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W OE: BRY a7 BB S S R A R AR PR i SR R T k. AR R
S RATAEIER N 3 mL M BR-2 mL A BB VE N IH AR IR, FIUR TH A i T A 1T 2= 2R 1 0.07 mol/L #h R K
A% ZIRAN T HEW 3 P, £ 40 °CIRIEIRY 24 h 5, BIWAErL i, F B & 5 5 1R ik kot
TR R ARSI ELE 0~100 pg/L 57 i ik BE O Bl A GF 4k, FHOCRE(r)2h 1.0000, # B
4 0.0009 mg/kg, EEFEHA 0.0029 mg/ke, MFREIEN 95.5%~102.2%, HIXFHRHE(ZE (relative standard
deviations, RSDs)>4 0.92%~2.25% 7 0.07 mol/L 3L BRI WK 4% L B2V RN N T MW A4, SR TE 0~100 pg/L
SO B T [ A IR, ABC R BU(NIIR T 0.9995, A R4 512k 0.0002., 0.0012 F1 0.0024 mg/kg, & &
FR>4 0.0006. 0.0036 1 0.0077 mg/kg, NNAFREIERA 92.3%~101.8%, RSD A 1.03%~2.67%. 22 LR A&
I E 45 AL R H~9.76 mg/kg, Kl &N 81.8%, 4% ZFRIEWITH . 0.07 mol/L $hARVA A TMER 3 Fli
L5 By B AR H1~0.0767 mg/kg. RAHi~0.1061 mg/kg FAAE H~0.0270 mg/kg, #HZ351H 22.7%.
45.5%F1 9.1%., L& ZIRERIERE . RBUE S . MERITELE, BT RERRRE AP AR A AT A A
KRB BRI S S B IR BRI B S a IR

Determination of content and migration of silver in silver-loaded silicone
rubber products by inductively coupled plasma mass spectrometry

XIE Jing-Qian’, LI Jin-Cai, CHEN Xiao-Yan, LI Sheng, CHEN Yong-Cheng
(Shenzhen Academy of Metrology and Quality Inspection, Shenzhen 518055, China)

ABSTRACT: Objective To establish an analytical method for the determination of content and migration of silver
in silver-loaded silicone rubber products by inductively coupled plasma mass spectrometry. Methods The 3 mL

nitric acid and 2 mL hydrofluoric acid were used as digestion acid for pretreatment of silver content, which were
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digested by microwave digestion method. The migration was simulated with 0.07 mol/L hydrochloric acid solution,
4% acetic acid and artificial saliva. After shaking at 40 °C for 24 h, the immersion solution was filtered, and the
quantitative analysis was performed by inductively coupled plasma mass spectrometry. Results The silver content
had good linearity in the mass concentration range of 0—100 pg/L, the correlation coefficient (r) was 1.0000, the limit
of detection was 0.0009 mg/kg, the limit of quantitation was 0.0029 mg/kg, and the recovery rates were
95.5%-102.2%. The relative standard deviations (RSDs) were 0.92%-2.25%. In 0.07 mol/L hydrochloric acid
solution, 4% acetic acid solution and artificial saliva mimics, silver had good linearity in the mass concentration
range of 0-100 pg/L, and the correlation coefficients (r) were greater than 0.9995. The limits of detection were
0.0002, 0.0012 and 0.0024 mg/kg, respectively. The limits of quantitation were 0.0006, 0.0036 and 0.0077 mg/kg, the
recoveries were 92.3%—101.8%, and the RSD was 1.03%-2.67%. The total silver content of 22 samples was not
detected to 9.76 mg/kg, and the detection rate was 81.8%. The migration results of 4% acetic acid solution, 0.07 mol/L
hydrochloric acid solution and artificial saliva were not detected to 0.0767 mg/kg, not detected to 0.1061 mg/kg and
not detected to 0.0270 mg/kg, respectively, and the detection rates were 22.7%, 45.5% and 9.1%, respectively.
Conclusion This method is convenient, sensitive, accreted and is suitable for quantitative analysis of total content
and migration of silver in silicone rubber.
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Table 1 Opeating parameters of microwave digestion

instrument
i THRM i TR R
/°C /min
1 5 150 5
2 5 170 5
3 10 180 15

1.22 EHRBATAE

FARREAR A A A E RS IR 7L GB 28482—2012,
B U S B —k, HAR AR 5L B A2 4 mmx6 mm
KR, 16 40 CHMFT, WHl & mke AR 1 g, FINAE
b TR Y 50 FERCHIY), BHIIERE 0.07 mol/L hFRVA TR .
A% TR . N THEWR, FFESCE 40 °ClEERIRG KB
By IR 24 ho FHUENDR B ES, PRAMIA, R
il A A VAT
123 MELH

&S B, WEN 15 L/ming BHA: &S,
P 0.90 L/min; 5565: @R, WK 0.85 L/min; Hf
Fsh&: 1550 W; Bk &S, RN 0.30 Limin;
FEMCRE: 8.0 mm; HERLSAL: AR, WEN 4.30 mL/min;
IESh %3 : 6 r/min,
1.2.4  AR/fEZER 6 B

(UYh v A ] V8 A i 1

Ag ARERE A AW10.0 mg/L): 4 BIVERR IR Ag Frife
W1 mL, F 2% MRVEWUE 4 % 100 mL, T 4 °CrKAH
1RAF

Ag FRHEF ISR (100 pg/L): 45 1.00 mL Ag b7
TERS S VAT(10.0 mg/L) T 100 mL 240, F 2%l me s
WES, 155 Ag brdErh IFEW, T 4 “CUKFIRAE

Q)FRiE TR

A3 MR E 2.00, 1.00, 0.50, 0.30. 0.10 mL Ag ¥RifE
BRI (10.0 pg/mL) T 100 mL ZEH S, FH 2%
. 0.07 mol/L FIRIFM . 4% L RIFW . NTIERERE
ZUEE: 4y 5IEE 5.00 mL., 1.00 mL Ag i & (100
ug/L)F 100 mL ZEA, F 2%MEBRIAR . 0.07 mol/L £
TRV . A% BV . N TMEVR B B0, 1S5 Rk
BEJ 1. 5, 10, 30, 50, 100, 200 pg/L Ag bRk TAEW -

GYNIRE

WZHC 1.00 mL KA In AR ER T 100 mL 250,
FH 2% ERIAWESS, 183 10.0 mg/L In NERIER; WHL

10.0 mL In AR T 100 mL AR, F 2% BRIE TR
ELE, 153 1.00 mg/L In NARE W .
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ARV EE R EAT I R L1 Ah, S5 2RI 20 NES AR,
S mL WY ERTEAIR] 3 FHELRE T, FEAN RIS 4, Ag H4h
RIPIAKT H, BB RIR IR RIS T REAR S T A . 3 mL
filifiR-2 mL SRR TR RAE 3 AR, TR ST 7
A5E4, Ag BILE AR, HH 3 mL iR-2 mL SRR i i
#, £ 3 NMEETHAEWM, MELREAN L, At
WA A 3 mL ASR-2 mL U T i, (5 P A T
JEh 180 °C, AT 3k FRE G (174 R RICR

#2 TELEMERFRE THURERIER

Table 2 Microwave digestion situation under different digestion
acids and temperature

TR FR T EE/°C TH 1 100 Ag &8 /(mg/kg)
180 KIHFES
TR 220 RIH A TE 4
240 E Sl S

180  FRAFEIEMEATE S 2.25
TR - UK 220 FROEE S THAEANTE 4 2.62
240  EOFEMIHMAA T 4 2.84

180 R 5 58 2 TH AR 5.15
il R- 2 220 5 58 A TH A 5.14
240 5 58 A TH A 5.17

W SR TCII, 2% 5~6 [,

2.2 FBIRIEFARYERE
ARG RERR I WS | L WIWE S A2 dh, 3
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R, S R SR R T R A 1 S TR A% RN T MR £ A, Ag 7E 0~100 pg/L

R A 5 FH 2 PR AR S A S0, A7 B SRR X AR 7™
AR RS0 S5 DL 36 3. BB 4% LR 0.07 mol/L 41
TRV, 25 R SE IR b 0 R e 250 Pl B8 EL B2 A WS, R 3
PN T HER . A3 4 FT%I1, Ag £ 0.07 mol/L LRV (1
LR MEMISC R BN 0.9999, FHEhERS Ag AN &, 0.07 mol/L
ERRRVS T AT VE B ) o X TR A IR A R A )
PR IR TG 25 {3 R ) 40 °CIERS 24 h KT .
23 FHYHER

P SRR £ 55 B IR R A RO . R BRI
LA S0, (H R AR LE BT TR BT 48 . 5
ETHEEANBEMAEF T, ZRFEFTHRMEAME
THEE S TIEBR RS T, S R AR S8
WETHKRIE TR, FHAEERE . HiRoE Ag
FRE BRI EA 'TAg fl 'PAg, 'Ag BIRBUE L
"Ag i, TAg BN HARICE R SR B TR &
JE BT, A, i AR AR, T
9 4.3 mL/min, AJARWBERZEFEFRIEN. 9T
PEEZ R R YRR T 22 F g R, gl . RiEk
71, B, SEGEARCE . B IREE SRR,
TH BRI ELT 0 AT R A AR, B R0 [ 57 282 A
IEMINPRTCE SRR —RIEARE SRS, @RI R
IR T RFIC R, 4t PIn R NFR TR
24 ZMSEEISEER

FANER TAESAT, X Ag U ZEARE TAEE I T,
PLICE T MR B R B AR AR (X, pg/L), FEdh H ARG 0
S E P AEFR(Y), LhIbREnLR, L R AIAH ¢
R MAE 2%MERRIAR . 0.07 mol/L thIRIEW . 4% TR
VYRR T M3 A () 28 U RR S lEA T 1L R E, AR
FRFIE R . 7 Ag SEtillE H, Ag 7E 0~100 pg/L J5i ik
JEE S BBl AT P e b, A SE R B 1.0000, KBRS
0.0009 mg/kg, ERFRA 0.0029 mg/kg. 7 0.07 mol/L Hr ik

WRPBESE BN AT 4Pk, MR BN KT 0.9995, Kk
FRZ3411 0.0002, 0.0012 F110.0024 mg/kg, EHFRHN 0.0006.
0.0036 #i1 0.0077 mg/kg(F 4). VEHIZ LM R RiT.
25 ERERSHEEE

ST ANEERE LORRERRIAE B, F8INE J5 00 A S AR
S, FEUEATIMARREE, bR RIS 3 Bk EE KO 1) Ag bR
WEETR, B ACEEATIE 6 Wk, THESE bR E ik
SN <& {5 10 AH X A5 UE i 22 (relative  standard deviation,
RSD), Z5HRILFR 5. BHIZ B0 LT

W06 AR R Ag BRI AR B gk R R
95.5%~102.2%, RSDs 4 0.92%~2.25%, Ag TE 4% TRVE W
0.07 mol/L BRI A T ME 3 FhIEIA YR58 b
[E] %k 92.3%~101.8%, RSDs 4 1.03%~2.67%.
2.6 SERREEmRAGTY

ERIEE SA IR Ag PUR s AR 1
THEAGBEARE A 3 22 A~ ARSI 1 e v A W) AR 4D 323
R PV ST 1) PELERA 5 55 B8 R BTG DN i, T 25 SR A
6 LR ER, SEPRREEL R, Ag B BRI 4 S ATE B oA
KA ih~9.76 mg/kg, #r 3N 81.8%, Ag ZHRLK T 1 mg/kg
HIRE SN ( 54.5%. FHILATHN, ZEEME Ag R ITRS
WARTF, B 455% MR T Ag Bk Ag SR IRIE, fArE—
FEMILARFTIF IS . 4% BRI . 0.07 mol/L RV
AN TMER 3 P45 R 3 A4 HH~0.0767 mg/kg. K
K H1~0.1061 mg/kg FIAA H~0.0270 mg/kg, K HiZ43 5
4 22.7% . 45.5%81 9.1% . WAL Ag B EEE R
F, 3 ALY 0.07 mol/L FhEAVE T >4% L R > N T
Wo ARBATEMRABE MR B LM, R, &
BIJEAR pH Z50F 25 3 s 48 6 P AR s R v th B i
3 AT RY pH, 0.07 mol/L EhERVE IR 1.21<4% L R
TRREY 2.45< N TMER Y 6.83, B T R AT RE &
HRREA K.

#3 EBRESRIHKIERY

Table 3 Migration test conditions for silicone rubber products

X4 e B TRIRECC TR A/ P/
£ b ik P R AR B ) HBiE A% 2R 40 24 GB 4806.16—2025
ikl PEIT R A% R 40 24 GB 4806.2—2015
S Ul FETTRETIB R 0.07 mol/L £hERV 37 2 GB 28482—2012

R4 Ag ERRBFHLEMEETHIE, XA BURMESR

Table 4 Regression equations, correlation coefficients, limits of detection and limits of quantitation of Ag in different matrix

it H etk etk 1 )y fE LYEE/(ng/L)  HERE@) Bl R/(ngke) ERR/(mg/kg)
Ag Bt 2% R Vi T Y=27772.51X+7.78 0~100 1.0000 0.0009 0.0029
0.07 mol/L L FRIA I Y=25248.93X+52.23 0~100 0.9999 0.0002 0.0006
Ag iTF i A% LRI Y=34417.51X+63.34 0~100 0.9999 0.0012 0.0036
N TR Y=20495.39%+1250.11 0~100 0.9997 0.0024 0.0077
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Fz5 AMIERF Ag BEULZEFD RSDs (n=6)
Table 5 Recoveries and RSDs of Ag in 4 kinds of simulations (n=6)
SR TH T (me/ke) I % RSDs/%
Z b W {E
5.000 10.232 102.2 225
2% R VA W 5.12 20.000 25.086 99.8 1.50
200.000 196.081 95.5 0.92
0.125 0.139 101.8 1.12
A% LRI 0.0118 1.000 1.003 99.1 1.13
10.000 9.904 98.9 2.67
0.125 0.133 94.6 1.26
0.07 mol/L R RV 1 0.0148 1.000 0.938 92.3 2.08
10.000 9.802 97.9 1.03
0.100 0.099 99.0 2.50
N THER - 1.000 0.996 99.6 1.99
10.000 9.820 98.2 2.43
#6 LR A RERITIBENELER
Table 6 Determination results of Ag content and migration in actual samples
Ag/(mg/kg)
G 311 FEGh 24 FK Sk A% 0.07 mol/L EhFRVE WL TR
THE THE THE
1# g 7.0cm 49K Ag T F i 0.84 - - -
24 g YK Ag Bt ) LRER s - - - -
3# W YK Ag AR L W - - - -
4t W YK Ag BEISWIIHIG W 3.11 - 0.0046 -
5# Ll YK Ag REBCYYR DM 1.72 - - -
6# s ERERCANK Ag LIS 1.55 - 0.0011 -
TH# W Yk Ag 1o 0.85 - - -
8 g K Ag 2RI AING 0.48 - - -
9 s IOk Ag 5.41 0.0114 0.0188 -
10# s YK Ag W% 0.02 - - -
11# W YK Ag TE AR 5.15 0.0051 0.0066 -
12# g YRS ILHSK Ag W 4.58 - 0.0029 -
13# Ll YK Ag F=IRYE 5.71 - 0.0026 -
14# s TEAYIMEANK Ag 9.76 0.0767 0.1061 0.0270
15# LA B LL AR - - - -
16# GAL 9K Ag LARYIWE - - - -
174 T BLZIRGIWEIK Ag 3.56 - 0.0015 -
18# LA R B LIRS oF e 0.12 - - -
19# L BILF K Ag TF I 5.12 0.0118 0.0148 -
20# T L)L W B 28 Wi 2.42 - - -
21# T BILA RSB 9K Ag /INRE 0.01 - - -
22# LY K Ag RERIE 8.12 0.0615 0.0972 0.0236
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FH1TE

ARG SR PRI T i 0k 2 G W B B S TR R
TR AT f AT, BT T B REAR I & Ag B
N Ag B E KN % % A 0~100 pg/L iRk
PN B R AR 2k, FHE RE(NIIRTF 0.9995,
Ag Bk BRI E 5 BE 4 B0 0.0009 mg/kg Al
0.0029 mg/kg, fnbrEIREN 95.5%~102.2%, RSDs
0.92%~2.25%. T 3 FEFBA4(0.07 mol/L FhFRIE K
% ZBRIEW . NTIER)T, Ag TR AR HBR 45104
0.0002, 0.0012, 0.0024 mg/kg, EREBRS5M 0.0006 .
0.0036. 0.0077 mg/kg, AR EIEN 92.3%~101.8%, RSDs
A 1.03%~2.67%. 22 PSEBREE SR I 25 R BoR, Ag BE
T A 45 AR R AR 1~9.76 mg/kg Z[a], ¥ 3K 81.8%, 3
R T BB 45 2R 43 ) S A A 15 ~0.0767 mg/kg . ARA il
~0.1061 mg/kg FIARHK H~0.0270 mg/kg, ¥ H R4 5]k
22.7%. 45.5%F0 9.1%. T FARAERME . P, Bas R47
B R . MERATE, [ISCRAE SR RAF, SrkyaEmE R
PRI AT RETH R AR T Ag BRI Ag R YA ESR
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