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[ Abstract] Objective To establish a simulation system to investigate the change trend of
benzene produced by the decarboxylation reaction of sodium benzoate, adopt the control variable
method to find out the best conditions of the reaction, and further explore the influence of light and
temperature on the decarboxylation reaction. Methods Using headspace gas chromatography-mass
spectrometry (HS-GC-MS) technology, the chromatographic column was Agilent DB-624 capillary
column (30 mx0.32 mm, 1.8 um), the injection port temperature was 200 °C, and the detector
temperature was 250 °C. The carrier gas was nitrogen, the volume flow rate was 2.0 mL/min, and the
split ratio was 10 : 1. The program heating conditions were as follows: the initial temperature was

maintained at 40 °C for 6 minutes, and then the temperature was raised to 230 °C at a rate of 30 °C/
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min and maintained for 10 minutes. Using headspace injection method, the headspace bottle temperature was 90 °C,
and the equilibrium time was 30 minutes. Using selective ion scanning mode, qualitative and quantitative analyses
were conducted on characteristic ions m/z 78, 77, and 51. Results Under the coexistence of 0.3 g sodium benzoate,
10 mmol/L ascorbic acid, and 1 mmol/L transition metal ion Cu’, the reaction of sodium benzoate decarboxylation
to generate benzene was most significant, and the amount of benzene generated sharply increases with the decrease of
solution pH. There was a significant interaction among various influencing factors. Light exposure and heating at 40
°C had little effect on the decarboxylation reaction, while under the high temperature condition of 60 °C, the increase
in benzene content in most samples significantly exceeded the limit requirements specified in the pharmacopoeia.
Conclusion Through the study of influencing factors and destructive experiments, the key conditions for the
conversion of sodium benzoate to benzene have been clarified, providing data support for the risk assessment of

benzene contamination in marketed drugs, and also providing strong technical basis for pharmaceutical companies to

formulate prescription processes.

[Keywords] Oral liquid preparations; Sodium benzoate; Benzene; Headspace gas chromatography-mass

spectrometry; Risk evaluation
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Figure 1. The effect of different concentrations of H,O,
on benzene production (n=3)
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R1 AESEREENESERM (ng/mL)

Table 1. Effects of different light exposure time on benzene content (ng/mL)

BCERE (d)

AR

0 5 10 30
AHIREN - - - -
P TR+ B - - - -
I BRAN LR MR 0.25 0.26 0.34 0.44
2% RN+ L R AR + DU Al R 2.14 1.02 1.07 0.68
Wi 4-18 - 0.08 0.07 0.10
52 0.09 0.08 0.07 0.10
A715-20 0.15 0.11 0.10 0.16
E: T AR,

F2 J0OCHESKHXESEMFM (ng/mL)
Table 2. Effects of storage conditions at 40°C on benzene content (ug/mL)

SR FCEETE (d)

0 5 10 30
ARHRAN - - - -
A H TR+ B - - - -
25 F BRAN -+ SR LR 0.25 0.44 0.43 0.38
S H R+ B R A+ BL IR I R 2.14 1.27 1.25 0.86
B H4-18% - 0.08 0.07 0.09
HH5-25 0.09 0.08 0.07 0.10
AH15-20% 0.15 0.12 0.12 0.18
T ARk,

3 60CHESMHXMESERMFM (ng/mL)
Table 3. Effects of storage conditions at 60°C on benzene content (ug/mL)
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0 5 10 30
AR H RN - - - -
2 H R+ B ] - - - -
25 H RN+ PR IR 0.25 1.60 1.64 0.90
2% H R A+ B R Bl + LA Il 2 2.14 2.51 2.05 121
WK R4-18 - 0.16 0.29 0.54
HRI5-25 0.09 0.37 0.71 131
E5-20% 0.15 1.42 3.04 431
E: T R AR,

DL s 2 B, Bl W A S R R
40°CHDEIR 2V R E 30 d, KSR
W HYIREE TR & 60°CHE, WA ) o
TRV, AR 5-20 SRS 10 K2
I 2 pg/mL AR EEESR W, FEE 30 KAF RS
A BRI LR (E AT 30 f5. A R4 8 fin 10 41
FHMEREA HEAT 60°C Z5F T 30 d AUREIA TR S
224 Bl AT, 3 HEEE AR AR RN,
M4y 7 RS AR 30 d PR S B BE FIF,
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1-9 S A BHIRR B 1 IRV W, HLAh Ty v 3 2R
FREN . )i FRESGRIETEYI R, TEERA&cM T
AR AR T R AN e A R I NG, AN 30K B i
GLLBT 3 2 o

SR R W EE R, AR Rl
03 T T 2 VT — T A VP 40 s A v TR
IR F T 30 d YR A AR, i — 2R
THURIMBRTE % A o FE S0 B . X R
FH R AN —HT A I 7 9 2 35 R 55 R HH R ek — e AR .
FR-BR IR 3 o iEm ] E, FE RS EDE
Bm, BIRRTE I 2.14 pg/mL, R TR TR
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Table 4. Changes in benzene content of 10 batches of samples stored at 60°C (ug/mL)
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0 5 10 30
FRIE R 1-9"5 0.13 2.13 3.46 438
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E5-15% 0.09 0.58 0.65 2.08
HH5-23%5 0.09 0.74 0.86 2.82
HHI5-36% - 0.43 0.69 4.40
AH15-39% 0.10 0.41 0.73 4.24
#ER6-15 - 0.08 0.08 0.82
FER6-12% - 0.18 0.25 0.88
FEi6-13% - 0.24 0.29 0.91
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