SAZYA| BAsEoI S HM13A(I), 17~47, 2003
Rep. Busan Inst. Health & Environ, Vol.13, 17~47, 2003

Removal of Malodorous Compounds

from Foodwaste Treatment Processing (II)
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Abstract

In order to reduce the odor at the foodwaste recycling facilities the offensive odorous
compounds of a foodwaste and that emitted during the process of foodwaste recycle was
examined. And the expected odor concentration was used in oder to estimate the odorous
intensity.

The odorous compounds from the meat foodwaste were mainly allyl sulfides during the
initial store period of the foodwaste, but it changed to propyl mercaptan and methyl
mercaptan at the 4th and 5th day and trimethylamine from the 6th store day. The odorous
compounds from the fish foodwaste were mainly methyl mercaptan during the initial store
period of the foodwaste, but it changed to methyl mercaptan and trimethylamine during the
Sth~11th store day and trimethylamine from the 12th store day. The odorous compounds
from the vegetable foodwaste were mainly propyl mercaptan during the initial store period
of the foodwaste, but it changed to methyl mercaptan from the 4th store day and
trimethylamine from the 14th store day.
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The expected odor concentration during the store period and the recycling(steamed)
procedure increased according to the store days. At the steam procedure it has rapidly
increased after the 4th store day and at the storage after Sth store day.

The most odorous compounds was emitted from the steam procedure of all recycling
process, the input procedure to a hopper, steam procedure and cooling procedure. And it
was founded that isovaleraldehyde, methyl mercaptan, diacetyl and isobutyraldehyde in order
of expected odor concentration were the main odorous compounds during the steam
procedure.

The efficiency of the odorous compounds reduction process of the foodwaste recycling
facilities was 58.9% at the first reduction stage(the biofilter process) and 49.1% at the
seconds reduction stage(wet scrubber). The result showed that a high reductive efficiency

appear to sulfurs that a low reductive efficiency to aldehydes.

Key word : foodwaste, methyl mercaptan, trimethylamine, biofilter
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Fig. 1. Processing diagram of Haeundae Foodwaste facility.
Table 1. Component of experimental foodwaste
. . experimental
terial Y d
materia store perio date
Meat beef with spicy
' Fish roast yellow corvina 2003.8.27
kinds . . Ist, 3~14th, 24th, 34th, 44th
radish, onion, cuccumber ~10.9
Vege- cele cabbage, crown
table oy £
daisy
rice, onion, leek, anchovy,
fish hr il 2003.12.
Mixed 1sh egg, mushroom, bol Ist, 3rd, 4th, 5th, 6th 3123
celery cabbage, boil bean ~12.8
sprouts (same ratio)
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Table 2. Analytical conditions of preconcentration and GC/MSD

Step Conditions
- Sample Vol. : 50~500m{
Trap 1 - Flow rate : 60m{/min
(Empty) - Trapping : -10TC
- Desorb : 20C (Preheat 20C)
7100 Trap 2 - Trapping : -70C
Preconcentrator (Tenax) - Desorb : 180C
- Cool down temp. : -150TC
Cryofocusing - Injection temp : 80~90C
Trap - Desorb : 180T
- Injection time @ 3min
Injector - Volatile Interface, 100C
Column - HP-1MS(30m x 0.2mm x 1.0zm)
o - Carrier gas : He 1.0m¢ /min
6890N GC - Initial Temp. : 30°C (10min)
- 1st Ramp : 5C/min
Oven Temp. - 1st Hold Temp. : 100 (1min)

- 2nd Ramp : 15C/min
- Final Temp. : 230C (3min)
- MSD temp : 230C

5973MSD Detector - EM Volts : 1618
-+ Scan mode (range 30-400)
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Table 3. Odor Threshold (ppm)”

No. Compounds Threshold No. Compounds Threshold

1 | 2-Butanol 022 | 28 |Isoamyl alcohol 0.0017
2 | 2-Butanone 044 | 29 | Isobutyl acetate 0.008
3 | 2-Butenal 0.023 | 30 | Isobutyl alcohol 26
4 | 2-Methyl pentane 7 | 31 |Isobutyl isovalerate 0.0052
5 | 2-Pentanone 0.028 32 | Isobutyraldehyde 0.00035
6 | Acetaldehyde 0.0015 33 | Isopropanol 0.01
7 | Acetone 42 | 34 | Isovaleraldehyde 0.0001
8 | Acrolein 0.0036 35 | Limonene 0.038
9 | Butanal 0.00067 | 36 | Methanol 33
10 | Butane 1200 | 37 | Methyl acetate 1.7
11 | Carbon disulfide 0.21 38 | Methyl allyl sulfide 0.00014
12 | Carbonyl sulfide 0.055 | 39 | Methyl cyclohexane 0.15
13 | Decane 0.87 | 40 | Methyl isobutyrate 0.0019
14 | Diacetyl 0.00005 | 41 | Methyl isovalerate 0.0022
15 | Diallyl disulfide 0.00022 | 42 | Methyl mercaptan 0.00007
16 | Diallyl sulfide 0.00022 | 43 | Nonane 22
17 | Dimethyl disulfide 0.0022 | 44 | Octane 1.7
18 | Dimethyl sulfide 0.003 | 45 | Pentanal 0.00041
19 | Dodecane 0.11 | 46 | Pentane 1.4
20 | Ethanol 052 | 47 | Propanal 0.001
21 | Ethyl acetate 0.87 | 48 | Propanol 0.038
22 | Ethyl isovalerate 0.000013 | 49 | Propyl mercaptan 0.000013
23 | Heptanal 0.00018 | 50 | Styrene 0.035
24 | Heptane 0.67 | 51 | Toluene 0.33
25 | Hexanal 0.00028 | 52 | Trimethyl amine 0.000032
26 | Hexane 1.5 53 | a-Pinene 0.018
27 | Hydrogen sulfide 0.00041 | 54 | [i-Pinene 0.033
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Table 4. Regulatory odorous material in Japan and Korea(© : Korea)

Intensity of con.

Compounds Formula Threshold

25 3.0 3.5
Trimethyl amine © (CH;):N 0.00011 0.005 | 0.02 0.07
Dimethyl sulfide O (CH3)2S 0.00012 0.01 0.04 0.2
Hydrogen sulfide O HoS 0.0005 0.02 0.06 0.2
Methyl mercaptan © CH;SH 0.00012 0.002 | 0.004 | 0.01
Ammonia © NH; 0.15 1 2 5
Acetaldehyde O CH3;CHO 0.0015 0.05 0.1 0.5
Dimethyl disulfide © CH3SSCH3 0.00028 0.009 | 0.03 0.1
Styrene © CsHsCH=CH, 0.033 0.4 0.8 2
Propionic acid CH3CH2COOH 0.0024 0.03 0.07 0.2
n-Butanoic acid CH3(CH,),COOH 0.000068 | 0.001 | 0.002 | 0.006
n-Valeric acid CH3(CH;);COOH 0.0001 0.0009 | 0.002 | 0.004
i-Valeric acid (CH3),CHCH,COOH 0.000053 | 0.001 | 0.004 | 0.01
Propyl aldehyde CH3;CH,CHO 0.0015 0.05 0.1 0.5
n-Butyl aldehyde CH3(CH,),CHO 0.00032 0.009 | 0.03 0.08
i-Butyl aldehyde (CH3),CHCHO 0.0009 0.02 0.07 0.2
n-Valeric aldehyde CH3(CH,)sCHO 0.00071 0.009 | 0.02 0.05
i-Valeric aldehyde (CH3);CHCH,CHO 0.00019 0.003 | 0.006 | 0.01
i-Butanol (CH3),CHCH,OH 0.012 0.9 4 20
Acetic acetate CH;CO,C,Hs 0.25 3 7 20
Methyl i-butyl ketone CH3COCH,CH(CHj3), 0.17 1 3 6
Toluene C¢HsCH3 0.92 10 30 60
Xylene CsHs(CHs), 0.11 1 2 5
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Table 5. Odor compounds of foodwaste

Compounds Meat(39Comp.) | Fish(2Q2Comp.) | Vegetable(14Comp.)
Sulfurs
1 Carbonyl sulfide O O
2 Hydrogen sulfide O O O
3 Dimethyl sulfide O O O
4 Methyl allyl sulfide @) @) O
5 Diallyl sulfide @) @)
6 Carbon_disulfide @) O
7 Dimethyl disulfide @) @) O
8 Diallyl disulfide O O
9 Methyl mercaptan O O @)
10 | Propyl mercaptan @) O O
Alcohols
11 | Methanol O
12 | Ethanol O O
13 | Isobutanol O @)
14 | Isopropanol O O
15 | 2-Butanol @) @)
Aldehydes
16 | Acetaldehyde O O @)
17 | Isobutyraldehyde O O
18 | Isovaleraldehyde O O
19 Hexanal @) ©)
Ketones
20 | Acetone O O O
21 | 2-Butanone @) O
22 | 2-Pentanone O @)
Esters
23 Methyl acetate O @)
24 | Ethyl acetate o
25 | Methyl isobutyrate O
26 | Methyl isovalerate O O
27 Ethyl isovalerate @)
28 Isobutyl isovalerate O
Amines
29 | Trimethyl amine @) @) O
Hydrocarbons
30 Pentane O O
31 2-Methyl pentane O
32 Hexane @)
33 Heptane O
34 Octane O
35 Nonane O
36 Decane O
37 Dodecane @)
38 Toluene @)
39 Styrene O
40 Methyl cyclohexane O
Morterpene
41 Limonene O
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Table 6. Concentration of odor compounds (meat foodwaste)

Comp. Conc.(ppm)
. Methyl . . . .
Propyl Methyl | Trimethyl allyl Diallyl | Diallyl | Dimethyl | Dimethyl

mercaptan | mercaptan | amine sulfide |disulfide | sulfide | disulfide

Days sulfide

0.000 0.000 0.000 0392 |0.256 | 0.692 0.329 1.424
3 0.000 0.000 0.000 0213 |0.143 0.021 0.171 0.168
4 1.082 12.598 0.000 1.513 |0.196 | 0.057 1.714 8.214
5 0.573 21.235 0.000 2278 |0.155 0.038 2.610 34.530
6 0.000 0.000 2.374 3.138 | 0.107 0.000 1.723 51.801
7 0.000 0.000 4.582 6.674 | 0.162 0.000 2414 77.070
8 0.000 4.491 6.643 | 11.197 | 0.201 0.000 1.541 99.949
9 0.000 0.044 8.018 | 12.815 |0.200 | 0.000 0.810 | 100.921
10 0.000 0.000 8.649 | 11.898 | 0.080 | 0.000 0.280 91.902
11 0.000 0.000 10.950 | 13.108 | 0.059 | 0.000 0.490 91.491
13 0.000 0.000 1.234 9.812 | 0.000 | 0.000 0.270 72.492
14 0.000 0.000 2.603 3.781 |0.000 | 0.000 0.082 46.119
24 0.000 0.000 3.046 0.989 |0.000 | 0.000 0.028 20.504
34 0.000 0.000 17.837 2.334 | 0.000 | 0.000 0.055 25.991
44 0.000 0.000 0.365 1.167 | 0.000 | 0.000 0.023 13.489

Table 7. Expected odor concentration of odor compounds (meat foodwaste)

omp. Expected odor concentration
Propyl | Methyl | Trimethyl| M | Diallyl| Diallyl | Dimethyl | Dimethyl| Total
Days \ |mercaptan |mercaptan| —amine sul g de sulfide |disulfide| sulfide | disulfide

1 0 0 0 2797 | 1163 3146 647 110 8074
3 0 0 0 1525 | 652 97 76 57 2430
4 83214 | 179971 0| 10805 | 891 257 3734 571 | 279884
5 44052 | 303357 0 16273 706 175 15695 870 | 381759
6 0 0 74188 | 22412 488 0 23546 574 | 121362
7 0 0 | 143188 | 47675 | 736 0| 35032 805 | 228176
8 0 64157 | 207594 | 79977 914 0 45431 514 | 413297
9 0 629 | 250563 | 91534 | 911 0| 45873 270 | 406574
10 0 0 | 270281 | 84984 | 363 0| 41774 93 | 408587
11 0 0 | 342188 | 93630 267 0 41587 163 | 413582
13 0 0 38563 | 70084 0 0| 32951 90 | 142320
14 0 0 81346 | 27004 0 0| 20963 27 | 129618
24 0 0 95188 7066 0 0 9320 9 | 111645
34 0 0| 557406 | 16673 0 0| 11814 18 | 585960
44 0 0 11406 8334 0 0 6131 8 25909
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Table 8. Attribution ratio of odor compounds (meat foodwaste)

Comp. Attribution ratio(%)
Propyl | Methyl |Trimethyl| ™M™ | Diallyl | Diallyl | Dimethyl | Dimethyl
Days mercaptan | mercaptan | amine sul f? de sulfide |disulfide| sulfide | disulfide
1 0.0 0.0 0.0 34.4 14.3 38.7 1.4 8.0
3 0.0 0.0 0.0 61.5 26.3 39 2.3 3.1
4 29.7 64.3 0.0 3.9 0.3 0.1 0.2 1.3
5 11.5 79.5 0.0 4.3 0.2 0.0 0.2 4.1
6 0.0 0.0 61.1 18.5 0.4 0.0 0.5 19.4
7 0.0 0.0 62.8 20.9 0.3 0.0 0.4 15.4
8 0.0 15.5 50.2 19.4 0.2 0.0 0.1 11.0
9 0.0 0.0 61.7 22.5 0.2 0.0 0.1 11.3
10 0.0 0.0 66.2 20.8 0.1 0.0 0.0 10.2
11 0.0 0.0 65.4 22.6 0.1 0.0 0.0 10.1
13 0.0 0.0 27.1 49.2 0.0 0.0 0.1 23.2
14 0.0 0.0 62.8 20.8 0.0 0.0 0.0 16.2
24 0.0 0.0 85.3 6.3 0.0 0.0 0.0 8.3
34 0.0 0.0 95.1 2.8 0.0 0.0 0.0 2.0
44 0.0 0.0 44.0 322 0.0 0.0 00| 237
%
100
80 /\
60
40
20
0

o o 102 1Y 13Y 14

24 342

442

—e— Propyl| mercaptan

—x— Dially| sulfide

—=— Methy| mercaptan

—e— Diallyl disulfide

—+— Dimethy| sulfide

—a— Trimethy| amine

—=— Methyl ally!| sulfide

—a— Dimethy| disulfide

Fig. 2. Attribution ratio of odor compounds of meat foodwaste.
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Table 9. Concentration of odor compounds (fish foodwaste)

Comp. Conc.(ppm)
Methyl | ... . . .
Methyl Propyl | Isovaler allvl Trimethyla| Dimethyl | Hydrogen | Diallyl
mercaptan | mercaptan | aldehyde Y mine disulfide | sulfide | disulfide
Days sulfide
1 0.258 0.017 0.055| 0.046 0.000 0.061 0.000 0.042
3 1.760 0.000 0.000 | 0.088 0.000 3.242 0.000 0.010
4 1.399 0.000 0.000 | 0.000 0.000 6.358 0.000 0.000
5 4.999 0.000 0.000 | 0.196 4.028 13.299 0.000 0.000
6 1.511 0.000 0.000 | 0.000 1.025| 25.754 0.000 0.000
7 5.923 0.000 0.000 | 0.324 2.140| 37.514 1.764 0.000
8 4.499 0.000 0.000 | 0.241 5405| 39.179 5177 0.000
9 16.722 0.000 0.000 | 0.817 9.537| 97.601 11.272 0.000
10 3.235 0.000 0.000 | 0.525 1.870 | 43.322 2.323 0.000
11 4.290 0.000 0.000 | 0.530 0.867 | 42221 1.942 0.000
12 3.467 0.000 0.000 | 0.498 9.517| 81.178 1.469 0.000
14 0.000 0.000 0.000 | 1.152 14.880 | 112.231 0.000 0.000
24 11.353 0.000 0.000 | 1.093 10.654 | 117.552 0.000 0.000
34 1.557 0.000 0.000 | 0.724 19.705 | 24.608 0.000 0.000
Table 10. Expected odor concentration of odor compounds (fish foodwaste)
Comp Expected odor concentration
Methyl Propyl | Isovaler Methyl Trimethyla| Dimethyl | Hydrogen | Diallyl Total
mercaptan | mercaptan |aldehyde allyl mine | disulfide | sulfide |disulfide
Days sulfide
1 3686 1323 546| 329 0 28 0 189 6348
3 25143 0 0| 627 0 1474 0 46| 27358
4 19986 0 0 0 0 2890 0 0] 22920
5 71414 0 0| 1403| 125875 6045 0 0| 204939
6 21586 0 0 0 32031 11706 0 0] 65771
7 84614 0 0] 2316 66875 17052 4302 0] 175569
8 64271 0 0| 1721| 168906| 17809 12627 0] 265802
9 238886 0 0| 5833| 298031 | 44364 27493 0| 618757
10 46214 0 0| 3750 58438 | 19692 5666 0| 134290
11 61286 0 0| 3789 27094 | 19191 4737 0| 116638
12 49529 0 0| 3556| 297406| 36899 3583 0] 403374
14 0 0 0| 8229| 465000| 51014 0 0| 528459
24 162186 0 0| 7806| 332938 | 53433 0 0] 556705
34 22243 0 0| 5170| 615781 11185 0 0| 654641
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Table 11. Attribution ratio of odor compounds (fish foodwaste)

Comp. Attribution ratio(%)
Methyl . . .
Methyl Propyl | Isovaler allvl Trimethyla | Dimethyl | Hydrogen | Diallyl
mercaptan | mercaptan | aldehyde Y mine disulfide | sulfide | disulfide
Days sulfide
58.1 20.8 8.6 5.2 0.0 0.4 0.0 3.0
3 91.9 0.0 0.0 2.3 0.0 5.4 0.0 0.2
4 87.2 0.0 0.0 0.0 0.0 12.6 0.0 0.0
5 34.8 0.0 0.0 0.7 61.4 2.9 0.0 0.0
6 32.8 0.0 0.0 0.0 48.7 17.8 0.0 0.0
7 48.2 0.0 0.0 1.3 38.1 9.7 25 0.0
8 242 0.0 0.0 0.6 63.5 6.7 4.8 0.0
9 38.6 0.0 0.0 0.9 48.2 7.2 4.4 0.0
10 34.4 0.0 0.0 2.8 43.5 14.7 4.2 0.0
11 52.5 0.0 0.0 3.2 232 16.5 4.1 0.0
12 12.3 0.0 0.0 0.9 73.7 9.1 0.9 0.0
14 0.0 0.0 0.0 1.6 88.0 9.7 0.0 0.0
24 29.1 0.0 0.0 1.4 59.8 9.6 0.0 0.0
34 3.4 0.0 0.0 0.8 94.1 1.7 0.0 0.0
o]
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100
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40

20

—e— Methy| mercaptan —=— Propy| mercaptan —— |sovaleraldehyde —=— Methyl ally! sulfide

—— Trimethylamine —e— Dimethy| disulfide —— Hydrogen sulfide —=— Dially! disulfide

Fig. 3. Attribution ratio of odor compounds of fish foodwaste.
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Table 12. Concentration of odor compounds (vegetable foodwaste)

Comp Conc.(ppm)
. . Methyl .
Hydrogen Methyl Trimethyl | Dimethyl Propyl allv Dimethyl
sulfide mercaptan amine sulfide | mercaptan Y disulfide

Days sulfide
1 0.000 0.017 0.000 0.023 0.045 0.000 0.030
3 0.000 0.204 0.000 7914 0.379 0.079 1.289
4 0.000 1.102 0.000 6.702 0.801 0.049 1.741
5 0.000 1.384 0.000 5.456 0.672 0.035 1.779
6 0.000 1.365 0.000 6.093 0.394 0.054 2.016
7 0.000 2.057 0.000 6.366 0.435 0.053 1.243
8 0.000 0.214 0.000 1.809 0.036 0.000 0.270
9 0.621 1.401 0.000 5.151 0.126 0.036 0.778
10 0.903 0.669 0.000 2.182 0.048 0.000 1.005
11 1.138 2.124 0.000 4.524 0.089 0.034 2.730
12 0.757 2.006 0.337 4.661 0.164 0.053 4.946
13 1.297 2.118 0.203 4.870 0.156 0.046 2.299
14 0.000 0.000 0.111 0.300 0.000 0.000 0.384
24 0.000 0.000 0.803 0.020 0.000 0.000 0.039
34 0.000 0.000 0.460 0.044 0.000 0.000 0.023
44 0.000 0.000 0.324 0.041 0.000 0.000 0.025

Table 13. Expected odor concentration of odor compounds(vegetable foodwaste)

Comp. Expected odor concentration
Hydrogen | Methyl | Trimethyl | Dimethyl| Propyl MTIhly I Dimethyl Total
sulfide | mercaptan| amine sulfide | mercaptan a y disulfide

Days sulfide
1 0 243 0 8 3432 0 14| 3703
3 0 2914 0 2638 29175 564 586| 35925
4 0 15743 0 2234 61630 347 791| 80753
5 0 19771 0 1819 51730 247 809| 74377
6 0 19500 0 2031 30342 388 916| 53207
7 0 29386 0 2122 33467 382 565| 65930
8 0 3057 0 603 2779 0 123| 6570
9 1515 20014 0 1717 9730 258 354| 33615
10 2202 9557 0 727 3728 0 457| 16684
11 2776 30343 0 1508 6832 241 1241| 42961
12 1846 28657 10531 1554 12579 382 2248| 57816
13 3163 30257 6344 1623 12031 326 1045| 54794
14 0 0 3469 100 0 0 175 3744
24 0 0 25094 7 0 0 18| 25118
34 0 0 14375 15 0 0 10| 14400
44 0 0 10125 14 0 0 11| 10150
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Table 14. Attribution ratio of odor compounds (vegetable foodwaste)

He(get A1)

Comp. Attribution ratio (%)
Hydrogen | Methyl Trimethyl | Dimethyl Propyl Nilthly ! Dimethyl
sulfide | mercaptan amine sulfide | mercaptan y disulfide
Days sulfide
1 0.0 6.6 0.0 0.2 92.7 0.0 0.4
3 0.0 8.1 0.0 7.3 81.2 1.6 1.6
4 0.0 19.5 0.0 2.8 76.3 0.4 1.0
5 0.0 26.6 0.0 2.4 69.6 0.3 1.1
6 0.0 36.6 0.0 3.8 57.0 0.7 1.7
7 0.0 44.6 0.0 32 50.8 0.6 0.9
8 0.0 46.5 0.0 9.2 423 0.0 1.9
9 4.5 59.5 0.0 5.1 28.9 0.8 1.1
10 13.2 57.3 0.0 4.4 22.3 0.0 2.7
11 6.5 70.6 0.0 35 15.9 0.6 2.9
12 32 49.6 18.2 2.7 21.8 0.7 39
13 5.8 55.2 11.6 3.0 22.0 0.6 1.9
14 0.0 0.0 92.7 2.7 0.0 0.0 4.7
24 0.0 0.0 99.9 0.0 0.0 0.0 0.1
34 0.0 0.0 99.8 0.1 0.0 0.0 0.1
44 0.0 0.0 99.8 0.1 0.0 0.0 0.1
Vegetable

%

100 &+ e

80

60

4 r

20

0

gl 320 42 59 62 7 8 9 10 11 12 13 142 242 342 442

—e— Hydrogen sulfide —=— Methy| mercaptan —a— Trimethyl amine

—+— Dimethy| disulfide

—*— Propy| mercaptan —e— Methyl allyl sulfide

—=— Dimethy| sulfide

Fig. 4. Attribution ratio of odor compounds of vegetable foodwaste.
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Table 15. Concentration of odor compounds (mixed foodwaste)

Days Conc.(ppm)

Compounds 1 3 4 5 6

Ethanol 48.660 223.250 1.600 13.000 15.060
Acetaldehyde 3.083 6.008 0.047 0.057 0.107
Methyl mercaptan 0.286 0.483 2.140 15.482 0.000
Dimethyl disulfide 0.136 0.424 0.247 0.649 14.594
Methyl allyl sulfide 0.074 1.304 0.000 0.000 0.000
Diacetyl 0.025 0.000 0.000 0.000 0.000
Dimethyl sulfide 0.011 0.868 0.485 0.186 0.628
Diallyl disulfide 0.000 0.341 0.050 0.034 0.020
Diallyl sulfide 0.000 0.265 0.000 0.000 0.000
Methyl isobutyrate 0.000 0.000 0.595 0.812 1.399
Methyl isovalerate 0.000 0.739 2.646 4.273 8.113
Propyl mercaptan 0.000 0.000 0.000 1.183 0.000
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Table 16. Expected odor concentration of odor compounds(mixed foodwaste)

Days Expected odor concentration
Compounds 1 3 4 5 6
Methyl mercaptan 4086 6900 30571 221171 0
Acetaldehyde 2055 4005 31 38 71
Methyl allyl sulfide 532 9315 0
Diacetyl 499 0 0
Ethanol 94 429 3 25 29
Dimethyl disulfide 62 193 112 295 6634
Dimethyl sulfide 4 289 162 62 209
Diallyl disulfide 0 1552 225 156 91
Diallyl sulfide 0 1206 0 0 0
Methyl isobutyrate 0 0 313 427 736
Methyl isovalerate 0 336 1203 1942 3688
Propyl mercaptan 0 0 0 91029 0

Table 17. Attribution ratio of odor compounds (mixed foodwaste)

Days Attribution ratio(%)

Compounds 1 3 4 5 6
Methyl mercaptan 55.7 27.8 93.3 70.2 0.0
Acetaldehyde 28.0 16.1 0.1 0.0 0.6
Methyl allyl sulfide 72 375 0.0 0.0 0.0
Diacetyl 6.8 0.0 0.0 0.0 0.0
Ethanol 1.3 1.7 0.0 0.0 0.3
Dimethyl disulfide 0.8 0.8 0.3 0.1 57.3
Dimethyl sulfide 0.0 1.2 0.5 0.0 1.8
Diallyl disulfide 0.0 6.2 0.7 0.0 0.8
Diallyl sulfide 0.0 4.9 0.0 0.0 0.0
Isobutyl acetate 0.0 0.7 0.0 0.0 0.0
Methyl isobutyrate 0.0 0.0 1.0 0.1 6.4
Methyl isovalerate 0.0 14 3.7 0.6 319
Propyl mercaptan 0.0 0.0 0.0 28.9 0.0
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Table 18. Concentration of odor compounds from steam procedure of mixed foodwaste

Days Conc.(ppm)

Compounds 1 3 4 5 6
Acetaldehyde 4.504 25.292 40.945 37.519 33.756
Diallyl disulfide 0.653 1.096 2.820 0.962 0.257
Isovaleraldehyde 0.185 2.504 6.889 6.204 5.258
Hexanal 0.184 0.730 1915 1.312 0.862
Dimethyl disulfide 1.304 17.189 3.431 2.021 0.545
Heptanal 0.067 0.290 0.689 0.526 0.366
Dimethyl sulfide 1.103 12.315 29.262 19.000 14.962
Isobutyraldehyde 0.098 0.940 3.145 2.775 2.078
Diacetyl 0.000 0.136 0.261 0.373 0.304
Diallyl sulfide 0.000 0.741 1.459 0.810 0.319
Ethyl isovalerate 0.000 0.000 0.000 0.000 0.680
Hydrogen sulfide 0.000 0.000 10.129 2.729 3.438
Methyl allyl sulfide 0.000 1.266 2.578 1.421 0.514
Methyl mercaptan 0.000 0.000 37.789 29.400 20.814
Propyl mercaptan 0.000 0.000 12.646 6.596 3.770

Table 19. Expected odor concentration of odor compounds from steam procedure of mixed

foodwaste
Days Expected odor concentration
Compounds 1 3 4 5 6
Acetaldehyde 3003 16861 27297 25013 22504
Diallyl disulide 2969 4982 12819 4373 1166
Isovaleraldehyde 1847 25040 68890 62040 52580
Hexanal 658 2606 6841 4686 3080
Dimethyl disulfide 593 7813 1560 919 248
Heptanal 375 1613 3829 2921 2032
Dimethyl sulfide 368 4105 9754 6333 4987
Isobutyraldehyde 281 2686 8986 7929 5937
Diacetyl 0 2714 5217 7457 6080
Diallyl sulfide 0 3368 6633 3680 1448
Ethyl isovalerate 0 0 0 0 52281
Hydrogen sulfide 0 0 24705 6656 8385
Methyl allyl sulfide 0 9046 18417 10147 3672
Methyl mercaptan 0 0 539843 420000 297343
Propyl mercaptan 0 0 972740 507411 290021
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Table 20. Attribution ratio of odor compounds from steam procedure of mixed foodwaste

Days Attribution ratio(%)
Compounds 1 3 4 5 6
Acetaldehyde 28.7 19.9 1.6 22 3.0
Diallyl disulide 284 59 0.7 0.4 0.2
Isovaleraldehyde 17.7 29.6 4.0 5.5 7.0
Hexanal 6.3 3.1 0.4 0.4 0.4
Dimethyl disulfide 5.7 9.2 0.1 0.1 0.0
Heptanal 3.6 1.9 0.2 0.3 0.3
Dimethyl sulfide 35 49 0.6 0.6 0.7
Isobutyraldehyde 2.7 32 0.5 0.7 0.8
Diacetyl 0.0 3.2 0.3 0.7 0.8
Diallyl sulide 0.0 4.0 04 0.3 0.2
Ethyl isovalerate 0.0 0.0 0.0 0.0 6.9
Hydrogen sulfide 0.0 0.0 1.4 0.6 1.1
Methyl allyl sulfide 0.0 10.7 1.1 0.9 0.5
Methyl mercaptan 0.0 0.0 315 37.6 39.3
Propyl mercaptan 0.0 0.0 56.7 454 38.4
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Table 21. Rate of expected odor concentration

Days
Y 1 3 4 5 6

expected odor - concentration from| 341 | 24854| 32777| 315219| 11578
foodwaste
expected ~odor  concentration from| 1046 | 84558 | 1715604 | 1117915 | 755848
steam procedure of foodwaste
rate of expected odor concentration  from
steam procedure of foodwaste compared| 43% 240% | 5134% | 255% | 6428%
with those from foodwaste

Expected odor conc.

2100000
—— UR|A| —a X EEAA
1800000
1500000

1200000

900000

600000
300000
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e

Fig. 5. Expected odor concentration of odor compounds from foodwaste and steam procedure of

foodwaste.
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Table 22. Concentration and attribution ratio of odor compounds from foodwaste treatment
processing facility

Hopper Steamer Cooler

Compounds Conc. Attr. Conc. Attr. Conc. Attr.

(ppm) (%) (ppm) (%) (ppm) (%)

Isovaleraldehyde 0.073 50.8 54.684 429 0.218 50.2
Methyl mercaptan 0.020 19.8 20.546 23.0 0.017 5.6
Diacetyl 0.000 0.0 8.323 13.1 0.035 159
Isobutyraldehyde 0.032 6.3 33.680 7.5 0.055 3.6
Propyl mercaptan 0.000 0.0 1.037 6.3 0.000 0.0
Acetaldehyde 0416 19.2 90.502 4.7 1.178 18.1
Hydrogen sulfide 0.000 0.0 4.247 0.8 0.000 0.0
Hexanal 0.000 0.0 2.470 0.7 0.040 33
Diallyl disulfide 0.000 0.0 0.870 03 0.000 0.0
Limonene 1.789 33 89.798 0.2 1.943 12
Diallyl sulfide 0.000 0.0 0.484 02 0.018 1.8
Dimethyl sulfide 0.000 0.0 4.508 0.1 0.000 0.0

Table 23. Concentration and attribution ratio from foodwaste merging treatment facility

Compounds Conc.(ppm) Attr.(%)
Methyl mercaptan 0.006 43.6
Hydrogen sulfide 0.029 36.0
Acetaldehyde 0.053 18.0
Dimethyl disulfide 0.010 23
Ethyl acetate 0.085 0.0
2-Butanone 0.007 0.0
Hexanal 0.000 0.0

Table 24. Expected odor concentration from foodwaste treatment processing facility

Hopper Steamer Cooler

Expected odor concentration 1444 1274585 4341
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Table 25. Removal efficiency of preventive equipment in the foodwaste treatment processing

facility
Before Ist stage 2nd stage Removal
Compounds eff.
Conc. Attr. Conc. Attr. Conc. Attr.
(epm) | (%) | (ppm) | (%) | (ppm) | (%) (%)
Isovaleraldehyde 6.808 26.4 2.708 25.1 2.308 46.9 66.1
Methyl mercaptan 4.450 24.7 1.690 22.4 0.000 0.0 100.0
Propyl mercaptan 0.721 21.5 0.353 25.1 0.000 0.0 100.0
Diacetyl 1.811 14.0 0.629 11.7 0.452 18.4 75.0
Isobutyraldehyde 4.073 4.5 1.595 42 1.468 8.5 64.0
Acetaldehyde 16.955 44 | 12.375 7.6 | 16.515 22.4 2.6
Hydrogen sulfide 1.530 1.4 0.615 1.4 0.000 0.0 100.0
Hexanal 0.611 0.8 0.144 0.5 0.074 0.5 87.9
Diallyl disulfide 0.183 0.3 0.028 0.1 0.000 0.0 100.0
Diallyl sulfide 0.173 0.3 0.052 0.2 0.020 0.2 88.6
Dimethyl sulfide 1.345 0.2 0.585 0.2 0.553 0.4 58.9
Limonene 12.168 0.1 8.105 0.2 3.645 0.2 70.0

Table 26. Removal efficiency of 1st and 2nd preventive equipment in the foodwaste treatment
processing facility

1st (Biofilter) 2nd (Scrubber)
Compounds

Removal eff.(%) Removal eff.(%)

Isovaleraldehyde 60.2 14.8
Methyl mercaptan 62.0 100.0
Propyl mercaptan 51.1 100.0
Diacetyl 65.3 28.1
Isobutyraldehyde 60.8 8.0
Acetaldehyde 27.0 -33.5
Hydrogen sulfide 59.8 100.0
Hexanal 76.4 48.6
Diallyl disulfide 84.5 100.0
Diallyl sulfide 69.8 62.3
Dimethyl sulfide 56.5 55
Limonene 334 55.0

Average 58.9 49.1
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Table 27. Expected odor concentration from odor preventive equipment

Before Ist stage 2nd stage
Expected odor concentration 257871 107955 49211
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Table 28. Odor compounds from sanitary treatment facility

2 Y X2l (1)

Compounds Conc.(ppm) Attr.(%)
Methyl mercaptan 0.091 559
Methyl allyl sulfide 0.091 279
Dimethyl sulfide 0.419 8.1
Ethanol 31.620 2.6
Dimethyl disulfide 0.122 24
Table 29. Odor compounds from sewage treatment facility
Compounds Conc.(ppm) Attr.(%)
Hydrogen sulfide 0.309 92.9
Methyl mercaptan 0.004 7.0
Table 30. Odor compounds of landfill gas

Compounds g)%?;) ,?%)tr) Compounds g)%rrlg) 'lz‘(%
Hydrogen sulfide 30.176 | 92.3 2-Methylheptane 1.168 0.0
n-Butane 3.657 0.0 Tetrachloroethylene 0.011 0.0
Methyl mercaptan 0.378 6.8 n-Octane 2.317 0.0
Isopentane 4.141 0.0 Ethylbenzene 4218 0.0
n-Pentane 1.619 0.0 m,p-Xylene 7.047 0.2
2,2-Dimethylbutane 0.315 0.0 o-Xylene 3.468 0.0
2,3-Dimethylbutane 0.389 0.0 n-Nonane 2.876 0.0
2-Methylpentane 1.366 0.0 Isopropylbenzene 0.437 0.1
3-Methylpentane 1.530 0.0 i-Pinene 1.529 0.1
n-Hexane 2971 0.0 m-Ethyltoluene 0514 0.0
Methylcyclopentane 3.739 0.0 p-Ethyltoluene 0.227 0.0
2,4-Dimethylpentane 0.253 0.0 1,3,5-Trimethylbenzene 0.315 0.0
Benzene 1.207 0.0 o-Ethyltoluene 0.265 0.0
Cyclohexane 8.406 0.0 [i-Pinene 0.462 0.0
2-Methylhexane 0.747 0.0 1,2,4-Trimethylbenzene 0.649 0.0
3-Methylhexane 1.282 0.0 Limonene 10.799 | 0.4
n-Heptane 2.239 0.0 n-Undecane 1.040 0.0
Methylcyclohexane 3.381 0.0 n-Dodecane 3.325 0.0
Toluene 9.555 0.0 - - -
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Table 31. Main odor compounds from environmental facilities

sanitary
treatment facility

sewage

treatment facility

foodwaste treatment

landfill facility . o
processing facility

Odor
compound

Methyl mercaptan,
Methyl allyl sulfide

Hydrogen
sulfide,
Methyl
mercaptan

Hydrogen

sulfide, Isovaleraldehyde,
Methyl Methyl mercaptan
mercaptan
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