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HE B 2R eiEEBar s (Al). A (Ba) 48 (Cd )44 (Cr) .47 (Cu ). %k (Fe ) 45 (Mn ),
A5 (Pb )% (Sb ) 4% (Zn ) 4 (Ce) 2 11 AL E 03 BB M 7 %, M AR, AR ZIA IFEFAE L
Hha i, Fik: 4% BB IE R HH Y bﬁz&mxﬁ, B b AR E S B TR A R E (ICP-AES) %
M ZIEF 1 ATEGRE, BRDFEA 12KV, FEFARIARAEA 10 L min', 3 HiEX 554
394403 (Al ). 233.527(Ba) 214438 (Cd ) .267.716 (Cr) . 324.754 ( Cu ) . 259.94 ( Fe ) . 257.61 (Mn ) . 220.353 ( Pb ) R
217.581(Sb ). 202.548 (Zn ). 418.66 (Ce ), Z5R: % 7 % Bl &f M £ Al, Ba, Cd. Cr, Cu, Fe,Mn,Pb.Sb.Zn,
Ce, 3L FE—TWERALEANIRIFHZMERE R, KBEARE R H A 0.999 1~1.000; Hn 4 w1l & 4
85.8%~106.0%; 44 % JE X349 RSD 4 0.4%~1.8%; & MK 349 RSD H 0.6%~4.8%; # H LA 0.52~75.17
ng-ml ', MEHS 16 4, ZERMF AlLiZEERESH 3765 ng - mL, Ba iz R & H 212 ng- mL, 4k
AZFZREHBIK, XS REH, G ZFETATRMMNEHBLAGOM T SHTLENZ RS, &
RRTALZHEBREG, BFA BN R T2, A EARE T I A Al Ce i3 B0 2 ik

KR B RABAS T B TIRA I % (ICP-AES ) ik B £ B ot MM, 2 BAZRZEE; $4ER
A 2
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Simultaneous determination of 11 metal elements released from
pharmaceutical glass packing materials with ICP-AES

LIU Yuan—yuan', YAN Min', HUANG Hai-ping', SUN Hui-ming’, HE Rui-ling’

( 1.Hunan Testing Institute for Medical Devices, Changsha 410014, China;
2.National Institutes for Food and Drug Control, Beijing 100050, China )

Abstract Objective: To establish a method for simultaneous determination of aluminum ( Al ), barium
(Ba), cadmium ( Cd ) , chromium ( Cr ) , copper( Cu ) , iron ( Fe ) , manganese ( Mn ) , lead ( Pb ) , antimony
(Sb),zinc(Zn ), cerium ( Ce ) released from pharmaceutical glass packing material, and to provide reference
and support for improving existing standards. Methods: After extracting glass packing material with 4%
acetic acid, elements concentrations were simultaneously determined by ICP-AES. Plasma gas flow rate

was set at10 L+ min~' while RF power was 1.2 kW, and analytical lines of elements were 394. 403 (Al ) ,
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233.527(Ba),214.438(Cd ), 267.716(Cr ), 324.754(Cu ) , 259. 94 (Fe ) , 257. 61 (Mn ) , 220. 353 (Pb ),
217.581(Sh ), 202. 548 (Zn ), and 418. 66 ( Ce ). Results: The emission intensity of elements showed good linear
relationship in a certain concentration ranges as the linear correlation was 0. 999 1-1. 000. The recoveries were
85. 8%—106. 0%. The relative standard deviation of precision was 0. 4%-—1. 8% ; The relative standard deviation of
repeatability was 0. 6%—4. 8%; and the detection limits were 0. 52-75. 17 ng * mL™". 16 samples were determined,
and the highest concentration of Al was 376. 5 ng*mL™, and the highest concentration of Ba was 212 ng* mL™",
other elements were barely not determined. Conclusion: The method can be used for simultaneous determination
of multiple elements released from pharmaceutical glass packing material. The result showed high Al content. In
addition, clarifying agent cerium oxide is widely used. Determination of Al and Ce was recommended to be added
into the related standard.

Keywords: I[CP-AES; pharmaceutical glass packing material ; packing material ; metal elements content released;

simultaneous determination of multi—elements
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ICPE-9000 Hi, /840 A 45 85 T 1R & Stk (&
HE 2 Al ) 5 Milli-Q Intergral 4l 7K — # 4 K — 1K #1
( Millipore 23wl ) 5 AT AR LA H 10% 8RR,
FHRBK 5 5 o

K I iR (0 2% 405 Ok Y6 : SIGMA-ALDRICH; %%
5.45727; 41L°5 . BCBJ2085V ) ; #4li/K .( HLFH% 18.2
MQ - em); ZICEIRER M (JCER : Al As, Ba, Cd.
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Cr.Cu.Fe Mn.Pb.Sh.Zn; ¥ #E{H: 100 pg - mL™"; %
5 : GSB04-1767-2004 ; ME—HRiH : 14445; K [FHHK
A 48 S A TR G ) 5 Ce BT ERBRAE
R (PRAEME: 1 000 pg* mL™; 45 : GSB04-1775-
2004; ME—HRi: 1431065 K5 . FEA (.48 K1
PR AT G ),

WF5E FHFE AL 3L 16 4L, >k [T T 10 ZR R Al i

A 8 20 A VRO ST S RO A o 1 PR VRO
1R 25900 5 B 5 T o AR ek BB 8 vl P A e B L 0
FEYTIE
2 FiEE5ER
2.1 TAEZM

fift FH B G A5 B R R OO 15 X (ICPE-
9000 ) M5 A iy, AR AR TAESE LR 1,

#®1 ICP-AES TIES#
Tab.1 Operational parameters of the ICP-AES

72@( ( parameter ) ﬁ'ﬁf{ﬁ ( set value )

é}ﬁ(( parameter ) &ﬁf{ﬁ( set value )/nm

IR (RF power ) 1.2kW

B TR IHE (plasma gas flow rate ) 10 L+ min™

ST B SMARE (auxiliary gas flow rate ) 0.6 L+ min™
HA A (carrier gas flow rate ) 0.7 L * min™
WL F5 18] ( observation direction ) fliii] (axial direction )

A ( torque tube ) 8 (micro )

S HTiELL (analytical line ) Al 394.403 Mn 257.61
Ba 233.527 Pb 220.353
Cd 214.438 Sh 217.581
Ce 418.66 Cu 324.754
Cr 267.716 Zn 202.548
Fe 259.94 / /

2.2 IRATREA TR H

G322 TE AR A TR (100 pg - mL)
K Ce BATCEFRUEAI (1 000 pg* mL™") & HE, H 4%
TS T 75 YO R BT S MR M 1001 g - L IOTR A
PRIV, PR UK 4% B FRvA 000 R 45 o0 25 o i
WS35 0.05.0.1,0.5.1.2. 4 pg - mL” FIRAR
HEVE WL 5 4% BETRVSTRAE bR SS VT
2.3 A R i A

W T R T, RS BN 4% B PRI TR, &
HHHE LS R B 40 R 3R, R R R A
1) 90% , FH AR 4R B 1130, AR R 7 18 2 R e 4K
98 CFE#& 2 h B ENE =, IAULAA I . B 4% B
PRV E LIS VT

2.4 Ik

IUPRIEZS A TR A PRI bR AsS AR
BEIR AR R HERE TN 22 |, SR FH AR o 2k, #e 2 &
SRR TR R,

2.5 riksERnE

251 ZMHEXR KHERMEER  BERINESRE
T (450 R W B VL 8 0.05~4 pg - mL™),
B BEPATINE 3 W, BOT-RE, XA AR T &R
TR R SR A (A) GABAR, R R WL (C)
FEAR AR A S hl bR il £ . 7 200 R R 5 28 AT
11K, GE (A Y 3 Aebr w22 3 H 5K 1 BR (LOD );
FEAE I 10 A il 22315 2 5 R (LOQ ). 4550
2,

x2 trAEphLe
Tab. 2 Calibration curve, LOD and LOQ
JGE (element ) FrufERZE 72 (standard curve equation ) r LOD/(ng*mL™") LOQ/(ng*mL™")

Al A=0.002 903 x C+0.045 08 0.999 1 13.00 43.35
Ba A=0.001 069 x C+0.011 32 0.999 9 3.47 11.56
Cd A=0.001 344 x C+0.008 301 1.000 14.65 48.84
Ce A=0.001 977 x C+0.071 20 0.999 9 40.42 134.73
Cr A=0.001 674 x C+0.004 940 1.000 3.62 12.07
Fe A=0.000 887 0 x C-0.001 130 1.000 10.26 34.19
Mn A=0.000 191 2 x C+0.008 308 0.999 9 0.52 1.73

Pb A=0.027 31 x C-0.046 7 0.999 8 75.17 250.56
Sh A=0.025 50 x C-0.152 2 0.999 9 63.45 211.51
Cu A=0.000 632 6 x C-0.017 63 0.999 6 2.52 8.42

Zn A=0.001 449 x C+0.003 847 1.000 5.04 16.79
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2,52 [ICE BRES (95 13-2) Ve T, 20 )
KA W 57 0.6.1.5.3.0 pg - mL™ BIRS
FRUE TR 246 8 350, B SEATA5 3 0y, Pt o

AT TR, A IR ACEAE -7 K
VA ) w0 A S B SR TR . &
J[—LIJ%% 30

x3 Efx
Tab.3 Recoveries
(efn; i) C/(pg-ml™") [FICR (recovery ) /% RSD/% (eifm) C/(pg-mL™") IR (recovery ) /1% RSD/%
Al 0.6 86.3 6.0 Mn 0.6 102.9 1.5
1.5 85.8 1.5 99.8
3.0 95.6 3.0 100.8
Ba 0.6 102.6 1.9 Pb 0.6 102.6 1.9
1.5 98.8 15 98.4
3.0 100.6 3.0 101.2
Cd 0.6 105.6 1.8 Sh 0.6 94.6 2.6
1.5 101.8 1.5 94.0
3.0 103.6 3.0 98.7
Ce 0.6 99.7 7.0 Cu 0.6 99.3 25
1.5 85.8 L5 94.7
3.0 97.1 3.0 98.1
Cr 0.6 103.1 2.1 Zn 0.6 106.0 22
15 98.5 1.5 101.1
3.0 101.0 3.0 102.8
Fe 0.6 93.0 3.1
15 95.8
3.0 99.6

253 KEEEMEEME  ECHTEREER 3 ng e mL™
AR B PR HETR I, DU RE 6 I, T8 % B2 5 BB TR] — it
FEah (Hi5 13-2) 6 177, 20l PSRRI 77 1%

HIF R R 1.5 pg - mL B AR, i
FAME, AR 4.

R4 BEEWEEN
Tab. 4 Precision and repeatability
JLH KSR HEME JLR K5 RE R
(element ) ('precision ), RSD/% ( repeatability ), RSD/% (‘element ) (‘precision ), RSD/% ( repeatability ), RSD/%

Al 1.5 4.8 Fe 1.0 0.7
Zn 0.4 0.8 Mn 1.1 0.7
Ba 1.0 0.8 Pb 0.8 1.1
Cd 0.5 0.8 Sh 0.8 0.9
Ce 1.6 1.0 Cu 1.8 1.2
Cr 0.7 0.6

2.6 FEAIIEZE R

PRV O AT AL BRE F TR T A2 K1
TG Z T2 S B o AR A bR 1 283 BRR AR RE i op
FICR MR R 25 L3R 5,
27 g

271 SIS “YBB00372004-2015 A 4 45

i AR I E v RLRE IR T AR AR SR T
XF I, i — ZR A PO 4 e B TR 5 R
FEBTEE AR Al TR R R REOR, W A5
Jeo XTHABITR WAL KL, B R
AL JCER B MR AR S AR T 25 5 bR
AR AR BRI, 35 PR 7R) T R RIS e 1] 1) R
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Tab.5 Determination results of the samples

(ra

JPA

e &2 it (released elements content )/( ng * mL™")
FEdh (sample )

(No.) Al Cd Pb Sb Ce Ba Zn Cr Cu Fe Mn
RBIRESES 2270 ( ampoules made of low borosilicate glass ) 132 130 ND ND ND ND 9705 ND ND ND ND ND
WREBEEE 2238 ( ampoules made of borosilicate glass ) 47-1 1195 ND N.D N.D ND 965 N.D N.D N.D N.D N.D
R LB 35 223 ( ampoules made of middle borosilicate glass) ~ 43-2 127 ND ND ND ND ND ND ND ND ND ND
RT3 382480 ( ampoules made of low borosilicate glass ) 49-3 1775 ND ND ND ND ND ND ND ND ND ND
B 26 ( ampoules made of middle borosilicate glass ) 46-3 387 N.D ND ND ND 1655 <168 ND N.D N.D N.D
R AITEREES 2270 ( ampoules made of low borosilicate glass ) 50-4 406 ND N.D ND ND 212 <168 ND ND <342 ND
AR A 22350 ( ampoules made of low borosilicate glass ) 58-1 3765 ND ND ND ND 133 <168 ND ND ND ND
P LD B 4RO ( ampoules made of middle borosilicate glass ) zp-100 1585 N.D N.D N.D N.D 5415 ND ND ND 6705 N.D
FP PR BN I AR AR 1R 13 59 3 Cinjection vials made of moulded  zp-50 957 N.D N.D N.D ND 34 ND ND ND 413 ND

middle borosilicate glass )
PEESASH] IR (oral liquid bottles made of glass tubing ) A65 932 ND ND ND ND 3725 ND ND ND 4485 N.D
B IEAE ) 11 IBOH (oral liquid bottles made of glass tubing ) B68 ND ND ND ND ND ND ND ND ND ND ND
P 1RO (oral liquid bottles made of glass tubing ) A615 ND ND ND ND ND ND ND ND ND ND ND
I F A ) 1 5 FDH Cinjection vials made of moulded soda NMZ-10 N.D N.D N.D N.D N.D 194 ND ND ND <342 ND
lime glass )

BESBE TS 25 ( medicinal bottles made of soda lime glass ) 100ZK N.D N.D ND N.D ND 17 ND ND ND <342 ND
AT B S 25 ( medicinal bottles made of soda lime glass ) 100ZD N.D ND ND ND ND ND <168 ND ND ND ND
BNESBY BRI (infusion bottles made of soda lime glass ) NS-10 N.D ND ND ND ND ND ND ND ND ND ND

1 (note ) : N.D /R AR TIZ 02 MK H B, e FEAIR T B PRI FE L B — 2R A < JCE 2 B FR (N.D means that determined results are below

LOD. < LOQ means that determined results are below LOQ but above LOD )

HH 4% BERRV UL, 98 CZE74 2 h, i i 1F 3150 X AN
[ 82 (A R A 791, AN TRV e IR Hh s T A T
LHE LA PR ETIAT 1 5206 S e

272 W@ AR W SR LIE AL H
R, Ba iR HE K2, Cd. Cr.Cu,Fe ,Mn.Pb,Sh,
Zn, Ce 2 EIRK, Z2HCRK I . TEER 2RI
A e rp B TS FA =8 e, =S8k A,
RAEA FH AU S e S A A AR T R, HE e A g
Nz o TR, SR A i Bl 2 A ALLB,
Si %54 JB JC HR F DA B s BE VERE DA Fe | Cu.
Mn.Ti.Co,Cr % RHPIEEHM, BT AR ERE,
AT SO HRTR ) Z BT TE R, A [ S AR
HEBR T X+ 25 H B 58 v As Sb. Pb ., Cd Ay & k47
EEHISM, B AL, Ce JTCE MR H A H], LLABREAA]
24,

273 FRGHERE ARSCE AR ICP-AES [R]
TEIES 25 ALkt % Al. As.Ba.Cd.Cr.Cu.Fe Mn.
Pb.Sb.Zn. Ce 12 For Rz & FIBFIE B k.
PESCHR [ 9-15 | &80, AT T RS D13 S AL
O T LRI BEBE R L AE T R I TR R I A R Y
R . 250 As 9K H PR M 155.85 ng » mL™', & 1
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FR%C 7 (519.50 ng * mL™"), M AR BET I — 24 1 B3
1 As B0 52 , (B AS RE AR 58 5638 7 it ) Sle kv, R
WEFEHINGE As B A f it — L B Ak .
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