EAR § 2
gE°olE sk 4230t 47l 49 L5 V1A 4E7] 4, 9= 1A
7171 /9, E23H 7171 9, $4/AD 34 A, A”GTVIA FHelA A

gHolES EASIQUt. 11 23 DMP® DEPE= E% ND, DBP
ND-0.001 ng/at, DEHP 7.95-1,016 ng/at® A< 3lct. DBPE= AY 7|4
Sat FAA =2 9o FHEARAT 0.001 ng/ar®2 HE=UTE. DEHP
= FYsHA BE A=A HEEHSGICH, Y89 717] F EH A=A
1,016 ng/ar = 7 &t 4E7] & 32 AY7IA 349 RHAEES
AQstA AFFA Wl Al=7F d2A 0 FAA/E9A (112, 188 ng/ar)k
0 52 £F08 HEHIH

0
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(B M-57) BY4X U SUAS HE A A o EBAR 5 TU0|E

= (ng/ar)
No | & 33 #%9X| | DMP | DEP | DBP | DEHP
_ = 717
1| A U&7 Q%n '%1! ND | ND | ND | 828
_ = 717
2 | ArE U&7 ‘J&._%ﬂ '%ﬂ ND | ND | ND | 495
92 OJAlGH=
3 | Agm | mey | EES TSRS p | \p | ND | 608
A IT
Q2= OlAlSt=
4| Mem | wpmy | EES TSRS o | N | D | 1,016
5 | AR | wmay | wusi=2ZFH Y| ND | ND | ND | 422
6 | AR | wmEZy | Lus=3F Y| ND | ND | ND | 498
ofxt | Lzr T g2t M
7| AR | @z e 3 o ND | ND | ND | 458
oixt | Wzt TC g2, e
8 | AR | Wz xe 5 o 00 | 00 | 00 | 726
9 | MEHE ZEIA 2EIA & ND ND |0.001| 13.6
10 | AR | HEIA ZE7I1¥ | ND | ND | ND | 7.95
1 | WEXY | SAA/3QA | SHA & 9| ND ND ND 112
12 | XY | SAA/32Y | SHA & ¢ | ND ND |0.001| 188

Bo2E (T) AMYH W 30.1, oz 28.8
Boast (JUER, %rh) AFFE W 5685, HiZxa: 58.1
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Hh ML HZ AFHE
O 338 HUAN= & ZEY0|E 5k
oS (HE [M-58)2 A

A= AR AC] EeA
Tolck, AR ol A wiE, -2, A4

k1
M
1%
IR

FHAIRE $ASAY. g 2AYS oA /s A AT} }Pré_u H%Lﬂr RS
HHARE 5l1 LEHYo|EE BA351qitt 11 Z3 DMP, DEPE 2%

Al=o A NDe™, DBP+= &5t & X1 ti2A 4Rl 2oid/FA NN 2
Zy 2.0, 1.40 ng/are2 AEE Tt DEHP+= 138-5,243 ng/ar® AlwHd
=97 Wleh. DEHP= Hiehs789 vie7] 717]EHIA 5,243 ng/ar
Jitegtoll Mk 4,000 ng/ar o139 FE=AH
Ad vu DEHP+= 4,639 ng/arS& High
< SR ole g Ardgol AR
FAAS 33t 7o ‘3151 A & ZEY | EVF &2 A E0|

Q7] WEoZ BRIty ARRA A HHA LS DEHP=
v
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HA|E £ OEY0|E SE(ng/ar)

o < | M| ™ ol m < (o))
e} 0 | — 00 <
L | O N2 |xolnel | 8|q
) — || < Nl | T S|
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i1 o) V_“_WE
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L e R
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m.%?éﬂw

O 82 HBA= & DH0IE 5k
O (B [I-59)% #F8AF F-5 Ax A A BHAR & ZEEo|E
s A2t A HolA 725, =Y 57, miEE o], A
& 5 2 SANAY 2HARE AF # 2461, HEA
A Zod, =HITY ZAH FAY, 25 = AL FAL B sode =
5] E

S BA4519lh. 1 23 DMPS DEPE HE AlROA]

2

DBPE 7F2 37349 HwoA 6.80 ng/arl2 7 &3ttt DEHPO 3%,
AFH oA wgewolo A 941 ng/ar, HRAHS FAA] QR0 A
1,425 ng/ar2 7F% =4 AE=H%oH, & EH ARHUE 439 =2
FZo|th dig FAALZ HIE Hofl A5k 2F Fold FHo] 7HeEHIL
o™ FATHT AFAS] E27F A5 §lo] DEHP 2 5= AsAt
Slojd FHCERY 2 ZOoE FHHH

(E M-59) XSk 25 M MHY A9l BHAE F Y O0|E Sk(ng/ar)

No| = 3% #39xl | DMP | DEP | DBP | DEHP
1| N¥Y | 72BN | J1e3%Ee | ND | ND | ND | ND
2 | N¥¥ | 1288 | J1e3®®el | ND | ND | 0.001] 229
3| M@® | 7123y | Jte3®We | ND | ND | ND | 8.24
o x| AEY #OIEE
4| Med | 23y | Tl | ND | ND | ND | 241
5| MYY | e 3¥ | =mold | ND | ND | ND | 363
6 | MEH 2 38 HHO|AM ND ND | 6.80 | 70.2
7| AN@E | HEH BN AR U= R|[ND | ND | ND | 178
8 | Ad HEH S8 HHO| A ND ND | 2.26 | 146
IS 2 X
o | awm | ozamol | 0N ND | ND | ND | 941
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No | 7& 23 479Xl | DMP | DEP | DBP | DEHP
oix et gz
10| MIE | WERHOL | o s e | ND | ND | 0.001 | 324
o M o XQIE oo
11 INRPSs e 83 ol= SAAl ND ND ND 46.0
S HI=
12| MR | MY EY | ¥E=2XE | ND | ND | 0.001 | 73.6
HZ|CH HE2 )
E33 9=
13 ] AR | ST LS | EXOIM 422 | ND | ND | 202 | 517
E HIT
14| NYE | S0 TE IemolM 422 | ND | ND | 133 | 4.12
15 | 1=K | 2o EFRR(AENS | ND | ND | ND | 21.0
16 | HEXY Sojd EfRHMEN ND | ND | ND | 840
17 | =X | & LZIA =& | ND | ND | 1.43 | 341
18 | =X | &AHN o|x} ND | ND | ND | 1,425
CX XIXE | ZEI0| Ql=
o o T o loNe]
19 | ER | L it ND | ND | ND | 138
_ ZXQIX| HIZ
20 | CAEXIS | BlofAl o ol ND | ND | ND | 317
HH2C (T) ARKIE W: 23.7, & 26.1
s (MUEE, %rh) AFRAE W: 72.7, i 72.4
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Oh Z2tAH HIIZ IHEE AEHE A

O ZFY HRAR & DY0E 55
e (E M-60)2 FekAE HY1E ATE AYY A EAAR F xT
dolE = BAAvoltt. 487, BB AW, wFEe 3

XU A8 F ZEEolEE B4t o. 1 23 DMP, DEP, DBP= EE&
A|Zo|A NDCw, DEHPE 11.8-121 ng/af2 UEFGTH EH Alg &
DEHP+= A9 7|71®HAlA 7P =341, BlE5Ee] 3789 EHJA] H|n A
H2 SR HEEHUT

(2 I1-60) SHAE] H7|2 MEE MAH A2 EHAz & ZYO0|E Sk(ng/ar)

No =2 = EX| DMP | DEP DBP | DEHP
1 INRuESy MESH MEI|71 ND ND ND 52.2
2 | ARHE HESE MHE771 ND ND ND 49.2
3 NSy HMHIH2 MEHT|712 ND ND ND 26.3
4 NSy MESH2 HH7|712 ND ND ND 121
5 INSuESy IHfsH SYA 7| ND ND ND 38.7
6 | AFHE IHfsH SEA 7| ND ND ND 24.8
7 AIHZE | HIS223H | HE2dad ND ND ND 11.8
8 AIEE | HSE43Y | HESE43H ND ND ND 15.9

Y AT MLRT SAM/ARY B2t HOIX| 4002 HEZ ARE TS %3

HH2E (T) AR L 23.7, HEZUS

WREE (WOUBEE, %rh) MEH W 52, HEZEIS
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5) 2aA AAwEF D AFNDY FHEIEY, 1)
(1) ZEY0IES =4 #f Hlu

= (X MM-61)2 AFYJolA| A= 20|= ZHY0|E 852 o E =4
#= Aottt ZEYClER &4 vEAAY 549%S B76H| -?4“5‘]1
H EPA RID %2 ARESHR o™, 1 27F §li= 749 RAIS HolE oA
-85ttt 8% 5 DMPE RAISOIA chronic RfD= YA subchromc
RfDE 1 x 107'& A|ASt 19ich. DEP, BBP, DnOP, DEHP: chornic
RfDYOH, Z+2F 8 x 107, 1 x 107, 2 x 107, 1 x 107, 2 x 107%0]ch.
DiNP, DiDP+ v SAHYYS H7FE oral chronic RfD ZE7} ¢l
At
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) I etaza
(B M-61) DEH0|EQ H|LUAY SHAS HYIIE {st oral chronic RfD
Chemical CAS no Oral Chronic RfD (mg/kg/day) Reference
1 x 107" Subchronic
Dimethyl phthalate 131-11-3 Basis:Increased absolute and relative liver weight; RAIS
(DMP) Decreased serum and testicular testosterone, Target organ:
Liver; Clinical chemistry
Diethyl phthalate 8 x 107
AR 84-66-2 Basis:Decreased growth rate, food consumption and altered EPA IRIS / RAIS
(DEP) . .
organ weights, Target organ: Whole body
Dibutyl phthalate o 1 x 107
(DBP) 84-74-2 Basis:Increased mortality, Target organ: Whole body EPA IRIS / RAIS
Butyl benzyl ol 1
ohthalate (BBP) 85-68-7 2 x 10 RAIS
Di-n-octyl 117-84-0 1 x 107 EPA
phthalate (DnOP) Mild-to—-moderate cytoplasmtc vacuolation in the liver (EPA/690/R-12/023F)
Bis(2-ethylhexyl) o 2 x 107
phthalate (DEHP) 000117-81-7 Basis:Increased relative liver weight, Target organ: Liver EPA'IRIS / RAIS
Diisonony! 28553-12-0/ ~ ~
phthalate (DiNP) 28553-12-0
Diisodecyl e _ B
ohthalate (DiDP) | 20761740-0
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2 ofe Alu} o] AT

S &E(n’/day): A% t
= Al5(kg): T AR B AF 69.2 £ 11.74 kg
* Inhalation ADD (Average daily dose, €Y Ha ==%F)(ng/kg/day)

= k(ng/m’) x TFE(n'/day)/ ASkg) (& AToNA ug/kg/day= HEHH)

W wEF AES TR SRS

ZHH0lE SULEof tigt 4
& Aol 7t o Eg] RIDSH FAIS A4 ok e
= DMP RfD 1x107! (Oral subchronic RfD mg/kg/day) (RAIS)
DEP RfD 8x107' (Oral chronic RfD mg/kg/day) (EPA, IRIS/RAIS)
DBP RfD 1x107! (Oral chronic RfD mg/kg/day) (EPA, IRIS/RAIS)
DEHP RfD 2x107 (Oral chronic RfD mg/kg/day) (EPA, IRIS/RAIS)

ol A5 (Hazard Quotient) AF& = 49 =& (mg/kg/day)/RfD (EPA

IRIS)
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o] HQE PVC ¥&°14 0.009% 7Pg 7 Wergton] who] Anag
o|3ict. DEP®F DBPY 382 &3 = °|E HQ+ DMP, DEHPO| H|3f
@2 wolglon] ZHER o|7t Q. 4F59 ZEE°|E F DEHPY
HQ7l 78 &8 molglon, 715et2(0.016), AolE%3H0.011), PVC &
£(0.009) 59 ol

(B IM-62) AOIE ALRIE A°| ZEH|0|E inhalation ADD (ug/kg/day)?t HQ

No| = DMP DEP DBP DEHP
>S [ADD| HQ" |ADD| HQ |ADD| HQ |ADD| HQ
1| gra s | 085 | 0,009 | 159 | 0002 | 0.18 | 0002 | 0.18 | 0.009
2 O%ch 0.47 | 0.0047 | 0.16 | 0.0002 | 0.02 | 0.0002 | 0.09 | 0.004
3 i\é 0.22 |0.0022 | 0.07 | 0.0001 | 0.02 | 0.0002 | 0.09 | 0.004
4 E\l/fj 0.39 | 0.0039 | 720 | %991 0.01 | 0.0001 | 0.03 | 0.002
R
5 o2 | 0220002 086 0001 | 020 | 0.002 | 031 0016
HO[=
6 | 15 1012 | 0001 | 0.62 | 0001 | 0.05 | 0.0005| 023 |0.011
7 | == |000| 000 | 0.57 | 0.001 | 0.03|0.0003] 0.14 | 0.007
8 | =x | 00800008 0.01 |0.00001| 0.02 | 0.0002 | 0.07 | 0.004
9 | =x | 000 0.00 | 0.05] 00001 | 0.01|0.0001] 0.07 | 0.003
It
10 |ME2E ] 020 1 0.0022| 0.05 | 0.0001 | 0.05 | 0.001 | 0.04 | 0.002
11| AF2A | 0,00 | 0.0000 | 0.37 | 0.0005 | 0.08 | 0.001 | 0.04 | 0.002
12| #7214 | 004 | 0.0004 | 0.06 | 0.0001 | *2° |70 0.02 | 0.00

* Qral subchronic RfD
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Lh) HQIE HMZE AHE AQl DEO0IE §2 =87}

< (G MM-63)2 HAE AR AFAYE A9 252 &3 = °o]E ADD
ot o] W HQolt}. 4F9] ZHEolE 2% HQ7F 12 Z3sHA] ot
A e DMPY HQ+= E5Hi3t g XollA 0.0158 7P =A Yebst
o} 22 gL F& FAABY 0.0172 7P &9tow, ol AMdA WHeh
=2 HQ¥TH DEPQ HQE AFIH UolA E4HigH = oA 0.002E ot
—,E:%Z— ol Hlof Blw A =okom, fRXGojA= ARG W FAABY AMY

7 9] 3]94oA 0.002% . DBPY &g &3t T o|E HQ+= DMP,
DEHPO] ®ls] @2 Ho|lom FHEE 2pol7F ALY Sl 4+4 ek
°|E & DEHPS HQ7I 7F¢ =2 Wol|ler, E5u3(0.025), Eul%
(0.010), AFE4 W FAA A 4 Z2FA4 A0.009) 59 *01044

_Jlo

ﬂl
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(E IM-63) HI2IE M= AIZ A2| DEHO|E inhalation ADD (ug/kg/day)2t

HQ
DMP DEP DBP DEHP
No| 33 .
ADD | HQ | ADD | HQ |ADD| HQ | ADD | HQ
1 | EHi3 | 0.97 | 0.010| 1.46 | 0.002 | 0.14 | 0.001 | 0.51 | 0.025
2 | E4H{8 | 1.49 | 0.015| 1.51 | 0.002 | 0.11 | 0.001 | 0.08 | 0.004
3 | E4H18H | 0.99 [0.010| 0.91 | 0.001 | 0.13 | 0.001 | 0.20 | 0.010
4 | E4H4 | 0.43 | 0.004 | 0.01 O'OSOO 0.04 | 0.0004 | 0.03 | 0.001
5 | 418 | 1.19 | 0.012 | 0.10 | 0.0001 | 0.05 | 0.0005 | 0.05 | 0.003
ArEE 2
6 | 5opy | 08410008 1.30 | 0.002 | 0.14 | 0.001 | 0.17 | 0.008
ANEY U
7| &5k | 0-56 | 0.006| 079 | 0.001 | 0.03 | 0.0003 | 0.19 | 0.009
ANEY U
8 | "syup | 0-80 |0.008 | 167 | 0.002 | 0.07 | 0.001 | 0.15 | 0.008
=l
9 | 25z | 056 |0.006 | 0.5 | 0.0002 | 0.02 |0.0002 | 0.18 | 0.009
k=l
10| 25%p | 165 [0.017 | 0.06 | 0.0001| 0.02 | 0.0002 | 0.12 | 0.006

* Qral subchronic RfD
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Ch) HQIE MZE AtAY Bol ZEYO0IE EY =87

= (E [I-64)= HJAE A= AYF BY =52 & ZEF°|E ADD
e 710 mE HQOIt. 4F29 ZEEo|E E5F HQ7F 1+ 2ISHA| sttt
DMPY] HQ+= AgAY} AR FALA 0.0032.2 7 =4 UebtoH
HiEFE o)A 0.00030.8 7Fg W2 4Zo|9lth. DEPS} DBPO] 352 &
¢ e 0]E HQ+ DMP, DEHPO] H|8 @2 #Holglon 3 d= 2fo]7}
A9l it 4F9] g o|E F DEHPY HQ7F 7 &2 Ho|3lon, 4
d4(0.011), 24H578(0.009), &A=+ FA14(0.008) 52 =0l
(H I1-64) HI2IE HIZ= AIE B2 EE(;EﬂOlE inhalation ADD (ug/kg/day)2t

H

DMP DEP DBP DEHP

3 . AD
ADD| HQ" |ADD| HQ |ADD| HQ |y | HQ

0.16 | 0.002 | 0.86 | 0.001 | 0.03 | 0.0003 | 0.08 | 0.004

No

d

ZHEE U
CEHESHE
2 | ZH3d W | 0.16 | 0.002 | 0.68 | 0.001 | 0.02 | 0.0002 | 0.01 | 0.001

3 38 | 0.06 | 0.001 | 0.25 | 0.0003| 0 |0.0000 | 0.02 |0.001

a | wezy 003 29| 018 0.0002 | 0.01 | 0.0001 | 0.05 | 0.003

5 =34 1 0.15 ] 0.001 | 1.71 | 0.002 | 0.06 | 0.001 | 0.17 | 0.009

6 el 0.30 | 0.003 | 1.06 | 0.001 | 0.06 | 0.001 |0.22 | 0.011

MM

7 E;‘fil)_' 0.05 | 0.001 | 0.55 | 0.001 | 0.02 | 0.0002 | 0.02 | 0.001
XQix}

8 SHAl 0.31 | 0.003 | 1.26 | 0.002 | 0.21 | 0.002 | 0.15 | 0.008

* QOral subchronic RfD
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2h) E2AE AE AIYEHE A9l IHY0|E &2 &7t

= (I M-65+ ZT2E A AR A91 i—éﬁ—f—_’.: 53t ZEgolE
ADD®} 19 wE HQO|H. 439 TEHo|E Q7 1< &
%ttt DMPY HQE 3944 0.004% 71 = l L}E}ﬁgﬂ% A=A 4
oA 0.001& 7F¢ W& $30]qltt. DEPS DBPO] 552 E3t ZegolE
HQ+= DMP, DEHPO] H|g} @2 Holqltt. DBP= AFE34 13 3]9]4lo
0.0012 ©& &4l B8 &2 HQ=E A= 4F9 ZEHolE F
DEHPS’J HQ7} 7P =2 #Hollor, AT A W AF=3F
A 2 HQE EAth A& 3741(0.023), A= 3743(0.015), AF=374
4(0.009) 59 ol

(B II-65) S2tAE ALE AHZE AQ] IEIYO|E inhalation ADD (ug/kg/day)2t

HQ
N DMP DEP DBP DEHP
No| 5% [ApD| HQ' | ADD| HQ | ADD| HQ | ADD| HQ
1 | Am2=1 | 016 | 0.002| 1.15 | 0.001 | 0.06 | 0.001 | 0.46 | 0.023
2 | mz2m2 [ 021 0002 054 | 0.001] 0.03 | 0.0003 | 0.16 | 0.008
3 | AZ2H3 | 019 |0.002 | 1.00 | 0.001 | 0.03 | 0.0003 | 0.30 | 0.015
4 |z 01| 0001 | 024 |0 0.03 | 0.0003 | 0.19 | 0.009
5 | AEZH4 | 030 | 0.003 | 1.05 | 0.001 | 0.04 | 0.0004 | 0.12 | 0.006
6 | 2xp 20| 0.25 | 0.003 | 0.76 | 0.001 | 0.03 | 0.0003 | 0.12 | 0.006
7| zem 042 [0.004] 126 | 0,002 0,09 | 0.001 | 0.14 | 0.007
8 | o | 019 0002|026 | 9| 0,03 0.0003 | 0.05 | 0.002

* QOral subchronic RfD
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oh) gdaX 2 S2AE HE AMRHE AQ IHYO0E &Y &

O (E I-66)2 F47A 4 EZAE AR AAAT AY 352
gdo]E ADDS} 1o wE HQolt} 439 TEHolE B%: HQY
FobA] oottt DMPO HQE IFAE7I4N4 0.0072 7 =4
3z, A, 4594, A”7Z|ANA 0.0022 2 F50]9
SHEE & 2o|7t gllou txAFQl 25 2]9AeA 0.0102 7MY w2
HQS%o. DBPY] &2 &% ZEE°|E HQ+ DMP, DEHPO] H|s| ¥
Holglow FHERE Zol7} gl 4F9 ZEEo|E 5 DEHPY HQ7L
7P =2 Holglen, ¥zt AeH0.035, 0.033), ¥=94(0.028)59] w°]

oM o0&
o rSHLr} =
o B [H

5

L

g}

=

39,
.41
)
td
—=J
rr
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B [1-66) SHI4K| U ZapAE] HX AIAX AS| IER|O|E inhalation ADD
(ug/kg/day)2t HQ
| oo DMP DEP DBP DEHP
ADD | HO" |ADD| HQ |ADD| HQ |ADD| HO

1 a2 94| 046 | 0.005 | 1.36 | 0.002 | 0.07 | 0.001 | 0.55 | 0.028

2 ez 9al 025 | 0002 | 1.00 | 0.001] o 0 |0.10 |0.005
NE=D2p;

3 *OT%;E' 0.31 | 0.003 | 2.86 | 0.004 | 0.05 | 0.0005 | 0.51 | 0.025
12717

4 t%ﬁ' 0.31 | 0.003 | 1.66 | 0.002 | 0.04 | 0.0004 | 0.37 | 0.019
NE=Dap;

5 *O;f' 0.71 | 0.007 | 4.76 | 0.006 | 0.13 | 0.001 | 0.49 | 0.024
uEl

6 | 27 0341 0.003 | 2.34 | 0.003 | 0.04 | 0.0004 | 0.17 | 0.009
oray | O | | | 04 | 0. 17 |o.

7 e 2] 023 | 0002 | 1.16 | 0.001 | 0.03 | 0.0003 | 0.41 | 0.021

8 | =z 25| 031 | 0.003 | 1.39 | 0.002 | 0.02 | 0.0002 | 0.18 | 0.009

o |wzt x| 0.25 | 0.002 | 0.63 | 0.001 | 0.02 | 0.0002| 0.71 | 0.035

10 |wzt x| 033 | 0.003 | 1.78 | 0.002 | 0.03 | 0.0003 | 0.67 | 0.033

11 | 212714 | 018 | 0.002 | 3.56 | 0.004 | 0.06 | 0.001 | 0.43 | 0.021

12 | 227 | 0.40 | 0.004 | 3.08 | 0004 | 0.07 | 0.001 | 0.23 | 0.011

131 25 1050 0.005 | 839 | 0.010 | 011 | 0,001 | 0.26 | 0.013
504

14 iﬁl 0.27 | 0.003 | 4.96 | 0.006 | 0.10 | 0.001 | 0.23 | 0.012

* Qral subchronic RfD
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Hr) 2R M MY AQl IEY0|E Y &8t
< (B MM-67) AT AX AFE AY SF= % ZHIIE
ADDQ} 1o wE HQolth. 4F9 Y olE K& HQ7F 1+ 2HSHA &
ottt DMPO HQE= A4-A" oA 0.0158 7MY =4 dehson, Hisl,
oA /FAANA 0.00302 7P W2 $=Folith. DEPYF DBPO| 358
I 0]E HQw= DMP, DEHP] H]3] % Holglen DEPS| HQ=
bl A Hi- W2 FEolQlt 459 ZEEo|E ¥ DEHPY HQ7F 7H
Holglom, EolAl/FA4(0.025), AA-AH(0.015), ¥iH0.010) &

10 i :ﬂél o}T il
ol lo](]

r_‘), rlo jis r-r‘

O &

30

_Q

f

M-67) MY HX AIJEH AS| TEIHO|E inhalation ADD (ug/kg/day)2t
HQ
DMP DEP DBP DEHP

ADD | HQ' |ADD| HQ |ADD| HQ |ADD | HQ

1 HH & 0.34 | 0.003 | 0.03 | 0.00004 | 0.02 |0.0002 | 0.20 | 0.010

2 | Mat-22t| 0.61 [ 0.006| O 0 0.04 | 0.0004 | 0.06 | 0.003

3 | A28 | 1.46 | 0.015| 2.44 | 0.0030 | 0.15 | 0.001 | 0.30 | 0.015

E0} 0.75 1 0.007 | 0.49 | 0.001 | 0.19 | 0.002 | 0.09 | 0.005
5| ME4H |0.35)0.004| 0.68 | 0.0009 | 0.07 | 0.001 | 0.12 | 0.006

6 =

0.28 | 0.003 | 1.17 | 0.001 | 0.07 | 0.001 | 0.50 | 0.025

* Qral subchronic RfD
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A KESAE REHE AEY AQ DEH0|E S =87t

U (E [I-68)2 AHsA HEAZE A A9 252 &3 ZHE0lE

ADDS®} 1] @ HQelth. 4%9] TEFolE L% HQZl 1& 23oHA] &

2t DMPO HQ+ A7 T4 0.0192 7P A Uetge HiHo|
H=y 3483 FAES HQ= 00t DEP?F DBPO] &85 &9t X9

4+4 nE*EﬂOlE % DEHPY] HQ7} 7}1* = uﬂo] o, 4 34

(0.021), 2% 3]9J4(0.016), ¥ FAA(0.015), HI=Y 34(0.011)
=0 it
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(B [M-68) AISXt 2E HX AIHE A IER|0|E inhalation ADD
(ug/kg/day)2t HQ

DMP DEP DBP DEHP
No >3 .
ADD | HQ |ADD| HQ |ADD| HQ | ADD | HQ
1T |72 881 ( 0.28 | 0.003 | 0.78 | 0.001 | 0.04 | 0.0004 | 0.14 | 0.007
2 |7t=2 3481 0.46 | 0.005 | 0.94 | 0.001 | 0.07 | 0.001 | 0.05 | 0.003
3 |72 382 1.36 | 0.014 | 4.28 | 0.005 | 0.40 | 0.004 | 0.20 | 0.010
HE=H
4 o 0 0 5.30 | 0.007 | 0.06 | 0.001 | 0.22 | 0.011
5 | HIEZHHOo] | 0.40 | 0.004 | 5.34 | 0.007 | 0.06 | 0.001 | 0.12 | 0.006
6 | &2 348 | 1.93 | 0.019| 6.49 | 0.008 | 0.08 | 0.001 | 0.43 | 0.021
7 | &3 3% | 0.23 | 0.002 | 0.66 | 0.001 | 0.03 | 0.0003 | 0.05 | 0.003
Ed3
8 | & &% | 0.20 | 0.002 | 0.76 | 0.001 | 0.07 | 0.001 | 0.20 | 0.010
33
EN=
9 S7|Al 0 0 2.45 1 0.003 | 0.38 | 0.004 | 0.29 | 0.015
A U
10 ErojAl 0.75 | 0.008 | 0.78 | 0.001 | 0.03 | 0.0003 | 0.18 | 0.009
=S
11 A 0.23 | 0.002 | 0.62 | 0.001 | 0.01 | 0.0001 | 0.09 | 0.004
FAA
12 |2 3|94 | 0.75 | 0.008 | 2.61 | 0.003 | 0.13 | 0.001 | 0.31 | 0.016

* Qral subchronic RfD
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1(0.017),

£l
o|lE

2
A
u
|>
am
=
N
THO
=1
g
0f0
>
IQ
02/
>
10
=
o
0
=
Im
o

(0]

, AEZ7G2904 0.002=% 7}

= (& M-69+= Zt2E H7E HE8
go]E ADDE} J1o] W HQolt 4F9] Y EolE ®5F HQ7F
opA] ookt DMPO HQ+= mHfigollA 0.0092 7FF =A et
1%t} DEPS DBPY &%
I T o]E HQ: DMP, DEHPO] H]g] @2 Holqitt. 4%9]
< DEHP9] HQ7F 7MY &2 Ho|loH,
AEZH 2(0.013)59 «olAtt.

O AXN=
A e o

O.
>
19
fol
]I‘Oll
fo
f
flo ok
1=

v

L o [o P

B34 1(0.040), A2

(B 1I-69) Z2IAEl H7|2 M2 AIHE AC| IEM0|E inhalation ADD
(ug/kg/day)2t HQ

DMP DEP DBP DEHP
No| 33
ADD HQ* ADD | HQ | ADD HQ |ADD| HQ
1 | M=HZE1| 056 | 0.006 | 2.60 | 0.003 | 0.08 | 0.001 | 0.81 | 0.040
2 | MeEZX1 | 0.38 | 0.004 | 1.30 | 0.002 | 0.03 | 0.0003 | 0.33 | 0.017
3 | M=ZX2 | 0.19 | 0.002 | 0.41 | 0.001 | 0.03 | 0.0003 | 0.26 | 0.013
4 | OHHZA | 0.88 | 0.009 | 1.29 | 0.002 | 0.03 | 0.0003 | 0.15 | 0.008
HSE2
5 'i;' 0.42 | 0.004 | 1.37 | 0.002 | 0.03 | 0.0003 | 0.15 | 0.007

* QOral subchronic RfD
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(3) Monte Carlo simulation 24

22Re) ngdols L3 BES BAXNOR 23e] 95l Monte
Carlo simulation (Crystal ball software 11.1.2.4 ver. Decisioneering,
Inc.)& ARESITE. Monte Carlo simulation 4L 7IAH4-E Q=2
st ZF FR(EEE, AlS, ZEYCIE X))o EXE dHYgof st &5
EN AT EE RS Agst B34 B2EHAE 4Ysial, 37

% wgao|eg Rut dols 4ReHS B 2YaAct. ¥l 1A med
3]

=

+ 10,000 3& st}
» 538 (nf/day): AA 92} BFo=Z 7Y 16.21 £ 2.93 nf/day
= A (kg): T=F AR B AT 69.2 £ 11.74 kg
» Inhalation ADD (Average daily dose, ¥4¥ B+ == (mg/kg/day)
= 52(mg/nf) x SFE(w'/day)/ AS(ke)

O [O¥ M-3112 AMER 371 222 EHY 439 g o|EQ HQE
HE7IE2 A& o)A 3§ Zoltk. DMP HQY 543+ 0.00392o9 Fd
0.086°]%itt. DEPY 4% HQE 0.0019°29 o 0.085%t}t. DBP=
Z7E 0.00042.2 o 0.011°]4c}. 4F9] metgo]EQ] HQ % DEHP7}
HE =L S B, U7 0.0080190H O 0.3767H & UERE

o 4359 ZEY0|ES HQ & 12 2Iste 7= AUtk
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[23 m-31] Z=|0]

Im
|1|o||

HQ

DEP HQ

DEHP HQ .

41
PO EEW IOV OOW BME 1B dME 0NN
HO

Y =0 et HQ 2H7IEZ AlSI0]Y 2}

(B 1M-70) ZEYHOIE S =0 CHSt HQ SHIZIER AL 2%
L Range 50th (IQR) 95th
DMP 0.00-0.086 0.003 (0.002, 0.005) 0.013
DEP 0.00-0.085 0.001 (0.0005-0.002) 0.007
DBP 0.00-0.011 0.0004 (0.0002, 0.0008) 0.002
DEHP 0.00-0.376 0.008 (0.004, 0.015) 0.036
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4) 2

jon

S S5t DYYOIE TEY FHUYL)

4%9] LEHYo|E &5 DEHPE 1838 2+ U E4E 23y
=S Frstdct WhE(cancer potency factor; CPF)2 1.41x 107 (ug
/kg/day)Z AASIHATHEPA.,1987,1989).

PR of A& B Adbstlew, zIpIeresi=rt
1x107 oAl AL 87t lom, 1x107° o]kl A% szt ok @
dotRohEteEd AsigB Y] FAX U Soll B9 8, =HS 8
SHAIA] A|2021-13%).

ECR = ADD (mg/kg bw-day) x CPF

» ECR: Excess Cancer Risk

» ADD : Average daily dose (mg/kg bw-day)
» CPF : Cancer Potency Factor
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oS (F IMI-71 3t
S AR, 3AER s Aot ARF 839 AEF
DEHP Z3EQsies 2% 1x10™* n|gto g nE A&} ZA oA o
AAN=7t Qe Aoz YeRdTt

(B IM-71) AEE & SYE DEHP ZHUAL(GH:

oL v
uE rlo

0

o]

A | No | 7 23 ECR
IREEEE UE A 2.5.E-06

L UE B 1.2.6-06

3 | e C oz 1.2.6-06

4 | N C &y 4.5.E-07

5 | e 9E 4.4.E-06

Aoisaer A |6 | A Aol etet 3.2.E-06
/ ANEE =3 1.9.E-06

8 ANEE =y 1.0.E-06

o | e = 9.2.E-07

10 AEE Mz A 5.6.E-07

1| OEX AR 5.9.E-07

12 | GER A 2.4.E-07

1| AeE S4HtE 7.2.E-06

2 | e S4HE 1.1.E-06

3 | Mo S+HtE 2.9.E-06

4 | N SutE 3.8.E-07

Hole Ajejsr A |5 | B S 7.5.E-07
6 | DENS | AN o 5o 2.3.E-06

7| OEKe | NYE U EASA | 26606

8 | OZEXS | AMYT U &AMB | 22F-06

9 | oEAe 38 FAMA 2.5.E-06

10 | xR 38 FA48 1.7.6-06
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Ho |5 |2 4| L @ IR S IR IR E e
=\ V= =W oo o | ] a0 AT o | m| 2| 2| | < | X4 B 3| 2K
20| 0 ol | || = || = << | 0 |5 Ko
i | ™| &0 o o
o x_._._
w
IH ._Nomo._Nomomﬂﬂmﬂﬁmomononomomomonomﬂﬁmwmﬂﬁmomonomono
M- (20| ol o8| kg |y &f| ol || ol | al| &l ol &bl a1y | i | ki | 88| &2 |8 | &f| of
IXIX|IZ 2 XX|TXTIXXFZ Z 2 2XK|TIXI=
M123456123456789mﬂm12345
K K Iy =
= 3 N KO
=0 R = o < =
31 w_mmm aT% o <
<0 < _._._O|A =T &
ol Uy iojfl
K Hin =

201



@D 202



203 @D



1) d3+ui7
1‘41.-1?4% —ga}é FaA —E& E%*’LHIC’]E% RBAEA 9 R A Ao
238

LR e 4%94 £E§EﬂolE(DMP, DEP, DBP, DEHP) =%7|&< 5 mg/
m 2 A5kl AT AFeE S did=Eol siEotAl 2ot AFIE W
AT ¥ 222 &3 E o]Fojx|x] &5k Qltt. o]% DEHPSL DBP
£ BAEAHEZ sfgstetl, T DBP7F EEFAHEZZ F7IEHA
2022¥9 ACGIHE= ZEE0|EQ] =E7|&(TLV-TWA)Z 7I& 5 ng/m'olA]
FAYLEL S ZAZSY 0.1 mg/m’E HE FSE A& sttt o
of Syt = clE HF ZEAY] kE4AH I} RS BT I
87} A7 = AT

2) 8 dA347
(1) TEHHO|E FHEHE U ZLH &H AL ZEZA}

I o|lE 3= REACH®C| Candidate list of substances of very
hlgh concern for Authorisation(ZYdA LHEZ)O| EZSEQ, 1
771 Eolve= FAlolth. w9 ZEAE R §F ZYEolE &1

7} T APAFE PRISMA protocololl weh AAH o2 FAE 51t}
AAJM AR A AL HONA 34t 2yt Z=AY] BAsH =42 B8 A+
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V. 22 |

R

of e AFEIA 10 A

rot
i
i
O
=
=
2
o
1o

0

el g =3 Agto 2 APAE
d E4HEY AAS FEeEs Aldshs A FEAES € 5 U
o AAEAGS S AZEAR Ajtst st Ae By 224
AAS] BASHoR Sdiet A2 v TP 2 A, g, X577t
Al Ao @ et Ee] A4S ot AAEE =29 e, 58 #E Y
gasdel oo, AAHL] woldw7tel Bo4= 0] AVIskiscl=
7ot N BASAEEY =297 9 LY kg ol AT A
4 WF A= olFOAA ZHs dAE BRI 5

(2) Rt ZEH0|E Fg MUY A 22X g =H

20189 <A sletEdetdd stetEd FPEAIAH) 9 (3leE4d
EAXMNRE Z7yo] w2 DMP. DEP, DBP, BBP, DEHP, DnOP, DiNP,
DiDP, & 8 &9 ZEHIP|EE FFdte AMIES F 1,338 74=E wHoH
ATE AR AFSEHEE 17719 ASCIEA)ANA 2ol EE ARESHL Q)
Ut sekEd YW slsHAlE ARAQFE AL 293 Mas 7P Bt
o, 1F 9 EFHAEAE AXA0=199), =u] X 4F S/M1A(=112),
AsAt @ EFLy AxA(n=106) <=o|Utt. FFst= ZHY P EQ T7FE
A% A3, 50 % ©1%(n=697)2] Aol DEHPE AHESHSI

Q) &8 & 3k

I

M2 st AEMH U 2AuY HY

S7IMNE AFe ZEHCIE 7IA) H RS SAl AFHE 5+ A
Tenax TA OVS (part no. 226-56, SKC Inc)E ArEsItt EHA|R
37N E AF FHe A¥EHES wipedh= WAo2 AHFHAT TR
o} HHAIROA ZEY|EE EASt= AAYHeE & =&

(solvent extraction), 223+ =W (ultrasound-assisted extraction),

[H

fr e

£A8l FZE(soxhlet extraction), IAA HlFF F=H (solid-phase
microextraction, SPME)S AESIL. EA7AoA 2F 7l5A40] A,
SufjAgo] Qlo] Ao, AETHAIL} HAFIAZE ST IAAL vl
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V. 22

FZW(SPME)& Tenax OVS tubel #2441 ¥ FEI HyYA FEO
A HHoz AASi. BHA|RS HF AXRS Fujel ojazx=dQ

29| o w0 SPMES {8 4 Qlornzg xSuxEHe 283519t &

ﬁ
il
>
9
0
10
Okl
N
oM
ol

Lo HH

O

LSS

i[b

ot Fg Z=2At

D

9 21 0] SRl ) EAZE o]
&olo] FYL ST JAA=EFE S0t o]F RIDE} H|wsto] HQE &=
3t Ay, fEvet 52 BEEA gt DEHPY 28 5% U
9 ARIAOIA 1x107 wjgto 2, WE ARIZT Fg o)A

e A7Iske dol B8
FEIE o] B8E 4

T

of ZeHo|ES L&A Agu e V|xAwE &8E 5 AT
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V. zZe |

=

ETAE ARGl E7HT AYAIS]dA ZHIo|ER HRE = 7HAaAl AF
&2 3712 = gl glo 7haA AES “?;, HRASAL, 7haA] ABe A
NE BAHAY, EtAE ARE o]85
g #ES °1£’}01 A &g ZHstaL ARESHALY,
5 o] AX ZEA= 7HAA R, TEHo|Ed
‘%*Oﬂ ATt 30 04—*—4 nekgo]EV} AlF o ol HoZ ot

15
1 X
n{t:l
l‘ll‘
e d

_E

1.2 DMP, DEP, DBP, DEHP & & 4% gﬂrﬁ}t} DEHPA A
o] oA 7% 3l1, DBP} DEHPE WEH A wHEF 2575 314
g, o]£9 F54Ql =40l A=Y 1HT o nE*EﬂOlE«l LE2 E
FEEHN B7tEE o] BT AR AR "TEAY ETAE TtAaA|
LEW ARJYE A7(2022)"F ¥se A A7iE A+ AT
5 =7ldoz A7} Qs AFS thew o] e shelh.

- TS ZEEo|EQ &T|E AF AT 2ol AXIE ACGIHS NIC
£ 1este] vt AR Y &7 R Beko] 8ottt §5] 7]&
o] DEHP, DBP9] =&7|E0] 57540l A ste] A% A Histo,
AME AtE =&7|82 YA=EE 7IE2E A3E #elBE, d4 f2u
ot T AEEANA AASEEEE EFoL e AL vtgste 27]&
M2 E7H S 2o R oA

- T olE ABXFH ¥ EAY HY d- ZEEolEY JA=EHEE
SEE oflet giet HFH IA F83 A2 GHA Ut wEbA] F7)A]
2 AHES E gReE9 427} He WA surface AR AFH £

y
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V. 22

A<

T
/\liiﬂﬂ 4 2SS 85 ‘Z‘iEUr, A o7 A79] i&%ﬂg 34 E‘
SO IEAYHAR| oIk 7]£9 A =RoAE EPOJF?} el
% Xﬂ/\] h—_’—t— JOoYy, ol JAL=F F£FO0 7 EAH validationZtA|+=
=

"osith webd & o WU BAS B9 A=A}
E

=
A< gtohfi Aol E—%EE} Q310 WeHEISh, DEHPIAIE GCE o
wAo] sdtag, SA Bty LeolER A 45 % 7171

A
A
oF £4

ol

GC/MSZ Ast= Zo] Agsitt. ZEo|EY &P = AF
sto] Badh A& FAdes o Ao

a. F71A% sampling media® A¥7 a&4 B7t - & AFolAE A
AHOo = 7H de 2ol SKCA] Tenax TA OVSE AMHESHAET, ©f
tube®] BE&A0 Hgt HSZ O]'X] 3} 3 Tenax Y55 Atol9] ”JFJJ'

:L
E

orr oo BN
re

]

b. 371X = £4& fT ZEHC|ES] FTA, W LA e =L
Jazrte1sy E49 7

7
Rl
__)d,‘
>
=)
off
iy
i
n:‘_E
\l
)41

c. 3R EBAZ A% dE9F-7IAA=EnESH Y (Thermal
desorption-gas chromatography, TD-GC/MS)E °©|-&3t &4 7t

d IT7INE B4 St 5849 AW v 9 HA @ lab test
Chamber T+=& JHofof g

e. HAA = AFEHT E4% d A7
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- EA =297 U A9 22 =397k 1) SR 242
Frasr 37 2) AAH =& (dose)?] 4oz A= & AU

A § sE242 249 MLy A sP=olord Wdoltt. <o,
U eE2F 7= 1) 525 dosed F4h= R¥S E83te
% 2) &9 5 BAAR F ZECIE qAAY sEE 43 do=
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Abstract

Preliminary study on workers’ exposure to phthalates and their health

risks in Korea
1. Background

Phthalates, typical plasticizers, are well-known endocrine disrupting
chemicals. While regulations on the use of phthalates have been
enforced in consumer’s and children's products, efforts to minimize the
exposures among workers handling phthalates are insufficient. Korea’'s
Occupational Safety and Health Act sets the exposure limits for 4 types
of phthalates (DMP, DEP, DBP, DEHP) at 5 mg/m’. Still, workers’
exposure measurement has not been placed in worksites as phthalates
are not included in the regulatory list of chemicals for work
environment measurement. DEHP and DBP are classified as
reproductive toxic substances, and DBP was recently added as a
substance subject to special management. In 2022, ACGIH announced
that the phthalate exposure standard (TLV-TWA) would be significantly
strengthened from 5mg/m* to 0.1 mg/m* based on male reproductive
toxicity. Therefore, it is necessary to figure out the exposure status and

management plan of workers handling phthalates in Korea.
2. Results
1) Phthalate regulations and systematic literature reviews
Previous studies related to assessing workers’ exposure to phthalate

were systematically reviewed according to the PRISMA protocol. In
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addition, 10 project reports on the management of reproductive toxic
substances conducted by the Occupational Safety and Health Research
Institute were identified. They mentioned phthalates as a part of
proposing CMR substance management and policies. Despite the
agreement on the need for management and special management of
reproductive toxic substances through the projects so far, exposure
assessment methods including sampling and analysis for target
substances and risk assessment studies based on exposure levels have

not been conducted.

2) Estimation of the numbers of phthalate-handling workplaces and

workers in Korea

A total of 1,338 business sites from 17 sub-categories of industries
were identified where 8 types of phthalates including DMP, DEP, DBP,
BBP, DEHP, DnOP, DINP, and DiDP were handled. Among them,
‘chemical substances and chemical product manufacturing (excluding
pharmaceuticals)’ accounted for the most with 293 places. More than
50% (n=697) of workplaces used DEHP.

3) Sampling and analysis methods development for phthalates in

working environment

Both air and surface wipe samples were collected considering that
phthalates enter to the human body through breathing, skin and
ingestion. Tenax TA OVS (part no. 226-56, SKC Inc) was employed in
order to collect gas and particle phase of phthalate simultaneously. The
surfaces near by the air sampling sites were wiped with gauze soaked

in isopropyl alcohol. Solvent extraction, ultrasonic—assisted extraction
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Abstract W

(UAE), soxhlet extraction, and solid—-phase microextraction (SPME) were
investigated for sample preparation. Solid phase trace extraction
method (SPME) was the choice of methods for desorbing phthalates
collected in the glass fiber filter part and the Tenax adsorbent part of
the Tenax TA OVS tube. It is less likely to be contaminated during the
analysis and with excellent detection and quantitation limits, as well as
eco—friendly with no-solvent use. UAE was applied for surface wipe
samples due to the volume of gauze and isopropyl alcohol used. All

samples were analyzed using GC-MS.

4) Phthalates concentrations in working environments - Estimated

daily exposure dose and potential health risks from DEHP exposure

75 air samples and 100 surface wipe samples were collected from 8
worksites handling phthalates or parts containing phthalates. All of the
air samples was below 0.1 mg/m*, the ACGIH's revised notice exposure
standard for DEHP, ranged between 0.06 and 3.57 ug/m3. The DEHP
from surface wipe samples varied greatly depending on the workplace,
ranged from ND to 5,243 ng/cr. Daily exposure dose of DEHP through
inhalation was estimated using the DEHP concentration results from
the air sample analysis. Hazard quotients of DEHP as affecting the
reproductive systems were assessed. Daily DEHP intake values in male
workers of Korea were ranged from 0.001 to 0.040. HQs of DEHP

exposure were all { 1.
3. Further plan

Sampling and analysis methods for phthalates in air samples are more

complicated than those of conventional target chemicals. Although the
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methods were publicized from a few organizations, they were outdated
and found to be very limited. The sampling and analysis methods
proposed in this study could provide the basis for the development of
new method applicable to working environment measurement. The
results from this study are not representing the overall status of
workers’ exposure to phthalates in Korea. Still, it offers the rule of
thumb in estimating the exposure characteristics and potential health
risks among workers in phthalates business sites. Further studies are
warranted to develop a standard method for sampling and analysis,
conduct nationwide exposure studies and epidemiological studies

relating to reproductive toxicities from phthalates.
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I20IE 7 (a) 50° C, (b) TOOTC wrrrrrrrrrmemeeeee e 245
[E2 TJ2-4] TE0|E QA &0l A& AFSH 50m) vial(nert) blank
E_ED j_EEI-II (a) 50° C (b) TOOTC wrremrrrrrmemeeeeee e 245
[R5 O2-5] ZE0|E QLFE 240l AH0i|0 ARZSH 50m vial(gold)
blank B_ED EJ_E:II'I (50 C) ..................................................................... 246
[£E 18-6] 50m vial(silver) blank ZZ0E"13# (a) 50°C, (b) 100°C
(C) 250°C ............................................................................................... 247
(B2 72-7) DH0|E QX0iE S0l ME0| ARRE 2HEA A blank
B_EI:”'E]_EDH (a) 50 C’ (b) ’|OO C ..................................................... 247
[£= 120-8] DLR0[E 20js S0l M3l ARRSH Oj0| T2 E blank
EEDrEJEDH (a) 50°C, (b) ’]OOOC ....................................................... 248
[R5 O3-9] ZE0|E QLFNE 240l M0 AFESH BdAHZE blank
I20IET7H (a) 5OOC (b) TOOTC wrrrrrrrrrmemeeeeee e 249
£ J3-10] ZE0|E 2FNE QIS ¢35 SPME MO|H(PDMS/DVB)
blank FEOFE I covevreereeesisis i 249
(2= J8-11] 2249 HYA blank test (a) 100C, (b) 200C, (c)
225°C (d) 250°C .................................................................................... 25’]
(22 J2-12] 2271 ZH blank test (a) 100, (b) 225, (c) 250
................................................................................................................... 252
22 72/-13] Z2|QHEE blank test TROME T o, 253

[R5 J3-14] ZE0|E 2YNE =018 25t Syringe?t Syringe filter
Blank test ZZ20ETH (a) Z# blank, (b) acetone XTFY - 253



[_Ifl_g j_r—_l':ll_'|5] OVS FA MZE AR L] e
[H2 J2I-16] OO0/ ZS5Y TEH0|E & §8 H|Ll e
[H2 J21-17] 23t 2549 HYA AN0|Z Al F20tETJSH -
[_'_ J21-18] YA} TEQ| gl 2 QXA F|ESE e
£ 13-19] oA Zha SRAZE 2 X8t (a) 100 T 23t 60,
B0R(HZSY), (b) 100 C &3t 52, F2t 4b2(BESY), (c) 100 T
BR(EI=f2) (d) 225C B3} 52, S5t 452(HHA) -
21-20] 25_7,(_?_1%! oE AIMO|3 AR FZ2OFETJEH e
2-21] 2 g8 AZ20IEJY (a) = &,
2-22] SO0 T2 DEHO|E 459 £& &8 HL -

S &t
I H

X}
S,
(mi
=
(=

T e Ol
F-IE
EIOII
o
~ 0

9 4o o

—

HE2 J2/-25] BHAE FRO0FE T GA] e

Saf
SAf

L5t
261

2-23] == 25(50, 60 C)0| M= DER0|E IZ20EIH -

274

233



1. ¥

ot

3 & #8M= 24H

D 3718 5 ZEHoE E4Y 1

FHE E-D2 7R T ZEEolE EAE 9 Ao tigh 89f0]
. F7IA =S RHEA|ROA DY O|EE #45H7] Rt AAYHOR
2 FZH(solvent extraction), It =W (ultrasound-assisted
extraction), &4 ZZ(soxhlet extraction), XAA u©|F F=H
(solid-phase microextraction, SPME)°] AR&E At}

3t ool

297 F2ME 2952 A8l ) EA SE2 F7HA7|L B4
2AL BRI G2 Z7HIA 89 ARG FE5E Yol 2
out 71718 B3] 2% oUXE FUA BEAA ThE A glo] 2%
822 F7H 5 9om, 283 ol o3t FEAN o5 e 2 of
UAS wAekT, O B LER s ARHOR $28 AWY 4 Atk

% A
g %ol1, 19 ST AolES AR A §f Eefade Solet Az
< 87} 2awo] Wol= wEAYon BAaHh AU A7} kel
A%o] A3 Hi o] ot BA] Aol o A1, sk 0y
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E“*"]Eq Lex—ﬂo o, ESF Tﬂro]‘ﬂ@r /\]ﬁ /\}O]O -3—7_—‘} ‘—151'58]0] 015011]35 Al
b 28 57] o] EAAZNS Ak 4= A, n|FeE EAst= 24
AEg AHoRE 5T 4 Uth

Szewczyfiska M et al. (2019)9] =& IOM samplerg ©]-&5}o] &
FZHOo=®E DMP, DEP, DBP, DEHPE dichloromethane/acetone(1:1)
|2 F&Eoto] EAox, I Z¥ A (limit of quantitation,
LOQ)«= 9ng/ml, AA A&RY sZ+ 0.05~23.79 g/}t T2 & %
HOZ GGP samplerg ©]-&stoy DMP, DEP, DiBP X3 1152 Zetd|o]
EE methyl t-butyl ether MTBE)Z F&5to] 2435t Fromme H et al.
(2013)9] =2 A=FTA7F 10 ng/n?, AA AR9] 5%+ 49~516 ng/n’
ALt

Tienpont B et al. (2000)9] =82 sampling pumpE ©]&5t] 23T
Z&HOo=Z DMP, DEP, DiBP X3 859 T o|lEE B4s1¥1, 1
T} AEFHALE 50 pg, AA AR BEL 2~1,046 ng/m ek 2L o
Z IOM samplerg °J|-&ste] DMP, DEP, DBP E3% 6%9 ZE |
dichloromethane/acetone €W& F&3dlo] EA3%t Szewczynska M
(2019)9] =582 AFFHAZL 0.022~0.066 yg/m’, AA AR BEE
0.08~8.77 ug/m* & X 115}3]ch.

Yoon H et al. (2010)9] =822 PS-1 PUF samplerg ©o|&3sto] &4
FZHo=Z DMP, DEP, DBP X% (%9 ZEHo]EE hexane/acetone
9:1) &Hi= FEo5to] B4, 1 A% F=F A= 0.13~2.70 ng, AA|
AR s E385~1,012.7 ng/m'Att.
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Armada D et al. (2022)9] =52 Tenax TAE o|&slo] 1AA; H|=H
ZHOo g DMP, DEP, DBP E3} 40%9] TEo|lEE A5, 11 4
A= 0.033~15 ng/n?, AA Al&9] sX+ 0.05~1,213 ng/m’=

A= 9let,
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(8 E-1) DY 0|E 37Nz HF,

Mz @

AYEL 2t

4T
Ju

Real sample
Sample Sampling Analyte 2% concentrations
preparation Method families SN LOQ (ng/m’) HOOTETEE
IOM DMP, DEP, DBP, | dichl h M e S ka M I
, , , ichloromethane zewczynska et al.
Solvent SaénGpl:Ler S %?—F')P 5EP /aoetone(1 21) 9 ng/mﬂ 50 23,790 - (20»]H9) |
extraction , , DIBP, § 5 romme H et al.
ls;_mplehr*] : RS MTBE 10 ng/mt 49 016 (2013)
polydimethylsilo . .
xane (PDMS) DMP, EEP’,:D'BP’ dichloromethane | 50 pg 2 1,046 Tienpont B et al.
. st bE (2000)
sorption tubes o
Ultra Salral\/:er DMPEEQFEE,—*—DBP, d|ch/l<;::oerpoent2ane ~0.066 30 8.770 Szevvozy(r;solzag)l\/l et al.
sonication P = e ug/m’
cascade DMP, DEP _ Takeuchi S et al.
impactor T3 1% Acetone - 0.007 20 (2015)
. . PAHs: BaA . : Menichini E et al.
Glass fibre filter 3t 9z dichloromethane na/ 0.01 0.7 (2011)
Soxhlet PS-1 PUF DMP, DEP, DBP hexane 0.13~ Not 1013 Yoon H et al.
extraction sampler ISt 6 /acetone (9:1) 2070%?:10 detected ’ (2010)
. DEP, DMP, DBP .033~ Armada D et al.
SPME TenaxTA 5t 40E acetone 15 ng/uf 0.05 1.21 (2022)

SPME: solid-phase microextraction; " GGP (Gesamtstaub—Gas—Probenahme = inhalable dust/gas sampling) sampler
"LOQ: Limit of quantification; ¥ MTBE: Methy! tert-butyl ether
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(ultrasound-assisted extraction), BHA|RE &A= FZW(soxhlet

extraction)?] AR&E it}

Jeon S et al. (2022)9] =72 XFHA7|E o|&sto] WA RS T
¥, 237 FEWO= DBP, DEHP, BBP X% 659 ZEHo|EE
tetrahydrofuran/acetonitrile (1:2) W2 F&5to] 24513 th. Basaran
B 5 (2019)9] =&oA= 22 FEHOJA|T acetone/hexane (1:1) &4j
% DMP, DEP, DBP (3t 859 ZHFo|ES FE5It

Xie M et al. (2015)9] =& FTHARE AFsto] A FE2Ho=E
DMP, DEP E3} 1659 ZEFo|EE dichloromethane &2 FZ73}0]
245199t &ulE  dichloromethane/acetone (1:1)Z €35t DEP,
DEHP, DnBP, BBzPE £43% Kim H et al. (2011)9] =EX= A%

238



4
Ju

($5 H-2) DEO|E HMA/EBAIZ M3, MM W 2Agun 2
S I S i Analyt Real sample concentrations
ample ampling nalyte * (1a/a)
preparation Method families SEEIT: LOQ - g Reference
Min Max
vacuum DBP, DEHP, BBP| tetrahydrofuran Jeon S et al.
cleaner ISt 6 /acetonitrile (1:2) 50 mg/kg 103,300 1,849,200 (2022)
vacuum DME’BFD,EP’ acetone 0.02~ 0.56 816.92 Basaran B et al.
cleaner et gx /hexane (1:1) 0.11 ng/g ' ' (2019)
vacuum DMP, DEP, Fromme H et al
uy DiBP MTBE 10 ng/m 0.7 1973 :
cleaner mat 1= (2013)
U'Itr? vacuum DMP, DEP acetone B (0.1 1700 Takeuchi S et al.
sonication cleaner s 215 ] ’ (2015)
vacuum DMP, DEP 4.1~ Kim W et al.
cleaner T3t 105 cyclohexane 202.3 ug/g 31 3,950 (2013)
vacuum DMP, DEP dichloromethane 0.04~ 5 16.233 Huang C et al.
cleaner s 115 /acetone (1:1) 2.78 ug/g ’ (2019)
sweeping,
DMP, DEP 4.00~ . Lee Y et al.
\éala::#err; sl gx cyclohexane 148 ng/kg Not available 2,960 (2020)
surface DMP, DEP . 157 , Xie M et al.
Soxhlet W6 st 162 dichloromethane 0.5 ng/ut no/ert 180,832 ng/cn (2015)
extraction surface DEP, DEHP, dichloromethane 0.00002~ , , Kim H et al.
wipe DnBP, BBzP /acetone (1:1) 0.006 ug/g (LOD™ mg/cn 1.232 mg/cn (2011)

LOQ: Limit of quantification:;

MTBE: Methyl tert-butyl ether; ~ LOD: Limit of detection

239



e

I0IE EA% i

2

7t &
EEREDRLE R ERCEE

ZNE Z Dt
A

ot

1) ZegolE IZEZ nRE
A7t

BHe (BE

(99 9%, HPLC grade)@ XAt &, GC/MSO 23 FUst] HEE
GC/MS = E-Ho E2

Aol ARERE 471X TEE0|E HEE
-3y0] Yehf9ict. DMP, DEP, DBP, DEHP EZ8H(10 ppm)E ™
2 X7 A

7+

S oIl THE=E 1g-1].
ﬁ%d%q.
(82 E-3) M0 AI83 TT0|E BFEX 4359| 22| 53}
Molecular Boilin
Compound Structure weight . og logPo/w
(a/mol) point(C)
O/Cllu
DMP i 194.18 283 1.60
DEP Cﬁ;}/ 220024 295 2.42
DBP i:ﬂij\ 278.34 340 4.50
I~
/"."_";f“/" -
DEHP @\ 390.56 385 7.60
o P

240



4T
Jhu
_

Abundance

5x10% 4 . .
1(10.35) ——direct_mixture_10 ppm
4x10°
3x10° 2(11.51)
2x10° -
1x10°
3(14.65)
: NWIRT 4(21.70
0 5 0 15 20 25 30 35
Retention time (min)

BE J3-1] ZEY0|E BEEH(10 ppm) I=0IETH

(=

(1=DMP, 2=DEP, 3=DBP, 4=DEHP)

H-4) ZEHYOIE 242 9ISt GC/MS 7|7] =

GC(7820A, Agilent)/MS(5977E, Agilent)

HP-5MS

Column B0 m x 0.256 mm x 0.25 um, (5
%-phenyl)-methylpolysiloxane)
Oven temp. 60 C(2 min)—15 C/min—210 C—5 C/min—290 C(8 min)
program
Injector 270 C
temp.
Spit ratio Splitless
Carrier gas He(99.999 %)
Flow rate 1 mL/min
lonization 70 eV
voltage
lon source 230 C
Mass 280 °C
transfer line
Quadrupole 150 C
Mass range 50~350 m/z
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2) AYEF ZHCE QAR 2l AR

d

AR AZEAN] A Ao ARgsteE =, & ZEHA F(latex
gloves, Microflex), Hto]Z 213 E(micropipette tip, Axygen), B4 7
Z(gauze, “32AF¥dY), Hio|L(vial, Supelco), FH(cap, Supelco), AH

(septum, Supelco)o] W3t blank testE XYstACHES 13-2] . ET

HAEES XI5 vpo|¢ 4FFE (BF H-5)9 2t} Hpo|d-2 AHE A
AP A HH(micro-90)2& AH 3 33 Z2F4 — opH|E — 33 7
S’ =9 rinsing 3t 100 °C QBN Az A7 F U] A&k
A A" 3% SRF-OHESIA SRS €22 474 1584 251

A F 4L Axstel AFHALL.
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5 J3-2] oE0|E 2HOE S0l A3 ALt 2HEIA L
olo|Z=m|% &, dHio|, B, WH, SPME fiber
(1= 40 m¢ vial, 2= 50 m{ vial,
3= magnetic (gold) cap,

4= aluminium (silver) cap)
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(R E E-5) DEY0|E Q0 F =0l MAHN ALEZSt vialdl 3R
No. vial cap septum
1 40 mQ plastic (black) PTFE
2 mininert PTFE
3 50 mQ magnetic (gold) PTFE/silicon
4 aluminium(silver) PTFE
*PTFE: Polytetrafluoroethylene
glo]E(DMP, DEP, DBP, DEHP) &3} #&8HS GC/MS
H|W ol I Z2utE]
15}

IT_FJ—
Flste] SQIst HF-E Ak} blank test
7} AAEA Gelste] AR neEolE 9¢olRE Il

4579
of A4
d 0=
o},
40 m) vial + plastic cap(black) + PTFE septum: 50 °C blank test]
AZE =] ¥9ro} 100 °C
SFATHF=

A ZEHolE 4Z(DMP, DEP, DBP, DEHP)°
|4+ ZEH0lE 4F0] BF HEE| 0] AREo] E7folttal Htold o

a9-3] .
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510’ 4 (a) — 40 mlL vial blank_50°C 210" 4 (b} —— 40 mL vial blank_100°C|
4110' 4
| [}
3 s g
| a
- g
2 2 L0
< a0 ‘. ‘ Fa |
\ |
wie' 4 Y 1o’ 4 )
NY A
y x T v T T T
5 10 15 20 3% 30 1 0 - 10 8 20 25 30 L.
ExAbuon B {min) Retention time (min)

[H=2 J8-3] ZEY0|E UL &0l ASo| A28t 40 nf vial blank
320E7 (a) 50 °C, (b) 100 °C (1=DMP, 2=DEP, 3=DBP, 4=DEHP)

50 m{ vial + PTFE nert: 50 °C blank testo]A] DMP, DEP7} A&= 3
3, 100 °ColAl&= DMP, DEP, DBP7} A&% o] Argo] &7Fsittal wotsf
AHEE 19-4] .

ETala = e 1 Be10" -
—— 50 mlL vial{nen)_blank_50°C =
(a) visi{nart)_blank_5 (b) 2 —— 50 ml vial{nert)_blank_100°C
1.8210" 4
1. 4x10°
210 10
@ o
g g 1m0+
= 4
£ 5 80x10°-
o 2 1
T < sox10' 4 | K i
\
111 4.0x10" \
\‘ﬁ _i 2.0u10" 4 \lﬁ 3
W O — A
o 4 - - - - = .o e ot . — SR T
o 5 10 15 20 25 30 k] 4] L] 10 15 20 25 an 5
Retention time (min) Retention time(min)

210l A0 Ar2St 50 m vial(nert) blank

—

22 J3-4] DO Q0IL &
0 °C (1=DMP, 2=DEP, 3=DBP, 4=DEHP)

I=20rE1H (a) 50 °C, (b) 10

245



50 m{ vial + magnetic cap(gold) + PTFE/silicon septum: 50 °C
blank testolAl DEP(11.51 #)9} retention time°] A& pentanoic
acidZ7} A&= %1, leak test 23} leakingo] Alsto] ARg-o] E7fsitial i

tslo] 100 °C blank tests= AYPFHA] LUTHFEZ 1H-5].

1.2x10° 4 :
. —— 50 mL vial(gold)_blank_50°C
1.0x10" 4
8.0x10° 1
@
o
= s
o 6.0x10°
o
=
3
n £
< 4.0x10° -
10°
2.0x10 "
gl e T
0 5 10 15 20 25 30 35
Retention time (min)

S8 J8-5] ZEYO0IE LHNT 2 AN AHEE 50 mf
vial(gold) blank I 20IEM (50 °C) (1=DMP, 2=DEP,
3=DBP, 4=DEHP)

50 m{ vial + aluminium cap(silver) + PTFE septum: 50 °C, 100 °C,

250 °C blank test B% IHo|E 4F0] AZEA oo} AL§ FHsdlrty

WSS 196,
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" Vial 250°C Blank
] @10
— 50 mi vial_siver_blank_50°C —— 50 il via{sdver)_blank_100'C
(a) (b) 10
10010 w10 10
S0 &
4 v 8 s
§ o § §
] s ]
|
R ia 2 | ¢
'
| Y ﬁ
210" 4 A1 i |
| N il
A | \ L A (] Ly s
0 WY b TR i | W 'J p=
(4] T T ¥ 0 | AL [ s pa s o o 0+ T T T T T T T
0 ] 19 1% 0 % n 1 0 5 \[] iH] A -1 » ] § 10 15 2 % v B
Retention time (min) Retenton tima (min) Retention tme (min)

[22 721-6] 50 nl vial(silver) blank I 20E1 (a) 50 °C, (b) 100 °C (c)
250 °C
(1) 2fEIA ZZt

50 °C, 100 °C blank test 25 ZEHO|E 4Fo] HEHA| o} AL 7}
ottt WSR-S 198-71.

3.0010°
. —— latex gloves_blank_50'C — latex gloves_blank_100°C
x0'{ (Q) (b) ~ank.
25210
202104
g
g 8
c c =
3 g 150"
& c
=1 =
2 2
10" - 1.0x10" 4
J\J A ]
| i
WA )
e —— 00 : T ottty T T T
0 5 10 15 20 25 30 a5 o 5 10 15 20 25 a0 35
Retention time (min) Retention time (min)

(82 13-7] TYHO|E X0 S0l M0 AISS ZAHA FHZ blank
J=20tE]H (a) 50 °C, (b) 100 °C
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(2) oro|Z2o%

50 °C, 100 °C blank test =¥ ZEH|0|E 4F0] AEE XA Yo} AR 7}
oty WSt RHH RS 19-8] .

B!
(a) —— mcropipetie tip_blank_50°C (b) —— micropipetie ip_blank_100°C
ot 4x10 -
Bl -
. x10'
- 10 A "
10’ 4
=
2 S 2010
a y a
2 a0 <
210" ¢
1210 -
i L
0 ‘-’r\_\z—’, - ; - . - o _hbp.al“'}_: . . : - T
f > 19 18 i <5 W 3 0 5 10 15 20 25 30 35
Retention time (min) Retention time (min)

[£2 J8-8] TE0|E 20T &0l M50 ALESt 010|320 & blank
320tEJ3 (a) 50 °C, (b) 100 °C

Q) M=

50 °C, 100 °C blank test 2% Z=Hdo]E 4Fo] H&H7] gtol A&7}
Soltha wstgnEE 19-9).
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3x10% 5 (a) —— gauze_blank_S50°C 100 (b) gauze_blank_100°C
2610° %10
g 8
8 2
= (=
5 =3
H 2
< a0 < '
I JM\
{ f
L~ ) " o L
o - 7 ; ; T T ] 1 ! L ] ; .
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 38

Retantion time (min)

Retention time (min)

ot

22 J2-9] TYH0E QYOI Bl AN AISS FFAZX blank
JZ0IEJM (a) 50 °C, (b) 100 °C
(4) SPME fiber(PDMS/DVB)

blank testo|A] ZEH0|E 4% BT HEH A Yol AM] 7Hsdicta gt
stATHF= 19-10].

5x10° + —— SPME fiber blank

4x10"

3x10"

2x10°

Abundnace

1x10"

0 5 10 15 20 25 30 35
Retention time (min)

[22 32-10] THHO|E QY0 Holg 95t
SPME fiber(PDMS/DVB) blank 2 Z0IE1
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(5) HYA(Tenax TA OVS &8 &
= o
P27

—7E10]—Oq AeFsfoFshe QF &~

-

Z27)
100°C blank testol At TEAOE 4%0] mE AEHA Yokt L=
S o] DEP(11.33 £)9} retention
_j_E] 11] (uﬂ—z_]- ﬂ-’*]'_-}i)
At

200 °C, 225 °C, 250 "C& 3}
7 =(11.38 )7t ‘*74540“:}[
SERS

z7AS
time ©| HA|=
A ZE40l|A DEPE FHFE w7|&
[-18]. DEP2}

1% @7‘]'1—:
2,2,4-Trimethyl-1,3-pentanediol diisobutyrate(TXIB)Z &&= Jtt
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—— Tenax 100°C blank —— Tenax 200C biank
28510 - (a) 25x10' - (b) l
20x10° - OxtQ
- Sx1 0 @ 1800
a bl
= =
H E
_§ 10510 _'g: 10210
= <
80x10" 4 LY el
00—y T Y 7 T T T 004
0 5 10 15 0 5 £ k> g 5 1 15 20 25 30 35
Retention time (min) Retention time (min)
—— Tenax 225 blank —— Tenax 250°C Blank
B.0xid"
1(c) 1l wie| (d)
s0mi 4 i
et O
: ; !
E 4007 E o
2 2
L.s L.
20x10° 4 2t
3 ,AJJL.“[ i F l“L LNL_.._-,.._
o0 B e e e e £ VNN 04
o -] 10 15 20 25 30 38 0 -] n 15 20 5 30 35
Retention fime (min) Retention time (min)

(8 O3-11] R=XHE HYA blank test (a) 100 €, (b) 200 T, (c) 225
C, (d) 250 T (I 20IE1™C| W7t S HE= DEPRL AEA|1ZH0| BX|= O3 E
X|AI2tC)

251



(6) ZE{(Tenax TA OVS 0o QE|MQIE)

100 T, 225 T, 250 °C blank testo|A] ZTEHOJE 4F0] HF HEFXA

AotHHEE 1H-12].

—— Fiiter 100G biank —— Fiiter 225C blank
1810° ( 8.0x10%
a) (b)
1 510" -
&0x10° o
124107
] 3
5 9oxi0’ o 5 40x10
- o 2
c c
3 =1
a a
< oo’ <
20x10°
20x10° \\’\A |
Fmat|211'1 Y PR -
00 i : : . . . : 00 ; . : ; ; ; ;
0 5 10 15 20 % 30 =] 0 5 10 15 20 ] 30 5
Retention time {min) Retention time (min)

——Filter 250°C Blank

Abundance

T 7 v T T T
5 10 15 20 -] 30 k
Retention time (min)

[H2 J3-12] 2EXY ZH blank test (a) 100 T, (b) 225 T, (c) 250
T (1=DMP, 2=DEP, 3=DBP, 4=DEHP)
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(7) 22|12 E=E(Tenax TA OVS L FEFTEL foam)

mlm
N,
g&
g&
o
£
it
i)
o
ks
r
itz

zguguj=EHo g 2&35ta] blank test

ojA DEHP7} AEHJH[F= T1H-13].

—— PUF front blank —— PUF back blank

“1 @ 1 (b)

Abundance
Abundance

=
rm e

=

[T RPN
o oo T
5 0

Retention time (min)

10 1 20 o
Retention tme (min)

[22 J2-13] E2RY == blank test I 20IETH
(@ = &, b)) E #
(8) L3I FAZ| (1 ml), AIZIX| ZE

20 FEH ARSohs dd=7== Z¥ blank®t acetone A3
F9 ARutEI0N TR o|EZL AEHA] got AME 7hsdithal wst
ATHEE 19-14].

Contamination & ACelone direct injecton

)

1
i

i ..." o A
- / (TAL

" 1 1
‘LL-AL ke L‘" w
T o T
] 0 1] P b 30 % 5 8 s 2 3%
Retenton §me (min) Retention bme (min)

[£5 J2-14] ZY0|E LHNE &S 5t Syringe?t Syringe
ZEH Blank test AZ0E1H (a) Z3 blank, (b) acetone ZEFY
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Blank test A¥Z23E Q9FslH (BF& #-6, 7)) £}

(22 H-6) EM0| ALRSH MEETO| blank test Zi} 29

OER0IE
dE Z1

(0/X)

MHET

40 m vial
(black)

50 mQ vial
(nert)

50 mQ vial
(gold)

50 mQ vial
(silver)

o

I

=L

C | 100°C

100°C

DMP

0

DEP

DBP

DEHP

O

O

X
A

XXX | X

IOER0|E

dE Z1

(0/X)

e

ofo|3=

T3 g

=2

C | 100°C

C | 100°C

C | 100°C

DMP

DEP

DBP

DEHP

XX | XX

XX XX

XX | XX
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4

Jhu

(HE H-7) 2I|ANE ™MF o AF23t Tenax TA OVS FMIHE blank test Za}

OOF
a5
OVS IE
LA
OE0|1E
4 24
(0/X)
== 100°C | 200°C | 225°C | 250°C | 100°C | 200°C | 225°C | 250°C
DMP X X X X X - X X
DEP X O 0] O X - X X
DBP X X X X X - X X
DEHP X X X X X - X X
OVS IME/ UAEO| Atggt A&7+
Ec|E = 2= FAPI, AZIX| EE
OE0IE
4 24
(0/X)
DMP X
DEP X
DBP X
DEHP O
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BEXAZxA FASH AFS Yol 271X EAFE Tenax TA OVSE FAA=
2 Yol E42AE FAGett. OVSe 84w ZH= YA =g
go|EE AFI5taL, Tenaxe 7HY ZEYC|EE ZHSH] S S2H=4E0]
ot EYEeE2 ARE AFHIAT &7t ofyEr #7hE YRr|9lgt
T =07 st g AEE ZEYo|E FAVIsAEE FAIT 5 ¢
o] ERIx} EAo] Qs Wity FHAw LE L HYA £42 9
St AA el IASVHFESY (SPME)] #A35t 2742 23k &2
A7 ]’Oﬂ ”4’3} oq%% ‘?:]’*E-E} ‘I}E}/ﬂ &tﬂ-iE 2

o

H

7

]

A B 2o one, Eodd w1 : 150 c) BN
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fat Cap

0 =——(Glass Tube

b
= /P’l FE Holding Ring
~ —Filter
HS A & ‘= Sorbent Layer

Polyurethane Foam

LA E _'._
R 4, o= Sorbent Layer
u—r’olyurulmnc Foam
—FI fat Cap

[£2 J2-15] OVS 74 ME ¥ Az 22

D "4y
(1) Mol BF

=/30] = polyacrylate(PA)Z EA=RA) n}o| ] e}

polydimethylsiloxane/divinylbenzene(PDMS/DVB)2.2 FH¥H o]y

T FRE vusaoEE a18-106l.
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SPME fiber Hl1m

relative peak area
N
k3
z

00 —- - - -—
DMP DEP DBP DEHP
[£E J8-16] OO|H 54 DE0|E S2 §2 Hluw

(2) B2, SA2E

B92(eF 0.03 g)oll 459 ZEHolE #EENE 12ng (0.4 ppm, 30
) Axpolasty %3t ¥ FF 2EE gEjsie] (100 T, 200 T, 225 T,

250C) Ags APt 100 ColA= ZHIo|EYT HEHA kL
200T, 225T, 250 oA ZEEO|E 4F0] KT AEHARF= :1%!
-171.
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I
Jhu
_

Tenax 200T 12 ng

(@) —— Tenax 100 12 ng = (D)
3
256107 4
Gx10° o
205107 &x10"
8 151074 B aw’
| = c
& ! &
o o A
S o107 £ a0’ i
0 O 1
< <
2010° 4 3
5.0010° 4 ]
l ALLL_‘_‘__'* 90t o 1
0.0 J—rmr
P e .,
T T T T - - : . .,
o 5 10 15 20 = 30 S 5 10 15 20 5 30 35
Retention time {min) Retention me (min)
—Fiiter 225°C 12 ng d —Tenax 250°C 12 ng
210" C
10"
3 4x10° o
|
15010° o
310" 4
o o
g <}
S 1010t c
o o 20
= c
3 2
£ 0
< <
5 0x 10" o
0" 4
4 3
= 2
004 S _L.--‘-f—_u_
T T T T T T T o T T T T T T
] 5 10 15 20 - 0 EC] ( 5 10 15 20 L 30 k]
Retention time {min) Retention time (min)

[£E J8-17] 235t 28 HYA ADO[3 A2 ZZO0IETH

(@) 100 T, (b) 200, (c) 225T, (d) 250 T (1=DMP, 2=DEP, 3=DBP,
4=DEHP)
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—»—DEHP

1.0x10° +—DBP
—e—DEP
—s—DMP
8.0x10"
I
6.0x10"
1]
% 4.0x107 —‘7_7f\§
s T T
2061007 o B
— e -
0.0- -
T T T
200 225 250
Temperature (C)
[£2 1J21-18] HLtALL TE{O| 5} U X 2 XA Z[xi5}

2 2 AFHA ZEYolE &
10

2 308 (Lee S et al. (2018))

ZSIATE 60, 5 }
EH, SZA7 458 (Armada D et al. (2022))2 H|wst & X5 225 CoA
ESHAZE 5E, S 45802 BHRAE HHslotgl
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=

2z |
? @ G 5 © @
7 x
6IDMP DEP DBP DEHP EDMP EDEP DBP DEHP
? 3
¢ 3 & 1
2
1 i
0 I | - |
EFS SPME BF29 SPME HYA BEFSO A0 SPME El4A EF 2 AT0|3 SPME
100°C =3} 608, S4 302 100°C =3} 52, S4H 4582 100°C =3} 5 S2 458 225°C Z3} 58, 54 458
22 72-19] Z3IA|Ziar SEA|ZE £|X5} H|W (a) 100 C 23} 60 2, St
30 2(E=2Y), (b) 100 C 28 }55 S2h 45 2(BEE=8Y), (c) 100 T &35}
52, S% 45 2(H4Y2A) (d) 225 T &35t 52, S%F 45 2(HYA
(4) SHRIN|Zt, EHEIRL
E AFAA ZHHolE B0 FASeIHE 2790 230 C 33 &,
270 C g2 3 &2 d|uoto] A3}l Th
(5) 2MA=M 2 AZSH A
371 Mg F HYA A9 9 B4 A3t A0 |EFS=E2E 34 23
Z H-8)o] AHotHa, AFAL HYAo TEHolE EFEY 0.06
ppm 30 W& Ato]aste] A HF
HFAL TEHo|EXEEH(DMP, DBP,
AR .

-
L

ppm, prm, 4 ppm, 6 ppm, 10
4 2go] AeSAT, IEE 7
DEHP: 12.5 ppm, 25 ppm, 50 ppm, 200 ppm, 400 ppm, DEP: 62.5
ppm, 125 ppm, 250 ppm, 500 ppm), 30 W A¥to]Iste] 2Hgatgict
F5HA (LOQ)= ISO A9 (Wenzl T et al. (2016)E

A zo]—ﬂ] (LOD) X‘]

g5t} ATt
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(%8 H-8) Tenax TA OVS & HIHA S ZEHYO0|E EMS Qs dEdn
g

dset % MY

Compound R:g::;j zn r? LOD'(ng) | LOQ"(ng)
DMP Py, 11(()14 X | 0995 | 360 x 10° | 1.08 x 10'
DEP r f'5118 9 11(?64 | 0842 | 407 x 10° | 1.22 x 10
DBP Y 17_§22 9 115)44 “ | 0989 | 646 x 102 | 1.94 x 107
DEHP v e égg " 182 1 0993 | 956 x 10° | 2.87 x 10

*10D = % (SD: 7h M sEo| MATEO Cf3t HEMAY

*¥*LOQ =3x LOD

Sleg2 HYdAo| TEYolE REGHS Anfo|Isto] WA Y| FEAH
og d2 13y} ngHolE STt DASH|FEAHOE BN o3
HAS H|wsto] AL AsZolA= DMP7L 76 %, DBP7F 22 %,
DEHP7} 77 %2 A4S sk olA= DMP7} 83 %, DBP7} 74 %,
DEHP7} 76 %2 AAME AT DEP+= &2 retention time©| HYA0|A &

SHe Az dd see2 78+ /Rl
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r
Ju

2) ¥H
(1) Z32E, San

dEjo] T olE REEHNE éﬁMﬂ%}
o] (100 T, 225T, 250 ) AFS A5t
A ZEFo|E 4F0] BE HAEF UG HEE :1%1—20] ,

225T, 250T o9 2=x7oA #4350
g2t DEHPO 3w Aol Z711, 225CS &

] —'-]_Oﬂ ]q_
O Ol .
——Filter 100 12 ng - Filter 225 12 ng
s (3) 20 (D)
2|
Ex 0 1 8290 -

o o

8 ]

; 410" 4 & o

& 0 =

0 0

< < 4

or40" 1 5 010"
25 40"
3 ) \\’I"rll-.l‘] MK
LR e BN R T A T T v T - T T
0 5 10 s 20 2= 0 = 0 £ 10 20 = £ 5
Retention time {min) Retention time {min}
——Filter 2507 12 ng
10" 5 {C)

Abundance

-l

Retentian time \rrlﬂl

[F8 18-20] 2cxAdY EHE ALO|3 Al Z20IETH
(@) 100, (b) 225 T, (c) 250 T (1=DMP, 2=DEP, 3=DBP, 4=DEHP)
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Aol A 270 T,

D

)
Tl
PN
)
r o
[\9]
[\S]
N
ol
H
ﬂ
N
F[]I
u‘,[olu
2
N
n
A
o
D
@)
N

oy AAg 9 B4 st SPME 9 A4 2= (B2 ®-9)0 A
stk AESHA(LOD), AHSHAI(LOQ)= I1SO Ao(Wenzl T 5 (2016)=
Arg-sto] ALt

(822 B-9) 7| A2 & LE 2Mu 7Y Z

Compound | Regression equation r? LOD"(ng) LOQ™(ng)

y = 3.68 x 106 X -1 -1

DMP + 555 x 10° 0.969 1.06 x 10 3.17 x 10

y = 5.84 x 10" x 5 »

DEP . 05 X 100 0.954 | 9.05 x 10 272 x 10

y = 603 X 107 X -4 -3

DBP + 216 x 10 0.969 9.14 x 10 274 x 10

y = 591 x 10" x . »

DEHP + 916 x 10° 0.848 2.07 x 10 6.21 x 10

*pop = 23X 5D (SD: 71& XL ol I M| st BZEMKR})

x Slope

*¥*¥10Q =3x LOD

3]4E2 dEo| TEYolE EFEAE Adto|Tsto] IAAIU|FEAHO
2 JdL v gyA 3} netgo]lE fut TAAIu|SFFEAH o g BA%H WA
S w3k AT DMP7F 88 %, DEP7ZF 123 %, DBP7F 79 %, DEHP
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(8 H-10) Tenax TA OVS A& Z EHIHAS} HE[Q HMXI| X FMUH

Mz =2 ANE 24

o 225t A|IZE 225 T sand bath
A 5 &7 s It

o MIASH 50 mY vialo tweezerZ | ¢ 0|04 225 °C sand bathOilA 45
AEdH 222 2elo] & 2t &3 T

GC/MS inletOfl A 3 27t E2fst

A,
2 T3

— 3

&7 WE F Tenaxtl Filter 2T EE

1) Deep freezer (-70°C)0f| EEE
A& 308 SC AT (-19°C) B ] |

e ‘
W
|

2) 4EY# ovSE 50 mL viald]
Filter2} TenaxE 2|8l &717] =]

.
|
|

15 - =
h T Deep freezer (-T0C)0 35 T @Y OVSE 50 ml vislo]
ARHE 0B BT AT 190 20 Filter@} Tenax® 22i8f 77|
o 3) 587 225°C sand bathO|l A =3}
27| ,
Alﬂ \‘«; l
4) 4587 225°C sand bath 0 A r _—
S M SPMER E& ‘ _
% @l -
5) GC/MS inlet0f M 387+ | H J i ”
w3 24 1Y ’ r— ;
SPMER B )
SPME
Saturation ,
. 2257 5 min
temp. / time c/
Adsorption time 45 min
Desorption time 3 min
Volume 30 ud
Fiber PDMS/DVB
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3) Ee¢d9E (PUF)
(1) SPME 2t

OVS sampler W Zo] &2d ZEHo|lEE EA5ty] Yol SPME 4%

A7 Y920 SPME XA XA &2

SlEr &“Efﬂr*lzh 45 —Er SEAZICE ZYST. F A4 & Flo| TEdolE
2ng (0.4 ppm, 30 w) ATro]=3}aL 100 ColA AFS A

%Hﬂ O|E 43F0o| & HSHUL, & 92 DEP7} AZHA(LOQ)

% HO*EH# T9-22]. SHAEE, ZREE RIS 96 19 &

253 DBPﬂ HgeA R B 24
tt. SPME HHﬂ ] = %@,oﬂ AjalAo] wro} Eajo] Matalx] orky
of §ujg ol§% 283} 25WS AL

——PUF front 100C 12 ng —— PUF back 100TC 12 ng

2010° - (a} el (b) =

Abundance
Abundance

Lty o L Jdih e

- 10 15 2 25 30 1 0 5 10 15 2 % 30 =

Retention tme (min) Retention time {min)

[£8 O8-21] £ 3|2 I20IEJY (a) E ¥, (b) E § (1=DMP, 2=DEP,
3=DBP, 4=DEHP)
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Sl
Jh
_

(2) Z2LFE MUY

OVS sampler W &Foll F2Hd ZLFo|E 245 At 2505292 &
AR A4S AT 2euaE AT HH2AT $L5HA stod st

Atk OVS samplerolA & 4t & 7

211l acetone 20 ml= F7FotAtt. 2205 15 E7F A3t H, A”AE
AR e A Al #Ed )

=4 60 TolA °F 2& 3

o > - =
acetones Y1 1 &7H }_Qu}_g- 2155}

E ¥-11)37 At} AESHA(LOD), AsH (LOQ)= ISO A9
A Arst ATt

(28 2-11) 37| NE 5 & 240y 2y Zn
Regression
Compound eguation r LOD*(ng) LOQ**(ng)
=162 x 10/
DMP y_ 8671 x 106)( 0.999 1.22 x 107 385 x 107
=181 x 10’
PEF ' 5.30 x 106X 0993 | 167 x 107" | 5,00 x 107
=1.97 x 10/
DBP Y a6 w 106 | 0990 | 1.06 x 107 | 317 x 10
=220 x 10’
DEHP Y Sua % 105 | 0998 | 551 x 107 | 1.65 x 10
3.3 D
*LOD = #ﬁi (SD: 7t% 22 =9 MIAHX0| het EEMR})

**10Q =3x LOD
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It
Ju

=

-12) 7] A2 M 3t B9 M U 2AuY

ME F8 Mz 55

371
A=

=
EMH

e FEH ANZE 100md round
=} bottom flaskZ &7! £ 60 CHA

M&st 70 md vialdll 22 2 C
<, == 8012l acetone 20 my oF 28 30 x 7t FBY 5&7|2
£ 7t == XIS

= T o ) B )
sl & 15 = e 1mQ acetonel =01 & 1 87t X2
ANEXZ2 22 Zoist W] o} I3y

« ANEX| EHE = vialof] 2

SN NE (3 EEES

1) Deep freezer (-70°C)0fl & 25t

AL 302 SO EH (-19°C) B
v ([T
2) M= ovsofA %% | =
70 mL Hjo|Zoff 71 H,
20 mLOEHIES F7t =

6) 1mLOLYES S0 1E2
sonication2 2 2ojA|7l F,
GC/MSE 24 7

o

|

B LB
=0 AFRSH =X+ 2 7|17
(70 m vial, tweezer, round bottom
ith co OLMIE(99.7 %
flask(with cork, septum), auto-sampler PHI=(99.7 %)
vial, syringe filter)
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!
Ju

4 BO AR SN2 U8 ZSTES EMu 1)

2 1H Alm B4 100 TolA 1 A7 238}, 3

2] &G4 SPME fiberol &%20°] ‘%Eé]
2 E9QIsItt. o]&= AZ7F 70 % isopropyl alcohol (IPA) €9 2 m=E %
Aol HHH vial £ W HxstEo] yehd AoE WSt E9H
AN MEFS 96 IPA &4 Ruj7} ojn] 2 W= N4 =o] Aol E715
og 3HAlR 49 —Lxﬂ*c} U] FE=Hol AgstA] dvhal weksto] g

rr Hm

2L ]Ilol'

©)

70% IPA &9 2m= Al A=o] ZHIIE #FEE 20,000 ng=
spikeSt H, & 7FA &1l(acetone, acetone:DCM(1:1) &3-8ME Z+zt
20 {2 =3t A3} acetone:DCM(1:1) &3H899] =& §-80] =90,
THAZE 2 AS SRASHATHFTE 11-23]. &2, acetone®] FF
FHXTE 2~14 %=, 7~42 %2 acetone:DCM (1:1)°] H|8}] Lo} &

= Sl2E acetone®| A Iolttal WS

o
=
F
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&x10’ -

S0

—a— DBP

—s— DEP

—s— DMP
//f —v— DEHP
WS

T T
Acetone Acetone : DCM
Exfraction solvent

Zx10"

Peak area

1107 o

Ly

[R5 13-22] 0o M2 DEYO0|E 452 £= &8 Hlu

2) 5% 2%

70 % IPA 8N 2 w2 A3 ARo| nEFolE HFZEF 20,000 ngS A
mo]33st §, 20 m9] acetonel @ &3S ARE % exE (50
C,600C) &A% 2%, 60 CE 5532 1 459 ZEEolE BF £2 8
ZZHJGRE 1F-24]. T3 35S (recovery)E 39~125 %2 tf
T 2AET 22 g2 Ho 55 2L 60 CE XAt
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4T
Jhu
_

4107
|4
3107 -
—a—DBP

@ —s DEP
w210 o - —a DMP
® —v—DEHP
o

12107

In

Temperature (T)
[FE J38-23] 55 2=(50, 60 T)0| M2 ZE0|E I 20fETH

g

<
S
>
i)
oY,

37 AR F EUAR AN 9 £4S 99 HAHstE 29052
4 AT (B2 1133 2t

(8 H-13) EH Az 24YY 243 2y

Compound Regression equation r? LOD’(ng) LOQ"(ng)
DMP v 81_6612 9 110%7X 0999 | 122x 10" | 3.85x 107
DEP y:;f& )f 110067X 0993 | 1.67 x 10 5.00 x 107"
DBP V:;_fg ; 110%7X 0990 | 1.06x 10" | 317 x 10°
DEHP v = 72_'4240 ;‘ 110%7X 0993 | 551 x 107 | 1.65x 107
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3.3x SD
x Slope

*LOD = (SD: 7+ A2 sEo LT M0 gt BFEHXY)

**10Q =3x LOD

rE

=

34E&L AR ZEHO|E EFEHES Anto]Tsto] ZZUFEHHO

S 3 HAYI T olE Lt GC/MS AF FYPHoz BA3 03
S vuste] AARET DMP7F 40 %, DEP7F 55 %, DBP7F 93 %,
DEHP7} 99 %2 AAFE T AR A7 BAS 93t 22uaE9 o 435}t
H AdAeE 9 EEHE AYotd (BE H-14)9F At

H

o]
=
]
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4T
Jhu
_

(R H-14) BN A9 Mx2| L 2Muny
A= #3 NE 55
o HEBH 70 m0 vialo] Hx= « Z&E AE2Z 100 m round bottom
dos 2 2010] soorene 20| 18KE $71 % 60COIK o 2.2 30
?QI_ET;—Q;_I_E SUIIE!D acetone = |7_|‘ §|I|_'| %HEP %§7|§ %é EEOH
i;ﬂf_‘;‘cg 15 2 X3} * 1 ml acetonetf =21 £ 127t
. tweezer2 HXZ st mpy| | Sonication ©E
o X ZHY = vialof 2

> I
Hu rg

I

HI

HEHAE ZEEES
1) Deep freezer (-70°C)0f| 228t
AletE 30% S0 4% 2

7

2)2mL OjO|AZ2E YIS
H3l A=0f 20 mL Ol E 7}

VATV
—=

@ 20 MLOEE 7+
4) TS o8 H=E B
5) Z|HSUEZ7| oA
60°C, 28 30X7t 55
B Go/MS 24 D1 mLONE 37t & =

® Senication [1 min] (60°C,2 min30:5]
@AIER oI IT
£0.45 pm, Mylone membrane]

6) 1 mL OLHES
sonication2 E &
GC/MSE £ Tl

Stol
=
i
4n

FE0| Mot =X 3 7|17
(70 mQ vial, tweezer, round bottom flask(with
cork, septum), auto—sampler vial, syringe filter)

OFMIE(99.7%)
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——KCT A11 Tenax front

——KCT A11 Tenax back

200" )
2500 - (a) (b
2
A 0 2 1 85x107
o 1Ead 3
g 8 1mw
- E
5 - | 3
g tmdo E
5 o0 |
5.0
3 4
oo s . i - 00 7—‘\1. ik T e T
5 10 15 20 2 0 a5 5 10 15 20 25 30 38
Retention time (min) Retention time (min)
——KCT At1 Fitar
"9
[
8
E 110
5
a
<
]
12 4
0.0 Ay A e
5 w 0

(25 T81-24] 37|A5 Z20tETY OlA| (a) EISA 2,

Retention time (min)

(b) B2

(1=DMP, 2=DEP, 3=DBP, 4=DEHP)

410,
4 16010
3,510 dust sample 2
dust sample 1 ax 10
3, ety
12010
o 280 T
g o
§ 2000 E
4 E 80a10
% g B0
1 ot ' it la
5010 }s J I 20010 AL + C
og TN T e M s b AR
T T z Y = e w5 w5
Retention time (min) Peak area
Sxi0
10
axi0 —— dist sample 4
— gust sanpile 3
10
g B0
g
i 4
2101 é 210
110 w10
3
1
L
2 Tor 5 T = ) E

Reetention bime (min)

Retention tme (min)

f, (c) ZE

[H2 72i-25] BEMHA|E I20tET3 G|A| (1=DMP, 2=DEP,
3=DBP, 4=DEHP)
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<
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