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Abstract: A method was developed for the simultaneous determination of 57 residual volatile or-

ganic solvents (including several alkanes, aromatic hydrocarbons, alcohols, ketones, esters and
ethers) in honey by headspace gas chromatography-mass spectrometry (HS-GC/MS). The honey
sample was dissolved with water in a headspace vial, and the equilibration of the sample in the
headspace vessel was achieved at 80 °C in 30 min. A DB-624 capillary chromatographic column
(60 mX0. 25 mmX1 40 pm) was used for the separation of 57 volatile organic solvents, and the
analysis was performed by GC/MS. The external calibrations were used for the quantification.
The linear ranges of the method were 0. 005—0. 2 pg for the alkanes, aromatic hydrocarbons and
ethers, 0. 05—2. 0 pg for the esters, 0. 5—20 pg for the ketones, 2. 5—100 pg for the alcohols.
The correlation coefficients were more than 0. 996 for all the volatile organic solvents. The recov-
eries and the relative standard deviations were from 61 0% to 113, 1% and 1. 9% to 9. 8%, re-
spectively, at the spiked levels of 1. 0—20 pg/kg for the alkanes, aromatic hydrocarbons and e
thers, 10—200 pg/kg for the esters, 100—2 000 pug/kg for the ketones, 500 —10 000 png/kg for
the alcohols. The limits of detection were 1. 0 pg/kg for the alkanes, aromatic hydrocarbons and
ethers, 10 pg/kg for the esters, 100 pg/kg for the ketones, 500 pg/kg for the alcohols. The
method is simple, rapid, sensitive and accurate, and can be used for the simultaneous determina-
tion of residual volatile organic solvents in honey samples.

Key words: headspace gas chromatography-mass spectrometry ( HS-GC/MS); volatile organic

solvents; honey
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Table 1 GC-MS parameters of 57 volatile organic solvents
- Quantitative 'Qualitative 'Qualitativc ‘Qualitativc
No. Compound Retentlén on ion 1 Gm/2) ion 2 (m/2) ion 3 (m/z2)
time/min (m/2) (ab-undance (abuAndance (abgndance
ratio* / %) ratio/ %0 ratio/ %0
1 methanol( ) 5.16 31 29(71) 30(8)
2 iso-pentane( ) 5.77 43 57(55) 56(20) 72(6)
3 ethanol( ) 6. 30 31 45(52) 46(21) 43(12)
4 2,2-dimethylbutane(2, 2- ) 7.01 57 43(110) 71(86) 41(82)
5 acetone( ) 7.02 43 58(27) 42(7) 39(6)
6 isopropanol( ) 7.15 45 43(21D) 41(8) 59(4)
7 2-methylpentane(2- ) 7.75 43 71(26) 57(11D) 41(45)
8 tert-butylmethyl ether ( ) 8.12 73 57(87) 41(83) 43(50)
9 3-methylpentane(3- ) 8. 20 57 56(66) 41(95) 43(56)
10 n-hexane( ) 8.56 57 43(80) 86(13) 71(5)
11 propanol( ) 8.82 31 42(13) 59(14) 60(7)
12 2 ,4~dimethylpentane(2,4~ ) 9.39 43 57(69) 56(38) 85(15)
13 methylcyclopentane( ) 9. 60 56 41(68) 69(37) 84(8)
14 butanone( ) 9.70 43 72(19) 57(7) 42(6)
15 ethyl acetate( ) 9.74 43 61(10) 70(7) 88(3)
16 2-methylhexane(2- ) 10. 58 43 57(27) 85(31) 100(3)
17 2,3-dimethylpentane(2, 3~ ) 10. 74 56 43(45) 71(13) 85(4)
18 cyclohexane ( ) 10. 80 41 56(120) 69(37) 84(59)
19 isobutyl alcohol( ) 10. 92 42 43(150) 41(120) 74(20)
20 3-methylhexane(3- ) 10.93 43 57(42) 71(39) 70(37)
21 benzene( ) 11. 37 78 77(24) 51(25) 50(23)
22 2,2 ,4-trimethylpentane(2,2,4- ) 11.47 57 41(36) 56(32) 99(4)
23 n-heptane( ) 11. 81 43 57(41) 71(39) 100(10)
24 normal butanol( ) 12. 30 31 41(107) 56(133) 43(86)
25 methylcyclohexane( ) 13.25 55 83(90) 98(37) 41(68)
26 propyl acetate( ) 13.53 43 61(24) 73(11) 42(12)




8 N - 57 « 785

()
Table 1 (Continued)
‘ Quantitative AQualilalive 'Qualitative 'Qualitative
No. Compound R.eleml?n ion ion 1 (m/2) ion 2 (m/z) ion 3 (m/2)
time/min (m/ ) (abundance (abundance (abundance
! ratio* / %) ratio/ %) ratio/ %)
27 2,3-dimethylhexane(2, 3~ ) 14.53 43 70(54) 55(22) 71(38)
28 2-methylheptane(2- ) 14.63 43 57(82) 70(17) 99(5)
29 3-methylheptane(3- ) 15.01 43 57(67) 85(39) 84(26)
30 toluene( ) 15.90 91 92(58) 65(15) 39(19)
31 n-octane( ) 16. 10 43 57(32) 85(28) 71(19)
32 butyl acetate( ) 17. 81 43 56(37) 61(12) 73(12)
33 m-xylene( ) 19. 85 91 106(27) 77(10) 105(4)
34 ethylbenzene( ) 19. 87 91 106(27) 77(10) 65(12)
35 n-nonane( ) 20.17 43 57(64) 71(15) 85(34)
36 o-xylene ( ) 20. 20 91 106(42) 105(19) 77(15)
37 pxylene( ) 21.19 91 106(42) 105(19) 77(32)
38 styrene( ) 21.29 104 78(66) 51(64) 103(55)
39 cumene( ) 22.24 105 120(23) 7721 51(17)
40 propylbenzene( ) 23.32 91 120(18) 65(15) 78(7)
41 n-decane( ) 23. 80 43 57(90) 71(28) 85(18)
42 1,3,5-trimethylbenzene(1,3,5- ) 23.81 105 120(43) 119(11) 77(16)
43 2-ethyltoluene(2- ) 24.35 105 120027) 77(16) 91(14)
44 1,2, 4-trimethylbenzene(1,2,4~ ) 24,78 105 120(40) 119(11) 77(16)
5 1,2,3-trimethylbenzene(1,2,3~ ) 25.95 105 120(37) 119(8) 77(16)
46 1,3-diethylbenzene(1,3- ) 26.47 105 119(80) 134(38) 91(2)
47 indane( ) 26.49 117 118(56) 115(34) 91(20)
48 1,4-diethylbenzene(1,4~ ) 26. 67 105 119(80) 134(38) 91(50)
49 n-undecane ( ) 26.97 43 57(92) 71(38) 85(20)
0 1,2-diethylbenzene( ) 26.99 105 119(80) 134(43) 91(37)
51 indene( ) 27.05 115 116(96) 89(16) 117(9)
52 1,2,4,5tetramethylbenzene(1,2,4,5- ) 28.74 119 134(42) 91(20) 120(10)
53 1,2,3,5 tetramethylbenzene(1,2,3,5- ) 28. 87 119 134(40) 91(20) 120(10)
4 n-dodecane( ) 29. 83 43 57(96) 71(45) 85(23)
5 1,2,3.4-tetramethylbenzene(1,2,3,4- ) 29.97 119 134(38) 91(20) 120(10)
56 n-tridecane( ) 32.53 43 57(98) 71(49) 85(27)
57 n-tetradecane( ) 35.67 43 57(101) 71(54) 85(29)

% The abundance ratio of quantitative ion and qualitative ions.

2 57
Table 2 Mass spectrometric parameters of selected ion monitoring mode for 57 volatile organic solvents
Channel Time/min Selected ion (m/z) Dwell time/ms
1 5.00 29, 30, 31 150
2 5.50 31, 43, 45, 46, 56, 57, 72 60
3 6.50 39, 41, 42, 43, 45, 57, 58, 59, 71 50
4 8. 00 31, 41, 42, 43, 56, 57, 59, 60, 71, 73, 86 40
5 9.00 41, 42, 43, 56, 57, 61, 69, 70, 72, 84, 85, 88 40
6 10. 00 41, 42, 43, 56, 57, 69, 70, 71, 74, 84, 85, 100 40
7 11. 10 31, 41, 43, 50, 51, 56, 57, 71, 77, 78, 99, 100 40
8 12.50 41, 42, 43, 55, 61, 73, 83, 98 60
9 14. 00 43, 55, 57, 70, 71, 84, 85, 99 60
10 15.50 39, 43, 56, 57, 61, 65, 71, 73, 85, 91, 92 40
11 19. 00 41, 51, 57, 65, 71, 77, 78, 85, 91, 103, 104, 105, 106 30
12 22.00 51, 77, 105, 120 120
13 23.00 43, 57, 65, 71, 77, 78, 85, 91, 105, 119, 120 40
14 26.10 91, 105, 115, 117, 118, 119, 134 70
15 26. 60 43, 57, 71, 85, 89, 91, 105, 115, 116, 117, 119, 134 40

16 28.00 43, 57, 71, 85, 91, 119, 120, 134 60
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For peak identifications, see Table 1.
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Table 3 Linear ranges, correlation coefficients, regression equations, limits of detection
(LOD) for 57 volatile organic solvents
Compound Linear range/pg Correlation coefficient Regression equation LOD/ (ng/kg)

Methanol 2.5—100 0.9997 Y=2.890X10*X+4. 427 X10* 500

iso-Pentane 0.005—0.2 0.9996 Y=1.044 X109 X-+5.433X10? 1.0
Ethanol 2.5—100 0. 9996 Y=5.474X10" X+4. 408X 10" 500

2,2-Dimethylbutane 0.005—0.2 0.9999 Y=23.565X107X+4.462Xx10* 1.0
Acetone 0.5—20 0.9999 Y=23.566X10°X-+4,648X10* 100

Isopropanol 2.5—100 1. 0000 Y=1.836X10°X-+2.308X10* 500

2-Methylpentane 0.005—0.2 0.9992 Y=5.737X10X—1. 004 X 10" 1.0
tert-Butylmethyl ether 0.005—0.2 0.9999 Y=3.033X10°X-+9,290X10° 1.0
3-Methylpentane 0.005—0.2 0.9993 Y=4.617X105X—6.977 X10° 1.0
n-Hexane 0.005—0.2 0.9991 Y=3.380X10°X—8. 745X 10° 1.0
Propanol 2.5—100 0.9998 Y=1.109X10°X—6.951 X 10" 500

2,4-Dimethylpentane 0.005—0. 2 0.9988 Y=4.976X105X—1.045X 10" 1.0
Methylcyclopentane 0.005—0.2 0. 9988 Y=5.311X10X—1.371X10* 1.0
Butanone 0.5—20 0. 9986 Y=6.315X10°X—1.815X10° 100

Ethyl acetate 0.05—2.0 0.9987 Y=1.933X105X—9.804x10* 10

2-Methylhexane 0.005—0. 2 0.9982 Y=6.107 X105 X—2.067 X 10* 1.0
2,3-Dimethylpentane 0.005—0.2 0. 9985 Y=1.475X10"X—4.574 X 10" 1.0
Cyclohexane 0.005—0.2 0.9986 Y=1.368X107X—5.684X10" 1.0
Isobutyl alcohol 2.5—100 0.9999 Y=1.369X10°X—7.124X10* 500

3-Methylhexane 0.005—0. 2 0.9999 Y=6.856 X107 X—7.404X10* 1.0
Benzene 0.005—0.2 0.9998 Y=7.067X10°X-+4, 854 X10° 1.0
2,2 ,4-Trimethylpentane 0.005—0.2 0.9985 Y=1.263X10"X—4.018X10* 1.0
n-Heptane 0.005—0.2 0.9979 Y=5.132X105X—2.050X10* 1.0
Normal butanol 2.5—100 0. 9994 Y=5.237X10*X—9.365X10* 500

Methylcyclohexane 0.005—0.2 0.9983 Y=4.212X10°X—1.440X10* 1.0
Propyl acetate 0.05—2.0 0.9998 Y=2.433X105X—3.392X10* 10

2,3-Dimethylhexane 0.005—0. 2 0.9970 Y=6.712X105X—3. 245X 10" 1.0
2-Methylheptane 0.005—0.2 0.9963 Y=6.674>X105X—3.992Xx10* 1.0
3-Methylheptane 0.005—0.2 0.9969 Y=25.967x105X—3.035X10" 1.0
Toluene 0.005—0.2 0.9997 Y=1.723X107X—2.086X10" 1.0
n-Octane 0.005—0.2 0.9986 Y=6.769X10°X—2.690X10" 1.0
Butyl acetate 0.05—2.0 0.9993 Y=3.060X105X—1.093X10° 10

m-Xylene 0.005—0.2 0. 9985 Y=1.078X107X—3.578X10* 1.0
Ethylbenzene 0.005—0.2 0.9985 Y=1.078X10"X—3.578 X 10" 1.0
n-Nonane 0.005—0. 2 0.9986 Y=7.138X105X—3.490X10* 1.0
o-Xylene 0.005—0. 2 0.9994 Y=2.476X10"X—7,809X10* 1.0
p~Xylene 0.005—0.2 0.9993 Y=6.189X10°X—1.393X10* 1.0
Styrene 0.005—0. 2 0.9993 Y=3.032X105X—8.210X10° 1.0
Cumene 0.005—0. 2 0.9999 Y=1.086X107"X—2,.947X10° 1.0
Propylbenzene 0.005—0.2 0.9993 Y=1.306X10"X—3.747 X 10" 1.0
n-Decane 0.005—0. 2 0. 9986 Y=6.816xX10X—3.324X10" 1.0
1,3,5-Trimethylbenzene 0.005—0.2 0.9993 Y=6.622X10°X—2.264X10" 1.0
2-Ethyltoluene 0.005—0.2 0.9995 Y=7.367X10°X—1.834X10" 1.0
1,2,4-Trimethylbenzene 0.005—0.2 0.9990 Y=5.920X10X—1.942X10* 1.0
1,2,3-Trimethylbenzene 0.005—0.2 0.9993 Y=4.877X10X—1.207X10* 1.0
1,3-Diethylbenzene 0.005—0.2 0.9972 Y=5.048 X105 X—2.732X10* 1.0
Indane 0.005—0.2 0.9997 Y=4.416X10°X—7,295X10° 1.0
1,4-Diethylbenzene 0.005—0.2 0.9979 Y=4.368X10°X—2,.332X10" 1.0
n-Undecane 0.005—0.2 0.9976 Y=6.512X105X—3.513X10* 1.0
1,2-Diethylbenzene 0.005—0.2 0.9991 Y=4.724X105X—1.947 X 10" 1.0
Indene 0.005—0.2 0. 9994 Y=1.525X10°X-+1.617X10° 1.0
1,2,4,5-Tetramethylbenzene 0.005—0.2 0.9975 Y=6.632X105X—3.177X10" 1.0
1,2,3,5-Tetramethylbenzene 0.005—0.2 0.9980 Y=4.713X10X—1.756X10" 1.0
n-Dodecane 0.005—0.2 0. 9980 Y=5.512X10°X—3.315X10* 1.0
1,2,3,4-Tetramethylbenzene 0.005—0. 2 0.9996 Y=4.726X10°X—1. 324X 10" 1.0
n-Tridecane 0.005—0.2 0.9982 Y=23.888X10X—1.537X10" 1.0
n-Tetradecane 0.005—0.2 0. 9980 Y=2.506X10%X-+5.838X10° 1.0

Y: peak area; X: content, pg.
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Table 4 Recoveries and precisions (RSDs) of 57 organic solvents spiked in a honey sample (n=6)
C d Spiked/ Recovery/ RSD/ C d Spiked/ Recovery/ RSD/
ompoun “ompoun
P (pg/ke) % % P (pe/ke) % %
Methanol 500 70. 6 7.85 Toluene 1 71.2 5. 52
1000 69. 6 7.88 2 92.6 2.79
10000 87.7 2.21 20 86.7 2.93
iso-Pentane 1 61.0 4. 64 n-Octane 1 74,7 5.89
2 68. 8 8.61 2 74.1 5.22
20 76.8 5.41 20 85.7 7.39
Ethanol 500 65.5 1.9 Butyl acetate 10 75.6 6.61
1000 71.7 4.48 20 88. 3 3.47
10000 86. 3 2.58 200 83.3 3.3
2,2-Dimethylbutane 1 61.6 8.3 m-Xylene 1 76.0 6.13
2 64. 8 6.22 2 95. 2 3.12
20 85.2 2.82 20 84.7 3.58
Acetone 100 62.0 8.24 Ethylbenzene 1 76.0 6.13
200 64.9 6.12 2 95. 2 3.12
2000 85.3 2.82 20 84.7 3.58
Isopropanol 500 80.5 5.25 n-Nonane 1 63.5 6. 48
1000 82.5 3.47 2 63.7 6.9
10000 86. 2 2.81 20 69.9 3.83
2-Methylpentane 1 73.5 2.74 o-Xylene 1 75.8 6. 46
2 71.8 5.91 2 95. 2 3.08
20 81.5 4.9 20 85.0 3.11
tert-Butylmethyl ether 1 79.7 4.63 p~Xylene 1 74.0 6.59
2 91.5 3.09 2 91.9 3.17
20 88.0 3. 46 20 82.4 3.42
3-Methylpentane 1 71.5 3.71 Styrene 1 72.4 6. 85
2 66. 1 5.72 2 88. 4 2.67
20 82.4 4.51 20 79. 4 3.37
n-Hexane 1 113.1 2.52 Cumene 1 81.6 6. 05
2 56.9 7.11 2 100. 0 3.42
20 72.5 6.4 20 87.7 2.39
Propanol 500 66. 2 6.6 Propylbenzene 1 77.6 8. 14
1000 79.7 3.6 2 94. 2 3. 10
10000 83.5 2.9 20 83.8 3.18
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4 ()
Table 4 (Continued)
Compound Spiked/  Recovery/ RSD/ Compound Spiked/  Recovery/ RSD/
(pg/kg) % % (pg/kg) % %

2.4-Dimethylpentane 1 64.9 6.31 n-Decane 1 76. 4 4.65
2 69.0 7.00 2 73.0 2.96
20 75.8 2.08 20 73.7 4,03
Methylcyclopentane 1 75.1 4.50 1,3,5-Trimethylbenzene 1 76.2 8. 47
2 68.1 4. 82 2 89. 7 3.25
20 84.5 4.11 20 79.4 3.71
Butanone 100 72.0 5.83 2-Ethyltoluene 1 74.9 8. 46
200 70.7 7.40 2 89. 8 3.05
2000 81.9 3.11 20 81.3 3.52
Ethyl acetate 10 71.9 5.78 1,2,4-Trimethylbenzene 1 89.9 7.32
20 68. 3 5.97 2 79.8 3. 60
200 75.5 3.73 20 81.2 3. 90
2-Methylhexane 1 73.0 2.95 1,2,3-Trimethylbenzene 1 71.7 8.01
2 89.8 5.62 2 84.5 2.88
20 83.1 5.24 20 77.2 4.12
2,3-Dimethylpentane 1 75.1 3.84 1,3-Diethylbenzene 1 69. 3 7.36
2 94.7 3.49 2 83.4 3.18
20 86. 8 3.92 20 76.9 3.17
Cyclohexane 1 70.2 5.06 Indane 1 72.6 8.21
2 76.2 3.26 2 87.9 2. 80
20 86.8 3.92 20 77.6 4.29
Isobutyl alcohol 500 65.7 6.51 1,4-Diethylbenzene 1 71.6 7.95
1000 80.0 3.73 2 86.9 3. 14
10000 82.2 2.70 20 77.6 3.95
3-Methylhexane 1 66. 0 6.50 n-Undecane 1 71.5 5.08
2 80.4 3.99 2 86.1 4.46
20 82.2 2.67 20 71.7 6.17
Benzene 1 70. 2 7.29 1,2-Diethylbenzene 1 68.9 7.98
2 93.9 3.24 2 84.1 3.27
20 87.8 2.89 20 74.0 3.83
2,2,4-Trimethylpentane 1 61.1 5.35 Indene 1 61.1 8.03
2 76.3 7.71 2 71.8 2.57
20 82.0 5.76 20 69.5 3.49
n-Heptane 1 64.3 9. 80 1,2,4,5-Tetramethylbenzene 1 74.2 8.19
2 87.7 9.09 2 88.0 3.02
20 84.4 5.54 20 76.2 4.50
Normal butanol 500 65.1 6.91 1.2,3.5-Tetramethylbenzene 1 66.2 6.69
1000 77.2 2.68 2 93.3 4. 00
10000 80.7 3.08 20 73.4 4.18
Methylcyclohexane 1 77.7 4.19 n-Dodecane 1 68.9 5.39
2 98.4 3.03 2 70.9 6.73
20 86. 4 3.74 20 73.1 4. 11
Propyl acetate 10 76.8 5.96 1,2,3,4-Tetramethylbenzene 1 63. 4 8.08
20 89.4 3.22 2 74,7 2.79
200 85.6 3.07 20 64.9 3.21
2,3-Dimethylhexane 1 70.9 4.56 n-Tridecane 1 62.9 5.95
2 85.1 8. 41 2 74.8 3.77
20 78.6 6.58 20 69.4 4.52
2-Methylheptane 1 69. 4 4.24 n-Tetradecane 1 65.9 3.76
2 80.7 8. 89 2 71.4 6.09
20 75.5 7.41 20 68. 4 3.18

3-Methylheptane 1 68.3 5.17

2 81.7 7.87

20 76.5 7.23
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