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Abstract

With the rise of the popular toy "Slime" crystal mud in the market, concerns about its safety have frequently emerged. CCTV has
exposed that "Slime" crystal mud contains borax, a component harmful to human health. Reports indicate that almost all "Slime"
crystal mud products available on the market contain borax, which easily adheres to the skin and poses a threat to children's health.
As related incidents occur frequently, consumer awareness of harmful substances in toys has increased, especially concerning
migratable heavy metals that are easily ingested. Currently, there is no specific domestic regulation for toys containing boron
elements, whereas international standard 8124-3 has been introduced regulatory requirements for boron. To ensure the accuracy of
measurement results, we have developed a method using ICP-OES technology to detect the uncertainty of migratable heavy metals
in toy materials. By analyzing the detection process of migratable heavy metals in materials using ICP-OES, including aspects such
as experimental reagents, utensils, reference materials, and operators, we identified the sources of uncertainty and calculated the
uncertainty of each variable, ultimately deriving the combined and expanded uncertainty of the detection results. The establishment
of this method provides an important reference for ensuring toy safety and helps consumers make safer toy choices, ensuring the
healthy growth of children. When purchasing toys, consumers should pay attention to the product's ingredients and quality,
selecting those that have passed rigorous testing to ensure the safety and health of their children.
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SUEMBH IR LR GH — EHR A2 IREMTE . B AR ) L3 R 2 4 1 35 00 R 52 A W 2
&, AT IR AT REAEAE M B A R R S AR . EEE AR EE KT Sgem’ & EnER, B
W . RS, ENTEAREEN, KA AT R AR REE m™ e .

TEFCEAE PR, —SARNTER SN T AR SR A= S AP UTRR,  w] RE Al & B 4 8 o 1)
PIRE. X 6 4 1] B 22 il e N7 LB RN, WA RS, % RAFEK K EH ISR
AR RHE. Bwart, SREFEFAESE T EFEOLE T NSRS, TREES RGN LE
e 1) g 2 7

N T BRI B 2 R AERR P, B E FERI PR A B WS FEEAI . ASHEAN GV
HERRBEEM MO, PESEESHKIFER RS (CNAS) ZRE I AT 1) 5256 5 00 20 S I 2 A
EEWIVEERRT, I H A RN — OB SR I & 4 AT R A e VR e . X — SR B 7R AR 5
06 2 (I B 2 SR A ] SRR AR

FRYE JIF1059.1-2012 (A EEIFE 5RR) B, TATX ICP-OES e Bkl il i 5 E 4 JEm 1
AHE AT T BRI E . RO FH, BATRA 7T — RVITER O EFDIER, # ORI &S A2 0 nEri v
AT EEN: . @Gk ST A SEIREEE P L, RAVS T IR BT E AR AR EA SR, JF
HHER K.

IR AL, BATABORN T AT IS A R VP8 J7, 3 9SG =8 (1) o S 4% ) AN i & (R UE SR it
TH SR X TARMEE RS F 238 =M H o TAERA BEE L WONMHSCSUR T 7R R B4 T
B2 . @AW A SGEN A E B 7%, AT DR i = e R E, Atthe
SR At B v SR AR 0 B ST .

1 X &R

SEI6 A RS BE &4 3 S5 PE AVIOSO00 f) ICP-OES. J3 43 L T o3 i R TR R 7 7K
FWE ;s 0T IFRY) SRR R A 508 . [ AR UED BT 78 0 1000mg/L IR bRiEff 200 B2
FPREYIB AT R0 100mg/L ) As. Bay Cd. Cr. Pb. Sb. Se. B AnifEfE#T; SZUG AN E B TIK.
2 PHRAEES
2.1 LWFEBRTIE

For il 77 MKE 1SO 8124-3:2020/AMD. 1:2023 HRf E T 2 IR 7% . 2K dble EREIURE M, FREUFE AR &Y
0.1g iE T 25 mL HEJEHH A, N 5 mL R A 37£2°CH) 0.07 mol/L #E/KIFHIE A, #£3) 1 min J5, il
REWHIIREE . W pHAE KT 1.5, M—IAfEaREWR, —HIEREMAKRELIN 2 mol/L BRIEHERIRE
W pHAEIAR] 1.0~1.5 JEEI N . KRGO, RN 37+2°C FIELARY | h, SRJE1E 37+2°C FJE 1 h.
P SLENHFLAEN 045 pm B 2sid 3B, Al ICP-OES Mt it A8 e =& &, M BT
BItRMEE.

22 BEFER

R=R2E S = /AW
~CxVxf
- m

X

b X —FmTESENSE (mgkg) ;
C— MBI E SRR (mg/L) ;
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2.3 INHREERIRDHrFR A

MRS A R A AT o A, % 0 A O R T AN E B R ORI ROPARER LR 91N A B E
u(m) | ¥ 5 AR #8 5 NRASH 2 B w(V) o RRAEYIIE 5N FOAST i B u(S) o bRif dh 2Dl & 51N Ay
P u(C) | AVRE S EE AR S N AN 2 B w(rep) W1, 45—l 52 1 SRR S50 5 B2 AR IR DR 3% RO

3 THHEEMNE
3.1 REMELRESIANNAHERE ulm)
311 REHREBHAHERE U (M)
ARV IR S, KPR RAHE 402 mg, k=2, Mu, (m)=0.2/2=0.1 mg.
3.12 MEBEMOTHRERE (M)
PAZSVRSE, P B SR T B AT M BN I AT 2 FEESTA

_R
u,(m) _ \/Hx k
HRPREISFRE 9 IR, n=9, 191k#%E R =03 mg, MEHIEE ESHM, ARS k=297, A X5
u,(m) =0.0337 mg.
P PRI A R SRR B AR 5 LN AN 5

u(m)= \/ul (m)2 +u, (m)2 =+/0.1* +0.0337° =0.106mg

DU HEAH XS R AN 5 P A

0.106
o (m)= 50 <100 =0.106%

3.2 HEmEERRAEERIIANNAmEE u()

THMIERICR N 5 ml BBCE ISR, HAERAHEE —Ba: SRR, IEEE
P SEEG = IR E B = AN .
3.2.1 BRERESIANNAAEE (V)

{EH SmL A BBEBERL &, 1% 1JG196-2006 (i B & 256 @ ALY [0, &k fa % ~+0.025mL.
W B AT EAEE A

0.025
ui(V)=———=0.0144 mL

NE
322 BEEWIHERERIFMNSINGTHEE wu(V)

SEIG = [FIR FEHIAE 25°C, KEEIK 2ECH 2.1x104°C, &% AT=5°C, NEJEZ 5 5]E NMEFRAR LK)
ANH E N
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5%2.1x10% x5

V3

u(V)= =0.0030mL

3.23 BREFRFHIIANRREE u(V)

EEE 10 KA EMDEEMALAKERZZIE, WMWK E, FHRFEBKIRER, AEE
BARTIANE E LT 10 IR AR AER 722 s 2R, us(V)=s=0.020 mL.
PAb =T BE 2 5NN E BN -

u(Vv) =\/u1 (V)Z tu, (V)2 T, (V)2

~/0.01442 +0.0030% +0.020% =0.025mL
FRIRTRR AN 52 A+

0.025

u,V)= x100% =0.5%

3.3 FREIRIRIVTTHEE u(s)

% 763 B bR e s e B AR EY B oG, o Hg BI9KEN 1000mg/L; As. Ba. Cd. Cr. Pb.
Sb. Se « B iKEH 100 mg/L. KHEARAEERIE TS H2 AL AN 2 B FIbR HE VA VRURR RER FH I 25 38 A AR AN 1
SE FE A5 Img/L bl TAE VAR AR AR EANT € wyei(std), S5 1 FTH. LA 1 mg/L Ba bruEya i 1IAH
X B EAN T E BT R

B FARAEVI I 7 0 AR~ 100 mg/L Ba FRifEIER, FHARHETUIE P RAHE BN 1%, HIESY

V]
A B VT2 1T 43 B A AR A %=0.33%0 SRR, 1mg/L TARBMIBCHZ M Iml B
W Im1 A 100ml 52545 1 mg/L brfEdE . FoBEJE I 1 mg/L FRfEVE IR R AR AR AE AN o2 i -

(B imgr=~0.33%2 +0.0404%2 + 0.0577 %2 =0.52%
A, 0.404%9 1 ml HARRREEHN AHHEE, 0.0577%9 100 mlA 75w AR FRAE A2 B

®1 WETERRREETHEE

JLE As Ba cd Cr Hg Pb Sb Se B
FRAEE R TG R IR /mg/L 100 100 100 100 1000 100 100 100 100
FRAEVETOIE 158 AN 8 E /% 1 1 1 1 0.1 1 1 1 1

FRUES R EAR I E /% 033 033 033 033 0.033 033 033 033 033
Img/L FRiE TAE I IRAH X AR i
NS

3.4 FOERZINE SIANMATHERE u(C)

ICP-OES A £ (115 24 5 3y 5 L M $2 MR 2 M /s — SRk UL 6 ELER PR AN B 58 BE VA 22 s H B AR il 2
FRLAE SR EE u(C), 4iRNE 2, HitHEAR:

0.52 0.52 0.52 0.52 0.41 052 052 052 0.52

PR
u(C)zix\/l_,_l_,_m (D
a p n S .
/\q:l:
Z[Ylj _(acsi +b)]2
_ 4= el 5
; mn—2 @
4
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X a—EMITREREE,
p— MBS MERKE, p=2;

m —HRHE T 2 R K
n —— B AEE IR N

e ——LRETTRR U S B AR L
¢, — U RIIBFHERRI T 2R

¢, — LR RIVHE R

Y, —— bR B 2 W
S AR R A

2 TiEh&IEL s BT MER T EESR

3

“4)

TG As Ba cd Cr Hg Pb Sb Se B
R W G R P /mg/L 0.5 20 1.5 1.2 1.8 1.8 1.2 10 1.8
B i A RS BTN

. 0.0037  0.134  0.034 0.028 0.055 0.0113 0.022 004 0014
AN E BE u(C)/%
Pt i 2004 51N AR XS

L (c) 0.74 0.67 227 233 3.06  0.1786  1.83 0.40 0.78
AHERE N 1%

3.5 EENENFRERNAERE u(rep)

R 3 BEAAXS R AR 5 IRE RN ERLR, WEESAT RN, "R M. PRI Ff

Y 7 O & SN | R = 2

RIEENEHRTETENNELSE

e 1 2 3 4 5 SEHIME
Ba FEMHRE X, mg/L 84.7 81.1 85.1 84.3 104 87.8
cd FEMHRE X, mg/L 176 178 177 174 172 175
Cr FESRIREE X, mg/L 199 182 180 188 185 187
Pb e HRE X, mg/L 66.8 62.5 60.1 63.2 60.8 62.7
Sb FESRIREE X, mg/L 88.4 88.0 87.2 87.1 99.7 90.1
B FERHHRE X, mg/L 144 138 142 138 137 140

MEHHE RIES MG, & A KVFE, R WERE, B RM u(rep) tHRERNE 4, HHEA N

X, ——55 | AL
n IR SS R E AR 1E

X

1 L -
u(rep) = \/EX Z_I:(Zi )
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x4 ERNESIENIHER RS

JER Ba cd Cr Pb Sb B
u(rep) 9.17 2.45 7.47 2.62 5.41 3.04
urel(rep)/% 10.44 1.40 3.99 4.18 6.00 2.17

4 ZEig

AT TR IR T8 E Brbrite 8124-3 A€ L WE A EBLEM B P ATE R He R & . lidxf
B0 B AR AN 8 BEBEAT EUASE, AT DR IR S R AN A B AE 51 N AN 72 FEAR XD, A 2R AR 2k
PERTIN & S BN SN E BEROR . BARR UL, Bt I Ze AR 2 R SIN RIAH E BE T DA I 5 e b vV VR G
I ORI EEOR PR AR, X RREAESCIR I RE T, T ZERBCERSHERTRAE, BAORbRAE I ZR RO 2R PERE, AT s>
AN E FERI SO o S — T, R R ARSI A E B AT DUE I VE S — AR S T RE AR X B A
PAT LIARAE IR, > N OB Z00T S0 25 RIS, 5 veh S A0 e ) o) SR AN T SR

SRRYE, IRARTTDC AR T T RS e I AN E AV E TR, R T DR SR 45 R AR I
AR FENE SR E B, S I A M & > B KA 58 BEORIR, IR RIUH LA it PR AN R BE PRI R, AT LB vy
UG A5 RN HARL,  PRUESE I B R AV ERT T (5 L

S 3R
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