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Various volatile organic compounds (VOCs), including aldehydes, are present in fried food being cooked in
high-temperature oil. In this study, real-time VOC concentration was measured in the upper part of a large pot
in the cooking room using Proton Transfer Reaction Time-of-Flight Mass Spectrometry (PTR ToF MS) for 3
days (roasted on the first day, fried on the second day, and simmered on the third day). The average con-
centration of diacetyl was the highest on the first day of stir-frying and steaming. The highest concentrations
of formaldehyde was on day 3 when pork was cooked in sugar and sauce. Formaldehyde, 1,3-butadiene, acro-
lein, diacetyl, and naphthalene were detected during the frying process on the second day, and were detected
in descending order of boiling point. In addition, various VOCs such as methanol were detected. The max-
imum/minimum concentration ratio was the highest for acrolein (3,030), so it was confirmed that many alde-
hydes were generated during frying. Although there is a limit to direct comparison with Occupational Exposure
Limit as a result of area sample by PTR ToF MS, the mean concentrations of formaldehyde and diacetyl during
the frying operation for 15 minutes were 232 ppb and 16 ppb, respectively, which was 80% of the American
Conference of Governmental Industrial Hygienists Threshold Limit Value-Short Term Exposure Limit. After
the frying was over, the VOC concentration began to decrease, and it took more than 3 hours to lower the VOC
concentration to the level before the oil was heated. As various harmful gaseous substances are generated when
cooking deep-frying, improvement methods such as using oil with high boiling points and developing respi-
ratory protection programs should be devised.
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Table 1. Three day meal menu, cooking method, and ingredients (Korean)

Day Menu

Cooking method

Food ingredients (kg)
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2 7! ee N _
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Radish soybean paste(d 7% &53) 57 ’7}:__ - 7_}’}_ o) = ’ ’ ’
= [e] [e)
Oat rice(# 2 1), R 3L7](55), A B(2.0), &R (0.6), 7+H(2.4), 22
Day Jjolmyeon(ZH), Stewed 0.6), AL FF(4), &EAFZ5(0.6), F718(0.9), HF
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Assorted soy sauce(2E FZH) VR, Ax, 24 9 74 oA 5
AL, TIAFE 1A 307 48 oA 7770
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Fig. 1. PTR ToF MS measurement schematic diagram.
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Table 2. Summary of the analytical conditions for PTR ToF MS

i

Ho

Items Contents
Model/Manufacture PTR-ToF 1000/IONICON
Sampling Flow 100 ml/min
Primary Ion H,;0%, 0,+, NO*
Ion Source 4 mA
Voltage 400 ~ 600V
Drift Tube Temperature 60°C
Pressure 2.2 mbar
Mass Range m/z 0 ~ 700

ToF analyzer -
Acquisition Mode

Automated measurement and evaluation (AME) Mode

Table 3. Substances, proton affinity, detection limit evaluated by PTR ToF MS

%

ok

Substance CAS No. Formula  Molecular weight (g/mol) Boiling point (°C) PA LOD
Acetaldehyde 75-07-0 C,H,0 44.0262 20 183.8 0.016
Acetone 67-64-1 C;H,O 58.0419 57 194.1 0.006
Acetonitrile 75-05-8 C,H;N 41.0265 82 186.2 0.014
Acrolein 107-02-8 C;H,0 56.0262 53 190.5 0.005
Acrylamide 107-13-1 C;H;NO 71.0371 241 208.0 0.030
Benzene 71-43-2 CHg 78.0470 80 179.3 0.009
1,3-Butadiene 106-99-0 C,Hq 54.0470 —4.4 186.3 0.020
Cyclohexane 110-82-7 CeH,, 84.0939 81 164.3 0.021
Cyclohexanone 108-94-1 C¢H,,0 98.0732 156 201.1 0.021
Diacetyl 431-03-8 C,H0, 86.0368 88 192.1 0.020
Formaldehyde 50-00-0 CH,0 30.0106 -19 170.4 0.103
Methanol 67-56-1 CH,O 32.0262 65 180.3 0.367
Naphthalene 91-20-3 C,oHg 128.0626 218 191.9 0.004
Tetrahydrofurane 109-99-9 C,H;O 72.0575 66 207.9 0.001

*Unit of proton affinity = kcal/mol
**Unit of detection limit = ppb
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Fig. 2. Calibration curves for four VOCs. a is benzene, b is toluene, c is styrene, d is trimethylbenzene. The unit of the value
presented on the X-axis is ppb, and that of the value plotted on the Y-axis is cps (counts per second).
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Table 4. The concentration of VOCs measured at the top of the pot

VOCs concentration in top of pot (ppb)

Day 1 (N=950)

Day 2 (N =1320)

Day 3 (N=1073)

Substance Geometric

GM(GSD)  Range ax/ GM(GSD) Range M%X/ GM(GSD)  Range Ma'x/ mean
Min Min
Formaldehyde  32.3(2.1) 10.1-8359 83 18.02.9) 3.2-1,338 418 253(3.1) 6.2-17,623.3 2842 24.5
Methanol 1.43.6) 03-303.9 1,013 24(54) 04375 938 2.8(4.0) 04-2055 514 2.1
Acetonitrile 3.8(1.5) 1.5-13.7 9 2.5(3.0) 0.2-90 450 1.9(2.6) 0.4-23.5 59 2.6
Acetaldehyde  24.9(23) 3.6-560.8 156 3.4(42.3) <LOD-300 - 12.0(10.4) <LOD-698.8 - 10.0
1,3 Butadiene  7.4(1.4)  4.2-19.3 5 10.02.3) 3.2-121 38 7.2(1.5) 3.6-17.7 5 8.1
Acrolein 5.1(1.5) 0.2-15.8 79 6.5(3.7) 0.1-303 3,030 3.6(2.5) <LOD-184 - 4.9
Aceton 247(14) 12.1-674 6 16.7(1.8)  4.7-62 13 16.8(1.5)  0.1-59.9 599 19.0
Acrylamide 0.2(1.7) <LOD-0.9 - 02(29) <LOD-4 - 0.122) <LOD-2.4 - 0.2
Tetrahydrofurane  2.5(1.6) 1.2-19.8 17 3.5(2.4) 1.0-54 54 2.7(1.6) 1.0-21.6  21.6 2.9
Benzene 0.6(1.5) 0.4-6.1 15 0.4(1.7) <LOD-1.0 - 0.4(1.8) 0.1-3.6 36 0.5
Cyclohexane 0.3(1.7) 0.1-1.5 15 0.5(3.5) 1.1-15 14 0.3(1.9) <LOD-3.6 - 0.3
Diacetyl 74(1.4) 4.2-193 5 2.7(2.6) 0.6-23 38 22(2.1) 0.6-18.3 31 3.6
Cyclohexanone  3.4(1.4) <LOD-17.1 - 3.6(1.7) 1.1-15 14 2.7(1.5) 0.5-6.9 14 32
Naphthalene 0.3(1.5) 0.1-1.0 10 0.4(2.3) 0.14 40 0.2(1.6) 0.1-1.1 11 0.3
Sum” 114.4 70.8 78.3

VOCs: volatile organic compounds

GM: geometric mean, GSD: geometric standard deviation, Max: maximum, Min: minimum

LOD: limit of detection
*sum of mean VOCs concentrations
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Fig. 3. Real-time concentration of formaldehyde measured on the third day. Values are presented in logarithmic scale on the

Y-axis.
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Fig. 4. Real-time concentrations of formaldehyde, 1,3-butadiene, acrolein, diacetyl and naphthalene measured on the second
day. Values are presented in logarithmic scale on the Y-axis. The blue line is formaldehyde, the gray dotted line is 1,3-
butadiene, the green line is acrolein, the yellow dotted line is diacetyl, and the red line is naphthalene.
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