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Oral Exposure to Heavy Metals in Children’s Products
and Risk Assessment of Ingestion
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In this study, we evaluate the levels of 6 heavy metals (barium, cadmium, chromium, copper, lead, and
nickel) in domestically distributed children's products. We particularly focus on estimating the risk of oral
exposure caused by the sucking behavior of 6-month and older infants. Our research shows that the levels of
cadmium and lead in paint-coated toy products, relative accessories, and picture books exceeds domestic safety
standards. Concentration of cadmium and lead is highest in the case of paint-coated toy products and acces-
sories. The highest concentrations of cadmium, chromium, copper, and lead are observed in clay toys as the
result of transferred amount due to the sucking action. Risk evaluation of direct ingestion of heavy metals
shows the possibility of adverse effects caused by cadmium, lead, and nickel in accessories. In case of non-
diets, the risk of oral toxicity was evaluated as being hazardous from cadmium and copper in clay toys. On
comparing domestic and overseas regulatory standards, it was found that some substances exceeded the rec-
ommended standards. Most of these products are unauthorized products and their production must be regulated.
This study can be used to reference data for prevention of child health hazards through the assessment of poten-
tial hazard level of heavy metals in child products.

Key words: Toy, Heavy metals, Bioaccessibility, Hazard index
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Table 1. Types of products

AU - A

EE

=~
B 68 55 22529 v, Y=, 38,
T, g, yRAL &3 FE29 ICP multi-element

standard solution VIII set (MES-08-1; Accustand-
ard, CT, USA)S ARSsISIth 153 AlZol| AME=
Alke BE {ElTEE H49-8(Sigma-Aldrich, MO,
USAYS AMESIaL S7ret ik 25 feleas
F48 (J.T.Baker, PA, USA)YS A8-313ith

J¥dS 1 L S7l MgCl, CaCl, K,HPO,
K,CO; NaCl, 22|52 KCI& 27} 167, 147, 753, 525,
327, 22|13 745 mgs &3I4 F 3M @Fikgow
pH 6.8°] = A Z3I0h? Az QF3E o83t
o MES FE3] 98 SFX"FZ7](Head-over-
heels rotator, HR-100; NeoEnBiz, Korea)S ©|-&3}%]
3 FES AES AEdE Fs] S8 dAEY)
(Combi-514R; Hanil, Korea)s ©|-8315t). 554 4

< 93 AR 8815 9814 microwave digestion sys-

Country of Number of
Main category Sub category Products (abbreviation) manufacture u
. samples
Korea Chines Etc
Tovs for ola Paint coating products (TSc) 1 8 9 47
Toys ys for pay Clay toys (TC) 9 2 - 31
Accessories Rings and earrings (TJ) 5 6 3 14
Painting supplies Crayon (SCr) 7 1 2 30
Stationery/Books Craft supplies Colored paper (SCp) 6 - 2 16
Books Book (SB) 13 1 5 19
Total Six products 80 157
Table 2. Exposure factor with selected values
Parameter Abbreviation Unit Value Reference
6-9 months 1 years 3years
Body weight BW kg 8.7 11.0° 15.4* 37-38
Age'Spflf;rﬁacti::posure ED min/day 56225201757  56.22%201.757  1.359/31.29% 37-38
Exposure frequency EF /day 1 1 1 31, 39
Bioaccessible quantity BQingestionl Mg 1 29-30
Bioaccessible quantity BQuiva pg/30min Each element was calculated 32, 40
Chemical daily intake
via whole ingestion CDlygestion  1e/kg/day )
. Lo To be determined
Chemical daily intake CDL. o/kg/da
via mouthing saliva 1 v

1BQ=Cahq><V where Caliq(mgL™) is the concentration in aliquot of digestive fluid, V(mL) is the volume of digestive fluid.
2Body weight Median for 6-9months-old infants. *Body weight Median for 1 years old children. ‘Body weight Median for
3 years old children. 50~2 years old children participants of the object-to-mouthing value. ®3~6 years old children
participants of the object-to-mouthing value. “0~2 years old children participants of the object-to-mouthing value re-
extracted from a child who has taken non-dietary. 83~6 years old children participants of the object-to-mouthing value

re-extracted from a child who has taken non-dietary.
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tem (START D; Milestone, USAYS AF&-3}33Th A=
Y S50 g% 2 Holae ICP-OES (Inductively
Coupled Plasma-Optical Emission Spectrometer,
5300DV; Perkin-Elmer Optima, USA)E ©]-&3}3oH
=7 ZA& RF Power 1300 W, Plasma flow 15 L/
min, Nebulizer flow 0.8 L/min, Auxiliary flow 0.5

L/min®]$it}.
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FIEE, I8, 78, 9, UB $AE 0.0060 mekg,
0.0060 mg/kg, 0.030 mgkg, 0.036 mgkg, 0.030 mg/
kg, 0.0090 mgkge|At E3t BAE A WL “0”
° 2 Agste] Atsidon, BE712W=A, =
Ay Az A olail AlFel dheire =53

7PllA Al lstit.
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< 7retal 1 & HIE 2" AlFo 7]Er Aj-e] Al
5 8 mLe| Z2ke 7RItk AlR9] wkgo] ¥ - <F
Aol FAe o IR =2 T microwave digestion
systeme ©]8-3l] AEE SSIAATE A g3lE Al
5% 50 mL Fe23E &7 @ AP ER
sELh AlEE9 Ul REC] Holle 749 94l
HEE AU Fo] A E o]&ste] 38Tt o]
27 FH)" Al5E ICP-OESS o]&38le] EA&lith

F340] Ho|FE ofglolrt ofglol g AN =
H

URE W P 23] FRE) wEHE P
oI/t $ES Rlol P Bl 212 whz Yol

SEH =EHe HORE Hisle SHsIITh AR
o 3] e FEEl Fx4F (ingestion)=. 213H
AAZ Aojs= F& SHsh= WS EN 71198 F
TEATE A1E 100 mgE AFH NS ZAREE 0.07 M
Hat 5 mLe} $Al 37+2°C 2ezolN SRESE
715 ol&sld FESILE olEA FE$ AlE= ICP-
OESE o]&-3ale] #4513t

A& W Fa5o] e e sl AR Holx=
&S e HHS UEHE ST RAEAT
2 (RIVM, Riksinstituut voor Volksgezondheid en
Milieu)®®, 8<% =5A212(RC, Joint Research
Centre)®e #3lgth A 3E 10 cm2e] =719 A|H

(&, Mg A adet x5 AHE 42 5 9l
q

2.4.4. {514 H7}b

Slai W7k AgaReh i A9 F 7 Alde
08 skes Saegich. 2 sHHER HACDL
chemical daily intake) Fte o}2 2] 13} 28 o]g3}o]
Ta9en] 7}7ke] A Table 39 YERIIT

CDIingestion = BQingestion x EF + BW (1)

CDIsaliva = BQsaliva x ED + BW (2)
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Table 3. Total and ingestion heavy metals concentration in Toys Surface coating (TSc), Toys Clay (TC), Toys Jewelry
(TJ), Stationery Crayon (SCr), Stationery Color paper (SCp), and Stationery Book (SB) (mg/kg)

TSc TC TJ] SCr SCp SB
. Cmedian (CMin 'CMax)
Ba Total  0.37k (2.6-13k) 2.4(0.47-5.5k) 8.5(n.d.-0.23k)  6.9(0.23-5.0k)  27(0.29-2.0k)  4.3(2.3-1.5k)
Ingestion 16(n.d-0.30k)  0.53(n.d-0.14k) 0.11(n.d.-6.9)  0.23(n.d-0.22k) 3.2(0.014-0.28k) 0.81(0.091-4.4)
cd Total 0.25(n.d.-0.49)  0.19(n.d.-1.2) 7.5(n.d.-0.90k) 0.64(n.d.-0.74) 0.24(n.d.-0.24) 0.18(n.d.-0.48k)
Ingestion n.d n.d 0.72(n.d.-11) nd n.d 0.47(n.d.-3.5)
Cr Total 4.5(n.d.-47k) 3.1(n.d.-25) 41(n.d.-0.47k) 1.0n.d.-3.7)  3.9(n.d.-0.15k)  1.2(0.070-9.0)
Ingestion 0.53(n.d.-0.30k)  0.81(n.d.-1.6) 1.9(n.d.-3.4) n.d 0.31(n.d.-0.31)  0.47(n.d-0.47)
Cu Total  0.29k(n.d.-4.7k) 4.0(n.d.-3.6k)  123k(63-884k) 0.48k(n.d.-3.1k) 0.13k(n.d.-0.60k)  18(n.d.-42)
Ingestion  1.3(n.d.-28)  0.59(n.d.-0.25k) 12(n.d-0.28k)  0.35(n.d.-1.3)  0.12(n.d.-0.12)  0.32(n.d.-4.9)
b Total 6.2(n.d.-206k) 14(n.d.-52)  0.15k(68-783k)  1.1(n.d.-72) 0.84(n.d.-1.2) 0.13k(n.d.-0.13k)
Ingestion 0.75k(n.d.-1.5k)  7.0(n.d.-7.0) 3.0(n.d-21k) n.d n.d 0.41(n.d.-0.58)
Total 0.25(n.d.-0.25)  4.0(n.d.-6.5)  0.54k(90-20k)  4.9(n.d.-4.9) nd.” n.d.
Ingestion 0.074(n.d.-0.074) n.d 3.4(n.d-333) n.d n.d n.d
*k=thousand=1,000. **n.d=not detected.
oJ714, CDlgestion g/kg/day)= A3 Al 49 protocots 7IRECE A5l om BQSallva e Y=t
stetEd A3 FH(Chemical Daily Intake), BQugesion 215 278kl ol B2 < 3= WHE 30 ¢ 4
(wgre AHAH A BB F2 715 FBioacce-  BL Ed) 24 F DINI RIVM? Zzgze Ed)

ssible Quantity), EF (/day)e= *=ZWI%(exposure fre-
quency), BW (kgr= &5FABody Weight)o]ch. 28]aL
CDI, (ug/kg/day)y= W= 9] A 4 slekad A
% (Chemical Daily Intake), BQgjy, (ug/30min)=
= 39 A AESHE g2 7153 Y(Bioaccessible
Quantity), ED (min/day)= *=ZA]7Hexposure dura-
tion)°|t}.

o= fol= AT 12714

A Fofl 271

whe 2917} ol e A 1819 o5 1] 4
o4 43 Wslo] Bol 2D & 7] WRAD, 1 ol
[e)

TN ofglele] RS 6~IHE Fot, 1270 F
ok, 36714 ool & uhro] eIt ofjlele] AlF
W 20160 HSFASANA YT of=o] =3

G A=) AT B F AT %S A8 A
2 T w2 FRBAAA AFY ofal

3

| w2 A AT IHB%M AN 0l olek A
o} & o]Yo|E oz EA S9 ui= P9t #A
g =2 A g AEsid o sAlel HlelH
Al te A = 9 Assiaint. 2 7]

M o5 &3l HA| ofdo] thidRkel HxjelA of
S FHEske] A8kt =W E= M. Guney et

al®Vo} X, Y. Cui et al®E Fwslo] sF(1day)= &f
At BQugestion W ol ol AT 4 A& g
Z7bolup BE-S A5l AR EN71-3%93 IVGY

e

=
o=

Agelen. BQuke 2t A %5712k
A, A= Wk 27te) 228013, A9
e G Felo] A4 Yolnl, 21 A thel 4%
wi ghow Baghe AHSSA) it 2 flael e
FaASE ol 4 38

olg-slo] Tt

HI = CDI + RfD 3)

o714 Hi= $81A14*(Hazrd Index)©]22 RIDE 54
ZF 31 2] (Reference Dose Values)©]t}. RD ke V.
Engelen et al,”® USEPA,*® ASTR* #&¢] TDI
(Tolerable Daily Intake) #+= AFESIATHERE: 200
ug/kg/day, 7F=8: 05 ugkg/day, I=: 5 ugkg/day,
T2: 83 ugkg/day, &: 3.6 ugkg/day, UA: 10 ug/
kg/day).
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(0.29-2.0k) mg/kg, AAAz 85n.d-0.23k) =L
6.9(0.23-5.0k) mgkg, 23 43(23-15k) 183 FE
2 2.4(0.47-5.5k) mgkg =22 AZHATH AH A
Foll gt Hol=F £A4% niFg2 ¢ F vIE &
gAZoA ZH2t 16(n.d-0.30k) mgkg= M4 E=A AE
Hom oJoja] AlEo] 32(0.014-0.28k) mgkg, 1
A 0.81(0.091-4.4) mgkg, FEST 0.53(n.d-0.14k)
mg/kg, T2 023(n.d-0.22k) mgkg L] HA|A
2 0.11(n.d-6.9) mgkg <O & AZHAT} o] Ao
o5 BE ATt ool 82 vHge] AAdF
o3k =)-9) A F=(1,000 mg/kg; Table 4)HT}
o} 7]%el F-3tslaich.

oJdolg# W 7h=8e] e 27 dAlxe
A 75(n.d-0.90k) mgkg®E 7FF =4 HAEEHAeH o]
ol A#H T2 0.64(n.d-0.74) mgkg, S F FHJE
FHAE 0.25(10.d-0.49) mg/kg, AE0] 0.24(n.d-0.24),
HES 019(n.d-1.2) 22]3 282 (.18(n.d-0.48k)
mg/kg 02 AEHAt F1=F ol gk -9
TA7I1ES A EH(Table 5) AAME £ 20 AE(TJ-
29} TJ-1DZ 2383 = DR AESB-16)014 71=F
Fo7t oHoAIF FEeVIE HAEE(75 me/ke)
2 2350 THTable 5; 20159 69 4L E] A9 o]

SR 2 % A B 73

2olAE bl EEYP] oflolAF Tk 1E100)
=] 2 A7AHe] SUHAVIEeRE A8

sk, fr = 71EAE AAskL A= ARt
FIEE-S ool 8F U AR AS=EE=Z BAIskAL Q)
ok 2 AdFH oJgk ol EAAT TtEE-S AN
2ol 22}t 0.72(n.d-11) mgkg = 7P =4 A=
Rom ojojr 1&F 047(nd-3.5) mgkglr HE
Rom 2t F HRIE YA, AEST, A TS,
AololMe BEHZHAT o5 dAMEl F DR Al
F(TJ-204 7t=F =7t 4 #A5=17 mgkg;
Table 4)2 Z33Iith.

ool gE Ul AF FFere ZHzh Al
41(n.d-0.47k) mgkg = 7P =4 AZEACH o]ojA
M T TIE I”AFE 4.50n.d-47k) mgkg, A5l
3.9(n.d-0.15k) mg/kg, FELT 3.1(n.d-25) mgkg, L
3 1.2(0.070-9.0) mgkg 28]3 AH = 1.0(nd-
3.7) mgkg =22 AEHATE AF AF <t Aol
F EAAT A5 782 MM 1.90.d-34) mg/
kg= 7Y =4 HAEEACH olojx HELS 0.81
(n.d-1.6) mgkg, & & FAE IFEAFE 053(n.d-
0.30k) mgkg, ZHA 047(n.d-0.47) mgkg, 2Zo]
0.31(n.d-0.31) mgkg =olR o™ Ty oMz 7

Table 4. Domestic and international toy safety standards of heavy metals(Ba, Cd, Cr, Cu, Pb, Ni)-ingestion

Metal Europe™ United
(mg/ljg) Category  Category  Category Sta tesz(f 5546 Canada”  Australia’”  Korea®*¥ China*®
I I IS
Barium .
(Ba) 1500 375 18750  1000/250%**%*%* 1000 1000/250%*** 1000 1000/250%***
Cafgg)“m 13 03 17 75/50% %% 1000 75/50% %% 75 75/50% 5%
Chr("cnrl)‘um ; ; 65/25% %+ ; 65/25% %+ 60 65/25%
Copper
(Cu) 622.5 156 7700 - - - - -
Lead
(Pb) 13.5 34 160 90 - 90 90 90
Nickel 75 18.8 930 - - - - ;

(Ni)

*Category I: Dry, brittle, power like or pliable materials. **Category II: Liquid or sticky materials. ***Category III:

Scraped-off materials. ****Limit for Modeling Clay only.

Table 5. Domestic and international toy safety standards-contents

Metal (mg/kg) Korea™™V United States®® Canada” EU™
Cadmium (Cd) 75 - - Restricted
Lead (Pb) 300/90* 100/90* 90* Restricted

*Paint and surface coating products.
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Z= A

oJdol&F W el FFEEe 47 A EelA
123k(63-884k) mg/kg= 7P =4 AZEJLH ol
A o2 048k(n.d-3.1k) mgkg, ¢ F FIQE =
BAIE 029(n.d-4.7k) mgkg, MEo] 0.13k(n.d-0.60k)
mg/kg, 283 18(n.d-42) mgkg 28] FEST 4.0
(n.d-3.6k) mgkg =2 AEEIUTE 23 AFdl <%t
Aol B4} 2l 72 AAA A 12(nd-
0.28k) mgkg = 7Y =A] HAEEJA oM o]oja] gt
Z HRIE FYAFE 1.3n.d-28) mgke, FELT 0.59
(n.d-0.25k) mgkg, F#F 0.35n.d-1.3) mgke L8
A 0.32(n.d-4.9) mgkg 2|3 AFo] (.12(n.d-0.12)
mg/kg =22 AZHAt.

oAl &F Ul & FEFs=e H A A 2] ol A
0.15k(68-783k) mg/kg= 7FF =A] HEEJSH o]o]
A 283 0.13kn.d-0.13k), &7 3 FJNE FTYAE
6.2(n.d-206k) mg/kg, FEST 1.4(nd-52) mgkg, =
vk 1.1(n.d-72) mgkg 2232 AEo] 0.84(n.d-1.2)
mg/kg =22 AZHUTH G o] i3k 9]
AZlEe AEE S F HRIE IYAF F ol
(TSc-20, TSc-29, TSc-30, TSc-31, TSc-32, TSc-33)°l
A ge] =t g, v AuTe] i 71590
mg/kg; Table 5, 6)& ZF3I oM, QMM AF =

712}

C e - AL - AR

EE

=
R

LGN (TJ-2, TJ-8, TJ-10, TJ-1D)= 3+=2e] @ 7]
(300 mgkg; Table 5, 6)=, AWM AF = SN(TJ-
1, TJ2, TJ4, TJ-6, TJ-8, TJ-10, TJ-11, TJ-13)¢} =
24 5 UHSB-16)= "= & $715(100 mgkg;
Table 5,6y Z#sIt} 3l FHoME Holl g
7NEAE AR YA BAT HS oHol8E Ul A}
& AHEER BBl k. A5 AdFel 2sk Kol
A3 o 7 S 5 EIIE IRAIECIAM 0.75k
(n.d-1.5k) mg/kgZ 7P A HEENSH oJojr H
BT 7.00.d-7.0) mgkg AAAE 3.0n.d-21k) mg/
kg, 283 0.41(n.d-0.58) mgkg <2 AEEIoH,
g, AFoloMe EHE =AU o|F JJE =
B AF VH(TSc2002t AAXME 270(TJ22 TJ-11) A
F Ul gl s=r FU-9] #AEE90 mekg o,
Y& 160mgkg; Table 4, 6)2 ZH3FAt}.
ojdol g W UA diFere 77 dxMzgA
0.54k(90-20k) mgkg= 7FF =A| HAEEN0H o]ojA]
Y2 490n.d-4.9) mgkg, FELT 4.00.d-6.5)
mgkg, &7 F HUE FYAF 0.25n.d-0.25) mgkg
TO 2 AZENoH MFo], 2P E EAZEHA
ok AR AdFHel ot Holg #4149 YAL 7zt o
Al 2lolA 3.4(n.d-0.33k) mgkg= 7 = HEEA
o olojA] e = HCE FHAE 0.074(n.d-0.074)

Table 6. Samples of exceeded domestic and international toy safety standards of heavy metals(Ba, Cd, Cr, Cu, Pb, Ni)-

total and ingestion

Ba Cd Cr Cu Pb Ni
(Srfgilge) - 1,000%  75* 17%* - 60* - 7700%*  90* 160** - 930%*
total ingestion total ingestion total ingestion total Ingestion total ingestion total ingestion
TSc-20 15k***#** 11k  0.25 n.d 47k n.d 3.0 n.d 206k 3.0k n.d n.d
TSc-29 54k nd*** 0.24 n.d 5.9k n.d 8.6 n.d 26k n.d n.d n.d
TSc-30 13k n.d 0.24 n.d 43 n.d 3.3k n.d 0.19k n.d n.d n.d
TSc-31 14 0.47 n.d n.d 0.27k n.d 3.7k n.d 1.1k n.d n.d n.d
TSc-32 14 n.d 0.24 n.d 38 n.d 3.1 n.d 0.13k n.d n.d n.d
TSc-33 53 n.d 0.33 n.d 26 n.d 4.1k n.d 0.10k n.d n.d n.d
TJ-1 4.7 n.d n.d n.d 13 n.d 702k n.d 0.12k n.d 4.0 n.d
0.90Kk***
TJ-2  nd** n.d e 22 n.d n.d 39k 27 783k 21k n.d n.d
TJ-4 n.d n.d n.d n.d 7.9 1.9 884k  0.12k  0.25k 8.8 11 14
TJ-6 1.7 0.15 7.5 0.51 16 n.d 815k 73 0.30k  0.39 8.4 11
TJ-8 7.3 1.3 n.d n.d 4.9 n.d 712k 0.55k  0.33k n.d 9.7 665
TJ-10  0.23k 14 n.d n.d 0.18k 5.2 46k 9.8 0.33k n.d 22 2.6
TJ-11 n.d n.d 0.10k 24 n.d n.d 122k 3.6 540k 13k n.d 0.9
TJ-13 n.d n.d n.d n.d 43 n.d 740k  0.56k  0.17k 3.0 14 237
SB-16 1.5k 052 048k  0.19 0.25 n.d 25 nd 0.13k  0.46 nd nd

*Domestic toy safety standards. **International toy safety standards. ***n.d = not detected. ****Bold values indicate
concentration exceeding domestic and international toy safety standards. *****k =thousand=1,000.
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mghkg P ASHNT FEey, Fews, Aol 1
23 gl BAZHIT. o] Al skl &
£ Aropd ool 8Fe VA Agael % &
¥ A EN Yok 7130 s

oYl 8E W Fa% WA HolF 5
W, SN GIER, T, ¢ aeln U 947 F
SOl SYAFELE BRI F e Fust A
A Aol o8 Hole gk BelFr), 0|9} o]
Fewr) B AES BA) B A A0l €% A

ol ghe HelFEL). ol THAES el o

E AT e AiFoR Bo Fro| Fado] 3+
Hojl7] wEoz ®olty, M. Guney et alP2] A+

of oJshH ofdlold AMAE F 7t=F, T, |, Y
Aol e 72zt 79(1.4-370k), 30k(1.3k-710K),
0.10k(5.8-650k), 2.9k(1.9-14k) mgkgel+ X. Y. Cui
et al?¥e] Aol <3k olFlolg WAME F FI=F,
AE, |, YA ke 7Ht 3.7(0.017-0.14k), 16(n.d-
0.77k), 17(1.0-860k), 0.93k(1.5-2.9k) mg/kglC& A%
HRoH, o= & AF AErt 2 FFolqlth A
BAZ ol o3t dol# %= M. Guney et al*?e] &
T o v, 71=g, IE, T, W, UAe] olwk
L RE AFM nd= FAHAL X, Y. Cui et al®®
o] Aol of3hH oflelg MMl T HFHAAFH 9
s Jl=g, IE, W, VR dolg2 ZHzt 15(1.0-
0.41k), 0.35k(n.d-423k), 0.15k(n.d-0.77k), 4.1k(n.d-
1039k) mgkge = HEHNOH E A AyE) X
Y. Cui et al3®¥9] A7AAT} =& FFo|UL). Tyt £
A Ao} X Y. Cui et al¥AToA AMMF F

AL AR olF Hol TR e S

BYEY ol A& #&3Khomogeneous) & o]&AA
(heterogeneity)e] @30 & ke T3

3.2. tih= gHefofl o|st FO|E

ojdolg5S = Ll ot Wt vkE, 7i=F, 2
&, e, 9, U] Mol A= Table 7o YRR
o} vz 9ol ofgh HolwF EAAF g 47 =
g at2o) A 54E%n.d-5.6E%) ug/em®min (n=13)=
7V E=A AEHAeH olojx] HEST 1L.7E%(nd-
3.16E%) pglem?min (n=20), 2=0] 72E%n.d-3.6E®)
pg/em?/min (n=11), 28 44E%n.d-24E%) ug/
cm?min (n=27), ¢ = FHQE FEAE 37E%nd-
2.1E®%) ug/lm?min (n=4) =02 AZHAIL Az
Ne EAEEHIU.

FIege HESFAN 38E®n.d-3.0E®) uglcm?
min =20)2 7P =A AEFJLH oJojx 17F
57E%n.d2.8E%) ug/em®min (n=4), ¢+ = HAIE
53E®(n.d-2.6E™) puglem?min (n=27%"0% HEEA
om WA, e Tk, AFololr = EHEEA

AL HESTINN L7EPnd41E%) pg/em?/min
m=20)2 7P =A AZEAeH olojx] gt F Fd
E FEAE LIE®nd-6.6E" uglemmin (1=27)d
A AZENOH, dAxE], T uks, AFo], g
AMe BEHEEUT.

Tee g gzolA 23ETnd-1.1 EYY) ug/lem?
min (0=13)Z 7 =A A& olojx] HESF
1.8E+*®n.d-3.4E") pg/em¥min (n=20)14 A==
o, ¢ F FRIE FRAE, dAAE], HFo], 17

ol M= BHEEA.

Table 7. Saliva bioaccessible concentration in in Toys Surface coating (TSc), Toys Clay (TC), Toys Jewelry (TJ), Statio-
nery Crayon (SCr), Stationery Color paper (SCp), and Stationery Book (SB) (ug/cm?min)

TSc TC TJ] SCr SCp SB
Cmedian (CMin 'CMax)
Ba 3.7E® 1.7E™ nd 54E™T 72E0 44E®
(n.d-2.1E %) (n.d-3.1E%) - (n.d-5.6E%%) (n.d-3.6E%) (n.d-2.4E%
5.3E% 3.8E-02 5.7E 0
Cd 0.d-26E"  (nd-3.0E®) n.d. n.d. n.d. (n.d.-2.8E%)
1.1E 1.7E2
Cr (.d-6.6E™) (.d-41E%) n.d. n.d. n.d. n.d.
1.8E*% 2.3E0
Cu n.d. (0.d.-3AEY) n.d. (.d-11E+") n.d. n.d.
7.6 E
Pb n.d. (0.d.-3.8E) n.d. n.d. n.d. n.d.
-03 -02 -03
Ni 3.4E n.d. 2.78 8.6E nd. n.d.

(n.d.-2.5E%%)

m.d-6.9E%)  (n.d.-4.3E%)
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YA dxxgox 2.7E%n.d-69 E®) pgem?
min (=13)2 7 A AZFA0H olojx] Iy ukx
86E%n.d-43E") uglem?’min (n=13), ¢+ = <
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Table 8. Calculated hazard index values by age group

AU AR - UEE

A =343 (TD; vHE: 200 ugkg/day, 7FH=%:
05 ugkg/day, & 5 ughkg/day, 7-2l: 83 ug/kg/day,
gt 3.6 ugkg/day, U2: 10 ugkg/day)yS 9A it
SHAIRE H]2lo17] tigRke] =EAIZRRI 201.75% 54t o
Yol &-EWA: 10 cm?)S WAL 75, HES(TC-
129014 Ft=8 283 Z#92(SCr-7)oA Falo]
ALE 84S 77 Lo} 3.0ulE 25l o] AFE
S0l tisiA= mh=s ai 9ol <3t Holzke] S-HELh &
3] o] AFEL whe gt AF4dF el Qs ol 7t
S Hol mhs P9le] digh Hol7F ghel abgAtel] o
3 HaoAs HAFQh

3.3. flsi ™t

slo] Ao} o] B Aol 2t o AFE hR
A Fa&ol AUt FREE AL, F054,
A7) 9% S| waE 9lu 2 5 Ude
A ¢ A7deM WGBAR BRslel sk drt
7129 el ofeolgEl AEY Tl QLA v

3 % gl Aol B A7t sk,
4% 65 O wEF % SR 2y A5

o
N

7 Al 712, AT IEA) A A
SHA o311 AEe tisliie =EH 7oA AlL]stie
o, Z} AFe] TE5 P571FER, AR
2} Zb7e] F28QIEH, lalae] 2 st 4t
Ak T 2440 MEE AR YHRFE S
th SR E S8l E7E Al &3] A= V. En-
gelen et al.,?® USEPA* ASTR®2] 7k #araid
QBNAT Fhe] 1 o3l - 7t 88 =34

ot

Ba Cd Cr Cu Pb Ni
Sample Type
6-9m lyr 3yr 6-9m lyr 3yr 6-9m lyr 3yr 6-9m lyr 3yr 6-9m lyr 3yr 6-9m lyr 3yr
TSc-20 <0.1 <0.1<0.1<0.1<0.1<0.1 7.0 55 39 <0.1<0.1<0.10.22 0.18 0.13 <0.1 <0.1 <0.1
TJ-2 <0.1<0.1<0.1 25 2.0 14 <0.1<0.1<0.1<0.1<0.1<0.1 331 262 187 <0.1 <0.1 <0.1

TJ-8  Ingestion <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.38 0.30 0.21 <0.1 <0.1 <0.1 <0.1 <0.1<0.1 3.8 3.0 22

TJ-11 <0.1 <0.1 <0.1 <0.1 <0.1<0.1<0.1<0.1<0.1<0.1<0.1<0.1 204 161 115 <0.1 <0.1 <0.1
TJ-13 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.39 0.31 0.22 <0.1 <0.1<0.1<01<0.1<0.1 14 10 7.7
SCr-7 (Sta(‘)lt‘a‘l’f)‘ <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1<0.1 1.7 14 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
TC-1 . <0.1<0.1<0.1 28 2.2 0.25 0.38 0.30 <0.1 <0.1 <0.1 <0.1 <0.1<0.1<0.10.18 0.14 <0.1
TC-3 (msoﬁ?}/lziln <0.1 <0.1 <0.1 0.67 0.53 <0.1 0.11 <0.1<0.1 19 15 0.17 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
TC-9 doer) g <0.1 <0.1<0.1<0.1<0.1<01<01<01<01 15 1.1 0.13 <0.1<0.1<0.1 <0.1<0.1<0.1
SCr-7 0.65 0.51 <0.1 <0.1 <0.1 <0.1 <0.1<0.1<0.1 6.4 5.0 0.56 <0.1 <0.1 <0.1<0.1<0.1<0.1

*Bold values indicate concentration exceeding HI.
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Table 9. Comparison of total and migratable concentrations of Ba, Cd, Cr, Cu, Pb and Ni in selected metallic toys and

jewelry to Korea, China, USA, Canada, and EU regulations and results from risk characterization

Ttem Tvpe Korea China United States Canada EU Characlifrllfzation
P regulations®*?  regulations® regulations?®**® regulations”  regulations® . .
(ingestion)
Does not comply Does not comply Poses significant
TSc-20 (migratable Pb, ]()I?I?s;?;t;(émgg (migratable Pb, ]();?s zfc);tfl(;mfl’)g ]();?S I;?;t;(;mgg risk i.e.
total Pb) & total Pb) & 8" HI>1(Cr)
Does not comply . Does not comply . . Dose not pose
TSe-29 (total Pb) Complies (total Ph) Complies Complies significant risk
Paint  Does not comply . Does not comply . . Dose not pose
T5e30 - ating  (total Pb) Complies (total Pb) Complies Complies onificant risk
products Does not comply . Does not comply . . Dose not pose
TSc-31 (total Pb) Complies (total Pb) Complies Complies significant risk
Does not comply . Does not comply . . Dose not pose
TSe-32 (total Pb) Complies (total Pb) Complies Complies significant risk
Does not comply . Does not comply . . Dose not pose
T5e-33 (total Py COMPHES e ppyy  Complies Complies  igmificant risk
. . Does not comply . . Dose not pose
TJ-1 Complies Complies (total Pb) Complies Complies significant risk
Dogs not comply Does not Doesnotcomply  Does not Does not comply _—
(migratable Pb, . . B Poses significant
TJ-2 total Pb. total comply (migratable Pb, comply(migratab (migratable Cd, risk (Cd, Pb)
C d; (migratable Pb)  total Pb) le Pb) migratable Pb) ’
TJ-4 Complies Complies Does not comply Complies Complies Dose not pose
P P (total Pb) P P significant risk
. . Does not comply . . Dose not pose
TJ-6 Jowelr Complies Complies (total Pb) Complies Complies significant risk
TJ-8 v Does not comply Complies Does not comply Complies Complies Poses significant
) (total Pb) P (total Pb) P P risk (Ni)
TJ-10 Does not comply Complies Does not comply Complies Complies Dose not pose
(total Pb) p (total Pb) p p significant risk
Does not comply
. Does not  Does not comply .
(migratable Pb, . . Does not comply Does not comply Poses significant
-1 total P, total COTPLY(migratab (migratable Pb, " .o i1 Ph) (migratable Pb)  risk (Pb)
le Pb) total Pb)
Cd)
. . Does not comply . . Poses significant
TJ-13 Complies Complies (total Pb) Complies Complies risk (Ni)
Does not comply . Does not comply . . Dose not pose
SB-16 Book (total Cd) Complies (total Pb) Complies Complies significant risk
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