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Abstract Twenty-two allergy-induced aromatics in children were analyzed using a gas chromatography flame
ionization detector (GC-FID) and gas chromatography mass spectrometer (GC-MSD). Analytes were extracted
using an automatic Soxhlet extractor and centrifuged for 10 min in a fast freezing centrifuge, and the supernatant
was transferred into a 2 mL vial and injected in split mode. Under the established conditions, the calibration
curve showed linearity with a correlation coefficient of 0.996 or more. A wide range of sensitivity of 6.7 to
1,859,839 depending on the device characteristics and detector used was shown. The detection limit of the
device was 0.0032 to 0.0335 ug/mL, and the maximum detection limit was less than 0.1 pg/mL. The detection
limit of the method ranged from 0.0033 to 0.1161 pg/mL. In addition, the limit of quantification ranged from
0.0100 to 0.5422 pg/mL, with a level of precision ranging from 0.21 % to 4.89 % and a degree of accuracy
ranging from 89 % to 111 %. The analytical method developed in this study was applied to commercial products.
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Table 1. Analytical condition of GC-FID

Parameters Condition
Injector 230 °C, split [10:1], 1.0 pL.
Column DB-Wax (30 m x 0.25 mm x 0.25 pm)
Carrier Gas N, 1.0 mL/min
Oven Temp. 50 °C (5§ min)—8 °C/min—250 °C (10 min)
Detector FID, 270 °C

Table 2. Analytical condition of GC-MSD

Parameters Condition
Injector 230 °C, split [10:1], 1.0 pL.
Column ZB-Wax (30 m x 0.25 mm x 0.25 pm)
Carrier Gas He, 1.0 mL/min
Oven Temp. 50 °C (5 min)—8 °C/min—250 °C (10 min)
Aux Temp. 320 °C
MS Source 230 °C
Tonization EI mode, 70 eV
Detection Scan and SIM
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Table 3. Comparison of extraction solvent using wax column
by GC-MSD

Response
Hexane MeOH

2,484,031 4,458,472
5,127,924 9,530,451

874,767 1,260,689
5,851,946 6,138,845
4310319 4,816,997
5,631,276 7,827,321
4,900,383 7,462,039
11,763,038 13,562,272
4,858,359 5,959,486
6,758,865 9,425,031
8,276,035 10,061,605
9,790,122 11,102,562
10,528,725 11,339,761

Compounds

Methyl trans-2-butenoate
trans-2-Hexenal dimethyl acetal
trans-2-Hexenal diethyl acetal
trans-2-Heptenal

Allyl isothiocyanate

Dimethyl citraconate

Geraniol

Benzyl cyanide
6,10-dimethyl-3,5,9-undecatrien-2-one
Cinnamyl alcohol

Coumarin
4-(P-Methoxyphenyl)-3-butene-2-one
1-(P-Methoxyphenyl)-1-penten-3-one
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Fig. 1. Chromatogram of target compounds using the standard solution by GC-MSD.
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Fig. 2. Chromatogram of target compounds using the standard solution by GC-FID.
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Table 4. Formula and molecular weight of 22 target compounds

No. Compounds CAS No. Formula Mole'cular Instrument
Weight
1 Methy! trans-2-butenoate 623-43-8 CsHgO, 100.12
2 trans-2-Hexenal dimethyl acetal 18318-83-7 CsHi60, 144.21
3 trans-2-Heptenal 18829-55-5 C,H,,0 112.17
4 Allyl isothiocyanate 57-06-7 C4HsNS 151.9
5 Chenopodium Oil 8006-99-3 N/A N/A
6 Dimethyl citraconate 617-54-9 C7H;,04 158.15
7 Geraniol 106-24-1 CoH;530 154.25
8 Benzyl cyanide 140-29-4 CgH,N 117.15
9 6,10-dimethyl-3,5,9-undecatrien-2-one 141-10-6 C3H,,0 192.29
10 Eugenol 97-53-0 CoH20, 164.20 GC-MSD
11 Cinnamy! alcohol 104-54-1 CoH,,0 134.18
12 Coumarin 91-64-5 CyHeO, 146.14
13 4-(P-Methoxyphenyl)-3-butene-2-one 943-88-4 C1H 2,0, 176.21
14 1-(P-Methoxyphenyl)-1-penten-3-one 104-27-8 CpH40, 190.24
15 trans-2-Hexenal diethyl acetal 67746-30-9 C1oH00, 172.26
16 Hydroxy-citronellal 107-75-5 C1oH00, 172.27
17 Pseudomethylionone 26651-96-7 Ci4H2,0 206.32
18 Isoeugenol 97-54-1 CoH120, 164.20
19 Lyral 31906-04-4 C3Hx0, 210.31
20 d-Limonene 5989-27-5 CioHi 136.23
21 Linalool 78-70-6 CioH; 30 154.25 GC-FID
22 Hexyl Cinnamal 101-86-0 C5H,0 216.32

Table 5. IDL, MLD and LOQ results for the analysis of 22 target compounds by GC-MSD and GC-FID

Compounds Unit IDL MDL LOQ
Methyl trans-2-butenoate pg/mL 0.0156 0.0164 0.0512
trans-2-Hexenal dimethyl acetal pg/mL 0.0119 0.0155 0.0495
trans-2-Heptenal pg/mL 0.0110 0.0139 0.0442
Allyl isothiocyanate pg/mL 0.0130 0.0144 0.0458
Chenopodium Oil pg/mL 0.0083 0.0141 0.0450
Dimethyl citraconate pg/mL 0.0128 0.0162 0.0515
Geraniol pg/mL 0.0083 0.0121 0.0386
Benzyl cyanide pg/mL 0.0141 0.0158 0.0505
6,10-dimethyl-3,5,9-undecatrien-2-one pg/mL 0.0153 0.0164 0.0522
Eugenol pg/mL 0.0150 0.0450 0.1432
Cinnamy] alcohol pg/mL 0.0106 0.0156 0.0498
Coumarin pg/mL 0.0134 0.0180 0.0575
4-(P-Methoxyphenyl)-3-butene-2-one pg/mL 0.0154 0.0228 0.0727
1-(P-Methoxyphenyl)-1-penten-3-one pg/mL 0.0152 0.0230 0.0732
trans-2-Hexenal diethyl acetal pg/mL 0.0108 0.0267 0.0849
Hydroxy-citronellal pg/mL 0.0112 0.0650 0.2070
Pseudomethylionone pg/mL 0.0057 0.0886 0.2820
Isoeugenol pg/mL 0.0214 0.1161 0.3699
Lyral pg/mL 0.0335 0.0366 0.1166
d-Limonene pg/mL 0.0187 0.0581 0.1850
Linalool pg/mL 0.0225 0.0719 0.2289
Hexyl Cinnamal png/mL 0.0232 0.0659 0.2100
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Table 6. Calibration ranges and regression equation of 22 target compounds analyzed by GC-MSD and GC-FID

Cal. range
Compounds _— Regression eqn. R?
pg/mL
Methyl trans-2-butenoate 0.1 -2.0 y=932,778x — 30,290 0.9985
trans-2-Hexenal dimethyl acetal 0.1 —2.0 y=630,799x — 22,490 0.9990
trans-2-Heptenal 0.1 -2.0 y=295,164x — 16,673 0.9987
Allyl isothiocyanate 0.1-2.0 y=603,586x — 39,543 0.9987
Chenopodium Oil 0.1-2.0 y=377,402x — 15,708 0.9985
Dimethyl citraconate 0.1-2.0 y=1,394,708x — 48,212 0.9984
Geraniol 0.1-2.0 y=835,751x — 66,347 0.9985
Benzyl cyanide 0.1-2.0 y=622,828x — 26,188 0.9987
6,10-dimethyl-3,5,9-undecatrien-2-one 0.1 -2.0 y=329,637x — 22,923 0.9990
Eugenol 0.1-2.0 y=660,862x — 42,637 0.9989
Cinnamyl alcohol 0.1 -2.0 y=379,919x — 24,724 0.9990
Coumarin 0.1-2.0 y=983,369x — 30,043 0.9984
4-(P-Methoxyphenyl)-3-butene-2-one 0.1-2.0 y=1,145,618x — 50,265 0.9987
1-(P-Methoxyphenyl)-1-penten-3-one 0.1-2.0 y=1,859,839x — 79,815 0.9987
trans-2-Hexenal diethyl acetal 0.1 -2.0 y=882,322x + 7,767 0.9994
Hydroxy-citronellal 0.1-2.0 y=1,023,379x — 5,547 0.9997
Pseudomethylionone 0.1 —2.0 y=796,213x — 26,508 0.9997
Isoeugenol 0.1-2.0 y=1,586,365x + 1,455 0.9996
Lyral 0.1-2.0 y=689,953x — 4,290 0.9999
d-Limonene 02-5.0 y=8.6949x + 0.4093 0.9982
Linalool 02-5.0 y=7.6174x + 0.6577 0.9981
Hexyl Cinnamal 02-5.0 y=6.6598x + 0.5954 0.9980

Table 7. Precision and Accuracy results for the analysis of 22 target compounds by GC-MSD and GC-FID

Compounds Unit Spiked conc. Mean + SD Precision (%) Accuracy (%)
Methyl trans-2-butenoate pg/mL 1.00 0.9980 £ 0.0091 0.91 99.80
trans-2-Hexenal dimethyl acetal png/mL 1.00 1.0322 + 0.0086 0.83 103.22
trans-2-Heptenal png/mL 1.00 0.9936 + 0.0092 0.92 99.36
Allyl isothiocyanate pg/mL 1.00 1.0009 + 0.0113 1.13 100.09
Chenopodium Oil png/mL 1.00 1.0039 + 0.0101 1.00 100.39
Dimethyl citraconate pg/mL 1.00 1.0204 + 0.0083 0.82 102.04
Geraniol png/mL 1.00 0.9944 + 0.0124 1.24 99.44
Benzyl cyanide png/mL 1.00 1.0065 + 0.0081 0.81 100.65
6,10-dimethyl-3,5,9-undecatrien-2-one png/mL 1.00 0.9562 + 0.0153 1.60 95.62
Eugenol png/mL 1.00 0.9690 + 0.0294 3.04 96.90
Cinnamy] alcohol pg/mL 1.00 0.9922 + 0.0072 0.72 99.22
Coumarin png/mL 1.00 0.9809 + 0.0047 0.48 98.09
4-(P-Methoxyphenyl)-3-butene-2-one ng/mL 1.00 0.9583 £ 0.0468 4.89 95.83
1-(P-Methoxyphenyl)-1-penten-3-one pg/mL 1.00 0.9515 £ 0.0345 3.63 95.15
trans-2-Hexenal diethyl acetal png/mL 1.00 1.1091 + 0.0268 242 11091
Hydroxy-citronellal pg/mL 1.00 1.0737 + 0.0260 242 107.37
Pseudomethylionone pg/mL 1.00 1.0391 + 0.0286 2.75 103.91
Isoeugenol png/mL 1.00 0.8921 + 0.0361 4.04 89.21
Lyral ng/mL 1.00 1.0879 + 0.0289 2.66 108.79
d-Limonene png/mL 2.00 2.0182 + 0.0480 2.38 100.91
Linalool png/mL 2.00 2.0374 + 0.0368 1.81 101.87
Hexyl Cinnamal png/mL 2.00 1.9981 + 0.0751 3.76 99.90
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Table 8. Results for the analysis of commercial products by GC-MSD and GC-FID
Samples (mg/kg)
Compounds
1 2 3 4 5 6 7 8 9 10 112 13
Methyl trans-2-butenoate N.D ND ND ND N.D ND ND ND N.D 248 ND ND 299
trans-2-Hexenal dimethy! acetal N.D NND NND NND ND ND ND ND ND N.D ND ND ND
trans-2-Heptenal N.D NND ND N.D ND N.D ND ND 456 N.D ND ND 1045
Allyl isothiocyanate N.D NND ND ND ND ND ND ND ND N.D N.D N.D N.D
Chenopodium Oil N.D 023 N.D ND ND N.D N.D 025 3.80 N.D ND ND 162.19
Dimethyl citraconate N.D ND ND ND ND 024 ND NND N.D N.D ND ND 498
Geraniol 2.47 16.1716.53 4.68 N.D 2.20 N.D N.D 2,646.08 94.00 3.03 N.D 19,830.35
Benzyl cyanide N.D N.D ND ND ND ND ND ND ND N.D ND ND 1.99
6,10-dimethyl-3,5,9-undecatrien-2-one N.D . N.D N.D N.D N.D N.D N.D ND 278 273 277 ND 5124
Eugenol 296 N.D 1.53 11.33 NND N.D N.D N.D 212.15 422 6.05 N.D 159.70
Cinnamy! alcohol N.D ND ND ND ND ND ND ND N.D ND ND ND 299
Coumarin N.D ND ND ND ND 049 ND ND ND ND ND ND ND
4-(P-Methoxyphenyl)-3-butene-2-one  N.D N.D N.D N.D N.D N.D NND N.D N.D ND ND ND 299
1-(P-Methoxyphenyl)-1-penten-3-one  0.49 N.D N.D N.D N.D N.D N.D N.D N.D N.D ND ND ND
trans-2-Hexenal diethyl acetal N.D N.D N.D N.D NND N.D N.D N.D N.D N.D ND ND 43.78
Hydroxy-citronellal 18.53 3.05 1.27 1.72 2.22 38.54 4.02 1.99 2.28 149 ND ND 42935
Pseudomethylionone N.D ND ND ND ND ND N.D ND N.D N.D ND ND 20448
Isoeugenol 198 N.D N.D ND ND ND ND ND N.D N.D ND ND 2537
Lyral N.D N.D ND ND ND ND ND ND 50810 ND ND ND 3930
d-Limonene N.D N.D N.D ND ND ND ND ND 271.32 1,031.77 N.D N.D 50,020.30
Linalool 82.6682.6318.12 9.31 51.3174.897443 N.D 10497 N.D ND ND 3,820.69
Hexy! Cinnamal N.D N.D ND ND ND ND ND ND 5792 21394 ND 870 N.D
Aol 749 67~18598392 &2 W2 717154 ® 4 = WEE d-Limonene©] 50,020.30 mgkgl® 7H
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35 AlEHE EMZn T gle AAelth mEbA & Aola s ojde] AlF
FAlg 13 Fo) AwRE] told AF Hod 22 F 2 Fo YA FU% PP 2ASS $HHoe
FAE ol&ste] B2 A BAMCE 28] B AAske] GC-MSD9} GC-FIDE ©]83 T 54
gEAG el BAS NI FHFS AN B RS sk, AA AR A gk AR
Atk 423 HFED 3 Hydoxycitonellale] 3 X2l $5d F20E ol 83kw, B47171E
T F 135 ARF F 11 FY AREFe] date] 2 GC-MSD$F GC-FIDE o] -&3ko] 747t 1953 3%
Zo] Ho} 71 & AFUES YT B SARAS A9 BAe] BYd A2S §
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3 AR AEAE ERlsi ey, W&
AE 00033 pg/mL, FHFFAE 00100 ug/mL7Ex] G4
A, AU} B 9] 89~111%2F 0.21~4.89%
2 ES SASS AT ARE E4AF T 13F
o Al FAE F 11 FolA =z

1 % d-Limonene®] 714 £& HAEF =
Hydroxy-citronellal2 717 £& ZAEVEE YR ATH
2 ATe] FAUES FF ofdolAlR 4

Z 22 4 A9
Feger vk, AEPAL P 5 A% N EARE

482 IS A2 7yEdh
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