2025 4 12 f & i% Vol.43 No.12

December 2025 Chinese Journal of Chromatography 1397~1403
B 5% L DOI: 10.3724/SP.J.1123.2025.01016
HEEHM-SEeE-RIEENEAHRITULESHIIAZ M ZME
FHEN

(A EFET AT R UL B E RN N SRR E A S %, BT RRgE R 2t e ke, L 200233)

TEE IR L8 N G2 A0 A ATl R 0% vk 8 R PR LA & 9 (VO Cs) 1 T B4 4y, £ X 5L 40 AE 1 1Y) BT kv
o T I B TUA B P, 5 6 HORS R B N B o R IR AR 2 6 R 2 T S ) 4 S ) A LA & Mk AREE R 43 AT
5 1 M LA S 5P 5 1 A A R R AR R S R T A B O € % - T R SR A O A A 8 A TR R
J7 AR B I 5 R0 A B 3R, A ST T RB A [ IO L R B T R R L I S EE R A BT T v . ZEIRARIY
SN EAE T R L e M G ETE 1~10 ng/45 Y0 BN 2 90 R i 2R M 06 R, HC R B TE 0.99 UL, D v A s B 43 1)
4 0.16 ng/& 1 0.021 ng/& , H b5 ¥ B9 B FE SR KT 95%; HEsPI7E 2.5 F1 10 ng/& inAr K F T B [l % o8
80.3%~106.8% , AH XF A5 1 i 25 <9.2%. R FH T £ 37 5 7 St 55 4 A ol 2 77 20 8 o o Ik 3 1 I B AT RS L K BRI <
op E] I AEAE SR SR e B ST, ELT A U BE AN TR] o 32007 VA AN A A T Y 1R B AR 2 ot A TR W AR AL T — A T S R
T Bt a] T S b e U B B BT A A R R 2 R 2 B R W, A 3 P VO Cs R 1 A 45 4R A SR BN S .
KR B BRSO - B R YA AL G MR L s

FESES 0658 ERARIRAD : A

Determination of ethylene oxide and acetaldehyde in
petrochemical exhaust based on thermal desorption-
gas chromatography-mass spectrometry
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Abstract: Ethylene oxide (EO) and acetaldehyde are key components of volatile organic compounds
(VOCs) emissions in the petrochemical industry. The ozone formation potential of acetaldehyde is
several orders of magnitude higher than that of EO. Therefore, accurately identifying and measuring
these compounds is essential for developing effective ozone control strategies. However, separating
EO from acetaldehyde presents a considerable analytical challenge due to their isomeric nature and
comparable volatilities. In this study, a novel analytical method based on thermal desorption-gas
chromatography-mass spectrometry (TD-GC-MS) technology was developed to simultaneously
collect, separate, and quantify EO and acetaldehyde. Optimization was performed on the GC column
temperature program, thermal desorption temperature, and thermal desorption flow rate to achieve
effective separation. Compounds were separated on a TG-624 SiIMS GC column (60 mx0.25 mmXx
1.4 pm) with a carrier gas flow rate of 1.2 mL/min. To separate EO from acetaldehyde, the GC
column temperature was specifically optimized to enhance their differences in desorption rates from
the stationary phase. The temperature was initially held at 30 C for 3 min, then ramped at 5 C/min

to 120 C, held for 3 min. Both full scan and selected ion monitoring modes were employed for target
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detection. During thermal desorption, the thermal desorption temperature was set at 180 C, the
cold trap temperature was set at -30 C for capturing desorbed targets, and the secondary desorption
flow rate was set at 16 mL/min with the corresponding split ratio of 12.3. The method’s performance
was evaluated under optimized experimental conditions. Within the range from 1 to 10 ng/tube, the
method showed strong linearity with correlation coefficients above 0.99 for EO and acetaldehyde.
Method detection limits were determined to be 0.16 ng/tube for EO and 0.21 ng/tube for acetaldehyde.
Thermal desorption efficiencies for both targets exceeded 95% with samples spiked at 2 and 10
ng/tube. Recovery efficiencies spiked at 2, 5 and 10 ng/tube ranged from 80.3% to 106.8%, with
relative standard deviations ranging from 4.5% to 9.2%. This method was applied to VOCs samples
collected from aftertreatment exhaust streams of two petrochemical units, where different con-
centrations of EO and acetaldehyde were detected. This study thus established a reliable method
for the simultaneous collection, identification and quantification of EO and acetaldehyde in pet-
rochemical emission matrices. Furthermore, this method can also be used for monitoring these
compounds in diverse emission sources and ambient air, thereby providing essential data to support
the management and control of reactive VOCs.

Key words: thermal desorption-gas chromatography-mass spectrometry (TD-GC-MS) ; volatile

organic compounds (VOCs) ; ethylene oxide; acetaldehyde
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Fig.1 Molecular structures of (a) ethylene oxide and (b)
acetaldehyde
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Fig.2 (a) Total ion chromatogram and (b) mass spectrum of ethylene oxide and acetaldehyde based on canister sampling-GC-

MS[9]

Peak identifications: 1. acetaldehyde; 2. ethylene oxide.
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Fig.3 Total ion chromatograms and mass spectra of (a) ethylene oxide, (b) acetaldehyde, and (c) their standard mixture

solutions based on TD-GC-MS

Peak identifications: 1. acetaldehyde; 2. ethylene oxide.
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Table 1 Correlation coefficients (7?), method detection limits (MDLs), desorption efficiencies (DEs), recoveries (REs)

and RSDs of ethylene oxide and acetaldehyde

MDL/ DEs/% REs/% RSDs/%
Compound r
(ng/tube) 7 ng/tube 10 ng/tube 2 ng/tube 5 ng/tube 10 ng/tube 2 ng/tube 5 ng/tube 10 ng/tube
Ethylene oxide  0.9977 0.16 85 95 82.0-5.6 80.4-94.2  86.3-97.4 9.2 4.2 4.9
Acetaldehyde 0.9916 0.21 100 96 87.4-106.9 96.9-103.0 81.2-92.6 4.7 4.8 4.6
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