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Abstract

The removal characteristics of composite odor and mal odorous substances using 33 biofilters in sewage treatment facilities
were investigated. The geometry mean values of composite odor and odor quotient were reduced by 52.7% and 59.2% at the
outlet of the biofilters, respectively. The removal efficiencies of the biofiltes for the composite odor and odor quotient show a
significant difference statistically(p=0.000<0.05). The median vaue of odor quotient of sulfur compounds was reduced by
69.1% at the outlet of the biofilter and the odor quotient of the sulfur compound at the inlet and outlet of the bicfilter shows a
significant difference statistically(p=0.000<0.05); on the other hand, those of the NH3 and trimethylamine, adehydes, VOCs
and alcohals, organic acids do not.
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], 22} 2o} 7t gltk= 542 7L qlok
(Park 5, 2005). 53], A&=3H4] A|2]7]< FollAl tha
2|02 AME AL Sl Hio| e dE = gA o] #2F
¥l nAEL] gl of8f ofFEES AR A7l
7% 2Z(Leson} Winer, 1991; Swansoni} Raymond,
1997) Fle= WO v figo] B2 o FEE A
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5, 2001; Smet -5, 1998; Zilli -5, 2001).
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A YRR A o A] AdA] - 2-FeH= =] 187} 3l<=
A Al e] 3370 vio] @ WE S iAo & 2011 1Y
HE 20119 109717] b3 E4& 2ARSHAL
A g 2= 7F W, 471 1970, e 27, F-4L 871,
A VN A S 271 Aol vpo] @ T SFS
100 m¥min m]wlo] 117, 100 m¥min °]A 300
m/min T]ako] 137}, 300 m¥min ©]4F 500 m¥min ]
gto] 574, 500 m¥min o] A4 47 AlAo] s gk,

22, NEXF ¥ 24 4y

ZAFHS Hhol e el 9} s sk ] Al o]
Aoz 7heERl Aol o FH s H A H(National
Institute of Environmental Research, 2007)] wle} v
olegy Pef FlA FAll ABE A
oh. Bgets L A PeREY 2zt igk AR
224 RS vhaak 2o Table 1 7HFs) vel
WAt

uRRHE 29el] 98 W2 WP WFE
QIAZHENS Eng., Korea)?} polyester aluminum
bag(10 L, Top Trading, Korea)S- o]-8-5lo] 7Hd521
stgon, A2t &EE polyester aluminum
bag-- A1-e(15~25 C) 9] 4] W A4S 15}o]
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TMA = S5 359 mLof| X1k 41 mLE o]
E3kat SHALEoN 40 mLE 2749] QT o] 20 mL A
o] Far 28 &2 A% S 10 L/mine. 2 55-7F50
Lo Al=E AFlstlen, Ale 57 gud A=
£ 24 A7) 4T ofatolla R % Lutels)
oh TMAS] 241 248 X 2808 e upo] oo
50% KOH 5 mLE 7}sta2 SPME auto sampler
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5 ulo]ot A5 71 H% 02 TMAZL 855 0|5
gas chromatograph(GC)of| $=J3}o] GC-FID(flame
ionization detector) 2 415191t}

ek e Hietel FYT WHor Y
A|2E thermal desorber(Unity/Air Server, Markes,
USA)S ol 83to] w53kl o, 555 Alee 98t
ol AEdo] $& B8 HE7I(PFPD) 7} 24
% GC(7890A, Agilent, USA) & Al-8-3}0] 241315t

ddjslo] =HF= MFC(Mass Flow Controller)7} U
Ao} 9l 223 IL(MP-$100, Sibata, Japan) 2 o
g3}o] 1 Limino.& 557k % 5 L9 ARE 5%
ou), ejslol=R 24 A Welg AR A8l o
28 AAs st 2,4-DNPH (dinitrophenyl-
hydrazone) 7}E2|%] Zehitol] KIZF YA e &
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To] 240 24-DNPHO] 7IE 2] X]o] acetonitrile 5
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=715 ol83to] 360 nme] mpe] AR £
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4 &7 Hojgls Tenax-TA S2H5H(Supelco,
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™, 200 mL/minS.2 5587t & 1 Lo A =7E A3
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ekl o m, GC/MSD (7890A/5973MS, Agilent,
USA) 2 245k3ich

©. 7] A= 0.1N-NaOH <=8-91-8 A| z3}o 40 mL
2719] YA o] 20 mLA Lpiro] g A H g A4 g
3 2 L/mino& 58710 Lo] A|RE A3 stgom,
Al AF 7 FRE AR A A7EA] 4T o]stellA
WEE 9 -2Rbsleith f7 A A A8 Al
N= uo Hio|otol| NaCl 2.3 g& 9o & 206 3ak 1
mLE 7}8faL S-25] 41 5 23 2] %] 2 Headspace
Samplers(TurboMatrix HS 40, PerkinElmer, USA)&
o]-8-5}o] shaking(90C, 204) - Hlo| U A3 74|
FOE [74ke] &5 o E 7t rntE 1y
(GCIFID) &= ) 5to] A8t

Table 1. Summary of sampling and anaytica methods for

mal odorous substances
Sampling Analytical
Mal odorous substances method method
Indirect
Composite odor sampling Olfactory
method
) Boric acid UVIVis
Ammonia b - Spectroph
sorption
-otometry
Trimethylamine (TMA) S:é;‘c‘;r'gt%r']d GC/FID
Sulfur compounds Indirect
(hydrogen sullee, methyl sampling GC/PEFD
mercaptan, dimethyl method
sulfide, dimethyl disulfide)
Aldehydes (acetal dehyde,
propionadehyde,
butyraldehyde, 2(':‘;; fr’i';‘gs HPLC/UV
n-valeradehyde,
i-valeraldehyde)
VOCs (styrene, toluene,
xylene, methyl ethyl Tenax-TA
ketone, methyl isobutyl adsorption GC/MSD
ketone, butyl acetate, tube
i-butyl acohol)
Organic acids (propionic Sodium
acid, p—bu?yrl c amd,_ hydro?(l de GC/FID
n-vaeric acid, i-vaeric solution
acid) absorption
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(Chung &, 2004; Jung 5, 2006; Park, 2003; Park -5,
2005), & A o sk e Al ol AR]E Hiol e
Bl R R S0l S Hatelaiel obalsE
A4=Table2 Y Fig. 13} At}

ofFt 7t BAWE F7H AR BE(Odor
Threshold)7} &2} 2+ E21d
(ppm) == oFF1 2] Al71E A4 o2 Hlwd
B2, 7718AE Sl 4T A YtHEY 2%
o) 7t 0 o] fste] 1 B 52t HagA
= (Ministry of Environment, 2001) 2 &= 742 ¢+
ARt oFF%=2]4x(Odor Quotient) S &gkl ot 3F
7 vlol o Aele] Ae] FEL Brloke AR AMG
ot

fr

=

i)

0.Q.(Odor Quotient) = znj

i=1

q. measured value

CYi, threshold

o714, 0.Q.: I3 sEA4=
Cimeasured value - | =24 %‘%‘%E(ppm)
Cithreshola © 1 =3 0] 57} 2| 27125 %=(ppm)

dlol e ¢JolAe] Bere lsE el
605 OU/m®o]u, x}&0] FOghe LFERE Al2A1E:
914> 300 OU/M’° & 2 Lpepyte). Z ol 2] Zite}
He 7Ishgate] PRt oF 52.7% rAE 286
ou/m’eg UEhton AH2ARLe2 T3 52.0%7}
¥ 144 OUIM’ R ZA}E]of ulo] © ] 9] Q1o
vlate] Eato] BtelF7t 7hage & 4= itk ®
5} AMELO|S WOl ol Lo A] 120~1,442 OU/M’S
U 90U Z20] A= 100~448 OU/M’ 2 H $Je}
A7)7F AR S-S o 4= 9o, RARNAL Hlol
9 FE| 9] g o] 7|ep A v & i EE]871%<l
500 OU/m*(Ministry of Environment, 2012b) oJuj=
THESEG o i Hho] L FE oA = o] & ZuSh=
Ao ZAME|QIL) ol vio| 2 WEjof| FYEZ &
o] FAHska 25 T e Fgol
A&aA| o] Fof 22| ASkAL pH 2H o] 275
O] Fo 22| Q7] WEQl Ao RAIEGOH, &
714 HAIE AFESe Y5 vlo| @ ZE 9] - EA
o] Ba| 508 FHF Fol7t AR R} 7haste
EBCT7} -9~ Zrobsl 7] thit?l A e &2 A=)

e EA|20] 79 vho] @ HE Qltof| A 9] 1,502
9] 7|51E S e oH, A7 9] 4% 1,000
o7 Uepth &l A9 s EAleE 7ot
o] QlTLHT} oF 59.20% 7FAE 612 e o] A2
AFE)%s T3} 63.2%7} 74l 3688 RAFE| o] Hlo]
9 HE| 9] Q]tof| H]ste] ELo] AF s EAGT} A
HE & 5 Uth B3 AR HY = dTtollA
270~6,463& LJERJIQloL} S oA 145~1,656

= =] -
Zo| 9sl=

Table 2. Statistical summary of composite odor (OU/m®) and odor quotient of inlet and outlet at 33 biofilters of domestic

sewage treatment facilities

Item Geo. Mean Min. 1st Quartile  2nd Quartile  3rd Quartile Max.
Composite odor Inlet 605 100 120 300 1,442 30,000
(ou/m?®) Outlet 286 100 100 144 448 14,422
Odor Quotient Inlet 1,502 33 270 1,000 6,463 95,134
Outlet 612 7 145 368 1,656 59,993
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Fig. 1. Box plots of composite odor and odor quotient of the
inlet and outlet at 33 biofilters of domestic sewage
treatment facilities.
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32, REOHBTS 018% Hlol2Belel 58 Wt
SRR I A AL o
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2 AtolA FeRHES ok 4o Blal o3
A7 e 2 A 02 e Table 4) Hio] 22 E
o] EgterF o 7 & FFe v Q= e
2 2AERlon, SN s =R YRS
Yt} oF 69.0% 74 29008 UEhdE o
Uk EFE AHER] M 9l= dtollA 151~6,415
S YRl o ol A= 32~1,528% 11 i3t ¥
7F FA FaEaAL Qlo] AR Hio]| 2T E o) A]
FakghEo] vl Z AAEL IS & AN
ey L5 Hio] e e of A= m A ES] A fI'h
FFEEI ESw A pH 2Ho] A HsA o] Fof
A A] gL Qlom] AN/ uho] @ L E & EBCT7} tf
HHE 10~15% o= AAElo] glo] A Es=A4
£ 7102 80% o] Aass Ut B¢
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Table 3. Wilcoxon test for the removal efficiency of composite odor and odor quotient by 33 biofilters of domestic sewage

treatment facilities

Item Mean SD Wilcoxon p
Composite Inlet 2,889 6,019
Odor(OU/m®) Outlet 1,146 2,756 4199 0.000
. Inlet 11,110 21,321
Odor Quotient Outlet 5,096 13252 -3.797 0.000
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QoI 28~1218 LehRglort SoHE 21~
10732 71 gho] 23 h451o] vo] @ Wejo] 4 s
OJEFI} AR AAET G Ao hekitet. 17
UFARRO] Foghe Qrh F71e 542 ekt %
9] 50%7} vlo] 9 e YLmrt o WL Welol &
EH 9es & 5 Uitk vl 2B YT
VOC 3 eHgRol ot ofismA|sel 7|shg et
FUGES 2171 087060 2 Lehgon, Zol Al
TR} ZF2F 37.5%, 33.3%7} 4% 0.59F 042
Urebgte). 140 2 vlol o WeEloll 4 H|stol=
U ABFIL U AAE T U Ao
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Fig. 2. Box plots for odor quotient of malodorous substances

of inlet and outlet at 33 biofilters of domestic sewage
treatment facilities.

Table 4. Statistical summary for odor quotient of malodorous substances of inlet and outlet at 33 biofilters of domestic sewage

treatment facilities

Item Geo. Mean Min. 1st Quartile  2nd Quartile  3rd Quartile Max.
Inlet - 00 0.7 18 29 313
NHz and TMA Outlet ; 00 04 13 36 157
ST commounds Inlet : 00 151 935 6,415 95,000
P Outlet ; 00 ) 290 1,528 50,949
Inlet 53 6.7 28 51 121 337
Aldenydes Outlet 47 6.7 21 54 107 261
Inlet 08 01 0.2 06 15 280
VOCsand Alconols Outlet 05 00 01 04 18 1,067
- Inlet - 00 00 00 0.0 144
Organic Acids Outlet ; 00 00 0.0 00 73
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HeEAg 2lolE BASH A1 GojghEe] foja
(0.05) Kt =7 Ul A1 02 Hio] @ HE o)A
g B o] A=A L 9SS & = AUSATh

Table 5. Wilcoxon test for the remova efficiency of
malodorous substances by 33 hidfilters of
domestic sewage treatment facilities using their
odor quotient

Item Mean SD  Wilcoxon p
Inlet 29 66

NHz and TMA -1533 0.125
Outlet 20 35
Inlet 10,980 21,322

Sulfur 4145 0.000
compounds  Outlet 4,962 13,264
Inlet 82 77

Aldehydes -0.245 0.806
Outlet 72 69
Inlet 11 49

VOCsand 0490 0.624
Alcohols Outlet 34 185
nlet 8 29

Organic Acids -0.314 0.753
Outlet 7 20
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