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Determination assay of 11 inorganic elements inchloridized butyl rubber
stopper by ICP-MS

LI Haiyan, PAN Chao, YUE Hongshui, JU Aichun
Tianjin Tasly Pride Pharmaceutical Co., Ltd., Tianjin 300410, China

Abstract: Objective To determine the extractable inorganic elements of chloridized butyl rubber stopper under five different
extraction conditions and to evaluate the risk of drug safety by the amount of migration. Methods The extraction solution of
chloridized butyl rubber stopper in water, 15% ethanol, 0.9% sodium chloride, pH 3.5 phosphate buffer solution, pH 8.0 phosphate
buffer solution, respectively, inductively coupled plasma emission spectrometry-mass spectrometry (ICP-MS) was used to detect the
assay of Mg, Al, Si, S, Ca, Ti, Fe, Zn, As, Cd, Sb. Results Establish the standard curves of 11 elements, the linear of each element
was good (R>0.99), the detection limit and quantitative limit of each element in five extraction solutions met the detected
requirement, the result of 11 elements in five extraction solutions was less than limited value. Conclusion Chloridized butyl rubber
stopper for packing freeze -dried product of Tianjin Tasly Pride Pharmaceutical Co.,Ltd., the amountof migration of Mg, Fe, Zn, As,
Cd and Sb was lower than permitted daily exposure (PDE), the other six elements without PDE report, through evaluation, the
amount of migration does not pose a risk to drugs.
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Table 1 Linear ranges of extraction solution in water

R2 15% ZERREUR R &SR

Table2 Linearranges of extraction solution in 15% ethanol

TCHRATR et 7 r HAEE
Mg Y=15.51X+3.21 1.00 1~25 pg/mL
Al Y=0.02X+0.03 1.00 6.4~160 ng/mL
Si Y=11.57X+64.34 1.00 1~25 pg/mL
S Y=0.08X+0.20 1.00 1~25 pg/mL
Ca Y=0.05X+0.01 1.00 1~25 pg/mL
Ti ¥=0.002X—0.001 1.00 6.4~160 ng/mL
Fe Y=0.05X+3.61 1.00 6.4~160 ng/mL
Zn Y=10.64X+5.09 1.00 1~25 pg/mL
As Y=0.02X—0.000 03 1.00 1.2~30 ng/mL
Cd Y=0.002X+0.000 1 1.00 0.2~5 ng/mL

Sb ¥Y=0.003X—0.01 1.00 6.4~160 ng/mL

R3 0.9% S[UMRIVE RLEEE
Table 3 Linear ranges of extraction solution in 0.9%

sodium chloride

TERATK R r A La(eh
Mg Y=750 730X+17 588 .00 1~25 pg/mL
Al Y=231X+430 1.00  6.4~160 ng/mL
Si Y=108 908X+9 199 1.00  1~25 pg/mL

S Y=1357X+3 018 1.00  1~25pg/mL
Ca Y=1980X+138 1.00  1~25 pg/mL
Ti Y=3 616X+514 1.00  6.4~160 ng/mL
Fe Y=16 003X+160 777 1.00  6.4~160 ng/mL
Zn Y=5228960X+17 672  1.00 1~25 pg/mL
As Y=1 548X+20 1.00 1.2~30 ng/mL
Cd Y=6 720X+237 1.00  0.2~5ng/mL
Sb Y=13 798X+197 1.00  6.4~160 ng/mL

F4 pHSOBIBREMRRIAREETCE
Table 4 Linear ranges of extraction solution in pH 8.0

phosphate suffer solution

TCERAIR A Wap e r LA E )
Mg  Y=22.36X+4.51 1.00 1~25 pg/mL
Al ¥=0.04X+0.01 1.00  6.4~160 ng/mL
Si  Y=18.19X+3.03 1.00 1~25 pg/mL

S Y=0.18X+0.30 1.00 1~25 pg/mL
Ca  Y=0.07X+0.01 1.00 1~25 pg/mL
Ti  Y=0.004X—0.00001  1.00  6.4~160 ng/mL
Fe  Y=0.001X+0.02 1.00  6.4~160 ng/mL
Zn  Y=11.43X+531 1.00 1~25 pg/mL
As  Y=0.01X+0.001 1.00  1.2~30 ng/mL
Ccd  ¥=0.002.X+0.000 1 1.00  0.2~5 ng/mL
Sb ¥=0.002X+0.001 1.00  6.4~160 ng/mL

JLR AR LT r LG
Mg Y=914 519X+16 145 1.00 1~25 pg/mL
Al Y=276X+475 1.00  6.4~160 ng/mL
Si Y=128 026X+39 586 1.00 1~25 pg/mL
S Y=2 057X+3 844 1.00 1~25 png/mL
Ca Y=2 804X+167 1.00 1~25 pg/mL
Ti Y=4 351X+1 023 1.00  6.4~160 ng/mL
Fe Y=19 301.X+195 951 1.00  6.4~160 ng/mL
Zn Y=6 121 392Xx+21 537  1.00 1~25 pg/mL
As Y=1 999X+23 1.00 1.2~30 ng/mL
Cd Y=8 572X+229 1.00  0.2~5ng/mL
Sb Y=14 561X+3 574 1.00  6.4~160 ng/mL
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Table 5 Linear ranges of extraction solution in pH 3.5

phosphate suffer solution

TLER AR AT r A
Mg Y=470 694X+2 248 1.00 1~25 pg/mL
Al Y=162X+993 1.00  6.4~160 ng/mL
Si Y=60 736X+34 728 1.00 1~25 pg/mL

S Y=864X+1 417 1.00 1~25 pg/mL
Ca Y=1 605X+67 1.00 1~25 pg/mL
Ti Y=190X+5 102 1.00  6.4~160 ng/mL
Fe Y=342X+3190 1.00  6.4~160 ng/mL
Zn Y=4 561 734X+996 9  1.00 1~25 pg/mL
As Y=14 54X+163 1.00  1.2~30 ng/mL
Cd Y=16 783X+96 1.00  0.2~5ng/mL

Sb Y=10 042X+40 241 1.00  6.4~160 ng/mL
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Table 6 Detection limits and quantitation limits of 11 inorganic elements in five different extraction

R KRR 15% £ T 0.9% S ALEH pH 8.0 MR 2 MW pH 3.5 WERR 22 T
LOD LOQ LOD LOQ LOD LOQ LOD LOQ LOD LOQ
Mg/(ug-mL™") 0.000 4 0.001 0.002 0.006  0.01 0.02 0.005 0.02 0.002 0.01
Al/(ng-mL™) 0.09 0.30 0.10 0.50 2.00 6.50 — — 6.90 23.00
Si/Cug-mL™") 0.001 0.005 1.00 3.50 0.02 0.07 — — 0.10 0.40
S/(ug-mL™) 0.20 0.60 0.20 0.80 0.50 1.70 0.80 2.80 0.60 2.10
Ca/Cug'mL™) 0.002 0.007 0.01 0.04 0.10 0.40 0.08 0.27 0.06 0.20
Ti/(ng-mL") 0.01 0.04 0.40 1.50 0.07 0.20 0.30 1.00 2.70 8.90
Fe/(ng-mL") 2.60 8.60 5.90 19.60 1.40 4.70 2.40 7.90 18.00 59.90

Zn/Cug-mL™) 0.000 4 0.001 0.004 0.01 0.002 0.01 0.001 0.003 0.000 2 0.001
As/(ng-mL™) 0.01 0.02 0.02 0.05 0.05 0.20 0.05 0.20 0.09 0.30
Cd/(ng-mL™) 0.02 0.07 0.01 0.04 0.02 0.07 0.02 0.05 0.01 0.03
Sb/(ng-mL™) 0.01 0.03 0.02 0.06 0.01 0.03 0.04 0.10 0.50 1.50
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Table 7 Determination results of chloridized butyl rubber stopper for injectable sterile power (HL company)

FEMA PRI E] Mg Al Si S Ca Ti Fe Zn As cd Sb
afifhK 0.5h 34 <LOD 227 <LOD 2.0 1.6 <LOD 14.1 0.7 <LOD <LOQ

1 h 35 2451 843 <LOD 2.0 69 <LOD 3.8 1.0 <LOD <LOD

2h 49 524  41.1 <LOD 4.7 32 <LOD 313 1.1 0.5 <LOQ

3h 64 1102 1067 <LOD 84 79 <LOQ 344 1.1 0.5 0.2

15% Z.FEHREL 0.5h 5.9 243 <LOQ <LOD 21 <LOD <LOD 188 22 <LOD <LOD
¥iid lh 68 <LOD <LOQ <LOD 24 <LOD <LOD 225 24 <LOQ <LOD

2h 8.8 314 <LOQ <LOD 4.1 <LOD <LOD 392 32 <LOD <LOD

3h 12.2 715 <LOQ <LOD 53 <LOD <LOD 698 3.8 <LOQ <LOD
0.9% S EATE 0.5h 34 3728 366 617 <LOD <LOQ <LOD 21.5 <LOD 4.5 <LOQ

B 1h 39 <LOQ 379 <LOD <LOD <LOD <LOD 252 <LOD <LOD <LOQ
2h 41 2127 341 <LOD <LOQ <LOQ <LOD 283 <LOQ <LOQ <LOD
3h 45 <LOQ 506 <LOD <LOD <LOD <LOD 358 <LOD <LOD <LOD

pH 8.0BkMRZEMM  05h 140 13258 368 <LOD 11 <LOQ <LOQ 703 181 <LOQ <LOD
T HGR lh 123 13956 592 <LOD 80 <LOQ <LOQ 562 136 <LOQ <LOQ

2h 15.5 14505 66.5 <LOD 139 <LOQ <LOQ 709 283 <LOQ <LOD
3h 17.0 12275 83.6 <LOD 167 <LOQ <LOQ 832 264 <LOQ <LOD

pH 3.5 0.5h 4.1 — — <LOD <LOD <LOD <LOD 28 <LOD <LOD <LOD
AR HUR 1h 4.7 — — <LOD <LOD <LOD <LOD 32 <LOQ <LOD <LOD
2h 54  — — <LOD <LOD <LOD <LOD 2.6 <LOQ <LOD <LOD

3h 53— — <LOD <LOQ <LOD <LOD 3.5 <LOQ <LOD <LOD

RS EHARFTRAEMRASUTERE (LLAR)TRIMUELSER

Table 8 Determination results of chloridized butyl rubber stopper for injectable sterile power (LL company)

PEHUA SR BRI Mg Al Si S Ca Ti Fe Zn As cd Sb
alifr K 0.5h 48 <LOD 21.1 <LOD 3.1 2.0 <LOD 309 04 <LOQ 0.5
1h 56 139.0 774  <LOD 3.0 64 <LOD 149 03 <LOQ <LOD
2h 139 3180 409 <LOD 102 45 <LOQ 977 04 0.7 0.5
3h 146 2363 463 <LOD  10.0 4.7 <LOQ 980 0.5 0.7 <LOQ

15% B¢ 0.5h 8.8 197 <LOQ <LOD 35 <LOD <LOD 420 <LOQ <LOD <LOD
lh 11.5 <LOD <LOQ <LOD 56 <LOD <LOD 516 <LOQ <LOQ <LOD
2h 157 389 <LOQ <LOD 75 <LOD <LOD 880 <LOQ <LOQ <LOD
3h 238 689 <LOQ <LOD 11.6 <LOD <LOD 1289 <LOQ <LOQ <LOD

0.9% &tk 0.5h 3.0 1977 36.1 629 <LOD <LOQ <LOD 183 <LOD <LOD <LOQ

2| 1h 40 <LOQ 359 <LOD <LOQ <LOD <LOD 261 <LOD <LOD <LOD
2h 49 <LOQ 268 <LOD <LOQ <LOQ <LOD 30.I <LOD 25 <LOQ
3h 72 <LOD 499 <LOD <LOQ <LOQ <LOD 512 <LOD <LOD <LOD

pH8O®M  05h 17.1 10689 308 <LOD 74 <LOD <LOQ 565 <LOD <LOQ <LOD
PR 2% 1l lh 158 9875 317 <LOD 7.7 <LOD <LOQ 474 <LOD <LOQ <LOD
2h 257 12121 561 <LOD 114 <LOQ <LOQ 785 <LOQ <LOQ <LOD
3h 259 10470 69.0 <LOD 94 <LOD <LOQ 766 <LOQ <LOQ <LOD

pH35®8  0.5h 5.2 — — <LOD <LOD <LOD <LOD 50 <LOD <LOD <LOD
PR 4% 11T 1h 6.4 — — <LOD <LOD <LOD <LOD 41 <LOD <LOD <LOD
2h 9.3 — — <LOD <LOQ <LOD <LOD 46 <LOD <LOD <LOD

3h 11.1 — — <LOD <LOQ <LOD <LOD 3.5 <LOD <LOD <LOD
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