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Charactenistics of Odor Emissions from Organic Waste
Treatment Processes

Si-Young Kim

Department of Environmental Engineering
Graduate School of Industry

Pukyong National University

Abstr_act

In this study, odorous compounds were qualified and quantified from
fodder manufacturing plant for food waste and sewage sludge drying
facilities. Odor samples collect inside of food waste storage tank and
final outlet of pre-treatment gas in fodder plant, outlet of wet scrubber
and steam drying process at sewage sludge drying facilities. Odor
compounds were analyzed using cryo—concentration injector intergrated
with GC-MS, GC-FID, GC-FPD, And major compounds of malodor
attribution rate and expected odor intensity were assessed from measured
each concentration and TLV(threshold limit value).

It was resulted that the major VOCs in fodder plant were ethyl alcohol
132ppm, acetaldehyde 45.7ppm but major malodor compounds and each

odor attribution ratio were expected to Isovaleraldehyde 31.8%, methyl



mercaptan 27.1%, and Acetaldehvde 59.1%, butric acid ethyl ester 10.2%
at inside of food storage tank. In steam drying process and wet
scrubber at sewage sludge drying facilities, odor attribution of
[sovaleraldehyde as major odorant was each 47.9%, 41.4%.

Top 10 major odorant in treatment process of organic waste was
shown that odor attribution was more than 96% total odor attribution.

It was concluded that odorant’s threshold limit value was major
variable to assess odor intensity and odor attribution ratio more than
concentration of each component.

The results can be used as a basic reference in removal and evaluation

of major odorant from organic waste treatment processing.
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Table 1. The physical properties of odorous compoundsm

!

compound Formula M- W Sg‘r’:‘v"lic 1\(1@)13 }fa § Solubility”
Ammonia NHs 17.03 - =777 1 -334 | 899g
Methyl mercaptan CHsSH 48.11 0.896 -121 6| wvsls
Hydrogen sulfide H2S 34.08 - -829 | -604 437cc
Dimethyl sulfide (CHa)2S 62.14 0.845 ~83.2 375 i
Dimethyl disulfide CHsSSCH3 92.14 1.057 Liquid 116
Trimethylamine (CH3)sN 59.11 0.662 -124 3| wvsls
Acetaldehyde CH:;CHO 44.05 0.784 -123.3 20.8 o0
Propionaldehyde CHsCH2CHO 58.08 0.8058 -80.05 | 47.93 16.5¢
n-butyraldehyde CHs5(CH2):CHO 72.11 0.8049 -99 .7 3.7g
i-butyraldehyde (CH3)»,CHCHO 72.11 0.7904 -65.9 64.2 8.8g
n-valeraldehyde CH3(CH2):CHO 86.14 0.8105 -915 | 1025 sl.s
i-valeraldehyde (CH3)?CHCHCHO 86.14 0.8004 Liquid 92.5 sls
Isobutanol (CH3):CHCHOH 74.12 0.8018 -108 108 9.5¢
Ethyl acetate CHsCO:2C2Hs 88.11 0.9005 -836 | 76.82 787g
Methy! isobutyl ketone | CHsCOCH.CH(CHs)z| 100.16 0.7960 -84.7 | 1159 1.7g
Toluene CeHsCHas 92.14 0.8716 -95 | 1108 i
styrene CsHsCH=CH: 104.15 0.907 -31 145.8 v.sls
Xylene CeHa(CHa)z 106.17 0.861 -474 | 1384 1.
Propionic acid CHz:CH,COOH 74.08 0.999 -22 141 oo
n-butyric acid CHs(CHz2)2COOH 88.11 0.959 -57 | 1635 ©
n-valeric acid CH3(CH);COOH 102.14 0.939 -345 | 1870 3.7g
i-valeric acid (CH3):CHCH.COOH | 102.14 0.928 =376 | 1765 42¢

3 Solubility is given in parts by weight per 100parts by weight of the water.

v. sl. vi very slightly soluble, sl. s slightly soluble, i.. insoluble
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Table 2. Threshold values of odorous compounds™ ¥ (unit : ppm, V/V)

Substance I Odor Threshold Substance | Odor Threshold
) Sulfur Aldehyde
Sulfur dioxide 1 0.87|Formaldehyde 0.50
Carbony! sulfide ' 0.155| Acetaldehyde 0.0015
Hydrogen sulfide 0.00041|Propionaldehvde 0.0010
Dimethy! sulfide 0.0030{n-Butylaldehyde 0.00067
Methyl allyl sulfide 0.00014|Isobuthylaldehyde 0.00035
Diethy sulfide 0.000033|n—Valeraldehyde 0.00041
Allyl sulfide 0.00022{Isovaleraldehyde 0.00010
Carbon disulfide 0.21|n-Hexylaldehyde 0.00028
Dimethy disulfide 0.0022|n-Hepthylaldehyde 0.00018
Diethyl disulfide 0.0020{n-Octylaldehyde 0.000010
Dially] disulfide 0.00022|n-Nonylaldehyde 0.00034
Methy! mercaptance 0.000070{n-Decylaldehyde 0.00040
Ethyl mercaptance 0.0000087]| Acrolein 0.0036
n-Propyl mercaptance 0.000013|Methacrolein 0.0085
Isopropyl mercaptance 0.0000060|Crotonaldehyde 0.023
n-Butyl mercaptance 0.0000028 Ketones
Isobutyl mercaptance 0.0000068|Acetone 42
sec. Butyl mercaptance 0.000030|Methyl ethyl Ketone 0.44
tert.Butyl mercaptance 0.000029|Methyl n-propyl Ketone 0.028
n-Amyl mercaptance 0.00000078!|Methyl isopropyl Ketone 0.50
gg";‘gglm‘gggl 0.00000077|Methy! n-butyl Ketone 0.024
n-Hexyl mercaptance 0.000015|Methyl isobutyl Ketone 0.17
Tiophene 0.00056|Methyl sec.butyl Ketone 0.024
Tetrahydrothiophene 0.00062|Methyl tert.butyl Ketone 0.043
Alcohol Methy n-amy! butyl Ketone 0.0068
Methanol 33|Methyl isoamyl butyl Ketone 0.0021
Ethanol 0.52{Diacetyl 0.000050
n-Propanol 0.094 Fatty Acid
IsoPropanol 26{Acetic acid 0.0060
n—-Butanol 0.038|Propionic acid 0.0057
Isobutanol 0.011|n-Butyric acid 0.00019
sec.Butanol 0.22|Isobutyric acid 0.0015
tert.Butanol 4.5{n-Valeric acid 0.000037
n.Pentanol 0.10Isovaleric acid 0.000078
Isopentanol 0.0017{n-Hexanoic acid 0.00060
sec.pentanol 0.29|Isohexanoic_acid 0.00040
tert.pentanol 0.088 ester
n-Hexanol 0.0060|Methyl formate 130
n-Heptanol 0.0048|Ethyl formate 2.7
n-Octanol 0.0027|n-Propyl formate 0.96
Isooctanol 0.0093|Isoproryl formate 0.29
n-Nonano} 0.00090|n-Butyl formate 0.087
n-Decanol 0.00077|Isobuty! formate 0.49
(continued)
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Table 2. Threshold values of odorous compoundsu' B (unit : ppm, V/V)

Substance Qdor Threshold Substance Odor Threshold
Methyl acetate 1.7)m-Cresol 0.00010
Ethyl acetate 0.87|p-Cresol 0.000054
n-Butyl acetate 0.24 Oxide
Isopropyl acetate 0.16|2-Ethoxyethanol 0.58
n-Butyl acetate 0.016{2-n-Buthoxyethanol 0.048
Isobuthyl acetate 0.0080]1-Butoxy-2-propanol 0.16
sec.Buty! acetate 0.0024|2-Ethoxyethyl acetate 0.049
tert.Butyl acetate 0.071|Geosmin 0.000065
n-Hexyl acetate 0.018|Ozone 0.0032
Methy! propionate 0.098{Furane 9.9
Ethyl propionate 0.0070|2,5-Dihydrofurane 0.093
n-Propyl propionate 0.058 Amines
Isopropy! propionate 0.0041|Methylamine 0.035
n-Butyl propionate 0.036|Ethylamine 0.046
Isobutyl propionate 0.020|n-Propylamine 0.061
Methyl n-butyrate 0.0071|Isopropylamine 0.025
Methyl isobutyrate 0.0019|n-Butylamine 0.17
Ethyl n-butyrate 0.000040|{Isobutylamine 0.0015
Ethyl isobutyrate 0.000022|sec. Butylamine 0.17
n-Propy n-butyrate 0.011{tert. Butylamine 0.17
Isopropy! n-butyrate 0.0062|Dimethylamine 0.033
n-Propyl! isobutyrate 0.0020{Diethylamine 0.048
Isopropyl isobutyrate 0.035| Trimethylamine 0.000032
n-Butyl n-butyrate 0.0048| Triethylamine 0.0054
Isobutyl n-butyrate 0.0016 Nitrogenous compound
n-Bultyl isobutyrate 0.022{Nitrogen dioxide 0.12
Isobutyl isobutyrate 0.075{Ammonia 1.5
Methyl n-valerate 0.0022{ Acetonitrile 13
Methyl isovalerate 0.0022| Acrylonitrile 8.8
Ethyl n-valerate 0.00011{Methacrylonitrile 8.0
Ethyl isovalerate 0.000013|Pyridine 0.063
n-Propyl n-valerate 0.0033|Indole 0.00030
n-Propy! isovalerate 0.000056|Skatole 0.0000056
n-Buty! isovalerate 0.012|Ethyl-o-toluidine 0.026
Isobutyl isovalerate 0.0052 Aliphatic hydrocarbon
Methyl acryrate 0.0035|Propane 1500
Ethyl acryrate 0.00026/n-Butane 1200
n-Butyl acryrate 0.00055|n-Pentane 14
Isobutyl acryrate 0.00090{Isopentane 1.3
Methyl methacryrate 0.21|n-Hexane 1.5

Phenol - Cresol Isohexane(2-MPen) 7.0

Phenol 0.0056{3-Methylpentane 8.9
o-Cresol 0.00028|2.2-Dimethylbutane 20
(continued)
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Table 2. Threshold values of odorous compoundslz‘

13)

(unit : ppm, V/V)

Substance Odor Threshold Substance Odor Threshold
2.3-Dimethylbutane 0.42|Ethylbenzene 0.17
mn”Heptane 0.67|o-Xylene 0.38
7Isoheptane(2*MHex) 0.42|m-Xylene 0.041
3-Methylhexane 0.84|p—Xylene 0.058
3~Ethylhexane 0.37|n-Propylbenzene 0.0038
2.2-Dimethylpentane 38|Isopropylbenzene 0.0084
2.3-Dimethylpentane 45|1.2.4-Trimethylbenzene 0.12
2.4-Dimethylpentane 0.94/|1.3.5-Trimethylbenzene 0.17
n-Octane 1.7]o-Ethyltoluene 0.074
Isooctane(2-MHep) 0.11|m-Ethyltoluene 0.018
3-Methylhentane 1.5{p-Ethyltoluene 0.0083
4-Methylhentane 1.7|o-Diethylbenzene 0.0094
2.2.4- Trimethylpentane 0.67|m-Diethylbenzene 0.070
n—-Nonane 2.2ip~Diethylbenzene 0.00039
2.2.5-Trimethylhexane 0.90|n-Buthylbenzene 0.0085
n-Undecane 0.87(1234- Tetramethylbenznene 0.011
n-Decane 062 1234~ Tetrahydronaphthalene 0.0093

Terpene

n-Dodecane 0.11|a-Pinene 0.018
Propylene 13{B-Pinene 0.033
1-Butene 0.36|Limonene 0.038
Isobutene 10 Aliphatic alicyclic hydrocarbons
1-Pentene 0.10|Methylcyclopentane 1.7
1-Hexene 0.14|Cyclopentane 25
1-Heptene 0.37|Methylcyclohexane 0.15
1-Octene 0.0010 Chlorine - chlorine compounds
1-Nonene 0.00054|Chlorine 0.049
1.3-Butadiene 0.23|Dichloromethane 160
Isoprene 0.048{Chlorine 38

Aromatic hydrocarbons Trichloroethylene 39
Benzene 2.7| Carbon tetrachloride 46
Toluene 0.33
Styrene 005 Tetrachloroethylene 0.77

12 -
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Table 3. Relationship between odor intensity and concentration

7, 15

Odor Intensity

Function  of Odor
Materials Intensity(X)and; 1 2 2.5 3 3.5 4 5
Concentration(Y) Ver Over
(x) © ppm Threshold | Moderate Strong strorﬁg strong
Hydrogen sulfide ¥=0.950000X+4.14 |5 0,570 | 5 61508 | 1.0x10°2 | 6.3x10-3 | 2.1x 101 | 7.2x1001 | 8.4
Methyl mercaptane Y=1.25i0gX+5.99 1.2x10-4 | 6.5x10~4 | 1.6x10-3 } 4.1x10-3 | 1.0x10-2 | 2.6x10-2 | 1.6x10~1
ethyl mercaptane Y=0.808logX+4.86 1.7%x1C~-5 [ 2.9x10-4 | 1.2x10-8315.0x10-3 ] 2.1x10-2 | 8.6x10-2 1.5
Dimethyl sulfide Y=0.784logx+4.06 1.2x10-4 {1 2.3x10-3 | 1.0x10-2 | 4.4x10-2 | 1.9x10-1 | 8.3x10~1 16
Diethy| sulfide Y=1.08logX+4.69 3.9x10-4 | 3.3x10-3 | 9.5x10-3 | 2.8x10~-2 | 8.0x 102 | 2.3x10-1 2
Dimethyl disulfide(1) Y=1.05logX+4.45 5.2x10-4 | 4.6x10-3 | 1.4x10-2 [ 4.2x10-2 | 1.2x10-1 | 3.7x10-1 3.4
Dimethyl disulfide(2) Y=0.985logX+4.51 2.8x10-4{2.9x10-3 9.2x10-3 [ 3.0x10-2 | 9.6x10-2 | 3.1x10~1 3.2
Formaldehyde Y=1.58logX+1.59 4.1x10-1 1.9 3.9 8.4 18 38 170
Acetaldehyde Y=1.01l0gX+3.85 1.5x10-3 | 1.5x10-2 | 4.7x10-2 | 1.5x10~1 | 4.6x10-1 1.4 14
Acrolein Y=1.5110gX+3.30 3x10-2 | 1.4x10-1[2.9x10~1 | .3x10~-1 1.4 2.9 13
Propionaldehyde Y=1.01logX+3.86 1.5x10-3 | 1.5x10-2 | 4.6x10-2 | 1.4x10~1 | 4.5x10~1 1.4 13
n-Butylaldehyde(1) Y=0.900logX+4.18 2.9%x10-4 | 3.8x10-3 | 1.4x10-2 [ 4.9x10-2| 1.8x10-1 | 6.3x10-1 8.1
n-Butylaldehyde(2) Y=1.03logX+4.61 3.2x10-4 [ 2.9x10-3 | 8.9x10~3 | 2.7x10~2 | 8.2x10-2 | 2.5x10—1 2.3
{-Butylaldehyde Y=1.06logX+4.23 9x10~-4 |7.9x10-3 | 2.3x10-2 | 6.9x10~-2 [ 2. 1x10-1 | 6.1x10-1 5.3
n-ValerButylaldehyde Y=1.36logX+5.28 7.1x10~4 | 3.8x10-3 | 9.0x10-3 | 21x10-2 | 4.9x10-2 | 1.1x10~1 | 6.2x10~-1
|-ValerButylaldehyde Y=1.35logX+6.01 1.9x10-4 | 1.1x10-3 | 2.5x10-3 [ 5.9x10-3 | 1.4x10-2 | 3.2x10-2 | 1.8x10-1
Acetone Y=1.7%0gX~1.64 30 110 210 400 760 1400 5200
Methyl ethy! ketone Y=1.85logX+0.149 2.9 10 13 35 64 120 410
Methyl isobutyl ketone Y=1.65logX+2.27 1.7x10-11{6.8x10-1 1.4 2.8 5.5 1B 45
Methyl acetate Y=2.17logX-0.864 7.3 21 36 61 100 180 510
ethyl acetate Y=1.36logX+1.82 2.5x10-1 1.4 3.2 74 17 40 220
Methyl acryrate Y=1.30l0gX+4.30 2.9x10-3 {1.7x10-2 ] 4.ix10-2 | 1.0x10-1{2.4x10-1 | 5,9x10-1 3.5
ethyl acryrate Y=1.26logX+5.65 2x10-4 {1.3x10-3}3.2x10-3 { 8.0x10-3 | 2.0x10-2 | 5.0x10-2 | 3.1x10-1
Methyl methacryrate Y=2.05logX+2.68 1.5x10-1 | 4.7x10-1 | 8.2x10~1 1.4 2.5 4.4 14
n—-Butyl acetate Y=1.14logX+2.34 6.6x10-2 | 5.0x10-1 1.4 3.8 10 2.9 220
n-Butyl acryrate Y=1.00logX+4.56 2.8x10-4 | 2.7x10-3 | 8.7x10-3 | 2.7x10-2 | 8.7x10-2 | 2.7x10—-1 2.7
Propionic acid{1} Y=1.46logX+5.03 1.7x10-3 | 8.4x10-3 | 1.9x10-2 { 4.1x10-2 | 8.0x10~2 | 2.0x10-1 | 9.7x10-1
Propionic acid(2) Y=1.38logX+4.60 2.4x10-3 | 1.3x10-2 | 3.6x10-2 | 6.9x10-2 | 1.6x10~1 | 3.7x10-1 1.9
n-Butyric acid(1) Y=1.16logX+5.66 9.6x10-5 | 7.0x10-4 [ 1.9x10-3 | 5.1x10-3 | 1.4x10-2 | 3.7x10-2 | 2.7x10-1
n-Butyric acid(2) Y=1.28logx+6.37 6.8x10-5 | 4.1x10-4 | 1.0x10-3 | 2.4x10-3 | 6.0x10-3 | 1.5x10~-2 | 8.7x10~2
i—Butyric acid Y=1.43logX+5.08 1.4x10-3|7.0x10-3 | 1.6x10-2 | 3.5x10-2 | 7.8x10—-2 | 1.8x10-1 [ 8.8x10-1
n-Valeric acid Y=1.58logX+7.29 1x10-4 | 4.5x10-4 | 9.3x10-4 | 1.9x10-3 | 4.0x10-3 | 8.2x10-3 | 3.5x10-2
i-Valeric acid Y=1.09logX+5.65 5.3x10-5| 4.4x10-4 | 1.3x10-3 { 3.7x10~3 | 1.1x10-2 | 3.0x10-2 | 2.5x10~1
Methanol Y=1.84logX-2.23 57 200 374 700 1300 2500 8600
ethanol Y=0.318logX+1.36 3.6x10-1 6.1 25 100 410 1700 28000
i-Butano} Y=0.790logX+2.53 1.2x10-2 | 2.2x10-1| 9.3x10~1 4 17 74 1400
Phenol Y=1.42logX+3.74 1.2x10-2 | 5.9x10-2 | 1.3x10-1 | 3.0x10-1 | 6.8x10-1 1.5 7.7
0—Cresoi Y=0.826logX+3.83 3.8x10-4{6.1x10-3 | 2.5x10-2 | 9.9x10-2 | 4.0x10-1 1.6 26
m-Cresol Y=0.792logX+4.08 1.3x10-4 { 2.4x10-3 [ 1.0x10-2 | 4.4x10-2 | 1.9x10~1 | B.1x10-1 15
p-Cresol Y=0.604l0gX+3.64 4.2x10-5]1.9x10-3 | 1.3x10-2 | 8.6x10-2 | 5.8x10-1 3.9 180
Ammcenia Y=1.67logX+2.38 1.5x10-1]5.9x10-1 1.2 2.3 4.6 9.2 37
Methylamine Y=1.03logX+4.10 9.5x10-4 | 8.9x10-3 [ 2.7x10-2 | 8.4x10-2 | 2.6x10-1 { 7.9x10-1 7.4
Ethylamine Y=0.811logX+3.52 7.7x10-4]1.3x10-2 | 5.5x10-2 | 2.3x10-1 | 9.4x10-1 3.9 66
Trimethylamine Y=0.90110gX+4.56 1.1x10-4] 1.4x10-3 | 5.2x10-3 | 1.9x10-2 [ 6.7x10~-2 | 2.4x10-1 3
Diethylamine Y=1.00logX+2.52 3x10-2 | 3.0x10-1[9.5x10-1 3 9.5 30 300
Toluene Y=1.40logX+1.05 9.2x10-1 4.8 11 25 56 130 660
Styrene Y=1.42logX+3.10 3.3x10-2 | 1.7x10-1 [ 3.Bx10-1 | 8.4x10-1 1.9 4.3 22
Xylene(o:m:p=1:2:1) Y=1.53logX+2.44 1.1x10-2 | 5.2x10-1 1.1 2.3 4.9 10 47
o-Xylene Y=1.66logX+2.24 1.8x10-1]7.2x10-1 1.4 2.9 5.7 11 46
m-Xylene Y=1.46logX+2.37 1.2x10-1 [ 5.6x10-1 1.2 2.7 6.5 13 63
p-Xylene Y=1.57logX+2.44 1.2x10-1 [ 5.2x10~-1 1.1 2.3 4.7 9.8 42
|I-Propylbenzene Y=1.16logX+3.12 1.5x10-1]1.1x10~-1 | 2.9x10-1 | 7.9x10~1 2.1 5.7 42
1.2,4-Trimethylbenze Y=1.13logX+2.75 2.8x10-2 | 2.2x10-1 1 6.0x10-1 1.7 4.6 13 98
1.3,5~Trimethylbenze Y=1.11logX+2.60 3.6x10-2 | 2.9x10-1{8.1x10~1 2.3 6.5 18 150
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=Y Ias = K log(Ca 5=+ Cp)
%3} Ias < K log(Ca =+ Cp)
A7t Iag = K log(Ca + Cs)
A% Iap > K log(Ca + Cg)

A7) A, Lag = EFHNE 7]
K: A+

Ca Cp: BHEE
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3. A5 R UH

3.1 Alg9 AF
3.1.1 SAE»g 7] ARt AAdA e Age AH

BodqtoM zAgiAde g AAE B L3 ST SN ERY Y] Ass 2]

dzd ¢ A& HFHPL Table 49 YehRT hAAE L D247 7h55 3
AzAxdgor A7 S48 27 AgR8a, DA, FA/1E 483}
Z34, $EHH 0 o]l itk TN HATE HF wEitaE $308
e § oAgea @ @580 wr|rkast EiEe] MEHd, A e 7
AN asiEHdR)oln, AMETe 508/d, AelF 408/, AEA) AL
755/, AR FQ FFAE A Folgp

z

oX
M

Table 4. Operating conditions of fodder manufacturing plant for food waste

Process
Parameter
Storage* Cooking** Drying Condensing Exit
Temp.(TC) 30+2 170+10 110t5 38+3 37+3

Food waste : 50 ton/da;/
Capacity |Exhaust gas : 90+10(m™/min),
Product : 7.5 ton/day

» Over 30 cm from surface of food waste in tank.
« Heat flow type(no steam)

ANge 4% 287 AGEaY HEtauET 248 gt ern, di
o FAMNEE ¥ T 5 Ax 3 P g & $55a, AR Wt A
9] @l 6L silco-canisters} tedlar bag o]&sle] AHAaHL® A7 AHA
TEY S Hag] st dFo] AN JUA TEFoR FES AT
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& %7 §A%4E 300mL/minZ T

3.1.2 strEd A AxAHo Mo Az AA

+ dFolA FAg o R AAE P4 Hte ol YA steseir] dxA

A Fo| sholr, A F7] Sthd] wet scrubber?} Az E o] gitt,

A

Figure 391t shr&sela] Ax2AEAA 9 Alg AH FAE depgich 34
5o AHE AFZAHEETY wet scrubber FH|A 151 silco-canisters o]-&
Gom, Alg MHAA T GFE HAasE7] st 29 JHA EPow FR
& AAG & B FI4E 300mL/minZE ARE AFs3, JBA $2F EY
THE SHAL vlo]dwel] BE AHF F 50TAA 1587 2055 ALg 9
Aete] A 7p2E AFHSE] SHYY AIER G

o714 AUz AR AslAe FHEAT SHAAA FA s o4

=24& shretA AN sk A4 FHEAFOR it

steam dryer
wet scrubber

| Total = Condensed Sample + Gas Samplel

Figure 3. Sampling sites from on dryer and wet scrubber
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3.2. A8 AAH

3.2.1. 44X

NE7bs AAe] ol48 F4LEEALEE Tekmarthe] 14-Acan-200

rir

modelZ =74 sample transfer line, carrier gas®} A18.9 s WS A5}
AEWH two stage cryo trap, HAAL TR, MCS(moisture control
system)2 FAH Aok ARFEFHHLE AR 10~50mLE et 12EH
(-100T) % 2HEH(-1&T)AA dAA R F53t] GCA FAAT. FAL
FEFUFAYG dEsheE GC-MS/FID(Shimadzu, QP-2010A)9] #AZHE&
Table 5o “epigit

Table 5. Conditions of GC-MS/FID

Parameter Conditions
35C@10min
Oven Temp 8T /min@120C @10min
) 12C/min@180C @10min
12C/min@200C@ 7min
Column{MSD) AT1 60mx0.32mmx1.0pm
Column(FID) Carbowax. 30mx0.25mm
Interface temp. 230°C
Mass range 20 - 280amu
Column pressure 15.7psi
MS Det. temp. 250C
FID Det. temp. 250°C
Carrier gas He (99.99999%)

dubR oz GCY dve EF WHEHe] 7glste ¥4 #PUY 134E §
shd Aol WA EAnitt EestetAQl s Agel] wet o) F& ks Y] o
ol gk 288 WANEFe] #EV2 HAEHY d At (recorder) H9 At
HEEH(XF) 9o JA(peak)2 Ve WAEL S FYRE WE AH2E I
“(peak)7t W& w7428} AlzkE ) E AlZHretention time)o]2tshm, /3 3t

=

-921 -



) A(peak) WAL AL AF BAHEY
Ho= GC AERAA(Mass spectrometer = MS)E &3 Zo] Wil o]
A& GC-MSDetx gt} MS9 ey GCAA w8 WAEAE 23 TFo8
7t NBAA dAAE FEAINY EAFY A 17 dEEo, ol 2(EAe]
&)o 2 B33 o] &(fragment ion)& TAA|ZIL} o]F o2& A/ ds| <] 27)
o7 Bisla d3Zd(recorder) 49 7t2Eo g A/ A (m/le), AEZ
o] 247|152 YERJ mass spectra® deth BAbo|oA EAEE FHEH

. — - > —y -1 20)
fragment ion WHOE ¥A FFRE FAHI

322 A48 - A%

7 2 agiEgel oAaEae FuReprFIAE S Fuss 24
o) EAstE, k4o HBAe] EASC] QonE olF HY % I AalA
= nEe BAYIEe) aTHY, 2 4HEY 1§UE AU AN L AES A9
Ax FALEEe o2 AN GC AE71% AFse] Agsiolol B @
FehiEolt ol R, GHSEF 5o HARAE Fwyol ok, BURNY &

- 22 -



B3 GC-MSE B3 A4 9 AHEAMLE library(nist2l, nistl07,
wiley229) ¢} 7 A vl st Table 60 UYehd iFE 49 AFAIHRT)E #F2&st

=
ol 443 & target ion 171¢} reference ion 270, MF-EAZHRT), ion intensity
ratio® F2 factorZ 39 7 824& AFAy, 2FELS FHsA X 24
& uAd, =4, BATER7E AR 229 TIC(Total ion chromatography)
intensity 7} $Y3slt= 7F4stn 4 AZFSAT

AagAe] g guE 943 484 APS EPA TOM f7]=48se &
#7F2=(10ppbv) 2 3319 vtxAgE Aetglon, 1 Ade 24 22 JdEE
Hap 5% o|le] ¥ugt A74E B

Table 6. Standard material used in this analysis

Standard(item) Conc. level Maker
Sulfur{4) 10 ppm Rigas
amines(4) 10ppm(3), TMA Rigas
To14(41) 1 ppm Restek
O precursor(63) 1 ppm Supelco
To15(25) 2 ppm Entech
Aldehydeb) 10 ppm Rigas
Liguid std.(20) Acids, alcohols, etc. Merck

T 2 AgoA $3E(H2S, CH3SH, (CH3)2S, (CH3)252)& AEE o
A e Wiy s ddFe FY 54U F, vF58% GCE 94, 44

g A7l & 223L 70C7HA 718952 A)AH GC(FPD) 4N A Ba AZ=s%

Egugolqlo] BAL IN S ImlE Yo AN AR E HFHE& S0
2

2 F10£/ming) $F02 527 FANHLE AAY A48 7S 0mIE
o] E50] e g ANe BAE NRZ 52, 50% NaOH 207 §747
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A el Silicone PHHE F3ho] A8 E FUFE 250~ 300ml/ming] o

2 1047 purgeA| A A A4S ARl 180T R W2d s5H0R EYAY

¢ AaFERY GCE A4S 5585 70C7HE, Carrier gasS 28 GC(FID)
2 LUAA EAE Y

323 o4 FAZ =9 A48 A

tHEA Y AT 7o o] we Aret BAE ko
Aol Bz upe} o] Weber-Fechners] W&ol e Aoz dejA Jov, B
otHE A FEs fHAEY BAN o] AFEHIL loy AAAEE HHE AR
7b o 28 AR @FdA SF3E o 4R 7 dgEEE dHYEE AHY

ah7lells Bup B2 Aq7h ZaEojof g,

o)
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°
&
-+
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P FEAe
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ehe ofH7| (A 5)E UK B}, ofF vlae] FEea g ok o
A AL PlAE i) ov) Mol oled o] o Aol dis) WA
o2 w=o5hy] ol sk adle] M3 ek YA oo wa} ok e

AR 7 AT HAFE FHAEA#(Odor Threshold, Table 2)¢] 17] wfj&9

2
4 vEE HAPARSZ Yo ofdetH A E(expected odor intensity)E

R
ACH
X
M
1%
[
2
A
o,
Siid
1o
2
o
42
)
ol
1
i
\1
Hﬂ
O
N
)
ol
_EL

FAL) e 2t o}

Tl MA Aot TR ZF AR At A= MRS
2(2)¢} 3Eo] o} 7] E(odor attribution)® A olsta] e F2 7o

AA2AL Fastnzt shdn?

N

Opf = Cm/Ct (1)

o714, Opf - SHE JANES o ¥ HFE
Cm : 248 FAYHE 5E
Ct: 248 JHYR] H2Bg

Ao = Opf/ZOpf x 100 (2)

o 7], Ao : o471 &(%)
Opf - SHE dFHYES GJygHFE
X0pf : $HH BE JHYE qyIAFE ¢

_25_



ob = otz gRel FErT oAl AV B dyetHY Rl gEsnE
tAY T AA AgAATES hF AA7A &S Ao A ke Fa 4
o oji BAC7HE HRY + Utk F AHE FEsh Be AARAE Yoz
A7t AGHIIRTh: 3 7lelgo] FL fHBAS FHOE A7t A oIA
ok o} Aze) meAol YomE, ohavloge] A AT g nlEg 9

& $ad Hgolekn @ & ok

wijol, TEA AME BRFLF ARE AR WA, B RAA 2N
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Figure 4] e W& 77zl BE05W FEPEEHS MW 9ER
(42.63%), &H|E]=F(25.87%), ol ~HZF(11.19%), FFEF(T.07%)coz

EFstT

Terpene
Ketone .
(6.30%) . (3 66/0) Fatty Acid ‘
Sulfur (3.12%) Aromatic
(7.07%) T (07%)
Ester }

11.19%) \ -
( ) 3 Alcohol

(42.:63%)

Figure 4. Concentration distribution of odor by group in exhausted gases

rlo

a8 W E

FEE AL Qe dE2F AFEREE sr9 7t B4
Aot e & Table 79 YeRASITH
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Table 7. Concentration and expected odor intensity (Alcohol)

TLV Conc exp odor
Group Compounds i
(ppm) (ppm) int.
Isopentanol 0.0017 0.81 476
Ethanol 0.52 132 254
Propanol 0.038 6.6 174
Isopropyl alcohol 0.011 1.6 145
n-Hexanol 0.006 0.3 50
Alcohol  |2-Butanol 0.22 4.2 19
n-Butanol 0.094 0.4 4
1-Pentanol 0.0339 0.1 3
Ethy vinyl carbinol 0.0339 0.1 3
Methanol 33 6.6 0
Isobutyl alcohol 26 1.2 0

Table 7914 vepd vie} o] AF7e] AFEAY FE+ Ethanol 132ppm,

2-Butanol 4.2ppmo.& YERGT o]
Isopentanol& & %(0.81ppm)+= AT HALX]ZHTLV)e] 0.0017ppmo.2 &
YEF Hu Yo} UIFFFTAA dAREAE =5 ¥ & den,

Ethanol, Propanol 2.2 oAer# 77t eyttt

Methanol 6.6ppm, Propanol 6.6ppm,

Fatty Acid__ Ester
(3.73%) . (2.42%) | ~ Others
L7 (0.28%)

Aldehyde
(64.36%)

Figure 5. Odor attribution by group in exhausted gases
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“12iut Figure 5914 M= dhep o] wiErtxold 24 2§ ofF 7o &s
B et FyEeh: 2y Gds|=/(64.36%), F3TEF(29.22%), AWAHF

(373%) 02 UETh 2405 SEREINE BFV} 1Y Beton] o

L o 7l Eol A e 64.36%

agal AP ESHAAN P e A5E UEY v GUEERY AYE

Ay Frot 7 B9 o ddH P EE Table 89 YeRRITH

Table 8. Concentration and expected odor intensity (Aldehyde)

TLV Conc exp odor
Group Compounds ]

(ppm) (ppm) int.
Isovaleraldehyde 0.0001 182 182000
2-Methylbutanal 0.0001 10.1 101000
Isobutyraldehyde 0.00035 154 44000
Acetaldehyde 0.0015 457 30467
n-Heptanal 0.00018 052 2889
n-Hexanal 0.00028 0.8 2857
Nonanal 0.00034 0.87 2324
Valeraldehyde 0.00041 09 2195

Aldehyde [ T anal 0.0004 0.1 250

Cartonaldehyde 0.00137 0.2 146
Furfural 0.00137 0.1 73
Butyraldehyde 0.00067 0.1 149
2-Pentenal 0.00137 0.1 73
Hexenal 0.00137 0.0 25
Acrolein 0.0036 0.1 28
Methylacrolein 0.0085 0.1 12

Table 8|4 Hi= ule} o] ddd=fo SdW FLEEE Acetaldehyde
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45.7ppm, Isovaleraldehyde 18.2ppm, Isobutyraldehyde 15.4ppm,
2-Methylbutanal 10.1ppms2.2 YERst}

US| /o] o gAY X9 Isovaleraldehyde”} 1820002.2 vj$- z=ou,
o] 212 HAZAGHTLV)®] 0.000lppm o2 1% o} AHF|=F oA o Abobs

7t 7V =SS € 4 %lewn, 2-Methylbutanal,  Isobutyraldehyde,

N

Acetaldehyde =22 oAt 77}t vepy

AP EF HFoR 52 FHZEE Ui F3gEe AREdE Frg
7t F49 At HZEE Table 99l YeERIL

Table 9. Concentration and expected odor intensity (Sulfur)

TLV Conc exp odor
Group Compounds A
(ppm) (ppm) int.

Methyl mercaptan 0.00007 10.9 155714
Hydrogen Sulfide 0.00041 2.97 7244
Diallyl disulphide 0.00022 0.63 2864
Disulfide, dimethyl 0.0022 248 1127
Dimethyl sulfide 0.003 1.98 660

Sulfur Sulfide, allyl methyl 0.00014 0.0 317

‘ Carbon oxide sulfide 0.055 5.3 96
Methyl allyl disulfide 0.03388 0.4 12
Allyl sulfide 0.03388 0.3 9
Disulfide, methyl propyl 0.03388 0.2 6
Dimethy] trisulfide 0.03388 0.1 3
Allyl propyl disulfide 0.03388 0.0 1

Table 9014 B uie} o] #3gE9 ¢ Methyl mercaptan 10.9ppm,
Carbon oxide sulfide 5.3ppm, Hydrogen sulfide 2.97ppm, Disulfide dimethyl
2.48ppm, Dimethy! sulfide 1.98ppm ¢O.2 UERT 38189 oot} e
X, Methyl mercaptan 15571402 7H3 oAt 7wt =0 Hydrogen

Sulfide, Dially! disulphide, Disulfide dimethyl 22 oAt 4w Yebgtth
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wAE2Y 7] ALRS AN HEEST S SAE2HY] AFYAGA wWET)
25 7|7 o 2 FHHE dAetH 7= (Expected odor intensity) 7} =& 20719 22
& Mgl HAPAFE(TLY, Threshold limit value), £X%¥ %, otH719&
(Odor attribution), 484 (water soluble) A%XE Table 10°] YERTH

g Al S AE TIFOR St 2AME oFF 7] &2 A9 20709 B o]
999%0ld& AA et 2, A9 10719 BFo] 96%0]4S A 8T

olgidt A9 10719 EAF A% AFHd EFA= oy A 19
(Isovaleraldehyde, 31.8%), 29(Methyl mercaptan, 27.19), 39
(2-Methylbutanal, 17.6%)= 2¢] dig di a7} ¥e E2o|Qu)
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Table 10. Concentration and attribution of odor of fodder manufacturing plant

TLV Exit Storage
No. Compound water soluble
(ppm) | Conc | Att. Conc | Aft.
(opm) | (%) | (ppm) | (%)
1 | Isovaleraldehyde 0.0001 18.2| 31.8 0.248| 3.44 slightly
o | Methyl 0.00007|  10.9] 27.1|  0.39] 7.99| very slightly
mercaptan
3 | 2-Methylbutanal 0.0001" 10.1 17.6 0.05 0.74 slightly
4 | Isobutyraldehyde 0.00035 15.4) 7.70 2.12| 8.61 soluble
5 | Acetaldehyde 0.0015 4571 5.31 62.4| 59.1 soluble
6 |guric acid. B 9004|532 232|286 10.2] soluble
7 | Valeric Acid 0.000037 0.43| 2.00 0.04) 1.54 soluble
8 | Hydrogen Sulfide 0.00041 2.97 1.26 0.75| 2.58 soluble
9 | Butanoic Acid 0.00019 1.01 0.93 0.02| 0.16 soluble
10 | Iso—Valeric Acid 0.000078 0.24| 0.55 0.02, 0.36 soluble
Sum of 10 elements 110} 96.6 70.01 94.7
11 | N-Heptanal 0.00018 0.52{ 0.51 0.11] 0.87/ insoluble
12 | Diallyl Disulphide 0.00022 0.63| 0.50 0.38] 2.42| insoluble
13 | N—Hexanal 0.00028 0.80| 0.50 0.1 0.57] insolubie
14 | Nonanal 0.00034 0.79{ 0.40 NA —-i insoluble
15 | Valeraldehyde 0.00041 0.91] 0.39 NA - slightly
16 | Disulfide, Dimethyl 0.0022 2.48| 0.20 0.07| 0.05 soluble
17 | Octanoic Acid 0.0071" 5.12f 0.13 NA - soluble
18 | Dimethyl Sulfide 0.003 1.98/ 0.1 0.50{ 0.24] insoluble
19 | Isopentanol 0.0017 0.81 0.08 0.09) 0.07 slightly
20 | Isobutyric Acid 0.0015 0.59] 0.07 0.01 0.01 soluble
Sum of 20 elements 125 99.5 70.2 99.0

NA = Not analyzed quantitatively, TLV = Threshold Limit Value
* Presumed TLV from the same family or group
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Table 11. Expected odor intensity and attribution in exhausted gases fodder

manufacturing plant

Exit
L water

(ppm) | Conc | odor | Att. soluble
(pom) | int. | (%)

1 | Isovaleraldehyde 0.0001| 18.2{182000, 31.8| slightly malt, vinegary

Methyl . rotten onion,
mercaptan 0.00007] 10.9{155714] 27.1|very slightly garlic

- * . cocoa, almond,
3 | 2-Methylbutanal 0.0001 10.11101000 17.6] slightly vinegaty
4 | Isobutyraldehyde | 0.00035{ 15.4] 44000 7.70| soluble pungent, mailt
5 | Acetaldehyde 0.0015| 45.7| 30467| 5.31| soluble | PUngentiruity

{apple)
Butric acid, Ethyl

No. Compound quality of odor

fruity(banana

6 | cotor 0.0004 5.32| 13300 2.32| soluple | iV DETES
7 | Valeric Acid 0.000037| 0.43] 11622] 2.00| soluble f;’;i?; acid.

8 | Hydrogen Sulfide | 0.00041| 2.97! 7244 1.26, soluble rotten eggs

. . rancid, cheese,
9 | Butanoic Acid 0.00019} 1.01] 5316 0.93| soluble sweat of vomit

sweat, acid,
rancid

10 | Iso-Valeric Acid |0.000078; 0.24| 3077| 0.55] soluble
Sum 96.6%

NA = Not analyzed quantitatively, TLV = Threshold Limit Value
* Presumed TLV from the same family or group

Table 1194 REnke} Z2o] okF7]od o] 71 =2 BAL oojx AE3 E2&
Az f{A] e wWaEdagel FA13E [sovaleraldehyde”t 31.8% 9] 714 =& 7)od-&

< UE L, o2 e AL v 52 nhsdalel FAE Methyl mercaptan
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Figure 6. Odor attribution with water soluble in exhausted gases of fodder

manufacturing plant
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Table 12. Expected odor intensity and attribution in storage tank of food

waste
TLV Storage water
No. Compound (ppm) | Conc | odor | Att. soluble quality of odor
(ppm)| int. | (%)
pungent,fruity
1 | Acetaldehyde 0.0015] 62.4|/41600{ 59.1| soluble (apple)
. . Sweet, fruity
o | putric acid. B0 0004 2.86| 7150] 10.2| soluble | (banana and
pineapple)
3 | Isobutyraldehyde | 0.00035} 2.12| 6057| 8.61] soluble pungent, malt
4 | Methyl 0.00007| 0.39] 5571| 7.99|very slightly| rotten onion. garlic
mercaptan
5 | Isovaleraldehyde 0.0001] 0.248| 2480| 3.44| slightly malt, vinegary
6 : Hydrogen Sulfide | 0.00041{ 0.75| 1829 2.58| soluble rotten eggs
7 | Diallyl Disulphide | 0.00022| 0.38] 1727, 2.42| insoluble | garlic, leek oils
8 | Valeric Acid 0.000037; 0.04| 1081 1.54 soluble sweat, acid, rancid
rancid, toasted
9 | N—Heptanal 0.00018| 0.11] 611 0.87] insoluble |smell, fat, citrus.
rancid
- * : cocoa, almond,
10 | 2-Methylbutanal 0.00017[ 0.05| 500{ 0.74| slightly vinegary
Sum 97.5%

NA = Not analyzed quantitatively, TLV = Threshold Limit Value
* Presumed TLV from the same family or group

A

=9, Figure 7914 B npeh o] SA 8287 AFgadre oFrjdx
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Figure 7. Odor attribution with solubility in storage tank of food waste
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Table 13. Concentration of odor in dryer of sewage sludge drying

facilities
unit:ppmv(%)
} . -

No Compound TLV Concentration(portion)

Total Gas phase | Condensed
1 |Isovaleraldehyde 0.0001] 76.8(19.6) 3.5(0.9) 73.3(18.7)
2 |Acetaldehyde 0.0015 73.7(18.87) 4.2(1.06) 69.5(17.81)
3 |Butyraldehyde, 2-methyl| 0.0001°| 51.5(13.17) 1.8(0.47) 49.7(12.70)
4 |Acetone 42] 25.6(6.56) 0.8(0.20) 24.8(6.36)
5 |Methyl ethyl ketone 0.44| 24.1(6.16) 0.2(0.05) 23.9(6.11)
6 |Isobutyraldehyde 0.00035| 24.0(6.14) 1.0(0.25) 23.0(5.89)
7 |Furfural 0.00137"] 22.5(5.76) 0.03(0.01) 22.5(5.75)
8 |Heptanal 0.00018| 12.8(3.27) 0.2(0.06) 12.6(3.21)
9 |Ethanol 052 9.9(255) 0.2(0.06) 9.7(2.49)
10 |Hydrogensulfide 0.00041| 7.9(2.03) 7.9(2.03) 0.01(0.00)

* Presumed TLV from the same family or group

Table 14. Concentration of odor in wet scrubber of sewage sludge

drying facilities
unit:ppmv(%)

No Compound TLV Concentration(portion)

Total Gas phase | Condensed
1 |Acetic acid 0.006| 12.13(44.07) | 12.09(43.93) 0.04(0.14)
2 |Isovaleraldehyde 0.0001] 2.94(10.69) 0.41(1.51) 253(9.18)
3 |Acetone 42} 1.98(7.19) 0.35(1.29) 1.62(5.90)
4 |Acetaldehyde 0.0015| 1.80(6.55) 0.75(2.72) 1.05(3.83)
5 |Butyraldehyde, 2-methyl| 0.00017| 155(5.64) 0.22(0.81) 1.33(4.83)
6 |Methyl ethyl ketone 044! 1.47(5.35) 0.03(0.09) 1.45(5.26)
7 {Isobutyraldehyde 0.00035| 0.86(3.12) 0.11(0.40) 0.75(2.73)
8 |Propanoic acid 0.0057; 0.70(2.53) 0.68(2.49) 0.01(0.05)
9 |Trimethylamine 0.000032| 0.43(1.54) 0.42(1.52) 0.01(0.02)
10 |Ethanol 0.52| 0.35(1.28) 0.12(0.44) 0.23(0.84)

* Presumed TLV from the same family or group
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Table 15. Expected odor intensity and attribution by group in dryer of sewage
sludge drying facilities

Expected Odor intensity(Attribution %)

Group Total Int.(Attri.) Gas-Int.(Attri.) Con-Int.(Attri.)
Sulfur 53346.2(3.3) 47945.3(3.0) 5401.0(0.3)
Ketones 118.0(0.0) 0.9(0.0) 117.1(0.0)
Aliphatic 65.4(0.0) 7.6(0.0) 57.8(0.0)
Alcohol 19.2(0.0) 0.4(0.0) 18.7(0.0)
Aldehyde 1506133.4(94.0) 61045.3(3.8) 1445088.1(90.2)
Amines 13565.9(0.8) 10910.0(0.7) 2655.9(0.2)
Fatty Acid 29021.7(1.8) 28673.9(1.8) 347.8(0.0)
Aromatic 211.5(0.0) 6.3(0.0) 205.3(0.0)
Terpene+tetc 35.1(0.0) 17.1(0.0) 18.0(0.0)
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Table 16. Expected odor intensity and odor attribution by group in wet
scrubber of sewage sludge drving facilities

Odor intensity (Attribution %)
Group . . .
Total Int.(Attri.) Gas-Int.(Attri.) Con-Int.(Attri.)
Sulfur 1790.0(2.5) 1661.2(2.3) 128.8(0.2)
Ketones 4.0(0.0) 0.20.0) 3.8(0.0)
Aliphatic 3.3(0.0) 1.2(0.0) 2.1(0.0)
Alcohol 0.7(0.0) 0.2(0.0) 0.4(0.0)
Aldehyde 50951.0(71.7) 7570.6(10.7) 43380.4(61.1)
Amines 13286.2(18.7) 13091.4(18.4) 194.8(0.3)
Fatty Acid 5003.0(7.0) 4548.0(6.4) 455.0(0.6)
Aromatic 10.6(0.0) 2.0(0.0) 8.6(0.0)
Terpene+etc 3.5(0.0) 3.4(0.0) 0.1(0.0)
Odor attribution(%)
Fatty Acid  Sutfur
(7.0%) | (2.5%)
Amines ' \

Figure 9. Odor attribution by group in wet scrubber of sewage sludge drying fadilities
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Table 17. Expected odor intensity and odor attribution in dryer of
sewage sludge drving facilities

TLV Odor intensity (Attribution %) water

N C d
9 ompoun (ppm) | Total Int.(Attri.) | Gas-Int.(Attri.) | Con-Int.(Attri.) | Soluble
1 {Isovaleraldehvde | 0.0001 768043.6(47.9) 35477.1(2.2) 732566.5(45.7) | slightly
o |Butyraldehyde. | ggo01° | 5149102(32.1) | 18425.8(1.1) | 496484.3(3L0) | slightly
3 |Heptanal 0.00018 70959.5(4.4) 1247.9(0.1) 69711.5(4.4) |insoluble
4 |Isobutyraldehyde | 0.00035 68643.2(4.3) 2808.1(0.2) 65835.1(4.1) soluble
5 |Acetaldehyde 0.0015 49183.9(3.1) 2758.4(0.2) 46425.5(2.9) | soluble
6 {Methylmercaptan| 0.00007 | 32150.7(2.0) 28018.0(1.7) | 4132.7(0.3) Sl‘i’geg{]y
7 |Valeric acid 0.000037| 20925.9(1.3) 20925.9(1.3) 0.0(0.0) soluble
8 |Hydrogensulfide | 0.00041 19348.9(1.2) 19322.1(1.2) 26.8(0.0) soluble
9 |Furfural 0.00137" 16428.2(1.0) 18.8(0.0) 16409.4(1.0) slightly
10/ Trimethylamine |0.000032|  13565.9(0.8) 10910.0(0.7) 2655.9(0.2) slivg%y

sum 98.1%

* Presumed TLV from the same family or group
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Figure 10. Odor attribution with solubility in dryer of sewage sludge drying facilities
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Table 18. Expected odor intensity and attribution in wet scrubber of
sewage sludge drving facilities
TLV Odor intensity (Attribution %) water
N
oCompound (ppm) | Total Int.(Attri.) | Gas-Int.(Attri.) | Con-Int.(Attri.) | Soluble
1 {Isovaleraldehyde | 0.0001; 29422.8(41.4) 4148.8(5.8) 25273.9(35.6) | slightly
p|Butyraldehyde. g0001°| 155252(219) | 2239.0(32) | 1328620187) | slightly
3| Trimethylamine [0.000032| 13286.2(18.7) | 13091.4(18.4) 194.8(0.3) Sﬁ’ge}rl‘{ly
4 |Valeric acid 0.000037] 2803.6(3.95) 2396.7(3.37) 406.8(0.57) soluble
5 |Isobutyraldehyde | 0.00035| 2455.9(3.46) 312.6(0.44) 2143.3(3.02) | soluble
6 |Acetic acid 0.006] 2021.4(2.84) 2015.1(2.84) 6.3(0.01) soluble
7 |Heptanal 0.00018| 1931.7(2.72) 290.9(0.41) 1640.8(2.31) |insoluble
8 |Methylmercaptan| 0.00007| 1465.14(2.06) 1347.7(1.90) 117.4(0.17) sﬁgﬁy
9 |Acetaldehyde 0.0015; 1201.6(1.69) 499.0(0.70) 702.6(0.99) soluble
10|Hydrogensulfide | 0.00041 270.2(0.38) 268.3(0.38) 1.9(0.00) soluble
sum 99.1%

* Presumed TLV from the same family or group
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