SARLAA 2AHZEATRE H123, 170~191(2002)

Rep. Busan Inst. Health & Environ. Vol.12, 170~191(2002)

K-2p ]
=R

=287] 2 Ar| 2Ry TAE=

= b
4 2 A ek (1)
CH 7| & X 2}
=23 FNS LB L

I:I_!g

Removal of Malodorous Compounds Caused by

Foodwaste Treatment Processing (1)
Air Preservation Division
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Gi-Won Ji, Jae-Hun Bin and Sang-Hun Lee

Abstract

Gases sampled from the steam process of foodwaste and being passed biofilter in the

foodwaste treatment processing were analyzed by GC/MSD with cryo concentrator in order
to examine the origin of malodor in foodwaste treatment facilities.

Acetaldehyde, methyl mercaptan, dimethyl sulfide, etc., 61 species were detected.
Major malodorous compounds were estimated by the concentrations and threshold values
from the detected components.

From the results

of analysis, 27 compounds

identified to attribute to the malodor.

were confirmed and among them,
i-valeraldehyde, propyl mercaptan, methyl mercaptan, i-butyraldehyde, acetaldehyde were

Attribution of aldehydes which has the most highly attribution to the malodor was
92.5%, and then that of sulfide compounds was 7.4%.
of compound.

Consequently it is expected that the deodorization is improved by contolling of these kinds
Key Words
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The state of foodwaste resource equipment in Busan (45, 2002)

Table 1.
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Fig. 1. Gas chromatograph (Agilent 6890N-5973MSD).

Aol AkgR 7 ZA S Ases I
stuxk EPA TO-14 %527 20
ppb) & ol &3te] s HEE T
4 39lew 7 Ay Fig. 2 9 Table

>,
_ﬁ
rlr
i
AC)
N
é
o
N,
R=)
Mo

of RE BAFA o BEE A%
}oofegr] B EFEEEY Aol ¥
e Wl BE BRL Yysdt

.
EEES Mgl dEH egEae
e G delE ¥ BAYR
A€ TYte] AHgFol whgsn

B AR 45 29 Gz A
Z #jE &= SPECTRAAE, RESTEKAL,

RIGASA}S]

o

E37k2~gl SUPELCOARS
¥ 3% Japanese Indoor Air
Standard Mix. & AF&-3}3ith.

E3] A FFF<Q Japanese Indoor
Air Standard Mix.& Aoz AH F
kA il Tedler bags ©]83te] 7]
SIAlA Alsgt 22 WRow Adsge
), o] HANAM Y IFESs VS VIR
=3 xFF vl HA AT

Japanese Indoor Air Standard Mix—
ture (Supelco) 100 (ZF &2 100pg/m")
5 2+=E44 1007 9%+ Tedler
bagell Fato] 715AA A5t sdT

zrox AFsglor, 53] HHE A3
gk 378 (%) W AtEEd A} (relati—

ve standard deviation)ES Table 4¢°l

- 173 -



FLUTAN 2ASHATHE H127(2002)

YeEb A o] FHIFEE 90.4%, FHNEFHA=
MBF ZEFO oA S5 - F 5.7%EA UAR FAFHCRE V|SEHE=
7t REEAR AY e 2674 Zo®m faH I
Table 2. Reguratory odorous materials in Japan and Korea
=R 515 FHAZIY 5=
A=A 8}8h2] Threshold 2'5“4 ] 3]? T
Trimethyl amine ©O (CH3) 3N 0.00011 0.005 0.02 0.07
Dimethyl sulfide © (CH3)2S 0.00012 0.01 0.04 0.2
Hydrogen sulfide © | H2S 0.0005 0.02 | 0.06 0.2
Methyl mercaptan © | CH3SH 0.00012 0.002 | 0.004 0.01
Ammonia © NH3 0.15 1 2 5
Acetaldehyde ©O CH3CHO 0.0015 0.05 0.1 0.5
Dimethyl disulfide © | CH3SSCH3 0.00028 | 0.009 | 0.03 0.1
Styrene © C6H5CH=CH2 0.033 0.4 0.8 2
Propionic acid CH3CHZCOOH 0.0024 0.03 0.07 0.2
n—Butanoic acid CH3(CH2) 2COOH 0.000068 0.001 | 0.002 | 0.006
n—Valeric acid CH3(CH2) 3COOH 0.0001 | 0.0009 | 0.002 | 0.004
i—Valeric acid (CH3)2CHCH2COOH | 0.000053 | 0.001 | 0.004 | 0.01
Propyl aldehyde CH3CHZCHO 0.0015 0.05 0.1 0.5
n—Butyl aldehyde CH3(CH2) 2CHO 0.00032 0.009 0.03 0.08
i—Butyl aldehyde (CH3) 2CHCHO 0.0009 0.02 | 0.07 0.2
n—Valeric aldehyde CH3(CH2)3CHO 0.00071 0.009 | 0.02 | 0.05
i—Valeric aldehyde (CH3) 2CHCH2CHO 0.00019 0.003 | 0.006 0.01
i—Butanol (CH3) 2CHCH20H 0.012 0.9 4 20
Acetic acetate CH3CO2C2H5 0.25 3 7 20
Methyl i—butyl ketone| CH3COCH2CH (CH3) 2 0.17 1 3 6
Toluene C6H5CH3 0.92 10 30 60
Xylene C6H4(CH3) 2 0.11 1 2 5

© @ $= d71FA AN FAdE B4
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Fig. 2. Gas chromatogram of VOCs standard gas.
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Table 3. Components of VOCs standard gas

Compound R.T| Area Compound R.T| Area

1| Freon—12 0.76| 826930 |20| Toluene 15.12] 13809784
2| Freon—114 1.93] 9126087 (21| cis—1,3—Dichloropropene |15.26| 5461952
3| Vinyl chloride 2.141 600237 (22| 1,1,2-Trichloroethane 15.58 110619939
4| Bromomethane 2.63| 3290797 |23| Tetrachloroethylene 16.96| 18437213
51| Chloroethane 2.79| 1500106 |24 1,2-Dibromoethane 17.20| 7779485
6| Freon—11 3.36| 8030946 |25| Chlorobenzene 18.69 (13400930
71 1,1-Dichloroethane 4.27] 6125371 |26| Ethyl benzene 19.18| 16678968
8| Freon—113 4.39115995147 |27| m,p—Xylene 19.51131726263
9| Methylene chloride 4.92| 4865946 |28| Styrene 20.54112097285
10| 1,1-Dichloroethane 6.59| 5005134 |29| o—Xylene 20.60| 16325645
11| cis—1,2-Dichloroethylenel 7.89| 6424544 |30| 1,1,2,2—Tetrachloroethane [21.46| 11762961
12| Chloroform 8.39| 7349972 |31 1,2,4-Trimethylbenzene [22.78|17002035
13| 1,1,1-Trichloroethane 9.49| 9582227 (32| 1,3,5—Trimethylbenzene |[23.39|15771749
14| 1,2,—Dichloroethane 9.96| 3993199 (33| 1,3-Dichlorobenzene 23.791 13909974
15| Carbon tetrachloride 10.19110202986 [34| 1,4-Dichlorobenzene 23.94) 13435887
16| Benzene 10.27] 9796966 [35| 1,2-Dichlorobenzene 24.40112670374
17| Trichloroethylene 12.02113229423 |36 1,2,4—Trichlorobenzene 20.65| 5237819
18| 1,2-Dichloropropane 12.14] 7693139 |37| Hexachloro—1,3—butadiene|27.01| 15515251
19| 1,3-Dichloropropene 14.02] 7312303
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Table 4. Recovery and relative standard deviation of Japanese Indoor Air
Standard Mixture (Supelco)

x2FEA T35 5% (ppb) |5 %= (ppb) | 358 (%) | RSD (%)
Methylene chloride 26.67 23.80 89.2 6.2
n—Hexane 26.05 18.90 72.6 6.8
Chloroform 18.98 17.72 93.4 4.7
1,2—Dichloroethane 22.86 21.76 95.2 5.4
2,4—Dimethylpentane 22.40 17.97 80.2 6.6
1,1,1—Trichloroethane 16.97 16.08 94.8 5.1
Benzene 28.72 27.10 94.4 5.4
Carbon tetrachloride 14.74 13.67 92.8 5.5
[sooctane 19.65 17.61 89.6 5.9
n—Heptane 22.40 19.04 85.0 5.7
Toluene 24.35 24.25 99.6 5.5
Tetrachloroethylene 13.66 12.04 88.1 7.5
n—Octane 19.65 18.49 94.1 5.7
Ethylbenzene 21.13 21.04 99.6 4.8
m,p—Xylene 21.13 22.08 104.5 6.9
Styrene 21.54 18.01 83.6 8.4
o—Xylene 21.13 20.56 97.3 4.1
n—Nonane 17.50 16.87 96.4 5.4
3—Ethyltoluene (m—) 18.67 16.47 88.2 5.2
4—Ethyltoluene (p—) 18.67 15.33 82.1 5.0
1,3,5—Trimethylbenzene 18.67 15.84 84.8 4.9
2—Ethyltoluene (0—) 18.67 16.42 87.9 5.2
1,2,4—Trimethylbenzene 18.67 15.32 82.1 5.0
n—Decane 15.77 15.29 96.9 4.9
1,2,3—Trimethylbenzene 18.67 15.53 83.2 6.6
n—Undecane 14.36 13.66 95.1 5.2
3 90.4 5.7
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Table 5. Analytical conditions of preconcentration and GC/MSD

Step Conditions
- Sample Vol. : 50~500m
Trap 1 - Flow rate : 150mé/min
(Glass bead) - Trapping : —150T
- Desorb : 20C (Preheat 207C)
7100 Trap 2 - Trapping : —10T
Preconcentrator (Tenax) - Desorb : 180T
- Cool down temp. : —150TC
Cryofocusing - Injection temp : 80~90T
Trap - Desorb : 180T
- Injection time : 3min
Injector - Volatile Interface, 100T
6890N GC Colurmn - HP—1MS(30m x 0.2mm x 1.0zm)
o - Carrier gas : He 1.0ml/min
- MSD temp : 230T
5973MSD Detector - EM Volts : 1864
- Scan mode (range 30—400)
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Table 6. Components and concentration of sample gas (steam process)

Compounds R.T Conc.(ppm) Threshold (ppm) Expected Attr.(%)
Odor conc.

1 | Hydrogen sulfide 1.72 14.325 0.00041 34938.54 2.064
2 | Acetaldehyde 2.05 14.282 0.0015 9521.4 0.562
3 | Methanol 2.10 12,703 33 0.384939 0.000
4 | Methyl mercaptan 2.32 8.914 0.00007 127348.6 7.523
5 | Ethanol 2.67 276.712 0.52 532.1387 0.031
6 | Acetone 2.98 1.365 42 0.0325 0.000
7 | Propanal 3.01 4.167 0.001 4167 0.246
8 | n—Pentane 3.42 0.356 1.4 0.254357 0.000
9 | Dimethyl sulfide 3.60 8.251 0.003 2750.3 0.162
10| Methyl acetate 3.76 0.049 1.7 0.028824 0.000
11| Carbon disulfide 4.00 0.098 0.21 0.466667 0.000
12| Isobutyl aldehyde 4.35 27.081 0.00035 77374.29 4.571
13| 1—Propanol 4.59 0.087 0.038 2.3 0.000
14| 2—Butanone 5.52 0.172 0.44 0.391136 0.000
15| Propylene sulfide 5.60 4.191 — — —
16| Propyl mercaptan 6.33 2.423 0.000013 186384.6 11.010
17| Ethyl acetate 6.63 0.280 0.87 0.321839 0.000
18| Isobutyl alcohol 7.52 0.214 0.22 0.972727 0.000
19| 3—Methyl butanal 8.60 77.741 0.0001 777410 45.924
20| 2—Methyl butanal 9.34 44.398 0.0001 443980 26.227
21| Benzene 9.58 0.036 2.7 0.013519 0.000
22| 2—Pentanone 11.10 0.080 0.028 2.857143 0.000
23| n—Pentanal 11.67 1.561 0.00041 3807.317 0.225
24| Allyl methyl sulfide 12.05 0.343 0.00014 2450 0.145
25| n—Heptane 13.49 0.204 0.67 0.304627 0.000
26| Dimethyl disulfide 14.96 0.829 0.0022 376.8636 0.022
27| Toluene 16.72 0.098 0.33 0.296667 0.000
28| n—Hexanal(Caproaldehyde) 18.06 4.509 0.00028 16103.57 0.951
29| 2—Furancarboxaldehyde (Furfural) 19.19 1.853 - - -
30| n—Octane 19.28 0.112 1.7 0.066 0.000
31| Allyl sulfide(Diallyl sulfide) 21.29 0.595 0.00022 2704.545 0.160
32| Ethyl benzene 21.54 0.016 0.17 0.094706 0.000
33| n—Hexanol 21.79 0.053 0.006 8.833333 0.001
34| m,p—Xylene 21.93 0.133 0.058 2.3 0.000
35| Styrene 22.71 0.034 0.035 0.997143 0.000
36| o—Xylene 22.92 0.041 0.38 0.109737 0.000
37| Methyl allyl disulfide 23.61 0.571 — - —
38| n—Nonane 23.83 0.257 2.2 0.116864 0.000
39| Methyl propyl disulfide 24.35 0.151 - - —
40| @ —Thujene 24.90 4,742 - - -
41| Benzaldehyde 25.07 1.044 - - -
42| a —pinene 25.28 3.816 0.018 211.9889 0.013
43| n—Propyl benzene 25.59 0.035 0.0038 9.210526 0.001
44| Camphene 25.76 0.707 — - —
45| m—Ethyltoluene 25.86 0.058 0.018 3.238889 0.000
46| 1,3,5—Trimethylbenzene 26.13 0.025 0.17 0.145882 0.000
47| Sabinene 26.48 2.131 - - -
48| B —pinene 26.66 2.479 0.033 75.11818 0.004
49| Myrcene 26.91 7.242 - - -
50| ¢ —phellandrene 27.34 0.409 - - -
51| 6 —3—carene 27.54 0.203 - - -
52| @ —Terpinene 27.63 0.413 - - -
53| p—Cymene 27.70 2.698 - - -
54| Limonene 28.07 48.320 0.038 1271.579 0.075
55| Trans— 8 —ocimene 28.20 0.413 - - -
56| y —Terpinene 28.50 6.825 - - -
57| Diallyl disulfide 28.68 0.180 0.00022 818.1818 0.048
58| 2—Nonanone 28.82 0.106 — — —
59| @ —terpinolene 29.06 0.563 - - -
60| Dipropyl disulfide 29.25 0.040 - - -
61| Decanal 30.60 0.227 0.0004 567.5 0.034
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Table 7. Components and concentration of sample gas (after biofilteration)

Threshold Expected

Compounds R.T Conc.(ppm) (ppm) odor cone. Attr. (%)
1 Hydrogen sulfide 1.7 0.005 0.00041 10.97561 0.021
2 Acetaldehyde 2.1 1.437 0.0015 958.3067 1.809
3 Methyl mercaptan 2.3 0.573 0.00007 8184.286 15.449
4 Ethanol 2.7 38.3921 0.52 73.8305 0.139
5 Dimethyl sulfide 3.6 0.355 0.003 118.28 0.223
6 Isobutyl aldehyde 4.4 1.009 0.00035 2881.714 5.440
7 1—Propanol 4.6 0.065 0.038 1.714211 0.003
8 Propyl mercaptan 6.3 0.152 0.000013 11692.31 22.071
9 Isobutyl alcohol 7.5 0.309 0.22 1.404545 0.003
10 3—Methyl butanal 8.6 1.721 0.0001 17206 32.479
11 2—Methyl butanal 9.3 1.097 0.0001 10968 20.704
12 n—Pentanal 11.7 0.057 0.00041 140 0.264
13 Allyl methyl sulfide 12.1 0.025 0.00014 175.7143 0.332
14 Dimethyl disulfide 15.0 0.037 0.0022 16.76364 0.032
15 n—Hexanal 18.1 0.048 0.00028 170.7143 0.322
16 Allyl sulfide 21.3 0.011 0.00022 51.81818 0.098
17 n—Hexanol 21.8 0.029 0.006 4.833333 0.009
18 «@ —pinene 25.3 0.275 0.018 15.29 0.029
19 B —pinene 26.7 0.105 0.033 3.187273 0.006
20 Limonene 28.1 4.476 0.038 117.7947 0.222
21 Diallyl disulfide 28.7 0.033 0.00022 150.9091 0.285
22 Decanal 30.6 0.012 0.0004 30 0.057
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Table 8. Components and concentration of sample gas (final exhaust)

Threshold Expected

Compounds R.T Conc.(ppm) (ppm) odor cone. Attr. (%)
1 Acetaldehyde 2.05 1.605 0.0015 1069.653 1.881
2 Methyl mercaptan 2.32 0.400 0.00007 5718.571 10.059
3 Ethanol 2.67 3.398 0.52 6.5345 0.011
4 Dimethyl sulfide 3.6 0.302 0.003 100.7467 0.177
5 Isobutylaldehyde 4.35 1.265 0.00035 3613.143 6.355
6 1—Propanol 4.59 0.039 0.038 1.037368 0.002
7 Propyl mercaptan 6.33 0.054 0.000013 4153.846 7.306
8 Isobutyl alcohol 7.52 0.289 0.22 1.312727 0.002
9 3—Methyl butanal 3.6 2.545 0.0001 25452 44,769
10 2—Methyl butanal 9.34 1.536 0.0001 15360 27.017
11 n—Pentanal 11.67 0.068 0.00041 165.3659 0.291
12 Allyl methyl sulfide 12.05 0.023 0.00014 164.2857 0.289
13 Dimethyl disulfide 14.96 0.065 0.0022 29.41818 0.052
14 n—Hexanal 18.06 0.101 0.00028 359.2857 0.632
15 Allyl sulfide 21.29 0.007 0.00022 33.63636  0.059
16 n—Hexanol 21.79 0.035 0.006 5.8 0.010
17 «a —pinene 25.28 0.127 0.018 7.058889 0.012
18 B —pinene 26.66 0.066 0.033 1.993333 0.004
19 Limonene 28.07 4.647 0.038 122.2789 0.215
20 Diallyl disulfide 28.68 0.069 0.00022 315.4545 0.555
21 Decanal 30.6 0.068 0.0004 169 0.297
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Fig. 4. Gas chromatogram of sample gas which was collected before
biofilteration process in B gu.
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Table 9. Components and concentration of sample gas (before biofilteration)

Compounds R.T Conc.(ppm) Threshold(ppm) Expeg(t)%%Odor Attr. (%)
1 | Acetaldehyde 2.05 2.874 0.0015 1915.747 0.841
2 | Methanol 2.1 3.029 33 0.091776 0.000
3 | Methyl mercaptan 2.32 0.799 0.00007 11408.86 5.009
4 | Ethanol 2.67 45.978 0.52 90.68654 0.040
5 | Acetone 2.98 0.401 42 0.01098 0.000
6 | n—Pentane 3.42 0.024 1.4 0.017457 0.000
7 | Dimethyl sulfide 3.6 0.255 0.003 84.96667 0.037
8 | Methyl acetate 3.76 0.004 1.7 0.002588 0.000
9 | Isobutyraldehyde 4.35 5.684 0.00035 16240 7.130
10 | 1—Propanol 4.59 0.023 0.038 0.604211 0.000
11 | Butanal 5.35 0.059 0.094 0.631915 0.000
12 | 2—Butanone 5.52 0.046 0.44 0.104364 0.000
13 | Propylene sulfide 5.6 0.142 - - -
14 | Propyl mercaptan 6.33 0.067 0.000013 5138.462 2.256
15 | Ethyl acetate 6.63 0.007 0.87 0.013077 0.000
16 | Isobutyl alcohol 7.52 0.027 0.22 0.120909 0.000
17 | 3—Methyl butanal 8.6 12.806 0.0001 128062 56.228
18 | 2—Methyl butanal 9.34 6.291 0.0001 62910 27.622
19 | Benzene 9.58 0.004 2.7 0.001326 0.000
20 | Allyl methyl sulfide 12.05 0.006 0.00014 42.85714 0.019
21 | n—Heptane 13.49 0.007 0.67 0.010806 0.000
22 | Dimethyl disulfide 14.96 0.038 0.0022 17.09091 0.008
23 | Toluene 16.72 0.019 0.33 0.056606 0.000
24 | n—Hexanal (Caproaldehyde) 18.06 0.266 0.00028 950 0.417
25 | 2—Furancarboxaldehyde (Furfural) 19.19 0.736 - - -
26 | n—Octane 19.28 0.004 1.7 0.002494 0.000
27 | Allyl sulfide (Diallyl sulfide) 21.29 0.016 0.00022 89.75206 0.039
28 | Ethyl benzene 21.54 0.002 0.17 0.012471 0.000
29 | m,p—Xylene 21.93 0.008 0.058 0.132759 0.000
30 | Styrene 22.71 0.002 0.035 0.057143 0.000
31 | o—Xylene 22.92 0.002 0.38 0.005421 0.000
32 | Methyl allyl disulfide 23.61 0.023 - - -
33 | n—Nonane 23.83 0.009 2.2 0.004155 0.000
34 | Methyl propyl disulfide 24.35 0.005 - - -
35 | @ —Thujene 24.9 0.167 = - -
36 | Benzaldehyde 25.07 0.342 = - -
37 | @ —pinene 25.28 0.349 0.018 19.36667 0.009
38 | Dimethyl trisulfide 25.75 0.086 - - -
39 | Sabinene 26.48 0.121 - - -
40 | B —pinene 26.66 0.217 0.033 6.570909 0.003
41 | Myrcene 26.91 0.700 - - -
42 | ¢ —phellandrene 27.34 0.040 - - -
43| 6 —3—carene 27.54 0.020 - - -
44 | a —Terpinene 27.63 0.073 - - —
45 | p—Cymene 27.7 0.155 = - -
46 | Limonene 28.07 6.838 0.038 179.9342 0.079
47 | Trans— B —ocimene 28.2 0.056 - - -
48 | y —Terpinene 28.5 1.096 - - -
49 | Diallyl disulfide 28.68 0.028 0.00022 126.3636 0.055
50 | a —terpinolene 29.06 0.114 - - -
51 | Dipropyl disulfide 29.25 0.012 - - -
52 | n—Decanal 30.6 0.189 0.0004 471.5 0.207
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Table 10. Components and concentration of sample gas (after biofilteration)

Compounds R.T Conc.(ppm) Threshold(ppm) O%)é[r)ecc(t)ig Attr. (%)
1 Acetaldehyde 2.05 0.391 0.0015 260.4933  0.847
2 Methyl mercaptan 2.32 0.036 0.00007 511.4286 1.663
3 Ethanol 2.67 12.340 0.52 23.7303 0.077
4 Dimethyl sulfide 3.60 0.040 0.003 13.36667  0.043
5 Isobutylaldehyde 4.35 0.377 0.00035 1077.143 3.503
6 Propyl mercaptan 6.33 0.033 0.000013 2553.846 8.305
7 3—Methyl butanal 8.60 1.780 0.0001 17802 57.894
8  2—Methyl butanal 9.34 0.779 0.0001 7790 25.334
9 Allyl methyl sulfide 12.05 0.001 0.00014 7.458051 0.024
10 Dimethyl disulfide 14.96 0.015 0.0022 6.992245 0.023
11 n—Hexanal 18.06 0.100 0.00028 355.7143 1.157
12 Allyl sulfide 21.29 0.016 0.00022 74.54545 0.242
13 @ —pinene 25.28 0.271 0.018 15.04333  0.049
14 B —pinene 26.66 0.167 0.033 5.063636 0.016
15 Limonene 28.07 5.569 0.038 146.5553 0.477
16 Diallyl disulfide 28.68 0.020 0.00022 90.90909 0.296
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Table 11. Removal efficiency of the odor preventive equipment in A and B gu
AT B +
273 A%7) Bioiﬁlter HE
b 57 wET AAE(%) AAE (%)
(ppm) (opm)  (ppm) (ppm) (ppm)
1 Hydrogen sulfide 14.325 0.005 0 100.0 - - -
2 Acetaldehyde 14.282 1.437 1.605 88.8 2.874 0.391 86.4
3  Methyl mercaptan 8.914 0.573 0.400 95.5 0.799 0.036 95.5
4 Ethanol 276.712 38.392 3.398 98.8 47.157 12.340 73.8
5 Propanal 4.167 0 0 100.0 - - -
6 Dimethyl sulfide 8.251 0.355 0.302 96.3 0.255 0.040  84.3
7 Isobutyl aldehyde 27.081 1.009 1.265 95.3 5.684 0.377 93.4
8 1-Propanol 0.087 0.065 0.039 54.9 0.023 0.005 77.7
9 Propyl mercaptan 2.423  0.152 0.054 97.8 0.067 0.033  50.3
10 Isobutyl alcohol 0.214 0.309 0.289 -35.0 0.027 0.021 20.8
11 3—Methyl butanal 77.741 1.721 2.545 96.7 12.806 1.780 86.1
12 2—Methyl butanal 44398 1.097 1.536 96.5 6.291 0.779  87.6
13 2—Pentanone 0.080 0.025 0.027 66.0 - - -
14 n—Pentanal 1.561 0.057 0.068 95.7 - - -
15 Allyl methyl sulfide  0.343 0.025 0.023 93.3 0.006 0.001 82.6
16 Dimethyl disulfide 0.829 0.037 0.065 92.2 0.038 0.015 59.1
17 n—Hexanal 4509 0.048 0.101 97.8 0.266 0.100 62.6
18 Allyl sulfide 0.595 0.011 0.007 98.8 0.020 0.016 16.9
19 n—Hexanol 0.053 0.029 0.035 34.3 - - -
20 m,p—Xylene 0.133  0.008 0.007 94.9 0.008 0.004 447
21 @ —pinene 3.816 0.275 0.127 96.7 0.349 0.271 22.3
22 n—Propyl benzene 0.035 0 0 100.0 - - -
23 m-—Ethyltoluene 0.058 0.002 0.003 96.0 - - -
24 B —pinene 2.479 0.105 0.066 97.3 0.217 0.167 22.9
25 Limonene 48.320 4.476  4.647 90.4 6.838 5.569 18.6
26 Diallyl disulfide 0.180 0.033 0.069 46.5 0.028 0.020 28.1
27 Decanal 0.227 0.012 0.068 70.2 0.189 0.006  96.9
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