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Calibration Characteristics of VOCs by a Gas Chromatography with
Mass Spectrometry (GC-MYS) in Relation to Injection Approaches

Ji-Won Ahn and Ki-Hyun Kim®
Dept. of Earth & Environmental Sciences, Sgong University

In this study, calibration characteristics of VOCs were investigated between direct injection (DI) and solid-
phase microextraction (SPME) using gas chromatography with mass spectrometry. For this, VOC standards
with 54 major compounds were analyzed in a series of calibration experiments. The result of correlation anal-
ysis, if analyzed by cdlibration slopes between direct injection and SPME, showed that the recovery rate of
SPME method was 36% of direct injection. As the sengitivity of GC/M S system was high in relation with car-
bon number, the relationship between slope ratio of unknown compound (X) and toluene (T) (slope (X/T)) and
the corresponding carbon number (C (X/T)) may be applied to the instant derivation of calibration slopes for
many unknown compounds.

Key words: volatile organic compound (VOC), mass spectrometry, solid-phase microextraction (SPME), dope
ratio, carbon number
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Table 1. A list of 54 volatile organic compounds (VOCs) investigated in this study (EPA method 502/524, volatile organics
calibration mix)

Order Name Formula ~ MW Order Name Formula MW
1 1,1-Dichloroethylene CH,Cl, 96 28* 1,1,1,2-Tetrachloroethane C,H,Cl, 168
2 Methylene chloride CH,Cl, 84 29  m-Xylene CsHyy 106
3 trans-1,2-Dichloroethylene ~ C,H,Cl, 96 30* p-Xylene CgHyp 106
4 1,1-Dichloroethane CH/ClL, 98 31  o-Xylene CgHyp 106
5 2,2-Dichloropropane C;HeCl, 112 32 Styrene CgHg 104
6 cis-1,2-Dichloroethylene CH,Cl, 86 33  Isoprophylbenzene CoHy 120
7 Chloroform CHCl,4 118 34  Bromoform CHCBr4 250
8 Bromochloromethane CH,BrCl 128 35  1,1,2.2-Tetrachloroethane C,H,Cl, 166
9 1,1,1-Trichloroethane C,H,Cly 132 36  1,2,3-Trichloropropane C;H;Cly 146
10 1,1-Dichloropropene C;H,Cl, 110 37  n-Propylbenzene CoH,y, 120
11 Carbon tetrachloride ccl, 152 38  Bromobenzene Ce¢HsBr 156
12* 1,2-Dichloroethane CH,.ClL, 98 39  1,3,5-Trimethylbenzene CoH,, 120
13 Benzene CeHg 78 40  2-Chlorotoluene C,H,;Cl 126
14 Trichloroethylene C,HCl, 130 41  4-Chlorotoluene C/H,Cl 126
15  1,2-Dichloropropane C3HCl, 112 42 tert-Butylbenzene CioHiy 134
16  Bromodichloromethane CHBrCl, 162 43 1,2,4-Trimethylbenzene CoHy, 120
17 Dibromomethane CH,Br, 172 44  sec-Butylbenzene CioHiy 134
18  cis-1,3-Dichloropropene C;H,Cl, 110 45  p-Isopropyltoluene CioHyy 134
19  Toluene C;Hg 92 46  1,3-Dichlorobenzene CeH,Cl, 146
20  trans-1,3-Dichloropropene  C,H,CI, 110 47  1,4-Dichlorobenzene CsH,Cl, 146
21 1,1,2-Trichloroethane C,H,Cls 132 48  n-Butylbenzene CioHyy 134
22 1,3-Dichloropropane CsHgClL, 112 49  1,2-Dichlorobenzene CeH,ClL, 146
23 Tetrachloroethylene C,Cl, 164 50  1,2-Dibromo-3-chloropropane ~ C;H;Br,Cl 234
24  Dibromochloromethane CHBr,Cl 206 51  1,2,4-Trichlorobenzene CeH5Cl, 180
25  1,2-Dibromoethane C,HBr, 186 52  Hexachlorobutadiene C,Cly 258
26  Chlorobenzene CgH;Cl1 112 53  Naphtalene CioHg 128
27  Ethylbenzene CgHyp 106 54  1,2,3-Trichlorobenzene CeH,5Cl, 180

*Three compounds not detected in this study.

Table 2. Preparation procedures of VOC working standards for the application of two different calibration approaches !

a. 1st working standard

voC Mixng of PS” VOC (2000 ng uL") with methanol ~ nitial Dilution Concentration
Ist WS PS (uL) Methanol (uL) Ratio (ng uL™h)
1 250 750 0.25 500
b. 2nd working standard
voC Mixng of VOC (500 nguL™") with methanol Initial Dilution Concentration
2nd WS Ist WS (uL) Methanol (uL) Ratio (ng uL™)
1 10.0 990 0.01 5.00
2 20.0 980 0.02 10.0
3 40.0 960 0.04 20.0
4 80.0 920 0.08 40.0

*PS: Primary standard (502/524 Volatile organics calibration mix, Supelco).
**WS: Working standard.
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Table 3. Injection volume and the corresponding mass of
VOC standards for the two types calibration
experiments

a. Direct injection into GC injector

Concentration Injection volume Absolute mass

Order = g uL 1) (uL) (ng)
1 5 1 5
2 10 1 10
3 20 1 20
4 40 1 40

b. HS-SPME method

Injection volume Absolute mass

Order Concentra_tllon in 10 mL in 10 mL
(ng uL. ™) water (uL) water (ng)
1 5 1 5
2 10 1 10
3 20 1 20
4 40 1 40
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Table 4. Experimental conditions of the GC/MS system
for the analysis of VOC

GC (Shimadzu GC-2010, Japan)

type: split/splitless injector
. inj. temp.: 250 °C
Inject .
fector column flow: 1.2 mL min!
split ratio: 10:1
initial temp: 35 °C
hold time: 4 min
1st rate: 4 °C min’!
Oven final temp: 200 °C
hold time: 10 min
total time: 55.25 min
carrier gas: He 99.999%
MS (Shimadzu GCMS-QP2010, Japan)
Ionization mode: EI (70 eV)
Ion source temp.: 200 °C
Interface temp.: 200 °C
TIC scan range: 35~250 m z?!
Threshold: 100
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Fig. 1. Chromatograms of liquid-phase standard of 54 VOCs: comparison between the direct injection and HS-SPME
approaches.
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Table 5. Injection volume and the corresponding mass of VOC standards for the two types calibration experiments

a. Direct injection

b. HS-SPME method

Order Name Slope . RSE  MDL o . RSE  MDL
P @) (@g P %) (g
1  1,1-Dichloroethylene 98643  0.9850 3.75 0.409 22595  0.9915 2.40 15.2
2 Methylene chloride 119388  0.9800 1.67 0.09 * * * *
3 trans-1,2-Dichloroethylene 137005 0.9783 1.31 0.26 44783  0.9987 1.15 7.68
4 1,1-Dichloroethane 105231 0.9826 2.64 0.38 14482  0.9772 0.81 23.8
5  2,2-Dichloropropane 76970  0.9744 2.17 0.13 8409 0.9135 0.71 40.9
6 cis-1,2-Dichloroethylene 104683  0.9790 1.59 0.20 34524  0.9970 0.95 10.0
7  Chloroform 125753  0.9816 0.40 0.31 23671  0.9860 0.36 0.64
8  Bromochloromethane 103298 0.9630 6.75 0.38 9442 0.9948 0.49 36.4
9  1,1,1-Trichloroethane 115916 0.9818 2.07 0.16 17592 0.8721 0.79 19.6
10  1,1-Dichloropropene 150469 0.9744 141 0.17 63435  0.9984 1.21 0.21
11 Carbon tetrachloride 97155  0.9742 1.22 0.41 17798  0.9697 0.90 19.3
12 1,2-Dichloroethane ND ND ND ND ND ND ND ND
13 Benzene 372099 0.9740 3.51 0.15 126383  0.9972 1.51 0.19
14  Trichloroethylene 180219 0.9761 2.89 0.13 75036  0.9983 2.05 4.58
15 1,2-Dichloropropane 159566  0.9818 1.77 0.08 39323 0.9941 0.83 8.75
16  Bromodichloromethane 98572  0.9897 6.41 0.40 22456  0.9977 0.26 15.3
17 Dibromomethane 89562  0.9906 9.16 0.12 14524 0.9994 0.23 23.7
18 cis-1,3-Dichloropropene 173021 0.9832 221 0.06 47909  0.9983 0.58 7.18
19 Toluene 384687 0.9795 3.25 0.10 173839  0.9924 5.33 1.98
20  trans-1,3-Dichloropropene 180830 0.9864 1.40 0.12 41349  0.9992 0.53 8.32
21 1,1,2-Trichloroethane 200720 0.9878 1.84 0.13 38314  0.9957 0.55 8.98
22 1,3-Dichloropropane 85888  0.9819 2.76 0.15 46308  0.9993 0.86 7.43
23  Tetrachloroethylene 60328  0.8938 1.30 0.21 89111  0.9980 1.77 0.61
24  Dibromochloromethane 112445 0.9817 7.29 0.11 20428  0.9975 0.85 16.8
25 1,2-Dibromoethane 101985 0.9804 8.82 0.09 19350  0.9987 0.79 17.8
26  Chlorobenzene 114275 0.9774 3.56 0.13 124752 0.9988 291 2.76
27 Ethylbenzene 327795 0.9916 2.77 0.12 230317  0.9983 1.60 0.13
28 1,1,1,2-Tetrachloroethane ND ND ND ND ND ND ND ND
29 m-Xylene 840023 0.9757 6.54 0.11 364545  0.9989 1.92 0.09
30 p-Xylene ND ND ND ND ND ND ND ND

*Results are excluded because of eccentricity.
a] DLvaluewhichusedtoluenepeakaregivenforunderlined.
b] ND = not detected.
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Table 5. Continued
a. Direct injection b. HS-SPME method

Order Name Slope : RSE  MDL o ; RSE  MDL
P @  (@g pe % (@g

31 o-Xylene 364964 0.9813 4.32 0.11 169456  0.9990 1.20 0.15
32 Styrene 310801 0.9854 1.03 0.11 168866  0.9995 1.05 0.23
33 Isoprophylbenzene 514803 0.9814 7.29 0.10 191197  0.9993 1.50 0.13
34 Bromoform 91925 0.9837 7.02 0.09 14163 0.9978 2.15 24.3
35 1,1,2.2-Tetrachloroethane 263647 0.9942 2.08 0.15 39725  0.9898 1.29 8.66
36 1,2,3-Trichloropropane 237992 0.9930 1.12 0.12 40046  0.9966 0.56 8.59
37 n-Propylbenzene 473256  0.9876 0.45 0.10 191571  0.9988 1.37 0.14
38 Bromobenzene 296751 0.9923 2.31 0.11 108912  0.9996 1.60 0.14
39 1,3,5-Trimethylbenzene 440474 0.9894 0.95 0.11 207969  0.9994 0.89 0.15
40 2-Chlorotoluene 272410 0.9852 3.41 0.10 167819  0.9996 2.34 0.17
41 4-Chlorotoluene 363124 0.9923 0.73 0.11 171443  0.9994 141 0.19
42  tert-Butylbenzene 414009 0.9879 1.89 0.10 213061  0.9997 1.39 0.26
43  1,2,4-Trimethylbenzene 426524 0.9851 1.27 0.11 203363  0.9991 2.26 0.13
44  sec-Butylbenzene 559816 0.9902 1.79 0.09 190895  0.9994 1.99 0.14
45 p-Isopropyltoluene 615956 0.9912 1.25 0.04 207693  0.9995 1.56 0.17
46  1,3-Dichlorobenzene 431589 0.9910 1.20 0.10 142393  0.9999 1.46 2.42
47  1,4-Dichlorobenzene 441353 0.9911 0.79 0.11 150407  0.9995 191 0.18
48 n-Butylbenzene 605130 0.9919 1.42 0.11 197134  0.9989 2.74 0.21
49  1,2-Dichlorobenzene 433475 0.9913 1.27 0.10 135053  0.9984 2.00 0.22
50 1,2-Dibromo-3-chloropropane 217563 0.9932 4.01 0.18 15390  0.9995 2.25 224
51 1,2,4-Trichlorobenzene 457152 0.9926 1.66 0.09 138511  0.9994 3.13 2.48
52  Hexachlorobutadiene 323909 0.9935 1.20 0.12 115930  0.9993 2.45 297
53 Naphtalene 751025 0.9912 1.49 0.13 150269  0.9964 6.09 2.29
54 1,2,3-Trichlorobenzene 467779  0.9926 2.14 0.11 132429  0.9992 3.68 2.60

*Results are excluded because of eccentricity.
a] DLvaluewhichusedtoluenepeakaregivenforunderlined.
b] ND = not detected.
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Table 6. Calibration slope (X/T) ratios compared as a function of carbon number: comparison between the two methods

Number of c Slope(X/T)"
Order Name Formular umber 0 al Direct HS-SPME
C X/T) e
injection method

1 Methylene chloride CH,Cl, 1 0.14 0.31 *

2 Chloroform CHCl, 1 0.14 0.33 0.14
3 Bromochloromethane CH,BrCl 1 0.14 0.27 0.05
4 Carbon tetrachloride CCl, 1 0.14 0.25 0.10
5 Bromodichloromethane CHBrCl, 1 0.14 0.26 0.13
6 Dibromomethane CH,Br, 1 0.14 0.23 0.08
7 Dibromochloromethane CHBr,(Cl 1 0.14 0.29 0.12
8 Bromoform CHCBr,4 1 0.14 0.24 0.08
9 1,1-Dichloroethylene C,H,Cl, 2 0.29 0.26 0.13
10 trans-1,2-Dichloroethylene C,H,Cl, 2 0.29 0.36 0.26
11 1,1-Dichloroethane C,H,Cl, 2 0.29 0.27 0.08
12 cis-1,2-Dichloroethylene C,H,Cl, 2 0.29 0.27 0.20
13 1,1,1-Trichloroethane C,H,Cl, 2 0.29 0.30 0.10
14 1,2-Dichloroethane C,H,Cl, 2 0.29 * *

15 Trichloroethylene C,HCl, 2 0.29 0.47 0.43
16 1,1,2-Trichloroethane C,H,Cly 2 0.29 0.52 0.22
17 Tetrachloroethylene C,Cl, 2 0.29 0.16 0.51
18 1,2-Dibromoethane C,H,Br, 2 0.29 0.27 0.11
19 1,1,1,2-Tetrachloroethane C,H,Cl, 2 0.29 * *

20 1,1,2.2-Tetrachloroethane C,H,Cl, 2 0.29 0.69 0.23
21 2,2-Dichloropropane C;HyCl, 3 0.43 0.20 0.05
22 1,1-Dichloropropene C;H,Cl, 3 0.43 0.39 0.36
23 1,2-Dichloropropane C;HeCl, 3 0.43 0.41 0.23
24 cis-1,3-Dichloropropene C;H,Cl, 3 0.43 0.45 0.28
25 trans-1,3-Dichloropropene C;H,Cl, 3 0.43 0.47 0.24
26 1,3-Dichloropropane C3HeCl, 3 0.43 0.22 0.27
27 1,2,3-Trichloropropane C;HsCly 3 0.43 0.62 0.23
28 1,2-Dibromo-3-chloropropane C3HsBr,Cl 3 0.43 0.57 0.09
29 Hexachlorobutadiene C,Clq 4 0.57 0.84 0.67
30 Benzene CeHg 6 0.86 0.97 0.73
31 Chlorobenzene CeH;Cl 6 0.86 0.30 0.72
32 Bromobenzene CgH;Br 6 0.86 0.77 0.63
33 1,3-Dichlorobenzene CeH,ClL, 6 0.86 1.12 0.82
34 1,4-Dichlorobenzene CeH,Cl, 6 0.86 1.15 0.87
35 1,2-Dichlorobenzene CeH,Cl, 6 0.86 1.13 0.78
36 1,2,4-Trichlorobenzene CeH5Cl, 6 0.86 1.19 0.80
37 1,2,3-Trichlorobenzene CeH5Cl, 6 0.86 1.22 0.76
38 Toluene C,/Hyg 7 1.00 1.00 1.00
39 2-Chlorotoluene C,H,Cl 7 1.00 0.71 0.97
40 4-Chlorotoluene C;H,Cl 7 1.00 0.94 0.99
41 Ethylbenzene CgHyy 8 1.14 0.85 1.32
42 m-Xylene CgHyp 8 1.14 2.18 2.10
43 p-Xylene CgHyy 8 1.14 * *

44 o-Xylene CgHyy 8 1.14 0.95 0.97
45 Styrene CgHg 8 1.14 0.81 0.97
46 Isoprophylbenzene CoHys 9 1.29 1.34 1.10
47 n-Propylbenzene CoHys 9 1.29 1.23 1.10
48 1,3,5-Trimethylbenzene CoHys 9 1.29 1.15 1.20
49 1,2,4-Trimethylbenzene CoHyy 9 1.29 1.11 1.17
50 tert-Butylbenzene CioHyy 10 1.43 1.08 1.23
51 sec-Butylbenzene CioHyy 10 1.43 1.46 1.10
52 p-Isopropyltoluene CioHyy 10 1.43 1.60 1.19
53 n-Butylbenzene CioHyy 10 1.43 1.57 1.13
54 Naphtalene CioHg 10 1.43 1.95 0.86

*Results are excluded because of eccentricity.
a] Slope (X/T) means that slope of all compounds devided by slope of toluene.
b] C (X/T) means that carbon number of all compounds devided by carbone number of toluene.
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