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Abstract

This study analyzes and investigates the pretreatment method of cosmetic plastic packaging mate-
rials through microwave digestion. The effects of four different digestion systems on the digestion
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efficiency of plastic packaging materials were compared, and it was found that the nitric acid-hy-
drochloric acid mixed system provided the best digestion results. Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) was used to determine nine metal elements—chromium, cobalt, nickel, se-
lenium, strontium, zirconium, antimony, barium, and thallium—in the plastic packaging materials.
The detection limits for these elements ranged from 0.005 to 0.2 mg/kg, with good linearity and
correlation coefficients all greater than 0.999. Precision tests and spike recovery experiments were
conducted on the plastic packaging materials, with recovery rates of the metal elements ranging
between 94.0% and 106.5%, and relative standard deviations (RSD) between 0.93% and 5.9%. This
method demonstrates good accuracy and precision and is suitable for the determination of the nine
heavy metal elements in cosmetic plastic packaging materials.
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ZHEE 7900 BLHUBRE & 55 B TR ORI, SRR A IR A ] Multiwave 5000 % 2 D) g i
TR ARAL, 2RI A RA R Milli-Q B4R, FEEZIIE AR MS204TS B4
KV, MR - SR 2 OGS (i) AR A A .

2.2. WFISHHE

7 HERAAL SRRV N B T RS, 10 pg/mL, part#: 5188-6564; . B, 4. K
TR HAMATR, 1000 pg/mL, EFREEMEHNRAF L ICP Consumable 26 Multi-Element Std. Pure Plus 45
#Esh, 100 pg/mL, b2 EREHARAERORIRST A IR A A BEARAEIEW, 1000 pg/mL, L2zl Bt bR ik
HARMBZFHRAF]: HERUTESE 65%), R, EAERMHAFIARAR: HERUTE T 36%),
R, WLDEE TR R AR WS LA (PR 7% 30%), UHRLE, REL R A RA T .

2.3. 5k

23.1. (UBTESH
FH VRO A A S T FE b, S RS . S ST R SR brik B ER
BT 1550 w
HEETAESMUE: 14 L/min
FAASEIMIE: 5 mL/min
KFERE: 5 mm
FWEIRE: 4C
RFEHE S BUIHESR B . Bk
e il e AR 2

2.3.2. HMABETRE

AR S R AR PR IR, BYAREY 0.5 em TEURE A ERRFREL 0.25 g (RE#E 0.0001 g)ilFE T
RV OB FE, M 6 mL 58, 2 mL W2, BEJGT7 b VH AR GE o5 B T e 8 A0 HEAT ST
filt, MAEFREF W 1.

Table 1. Microwave digestion steps

F 1. HURHR LR

IR I E(C) FHIELI ] (min) PRAFIN [ (min)
1 120 5 5
2 160 8 5
3 200 10 30

HEREF ARG, WA R ERE MRS 2 25 mL e, FABAUKt el g Sur, &Fsk
B, HHEAKERZZIE, %M. RN 3SR 0.45 pm P8BS IEAIR, AL
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2.3.3. A RECH

VR b HE VAV 4D TC it MEE 1 #% X ICP Consumable 26 Multi-Element Std. Pure Plus A5 (100 pg/mL)ImL
2 10mL HEHH 5% RSB A BRI, WH sk, #2886 2. . 91, 48 10.0pug/mL
FIRRAERE W . FEBARERS SO R BERL 5, 10, 20, 50, 100 pg/L HIbRHE R A AR .

YT A% BB FR UHEVATR(1000 pg/mL) 1 mL % 100 mL A&, I 5% MRS E R EZIEL, it
HI% 10.0 pg/mL FIFRAERE 0. TR hRUERE % BOR LR R 10, 50, 100, 200, 500 pg/L HIkR#E R 5L
VRV

FEH RS . B B8, BRELICESFIEW(1000 pg/mL) % 1.0 & 100 mL F&EHF, EAEHIK 10.0 pg/mL
(I BR At 2, TR A AR i & VR R &2 50 pg/Le

WAR TG RIE R QR EFR B SR c R L. BB . AR & ERIKE LA
FFAERITCRAE AR, DR IEAEE S IR AN . BT N ?Ge FH TAZIE 2Cr, ¥Co, *Ni;
4SSc ﬂaﬂ:ﬁzﬂz 7886, SXSI‘, 9021.; 103Rh ﬂaﬂ:ﬁzﬂz IZISb, 137Ba; ISSRe ﬂaﬂ:ﬁiﬂz 205'1“10 FﬁiﬁW*ﬁ:ﬁ%‘fE{]%f@
P EME S X R A BT UL IE R 4GF,  REAR RORME 2 B id F2 v 45 5 030

3. ERESH
3.1. SHBEATE

SHB A RAIERE

T I AR T A SR A IR . AL ERER . ERIREE NG, TSI IR &2
B BRI . BREMIEA—F T REY, BA RIFMREN, KA — IR
FRAR R DUB O AR e 4. ASCEIT HL B 6 mL AR 7 mL AR, 6 mL ASAR +2 mL XUE/K. 6 mL iR
+2mL 2hTR 4 P AR A Z At T SR ELM BT AR SR AT IR AL, BATRE T 6 mL AR +2 mL 2RFRT
HRA R AL, AR NBREM AT B A R SR 2.

Table 2. Effects of digestion system
= 2. HBRIE RS0

HRAE R THERR
6 mL &R THIEAMIR, A BRI
7 mL 4R TR, VA
6 mL 58 +2 mL XUEK TEREAIR, AV
6 mL 5B +2 mL R THRMIR, WIETH

3.2. FH5HERE

ICP-MS € [T P8 5 Z 70 N i T PRI AA RN RS o — Bl i LA A A S 5. T IREIE T FE 5
TR LA BRORCHR 2 BB T4 0 T MO8 7 AR B, 3 2 RN AR IR BN R IR AT R IE . A
IR .« B BE. BRAE DA RR TT R SRR T
3.3. AR RS ARERRZ

{218 2.3.3 THATE ) R SR HE TR, 2 IRBUE i AR 26 AT I E « BA& TSR IR I (ng/L) A5
JE(CPS) AR AR 2 bR E 2k o [RIIN XS B JC RN ML 2 VR LI E 11 9k, A= fbmvbefin 72 (1R
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NRLHER, 3 AR, ARTEES RS B B AL B
BICRMFKREII KT 0.999, K HIBRLE 0.005~0.2 mg/kg 2 [A], BEWsHi 2 H % 0 H .

ENE NN

FE O MiT R B RIFIILME KRR,

Table 3. Linear equations, correlation coefficients, and detection limits for 9 metal elements

FIIOMERTENLMSIE. EXRBAKELIR

VIVEN J A Ltk E MR K PR /(mg-kg ™)
% 52 Y =2.617%10"'X + 1.181*107"! 0.9994 0.05
i 59 Y =5.186*10"'X + 1.904*102 0.9994 0.05
" 60 Y =1.507*107'X + 1.526*107"! 0.9995 0.05
] 78 Y =8.179%107X + 1.248*10™* 0.9997 0.05
& 88 Y =6.817%102X +3.002*10°3 0.9996 0.05
i 90 Y =1.885%107'X + 1.381%1072 1.0000 0.20
B 121 Y =1.070*10°X + 6.889 0.9999 0.05
@Fl 137 Y =9.351%107X +2.415%107* 0.9998 0.15
e 205 Y =6.531%1072X +3.276*10* 0.9998 0.005

34. FEREE, EE

N T SR DT VR I HERATEAORS B T, BRI SRR it A A ERASOIMAR RIS S5 o 42 2.3.2 S5 XS FE i HEAT
AEER, BEATNUCTATINGE o 1 EA N AR UER 22(RSD), SRIGLE R NE 4. K& R0 K IR AR AE
94.0%~106.5%2 18], HFHXHr#ER Z5(RSD) 0.93%~5.9%2 7]« 15t B 1% 7 V260 e S BB RV A i 9 ot &K 1K)
SENEEWRIELG, WEE.

Table 4. Method recovery and precision (n = 6)

% 4. 5 EEBEAEERE (n = 6)

JLER 7€ (A /(mg'kg™) IR/ (mg-kg™) 1 2R /% RSD/(%, n = 6)

0.5 97.1 1.3

£%(Cr) 0.20 2 101.8 1.2
5 100.4 1.4

0.5 94.0 2.7

£i(Co) — 2 105 1.2
5 100.8 0.94

0.5 104.0 3.4

HA(Ni) 0.25 2 103.1 2.8
5 102.3 1.6
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0.5 104 2.6

fifi(Se) — 2 101.5 1.9
5 101.8 1.6

0.5 104.5 4.9

H(Sr) 0.16 2 103.2 2.6
5 100.6 2.7

2 106.5 4.7

5 (Zr) — 5 103.4 3.7
10 100.3 1.4

0.5 95.0 3.9

(Sb) 1.31 2 104.5 2.5
5 103.5 1.0

0.5 105.3 5.9

Hl(Ba) 1.02 2 101.7 4.4
5 102.0 2.8

0.5 102.0 2.6

BE(TD) — 2 101.5 1.2
5 101.4 0.93

M S AR

3.5. SCBREEmRE

N IR TS 7 #A R A 9 BT R S RIS bT, SEIREE IR LR 5. 7 #URFERE
BAnR: ARG 2#0E BRI, 3#iE B RIGE; 4R, SR EERE; o#4l (R

THIL A IR

Table 5. Sample analysis results

5. HmohEaR

B
= FEm 18/ R 24/ B 34/ FE T 44/ B SH/ FE T 6#/ R 7H
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
B (Cr) 0.20 0.11 0.40 0.21 0.20 0.31 0.64
%(Co) — 0.23 — — — — —
BEL(NI) 0.25 6.95 2.37 3.76 4.24 1.85 0.93
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fifi(Se) — — — — — — —
£8(Sr) 0.16 0.28 — — 0.25 2.39 2.14
#h(Zr) — — — — 2.16 3.77 1.59
£h(Sb) 1.31 — 8.37 9.65 46.38 55.29 3.51
H(Ba) 1.02 — 0.36 1.57 4.04 1.34 0.73
BE(TD) — — — — — — —

T =7 FoRARK.

S50 7 HERFE AL R 25 R BoR, 7 R AR R R Al . BT R BT ERANAE 2#FF
A, WESRN 023 mg/kg: . WS EEAC B o#. T#HEMEITTER SR8 2.39 mg/kg. 2.14
mg/kg, HARFEMNESERIIN 0.11~0.64 mg/kg 2 [0]; EioRME, #4#Em AR e TR, HRFEMS
YITE 1.59~2.77 mg/kg 2 [0]; Bhoomille, Br 2#FEM AR, HRFEMNES R ARE, S#. o#FE g
BTN 46.38 mg/kg. 55.29 mg/kg; FHAKE SN E 45 BAE 1.31~9.65 mg/kg 2 [0]; PUCEME, B 2#FE
WK, 3#. THEES SR 0.36 me/kg. 0.73 mglkg, HARERIESE R ARL, S S RAE
1.02~4.04 mg/kg 2 [8]; BRICEME, BRFES 1#. THREMEZE 95008 0.25 mg/kg. 0.93 mg/kg 7b, HAFE
fnil 5 45 SN 1.85 mg/kg~6.95 mg/kg ],
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