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Abstract; Toy is an important exposure source for contaminants in children. A total of 232 toys were tested for
concentrations of heavy metals, in order to explore the contamination status of heavy metals in toys, and to provide
baseline data for the safety management of children’ s toys. Concentrations of Al, Ba, Cd, Co, Cr, Cu, Mn, Ni, Pb,
and Zn were not detectable (nd) ~333 000, nd ~206 000, nd ~1 140, nd ~2 610, nd ~ 10 100, nd ~798 000, nd ~
316 000, nd ~3 350, nd ~4 210, and nd ~ 1 450 000 ng-g~', respectively. All samples had metal concentrations
lower than the European Union Directive Limits. Polyethylene (PE) toys had higher levels of Cd and Mn than poly
propylene (PP) and polyurethane (PU) toys. Recycled plastics were identified in 51% of hard plastic toys. Higher
levels of certain metals were observed in recycled polypropylene toys than non-recycled samples, but no significant
difference was found. The hazard index values of metals in risk assessment were all less than 1, indicating that the
toys pose low potential risks to children. The potential health risks derived from recycled polypropylene toys de-

served attention.
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PR, JLEIEAL TA B B OG5
BN L 4 R A PR 1 e W o R U A
JE X AR ZFh 28 B B A VR, LRI 5
& THARHE ) P L 1k BY, JLEHE
i 5 4 JE V5 YL W) o G S BU™ W BER Pb HhEE R
A, B Pb Ml Cd A H AL EE 4 &, 4 Cr AT Ni 9
15 Y7 B0 U (U EARLS /N, Cr Bl e
JEUE Y B, K WA Cr AT BETE /N S & i
e AR A G A Ni 2 5] & I AR IE S R
8 LA TS A R R AR K E IR
28 R O R R RR ALY AR S L% )
Fefh ) 5 SRR B B S 2 RS ) 28T
Yransg A IR E A R Y BrE AR R R
HAEEME IR R e R, Sl 1S A E 48 TR
R st J: Po H A I B B g e
o E A 0 4w B R PR Al R i E AL
g N

RS R R B AR T E R T B
Bt ST AR, BuEIE KOG A I B, BT
A B O X L ™ o 4w 75 Y b A A%
B ARSI B, RA A B R B H
e L iz il > AR e R B
Ak A JE 0 iR 2 — SRR E N R 55
SR FEZAC IR Ty 2, SRR N TR FAE T A
TR AL N B &S IRL ™ i o R SR R
Tk e A 1 E 48 (140 Pb  Cr Fi Cd) 359
FCAnABZR = H R ) BRI (2 IR Tk ) 55 38 RHER
JnFRAT s B AE R Y O SR i SRR
TRl mBT AR IR E AR ) IRAY .,
IR 25 ZE BB IR A O i B I 2E L (BAT
FE A% 38 o0 A2 SRR [ SR A6 E AT 7™ i, DT ok
R AR A B AR . Bo B rp A DR (P A e
RIS YRR EAEMN, EANURRE JK
PR BT A () E 4w 5 8, A% 8RB L 4 B4 o
HEATSE ], Wb S A PR B IR R S e R
B, AR BERITE ()T RIS RESE
(Al . Ba,Cd Co .Cr.Cu Mn Ni Pb Fl Zn)fi5 YL
MR Q) A ¥Rk B B 8 4 R 09 4R, DA K P AR
RS BB 15 YO R GBI VAL Br Bt )L B i

I G SR AR R AR

1 ##l57 % (Materials and methods)
1.1 SR

A SN K Be H AL 45 LA 2R A, A 9 R 2 B
H(n=51) FIEHE IR (n=50) WEIRIBE B R (n=
31) BRI E(n=50) A Bt H(n=50),

S50 FH M A R A0 SRR 1 A A 2t W 1 M
fe2Eil
1.2 SEEHk

BOEAT B E o i i B AR LT AR
(VERTEX 70, f# [ BRUKER) X} Bt B 3 6L 59
HEAT IR G W) M T 1 5 78, DG i Rl 4 000 ~ 400
em™ 3 HEER<05 em™'

iR A HE SR SR, e R R,
2504 g BEM TP 12 mL JE &R (Ml PR/ A 9
M2 ,3/1, VIV)TE 180 C T AT IE M, TH A% 05
Je R 2 T ARG TG , B K R R i TR TR 4 3
10 mL E.08 P e 55 P 022 pm S8R
U TSR 4 °C NARAE RS0 HT . Fo5 I 9 156
LB B 45 B PR R 996154 (ICP-OES 5100VDV,
Agilent)ill € Ba Ni ,Cr .Pb Cu .Mn Al Co.Cd F1Zn
i, WE S N IR AR HE S 25 W o0 Ly
M, B E 4R S bR AR T IE, 2
BRI E N 2S FIRR SR ZE SR 3 AhniEm 220, AR
A o A B b LR S AR E ) BT+ 4 GBWO07430
(] e TR e s TR ) B b 35k A~ S A R 5 BT )
R R TR R i A 45 T 4 T 3R ol
WCRITE 91% ~107% LN,
1.3 Bdagit 5506

K JH SSPS 22.0 Windows K % {4:(SPSS Inc.)%}
SR AT AR, KRR A DL
PR, Do 4 8 W R I IE S 20 A, A B
9¥i L Spearman AH 5¢ R B4 Hr i o A i rh L 4 8
T Z (Al A A DGR, F Kruskal-Wallis 5 39 A1
Mann-Whitney U i 5 i € It HHH E & @ S m 2 5
EREE ., BEKFRERN P=0.05,

2 453 (Results)
2.1 PRI RAM T
2.1.1 BHMREYHEA
DR SR SR AN ] 1 FToR | RE SR REE |
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BB A R SR S B B 43 A 100% .60%
H170% BIAE S BE 0538 3o 21 A3 T 1 % 58 YR R M
JT, ABFFRILYE 1 9 PR G, iR 2R BT HL Y
FER TR NI - T 52K 206 (ABS) FLER N I
(PP), 4351l ok v A A5 BHRLAE 1 1) 39% F1137% , ABS
A1 PP LRI P2 ARG, LA B 5 4y, 2 7 1 9
RIECEA FERH B LH6(PE) PRI BT
TR, 80% LA b, YRR B A
MR E R BE(PU), it 43% , ok iy PE 1 PP, 43
ST 24% 1 19% , AEFFEN S5 R 5 SCER R IE AH
B, R R} R 96 U 9 R} B L 1) S B M 5 43 Il 2 PP
A1 PURY ) Babich 4" 5 JL 35 ¥R & 19 2 2244
FUERA LN (PVC) PP Hil PE, AT HE 5 FE & v i
07 FLE A 5% R PVC T A 7= 26 7=
2.1.2 PSRN S

R SEASK 9 IRSC ) T mh i 28 7 v i e PR A5 Tt

e o T R AW R A N, F 38 C—
O .O—H SRR A ™, AWF5EMRYE PE PP PS
Fl ABS BrH £k R R A E W B i C—O
H1 O—H FEHTR A Wiz b i 75 A AR SR i
SR AS Hr H () P A DRRE O 7 51% , 17 488 )
AR SRR JCHA 5L C—O Fl O—H L[, B2
SIS T v % A R AR A — 2 B R, C—O
HO—H F A 1Y 47 1 06 ] 8 32 31 99 R1 S in 7] 9 5%
M 221 2 S AL T 9 R ) 114 P D 2 o T IR AT
i — 0, ERLh AR O AEHAR O
MR LIGARES ZY) RN EE R i E 2 iR,
TE 2 920 .2 850 .1 470 #1720 cm™ 45 4 4b H W%
WG, 720 em™ BRI A 3 200 B R AE I UG T
AT 3 400 em™ BF I X 51 F A 1A 2R
H R 555 WA 1) B I R AT 0, X I 3 ] U B O—H
4zl

PP 3% 0
@) PTEE 2% (®) PVA 3% © PS 5%
PS 109 PVC 3% o
S10% L ABS 9%
SBS 7%
PE 12% ABS 39%
PU 43%
PP 19%
PE 84%
PP 37% PE 24%
1 REERIE (a) FRERZK(b) FUIEKER K (c) AN R
TE:PS RN KA LM PE KR LM ; PTFE FR R IUIR LM ; PP 3R75 RN M ; ABS IR TNMIE- T -2 ARy 5
PVA 7R Il ; PVC RN R A LM ; SBS Fmm A L M- T M- AR LI SR IR Y ; PS FIRROR 20 ; PU FR RAR .,
Fig. 1 Types of polymers in hard plastic (a), soft plastic (b) and foam plastic toys (c)
Note: PS means polystyrene; PE means polyethylene; PTFE means polytetrafluoroethylene; PP means polypropylene;
ABS means acrylonitrile butadiene styrene; PVA means polyvinyl alcohol; PVC means polyvinyl chloride;
SBS means styrene-butadiene-styrene; PS means polystyrene; PU means polyurethane.
(a) 1.OF (b) 1.OF (c) 1.0F
0.9 | 09 3400 0.9r 3 400
0.8 3400 , 0.8f 0.8¢
(] Q Q
9 = 720 Q
2507 I R 25 07 |
=E =g | =E
@ é 0.6 720 %) § 0.6 @ é 0.6 720
< = | < |
= 0.5 = 0.5 & 0.5
0.4f 0.4r 0.4r
0.3k, | A . . . . . 3h . . L A . . 1 0.3 . A . 1 L L L
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wet/em™ Wek/em™ W/ em™!
Wavenumbers/cm™ Wavenumbers/cm™! Wavenumbers/cm™!

B2 BERZHE(a) FEBERZE (D) MBZHIRESEYER (c) WAIHIEE

Fig. 2

Infrared spectrograms of recycled polyethylene (a), non-recycled polyethylene (b) and reference material of polyethylene (c)
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SR ES RS R INE 1 P, ARflBeE
G IE S BTN R TRy (VAR VR o= = ST L 1 S
AR S FhE 4 8 ARG SRR 80% o, WRL Br B
rits 1 ERL 4 Ja A HE 3R O A, R IR 9 R B R rp
HA Cd F Pb B H Z 88 1k 50% ., 1 76 A% 3K
IR B H H 4 A Cd AT Zn RO RS HYOR M G
50% . Guney Fl Zagury!™ FRIF 5T 45 5L 3 W] ¥k} B .
(4 Ja A Hh 6 AH L H il 26 A0 Bg B IR, Borling
SED R I TR YR Do HL 1 4 JE K R A T IROK
-, AR A 45 AL, Korfali 55 B 5% 4 iH
77% B SRR B EAE S A Zo F1 Cu, T Cr A4S HY
FNGELL 90% o Zn TERIEEN TR RS 1 F8 85 1Y
BRI AT B2 Zn AR S A AR FngS e 50 iz T
RSB SRR A P i R

9T 45 2 5 e R AL Fi E E K A5 fE ((GB
66754—2014) K5 (1 1 F% FR{E (Ba 1.00%x10° ng -
g™ ,Cd 750x10* ng-g™',Cr6.00x10* ng-g™',Pb 9.00
x10* ng-g )FHLL  FE S TR AR, BRI BT H %2 4
Z5BI(EN 71-3: 2019)7 H R [ 2 bR it T8 £
WZS, Gt st Bo B Ak E SORFIRRA . 5 B AnifE
AHLG,5 ZEBCE Y Cr R BE (B 35 o) MR R A 25
JCE Cr(VD)iEAIR(E 53.0 ng- g™, Horh ARl B B op
Cr f e A3 1.01x10° ng-g™', HI7E Cr(1)iT
FEBR1H 4.60x10° ng-g™' N, ABFF KR Cr (TE
A, READTE R LR AR FEIE AW Cr 1786 ) {5
U PEAL . Karas 1 Frankowski® 3R 8 Bt B4 49 Cr
()& b 232%x10° ng-g ™' AR TAIF

FR Cr A, Bo v 5ol 5 45 i e B2 38 oK i ack R
PrfERRAE , B 2 KT R H — B g, B 9
Bk EGRAAR ] Be B E 4w 5 Gk SRR,
Cd H1 Pb (155 = ¥R B2 430>k 19 A58 DRI IR 380K Be
H., 43504 1 140 ng-g™' A1 4 210 ng-g™', Borling
SRR IR SR B B A Jm vk Y R bR . TE
Guney il Zagury " W58, 4 J@ Bo B 5 4 g 15
IKFAERS BT B b iy, Ho Pb SR iR 2R 6.53
x10° ng-g™" LT WA FRAE L TA5 . JLEZRE R
BCAF) As A1 Cd F it od B PR3 4301l 15 5] 2.07
x10° ng-g”' Al 7.71x10° ng-g™", $#EM 2R B AF 5
JLEZR A i A i i e FES Y AT SR B
Hrfr Cu Fl AL VR B S5 i (EDR FIELIR BURHEE ot 43 5]
7 798%10° ng-g ' Fl1 3.33x10° ng-g™", & T Korfali
GPRIE R BLH P Cu(1.4%10° ng- g™ ) Al Al

(9.85x10* ng- g™

B EFE S E S B A N 3 R, Zn R
BHRE IR BCE E 48 v i, R R 4
JEH S 70% o WIRIERL BT EAE S b Zn VR EE AR
M 145%10° ng-g™' XA 48 & R A STk ik,
Al FE B PE 4 8 1) A7 ik 3] 50% , Mn 76K
il BT H b E 4w 04 o T 50%

100 I 7 9 RS Hard plastic
B 4P B Soft plastic

| 7Rk Foam plastic
B €455 Plush types
B A il2E Wooden types
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Fig. 3 Compositions of heavy metals in toy samples

Al Ba Mn Zn Cu

2.3 BHMWESE S EER SHECHE
2.3.1 [IZRBEMAFESE & B

1 Spearman #6546 Xt BT ELEE S A HE R >50%
(1) T 4 W B ) 1) 56 R AT 0BT (36 2) , A B gk Bt HL
FIAH e H v 22 F e 42 J Wk B S S5 AH G . ARl Bt 2
Hif Ba-Mn A7 76 5 38 1 A 5 6 R, M E R B(r) >
0.7, Al B E F i Cd-Mn F£7E fUH M, Bt Ak
BIRIEAE R,
2.3.2 ARFEAR-ELESTEES

Kruskal-Wallis 46 56 45 5 3¢ BH |, B 914} 2 4
ARG A AN [ SRR 5T 1) B 4 i VR B AN A A
Z£5¢ . LIKZE PE A1 PP M B BCHE Y Cd ALk
PU F PE #4 J5i i Mn ¥ FE 777 1. 3% 25 = (P<0.05),
A SR AR R R R B L E A SR v gk 3
7N, ABS BtHHEHEF A ¥ RHY) Ba,Cd,Co ,Cu F1 Zn
P W = TP AR Y8 kL . Eriksen %8P & i Ff AL 48
b ALLPb  Ti Al Zn ¥R Ho AR Ry, R R
JI A A R W Eem v EE R B PP AR SR, PP B
E AR SR Ba (Cd Fl Co SME M & T 2R 3
B L L, B A SR T AR G
AT PP RSP A SR Cd Fl P S(E MK R
117 ng-g™' 1139 ng-g™', ifid Mann-Whitney U £
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T ABS A1 PP A SRR Lt AR SR AR
RHEN R — 4 8 R, & B PR 5 3R ik skl
() 10 Foh o 4 Jm ik BE X 0 0 3 25 5, D R ] B SR AN [
FEaMARTE SR 22 REOR, CA MR ¢
AR SAE LS R R R R A VLG
FESRH DG R rhon] RERE sl B (R 4R 1T
L2 iy N1 (R D5 i R A B % N R N 0
UL AR SR L AR AR MR A S A R A
J& A FH A B R ) A 252 4 TR et i XU 7 2
SLEEM,
2.4 fERFEERSEA

4 )& H 8% A &£ (daily intake, DI) (ng-kg™'-d™")

=(CxIXEF)/BW ()]
K. CRIATEES BN & (png-g), &L
HW AR A 0.1 g-d7'™ EF E R B
d™, R EEER), BW 2 VY ik i it . AR 3¢ [ 45
£847 )51 (U.S. Environmental Protection Agency) & i
LR K 2R 2 88 T st 6 ~ 12 A2 LK
92 kg, B LR filBo HBr AR 5 4 8 A W) A
4 100% .

A JC R By f& % 8 %X (hazard index, HI) =
DI / RfD @
P RID &2 % 7| 4 (reference dose), HI >1, #4E
e KU K-

xR2 mMAFESEREZEINEXRE(P<005)

Table 2 Correlation coefficients between concentrations of heavy metals in toys (P<0.05)

B4 Plush types

AKiilZE Wooden types

Ba-Co 033 Cu-Ni 044
Ba-Cu 032 Cu-Zn 043
Ba-Mn 051 Mn-Ni 052
Ba-Zn 031 Mn-Zn 057
Cd-Ni 029 Ni-Zn 037
Cd-Zn 033
Co-Cu 055
Co-Zn 032
Cu-Mn 037

Ba-Cr 053 Co-Zn 035
Ba-Mn 0.71 Cr-Mn 050
Ba-Pb 049 Cr-Ni 047
Cd-Co 053 Cr-Pb 032
Cd-Cu 033 Cu-Ni 041
Cd-Mn -040 Cu-Zn 035
Cd-Zn 051 Mn-Ni 033
Co-Cu 057 Mn-Pb 049
Co-Ni 045 Ni-Pb 030

I R P<001, Z R W3,

Note:“Bold” means P<0.01, significant difference.

®3 BESEBETEREATANESERE (FHE(CER))
Table 3 Concentrations of heavy metals in recycled and non-recycled hard plastic toys (average (range))

(ng-g™")
ABS (1=20) PP (n=19)
TE(n=10) JEFA(n=10) 4 (n=10) JEFHA(m=9)
Recycled (n=10) Non-recycled (n=10) Recycled (n=10) Non-recycled (n=9)
Al nd nd 9 260" nd
Ba 361(nd ~3 170) 520(nd ~ 5 060) 3 330(nd ~ 30 700) 356(nd ~2 950)
cd 2.08(nd ~58.5) 10.8(nd ~81.2) 117(nd ~ 1 140) 328(nd ~18.7)
Co 1.17(nd ~7.98) 7.66(nd ~49.0) 36.9(nd ~357) 144(nd ~9.73)
Cr nd nd 1330" nd
Cu 60.7" 34.8(nd ~332) 462(nd ~4 610) nd
Mn nd nd 12 600" nd
Ni nd nd 715" 317"
Pb nd 140" 139(nd ~ 1 290) 803"
Zn 656(nd ~4 160) 939(nd ~9 130) 785(nd ~ 6 570) 422"

T AR ME— A 1 s nd FCRAAR N

Note: * means the detection of only one sample; nd means not detectable.
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o 24 [ G 8 TR PSR B 5% i i 45 7 i L 2
ItH P #E 48 RID {5~ A1 750 wg-kg™' -d™',Ba 600
pg-kg'-d',Cd 0.500 pg kg -d",Co 1.40 pg-
kg™'+d"',Cr5.00 ug-kg'-d"',Cu 83.0 pg-kg' -
d”',Mn300 ug-kg'-d' ,Ni 10.0 pg-kg'-d”"',Pb
360 pg-kg'-d",Zn 500 wg-kg'-d', EFEICHE
e i e v s EARA X () A Q) #17t
DS 3 TSN G iR S a Y 9E N A S
SRERA J5 P A SR P R 1Y B 42 T 2% 5 T RRE XL
B, Ao A TSR SRR R (GR 4) AR R G
YB3 5) F AR AR R AR RO ORE (R 6)FE M TP Y
HaJE G FRR, WIKEEH Cu FEAEE R LY
Mn X 6 ~12 2 UAFTE— B W TE XK . A 28R

Cd, IR IEAY Cu Pb 1 Zn, IEIRI2EH) Co Cr,
Mn F1 Pb U X% . PE /Y Zn, PP (1) Cd Al Cu
XS AR 5 v R SR ABS I PP fE 485 nE 6
fis FAE S AR A ABS fa@ B XU I 6, 54 PP
() Cd SAEFFAEAH LU i A TP A PP AV 7E f
FREXUG B, Hoft HI 245<0.05 , e B 3R B 2. B4%
B BRI L EAE A Al Ba Cd .Co .Cr Ni Pb Fl
Zn XL S AR AR, PR PP 8RBt A
(1) P A R XU 5 22 5 | S TR R

3 112 ( Discussion)
H R A 0 985G 3 Do B rh 3R T | P2 98
BHE GBI e B C R, AR & IR DR AN

®4 ETHATESRERESSEXMNZILNEERY(HI)

Table 4 Hazard index (HI) values based on the maximum levels of metals in toys to infants

Al Ba Cd Co Cr Cu Mn Ni Pb Zn
fifi #1812 Hard plastic I 0.001 0.025 0.003 0.003 0.002 0.005 0.001 0.004 /
IR RIS Soft plastic 0.001 / 0011 0.001 0.003 0.002 0.004 0.001 0.005 0012

IR KL 2E Foam plastic  0.005 0.001 0.021 0.006 0.002 0.105 0.006 0.004 0013 0.032
JE ¥ k12 Non-plastic 0.002 0.004 0.010 0.020 0.022 0019 0.114 0.001 0013 0.003

T JIHLZE 7R 0.1<HI<I,/* F/R8 HI<0.001
Note: Bold means 0.1 <HI<I, and /* means HI<0.001.

®5 ETEMMGmAGESRRESSENBILNREEHRE(HI)
Table 5 Hazard index (HI) values based on the maximum levels of metals in various toys to infants

Al Ba Cd Co Cr Cu Mn Ni Pb Zn
ABS ? / 0.002 / / / / / / /
PE 0.001 / 0011 0.001 0.003 0.002 0.004 0.001 0.005 0.014
PP / 0.001 0.025 0.003 0.003 0.043 0.005 0.001 0.004 0.004
PS / / / 0.002 / 0.002 / / / /
PU / / 0.001 / / 0.001 / / / /

¥/ R HI<0.001
Note: /* means HI<0.001.

x6 ETBASEBARENPESRERERSEMBILMNRFEL(HI)

Table 6 Hazard index (HI) values based on the maximum levels of metals in recycled

and non- recycled hard plastic to infants

Al Ba Cd Cr Cu Mn Ni Pb Zn

P42 ABS Recycled ABS I / 0.001 / / / / / /
JEF4: ABS Non-recycled ABS / / 0.02 / / / / / /
T4 PP Recycled PP / 0.001 0.025 0.003 0.001 0.005 0.001 0.004 /
AL PP Non-recycled PP / / / / / / / / /

./ R HI<0.001
Note: /* means HI<0.001.
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