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A. MFEEK

RV E=L (PVC) Tk =10
HARISCE > THELND @S T AEEE
MTHY, BbbHboz XL~
mICFIH SN TWD, PVCIE, N4 % w]
RO BEPFIEST L2 L TERLNIMHS
ZFHHBICHEST 2 Z LN TE, a[HMAIOR
&N 72 < FEWEEEPVC, AT A O RN
ENEL EZDLDWEEPVCIZTT b b,
HUEPVCIX, TOEXLMELL AR
LLOMELE L THHAShTWS,
PVCIZEH &5 £ 72 nf AT R I L
STEALTED, 1990F/REE TIX>
Vg A7 )V (PAEs) 2 Il &
nN<c&k, LnrL, 77X 1LEEY Q2-=F L
~F% ) (DEHP) 7 XA Y
=/ (DINP) &\ o7z —H#EDPAESH 7 v
b &AW EZERIC XL AR AR
DX BEEERTZENERIRY,
LR zRG L LizBbbrlixT 5
PAEsOfE I AR BICHIREES s Z & &
Role, BUIEOENEIZBWTITREELS S
Ho (FLAMENEMT L LI ZOMk
AL IYBENRH LD L LTEAEY
BRERONBEREKECREET B LD
) lexkL T gy 7 F v (DBP),
DEHP., 7 Z )V~ )7 F /L (BBP)
DOEHNEE L S0, Ao Dz 5
ZEEARE LT LESS ORI S VoA R
NOIRDEDIIK LT T XN A VT v
)V (DIDP)., DINP, 7 ¥ )VlgT 47 F)v
(DNOP) DOfEHE IS TV 54, F
7= BAEDOKEICH W TIZDBP, DEHP,
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5] 7 2% 5 R Sh R AR T S AT
5] 7 2% 8 B Sh R AR T S AT
5] 57 125 8 R Sh R AR T S AT
5] 7 2% 8 B Sh R AR T S AT

RN AT TF
(DIBP) . 7 % )L i Yp-oL v F )L
(DNPenP) ., 7 # JL g V-n--~F% ¥ )L
(DNHexP) M ONT7 X IVERY v 7 o~ v
)b (DCHP) O 8 fE OPAEs/M i 2K 1R & 73
> THEVO, BINEE (EU) IV TIE
DBP, DEHP, BBP & O'DIBP D {ii Fi 23 £% 1
S, FHEROICARD AIREER S 550 E
L B W M &2 % L CDIDP, DINPK OV
DNOPDOfEH b2 IE TN D78,
INETHEAIIENTHREBET S2PVCHRE
b6 S A7z " Al O G A FE e L
TH O 2009 FEOFAE? ([ZB W TIX
FBERBLDRICIIPAES B &R0 »
b, EEBLLRLUSOBL B LD
— I IZPAESHREH SN T Z &2 5
MZT B E L BT, PAEsORE ] ¥H| &
LCT VI HELEBY (2-=F /L ~F )
(DEHTP) L 7 m~FH o -1,2-PH L
Ny A Y 7 =/ (DINCH) 72 & DI
TEANVEEROABRINER SN TWS Z &
MR LTz, 2014 E DAY 121 T
R S ATz AT B A o0 FE AR IZ 20094 FE
AL XTI EER o T,
DEHTP O fifi FAH FE A3 Kig 28 m L T\ b
T EEBL ML, 20194 O FAED
2B W TIL, DEHTPOE RMEE R & 5 (T
BN L., DEHTPS EE 2 Al A & 72 > T
WHZ EEHLMNILE, &6, BAE
DOPVCHIEB L H 2 o A HEAIE A &L
HmichbsrZ txzWoNc Lz, £12. 7
vFAL T NY TF L (ATBC) 2056
7 xRN 7T (TBC) ~DYI0EEx

BBP. DINP,



NEALTNDEZ L, TV VB AT LR
ALYAR O AR B3 LT D 2L A
W DL L BT, 2019 FEOFHAED TH
S 72 A& R o AR D THEIE R
Mraituv, 72y -7 u B i~rF
Jb) (DPHP) ThHDHZ LHHLMNI L

12)

o

AHFFE T Z N E TOFHAES 125 X e
XL 20244F 1T X D ULEE L -PVCHLES
Lh e ORBAIOEE L EHRLEOER
BEORFEZITH>ELHIZ, ZRETORE
RO AT T2,
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1. 3k

PVC B H 52 0 2024 FITKRLIR N ThE
A LG 128 Bt 2 At 5 & L. &3k
N CE 72 B PR O ERNL S EE T B 854 135

BAE LT T2,

BRAR DM E RN ER
HEPVCHIB L H 2 164 1K (5 B
ERbbe 173 ik, BESBb b

91 k), #'E PVC ®iHH s 10 K
(HBfRERbLLL 13 RIK, BTSN
B 1 THRIK)

2. HEE

1) A

TR by REEH - PCB oA v
~ TRy FH

~FF o R - PCB B B L

T AV AFCHIE (BR) B

2) EHR
AWFZe T L7~ PAEs 10 ¥ K OV F D

fi D> EHEK 10 FEE O A F 20 FEOL 4 .

5. CAS &5 & OVl % Table 112/~ L
2o EALZA#AN D S H, DINP [XFIZ

P L T\ 5 CAS No0.28553-12-0 i L
7= 3:.13,14)
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3) HRIEFIR K O HER IR

PEYER - BEYES 20 mg (27 & b 2 &N
2 T20mL & L7z (4 1,000 pg/mL),
REEHERK - SEREFRKZIREE L. 7
TR EMA T, FIRED 0.05-50 pg/mL
LD X OITHRL,

3. HE
GC-MS (7890A GC System, 5975C inert
XL MSD with Triple-Axis
(Agilent Technologies %)
fEiR A - DN EIETF v N —,
(=2 7 R

Detector)

ST-120

4. GC-MS H|E %M
717 2 : DB-5MS (20 m x 0.18 mm i.d.,
JJE 0.36 pm, Agilent Technologies #1: %)
77 HiEE : 100°C—25°C/min—320°C
(10 min)
EADRE : 250°C
N7V AT 7—F A RE : 280°C
¥ U¥—HA:Hy 0.9 mL/min (JE ¥t

)

HEANE 1.0 uL
HEAE—F: 27U v kb (5:1)

A A ALEFE 70 eV

HEE— K : [FEX SCAN £— F (m/z
40-800), FHEIX SIM E— F&EZHW=, K&
FMFIZB T DB OERA A O
A A ITRERRER] & & $ 1T Table 1 1278
L7,

5. REBAKOFAR

pii 1O CHEC T, TR L, ML
oMK 025 ¢ #FEFE LT 50 mL A7 A
WILEICED ., TE Ry - ~AXH UIRK
(3:7) 15 mL ZMx TRV IBEE =%, &
% L CH 40°C OEIRISN T BFFE L
7=, WA, (No.5C, 125 mm) Z AW T
AL, SmLBEDOT® F o THEILE K



WK 2y, AIREOERZ ALY, 7
T hT25mLIZER LY 0% FEHR
BRYSIR & LT,
72 R T10-1000 f5ICAM L7 D& E
EHRBREKR E L,

6. FIBAIORIERVEERE
1) FHE

A& R BRIA IR 2 SCAN = — R CHlE L,

RSN —27 O~ RARALY ML EEST
B 38 AL B an i AEMESE R S R S S R AL T
—Z_X—=2Z (§) 60 FEFHOAHH D~ A A
XY RVRBEESHTWD  RARK) L

L7, v AR MAR—F LI BAIE.

YT HIREERE E v, v AT B
R ORFFRF 2N — 235 2 L 28 L7z,

2) EETREDRE

IRA AR % GC-MS @ SIM £ — R{Z
LOHEL, FEEA A DO —7 EHEDN
B HEH R B ARIE IS L0 R A R L T2,
DINP }2 (" DIDP LA#+ @ 8 FE D PAEs, 2,2,4-
FURAF N3N B TF— VA
7F L —FhF (TMPD), 7V E VY (2-
TF~F L) (DEHA) KO % E8&
fevy7mevLr>27Ya—/, (DPGDB) T
L 0.05 ug/mL DL ECTRAREREZ L
72, —J7 ATBC XX DPHP Ti% 0.2 pg/mL
Uk, 7o YA Y750 (TIBC),
TBC, 7Y EVERY A Y /7 =/ (DINA)
K OYDINCH TiZ 0.5 pg/mL LA _E. DINP,
DIDP % O* DEHTP Ci% 1 pg/mL LA E TR
HREREE R L, 72, Wb RK
BIECBT D7/ A4 XIE 10 L
EChHotzZ binn, AFETIEIZ ORE
EAEERWRIC 38T 5 & v Al O & B T FRAE
& L7,

kB, oL ETOEE TRMEZBRIEFT O
G & (wt%) [C#%E 5 5 & | DINP,
DIDP } O} DEHTP 7% 0.01wt%. TIBC,

SHIZZDHD a2 &,
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TBC. DINA % U DINCH 7% 0.005wt%,

ATBC KO DPHP 7% 0.002wt%., “ZiLLAk
130.0005wt% & 72 2 25, 1§ 547 E EE A
IR E OGA L. RBRER I FET 28
fbe= 1AV I~ =M w A DB %
ZTHARERERH D Z D, RETOE
B IRMEIE—f 0.05wt% & L7z 1010,

3) EE

E B AR BRIAK %# GC-MS @ SIM £— K
THEL, HEEBA AL O — 7 HEEND
& HRBRE R O TR A E (pg/mL)
ZRDT-, BRERITEEHRBRISK T O
AIMEANREEIZ B Y, EAERG L, 2
DERICKELFEEO L DEH W, B
e E R AR B E R oA R E
(pg/mL) NHMIKFTOEHRE (Wt%) &
Ko7z,

C. FEBERROEBER
1. WBAORE

4174 BRAKD 515 5 7= [A 7 R BRI
IZOWTRIBAIZFE L= 5. PAEs T
X DIBP. DBP., DEHP & ' DINP 73 !
SNz, ZOfo AT TMPD, TBC,
ATBC. DEHA. DPGDB, DINA., DPHP,
DINCH } (" DHETP @ 9 fiE 3 fa HH S iz,
INHEVWTRLIBEICREEMNNS DA
HITH - 7=,

—J. Fig. 1 L' 2 [ZR”L72L 91T, 3
BAEDD 6.2 DICRMOE—7 Bt &n
oo TORFRER EZIT~ A AT MLV,
7YY 7T (DNBA), TBC KO
ATBC LB L TWZ &b, C4 T L
XNEEET D7 UBRRAHAICTH D &
WEINZ, 22T, ZORMWE % 7B
FERLL . NMR (& &SR 217> 7=,
T DORER., ZORMWEIX TIBC & FIEL
77, &BIZ, RO TIBC OFEYEN 2 AF

L. Fig. 3 X4 iTrL7z& oIz, Z7u~



NI h, v~ AAXZ Fv, TH- LY BC-
NMR A7 MR —84 52 & 2B L
7o F72. Fig. 1 K2R L2 X9 IT,
TIBC OMIZH 2 BIKNH RO E— 27 M
6.5 KON 8.2-8.5 e S =i, Wi
NbE—7 /L FEICIEEL o
7=,
UEDRERNG, S BH 14

f& (DIBP. DBP. DEHP. DINP., TMPD,

TIBC. TBC. ATBC. DEHA. DPGDB.
DINA. DPHP. DINCH }& " DEHTP) %
SHELE L THRIEKTOEAEEZTEE LT,

2. RE PVCEBLH 2 OFEA

1) HBERLHRITRIT 5B

HE PVC OB EL L b 73 RIEICE
FHRBAIOERER NEHEREEZNLET
DOFHE L L B2 Table 2 IZ/R” L 7=,
@ PAEs

EN CTHIHI XIS D 6 Fid PAEs X Z iV E
TORETABETH 720, SEOFHE
TiX. DEHP 2% | iAol sh, £0
SR EIT 0.12wt% TH o 7=, —F. 2014
L 2019 £ OFH A TR 4172 DIBP
FAEOFE T RSN DOD, D

A BITER TIRIERG TH -7, FERIC,

DBP L OXDINP IZOoWT HH SN 0

D, ZOFHEITERTREKRETH -7,
£, KEWHEA MG ZEEZBES (CPSC)

T ML kS L 72 > T b DNPenP,
DNHexP }, XDCHP IO W TIE R H TH
27,
@ PAEs LS o v EE A

7 B Vg AT VLS O A A T i
DEHTP b Z <t S, ol HE
X 95.9% Tho7c, ZDORKRKEHEIT
51wt% TH Y, FHEFEED 17wt & &
B <T&® -7, DEHTP (XHEBHME DR~
WA SRZEML TR, 2019 FEOH
ERERLEFEKIC, SAEDREBLLRICE
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WTHR b EABENL WA E (Fw55H))
ThH-o7T,

W THE RN E D> 7= 8BANL. BilE
FI4£1Z TMPD Td » 7=, TMPD [Zfii =
NA11%, REHEN19wt%, FHEH
wEN 1.Twt% Th o7, KEGHEIZHA
T EH RNV RWHB TH - 7= DL L
AIOMRMEMB LR CCTHY, EafiEAIE L
THEHAshbsZEbdHo0, 2 OBRIKT
XA BN BE ] S iz, RIS TR TR A
L7cEsEz b,

TBC X fARN 21.9%, K KEHEN
34wt%., EHEHEN 10Wwt% TH o 72,
2019 FEOFRAER LR & AT RIS
{Teol=in, FHERFEIIHAD LT\
G, EREEAIE LT ool A AE R D
LTWd EBZLNTZ,

ATBC (36l =28 21.9%, & KE&H RN
31wt%., FEHEHEDN 32wt% TH - 7=,
5 OFAREF & T 5 & RO
BEmEFEAOEm Th o, T, &
REBENDENZ LN, —EORBRETIE
Mt L CERMAIE LTHAShTWS &
EZzbhiz,

DINCH 1 IR 16.4%., mKEHE
2 39wt%., P EHRED 16wt% Th o T,
W EOFAERER & D L ARITED L
TV, slEfx £ L LTHEHS
NTVWDLHEDNRELNEEZ LT,

DINA [ RN 9.6%. fx K& H &N
13wt%., VFHEHEEDN 3.6wt% TH o7,
2019 FEORAER L L L THEHAER, K
REFABEROFEHERENOWIN L7223,
2009 FRERK TN 2014 FEOFHERE R &
HERELSWHLLTWAZ EnH, —HD
BRIECORME L THEHA SN TNWDE EE X
biv,

DEHA [ RN 5.5%, kxKaha &N
12wt%., V- EHEEDN 5.9wt% TH > 7=,
2019 FEORECIIFEHAE, KKEA R



KOV EHENRKE D LT,
ARl DOFE R 2009 5 K& T 2014 4 D
TRERLIZIZFIRBETH-TZ, ZOZ L
. DEHA I[Z—H D& T oA E w8 &
LTHEHINTEY, 2019 FEOFHAE T
TED LD RBENRHESRICEEN T
oI ENRRNEMEINT, TDI
. il FBEE e OV B B XA B AR R
Kae<EBlELTWARWnWEEZ BN,

DPGDB (I I Z73 2.7%., & K& H BN
6.9wt%. EHEHEN 6.5Wwt% TH - 7=,

2019 FEEOFE CIIHMIB SN o 7208,

SENT 2 KA L, ToEAEITV
THOBEIZEBWTEH 6Wt%FEE TH Y |
2014 FEOPFERBRLLFARETH - T,

DPHP |3ff RN 1.4%. &HED 5.5%
Th o7z, 2019 4 OFHA TIrI AR M Al
FELTsSHiE FREBLHLLITZEDI D
3RER) MO S, TORICHEE S
oA TH 212, SENT T RED 1
SNz, 2019 EEORE TITELEHE
2N 18wt% T » 7223, Al o3 Tk
5.5wt% Th o 7=,

F7-. Bk X 5 ICAEORE TIIARm
AIEAAIN 3R S, T b0 1
1< TIBC & [R@E L7z, TIBC [ H RN
2.7%. WRKEAEN 27Twt%, FHEHE
N 2Iwt% Th -7, TIBCITHEER L H®
2 BRIRD DR S, S E A ED 20wt%
BETHoT-Z b, FAEAIE LTl
HanktEx i,

—Ji, BECRHE BNV U BY T
F 7 (DBS), TIVFXFIL ALK BT ==
LT AT (ASP), T kFILT T A
N7 twe— (DALG)., VU v 2-=F
JL~F N7 =)L (DPEHF) &k
YAy MR R Q- F L ~F )
(TOTM) A FEOFHAETII AL TH -
7=,

ZD X ST, PAEs SO RTHAIE LT
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I35 &% & DEHTP 2NEMEE CEH ST
BV, ATBC X° TBC KX ' DINCH % 5] & fi
TEAEAE LTHEHA STV, —,
—#B DMK TIZ DPHP O i A EFICF] &
e xR S AL, TIBC L\ o =iz 7 Al ¥
FlOfEH R I L7,

2) BENBLLRITRIT DR

HE PVC OB ESN B H B2 91 MR
BT LAIHAIOEREROEAEELZ ZNE
TOMAEEL & HIZ Table 3 IZR LT,
@ PAEs

PAEs |£4 [BlO G4 Tix DBP, DIBP,
DEHP &% O DINP B Z4 7.7, 3.3, 2.2,
L1%O® S r sz, sz
PAEs (32N E TLREAKLTH Y. DBP,
DEHP & O DIBP Off H LK & A &I
WU 2019 FEOFERE R &I FERE
TdHol=, —Ji. DINP [T\ TIEfli =R
WA Ly, SR &EIE 21wt% & @ o
77

Fo, BEBbL bR LRI, KEO
CPSC THIfHI*xI& & 72> T\% DNPenP,
DNHexP & (" DCHP (3~ fi i Td - 7=,
© PAEs B4 rTEE A

DEHTP ZfEEB b b L RKICK LS
<HH &, KN 92.3%, kKEHFE
D 4Twt%., FRIEHED 19wt% Th o 72,
DEHTP O fifi 1% 2009 4 £ O AR 5
e lZEML TRy, FHEHEN
Q0Wt%EEETH o b, FREBLD
2 CARRIZIR E DG EIZB W T I A L&
LTHEHEINTWDZ ERRBINT,

TBC. ATBC & (' DEHA OfEHHE X, *
NEN 717, 44 K 22%THY, 2019 4
EORHEMELEFARBECHST-, TO—F
T, FHEAREEIZTRLZTN 16wt%,
1.0wt% M TY 0.44wt% & 2019 4E 5 o A fG
HBLE_XTHEDLL WD, Z0fF
AR EmCH D Z ENRB ST,



TMPD Offi =T 22%TH Y., FHEAH
BIX 044%ThHoTz, ZDOZEMmb,
TMPD O &% 2019 FEE OFHAERE S
B HEmCH D Z NI ENT, £,
BZICFE L- TIBC 1%, HEE4 B L bR
ZBWTH 1 REMLBRHEINE, Z0F
AEIL 2Iwt% & o2 &b, EFA
WHEIE L CHER SR T ST,
INETOREBICH O CTIERMEE, M
DERFETHBEMICREB I TV
DINCH %, A O TIEE & FREAR
WoGHEECTHRHE SN, WEICHREHO
& % DINA, DPGDB & O DPHP {22\ T
Hh, AEOFECIIER FRERBOEH
®CHM Sz, —J7. DBS, DPEHF,
DALG XX TOTM X RBH TH - 7=,
e Xosic, feEABbboITrH
e LTIHBEERSL B & FEKIC DEHTP

N X4 Cwi=, TBC. ATBC. DEHA.

TMPD, DINCH } Tt DINA Offi H#E X Z
NETLERRICEER DD L HTERW
KETH T, o, AU THID THRIH
SNz TIBC &, fREAB L H D —H D
AR b STz,

3. BEPVCHBLH R DFEA

i PVC b 6 Ol WA A O R
HA 2009, 2014 K TON2019 455 0 FHA RS H
L & HIZ Table 4 IZ7x L7,

HE PVCHEBL LT 10 BIEREZINEL .

ZOWNRIZON T, FHEB D H 2 23KER
fa T3k, HESBLELRATY T
ETTHRETH o7z, B Sz AN
DNWTIE, fREBH B TIL DEHTP KW
ATBC 2fH S, 1| BiRBH =0 o&FHE
AEIZ 0.1~02wt% Th-o7-, HHEBL D
RIZBW TR Sz /A R OVE H &I
DV TIX, 2019 FE OFRARF & IZIZH
BECTH-T-, £, fiEINBL L TIX
DBP, DEHA } ' DEHTP A&t |1
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R D=0 O BH O A EAR&IX
25wt% L F CThoTo, FEENB L B RIT
BT L W AIOGF A REIL 2019 FEO
FERERE L IZITRBE TH -7,

4. 1BREDZYOEFROLEK

2009, 2014, 2019 FEOFAERF oD
ZRIZ, HE PVC ®BLH o a2 xR 1
BMAEHTOEHEEELE LT,
BRIEA RO ML 2009 FEOMRE
TIE 29wt%., 2014 FEOFHE TIEL 19wt%.
2019 EFEORE TIT 22wt%., S E O FHAE
T 23wt% CTh o7z, £, 1 EH=Y
DEHEE T1owt% AR (<10wt%) | .
Mowt%lh B 15wt%A i (10~15wt%) J .
M5wt%lh B 20wt% A (15~20wt%) J .
M20wt%Lh E 25wt% A (20~25wt%) | .
M25wt%lh £ 30wt% A (25~30wt%) J .
M30wt%Ll £ 35wt%Adil (30~35wt%) | .
[35wt% LA E 40wt% Al (35~40wt%) |
N T40wt%lh E (240wt%) ] & X453 L,
HEREICEEN DB OEIE & Fig. 5 128
L7z, BetEaH &N 25wt% R 72 - 72
K1 2009 FEEOFHE TIERIERDOK 38%,
2014 FEORHETITEERDOK 85%. 2019
FEFEORE TITEEDOK 73%. S E 0T
TIEEEKDONT1I% TH -T2, ZD LT,
A RIL 2019 FEOPFER R L 1TIE
FIRRETHY, BIEWICAHAD EEE 10 4
FREEE IRV K HE (25wt%oRTH) T Sh
TWbEBZLNT,

5. ERAFEBAORRE ERO LK
B OB XL 25%ITH =D 46 FiKIC
HEHATEANICET 2 ERRZBH -T2, &I T,
M Ak - Bt 2K (ST (Safety
toy)) A (BAEAES ST I xhG
L7=maAIZFEHAH L TND E W) EREH
Slb?), TET X NEERT 2T A
(ZENB AT VPN EHFEHL TS &



WIORRNRHoTHD) KT TATBC-PVC]
(ATBC ZfH L TWD LW FRNH -
Teb?d) O3FEICHFHL, TNENDOE
APRFI O FEEE & AL - L= % Table 5
WCR LT, 728, ST M & X — At HIvE
ANBAREEHEOAEEEDOZ L THY
AIEAAINC BE 3 2 FLE A A AR TR O BLRS J
HLRILTHD,
RTIOAKE L THROBE NS0T TR
enfErAEVE - ST ARG T, 24 #BHIE
RRBoT, T DOREIN O/ LI
RCTERPEAELE L THEHIL TV DX
DEHTP. DINCH. DINA, TIBC. TBC K&
WATBC Cho7-, £/, DBPRIEEL H
Lo 1| EPOmE SN, 5F R
0.12wt% TH 7= Z L6, MBIt A
ENTbDOTHDN, RETERTEMNET
BALTZLDTHDLINIAHTH -,
KRONEFEL L TRIZE»ro>T=01% T3
AN AT VR T, 19 BT E
RRBoT, TILHDOREINO/HE LR
{KTI%X DEHTP & O TIBC AT A ¥AIE L
THEHA I W=, 72, DIBP BfiEs
Bbbo 2 AN shr, A&

TWNT D 0.05Wt% ARl TH -T2 b,

BERPNIZRMS N7z O TRV EHER S
i,

TATBC-PVC] &R RSN TWeDlL 3
REFCHoTZ, LinL, Zhb0REINS
BONTERIRICE W T ATBC I AR TH
D, WTFNOREND S DEHTP 23/l
A& L THRB ST, 2, AT EA
EOID B TLBICRTINEDEEEZ ST
T ENRRK EHEE SN,

D. #Ei

2009 5, 2014 HEFE, 2019 4FEICH| &
frE . 2024 FEICEEA L2k PVC #dks
LHRIEHINAATHBAIZRAEL, Zh
ETORFE B LT,
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il & 7= AT o FEE IS K & A B ki
72 <. DEHTP N EH /e nl¥AK & L Tl
ENTWiz, ZHix 2014 EFEORELLE
DFEREFBETH- T2, HHEREOEEHE
B\ mL Cwiz, —J ., ATBC,
TBC LT VYV T 2T V% A A
DNTIE 2019 4 JE O AR & R4
HEEOW LD NA LN, £, SEIOH
BT =727 ¥AITH D TIBC O M
e s, 1 KRBV OfEHEIT.
2019 FEOREME L IZEFRBETH O
VK AEZ MR L CWD Z ERRB ST,
R AIOFRFICHONTIE, BRNEN
EREHALNTER>THD DN 3 Rk
AR LT, 2014 2 K OY 2019 4R FE O A
ICBWTHRFEOREFI LR INTEY
i F AT YRR 2 ) 0 B 2 T2 BRI R RN DIE
Ex@olzZ ENRK EHE SN,

AWFZEDRER LY, RV = 18E
H 5 2 Off A Al O R B o v TR
2019 FJEOFRAERE) D K & 72 B L7
WwWeEEzZbNE, TO—JT, 2019 FE
O TR &[RRI H 72 72 WA O FH A3 e
RENT, ABLH TR BBEINEH S
LAMREMERH Y . EH AR AT I
HAHEMRDH D, RV = 1B E D
2 OEENERLET L0, A% bk
WICHEZIT> TV ZERRETH D,
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Table 1. List of plastizizers used in this study.

. Abbreviation or Purity Lo Ret.ention Quar.ltitative Qu?liﬁng Qual.ltﬁ.-lfza tion
Chemical name Prod CAS No. 0 Supplier time ion ion limit
roduct name (%) .
(min) (m/z) (m/z) (ug/mL)
PAEs”
Diisobutyl phthalate DIBP 84-69-5 >99 Wako 5.4 149 223,104 0.05
Di-n-butyl phthalate DBP 84-74-2 >99.8 Wako 5.8 149 205,223 0.05
Di-n-pentyl phthalate DNPenP 131-18-0 >98 Wako 6.6 149 237 0.05
Di-n-hexyl phthalate DNHexP 84-75-3 >98 Wako 7.3 149 251 0.05
Benzyl butyl phthalate BBP 85-68-7 >99.4 Wako 7.3 149 91, 206 0.05
Di(2-ethylhexyl) phthalate DEHP 117-81-7 >09.7 Wako 7.9 149 167 0.05
Dicyclohexyl phthalate DCHP 84-61-7 >99 Wako 7.9 149 167, 249 0.05
Di-n-octyl phthalate DNOP 117-84-0 >98.9 Wako 8.5 149 279 0.05
Diisononyl phthalate DINP 28553-12-0 >100.3 Wako 8.2-9.2 293 149 1
Diisodecyl phthalate DIDP 26761-40-0 >101 Wako 8.7-9.8 307 149 1
Other plasticizers

2,2 A-Trimethyl-1,3-pentanediol diisobutyrate TMPD 6846-50-0 >97 TCI 42 71 111, 159 0.05
Triisobutyl citrate TIBC 63133-75-5 >95 SIGMA 6.2 129 185, 147 0.5
Tributyl citrate TBC 77-94-1 >98 TCI 6.7 185 129,259 0.5
O -Acetyl tributyl citrate ATBC 77-90-7 >90 TCI 6.9 185 129, 259 0.2
Di(2-ethylhexyl) adipate DEHA 103-23-1 >98 Wako 7.4 129 241,259 0.05
Di(propylene glycol) dibenzoate DPGDB 27138-31-4 >08 SIGMA 7.6-7.8 105 163, 77 0.05
Diisononyl adipate DINA 33703-08-1 Not indicated Wako 7.8-8.5 129 255 0.5
Bis(2-ethylhexyl) terephthalate DEHTP 6422-86-2 >98 ACROS 8.6 261 112,279 1
Bis(2-propylheptyl) phthalate DPHP 53306-54-0 Not indicated Wako 8.8 149 167, 140, 307 0.2
Diisononyl 1,2-cyclohexane dicarboxylate DINCH 166412-73-8 Not indicated BASF 8.0-9.2 155 299 0.5

*I Wako: FUJIFILM Wako Pure Chemical Corporation, TCI: Tokyo Chemical Industry Co., Ltd, SIGMA: Sigma-Aldrich Japan Inc., ACROS:
Acros Organics B.V.B.A., BASF: BASF Japan Ltd.
*2 Quantification limit of standard solution.

*3 Underline: regulated in Japan; italic: regulated in the USA (CPSC).
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Table 2. Detection ratio and content levels of plasticizers in designated toys in this and previous studies.

This study (n=73)

Year 2019 (n=146)

Year 2014 (n=259)"'

Year 2009 (n=46)"

Plasticizers Usage rate Content (wt%) Usage rate Content (wt%) Usage rate Content (Wt%) Usage rate Content (Wt%)
(%) Average Maximum Minimum (%) Average Maximum Minimum (%) Average Maximum Minimum (%) Average Maximum Minimum
PAEs
DEHP 1.4 0.12 0.12 0.12 0 ND ND ND 0 <LOQ <LOQ <LOQ 0 <LOQ <LOQ <LOQ
DIBP 0 <LOQ <LOQ <LOQ 42 22 35 2.3 0.3 0.12 0.12 0.12 0 <LOQ <LOQ <LOQ
BBP 0 ND ND ND 0 ND ND ND 0 <LOQ <LOQ <LOQ 0 <LOQ <LOQ <LOQ
DBP 0 <LOQ <LOQ <LOQ 0 ND ND ND 0 <LOQ <LOQ <LOQ 0 <LOQ <LOQ <LOQ
DNPenP 0 ND ND ND 0 <LOQ <LOQ <LOQ 0 ND ND ND 0 ND ND ND
DNHexP 0 ND ND ND 0 <LOQ <LOQ <LOQ 0 ND ND ND 0 ND ND ND
DCHP 0 ND ND ND 0 <LOQ <LOQ <LOQ 0 ND ND ND 0 ND ND ND
DNOP 0 ND ND ND 0 ND ND ND 0 <LOQ <LOQ <LOQ 0 <LOQ <LOQ <LOQ
DINP 0 <LOQ <LOQ <LOQ 0 ND ND ND 0 <LOQ <LOQ <LOQ 0 <LOQ <LOQ <LOQ
DIDP 0 ND ND ND 0 ND ND ND 0 <LOQ <LOQ <LOQ 0 <LOQ <LOQ <LOQ
Other plasticizers
DEHTP 95.9 17 51 0.05 71.2 15 29 0.09 60.3 12 40 0.07 37.0 20 39 0.68
TMPD 41.1 1.7 19 0.05 66.4 23 14 0.06 24.1 3.7 19 0.06 67.4 39 23 0.05
TBC 21.9 10 34 0.05 13.7 21 45 0.07 2.0 33 14 0.30 283 2.0 11 0.05
ATBC 21.9 32 31 0.05 28.8 6.4 25 0.05 40.0 9.2 29 0.05 45.7 16 35 0.21
DINCH 16.4 16 39 0.18 34.2 15 47 0.05 28.5 10 40 0.27 283 20 49 1.4
DINA 9.6 3.6 13 0.06 6.8 0.92 7.1 0.06 21.7 7.5 18 0.11 21.7 11 16 0.52
DEHA 55 5.9 12 0.35 2.7 0.14 0.17 0.11 1.4 9.1 13 0.10 43 52 10 0.13
TIBC 2.7 21 27 16 0 ND ND ND 0 ND ND ND 0 ND ND ND
DPGDB 2.7 6.5 6.9 6.1 0 ND ND ND 2.0 3.4 7.5 0.07 43 0.61 1.1 0.12
DPHP 1.4 5.5 55 55 2.1 18 18 18 0 ND ND ND 0 ND ND ND
DBS” 0 ND ND ND 7.5 0.07 0.09 0.06 11 0.06 0.16 0.05 6.5 0.07 0.07 0.06
DPEHEF 0 ND ND ND 2.1 4.7 9.7 0.51 0 ND ND ND 0 ND ND ND
DALG"” 0 ND ND ND 0.7 24 24 24 0 ND ND ND 22 43 48 48
ASP™ 0 ND ND ND 0 ND ND ND 2.7 50 61 37 0 ND ND ND
TOT™"” 0 ND ND ND 2.7 0.1 0.1 0.05 0.3 0.2 0.2 0.2 10.9 15.2 29.3 0.05

The underlined six PAEs are regulated in Japan.

ND: Not detected, <LOQ: Under the limit of quantification (0.05 wt%).

*I Recalculated from the results of previous study (2014) by Abe et al'!.

*2 Recalculated from the results of previous study (2009) by Abe et al'®.

*3 The abbreviations represent dibutyl sebacate (DBS), diphenyl 2-ethylhexyl phosphate (DPEHF), diacetyl lauroyl glycerol (DALG),
alkylsulfonic acid phenyl ester (ASP) and tris(2-ethylhexyl) trimellitate (TOTM).
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Table 3. Detection ratio and content levels of plasticizers in not-designated toys in this and previous studies.

This study (n=91)

Year 2019 (n=63)

Year 2014 (n=199)"'

Year 2009 (n=51)*2

Plasticizers Usage rate Content (Wt%) Usage rate Content (Wt%) Usage rate Content (Wt%) Usage rate Content (Wt%)
(%) Average Maximum Minimum (%) Average Maximum Minimum (%) Average Maximum Minimum (%) Average Maximum Minimum
PAEs
DBP 7.7 19 28 0.21 6.3 13 24 0.08 2.8 18 38 0.10 12.7 7.5 26 0.05
DIBP 33 14 30 0.07 32 24 35 12 38 14 34 0.05 12.7 12 22 0.12
DEHP 2.2 21 36 6.9 1.6 21 21 21 15.5 6.8 18 0.05 41.8 13 27 0.08
DINP 1.1 21 21 21 4.8 7.4 11 0.40 2.8 4.8 5.4 4.1 25.5 9.8 32 0.19
BBP 0 ND ND ND 0 <LOQ <LOQ <LOQ 0 <LOQ <LOQ <LOQ 0 <LOQ <LOQ <LOQ
DNPenP 0 ND ND ND 0 ND ND ND 0 ND ND ND 0 ND ND ND
DNHexP 0 ND ND ND 0 ND ND ND 0 ND ND ND 0 ND ND ND
DCHP 0 ND ND ND 0 ND ND ND 0 ND ND ND 0 ND ND ND
DNOP 0 ND ND ND 0 <LOQ <LOQ <LOQ 0 <LOQ <LOQ <LOQ 0 <LOQ <LOQ <LOQ
DIDP 0 ND ND ND 0 <LOQ <LOQ <LOQ 0 <LOQ <LOQ <LOQ 0 <LOQ <LOQ <LOQ
Other plasticizers
DEHTP 923 19 47 0.07 88.9 17 28 0.12 73.7 15 41 0.06 40.0 21 51 0.07
TBC 7.7 16 35 0.07 6.3 29 40 7.3 4.7 25 33 34 14.5 12 47 0.16
ATBC 4.4 1.0 2.4 0.05 4.8 3.8 6.1 0.12 21.6 7.7 29 0.11 16.4 21 51 0.07
DEHA 22 0.44 0.50 0.37 1.6 0.60 0.60 0.60 52 5.8 22 0.05 9.1 9.9 26 0.07
TMPD 22 0.30 0.40 0.21 12.7 1.2 5.7 0.12 5.2 1.9 83 0.05 14.5 0.19 0.32 0.10
TIBC 1.1 21 21 21 0 ND ND ND 0 ND ND ND 0 ND ND ND
DINCH 0 <LOQ <LOQ <LOQ 4.8 2.8 84 0.05 8.0 10 23 0.05 73 22 32 1.4
DINA 0 <LOQ <LOQ <LOQ 0 ND ND ND 1.4 1.6 1.7 1.5 5.5 4.4 7.0 3.1
DPGDB 0 <LOQ <LOQ <LOQ 0 ND ND ND 0.9 0.10 0.11 0.08 1.8 0.06 0.06 0.06
DPHP 0 <LOQ <LOQ <LOQ 32 26 27 25 0 ND ND ND 0 ND ND ND
DBS” 0 ND ND ND 0 ND ND ND 0.9 0.10 0.12 0.07 0 ND ND ND
DPEHF 0 ND ND ND 79 0.07 0.08 0.05 0 ND ND ND 73 0.06 0.05 0.07
DALG" 0 ND ND ND 0 ND ND ND 0 ND ND ND 1.8 0.41 0.41 0.41
TOTM™M” 0 ND ND ND 1.6 0.07 0.07 0.07 1.9 1.9 3.8 0.09 1.8 0.09 0.09 0.09

The underlined six PAEs are regulated in Japan.
ND: Not detected, <LOQ: Under the limit of quantification (0.05 wt%).

*I Recalculated from the results of previous study (2014) by Abe et al'l).
*2 Recalculated from the results of previous study (2009) by Abe et al'?.
*3 The abbreviations represent dibutyl sebacate (DBS), diphenyl 2-ethylhexyl phosphate (DPEHF), and diacetyl lauroyl glycerol (DALG) and

tris(2-ethylhexyl) trimellitate (TOTM).
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Table 4. Detection number and total content levels of plasticizers in hard PVC toys.

Designated toy Non-designated toy
Total Total
Sample o Detected Sample o Detected
No contents plasticizer No contents plasticizer
’ (Wt%) ’ (Wt%)
This study 3 0.1-0.2 DEHTP, ATBC 7 0.07-2.5 DBP, DEHA, DEHTP
Year 2019 9 <LOQ-0.5 DEHTP, ATBC 2 1.2, 1.5 DEHTP, TBC
Year 2014 16 <LOQ - 3.5 DEHTP, DINCH, DIBP 10 <LOQ -2.5 DEHP, DBP, ATBC
Year 2009 0 - - 4 <LOQ- 1.4 DEHP, DPGDB

<LOQ: Under the limit of quantification (0.05 wt%).
*I Recalculated from the results of previous study (2014) by Abe et al'!.
*2 Recalculated from the results of previous study (2009) by Abe et al'?.
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Table 5. Labeling and main plasticizers.

Main plasticizer*1

Labeling .. Sample Usage rate

Plasticizer N(f (%/0)

Confirm to FSA or ST DEHTP 17 70.8
(24 samples) DINCH 2 8.3
DINA 2 8.3

TIBC 1 4.2

TBC 1 4.2

ATBC 1 4.2
Non-phthalate plasticizers are used DEHTP 18 94.7
(19 samples) TIBC 1 53
ATBC-PVC DEHTP 3 100

(3 samples)

*I Main plasticizer: plasticizer contained at the highest amount.

*2 FSA: Food Sanitation Act, ST: Safety Toy Standard.
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TMED 6.2 a) Unknown A
DEHTP
b) DNBA standard
c) TBC standard
d) ATBC standard
e X) Unknown B
6'5, DEHTP
8.2-8.5 DEHTP y) Unknown C
=]

4 6 8 10 12 14 16 18
(min)

Fig. 1. Total ion chromatograms of a) Test solution (Unknown A) obtained from the bath
sample, b) DNBA standard at the concentration of 100 pg/mL, ¢) TBC standard at the
concentration of 100 pg/mL, d) ATBC standard at the concentration of 100 pg/mL, x) Test
solution (Unknown B) obtained from the ball sample, and y) Test solution (Unknown C)

obtained from the inflatable toy sample.
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a) Unknown A

b) DNBA standard

c) TBC standard

d) ATBC standard
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Fig. 2.
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Mass spectra of a) Unknown A, b) DNBA standard, ¢) TBC standard, d) ATBC standard, x) Unknown B, and y) Unknown C.



a) Unknown A

TMPD
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A

e) TIBC standard
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Fig. 3. Total ion chromatograms of a) Test solution (Unknown A) obtained from the bath sample

and e¢) TIBC standard at the concentration of 100 pg/mL.
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Fig. 4. Mass spectra of a) Unknown A and e) TIBC standard, and f) the structure of TIBC.
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Fig. 5. Comparison of total plasticizer contents with respect to the results of this study, 2009,
2014, 2019, and 2024.
*Recalcurated from the results of 200910,

**Recalcurated from the results of 2014!D
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