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Abstract: Objective To investigate the factors affecting the package integrity of glass ampoules by high - voltage discharge
method. Methods The effects of the liquid in the package,ampoule material,ampoule thickness, ampoule appearance,air humidity,
and surface moisture of samples on the detection results were analyzed through methodological investigation and influencing factor
The accuracy of the method was 100%, and the RSDs of

repeatability and intermediale precision test resulls were lower than 10%. The limit of detection (LOD) was 3.573 pm,and the

experiments by using high - voltage discharge method. Results

durability was good. In the influencing factor experiment, five kinds of liquid medicine and two kinds of ampoule material (low —
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borosilicate glass, medium — borosilicate glass) had no significant effect on the detection results,while the thickness,appearance, air

humidity, and surface moisture of samples had different degrees of influence on the current value. Conclusion When using high —

voltage discharge method for the package integrity test of glass ampoule, attention should be paid to the influence of ampoule

thickness, ampoule appearance, air humidity, surface moisture of samples and other factors on the detection results of the current,in

order to improve the accuracy of the method.

Key words:package integrity;high — voltage discharge method;glass ampoules;small volume injection
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SMALAE R 3.75,5,8 wm 25 FHPEAE I, IR 7E 21,0 °C
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Tab.1 Verify apertures of empty positive samples with different apertures (pm)

& L3Lz 1 2 3 4 5 6 7 8 9 10 11 12
3.75 pm 3.853  4.633 4.565 4.136 3.573  4.027  4.382  4.541 4.087 4.039 4.575  4.100
5 pm 5.155 5.526 5.055 5.225 5.209  5.099 5.159  5.405 5.514  5.071 5.200  5.057
8 pm 8.589  7.772  8.700  8.503 8. 046 8.918 7.055 7.390 7.473 7.879  7.892 8.053

92



20244E9 H S H %33 55 171
Vol. 33,No. 17,September 5,2024

¥ &5 ¥

China Pharmaceuticals

AR IR -

Inspection and Test

gl

RS T A2 B
o~

R 7

L=
l’FV/(ZM'Zz*'R)'

-
A
A

o FEHLRR 2

Ok HLBE

1

v

HOREHL PR

TR 1
" T S BT B
"D

N

e FEHLAR 2

R LB

L @7 4

v

R 7

I, —— 1
l L=V/(Z,+R) l S

QO

\%

B

A AR R AR B, A R
E1 ZEASEMBRRRSE
A. Undetected leakage B. Detected leakageB.

Fig.1 Leak detection method of ampoule with high — voltage discharge
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Tab.2 Detection parameters of high — voltage discharge method

BH FiE 1 HLER Sk HLIR,
W & (kV) 17 17 18 16

W, % EFR(LA) 700 ~800 870~1000 960~ 1100 440~ 540

2.3 HEFEEE

HEBA 00 < F 20 SCHTHERE &R 12 AR AL AR
(3.75,5,8 pm) FUAS [ OfF 5 IS0 Sk OfUR) 19
PHAERE S BENLIE G, 20 i HEATAG I, i Sr s I 175 45 o 4G
D235 SR BF A i 2 SR AN DG, BH R o I Ay itk s o )
iR R BRI AN s, FLAE 8 3.75,5,8 um
49 BE P A o 340 A i O, A 3R 100% , 2 W 15 HE
R AT

RO IR 52« Pl v S 5 SR T AR T i RE RS
Hde/ NEMRE A FLAE ] 3. 573 m, BCRIIBR 4 3. 573 wm,

RS« T R H 2 PP A O 3
TRTRI LR R ol Ve i o ) s 0 =R s W A DN SRRy =
HEAT I S 5 S B PEAE i 43 3 A4~ B[] Be A 7 Al 1
SR AN FEL AL o 85 R U B AT RSk IR 8734
HL U4 90 M 595. 07,547. 47,722. 47,324. 87 wA,RSD 5
WK 2.25%,4.97%,4. 66%,7.52% (n = 15) , 2 )5 1%
EE MR

e [R]A 25 B2 U« F T v s R 3 PR AE O
T R I 5 U LA TE M DG R 0 TR % B i D
PR R A3t B S S PR, ol 3 440K A DL
HEAT A, 1 S AS 0 FL I A o 45 R O B Sk O
B Y- 2 HL I 43 0 Dl 599. 47, 554. 33, 725. 80,
329.40 wA,RSD 43 %M 2. 96%,4. 91%, 4. 58%, 7. 26%

(n=15), RIS BDRS 25 B R4

T PR A 6 < R 2 2 FP A ARG I 2 8, 43K
MR £ 1 kV, LU L BRAE AR + 40 wA B BAPERE 5 1
LN 3.75,5,8 wm A BHAPEAE S BEHLIR & 5 #E4 TR
R 25 5 S 7R, B A 389 R AN Tt UG, BH P A i 32 A i
T, K5 HH 230 100% , 26 07 7 i P R4
2.4 EWEZRXE
2.4.1 i

WFGTHE 5 R vk SR A 45 TP 1 25 W 3R
2N RS WS/ emt O HUS B (HL %R 00 5] R 364,
403,113.4,13.88 x 10%,14. 65 x 10> uS/ cm , KK i 5
R 2% 35 45 559) R AL AW
10 mL AP AR B B8 22350 (L5 R 240311037) 20 37, 4Kk
A 1S 255258, B0, K600 Je I , 7 4 B ke
pitn o R AN [F) 245 Y BF P A s ) DAL, LA 20 SC 25y
LA, B 2R A B 20 S8 SR AN 3 Uk, 1103 4 4 25 9 FH
PERE B -2 L3 B2 RSD 485 i B I3 Sk IS
ISP A o FEL UL L 9 RSD 243/ F 10% , 3¢ B 854l 5 5 1
R IR 3,
2.4.2 ZHEMMA

B 10 mL rf B0 fef 36 35 22 0 (L5 20230903 ) Fil
10 m LA A A 35 355 2250 (L5 2k 20240402) , 45 20 32, 43
SO 15 253, B 100 A JC TR , /8 S BAPERE & o
AN )2 A T CrPmn e B 2 VR ek B 3 ) AR o 1 4
BELERE S 20 S7 3 SEAG I 3 UK o 25 SR P R E B 2 AT
Tl B 2 BH P S O R Sk RS LA AY RSD
BI/NT 10% , s T 2 M R AT 1E LR 4 [7]— B 7™
A Ml AR T 285 98 0 e B ke R0 AT B0 ek 3 g 2 L ) BR PR A o
FL YT JC W 0 25 5 3T R 5 3 05 L 1Y) 8 kM e AT
A 8T e ek AL e B 8 2 LT A — 2, AU
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3 AEAAFEAEHERERENER(n=060)
Tab.3 Current values of negative samples with different medicinal

solutions (n = 60)

o T4 R B 15 25 3% 4% 55
Mg dwim(pA) 600 600 583 600 609
RSD(%) 298 314  2.87 3.43  3.98
fMH wiA(pA) 544 561 541 575 572
RSD(%) 529 3.58  3.81 3.87 4.49
fk  wA(pA) 7200 710 721 615 563
RSD(%) 4.66  3.46  3.84 502 472
FUE  dwiR(pA) 324 335 310 350 351
RSD(%) 7.91 555 6.86 801 7.05

x4 ARZHMEAEERBERENER (0 =60)
Tab.4 Current values of negative samples of different ampoule

materials medicine (n = 60)

A TA% R A o B 3 5 AR i 3 7
FiE g Wk (pA) 620 619
RSD(%) 2.84 2.93
i W7 (wA) 567 572
RSD(%) 5.60 3.42
Sk 8,37 (WA) 732 791
RSD(%) 4.25 7.26
FHLIE, R (pA) 330 332
RSD(%) 9.93 6.55

Bk B AT 22 5%, WOFE = R L A T v oA DL B i 25 5
2.4.3 ZHEE
I3 A Al A AR AL B A ARl C(HE S
439124 240311037, 20230903, 24012319) i 10 mL H1 i
ok 30 3 22 A% 20 32, R i 22 1) R RE T3, 22 BE JIC
UL 2 A) 25 R AP I V5 2530, B 00 46 0 G ik
s VB AR o DL A 7= Al A BT AR ol 1 4
LR I 20 S SR 3 U, 43 S TS [R) 2R A
B 3 Ok ORISR H R (UL 2 B) o 45 A 25
B2 5 FIVERE A AT 25 5 o0 i, R AR Rl B R
FIPE AT it R AR AT I B, 2305 B 8 TR I I PR i 1
e TR R RS
2.4.4 ZHASMN
G B AR, BL 22 e A R ) A p= Al
ﬂ%ﬁﬁ@*ﬁﬁbﬁé\?@ﬁv HHME RTIRE SR ER
AN E : Exifﬂ/\ilmﬂﬁ 10 mL H i ik B 55 22 0
(Hit*5 & 240311037, i 4} 42 43 531 24 8.5, 8. 8 mm) Fll
20 mL Eiﬂﬁﬂﬂﬁiﬁ'z%fcpﬁ(ﬂtvﬁ 240311017, AL 535
$478.5,9.5,10.5 mm) , IIA 15253, 35 11, &0 G it
T VB R & ORI S ME B o 14,
ZH A A B 20 S SR 3 YK o 45 SRS [ 3 A1 A2 B P R

94

JELRE / mm
1.0+

0.94

0.8 4
0.74 0.61
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0.44 0.5 0.41
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A. Ampoule thickness B. Negative sample current value
Fig.2 Ampoule thickness and negative sample current value of
ampoule from different manufacturers
x5 AEIIMZIBHEERMIETRRMER (n = 60)
Tab.5 Current values of bottleneck of negative samples with

different neck outer diameters (n = 60)

A FIMZE(mm) B RA(LA)  FLFE R RSD(%)
10 mL 8.5 544 5.29

8.8 619 2.03
20 mL 8.5 1000 3.84

9.5 1021 2.96

10.5 882 4.18

s PRS00 F S AELAS [R) , LI B RSD 31/ F 10% , e B 4L
PEEE MR W ES,

JREFRGREE  BUE P2k A F4 10 mL PR B B 22
(Hit 5 >4 240311037, Ji& # K & 4 %1 4 0. 81, 0.75,
0.58 mm) I 20 mL H # 6k B% 3 % 5 (H 5 N
240311017, JEEEBERIE 43510 1. 84,2.67,2. 00 mm) , Jill
A VS 293, B0 R it e L 7 A PR RE & o DU TR
JRE TR B B PR oA 12, B 2H R S B 20 7 3% 22 1
K 3R o 5 S AN ] G HR TR BE B4 b 80O JRS F T (6 AN
6], FEL W 69 RSD 217N T 10% , 2 W84 43 1k B 47 L 1
ke,

2.4.5 ZABEEHBRERT KLY

o R I gt e R A RO B R S SR THTK
A3 BRI WA 58 SR AR R o 25 S B KT 2 1> LA 1]
4 R LA /), 0018 7 JEC Al 2% A2 A TR0 A 1 0 B K O
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x6 AREMREAEERERENER (n=60)
Tab.6 Current values of negative samples with different bottom
depths (n = 60)

A ERARE (mm)  FE LR (WA)  FLE R IR RSD(%)

10 mL 0. 81 324 7.91
0.75 330 9.93
0.58 285 6.97
20 mL 1.84 584 5.35
2.67 502 6.59
2.00 517 6. 05

b /D KT IR 285 Vi W s G I A AR T, AR 48 4 R VR
A2 B B S P OB G, A It TR T e S
I, SO 00 B 355 A0 R X Y A 45% ~ 65% Y
PN, L A7 ) 20 1T M B OK G0, A ) I R A A
FRE S, U IS 7R 206 T 780 -4, bk G A 40 26 3k
T HH IR EE K, A I ITIOE I7 [ 2 18T S50 , ke e 5 i A U
ghEIR
2.4.6 B EE N

DL B SE 45 9 B e TR R B A T 1 5 T IR &
(2 VLA LM B TRIR T S ] E SR
fh 2 ALK 43 ) v FE AR TRV E T, S [) 24 90 FL 37 1 A
255 MR 25 WA TR 250 B i (A JE A e 22 5%, 3
ARV R ZEERAN | 25 S SRR A T K 42
Xof L A A AN [R5
3 itig

LK A Pk vk AL 48 0 i, e R R
A I 3k AR TC 5 G, RGN FE A 5 2 AN LA A, il
FH Y0 5], %25 & JC AN IR V5 G XU, AT K LR
3.75 pm U B ZESORMBEEL , IF rT A, nZk T
i PO FEL R ) 0 L BB A1, X /N0 1k 2 2 il G R
AN, BRTE T Z 0T 24 b A = Aol o Bl 25 3% B 2417
M ) R O A, A SRLE SR - M AN W 5 3 1 I 245
— B P SRR ) SRR PR, 25 A R G
i8] PR B A T B 4 o 2 T A T RE R O L 2 R
FEAME XS AL 2R 88 R GG IT 0 - IR TR A, 15 AR
2 i B A R SR AT S AT R, 25 5 AR el
TESAT = R AR AR RGN R AGE
BT R TT K AR T A 2 25 A A I AR T XU T
A7, 52 1T 5 A8 WS S S U AT A N A £ 2 2R G
PEIGE 5 AN [R] A R 7 118 20 RE R AN AN [R) , 24 A
PR T B AT 2R G B B T A B
TR T O R T A FE AR s S R DS AT O kR
AR ZE o [R) I, G 2 R vp s SR A B R, R ikt B
2% e W K A3, DA R A I 25 5 iy BT RS )
A A G TAE RS2 PRIE 25 AR A B 0 i 22 4 B
LN CIE
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