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Volatile organic compounds have been recognized as one of the environment hazards in air that seriously harm

both the environment and human health. However, only a few measurements of VOCs have been conducted due to analytical

difficulties. In this study, total of 33 VOCs (e.g., benzene, toluene, ethylbenzene, xylene, trichloroethylene, and isopro-

pylbenzene) have been determined using thermal desorption - gas chromatography mass spectrometry (TD-GCMS). This

study presented that the two criterion methods by the external and internal calibration were evaluated for quantity and

quality assurances. As a result, the application of internal standard calibration was strongly suggested for interpretation of the

analysis results.
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— Boiling point
(4 groups)

Molecular structure

VOCs — (7 groups)

(2 groups)

— Molrcular polarity _J

(1) <50°C, very Volatile Organic Compounds (VVOCs)
e.g. methane, formaldehyde, dichloromethane, aldehyde
(2) 50~260°C, Volatile Organic Compounds (VOCs)
e.g. benzene, xylene, ethyl alcohol, trichloromethane
(3) 260~400°C, Semivolatile Organic Compounds (SVOCs)
e.g. dursban, dibutyl phthalate, diethyl phthalate
(4)=400°C, Particulate Organic Compounds (POMs)
e.g. polychlorinated biphenyl, benzopyrene

(1) Alkanes
e.g. ethane, propane, butane, pentane
(2) Alkenes
e.g. ethylene, propylene, butane, butadiene
(3) Aromatic hydrocarbons
e.g. benzene, toluene, xylene, styrene
(4) Halogenated hydrocarbons
e.g. dichloromethane, trichloromethane, trichloroethane
(5) Alcohols
e.g. methanol, ethanol, isoprene, butanol
(6) Aldehydes
e.g. formaldehyde, acetaldehyde, propionic aldehydy
(7) Ketones

e.g. acetone, butanone, methyl ethyl ketone

(1) Polar
e.g. acetone, isopropyl alcohol, butanone, methanol
(2) Nonpolar

e.g. benzene, toluene, ethylbenzene, xylene, ethylene

Fig. 1. The classification of VOCs (Zhu et al., 2020).
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MDL), A4 ] AAAS (%), Bx2E ol tgt Cal-
ibration Curve Verification (CCV)< H7I5ttt &
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Table 1. Analytical conditions for VOCs using TD-GCMS.

eter A2 1571 T1F o= E/oto] EA46%lom, 1
Nel 1F2 4 17K, I 5719 B Bt
5 F/J5F3ITE. SIM parameterE /35H7] 919t 171
15 W AzFol9] dwell times &2 Z|o 250 msZ
AAsto] As AlRe] SINE FohA] s A
Aottt 23t =4S et A A=

=
=
ZE29] chlorobenzene-d5& T 2 F

RLE
Jsto] 2Astoct

Aold ZEEES 24T 47 19 29

202 acrylonitrile®] 6.62
minoA AEH 2L Ao = 1,1-dichloroethane,
chloroform, 1,2-dichloroethane 59| £° 2 33 &
o] AZEE 3 oH, WHEFEFZZZS! chlorobenzene-d5
= 3345 min°] 4= AEARME VIR F
g Ao e FE2 p-isopropylbenzened}
1,2,4-trimethylbenzene®] 38.83 min®ll, n-propylben-
zene} 4-chlorotoluene< 37.55 min®l AZLE At
Y Azl HEE &5 F p-isopropylbenzene}

1,2,4-trimethylbenzene= Agjo]20] Z}z}F 119 Y

Parameter Conditions
GC Agilent 7890 A
MS Agilent 5975 C
Column DB-1 (Length 60 m, Diam 0.25 mm, Film 1.00 pm)
Carrier gas He
Flow rate 1 mL/min
Detector temperature 300°C
Rate (°C/min) Value (°C) Hold time (min)
35 22
5 50 0
Oven temperature 10 160 5
10 260 3
20 320 3
Post run: 15 min at 320°C
Tube desorption, 8 min at 320°C
TD Trap purge time, 1 min

Split ratio, 16
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Fig. 2. Chromatogram for VOCs analysis.
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Table 3. Method detection limit (MDL) for VOCs using TD-GCMS.

Retention Targetion MDL
Compounds time (min) (m/z) . . .

Solution conc (mg/L) Air collection (ppb)
Chlorobenzene-d5 33.043 17
Acrylonitrile 6.62 53 0.4351 0.0204
1,1-Dichloroethane 9.015 63 0.0361 0.0009
Chloroform 11.635 83 0.1072 0.0022
1,2-Dichloroethane 13.808 62 0.0492 0.0012
1,1,1-Trichloroethane 14.566 97 0.0493 0.0009
Benzene 16.359 78 0.6936 0.0221
Carbon tetrachloride 16.977 17 01714 0.0028
Trichioroethylene 21.808 130 0.2741 0.0052
Toluene 29.113 91 0.2329 0.0063
Tetrachloroethylene 32.768 166 0.2481 0.0037
Chlorobenzene 33.45 112 0.0605 0.0013
Ethylbenzene 34.320 91 0.1778 0.0042
m&p-Xylene 35.147 91 1.2292 0.0144
Styrene 35.32 104 0.3044 0.0073
o-Xylene 37.144 91 0.1701 0.0040
Isopropylbenzene 37.523 105 0.0291 0.0006
Bromobenzene 36.68 77 0.0318 0.0005
2-Chlorotoluene 37.44 91 0.2332 0.0046
n-Propylbenzene & 4-Chlorotoluene 37.55 91 0.0249 0.0003
1,3,5-Trimethylbenzene 37.98 105 0.0231 0.0005
p-lsopropylbenzene 38.388 119 0.0549 0.0011
1,2,4-Trimethylbenzene 38.388 105 0.0330 0.0007
1,2-DiChlorobenzene 38.694 146 0.0399 0.0007
1,3-DiChlorobenzene 38.799 146 0.0359 0.0006
sec-Butylbenzene 39.005 105 0.0271 0.0005
tert-Butylbenzene 39.317 119 0.0353 0.0007
1,4-DiChlorobenzene 39.663 146 0.0432 0.0007
n-Butylbenzene 40.386 91 0.0322 0.0006
1,2,3-Trichlorobenzene 44,283 180 0.0441 0.0004
Naphthalene 44,554 128 0.0940 0.0018
1,2,4-Trichlorobenzene 45.281 180 0.0478 0.0007
Hexachloro-1,3-butadiene 45.556 225 0.1901 0.0018
= 5 710l o Aol 7 AR 1 AlE2E S xR 59 G Bl sA ] ool
ol FUE 8ol B} AR AA 2L BT WATAVL &S Aow YN v PHAE
7] A9 B AEMAE Apol7t HARE HAE v A =4 HE%E m&p-xylene, benzene,
Y PAAEDAT £ FZE m&pxylene  syrene 5] BAL PUABUAL 4] 918
1.2292 mg/L (0.0144 ppb), benzene 0.6936 mg/L & A BEEE L7t thE = vl8f =817]
(0.0221 ppb), acrylonitrile 0.4351 mg/L (0.0204 ppb) fRo g2 A B oA 33322 VOCs
9 styrene 0.3044 mg/L (0.0073 ppb)2 SRIE A, =HE& SHot7] Yol 2712 BEEEES 3ot
©] % acrylonitrile> VVOCs =42 wj-¢ 2ol A8tk & FF-EEolli= m&p-xylene, benzene,

=i [©)

7 Asoln] Mgol2o] 53, 26, 522 H]IA £}

#Fo] vre B o|c}, Wb acrylonitrilel AHA

il

styrene ¥ toluene & o] m& Zrlo] Q%)

o m, B Ao A m-xylene H p-xylene2] £2]5 &

o7 IstEx| M 37 E M 25
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Table 4. Coefficient of determination of external and internal standard calibration.

External standard Internal standard
calibration (r%) calibration (%)

1st 2nd 1st 2nd
Acrylonitrile 0.9997 0.9997 0.9994 0.9985
1,1-Dichloroethane 0.9995 0.9996 0.9991 0.9978
Chloroform 0.9986 0.9986 0.9979 0.9986
1,2-Dichloroethane 0.9999 0.9999 0.9998 0.9985
1,1,1-Trichloroethane 0.9996 0.9996 0.9991 0.9988
Benzene 0.9983 0.9983 0.9989 0.9950
Carbon tetrachloride 0.9992 0.9992 0.9986 0.9988
Trichloroethene 0.9999 0.9998 0.9997 0.9991
Toluene 0.9997 0.9997 0.9999 0.9984
Tetrachloroethene 0.9999 0.9999 0.9998 0.9996
Chlorobenzene 0.9999 0.9999 0.9999 0.9995
Ethylbenzene 0.9999 0.9999 0.9998 0.9993
m&p-Xylene 0.9999 0.9999 0.9997 0.9991
Styrene 0.9997 0.9998 0.9999 0.9996
o-Xylene 0.9999 0.9999 0.9998 0.9998
Bromobenzene 0.9999 0.9999 0.9999 0.9989
Isopropylbenzene 0.9990 0.9991 0.9993 0.9992
2-Chlorotoluene 0.9999 0.9999 0.9999 0.9982
n-Propylbenzene & 4-Chlorotoluene 0.9999 0.9999 0.9999 0.9990
1,3,5-Trimethylbenzene 0.9999 0.9998 0.9999 0.9981
p-lsopropylbenzene 0.9999 0.9999 0.9999 0.9980
1,2,4-Trimethylbenzene 0.9999 0.9999 0.9999 0.9979
1,2-DiChlorobenzene 0.9999 0.9999 0.9999 0.9963
1,3-DiChlorobenzene 0.9999 0.9998 0.9999 0.9963
sec-Butylbenzene 0.9999 0.9999 0.9999 0.9970
tert-Butylbenzene 0.9999 0.9999 0.9999 0.9961
1,4-DiChlorobenzene 0.9998 0.9997 0.9998 0.9951
n-Butylbenzene 0.9999 0.9999 0.9998 0.9967
Naphthalene 0.9999 0.9998 0.9999 0.9942
1,2,4-Trichlorobenzene 0.9999 0.9999 0.9999 0.9996
Hexachloro-1,3-butadiene 0.9998 0.9999 0.9998 0.9926
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Table 5. Evaluation of calibration curve using external standard calibration.
Measurement result
ng/uL Reference conc. Accuracy (%)
1st 3nd 3rd 4th

Acrylonitrile 6.27 5.92 2.83 2.18 244 53.29
1,1-Dichloroethane 6.27 5.52 297 2.66 24 54.07
Chloroform 6.27 6.11 4.00 3.65 2.31 64.11
1,2-Dichloroethane 6.29 5.98 2.65 0.09 0.08 34.96
1,1,1-Trichloroethane 6.26 5.59 3.65 4.15 2.22 62.37
Benzene 12.62 6.93 2.72 -9.95 -14.81 -29.95
Carbon tetrachloride 6.28 5.60 3.94 4.67 217 65.26
Trichloroethene 6.29 5.82 344 2.30 0.81 49.18
Toluene 12.59 12.63 7.46 3.57 0.65 48.26
Tetrachloroethene 6.31 5.15 3.02 1.76 0.28 40.45
Chlorobenzene 6.34 5.30 2.69 1.53 0.45 39.32
Ethylbenzene 12.58 11.89 7.22 412 1.36 48.87
m&p-Xylene 25.14 2418 15.25 9.05 3.14 51.34
Styrene 12.49 10.92 5.68 0.14 0.04 33.58
o-Xylene 12.59 11.68 7.00 4.55 1.36 48.82
Bromobenzene 6.30 551 3.18 5.70 229 66.17
Isopropylbenzene 6.26 6.08 3.29 2.78 1.12 52.98
2-Chlorotoluene 6.38 5.33 2.82 5.80 1.82 61.80
n-Propylbenzene & 4-Chlorotoluene 12.67 11.12 5.84 433 1.36 44.70
1,3,5-Trimethylbenzene 6.28 5.23 2.70 2.05 0.54 41.86
p-lsopropylbenzene 6.31 530 274 1.97 043 41.34
1,2,4-Trimethylbenzene 6.19 5.07 2.89 2.12 0.53 42.87
1,2-DiChlorobenzene 6.27 5.25 261 1.66 0.29 39.05
1,3-DiChlorobenzene 6.29 5.17 2.64 1.71 0.29 38.99
sec-Butylbenzene 6.32 522 2.58 1.88 0.46 40.15
tert-Butylbenzene 6.33 5.08 2.56 1.84 0.42 39.10
1,4-DiChlorobenzene 6.26 522 2.66 1.69 0.31 39.46
n-Butylbenzene 6.44 5.47 2.86 2.23 0.70 43.69
Naphthalene 6.33 5.15 2.65 1.38 0.27 37.28
1,2,4-Trichlorobenzene 6.27 532 2.69 1.44 0.21 38.52
Hexachloro-1,3-butadiene 6.35 527 3.38 2.35 0.41 44.93
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Table 6. Evaluation of calibration curve using internal standard calibration.

Measurement result

ng/pL Reference conc. Accuracy (%)
1st 3nd 3rd 4th
Acrylonitrile 6.27 7.07 6.26 6.91 6.57 106.91
1,1-Dichloroethane 6.27 6.59 6.58 6.48 6.20 103.06
Chloroform 6.27 6.30 6.86 6.85 7.82 110.93
1,2-Dichloroethane 6.29 6.14 5.85 6.96 7.07 103.46
1,1,1-Trichloroethane 6.26 6.77 6.23 6.45 5.84 101.01
Benzene 12.62 12.55 13.34 13.28 13.19 103.74
Carbon tetrachloride 6.28 6.69 6.72 6.44 6.16 103.52
Trichloroethene 6.29 6.79 6.44 6.13 5.54 98.98
Toluene 12.59 13.91 13.43 11.86 12.90 103.45
Tetrachloroethene 6.31 6.15 6.68 5.93 6.29 99.26
Chlorobenzene 6.34 6.33 5.95 6.34 6.49 99.03
Ethylbenzene 12.58 12.38 13.25 13.03 13.24 103.13
m&p-Xylene 25.14 26.13 23.23 26.57 22.80 98.19
Styrene 12.49 11.73 11.24 12.77 11.33 94.23
o-Xylene 12.59 13.96 13.50 13.37 13.00 106.88
Bromobenzene 6.30 6.58 7.05 6.80 6.15 105.42
Isopropylbenzene 6.26 6.26 7.28 6.71 7.30 110.01
2-Chlorotoluene 6.38 6.36 6.24 6.31 6.84 100.92
n-Propylbenzene & 4-Chlorotoluene 12.67 13.28 12.93 12.81 13.06 102.74
1,3,5-Trimethylbenzene 6.28 6.24 5.98 6.23 6.75 100.34
p-Isopropylbenzene 6.31 6.33 6.06 6.42 5.98 98.21
1,2,4-Trimethylbenzene 6.19 6.36 6.40 6.32 5.58 99.56
1,2-DiChlorobenzene 6.27 6.27 5.77 6.31 6.05 97.27
1,3-DiChlorobenzene 6.29 6.17 5.84 6.31 6.05 96.88
sec-Butylbenzene 6.32 6.24 5.72 6.19 5.36 92.99
tert-Butylbenzene 6.33 6.06 5.66 6.10 5.99 94.08
1,4-DiChlorobenzene 6.26 6.24 5.88 6.30 6.36 98.96
n-Butylbenzene 6.44 6.53 6.33 6.02 6.58 98.83
Naphthalene 6.33 5.88 5.58 5.80 6.97 95.66
1,2,4-Trichlorobenzene 6.27 6.05 5.95 5.94 6.39 96.98
Hexachloro-1,3-butadiene 6.35 6.29 6.48 6.10 5.05 94.15
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