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Abstract

A method was established for determining the migration of nine elements (chromium, cobalt,
nickel, selenium, strontium, zirconium, antimony, barium, and thallium) in cosmetic packaging
materials using inductively coupled plasma mass spectrometry (ICP-MS). Migration tests were
conducted using 4% acetic acid, 10% ethanol, and 90% ethanol as cosmetic simulants. Different
pretreatment methods were applied based on the simulant matrix, and instrument parameters
and experimental conditions were optimized. The content of the nine elements in the simulants
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was then determined by ICP-MS. All elements showed good linear relationships within their re-
spective concentration ranges, with correlation coefficients greater than 0.998. The method de-
tection limits for the 4% acetic acid simulant ranged from 0.1 to 2.0 pg/L, with average spiked
recoveries of 94.6%~107.8% and relative standard deviations (RSDs) of 0.95%~4.07%. For the
ethanol-based simulants, the method detection limits ranged from 0.1 to 2.0 pg/kg, with average
spiked recoveries of 92.3%~104.8% and RSDs of 0.92%~3.95%. The method demonstrated good
accuracy and precision and is suitable for detecting the migration of these nine heavy metal ele-
ments in cosmetic packaging materials.
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2. MMERHE
2.1. U5 E

NexION2000G B4 H BHE A4 B FAR SN, SR EHEER/RERA T Milli-Q BUEB Ak, EEZEHH
ovdl; MS204TS BHLF T RV, MERFEh - $ER 2038 (Hi AR A A . EAERSRT 6, Lk
FARIG A RAT]; BEEEE A, | ARG IR A A .

2.2. WFISHHE

TR (T 2= 40 65%), ugial, EZEIMLRAGRAR: Zo0RbaMERR, 100 pg/mL, Lg%
WHHE R MR R RS A IR AT bR, 1000 pg/mL, b 2208 3 AR R R IR S A IR AT 44
B B8 BROTER BARIET, 1000 pg/mL, EZKE ARG AR I, 1ug/L, PE#: N8145051;
KO, mirdh, o REL T RAFAERAR: TKOEE, Hid, ZRfFafRnaRAq.

ot i AR 10 £ o ERBICE 2 . AW L AF. JERAE 2 1. BORHRE 3 1. BRUIE 2 1F,
.

2.3. SEWGE

2.3.1. R
IEPE = MBI (SRR S B PR KPS )X AN R R AL At B A R AT R . BRI
I IZ IR | R 25, BHTIR 3 321 7 20 R AR BRORE N A i A vh, YR 5 AR 10 mm.

Table 1. Migration conditions

* 1. EBEH

TRHHBE A ALt il 25 1 Aot S AR TR SR/ C JE RIS A]/d
FIRFE b 4% 2.1 60 10
M‘ﬂn”gf;‘ 2 e 10% 2. 60 10
FIK= 90% Z. % 60 10

4% L RIS, BUH 5 B HeE4T ICP-MS &3]

10% L BEREAR . 90% L FER, B/ NFEUERICER 10 ¢ T=ME, B T InHuR BB
RENT, HILH S%EIRERSE 10 mL, LA
2.3.2. {UBEHE

FHUR VA R VE A X 73 B S A BEATARAL, £ Be TR THEIRIE > 4500, In TR TFERE > 80,000
U JCHRIEEE > 60,0005 B 5 iHB0EE <4; EAE(CeO + Ce) <2.5%; X HLM{H(Cet++ Ce) < 3.0%.
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Table 2. Instrument operating parameters
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1600 W
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2.3.3. FRAEHIZRAYLRFI
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Table 3. Mixed element standard series solutions

3. RATRITERIIFR

PR RTIHRPE/(ug/L)

TLER AR JREH

R 1 52 53 A5 4 EYIE #56
& (Cr) 52 0 1 5 10 50 100
£f(Co) 59 0 1 5 10 50 100
H(NH) 60 0 1 5 10 50 100
fiti(Se) 78 0 1 5 10 50 100
Ha(Sr) 88 0 1 5 10 50 100
iE(Zr) 90 0 10 50 100 200 500
B(Sb) 121 0 1 10 50 100
N (Ba) 137 0 1 5 10 50 100
BE(TI) 205 0 1 5 10 50 100

WRIEA A AN B S% IR, 4% LBRECHI A R4 R Kb h 2k TARA L Tt

K] ICP-MS 34T 5E .

23.4. EBIRE

4% CTRFE AN P e S L (D)5

X=C-C, (1)
A X——At AR P TR S &, ug/L;
C—— M AR TR AR e R I IR SE, ug/Ls
Co——=5 MR H A JC R IR E, ug/Lo
LI TR e R & ' Q)T H .
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C—— el A B P A DI T R A B R L . ug/Ls
Co——F AR A I T R TR, ug/Ls
V——ACH R E AR, mLs
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3. BRE5 4

3.1. FRfERMZR. HEXRBRETHIR

MERS . B B il B8 5. 86, Al

(C—Cy)xV

2

FER) R VIR DI VBOIR B R AL bR, DUAR N 5 2

NYPAR, ZefIbrERTZe. 9 FOTRIES B FIZMETE BN Lt RIF, MRRBOTRT 0.998, % FikT5ik
%62 VR TAT IR 11, T BRI RRAE M ZZ ) 3 (A SRR AR, RIS PR o DI A A [
RAKIIR, LR R ARARES IR ILE 4; 4% LBRIEFRENMTTTE . MR RE S H IR

2% 5.

Table 4. Linear equations, correlation coefficients, and detection limits for 9 elements in ethanol matrix

T4 CEEERMITRLEMGIE, HXREFELR

EER) TR
1 £%(Cr)
2 £k(Co)
3 R (Ni)
4 ffi(Se)
5 H3(Sr)
6 B (Zr)
7 £h(Sb)
8 Hl(Ba)
9 BE(T1)

SRRV g
Y =0.002X +0.000
Y =0.004X +0.000
Y =0.001X +0.000

Y =4.28226X-6 + 0.000

Y =0.001X +0.000
Y =0.002X + 0.000
Y =0.001X + 0.000
Y =0.003X +0.000
Y =0.009X +0.000

PSS

0.99998
0.99999
0.99997
0.99922
0.99999
0.99999
0.99998
0.99999
0.99999

for H R fug/kg

0.5
0.1
0.5
0.5
0.5
2.0
0.1
2.0
0.5

Table 5. Linear equations, correlation coefficients, and detection limits for 9 elements in acetic acid matrix

TS5 CERER O M RLMGIE, HXRAEFRLR

TS TLE 2 cEINEy I REL o R /ug L
1 & (Cr) Y =0.005X + 0.000 0.99999 0.5
2 #i(Co) Y =0.010X + 0.000 0.99998 0.1
3 H(N) Y =0.003X + 0.000 0.99996 0.5
4 fifi(Se) Y =9.19651X-6 + 0.000 0.99985 0.5
5 £H(Sr) Y =0.002X + 0.000 0.99998 0.5
6 #E(2Zr) Y =0.004X + 0.000 0.99900 2.0
7 £ (Sb) Y =0.002X + 0.000 0.99999 0.1
8 Hl(Ba) Y =0.005X +0.000 0.99993 2.0
9 FE(TI) Y =0.019X + 0.000 0.99999 0.5
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3.2. BEBEE. EE

N T RAIEZITERINE & FEANRER I, 722 ARE B rh A es . B, B Al B Bh. L. FEARiE
TEWOE S 20 ug/L, BEARAERTR 50 ug/L, ~PATHERE 6 U T 9 FoT s Inbnil g #-F S nx [ml i .
IR AR I 6.

Table 6. Relative standard deviation and recovery rate of each element

6. FILRENIRERE KB R
CEEREFAIXbRHE  CREEEFUTIIENL 2RI bR CERIESTCT Rl

pi=R=! T

S o {2 RSD/% /% RSD/% /%
1 £%(Cr) 1.33 95.7 0.95 95.1
2 £4(Co) 2.11 94.5 1.37 98.4
3 HL(Ni) 1.76 953 0.84 101.7
4 fifi(Se) 3.94 103.5 4.03 103.5
5 £8(Sr) 1.73 98.6 1.59 94.6
6 #E(Zr) 3.95 92.3 3.14 107.6
7 £(Sb) 2.53 103.9 3.67 102.7
8 #1(Ba) 2.20 104.8 4.07 107.8
9 FE(TI) 0.92 100.2 1.08 98.3

3.3. LhREFEMTEENR
N IR EST 10 #ERAL M S AM 2 B BT SR 75 i (4% L FR) B IR (10% L) &K=
(90% BRI RS 5286, X AL J5 AU 3E4T ICP-MS ALK . A s W2 7.

Table 7. Analysis of actual sample testing data
= 7. EPRERENEBEE SR

10%Z. Bl 10% 20/ A% ZIRHHE A% 90%ZEERHUE  90% LB/

TLER

/(ug/kg) ottt /(ug/L) Htkik (ug/kg) Kottt
#(Cr) — 0/10 2.34~5.39 4/10 — 0/10
£4(Co) — 0/10 — 0/10 — 0/10
HR(NI) 1.64~2.58 3/10 10.23~57.81 7/10 — 0/10
fifi(Se) — 0/10 — 0/10 — 0/10
£8(Sr) — 0/10 — 0/10 — 0/10
B (Zr) — 0/10 — 0/10 — 0/10
5(Sb) 2.39~3.17 4/10 6.11~34.93 6/10 — 0/10
#(Ba) 2.34~2.62 3/10 4.64~78.72 10/10 — 0/10
BE(TI) — 0/10 — 0/10 — 0/10

T =7 FoRARK.

30T SR U R B BT TR, At i B A R T B e R XU 5 N R R R AR K
£ 4% LRI T RIE R oN B2, BT MBI K iR oy it HIR FERL R K T K s B AR AR R 2%

DOI: 10.12677/aac.2026.162016 145 TR


https://doi.org/10.12677/aac.2026.162016

A &

R ARl . 7 10% SRR, R B I=FoTER A ReER T . TAE 90% LRFRERLIR ., Fir
AICRHARK . RIGEE RR I SRR A o B 58 DA% B B2 At A, b B 5 AU UG
NG, A& SR A TN R P DL .

4. &iL511ie

TS A AT R SR ICP-MS FISEAHLAL, 2257 T il ICP-MS HORPREAT ALt
a9 M IETCERIER M T ik . FEA R BRI 9 Fh ) o s A B I ZRPEARSCIE . I XA
AT R AEAUINbR LS, S5 RRWIZI ARAE R i HERTELE . RS R, AW FUIR HE AR I AR
PE VAl A i SR R BB O BOE R AT NSRRI A KR, RN = eV R I 1A BRI T

ELmEB
WL B A 4 A R A =) 3 2B I H (RD2504)
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