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Contents of Eight Harmful Elements in Baby Toys and Their Migration Tests

Yoko KawaMura', Chie Kawasaxi, Sachika MINE,
Motoh MuTsuca and Kenichi TanaMoTo

{National Institute of Health Sciences: 1-18-1, Kamiyoga, Setagaya-ku,
Tokyo 158-8501, Japan; T Corresponding author)

Levels of eight harmful elements, <.¢., antimony, arsenic, barium, cadmium, chromium, lead,
mercury and selenium, were investigated in 45 baby toys and 10 paints, which were mainly made
of polyvinyl chloride. All samples contained barium at levels of 0.3-3,700 mg/kg, several samples
contained cadmium (0.2-26 mg/kg), chromium (0.5-280 mg/kg) and lead (1.5-1,300 mg/kg), and
one sample contained antimony (5.3 mg/kg). They might have been used as colorants of the toy
materials and paints. They were then evaluated using the migration test of 1SO 8124-3, in which
samples were ground up, and then soaked in 0.07 mol/L. HCI at 37°C for two hours. Barium,
cadmium, chromium and lead migrated from some of the samples, but at levels lower than the
migration limits required by ISO 8124-3. Compared with the Japanese official method, the ISO
method resulted in higher migration, but there are significant differences in the migration limits,
test method, and so on between them, Further investigation is needed in this area.

{Received September 16, 2005)
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Table 1. Maximum Acceptable Element Migration from Toy Materials Required by SO 8124-3
Tay materials Sb As Ba Cd Cr Pb Hg Se
Any toy materials except the next 60 25 1,000 75 60 90 60 500
Modeling clay and finger paint 60 25 250 50 25 90 25 500

Unit: mg/kg in material
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LD ICPiC & DRIEZETTY, 8 TEOREBAMERLE
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Table 2. Determination Limits of Elements in Standard Solution Analyzed by ICP
Equipment Sb As Ba cd Cr Pb Hg Se
ICP 100 100 5.0 5.0 20 50 100 200
ICP with ultrasonic nebulizer 50 50 1.0 1.0 5.0 10 500 50
Unit: pg/L.
Element standards were dissolved in 0.07 mol/L hydrochloric acid solution.
Table 3. Comparison of Determined Element Levels in Paints Ashed by Microwave Method and Furnace Method
Sample Microwave method Furnace method
Sb  As Ba Cd Cr Pb Hg Se Sh As Ba Cd Cr Pb Hg Se
Paint 1 NP ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Paint 2 NP ND 6,100 ND 1.7 ND ND ND ND ND L100 ND 10 ND ND ND
Paint 3 ND ND 1,300 ND ND 66 ND ND ND ND 310 ND ND 38 ND ND
Paint 4 ND ND 4800 ND ND ND ND ND ND ND 150 ND ND ND ND ND
Spiked paint 1 22 18 24 22 24 22 21 23 19 2¢ 17 25 26 25 ND ND
Spiked paint 3 21 18 — 19 20 25 20 22 16 20 — 25 21 24 ND ND
Determination limit 50 5.0 03 03 1.0 25 50 10 50 b0 0.3 03 1¢ 25 5.0 10

Unit: mg/kg in dried paint.
Values are the mean of iwo trials.

Paint 1: vinyl resin (clear), Paint 2: vinyl resin (vellow), Pzint 3: cashew nut resin (red), Paint 4: acrylic resin (green)
Spiked samples were added at the rate of 7.5 ug of element in 0.3 g of paint film (25 mg/kg).

—: not examined
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2,600 meg/kg EEF o REUESR O BEEE
R LB 10 0 A0 2,600 mg/kg S FEERBRE EE
BETH 12, 2hlAERERRE L b AR Er -
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Table 4. Recoveries of Eight Elements from Spiked Paint Film and Toy Material

Recovery (%)

Sample Material

Sb As Ba Cd - Cr Ph Hg Se
Paint 1 Vinyl resin 89 70 97 88 94 89 84 93
Paint 2 Vinyl resin 83 62 — 79 84 73 76 T
Paint 3 Cashew nut resin 82 73 — 78 80 78 79 88
Paint 4 Acrylic resin 86 89 — 78 86 78 7T 77
Toy material 1 Polyvinyl chloride 82 93 a1 89 88 90 79 86
Toy material 2 Polyvinyl chloride 93 87 a8 90 97 91 81 - 100
Toy maierial 3  Polyvinyl chloride 80 76 a3 82 a0 82 82 97

Samples (paint film 0.3 g, toy material 0.5 g) were spiked at the rate of 7.5 ug of element.

Values are the mean of two trials.
—: not examined

Table 5. Contents of Eigh{ Elements and White Precipitate in Paint Films of Toys

Content (mg/kg)

Precipitate

Sample Color o
Sb As Ba cd cr Pb Hg Se 8)

1 Light green+white  ND ND 66 19 ND 41 ND ND 15
2 Pink+white ND ND 1$° 1.0 13 32  ND ND 16
3 Green ND ND 35 . ND 17 62  ND ND Tr
4 Red ND ND 12 ND ND ND ND ND Tr
§  Green+yellow ND ND 14 ND 38 220 ND ND 2.0
6  Black ND ND 15 15 ND ND ND ND Tr
7 Yellow ND ND 51 ND ND ND ND ND Tr
8 Red ND ND 270 ND ND ND ND ND 5.0
9  Red purple ND ND 440 ND ND ND ND ND Tr
10 Bhe ND ND 2,600 ND 14  ND ND ND 6.3
Determination limit 5.0 50 0.3 0.3 10 25 5.0 10 1.0

Values are the mean of two trials.
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#1220 mg/kg EWTFhEFERETH - 12
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BLUZ2EFIEEMEN 16 BLU16% EEmh - fods, #v
A3 66 BLT 26me kg S{EL, B 10 Tia-vY
T AEHBEEP - BABRNBYRLETH - . HIE
Shiz) v aid, MBS Y005 LTEALK
Ak v A, EoREREE LTERS NI o LB
Vo LT EOTEEME ) v A EEES R

Table 8. Contents of Eight Elements in Toy Materials

Content (mg/kg)

Sample No. Color Precipitate
Sb As Ba cd Cr Pb Hg Se (%)
1 Clear ND ND 0.3 ND ND ND ND ND Tr
2 Red ND ND 1.0 ND ND ND ND ND ND
3 Light brown ND ND 1.2 ND ND ND ND ND Tr
Dol 4  Qcher ND ND 2.6 ND ND ND ND ND Tr
5 Yellow ND ND 3.0 ND ND ND ND ND ND
6 Flesh color ND ND 3.3 ND 6.6 ND ND ND Tr
7 Brown ND ND 16 ND 1.2 ND ND ND Tr
8 Red ND ND 160 ND 1.0 . ND ND ND Tr
1 Red ND ND 0.4 ND ND ND ND ND Tr
2 Flesh color ND ND 0.6 ND ND ND ND ND 1.0
3 Yellow ND ND 0.9 ND 0.6 ND ND ND Tr
Animal 4 Orange 53 ND 11 ND 38 200 ND ND ND
toy 5 Yellow ND ND 180 ND ND ND ND ND Tr
6 White ND ND - 210 ND ND ND ND ND Tr
7 Green ND NI 240 ND ND ND ND ND Tr
8 Yellow ND ND 1,200 ND ND ND ND ND Tr
Pseudo- 1 Orange ND ND 0.3 ND ND ND ND ND Tr
food 2 Red ND ND 0.5 ND 0.5 ND ND ND ND
3 Red ND ND 1,200 ND | ND ND ND ND ND
1 Orange ND ND 04 ND ND ND ND ND Tr
2 Fluor-yellow ND ND 08 ND ND ND ND ND ND
3 Green ND ND 0.9 ND ND ND ND ND Tr
4  Green ND ND 1.1 ND ND ND ND ND ND
5 Pink ND ND 1.1 ND ND ND- - ND ND Tr
Ball 6 Qrange ND ND 1.7 ND ND ND ND ND ND
7 Blue ND ND 5.9 ND ND ND ND ND Tr
8 Gray ND ND 18 ND ND ND ND ND Tr
9 Yellow ND ND 54 ND 76 350 ND ND Tr
10 Brown ND ND 140 0.4 280 1,300 ND ND 3.0
11 Clear-blue ND ND 520 ND ND ND ND ND ND
12 Pink+yellow ND ND 750 26 ND ND ND ND 13
1 Red ND ND 510 ND ND ND ND ND Tr
2 Blue ND ND 580 ND ND 1.5 ND ND 5.0
3 Green ND ND 600 1.7 ND ND ND ND Tr
Inflated 4 Yellow ND ND 620 ND ND ND ND ND Tr
airtoy 5 Yellow ND ND 720 ND 05 ND ND ND 1.2
6 Yellow ND ND 830 0.2 0.7 ND ND ND Tr
7 Green ND ND 1,000 ND 0.7 3.5 ND ND Tr
8 Red ND ND 1,500 ND ND ND ND ND 2.3
1 Blue ND ND 0.3 ND 0.7 ND ND ND 30
Crayon 2 Yellow ND ND 0.3 ND 06 ND ND ND 30
3 Red ND ND 3,700 ND 5.0 ND ND ND 30
1 Red ND ND 0.5 ND ND ND ND ND ND
Clay 2 Blue ND ND 0.5 ND ND ND ND ND ND
3 Yellow ND ND Q.7 ND ND ND ND ND ND
Determination limit 3.0 3.0 0.2 0.2 0.5 15 3.0 6.0 1.0

Values are the mean of two trials. Tr of precipitate is apploximetly 0.5-1.0%.
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2) mEXEK

MR IRT 5 EEIRE A5 BRFIC>VWT B REDEE
BB LUBBLRYELZREL /- (Table 6). TEDH> B
BEVEHLHDIKDOVTH, FRBEONWERAEHEE
L, BEEESEEHEIC, TNTOBEMnE /<Y 9 AN
03~3700 mg/kg R =t FRESANETIE
510~1500 mg/kg LB TH - -. BEEERHEZ v
g vPARDIE, TeThbo v A5EREOHERRE
Shiidafz, 71 aviconwTRE—8R0o0EVTH
D, BEFBELEILTH B H LY No. 3 DAY
Vo ASHFENESh - P S, Y v ARERICHE
TEEEZ LN,

2o Ahi 14 BiFh & 0.5~280 mg/kg, 8345 5Bk,
5 1.5~1,300 mg/kg, & F I v Al 4kEhs 0.2~26
mg/kg, 7 VT EDBESS 5.3 mg/ke s hL
cnemmfntﬁwmﬁﬁw%wtﬁﬁﬁﬁémﬁén

CBRF-VIORBF SIS —DEETH 1, H
b~?A1%OmymL7DA2%ngmg&@&me
EERTH- I

ME¢uﬁﬁéh%xﬁ®ﬁﬁ¢;mvmrm,E%a
AETRKEUIERID L, KEoBFRI HEBHEESAE
ENTWA D EMRE N
3) mEOHENINETESEERE
SHEOFBICAW RS JUBEIC >V THERRE
fTote & T A, B No 6 Lislo 9 MiksiElhe =
ek, MERFRIAFIBLU 4, BLUARRS, 71
2V 1~3BLUHET 1~3 0 S HaEE < 36 Rilh R
VgL =ABTHE -, LL, HEELLEBOESERIC
HiECEERR T, MATRIE b S FERST

5. mMEND S TRELEER

1) ISORIC k2B e

DEOCBEEIUAED S B, EEENE, -/ 1688
Ric2WTC, IS0 L THEHRBR LT - /o (Table
7). U D ARSRELLEBHEED SN, BF 10 TR
190 mg/kg ERABVEHERL. —F, #FITA
W 2HMENS 0T BLU 1.6 me/keg, 7oA 1 BERD
1.0 mg/kg, $AiE 2 #ikDd 5 3.9 B LU 5.2 mg/kg OEH
BRS R,
BWEHBAR S AR CRHEDPOBERELEDT
bvtﬁ,HE¢®%Eﬁ%(T%ﬁ&§ﬁﬁD%®§§

» AL SIBMERESHUEML -, Ei, BEDIFIH
mﬁxﬁib BEHLDEL, N OARAFIYA, JO
&, $E D bFEHLPTWERSR . THOBHE
i, SEESTHL, £BOFERE mEoME,
FYER LRI RE CREBERT B MRS h.
AEIDEEE% ISO 8124-3 DA (Table 1) & Lh#E
T34, BE100) Y 2B ED /5 BETH -1
w5, ERPARCTHOGHKED 1/10 L b bIEL, &2
o oo w sl a .

2) BHEBEROLE

ISO EAHER TS 245, RE o3l
THEERETH T &, EHEEE LT 0.07 mol/L EEEH
WaZ &, BTCRMELTIRRMRES 35S 5 1 KE
WET 2T Ly, EROBE - ZRTVECHEOELRH
EREWEAHRDERS, 220, IS0 HiEoAE5EE .
BRTROLBROBHEBTHVWS 4B HRICEELLD
D, BIURGEEREOTAECEESRTHAERFTLE
AER T 2K 40°C iz 30 DERIED 3 BEOBHAEIK >

BERBZHEhTWE I LB RS, WT, BIETREVEGAR L 4 Bke Y TR
Table 7. Migration Level of Eight Elements from Toy Paints and Materials
Migration level (mg/kg)
Sampie No.
Sb As Ba Cd Cr Pb Hg Se
1 ND ND 34 0.7 ND ND ND ND
Paint 3 ND ND 2.3 ND ND ND ND ND
5 ND ND 1.3 ND 1.0 5.2 ND ND
10 ND ND ° 190 ND ND ND ND ND -
Dol 5 ND ND 0.5 ND ND ND ND ND
© 8 ND ND 1.0 ND ND ND ND ND
4 ND ND 0.3 . ND ND ND ND ND
Animal toy 5 ND ND 0.3 ND ND ND ND ND
8 ND ND 19 ND ND ND ND ND
9 ND ND 0.6 ND ND ND ND ND
Ball 10 ND ND 0.8 ND ND 3.9 ND ND
12 ND ND 5.8 1.6 ND ND ND ND
3 ND ND i6 ND ND ND ND ND
Inflated air toy 7 ND ND 13 ND ND ND ND ND
8 ND ND 1.4 ND ND ND ND ND
Crayon 3 ND ND 23 ND ND ND ND ND
Determination limit 25 2.5 0.2 0.2 0.5 1.3 25 50
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Tahle 8 Comparison of Migrated Etement Levels Using Different Test Conditions
Test method Migration level
Sample
Sample form Solvent Temp. Time Ba Cd Cr Pb
Powder 0,07 motl/L HC] EYR® 2 hr 34 0.7 ND ND
Paint 1 Powder 49% CHsCOOH 37°C 2hr 3.2 0.6 ND ND
Whoie Water 40°C 30 min - ND ND ND ND
Powder 0.07 moi/L HCl 37°C 2hr 1.3 ND .0 5.2
Paint b Powder 4% CHLCOOH 37°C 2hr 1.1 ND 0.9 5.5
Whole Water 40°C 30 min ND ND ND ND
_ Powder 0.07 mol/L HCI 37°C 2hr 0.8 ND ND 39
Ball 10 Powder 4% CH,RCOCH 37°C 2hr 0.3 ND ND ND
Whole V\{ater 40°C 30 min ND ND ND ND
Powder 0.07 mol,/L HC1 37°c 2 hr 5.8 16 ND ND
Ball 12 Powder 4% CHsCOOH 37°C 2hr 5.8 1.7 ND ND
Whole Water 40°C 30 min ND ND ND ND

Unit: mg/kg {or powder samples and #g/mL for whole samples

Determination limiis of powder samples are listed in Table 7, and those of whole sarnnles are 5.0 {Ba), 5.0 (Cd), 20 {Cr) and

50 (Pb) ug/L.

st 72 (Table 8).

ISO BB U 7o T, B &% 0.07 mol/L
G 4% FFBICEELTD, ¥— 10 2BV TRERER
HELERRONLL o2 IS0 8124-3 Tid, EO—
AR AAL IIBAEMEE LT, BHKIE Y 0.07 mol/L
EREE SRR L TlEhTwd, Lbl, 4% 8
BTHEEESEOBRHFRONEI LG, MELSBHIC
ALK TS, BMELAESCL ) OBANRETHN
i, EROEHPRET afeEsRE hi.

—5, AEEGETRVWThOoREE» S beBoFtERS
Nieh ot DERGHLNENGKELE I A L 2O
I & BIAH AR U TIEmiEEsk o120, SEASEHL
Kb EHERISNA, $i, SOETRERN O
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