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W OE R TR AR AR IR G A B A TSR R (GC-ICP-MS) |, B ik T L E SR Be B
W UL 3 Fh 2 IRIX AL E (PBDEs ) 1 3 R HLBERR TS (OPEs ) B9[] RHm i 5, Hirp 4% 2,27 4,47, 5- TR
ZEHEE(BDE-99) 2,2' 4 4" .5 5 - NIRIBEEEE( BDE-153) |, HRIBEERE ( BDE-209) = (JE T4L) BEFREE (TNBP) |
2-LFE O H RSB IR R (EHDPP) (B R =-2-2 %5 OV 3L R (TEHP ). R P 208 75 1l Bh A8 BUEE AR X TR U
(PP) IS — T I — 2R LR FL T (ABS) MR A L0 (PVC) 3 Fi AL A B Bo L RE & 2R 470 5 A Ab 2.
WAk, BT ST A T EE7E 0.20—10.00 we-mL ™ e JE 5 BN B RIFA9Z4E56 R (7°>0.99) . PBDESs ) 7 246
HiBRAE £ FR 4> 3°4 0.15—2.50 ng-g ™' F1 0.40—6.00 ng- g™, iIAREIHRA 98.5% + 5.5%.0PEs (A H FR AN
E PRSP 10.00—38.00 ng- g~ Fil 25.00—85.00 ng- g™ sHMAR MR K 92.5% + 8.5% .17 FH 2 Brof il o) 3 Joi
BN AT EZ G520 PP ABS Fl PVC K% PBDESs Fi'OPEs Y w7 6 A4 BH @ A4 52 | Jir 8 ~7 75 W AR 1 4
Pl T B RSON; K EE ST O vk N 28 S B ELRE S B ST A DU, 4390 H T BDE-209 , TNBP . EHDPP il
TEHP , £-Ab A Wk H vk FE T B Ry 178.19—60628:77 ng- g Hi b BDE-209 AHG: R By , v BE VL Bl A 178.19—
1088.59 ng- g, i1t SRIA AR ) REACH $84 (A b4, 2B 24 [T BDE-209 AYH: Hi vk B AR 23 38 2 A KR (A
KR SO/ TR A S TR, 2 IRBORTE A LR R , SR BT AL

Determination of polybrominated diphenyl ethers and
organophosphate esters in children’s plastic toys using gas
chromatography-inductively coupled plasma mass spectrometry
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(1. Tianjin University of Technology, Tianjin,300384,China; 2. National Institute of Metrology, China,Beijing, 100029, China)

Abstract; An analytical method based on gas chromatography-inductively coupled plasma mass
spectrometry ( GC-ICP-MS) for simultaneous determination of three polybrominated diphenyl ethers
(PBDEs) and three organophosphate esters ( OPEs) in plastic toys was developed and optimized.
The target analytes were 2,2 ', 4,4’ , 5-pentabromobiphenyl ether (BDE-99), 2,2 ' 4.4’ 5 5'-
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hexabromobiphenyl ether ( BDE-153 ), decabromobiphenyl ether ( BDE-209 ), tri ( n-butyl)
phosphate ( TNBP ), 2-ethylhexyl diphenyl phosphate ( EHDPP ) and tri-2-ethylhexyl phosphate
(TEHP). Polypropylene ( PP), acrylonitrile-butadiene-styrene copolymer ( ABS), and polyvinyl
chloride ( PVC) materials were obtained as target matrices. Ulirasonic-assisted extraction with
toluene was used for sample preparation. The developed method exhibited satisfying linearity in the
concentration range of 0.20—10.00 wg-mL™" (7*> 0.99). The detection limit (LOD) and limit of
quantitation (LOQ) for PBDEs were 0.15—2.50 ng- ¢ and 0.40—6.00 ng- g '. The spiked
recovery was 98.5% + 5.5%. The LOD and LOQ for OPEs were 10.00—38.00 ng-g ' and 25.00—
85.00 ng-g™" and the spiked recovery was 92.5% + 8.5%. The matrix effect was investigated using
spiked plastics. No obvious matrix effects were observed for all three plastic materials. To further
verify its practicability, the method was applied to the analysis of 28 toy samples. BDE-209, TNBP,
EHDPP and TEHP were detected in some samples. The detected concentration of each compound
was in the range of 178.19—60628.77 ng-g™'. The detected ratio of BDE-209 was highest with a
concentration range of 178.19—1088.59 ng-g™'. The levels of detected BDE-209 were under the
threshold value of the REACH regulation published by European Union.

Keywords: gas chromatography-inductively coupled plasma mass spectrometry, polybrominated
diphenyl ethers, organophosphate esters, plastic toy.

ZIRE KT ( PBDESs ) J&e—Fp B (R IR BEATR , T HA A AR , BRR SR A7, DA Lt 20 70 AR TTF
e T G R NS Rz T PBDESs X BRI RIS (8 BE A4 67 S0, IR AR
FRBELE 2009 A4 51T R AMEA VLTS Y A8 RFJREEA 20 ) 202017 4, 1R 2R T AU 51
ACETHEAMEA LIS Y TSR R EE A2 A BLBRERIEE (OPEs) VE k& FH A BHAAT , AR T WA
FRRAC T S SR — R AN FE BRI R W, 5B OPEs XA WAk B — G et | IR i, He e iy
PRBE (B XU R RE 5 ke 1t e BB N )32 et

AR5 L 5 b 5 A AR fL 4 5, PBDEs #11 OPEs A9 RS I 0 25 35 204 M 20 AH (i it <M (03
P AR RS- B R - TR I TR N T B A B R, — B T R S AT R
AbF B R BR B s/ AE BARY B T4, R 0T ) 52 . 0T A8, DR R R 1) AR o - L BRI S S
TR AR (GC-ICP-MS) Ay & 2435 4 v & I8R5 B A AL (0 4G 0 2 8 17 3 A g ey e 112
Novak 25K GC-ICP-MS 4347 17 7 A UL PBDEs' "' . Garcia-Lopez %5 [A] #£ % Fl GC-ICP-MS 2B T
11 F1OPEs F Ml e . ICP-MS X} T HA3 B 245 M i A HLAL &4, il e e h K ZHOC £ B 7
1k, BAESHrad B P e B PRGN Br P G, R4z B HAM T R AT, T AR 0 S Bkt it o0 425 SR
s

PBDEs( BDE-209 A £)F1 OPEs J& T H i i1 3 L 14 9% 1 55 K A0 R 2 BRI , 358 40 B AR 25 W s i 7
JLEEGCE P VS AR S R4k T 0 BT PBDEs Fil OPEs [A]EHR I Y GC-ICP-MS J5 5, 31
FHHES (77 B %) 28 AN LB H 11 PBDEs (2,2',4,4",5-F U6 4B ( BDE-99) 2,2 ,4,4',5,5"- N1
IKZEBE ( BDE-153) HVRIKZEEE( BDE-209) ) Fl OPEs( = (iF T 2&) BEBR NS (TNBP) 2-2, 3L 00 3k — R BLwk
15 ( EHDPP) BEfR = -2- 23k CL3EHE (TEHP) ) #E 47 1T k.

1 SZEG#B4) ( Experimental section)

L1 ARG

A% - Agilent 7890B “UAH (A (X FR Ik 8800 AL & 45 B TR I {X ( GC-ICP-MS, Agilent ) ; HF %¢
& (snoic P, Elma) ; &.L>HL( TDL-60B, Anke) ; B4 ( DB-5,15 mx0.25 mmx0.1 pm, Agilent) ; & MY
(8125, Organomation ) ; H, FKF ( XP205 , Mettler Toledo) ; HZfi7K 2% & ( Milli-Q) .

PRAfiEdh . 2,2' 4,47, 5-FLEPERE( BDE-99) \2,2',4,4",5,5 - /N IRIBEOK ik ( BDE-153) UK ik
(BDE-209) \ = (IE T 3%) B R EE ( TNBP) \2-2 3k O & — R ILBE R G ( EHDPP) Wi iR =-2-2 5 C 3L g
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(TEHP) ; N#R:3,3",4,4"- UKL ( BDE-77) B =T P (TNBP-d27) ¥J1 H AccuStandard 23 .

A 2R (34l J.T. Baker 28W]) 5 4E (HPLC grade , MERCK /A7) ).

FES A LE BRI A UL 45, PVC, ABS, PP 25 BRI BRFE) AR 4 A RHA BRA 74 .
1.2 FEALETAL B

WA T 28 ¥k LEE B, A5 PVC ABS PP %5 3 Fhfkb b4 B S SEAR S LR Ay S I 36 1.8 28
FHE K TC AR AR TSN Be ELRE it AT 484, e PR B s/ A0 R 0 T 0. R e b TR 5, ol FH 5 0 280k)
BUELBE S BT AL AT R e SRR RIS AR B, 75 2R A2 /N T 2000 wm 88 2 K5 A9 A IO B 1 L 5
AT, A S mL FH R 382k 7 8 B 4 OGS AR it 2R A i Ak 3. 75 B 2 A B D 15 min, 2500053
B IE] 7 10 min, 73 47 3000 remin™ FEAF B0 EIEW N 1 mL 5 oELEUTTE A% BT, BUA HLAE 2 25U
W ARG R E R 3 B B A AR A BT, A 1 mL FORMEAT AR AR A 0.22 um
B4 BLUE IR 5 76 B A e SAHTERE R P | SRR — 25 20 7.

R IPRBUEAE S A ED

Table 1 Overview of collected plastic toys

B G5 BB I AL A5 R Be HL S A
Sample serial number Sample material Plastic toys types Number of samples
1—15 PVC OP AR/ S ST EN ) 15
16—22 ABS T /MR R JESER R T IET 7
23—28 PP TAER 5 BRI BEPRA S 6

1.3 X85 Hr

Wit GC-ICP-MS X L # ¥8 8} Bt BAE & b 3 # PBDEs ( BDE-99 . BDE-153 . BDE-209) il 3 ' OPEs
(TNBP .EHDPP . TEHP ) #1743 7.

B SR R 2 HES DB-5(15 m x 0.25/mm %, 0.1 pum) B0 SERE RS R 280 C , AN
AR, RAE R, FEN 1.0 mL- min™ s SRR A /0 bR, BERE R 2wl THERER 4046
HEEEA 90 C, fFF 2 min, DL 20 Comin™' fUHE LFFZE 180 °C,H4FF 1 min, FFLL 10 Comin™' B35 F T
% 240 °C {345 0 min, FFLL 20 °C- min™ 3 3 FTF 2 280 °C, f£4F 20 min; Agilent GC 7890B 5 Agilent
8800 ICP-MS il i —4R 1/16 Fe~F i iyt PEAL S 2R AT ER I (i A DB-5 BANE LA GC [
FERE O GC A IRAR M 1CP (&4 11 22 18], A FH 0N #8528 A0R SR i it 4 s R0 A 95 B 114
o B AR R B D 280,C.

FJRRH A 255 B AR R 2 (A 4 - AR R R I] SRBEVRIE RS s Bc R
& BIARSHULER 2.

T2 REGEE SR A AT

Table 2 Instrumental parameters for ICP-MS

24 Bl 24 15 (i
Parameters Values Parameters Values
FHAR IR RF power 1500 W S (Ar) W Carrier gas flow rate 1.5 mL-min™!
T E] Integration time 0.1s [ (A0, ,80 :20, V/V) Optional gas 10%
SKAEVRE Sampling depth 8.0 mm Kl SGE 3 Isotope dectected PBr % Br,*'P

2 R 5118 (Results and discussion)

2.1 SRS EkfL
2.1.1  @BiESEik

R T BRI T R 0 R R R T, 1 el S T B AR T A RO o3 B S A i
FEX} PBDEs 1 OPEs #5819 20 B R 3 FH 30 m K A9 (0 3% 4F BUOR BEA S0k H AT 7
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It AR T BDE-209 5 i B ' AR SR T (15 mx0.25 mmx0.1 wm) (9 DB-5 (i H:x} H AR
oyt il A O THEAR T SEP T 3 R 2 IRICIEEE AN 3 Rl LB IR ES A0 (1% B (' 1), Bk
B PR B B TR) RS e 2R L3R 3.

60000 [
TNBP
50000 S
40000 /BDE"”
& 30000 TEHP BDE-153
20000
EHDPP BDE-209
10000 - A
0 1 1 1 1 1
0 5 10 15 20 25

t/min

1 PBDEs(0.5 wg-mL™ ) fl OPEs(5.0 wg-mL™") Ay {435 &
Fig.1 Chromatogram of PBDEs(0.5 pg-mL™") and OPEs(5.0 wg-mL™")

e INEL a8 7/  SEIR IR Al PVESEIEVES

Table 3 Retention time and monitored isotopes

aEY 1 B4 Bt ] Far sE R [ 3R
Compound RT/min Monitored Isotope

BDE-99 13.319 " Br/8 Br
BDE-153 14.781 "Bt/ Br
BDE-209 21395 "Br/% Br

TNBP 5.523 stp

EHDPP 10.956 3p

TEHP 11.427 stp

212 FESEL

o T 345 PBDEs 1 OPEs Al bE (7 5 3018, X TCP-MS (ST 4R Mot Hobe < Bt LA SRR
VRIS BRI T T 00 LA PR e 1 S B 3 i B B R 1 7 K, P TR B2
B PO™ AT LU RIS SOt AR 42 1 B A A 0 LB ™ i 45 0 0 S U SR 0 AR 8 S
SR T TR RN S R SRR ST 1CP-QQQ A SR R S B B
T e (R 2R K TSR i 4 BT 9 9, 75 mo gas

2T AT 4007 B TR AR A 0T R ok o or OB

AR TR (B TR AMED SFAixs O [] o

M GCAHH& A E AL, B GCICP-MS 2 |

TS T HORIR IR P 0 i i 8

SO TR BRAORATI, FLAE s g b T <]

WD R G0 R MR R e |

B MTFATG N S RA A AR S | H ﬂ

1CP FF 1 B A AR BRI, T 3 S T G IR 0 ﬂ |
HBR(A1/0,,80:20,V/V) A 2L BRFRRAY S T 10 15 20 25

Ar/0,/%

LY ] A B 45 R R W H AR TR 4R
P Al AT A G OC R il A, A B2 SRR TR R (%) % B ARICE W 0 5

PR RS E BN 10% (K 2). Fig.2 Influence of Ar/0, content (%) for the
2.2 MEAHTAERAAELAE response of target elements

RGBS T A i A B 35
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AR W AT BREAT T O0Ak, R B4 T AU AR OO DT IE 0 (19 1 . 7 A8 HOA 77 1oy ik %
b BRI I S e | P R ASCRE B R A TR P AR I B R i 0.2 g KRR N 50 °C 25
RT3 FhigsH Xt X PBDEs Al X OPEs AUFRBUHARIT T 80% (& 3 (a) ) , e FXT TR di (1995 i 2
LT, R R T A D A O AN, 05 546 1 o doe kO | PP AR R LT I A ROCR, , 4 2Rk
WIAE LS SR B VR A D0TE AR B TV 702 W B 7R SRRl b | — 2D 00 7 7R 75 2R U B, 1 Bk
(24 15 min, KRN 50 C, 200X RE R ET T 1,23 4 YO A A, 25 50 ol A 63 3 W,
K th e B T A2, 2R W 3 UG A 28 U ISR IR 2R 2 (181 3 (b)) .25 b, R R 28 ORI IE
CEVE MITTETR , PR 8 P R 25 1 R AR B 15 min, JEHEE A AL 3 ¥R, ik RT3 nT 3k 909% L L.

100 ¢ (a) oPBDEs @OPEs - 1007 (b) o0 PBDEs OPEs . -
M0F 90T
80 80T
® 70 * 701
E‘ 60 %‘ 60
z 50f 2 50F
g 40t g 40t
&30t | &~ 30t
20 20+
10 + 10+

0 | L 0
Acetone Dichloromethane Toluene 1 2 3 4
Extraction solvent Cycles

B3 AR (a) A AR (b) X AR O 721

Fig.3 Effect of extraction solvent(a) and ultrasonic extraction cycles(b) on extraction efficiency

2.3 EPERETEM
2.3.1  JFIRERAMEIE A FRAE H R

SRHR S [ SR JL R ] 5 110 5 T 75 VR 32 S ek 8 Il ) AR VA VR, FH T2 55 D vk AU s B R 7 PR
DL 3 A5 {5 W LIS A v B A S 5 vk AR A R B, DA O35 TRl P e 1% v 32 A R 5 vk i e s B 45 SR 3R
PBDEs & £ FR7E 0.40—6.00 ng-g ™' Z[H],OPEs s FR7E 25.00—85.00 ng- g Z [H]. 53 S AL il e BE 7K -4
0.20.1.00.2.00.5.00,10.00 pg-mL™"f# PBDEs ( BDE-99 . BDE-153 ,BDE-209) # OPEs ( TNBP .EHDPP |
TEHP) ) R5NR G, LA B (5 TR B N A b5, Wk BE A i Ak A, 22 il An HE I 2.3 i PBDES
13 Fh OPEs (10 1 75 7% 48310 Bl N 1) B RAT I MEOC R (2>0.99) |, 1l &2 D £ 3B i 7 PBDEs il
OPEs 23K, HAKSH L3 4.

#& 4 | GC-ICP-MS 43#t PBDEs il OPEs f9HERES 4L
Table 4 Performance of GC-ICP-MS for PBDEs and OPEs analysis

oty @i L R oL R
" Linear range/ Coefficient of determination LOD/ LOQ/
Compound I ) o r

(ng-mL™") (r) (ng-g™) (ng-g™)
BDE-99 0.20—10.00 0.990 0.15 0.40
BDE-153 0.20—10.00 0.998 0.40 1.00
BDE-209 0.20—10.00 0.994 2.50 6.00
TNBP 0.20—10.00 0.992 10.00 25.00
EHDPP 0.20—10.00 0.998 38.00 85.00
TEHP 0.20—10.00 0.996 25.00 60.00

2.3.2 LR

B I FE RN (matrix effects) SEFETEDEATALAR M, 28 3sh B il A A 285 4% B A ol 366 I ol T
AR B 1] R £ ) SR A 2 A0 0 B AR RO B Tk AR A 0 5 w0 e 4 SR A o A e A R AR
Ziarrusta %532 F GC-MS H1 GC-MS/MS X Zh#{A N PBDEs #E4740#r , JE W 2053k 2 T 185%—263%
M 162%—236% "' .Rodil FFifiid LC-MS/MS Xt K& OPEs #F47 T 43 #r, 3 B ol LAk 3 112%—
208% " XS SCHERFE A ML A I 45 H 25 5 % B SR A RE R T ICP-MS %5 88 TR ) 25 i n] i 15
TR AN N S SN i S R R Ry TR R e/ i S S N R S 87 18] B <8 S
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BT P R ZHOTR B 1. B A0 ICP MU E LR AR H A | BAE AT 2 v JA T Br P &, A

235 ) HAb AR IR AL B L S RS T4, 7T LARRAR L 5T X S2 Bt S 2 B 46 SR A 52 )l 7% %X PBDES |

OPEs 7£ 3 FhRL(PVC, ABS, PP) BE & AYFE ROV, Bo il 1 g mL ™ AUAREIR I, LA S 2 b BRS BY 25
SRFEFOIMARAER (1 pg-mL™") FERE TG TFRFE RO, H A A =R .

ME(%):gx 100% (D)

Wt A HARYIEAR IS TR (A, n=3) T B i I 5L BRI (B, n=3) H AR o7 Sl PEA 56 i vk

N/ (matrix effects, ME) .45 5 7R PBDEs 7E 3 Fh3AA A () 5L R0V R 103%—108% 2 1], OPEs /L FiRL

MR 102%—110% 2 [8] | 5256 25 5 A2 36 5 52 Wi A B 88, R B2 A 28 il 1 Bk R s, T4 8 Il
*5.

%5 PVC.ABS PP ' PBDEs il OPEs F{%E T3k
Table 5 Matrix effects of PBDEs and OPEs in PVC, ABS, PP

aw S B BTN sy TR S ST
Compound Plastic matrix Matrix effect Compound Plastic matrix Matrix effect
PBDEs pvC 108% OPEs pPVvC 102%
PP 103% ppP 110%
ABS 107% ABS 107%

2.3.3  JrEEUER T SO %

AT R P BNAR B ZRA PAk T s ERf Ve | >R T 3154 il 22 235 2R 0% AR DG4 v O 22 > PEA T
PG BEAE PVC ABS (PP 45 3 s (UM BT 09 R b b 28 S s i 100 pl 19 10 g - mL™ 1B & PR fEIR K
(BDE-99 .BDE-153 .BDE-209 ,TNBP .EHDPP \TEHP). , # Bt &= i i) 4% it BT A B | €335 5 1% 2% A1 0047 S 3.
ZERFWILE PVC KL PBDEs AY[EIISCR ) 98.5% +5.5% , OPEs Y [BICR N 87.5%+3.5% ; 7E ABS FEf
H1, PBDEs (1M1 4 98.5%+3.5% ,0PEs [ MI3H 93.0%+3.0% ; 7£ PP #£ i1, PBDEs 19 ISR H
100.5%+1.5% ,0PEs IR A 95.5% +5.5%.F LA FEAHF 5T A9 3 FhAL i i, PBDEs 89 il IR
98.5%+5.5% ,OPEs M fiARIEIEH 92.5% + 8.5%.

DRI R 5052 565 11 [ 0o Sk 56 U 7 v ARG 6 8 7625 PV.C L ABS (PP 26 3 R4 5 b, 20 30l i
100 wL (19 10 wg-mL™" (IRA PR, FEF A BRI 2 3 AT RE S K IR AL S R R AT 5250, 25 SRR
7E PVC #ESL Y PBDEs BUAH X 47 i 22 (RSD,n=5) 4 3.1% ,0PEs N 4.4% ; {E ABS ¥£/it ' PBDEs Jy
2.5% ,0PEs N 3.3% ; f£ PP &L, PBDEs & 1.8% ,0PEs N 4.1%. 5 B A F & SCHRBE T LA & 30, ik
B4 RT3 5 A ATl /KT 24, T 3 0 235 SR 100 AR X s o O 22 78 3545 WU T 5.09% LAY, AR G A PRIIE T
DN 8 R AR RS R, AR Sk 1 [ A0 3 RIS 28 DL 3% 6. 3 W T A 37 Tk T AL BB R RS L % 58 1)
2RI PBDEs F1 OPEs /& A .

2.4 SEBREE RS

i1 ST [ GC-ICP-MS A1 7 A g T 28 A~ JLEE SR B HLAE 5 AR W 55 T A K 5 v PBDES il
OPEs (4% e B s 45 /e 36 7 . Hidh BDE-209 \ TNBP .EHDPP F1 TEHP (946 320 51 4 50% 7.1% .
3.6% 3.6% , W BEJLFE A 178.19—60628.77 ng-g~'. Y PBDEs 1 Y OPEs B R4 514 50% .10.7% , e
JE L4390k 178.19—1088.59 ,506.18—68925.88 ng-g™'.

TEFTA RES Y BDE-209 fK H 3t i, 3 0] BDE-209 A w12 AU INAE 33 = 28 9L b o 24 .
BDE-99 1 BDE-153 4 A 4 A 21, AR KRR A5 35 T 3 FE T T o Y5 5 A ik A 7= 0 0 D 4 s s ol
BDE-209 B4R [FIFEFE 2017 AEBE A T HREAMEAG MLIS YD A RF R BE A 200) b (H T H A 7=
IR S AR 1k, DL R e 3e 5T 8 4 FH 728 3k il 3, B DA AE S0t e HLAE 5 T A7 A 5 e R
31 TNBP .EHDPP TEHP ({46 i 3RAL53 5 K 7.1% 3.6% 3.6%. B9Kk OPEs & WitV A2 ACBEBA ] %)
—FPRERE , BRI SEAT AR R A — R BELR S (EARAS: 1 238 1T B2 T OPEs 76 Jr 5 8 R i v g i FH 22
AR
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R 6 MRS 0k P DR RO %

Table 6 Recovery rate and RSD in related references

hEY I K i & I S 30k
Compound Recovery/ % Precision/ % Analytical Instruments Material References
82.9—109.9 2.3—5.3 GC-MS REHRRF W 4 (2017) %)
94.2—100.5 0.2—5.0 GC-MS/MS SR BEZ 4(2019) 2
PBDEs 94.3—100.3 0.1—2.3 GC-MS/MS SR HE 45(2019) 127
85.5—107.0 1.1—6.6 HPLC-MS/MS  Hi o 20l A 4 (2007) [
87.4—103.1 <2.0 HPLC ABS ¥k} Bk G 4 (2010) (21
82.0—115.0 <5.0 GC-MS WL T LR ZE¥ 45 (2009) 12
80.2—119.6 1.5—9.4 GC-MS/MS WM %E EH %(2017) B
85.4—110.6 <5.0 GC-MS PVC %k B 45 (2017) Y
89.5—107.3 <8.9 GC-MS JLETFHEF WilES5 47 (2015) 132
OPEs 86.6—93.8 <2.3 GC-MS HL - L 2 SEORL ™ ST % (2016) %)
101.1—104.0 0.8—3.5 GC-MS PVC J8} R 45 (2010) 4
85.9—95.2 <8.0 GC-MS PR ST JEVINHR 45 (2018) 391

AN KM ZE LW A ABS B B9 T BE S A 2] BDE-209 B7ELE 4G IR E] 100% , W] fE
JE T BDE-209 1302 ABS KL= fhi FH BRI 7] 2 — 71 OPEs $7F PVC #RHh K 78 PP ABS #1
BEECA AT RESE TN & SR T 1 B L BUIC Y OPEs (TEHP ' TNBP \EHDPP ) 754 > BEA 5 11 [7)
B, U0 B AR R BRI AINTE PVC A AR S5 kbRl (987

REACH 4§42 B B0 iE AL 5 1 A A2 S EAT TR0 P A8 B I R, T LT3 B B BT A A 7l 1
ity S i TR, R B S TR T B i P AN B N AR A R R Y 019" AR X IR Y
o dE AR AR AT REACH 484 B9 BIE, LIRS YR LE IR 2, i T Bis® 247 BDE-209 #
BRI A S REACH 35 BB 57 24 ) JIRAAHF 58 KOG BDE-209 #E AT T 1FAS . AFF 55 245 SR 1 28 >3 K}
B BDE-209 S5 KR H e 6T 11 5 i 8 i EU BRAELAIR 3 M0 2, 7 & REACH 84 I BE3K.
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Table 7 " Detected concentrations of PBDEs and OPEs in children’s plastic toy samples

K H B Detection concentration/ (ng-g™')

=
BDE-99 BDE-153 BDE-209 TNBP EHDPP TEHP

1 — — 591.11 — — —

2 — — 254.06 — — —

3 — — 321.11 — —

4 — — 728.55 — —

5 — — 1088.59 — — —

6 _ _ _ _ _

7 _ _ _ _ _

PvVC

8 J— J— J— J— J— J—

9 — — — 523.98 —
10 — — — — 60628.77 8297.11

11 — — — — — —

12 — — 1006.30 — — —

13 — — — — — —
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B B K H M BE Detection concentration/ (ng-g™')
Plastic material Sample PBDEs OPEs
BDE-99 BDE-153 BDE-209 TNBP EHDPP TEHP

16 — — 670.67 — — —
17 — — 402.93 — — —
18 — — 452.72 — — —_

ABS 19 — — 397.34 — _ _
20 — — 533.45 — — —
21 — — 653.34 — — —
2 — — 533.45 — — —
23 — — — _ _ _
24 — — — — — —

PP 25 — — 178.19 — _f —
26 — — — _ Q _
27 — — — _ " _
28 — — — — 4 _

. —, KK not detected

3 758 ( Conclusion)

AT RS AL T AT T L3 SR BEEL T PBDESs . OPEs ) 7] B 42 (16 5 A 63 53 1 e Jacd 4 2
B E (GC-ICP-MS) JZ 7 i E — IR IR A L A2 b, m] BLTE] i % PBDEs #11 OPEs ¥E47 & & 404,
PR TR IR S o B BRI 8L T ST GC-ICP-MS % T % 4% PVC, ABS 1 PP 4k PBDEs Fil

OPEs

(19 A I 2% Bk A I S, 7595 140 SR L EE PR A il A SRR ity i R S BELIEA 500 £ e M S 00 1) 75
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