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Removal Characteristics of Odor and
Volatile Organic Compounds from Sewage Sludge
Drying Process in a Electro-Packed Bed

Jeong Hyeon Seo

Department of Environmental Engineering, The Graduate School,

Pukyong National University

Abstract

Recently, most of organic sewage sludge depends on ocean dumping due to
government's prohibition of direct dumping and ilandfill. But ocean discharge will
be prohibited in the near future based on London Dumping Convention/protocol.
Therefore, the government is considering the policy of sewage sludge to substitute
the ocean dumping.

The sewage sludge is 'high moisture content, so it can ‘be a reason of
inefficient incineration. " Drying “is very important process in the sewage sludge
treatment and the recycling process. However, odor ~and - volatile organic
compounds are emitted from the-sludge® drying process. The odor was the reason
of the discontent about the sewage sludge treatment plants.

In this study, it used packed-bed which is filled with zeolite media and it can
expand specific surface area and electrolysis water for removing odor and volatile
organic compounds. Electrolysis water (acid and alkali) was produced by
electrolysis technology.

The experimental device is setup consists of alkali packed-bed, acid



packed-bed, flow meter, pump and a bag of mixed gas. Mixture of gases made of
standard gases: acetaldehyde, propionaldehyde, valeraldehyde, isovaleraldehyde,
butyraldehyde, isobutyraldehyde, hydrogen sulfide, methylmercaptan, dimethyl
sulfide and dimethyl disulfide.

This study used polyester aluminum sampling bag and Teflon tube. Device
driving condition is as the following; gas flow rate: 0.4 L/min, the ratio of liquid
and gas: 4 L/m’. The empty bed retention time is 10 min. An absorbent is used
by NaOH solution, NaOCI solution and electrolysis water.

The findings from this study are as follows;

- When using a NaOCI solution, the sulfur compounds removal efficiency was
higher than NaOH solution.

- The electrolysis water showed more efficiency than the chemicals' to remove
odor and VOCs.

- Dual system which combines acid and alkali is-more effective than packed
tower which is packed only one item (acid or alkali) for odor*and VOCs

treatment.

Vi



o wa} 2006 713 71% <]

A

A1 3.

T
o

T

A€t} 2007
o rEW 2011 DRSS E A

o] A&ES 2006 7]

15% A 57% =,

=
R

3]

3

Stgo]l 75 - 80%AE, F7E ShEol

o

[¢}

=

=
ST

‘strs A B
o mtH I Ut}

3]

&

o

L
T

3% 13%°0 A 34% =
o]

=
ST

4
T

NI

K
olJ
o
ol

A

bl %

J]

20-25% A== A e]=ol H|

)

g =71

I} F &3}

& A
[e)
714 1

2=

=

o

-

o

fu

e

o

5

S

[¢)

oA ARg-ol
3 171383 = (Volatile Organic Compounds)

FHA FHoIG T

o
A

1o] w5

o

AN

B
o

)
=0

K

—~
o

o

A8

goll ojgso] At

)
—_
o
s
A
o
=

- OFF S5 718t AS Aol = A G e =2 o]

=2
=



ol dJEAS AASH] A HHe ST, FAAAY, EYE
2 oA vy ES 1A Z Biofilter 50| o] &% ATk o] W
=2 47 F - dHo] o, AR dHAY vAAES 2P AIZ] Biofilter

gdAdet S2RHol FAAEFHOZE HAEHI Aok 2719 Biofilter= 1%F

=
>
o
2
X
olr
r (

17, clogging A4 59 EAE AAAw Aok F2We] 7

FHA FFH 2P ue P A/ FEo] shsstn g aR
7] W Be WAR 2FAA 13 A" 2EA7 AA PEos
o] AHEEAT Aelehg b2l mek AXelst Baste wEEAE F

o

FAE A3l FHA Y o]&7|Zto] dFHE ARl Atk
doz dA 7t He g38ve AAEE] PFa LAaHRT £

N

fo Mo 1% g2 df Hdo K1 Y2 2 A
;
i)
N
§& o

2 AFoAE 99 22 V& FHA V&Y FAAES 1EEte, ATk
o B oHEH e AASEC] e AR JdEHE AfFES ol
&3t oFH 2 VOCs A A thet AFE Faqstara st Al F g2 vt
¥7] W mediag FXot] H=H T

g
0y
o%, mlo
go M
ol
|o
fru
2
o
>
b=
td
ﬂllﬂl
N
e

i
M, 29 W72 e} AARA ARG B wde A5

=1
£ 93 /VOCs 23S axn5o 2 Aojgd = ok L3 A F 3

do
ofr
=

o 3 o o o
off |o

gol o3
NE AP A HIAR 84/ MFEH BAL I ALgoR
A e A 2 VOCs A EESe 9L 5 U Aoz Jyan

B oATdAE S5Edd AR MEHE sk 3o 4R 2
VOCse] HATE S werstgdon 1z A4 G nad AsFa
g3 o3l o43/VOCs AALSE HE A SAEAS E5tuA 5



Fagdaz

A 2 A

21. &FMNL

AR5 glo]

T 47o] that). wepy #ARE

[e)
AC—)]'E

=
- =

FRAEZE ol AbetA]

J]

2 2y

W7 AL BE 9T S E R

WAGo T

—~
o

B

FaL
F 1 ghel A=A o] e AAAEHY E-o] AL

A A A

il

A8
N

o
L

of
ot

211. 43 FEERY gE4

!

)
—
o
ok
il

=R

AN

800F ol A} 1,000 F o] t}. HAY

FARE Aol A AHE- ]

J]

A},

ATHar

s

oEd b AR A4

Fol wal xpe]7bg)om. ol

)

]

o
NF

or

ol
N
,_IIH

LN

)
e

Aol 3001

e dE Btz 2 Fe7)d wat YA
P o

i)

o] 2]

E
=

5 g

o
1=

J]

<
=
il
iy
IO
o
= T
o
o} W
> G
3 o
Ho. o
ﬂm_#. Wrﬁ N
iy



Table 2.1. Characteristics of each odors pollutants
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Table 2.2. Regulation of multiple odors (from Feb., 2005)
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Table 2.3. Regulation of 22 odor compounds

- 71el R 9 e ZARHe 3t W] &3
TE HHEL L ) s (o) AIEE 5 (ppm)
1 Qb o} 1 2 1-2
2 W =3te 0.002 0.004 0.002-0.004
3 G3tra 0.02 0.06 0.02-0.06
4 2} 3} v & 0.01 0.05 0.01-0.05
5 o] &3} gl 0.009 0.03 0.009-0.03
20059 | ¢ | Eg}olw ol 0.005 0.02 0.005-0.02
2410
ng | 7| oMELHSI= 0.05 0.1 0.05-0.1
8 gzl 0.4 0.8 0.4-0.8
9 | ZrILdyI= 0.05 01 0.05-0.1
10| n-RFE2gH3= 0.009 0.03 0.009-0.03
11 | n-2g =gy s= 0.009 0.02 0.009-0.02
12| i-tgeadysi= 0.003 0.006 0.003-0.006
13 EFa 10 30 10-30
2008 14 A =l 1 2 1-2
1€149 |15 HeogAE 13 35 13-35
*H 16 | W Eolol 2 FE A= 1 3 143
17 | FHolAH ol E 1 4 1-4
18 =234k 0.03 0.07 0.03-0.07
20104 19 n-F-E] 24 0.001 0.002 0.001-0.002
1919 | 20 n-2Hg 24 0.0009 0.002 0.0009-0.002
*H 21 iy 24 0.001 0.004 0.001-0.004
22 i-FEgIE 0.9 4.0 0.9-4.0




Table 2.4. The physicochemical properties of odorous compounds(Hong, 2005; Ramel and
Nomine, 2000; Weast, 1976)

Name Formula wew | Specific | MP7 | BPY Solubility”
gravity | (C) | (C)
Ammonia NH; 17.03 - -71.7 -33.4 89.8¢g
Methyl mercaptan CH;SH 48.11 0.896 -121 6 sLs
Hydrogen sulfide H,S 34.08 - -82.9 -60.4 437cc
Dimethyl sulfide CoHeS 62.14 0.845 -83.2 375 i
Dimethyl disulfide CH;SSCH; 92.14 1.057 | Liquid 116 i.
Trimethylamine (CH3):N 59.11 0.662 -124 3 v.sls
Acetaldehyde CH;CHO 44.05 0.784 | -123.3 20.8 s
Propionaldehyde CH;3;CH,CHO 58.08 0.8058 | -80.05 | 47.93 16.5g
n-Butyraldehyde CH;(CH,),CHO 72.11 0.8049 -99 75.7 3.7g
i-Butyraldehyde (CH;),CHCHO 72.11 0.7904 |-.-65.9 64.2 8.8g
n-Valeraldehyde (CH3)(CH,);CHO 86.14 0.8105 -91.5 |~ 102.5 sl.s
i-Valeraldehyde (€CH;3).CHCH,CHO 86.14 0.8004 | Liquid 92.5 sl.s
Isobutanol (CH3)CHCH,OH 74.12 0.8018 -108 108 9.5¢
Ethyl acetate CH3CO,C,Hs 88.11 0.9005 -83.6 | 176.82 7.87g
Methyl isobutyl ketone | CH;COCH,CH(CHs), | 100.16 0.7960 | -84.7 | 1159 1.7g
Toluene CsHsCH; 92.14 0.8716 95| 110.8 i
Styrene CsH¢CH=CH, 104.15 0.907 -31 145.8 v.slLs
Xylene CsH4(CHs), 106.17 0.861 -47.4- 1384 i
Propionic acid CH;CH,COOH 74.08 0.999 =22 141 0o
n-Butyric acid CH3(CH,),COOH 88.11 0.959 -5.7 17 163.5 0
n-Valeric acid CH3(CH,);COOH 102.14 0.939- -345| 187.0 3.7¢g
i-Valeric acid (CH3)CHCH,COOH | 102.14 0.928 -37.6 | 176.5 4.2¢g

" Molecular Weight

2 Melting point
3 Boiling point

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

v. sl. v : very slightly soluble, sl. s :

slightly soluble, i.

: insoluble.



g4, 1

joh old Zo] A}

S

Atmte ol

SHA WrEbd

S

Table 2.49] eI}

[e)

3
2=

<

A g9

=
=

SER

=

=

threshold ©] 2}

L

-

17 - 106 g/mole FXEo]iL,
TC

Agael

o}
|

HolA HAZ =7AA7] A4E

22. GFHEFE

2] (i)

&

bl

N

EoA= A7 &

s

A

Z} o
&

| =

A

gEol o

=0l 3= 3t

-
X

Aol

g

e
B
=
i

=R
!

(H1Fe)

!

< oo
As R B Eolx A

o}

3K
ol
fofr

1
=

B

ol

2

3=

&, el

% (detection threshold)z}

A Ao EAE =7A R

Ho

L.

=

=

Fod Al

©

HA

©

]

pZs
!

]

°

7k 2 S5 AA

©

,__A,ﬂ
i

ox

A

b

4
,__A,ﬂ

AN

Cidey

221 A& & (recognition threshold)z}

N
T

bl Abgeleh A9

J]

N

U
ol



2HE Holal, f1Fo] TE Z7ite|® Aolrt glow, £33 e =4 Hls
of dEYolY At FTelle B2 zAolE Hole Ao Husta gtk

Table 25914 = AN SHZ HLFATE=HRS UEhL A (Nagata
et al., 1990).




Table 2.5. Odor thresholds measured by the triangle odor bag method (ppmv) (Nagata,
Y. and Takeuchi, N., 1990)

Substance Odor threshold Substance Odor threshold
Formaldehyde 0.5 Hydrogensulfide 0.00041
Acetaldehyde 0.0015 Dimethylsulfide 0.003
Propionaldehyde 0.001 Methylallylsulfide 0.00014
n-Butylaldehyde 0.00067 Diethylsulfide 0.000033
Isobutylaldehyde 0.00035 Allylsulfide 0.00022
n-Valeraldehyde 0.00041 Carbondisulfide 0.21
Isovaleraldehyde 0.0001 Dimethyldisulfide 0.0022
n-Hexylaldehyde 0.00028 Diethyldisulfide 20.
n-Heptylaldehyde 0.00018 Diallyldisulfide 0.00022
n-Octylaldehyde 0.00001 Methylmercaptane 0:00007
n-Nonylaldehyde 0.00034 Ethylmercaptane 0.0000087
n-Decylaldehyde 0.0004 n-Propylmercaptane 0.000013
Acrolein 0.0036 Isopropylmercaptane 0.000006
Methacrolein 0.0085 n-Butylmercaptane 0.0000028
Crotonaldehyde 0.023 Isobutylmercaptane 0.0000068
Methanol 33. sec.Butylmercaptane 0.00003
Ethanol 0.52 tert. Butylmercaptane 0.000029
n-Propanol 0.094 n-Amylmercaptane 0.00000078
Isopropanol 26. Isoamylmercaptane 0.00000077
n-Butanol 0.038 n-Hexylmercaptane 0.000015
Isobutanol 0.011 Thiophene 0.00056




Table 2.5. Odor thresholds measured by the triangle odor bag method (continued)

Substance Odor threshold Substance Odor threshold
sec.Butanol 0.22 Tetrahydrothiophene 0.00062
tert. Butanol 4.5 Nitrogendioxide 0.12
n-Hexanol 0.006 Isopropylamine 0.025
n-Heptanol 0.0048 n-Butylamine 0.17
n-Octanol 0.0027 Isobutylamine 0.0015
Isooctanol 0.0093 sec.Butylamine 0.17
n-Nonanol 0.0009 tert. Butylamine 0.17
n-Decanol 0.00077 Dimethylamine 0.033
2-Ethoxyethanol 0.58 Diethylamine 0.048
2-n-Buthoxyethanol 0.043 Trimethylamine 0.000032
1-Butoxy-2-propanol 0.16 Triethylamine 0.0054
Phenol 0.0056 Acetonitrile 13.
0-Cresol 0.00028 Acrylonitrile 8.8
m-Cresol 0.0001 Methacrylonitrile 3g
p-Cresol 0.000054 Pyridine 0.063
Geosmin 0.0000065 Indole 0.0003
Aceticacid 0.006 Skatole 0.0000056
Propionicacid 0.0057 Ethyl-o-toluidine 0.026
n-Butyricacid 0.00019 Propane 1500.
Isobutyricacid 0.0015 n-Butane 1200.
n-Valericacid 0.000037 n-Pentane 14
Isovalericacid 0.000078 Isopentane 1.3
n-Hexanoicacid 0.0006 n-Hexane 1.5

Isohexanoicacid 0.0004 2-Methylpentane 7.




Table 2.5. Odor thresholds measured by the triangle odor bag method (continued)

Substance Odor threshold Substance Odor threshold
Sulfurdioxide 0.87 3-Methylpentane 8.9
Carbonylsulfide 0.055 2,2-Dimethylbutane 20.
2,3-Dimethylbutane 0.42 Ethylacetate 0.87
n-Heptane 0.67 n-Propylacetate 0.24
2-Methylhexane 0.42 Isopropylacetate 0.16
3-Methylhexane 0.84 n-Butylacetate 0.016
3-Ethylpentane 0.37 Isobutylacetate 0.008
2,2-Dimethylpentane 38. sec.Butylacetate 0.0024
2,3-Dimethylpentane 4.5 tert. Butylacetate 0.071
2,4-Dimethylpentane 0.94 n-Hexylacetate 0.0018
n-Octane 1.7 Methylpropionate 0.098
2-Methylheptane 0:11 Ethylpropionate 0.007
3-Methylheptane 1.5 n-Propylpropionate 0.058
4-Methylheptane 1.7 Isopropylpropionate 0.0041
2,2,4-Trimethylpentane 0.67 n-Butylpropionate 0.036
n-Nonane 2.2 Isobutylpropionate 0.02
2,2,5-Trimethylhexane 0.9 Methyln-butyrate 0.0071
n-Undecane 0.87 Methylisobutyrate 0.0019
n-Decane 0.62 Ethyln-butyrate 0.00004
n-Dodecane 0.11 Ethylisobutyrate 0.000022
Propylene 13. n-Propyn-butyrate 0.011
1-Butene 0.36 Isopropyln-butyrate 0.0062
Isobutene 10. n-propylisobutyrate 0.002
1-Pentene 0.1 Isopropylisobutyrate 0.035




Table 2.5. Odor thresholds measured by the triangle odor bag method (continued)

Substance Odor threshold Substance Odor threshold
1-Hexene 0.14 n-Butyln-butyrate 0.0048
1-Heptene 0.37 Isobutyln-butyrate 0.0016
1-Octene 0.001 n-Butylisobutyrate 0.022
1-Nonene 0.00054 Isobutylisobutyrate 0.075
1,3-Butadiene 0.23 Methyln-valerate 0.0022
Isoprene 0.048 Methylisovalerate 0.0022
Benzene 2.7 Ethyln-valerate 0.00011
Toluene 0.33 Ethylisovalerate 0.000013
Styrene 0.035 n-Propyln-valerate 0.0033
Ethylbenzene 0.17 n-Propylisovalerate 0.000056
o-Xylene 0.38 n-Butylisovalerate 0.012
m-Xylene 0.041 Isobutylisovalerate 0.0052
p-Xylene 0.058 Methylacryrate 0.0035
n-Propylbenzene 0.0038 Ethylacryrate 0.00026
Isopropylbenzene 0.0084 n-Butylacryrate 0.00055
1,2,4-Trimethylbenzen 0.12 Isobutylacryrate 0.0009
1,3,5-Trimethylbenzen 0.17 Methylmethacryrate 0.21
o-Ethyltoluene 0.074 2-Ethoxyethylacetate 0.049
m-Ethyltoluene 0.018 Acetone 42.
p-Ethyltoluene 0.0083 Methylethylketone 0.44
o-Diethylbenzene 0.0094 Methyln-propylketone 0.028
m-Diethylbenzene 0.07 Methylisopropylketone 0.5
p-Diethylbenzene 0.00039 Methyln-butylketone 0.024
n-Butylbenzene 0.0085 Methylisobutylketone 0.17




Table 2.5. Odor thresholds measured by the triangle odor bag method (continued)

Substance Odor threshold Substance Odor threshold
1,2,3,4-Tetramethylbenzen 0.011 Methylsec.butylketone 0.024
1,2,34- 0.0093 Methyltert.butylketone 0.043
Tetrahydronaphthalene
a-Pinene 0.018 Methyln-amylketone 0.0068
[3-Pinene 0.033 Methylisoamylketone 0.0021
Limonene 0.038 Diacetyl 0.00005
Methylcyclopentane 1.7 Ozone 0.0032
Cyclohexane 2.5 Furane 9.9
Methylcyclohexane 0.15 2,5-Dihydrofurane 0.093
Methylformate 130. Chlorine 0.049
Ethylformate 2.7 Dichloromethane 160.
n-Propylformate 0.96 Chloroform 3.8
Isopropylformate 0.29 Trichloroethylene 3.9
n-Butylformate 0.087 Carbontetrachloride 4.6
Isobutylformate 0.49 Tetrachloroethylene 0.77
Methylacetate 1.7
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Table 2.6. Removal mechanisms of odor compounds

78 o9Ea &9 S5} w4
+
o} mUjo} H,SO4 2NH; + H2SO4(NH4)2SO4
HCL NH; + HCI—NH4Cl
(NHs)
NaOCl 2NH; + 3NaOCI—N; + 3NaCl + 3HO
A 7174
H,SO4 (CH3)sN + H,SO4—(CHj3)3N-H,SOy4
e gopn
HCL (CH3);N + HCI—(CHj3);N-HCl
[(CH3)sN]
NaOCl (CHj3);N + NaOCl—(CHj3);NO-NaCl
H,S + NaOH—Na,S + H,O
_ H,SO,4 Na,S + H,S—2NaSH
2 R
(1LS) HCL H.S +2NaOH—Na,S + 2H,0
2
22 NaOCl Na;S + 4NaOCl—>Na,SO4 + 4NaCl
Na,S + NaOCl+ H,O—S + NaCl + 2NaOH
H e v =237} e NaOH CH;SH + NaOH— CH3;SNa+ H,0
(CHsSH) NaOCl 2CH;SH + 6NaOCl— 2CH;SO; +6NaCl+ H, T
3aiw g
NaOCl (CHj3),S +3NaOCl— (CHj3),SOs+3NaCl
[ (CH3)»S]
o] &3t g
NaOCl (CH3),S +2NaOCl— (CH3)2SO,+ 2NaCl
[ (CHs)2S:]
=4
oM ELY 3= NaOST CH;CHO + NaOCl'+ NaOH—CH;COONa +
a
(CH3CHO) NaCl +H,0
g4
(Collo) HCIO C¢HsCHCH,; + HCI0O—C¢HsCHOHCH,CI1
6115
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Table 2.7. Concentration of gases before wet scrubber (B-WS) and after wet scrubber

(A-WS) in sewage sludge drying process

Conc. (ppmv) Conc. (ppmv)
No Compounds No Compounds
B-WS A-WS B-WS A-WS
1 Hydrogen sulfide 188.12 61.86 | 31 | Isovaleraldehyde 3.70 1.27
2 | Methylmercaptan 9.52 2.16 | 32 | 3-Methyl-2-butanone 0.09 0.02
3 Trimethylamine 1.08 0.43 | 33 | 2-Methylbutanal 1.38 0.52
4 | Methanol 1.35 0.35 | 34 | 2-Butenal, 2-methyl 0.36 ND
5 Acetaldehyde 35.94 12.86 | 35 | n-Butanol 0.13 ND
6 | Isobutene 1.27 0.98 | 36 | 2-Pentanone 0.48 0.07
7 | Ethanol 0.63 0.08 | 37 | n-Valeraldehyde 0.22 0.06
8 | Acetonitrile 0.16 0.02 | 38 | Diethyl ketone 0.35 0.04
9 | Acetone 4.92 0.68 | 39 | 2-Hexanol, 5-methyl 0.06 ND
10 | Propionaldehyde 10.34 2.12 | 40 | Furan, 2-ethyl 0.03 ND
11 | Isopropyl Alcohol 1.61 0.10.}—41 | Propargyl.alcohol ND ND
12 | Isopentane 0.03 ND | 42 | 2,5-Dimethylfuran ND ND
13 | Dimethyl sulfide 1.51 0.49 |- 43 | Heptane 0.05 0.02
14 | Methyl acetate 0.09 0.12 | 44 | Methyl Isobutyl Ketone ND ND
15 | Carbon disulfide 2.11 1.08*| 45 | Dimethyldisulfide 1.31 0.56
16 | Isobutanal 4.62 1.55 | 46 | Toluene 0.54 0.16
17 | Propanol 0.13 ND | 47 | Hexanal 0.04 ND
18 | Methacrolein 0.09 0.02 | 48 | Dianon 0.04 ND
19 | Trimethylsilanol 0.58 0.14 | 49 | Octane 0.03 ND
20 | 3-Methyl-2-butanone 0.82 0.09 | 50 | Polysiloxane compounds 0.54 0.08
21 | Butanal 0.48 0.12 | 51 | Ethylbenzene 0.03 0.08
22 | Methl ethyl ketone 4.90 0.62 | 52 | m,p-Xylene 0:06 0.08
23 | Epoxyethane ND ND | 53 | Nonane 0.02 ND
24 | 2-Butanol 1.13 0.08.| 54 | Trisulfide, dimethyl 0.28 0.13
25 | Furan, 2-methyl 0.11 0.04 | 55" |-Siloxane compounds 7.36 3.63
26 | Propyl mercaptan 0.02 0.01 | 56 | n-Decane 0.05 ND
27 | n-Hexane 0.03 0.02 | 57 | Siloxane compounds 5.97 3.31
28 | Furan, 2-methyl ND ND | 58 | Siloxane compounds 4.54 1.35
29 | Isobutyl alcohol 0.07 0.04 Sum 301.6 98.6
30 | Thiirane, methyl 0.02 ND Total removal efficiency 67.3 %

ND : Not detected.
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Fig. 3.1. Schematic diag
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Table 3.1. Characteristics of effluent (site B)

Contents Unit Concentration Method
N mg/L 94 Ultraviolet method
Acid potassium
COD mg/L 9.0
permanganate method
Orion 4 star
pH - 7.78
pH - DO benchtop
L Horiba conductivity
Conductivity ms/cm 1.293
model DS51
) DPD ferrous
Free chlorine mg/L N.D. o )
titrimetric method
Suspended solids mg/L 1.7 Glass. fiber filter method
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GC-FPD(GC-17A, Shimadzu, Japan)E ©]-&3+ 7]7]&4S 31Tt

GC-FPDY] AZE54 L EZ 59 peak area®}o] #AA] Qojx &4
7V S7FVE S peak areavw A % (exponential function)oE ZF7}3}
545 7ML o wEty A4S 2=z AL dRbEH o2 peak
area®t =Z2FEE 77 W3} st HAEFFAS AT Table 3.2¢ &3}
e BAS 93 GC-FPDY #X%AS Yehdch

7t T FsteES AQT 7E dHSI =R B VOCs, BTEX 2 ppb
EAE07] Wi F2FE AEE FFHA F, AR AH

=) A8 F2-AFH 2232 A 2=H(ATD 400, Perkin Elmer, USA)
st 528 8 #AESH] 918k GC-MS(GC-2010/ GCMS-QP2010,
Shimadzu, Japan)< ©]&3tdth £ AFoA AE&"E A5 EEF Fuig}
GC-MS®] Al E4%27& Table 3.3 e ATH

off
H

rr

off

Table 3.2. Analytical conditions of GC-FPD (Sulfur compounds)

Item Conditions
Gas chromatography GC-17A, Shimadzu, Japan
Column Packed glass column : 2.6mm ID, 3m length
Injection type On-column
Oven temperature 85 C constant
Column flow 50 _mL/min
Injector temperature 200C
Detector temperature 200TC
Column pressure 220KPA
Carrier gas Nitrogen
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Table 3.3. Analytical

conditions of ATD & GC-MS (Aldehydes)

Item

Conditions

Primary tube type

Cold trap type

Tenax-TA, Triple-bed

Tenax-TA 20 mg

1st Desorption 350C - 4min
ATD400
2nd Cryo temperature -30C
(Perkin Elmer,
2nd Desorption 350C - Imin
UK)
Desorb flow 50.2 mL/min
Inlet split No
Outlet split 11.5 mL/min
35C - 10 min
8C/min =-120C - 10 min
Oven temperature
12°C/min - 80C - 7 min
15C/min - 230C - 10 min
GC-MS Column ATl - 60 m x 0.32 mm % 1.0x#m

(Shimadzu, Japan)

Interface temperature
Mass range
Column-pressure

Ms Det. temperature
Carrier gas

Mass filter type

2307C
20-~-350 m/z
15.9-psi
250T
He (99.9999%)

Quadrupole
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Table 4.1. Concentration of odorous and VOCs from sewage sludge drying process
(site A, 2008.12.1)

No Compounds TLV (ppm) Concentration Odor intensity
(ppm)

1 Acetaldehyde 0.0015 3.164 2109.333
2 Isovaleraldehyde 0.0001 1.368 13680.

3 Propionaldehyde 0.001 0.589 589.

4 Methyl ethyl ketone 0.44 0.092 0.209
5 Disulfide, dimethyl 0.0022 0.09 40.909
6 Dimethylsulfide 0.003 0.053 17.667
7 Isobutyraldehyde 0.00035 0.038 108.857
8 Butyraldehyde 0:00067 0.025 37.313
9 Hydrogen sulfide 0.00041 0.025 60.976
10 | Toluene 0.33 0.021 0.064
11 | Styrene 0:035 0.02 0.571
12 | m,p-Xylene 0.041 0.019 0.463
13 | Valeraldehyde 0.00041 0.018 0.328
14 | o-Xylene 0.38 0.011 43.902
15 | Methyl isobutyl ketone 017 N.D. -
16 | Buthylacetate 0.016 N.D. -
17 | Methylmercaptane 0:00007 N.D. -

N.D. : Not detected.
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Table 4.2. Concentration of odorous and VOCs from sewage sludge drying process
(site B, 2009.07.14)

No Compounds TLV (ppm) Concentration Odor intensity
(ppm)
1 Hydrogen Sulfide 0.00041 1.6 3902.439
2 Methyl mercaptane 0.00007 0.98 14000.
3 Isobutyraldehyde 0.00035 0.512 1462.857
4 Acetaldehyde 0.0015 0.368 245.333
5 Isovaleraldehyde 0.0001 0.292 2920.
6 Disulfide, dimethyl 0.0022 0.061 27.727
7 Propionaldehyde 0.001 0.049 49.
8 Butyraldehyde 0.00067 0.015 22.388
9 m,p-Xylene 0.041 0.01 0.244
10 | Valeraldehyde 0.00041 0.009 21.951
11 | Dimethylsulfide 0:003 0.006 Z:
12 | Methyl acetate 1.7 0.003 0.002
13 | Styrene 0.035 0.003 0.086
14 | Toluene 0.33 0.003 0.009
15 | Ethylbenzene 0.17 0.001 0.006
16 | o-Xylene 0.38 0.001 0.003
17 | Benzene p.... N.D. -
18 | Buthylacetate 0.016 N:D. -
19 | Ethyl acetate 0.87 N.D. -
20 | Isobutanol 0.011 N.D. -
21 | Methyl ethyl ketone 0.44 N.D. -
22 | Methyl isobutyl ketone 0.17 N.D. -

N.D. : Not detected.
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Table 4.3. Concentration of odorous and VOCs from sewage sludge drying process

(site B, 2009.07.31)

No Compounds TLV (ppm) Concentration Odor intensity
(ppm)
1 Acetaldehyde 0.0015 6.651 4434,
2 Isobutyraldehyde 0.00035 3.166 9045.714
3 Isovaleraldehyde 0.0001 2.342 23420.
4 Hydrogen Sulfide 0.00041 2.025 4939.024
5 Methyl mercaptane 0.00007 1.14 16285.714
6 Propionaldehyde 0.001 0.79 790.
7 Disulfide, dimethyl 0.0022 0.444 201.818
8 Methyl ethyl ketone 0.44 0.375 0.852
9 Dimethylsulfide 0.003 0.311 103.667
10 | Toluene 0.33 0.232 0.703
11 | Styrene 0:035 0.184 5.257
12 | Butyraldehyde 0.00067 0.175 261.194
13 | Valeraldehyde 0.00041 0.165 402.439
14 | o-Xylene 0.38 0.108 0.284
15 | Ethylbenzene 0.17 0.052 0.306
16 | m,p-Xylene 0.041 0.04 0.976
17 | Benzene p.... N.D. -
18 | Buthylacetate 0.016 N:D. -
19 | Ethyl acetate 0.87 N.D. -
20 | Isobutanol 0.011 N.D. -
21 | Methyl acetate 1.7 N.D. -
22 | Methyl isobutyl ketone 0.17 N.D. -

N.D. : Not detected.
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Table 4.4. Concentration of odorous and VOCs from sewage sludge drying process
(site B, 2009.08.05)

No Compounds TLV (ppm) Concentration Odor intensity
(ppm)
1 Hydrogen Sulfide 0.00041 1.862 4541.463
2 Disulfide, dimethyl 0.0022 1.32 600.
3 Acetaldehyde 0.0015 1.215 810.
4 Isobutyraldehyde 0.00035 1.14 3257.143
5 Methyl mercaptane 0.00007 0.984 14057.143
6 Isovaleraldehyde 0.0001 0.774 7740.
7 Dimethylsulfide 0.003 0.15 50.
8 Propionaldehyde 0001 0.136 136.
9 Methyl ethyl ketone 0.44 0.079 0.18
10 [ Styrene 0.035 0.039 1.114
11 | Butyraldehyde 0:00067 0.038 56.716
12 | Valeraldehyde 0.00041 0.034 82.927
13 | o-Xylene 0.38 0.022 0.058
14 | Toluene 0.33 0.016 0.048
15 | Ethylbenzene 0.17 0.011 0.065
16 | m,p-Xylene 0.041 0.007 0.171
17 | Benzene p.... N.D. -
18 | Buthylacetate 0.016 N:D. -
19 | Ethyl acetate 0.87 N.D. -
20 | Isobutanol 0.011 N.D. -
21 | Methyl acetate 1.7 N.D. -
22 | Methyl isobutyl ketone 0.17 N.D. -

N.D. : Not detected.
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CH,SH + NaOH— CH,SNa + H,0
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Compounds

Inlet Concentration (ppmv)

Hydrogen sulfide 0.84
Methylmercaptan 1.22
Dimethyl sulfide 1.27
Dimethyl disulfide 1.50
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Fig. 4.1. Removal efficiency of sulfur compounds (absorbent

NaOH solution only).
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Compounds Inlet Concentration (ppmv)

Hydrogen sulfide 5.51
Methylmercaptan 10.68
Dimethyl sulfide 6.72
Dimethyl disulfide 4.98
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S
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0 10 20 30 40 50

NaOCI concentration (ppm)

Fig. 4.2. Removal efficiency of sulfur compounds (absorbent
NaOCl solution only).
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Compounds Inlet Concentration (ppmv)

Hydrogen sulfide 1.06

Methylmercaptan 1.30

Dimethyl sulfide 1.45

Dimethyl disulfide 1.68

100 @ B L ettt i o
‘-—' R S
v D TR
_.~:'~:'",<>' ©

401 ;

Removal efficiency of sulfur compounds (%)

0
20
@ Hydrogen sulfide
¥ Methyl mercaptan
@ Dimethyl sulfide
+<>-- Dimethyl disulfide
0 T T T T T
0 20 40 60 80 100

NaOCI concentration (ppm)

Fig. 4.3. Removal efficiency of sulfur compounds (absorbent
NaOH 10 ppm and NaOCl solution).
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Compounds Inlet Concentration (ppmv)

Hydrogen sulfide 0.84
Methylmercaptan 1.22
Dimethyl sulfide 1.27
Dimethyl disulfide 1.50
100
- O
S
5 80
T
c
3
o
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£
[e]
O 60
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®
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E 20
e - @ Hydrogen sulfide
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@ - Dimethyl sulfide
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NaOH concentration (ppm)

Fig. 4.4. Removal efficiency of sulfur compounds (absorbent
NaOCl 20 ppm after NaOH solution).
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Compounds Inlet Concentration (ppbv)

Acetaldehyde 1487.804
Propionaldehyde 1523.841
Isobutyraldehyde 1213.850
Butyraldehyde 1228.010
Isovaleraldehyde 1103.436
Valeraldehyde 1174.665

100

871 e 1WA T C e S PY
o ho LA Vo R -

............. i I
eoz """"" <> 5

Removal efficiency of aldehydes (%)

40 - ,.~~G::::::::::::-" ..:::::,.“.-.x:“
......{Iﬁﬁjjjﬁﬁ"" A
@ Acetaldehyde
20 ~-§-- Propionaldehyde
[ -Isobutyraldehyde
«<{> Butyraldehyde
~-A- [sovaleraldehyde
@ Valeraldehyde
0 I T T T

NaOH concentration (ppm)

Fig. 4.5. Removal efficiency of aldehydes (absorbent : NaOH
solution only).
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Compounds

Inlet Concentration (ppbv)

Acetaldehyde 4366
Propionaldehyde 1489
Isobutyraldehyde 1351
Butyraldehyde 1013
Isovaleraldehyde 561
Valeraldehyde 399
100
RRRCTRIIIE W, ot ¥ G5 F LY B Y e U
Ty Pt 9
2\1
g .....................
'g .................. D ..................
RO 4. v i O g
T 60"
©
s
g
8
§ 40 -
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W AhEmT TR A‘
3 : ....................................... P
E - @-- Acetaldehyde
0 -9 Propionaldehyde
~-@-- Isobutyraldehyde
=<~ Butyraldehyde
A Isovaleraldehyde
~@* Valeraldehyde
0 T T T T T
0 10 20 30 40 50

NaOCI concentration (ppm)

Fig.4.6. Removal efficiency of aldehydes

solution only).
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Compounds Inlet Concentration (ppbv)

Acetaldehyde 748
Propionaldehyde 637
Isobutyraldehyde 619
Butyraldehyde 626
Isovaleraldehyde 596
Valeraldehyde 635
100
................................... ®
—_ 80 oyl
3 @
s e
Z .
35 60g f IF &YV - . SR
2 .
‘06 ‘ ......... A
> S N 00
é N <&
g % o |
e | AN .. [
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P L T - . e @ |- Propionaldehyde
- Isobutyraldehyde
<> 'Butyraldehyde
A Isovaleraldehyde
@ Valeraldehyde
0 T T T T T
0 20 40 60 80 100

NaOCI concentration (ppm)

Fig. 4.7. Removal efficiency of sulfur compounds (absorbent :

NaOH 10 ppm and NaOCl solution).
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Compounds Inlet Concentration (ppbv)

Acetaldehyde 846
Propionaldehyde 803
Isobutyraldehyde 812
Butyraldehyde 769
Isovaleraldehyde 725
Valeraldehyde 616
100
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80 QAN NI T T v
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3
3 o L W
)
©
s
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0 ¥ Propionaldehyde
~-[@-: -lsobutyraldehyde
~-{>- | Butyraldehyde
A [sovaleraldehyde
@ Valeraldehyde
0 T T T
0 10 20 30

NaOH concentration (ppm)

Fig. 4.8. Removal efficiency of sulfur compounds (absorbent
NaOCl 20 ppm after NaOH solution).
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Compounds Inlet Concentration (ppmv)

Hydrogen sulfide 0.4954
Methylmercaptan 0.7268
Dimethyl sulfide 0.8012
Dimethyl disulfide 0.9576
100 @ 8 2O T L

Removal efficiency of sulfur compounds (%)

404 ;
nL 1@ Hydrogen sulfide
W Methylmercaptan
--@- Dimethyl sulfide
> Dimethyl disulfide
0 T T T T T
0 20 40 60 80 100

Residual chlorine concentration (ppm)

Fig. 4.9. Removal efficiency of sulfur compounds (absorbent
electrolysis water only).
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Compounds Inlet Concentration (ppmv)

Hydrogen sulfide 0.5868
Methylmercaptan 0.8752
Dimethyl sulfide 09124
Dimethyl disulfide 1.2041
1oo<}.‘,,,.. L Oy 00—
’ T \ ZE .

g o

w80

© .:7:::

g ~.,;;::@..

g

£

[*]

© 60

2

3

S

Y

g Y7

(2}

=

(]

®

>

[e]

E 20 1 @ Hydrogen sulfide

o -9 Methylmercaptan

@ - Dimethyl sulfide
-+ Dimethyl disulfide
0 T L T

0 10 20 30

NaOH concentration (ppm)

Fig. 4.10. Removal efficiency of sulfur compounds (absorbent :
electrolysis water and NaOH solution).
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Compounds Inlet Concentration (ppbv)

Acetaldehyde 1408.871

Propionaldehyde 2271.026

Isobutyraldehyde 1702.129

Butyraldehyde 1851.208

Isovaleraldehyde 1676.381

Valeraldehyde 1496.091
100

- Acetaldehyde
-~ Propionaldehyde

- Isobutyraldehyde
80 <> Butryaldehyde
® M- |sovaleraldehyde
- ‘9 - @+ Valeraldehyde
[} e
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Residual chlorine concentration (ppm)

Fig. 4.11. Removal efficiency of aldehydes (absorbent : electrolysis
water only).

51



Compounds Inlet Concentration (ppbv)

Acetaldehyde 1487.804
Propionaldehyde 1523.841
Isobutyraldehyde 1213.850
Butyraldehyde 1228.010
Isovaleraldehyde 1103.436
Valeraldehyde 1174.665
100
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NaOH concentration (ppm)

Fig. 4.12. Removal efficiency of sulfur compounds (absorbent :
electrolysis water and NaOH solution).
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