
 
R5 R7  

 
 

 
 

 
       

    
 

 

5

Sb

Co
Cr Sn

1 μg/g Hg
6

6
ISO 8124-3

8 B Ba
B ISO

7
X FP

FP
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A.  

1

21

1ppm

1ppm
1 50

 
2B IARC

PRTR

 
5 MW

-ICP-MS

4

5

3 1 v/v
4

2, 3)

 
6

3 1 v/v

3, 4

SOP

 

5

Pb As Cd 3

ST 6 Sb
As Ba Cd Cr Pb Hg Se 8

6

1
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2022 153 2023 173
8 3

7 6

ST

 

8)

I₂

9) 7

 

 
B.  
B.1 -ICP-MS

 
4

‐ICP-MS

 

Hg Sn As Cd Co Cr
Ni Sb Pb 9

Rh Te Ir Bi
4

 

 
 

 

 
Milli-Q 

 
 

Hg1000  

Cr1000  

Co1000  

Ni1000  
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As1000  

Cd1000  

Sn1000  

Sb1000  

Pb1000  

Rh1000  

Te1000  

Ir1000  

Bi1000  
 

100ppb
10ppm

0.01 0.02 0.05
0.1 0.2 0.5 1ppb 0.1
0.2 0.5 1 2 5 10 20 50 100ppb

R2

0.9999 1  
 

CEM
MARS6  

iCAP RQ  
 

0.1 g
5 mL 0.5 mL

3
1 200℃ 25

2 200℃ 20 3 50℃

50 mL ICP-MS
Au 200 

ng/mL

 
 
B.2

 
1_

2
10 mL 2

5
 

5
3510J-MT  

5 mL
 

11G2  
 

9,000 rpm 3,000 rpm 5
 

LCX-100  
1 mm
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MA3000  
 
1_  
 

Milli-Q
 

PCB

PCB
 

 
0.5 mol/L  

 
-  

L-
1.0 g

0.8 g

PCB 12.5 g
100 mL

 
B  

 
100 

μg/mL AccuStandard Inc.
- 0.01 

μg/mL 0.1μg/mL
0.6

 
 

100 
μg/mL AccuStandard Inc.
1 μg/mL

0.6  
 

100 mL PP
AGC

IWAKI 2355-100  
50 mL PP

VIOLAMO 
VIO-50BN  

 
 

1.0 g 100 mL PP Ⅰ
100 μL

60 ng 1/10
1 mL 0.5 mol/L 50 

mL 30
10 mL 5

50 mL PP Ⅱ
100 mL PP Ⅰ

10 mL 5

50 mL PP Ⅱ
50 mL PP Ⅱ -

10 mL

-

2  
 

 
0.1 mL

253.7 nm
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0 ng -
0.12 ng 0.01 μg/mL 20 μL 0.3 

ng 0.01 μg/mL 50 μL 0.6 ng 0.01 μg/mL
100 μL 1.2 ng 0.1 μg/mL 20 μL

3 ng 0.1 μg/mL 50 μL 6 ng 0.1 μg/mL
100 μL 7  

 
B.3 

 

 
 

 

/

/

3

/

2 
 5

5 

6

 
 

 

4 6
SOP

6
SOP 

1 5
RSDr %

RSDR

%

 100 ng 100.2 ng 1/10 

 1000 ng 1002 ng
1/1 

5

SD RSD

10

1

1/1 1000ng 1/10
100ng

0.1 1000
70 120%

10%
15%
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100 μg/mL 
 

 
 

 
PCB 

 
PCB 

 
L-  

 
 

 
 

0.5 mol/L  
 

/ 3 1
v/v  

3 1  
-  

L- 1.0 g
0.8 g

12.5 g
100 mL  

 
 

 
100 mL AGC 

 IWAKI 2355-
100  
※ 5

5 6
3 3

 
※ 5
5 6
3 3

 
50 mL 

 VIOLAMO VIO-
50BN  

※ 5 5
5 5

6 3
3 + 6

 
 

 
 

 
 

 

1.0g
 

 100 ng 100.2 ng 1/10 

10 μg/mL 16.7μL 
No.L1 5

 

1000 ng 1002 ng 1/1 

100 μg/mL 16.7 μL 
No.H1 5
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※  5  2 ×5 

10  100 mL 

1 cm× 1 cm
 

 

100 μg/mL AccuStandard Inc.
1 μg/mL

 0.6 
 

100 μg/mL AccuStandard Inc.
10 μg/mL

 0.6 
 

 
 

 
100 mL Ⅰ

 1 mL 0.5 mol/L 50 mL 
30 
/ 3 1 v/v 10 

mL 5 
/

3 1 v/v
50 mL

1 3,000 5

/ 3 1 v/v
50 mL Ⅱ

100 mL 
Ⅰ 100 

mL Ⅰ
/ 3 1 v/v 10 

mL 5
/

3 1 v/v
50 mL

1 3,000 5

/ 3 1 v/v 50 
mL Ⅱ

100 mL 
Ⅰ 100 mL 

Ⅰ

/ 3 1 v/v 5 mL

100 mL

/ 3 1 v/v
50 mL

Ⅱ 50 mL
Ⅱ -

10 mL

-

3  
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0.167 mL  
1 mL  100 mL 

Ⅰ 0.5 mol/L 
 50 mL 30 

 
※ n=3  
 
B.4

 
6

20

ISO 8124-3:2020 Safety of toys Part 3: 
Migration of certain elements

11, 12 ST
B Sb As Ba Cd Cr

Pb Hg Se 9  
6

ISO 8124-3 6

3
ISO 8124-3

 
 

 

iCAP RQ ICP-MS  
 

 
12 2

2 1
3 20

2
 

 
 

 

 
Ultrapur  

XSTC-622 SPEX  
Be100ppm

 
Rh1000ppm

 
Te1000ppm

JCSS  
1000ppm Acros 

Organics AAS  
 

 
0.07 mol/L  

 
10  

Ultrapur
Ultrapur  

100  
 

XSTC-622 SPEX
10 100
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0.1 0.2 0.5 1 2 5
10 20 50 100 ng/L  

 

Acros Organics
5 μg/L 5 

μg/L 0.005 μg/L 0.005 μg/L
10%  

 
 

 
ISO 8124-3:2020 

Safety of toys Part 3: Migration of certain 
elements

0.4 g 100 mL
37℃

0.07 mol/L 20 mL
37℃ 1

30rpm 1
37℃

50 mL
1000 xg

0.2 μm
10% 5

5

10
5  

 
B.5 

 

X EDXRF  
 

 
X

EDX-7000  

FP  

11Na 92U 
FP  

SDD  
X Rh  

15kV (Na-S Cl-V) 
50kV (Cr-Co Ni-Nb, As, Pb Mo-Xe Al-
U) 

 
(Na-S) Al-U)

#2(Cl-V) #3 (Cr-Co) #4(Ni-Nb, As, Pb)
#1(Mo-Xe) 

 
100 ×2Ch (Na-S Cl-V) 

300 ×3Ch (Cr-Co Ni-Nb, As, Pb Mo-
Xe) 

 
 

I 
 

SDD  
Ikα 

X Rh  
50 kV 
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100  
10 mmφ 

 
 

 

2
2

1 3
3 2

13
3  

 
 

 

 
 

 
 

2.614g
10mL

20% 100

0.1 0.2 0.5 1 2 5 10 20%
 

 
10

100
20 50 100

200 500 1000 mg/L
 

 
 

 
 
C.  
C.1 -ICP-MS

 
4

Sb
Cr

4

 
4

C-03 C-04

C-03a C-04a
C-03b C-04b

C-08
C-08a

C-08b
4

C-03 C-04

4
Sb 173 294 μg/g Cr

1.01 1.63 μg/g
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C-08 Sb 158 184 μg/g
Cr 1.22 1.89 μg/g C-03

C-04
3

Sb

ATSDR Sb
13 Sb

Sb
Sb

Sb

Sb
Cr

μg/g

C-03 C-04
C-08 3

Sn C-04 C-
08 1.33 μg/g 2.14 μg/g

Sn
11 16

1 μg/g

 
4

Co Sn As Pb
P-01 P-03 P-04

P-06 4
4

5
Co

979 μg/g P-03
4 P-03b P-03c P-03d P-03e
P-03 1290 1330 μg/g

P-03

Co Pb Mn Fe Zn Ca
Co

Co

Sn As Pb
P-01 P-04 P-
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06 Sn P-01 P-04
4

1 μg/g 4
P-

01 1/3 P-04 1/10
P-06

3 1 
μg/g P-06

6.37 μg/g 2.66 μg/g 3.62 
μg/g 4

P-01 P-04 P-06
5 1 μg/g 5

As Pb As
P-01 P-04 Sn

4
3.53 μg/g 1.29 μg/g 
4

P-01 1/3 P-04
1/5 Pb
P-06 Sn

3 3.43 μg/g 
8.16 μg/g P-01
P-04

P-06

P-06 0.00501 μg/g 0.0413 
μg/g Hg

 
4

3
2 Cr

1

4 6

Cr 641 μg/g
4 SC-01 SC-02

5 4 SC-
01 SC-02 Co 84.7 μg/g
64.0 μg/g

1.05 μg/g
4

Cr

Cr

Cr
 

4
Hg

Sn

Sn 5
1 μg/g

Hg
1 μg/g

Hg Sn
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C.2

 

1_
7

13.7%

73.4%
81.1%

50.7%
 

8 1
9,000 rpm

RSD 61.8% 3,000 rpm

RSD 4.3% 9.4%
1

3
2

9,000 rpm
7.2% 1

3,000 rpm
25.2% 1

9,000 rpm
3,000 rpm

(15 mL)

9,000 rpm
92%

 
 
C.3 

 
6 9
13  

9

AAS

2
3

ICP-MS 1 ICP-MS
AAS
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ppt AAS
ppb

AAS

AAS

AAS
AAS

“

”

2
MA-

3000
DMA-80

SOP

3
SOP
JISK0102:2019 

 66.1.1

ICP-MS
SOP

-
Na

S Na

ICP-MS
0.2 ICP-MS
Hg
10% Au200ppb 1000 2

3
SOP

ICP-MS
 

10 11
ng

10
A 84.9 ng

95.1 ng B 80.4 ng 87.9 ng
C 72.4 ng 84.2 ng D 71.4 ng
81.1 ng E 83.5 ng 90.7 ng

F 88.8 ng
11

A 853 ng 907 ng B
760 ng 884 ng C 782 ng 866 

ng D 773 ng 831 ng E
819 ng 871 ng F 13.6 ng 933 
ng  

(R2)0.9994 1
12

%
57.7% 89.9%

44.6% 88.5%
F
63%

101%
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1
Smirnov-Grubbs

F
p=0.1194

F p=0.0024

 
13 5

14

0.1 1000
%

74.9% 89.9% 79.9%
88.5%
% 70% 120%

3.5% 6.9%
2.6% 5.7%

10%

 14, 15 7.4%
3.9%

15%

 

 

 
C.4

 
6

20
ISO 8124-3:2020 Safety of 

toys Part 3: Migration of certain elements
ST

B Sb As
Ba Cd Cr Pb Hg Se 9

6
ISO 

8124-3 6

3
ISO 8124-3

14
 

Se
8 1

8
100% B Ba

45% Pb 9 /20
40% Cr 8 /20 30% As 6

/20 Cd Sb Hg 5%
1 /20

B 680 
mg/kg Ba
8.15 mg/kg Cr Pb As

0.0583 mg/kg 0.0579 
mg/kg 0.0514 mg/kg 1

Sb Cd Hg
0.165 mg/kg 0.0352 mg/kg 0.00171 
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mg/kg  
15

Se Cd
Sb Hg 5 B Cr As
Ba Pb 1

15 100%
12 /12 B Ba

3
Pb Cr As 3 2
1

Cr Pb No.12 As Pb
No.12

B 945 mg/kg
Ba 7.77 mg/kg

3 Pb 0.0381 mg/kg
2 Cr 0.0510 mg/kg

0.0247 mg/kg 1 As
0.0395 mg/kg

B
245 mg/kg 2610 mg/kg

Ba
7.04 mg/kg 32.0 mg/kg

80

7)

Na2B4O7 10H2O

0.07 mol/L

 
16

Se
8 Cd

1 Sb 1
Hg 1

5
10 100% 8 /8

B Ba 75% 6 /8
Cr Pb 63% 5 /8

As 13 1 /8 Cd
Sb Hg

Ba 9.16 mg/kg
B 2.48 mg/kg 6

Cr Pb 0.0733 
mg/kg 0.0680 mg/kg 5
As 0.0540 mg/kg

B
1.09 mg/kg 849 

mg/kg 849 mg/kg No.2
5 mg/kg

Ba
7.32 mg/kg 17.5 mg/kg

 
ISO 8124-3 17
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B
1250mg/kg 1580 mg/kg

No.7 1580 mg/kg No.10
2610 mg/kg No.13

6

EU
RAPEX Rapid Exchange of Information 
System  

2018 1 2020 6

100 RAPEX
22 2000 mg/kg

6000 mg/kg
16)  

 
C.5

 
FP  

X
EDXRF

EDXRF

Kα 28.6 keV

X

EDXRF
 

FP
FP

1.0 0.91
0.96 FP

Kα  
18 FP

i-12

12.7% 1.10% 0.00816%

6 FP

5% 4
1% 3

0.1% 6
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2
2

1 1
1

2 1

2 2
1

1 3
2  

 

i-
02 i-06 i-13

19
0.859% 6.16%

ND 0.0800

EDXRF

 

FP

 
i-12

EDXRF

FP

i-12
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R²
0.99  

20

i-12

0.00416% 14.4%
0.717% 7

12 14%
FP

0.00416% 1% FP

 
 

FP
 

FP

–

8

95%
2

0.008% 12.7%

 

log10
–

9

0.03254
1.08

0.2162 95%

 
FP

FP
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X

FP

 
12

14%

 

 
  
D.  

MW -ICP-MS

4

5

Sb
3

Sb
Sn

1 μg/g

Co

Co
4
Sn As Pb

Sn 4 1 
μg/g 4

3
1 μg/g  μg/g

5
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As
4 Pb Sn

3  μg/g

5 Cr
4

Co 4

Cr
Cr

 
Sn 5

1 μg/g

Hg 1 μg/g
Hg Sn

 
4

1_
5

 

6

2
3
1

F A
95.1 ng F
13.6 ng F 933 ng

100.2 ng
1002 ng

57.7% F 89.9% A
44.6% F 88.5%  

Smirnov-Grubbs
F

5
0.1

1000 70 120%
10% 15%

 
6

20
ISO 8124-3:2020

 
 Se 8

B Ba
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B
680 mg/kg  

B Ba
B 245 

mg/kg 2610 mg/kg
 

Se 8
B Ba

Ba  
ISO 8124-3

B
3

1250 mg/kg
1580 mg/kg 2610 mg/kg  

EDXRF FP

 

–

log 0.03254 1.08

FP

 

 
EDXRF
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