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Abstract: In this study, the emission characteristics of designated odor substances emitted
from 11 odor emission sources in the industrial complex area were investigated using
SIFT-MS for efficient management of malodor emission facilities in the industrial complex
area of Busan. The concentration distribution, odor activity value (OAV), odorous con-
tribution rate (OCR), and odor intensity (Ol) of designated odorous substances for each
emission source were identified. By creating a pollution rose map, we identified the
direction and distance affecting the measurement point and secured basic data for
management and reduction of odor in the industrial complex area. The concentrations
of acetaldehyde and trimethylamine were high in wastewater treatment companies.
High concentrations of butanoic acid were detected in food manufacturers and feed
manufacturers that handle something related to food. The sum of the concentrations
of 20 designated odor substances was highest (4.732 mL/m?) at the SS-3 site of the
wastewater treatment company, followed by SS-2 > GJ-2 > SS-1. In the case of OAV
of designated odor substances, it was the highest (5352.9 mL/m® at SS-3 site, followed
by SS-2 > GJ-2 > SH-1. Based on OVA, the OCR of trimethylamine among amines,
methyl mercaptane among sulfur compounds, acetaldehyde among aldehydes, and buta-
noic acid and valeric acid among organic acids was high. The result of odor intensity
was that TMA in wastewater treatment companies and methyl mercaptane in food
waste disposal company was high. As a result of creating a pollution rose map, the
SH-3 site which is located in precision machinery facilities showed a high concentration
of odorous substances when the north wind blew. In the case of the SH-4 site, a
food manufacturer, it was greatly affected by the southeast wind blowing from manu-
facturers are scattered. At GS-1 site, casting manufacturing business, the high concen-
tration was observed when the northeast wind blew from the industrial complex area,
which is in the opposite direction to the sea.
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Table 1. Industry type of sampling sites

Sampling No.  District (Sampling site) Industry type Remark

SH-1 Food manufacturing business
SH-2 Saha Animal feed manufacturing business, Food manufacturing business
SH-3 Precision instrument manufacturing business 24-hour measurement
SH-4 Poultry processing business 24-hour measurement
SS-1 Excreta treatment business
SS-2 Sasang Wastewater disposal business
SS-3 Wastewater disposal business Odor emission facility
GS-1 Gangseo Casting manufacturing business 24-hour measurement
GJ-1 Gijang Waste recycling business, Feed manufacturing business Odor emission facility
GJ-2 Waste recycling business Odor emission facility

HUD-1 Haeundae Waste treatment business (Incineration plant) 24-hour measurement

Fig. 1. Location map of sampling sites
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Table 2. Analytical conditions of selected ion flow tube - mass spectrometry (SIFT-MS)

Parameter Value
Sample plate temperature 120°C
Flow tube temperature 120°C
Backing line vacuum 76.6 mTorr
Upstream chamber vacuum 3.00x10™ Torr
Downstream chamber vacuum 5.90x10°® Torr
Source pressure 474 mTorr
Air pressure or Bottle pressure 27.1 Torr

Table 3. Designated odor substances used in this study

Designated odor substances Abbr. Designated odor substances Abbr.
Ammonia Am Styrene STY
Trimethylamine TMA Toluene TOL
Hydrogen sulfide HS Xylene XYL
Methyl mercaptane MM Methyl ethyl ketone MEK
Dimethyl sulfide DMS Methyl isobutyl ketone MIBK
Dimethyl disulfide DMDS Butyl acetate BAT
Acetaldehyde AAL Propionic acid PRA
Propion aldehyde PRAL n-Butyric acid BA
Butyl aldehyde BAL Valeric acid VA
Valeraldehyde VAL I-Butylalcohol IBA

Concentration of designated odor subtances (1)
OTA

OAV=

OAV of designated odor substances
YOAV

OCR (%) = X 100 ()
TS 373 = (odor intensity, Ol)x= AFFO] Aloh= AF 2 F=E Hs® B 559 Alo] 53 22 WA o s #Hsh=
A& Qulst, FHTHAI 70 W2 0% (none), 1% (threshold), 2= (moderate), 3% (strong), 4% (very strong) & 5% (over
strong) 2 T3t OI9F 2485k Ato]oll= ¥ -] (Weber—Fechner) $2l 02 A4 diu]HdA 7} e Aoz &
A Qled, 4 (3)3 FHH11].
£ Aol A= Table 40 Yt ZAAY FoME 45 5 1159 AHFFEZY 45} 0129 PA A2 o-&st3itHI12].

Ol = A-log C + B ©)
I : Odor intensity

C : Concentration of designated odor substances

A, B : Constant by designated odor substances
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Table 4. The correlation equation based on odor intensity and concentration

No Material HAN's study NAKATA's study
1 Hydrogen sulfide Y =0.8815 log (X) + 4.0688" Y =0.950log (X) +4.14
2 Methyl mercaptane Y =1.8769log (X) + 7.2615 Y =1.250log (X) + 5.99
3 Dimethyl sulfide Y =0.7755 log (X) + 3.7398 Y =0.784 log (X) + 4.06
4 Dimethyl disulfide Y =1.0176log (X) + 3.8863 Y =0.985 log (X) + 4.51
5 Ammonia Y =1.9352 log (X) + 0.1939 Y=1.670log (X) + 2.38
6 Trimethylamine Y =1.7231log (X) + 6.9154 Y =0.901 log (X) + 4.56
7 Styrene Y =1.5588 log (X) + 3.1382 Y=1.4201log (X) +3.10
8 Acetaldehyde Y =1.6462 log (X) + 4.2831 Y =1.010log (X) + 3.85
9 Butylaldehyde Y =1.2800 log (X) + 4.3333 Y =0.901log (X) +4.18
10 Propionaldehyde Y =1.4400 log (X) + 4.3080 Y=1.010log (X) + 3.86
1 n-Valeraldehyde Y =1.2600 log (X) + 5.0410 Y =1.360log (X) + 5.28

V' Equations were as follows; Y = odor intensity (Ol), X = concentration (mL/m?)

|

iy R v4.3.2 L2713 openair packages AR8-51%.01H, openair package= 7] EAIEE-S A|ZS)5ka &
B 242 5% t71E ZHE B 't vdwt 7152 Asstrlol 71t ZopolA e o s SEHA QlAl[13],
LJHT 1S Sl SFH S50 AT HVFEE s FES 24T & o4l
B Ao ZAAF 117 XA & 244)7F A 243} 47] XA (SH-3, SH-4, GS-1, HUD-1)°] ts}e] Z+ 2]4E OCRO|
o e LFFT =S A5t AT A A EE, T E T T A5l Sl B+ HlolEAA
Qstlon, FFE 1671 BFo® TIFISHAL, T4 0.5 m/sec T2 FE510] 25T TS polarplot &5 ARS:
sto] oFFs o] B, uigher 9 Lo wal Ay JnE Fdstoy, e v HAE Ao R EFsHY

_1

17 AMAEE R AR BRBA WA AlRE AF ot AFIHELDS B4, olF 4/l AFFRY] 4+
FHAZA WollAl 2447 AAIZE S BatsEE Table 59 UERH QT
A2 AAR] 882 A 883 Aol 207] AFAFHE-S] SATETE 7 =3k H, 53] acetaldehyde®} trimethylamine
9] B 7} ZFz} 2,081, 4443 D 0.089, 0.063 mL/m’E =A] AZE QI HE&A 2 AA ] AL Addt X]Oﬂ/ﬂ sk 24 HeE
Tt FEoR Zifﬂo}—— HA GO 2N, HA Y GolA WA= ot37t A YA eIy SAER H7|EA 2] 1
S T & Ao E LA QUTH15]. Acetaldehyde®] 79 UHE AFFA oA FHA o] &L 3 OU% AYAE] YA
77, o]z 4 B¢ w°ﬂ Hau 3718 B9l AR E BEE 4 Stk E3t gUlslo|ERV =2 R EAce AR A
2%, A, AR AN, AAAE SoE dElA qlom(ie], HeA el w4 AEET BaEI QiTH17].
Trimethylamine®] 7-¢- W22 2jo e FAZFSAA, =54 9 27| F34 Sol4 Bol A=, 2005 oFF AR
Xﬂﬂ GAIFE &A1 HE7F Bttt 2242 4EA UtH18]. AmmoniatE BE AFAFEE Hlste] Bl £2 5 E
SEYOY, BF HAAASE olstE FAEE o] AFole E IFE MA A= Lokth FIRHES A HeAdA Rl ss-2
4 8S-3 Aol A AR =A HEE AL, D=2k SAEAYY] H71EE gtk G2 AN 5] =4 AE=A
o, ol ZAEAY 7|9 Tl Fo] FhE ofujicilo] ESjEHA A= AoR LA JTH19]. 7714t F butanoic acid7}
=7 A&9 SH-1, SH-2 ¥ GJ-2 A 3FH2E ZFAES Fgcte dE=°IH, f714H A8 f71419 714 =4
25f oA F= LAY, C4~C79] S FSH= short chain F714H2 HAAA =7 7] fiZ] viEs&7le: WA 2%
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Table 5. The concentration of designated odor substances at sampling sites (unit: mL/m?3)
Emission standard Sampling sites
Threshold industrial - Other | ¢\ 1 g5 3e suar S5 Ss2 S53 GS* GH1 GR2 HUD
area area
Ammonia 1.5 2 1 0.072 0.054 0.049 0.099 0372 0.019 0.028 0.038 0.019 0.027 0.017
Trimethylamine 0.000032 0.02 0.005 | 0.007 0.003 0.002 0.001 0.006 0.089 0.063 0.000 0.002 0.012 0.000
Hydrogen sulfide 0.00041 0.06 0.02 | 0.004 0.002 0.001 0.000 0.010 0.006 0.007 0.001 0.000 0.000 0.000
Methyl mercaptan 0.00007 0.004 0.002 | 0.000 0.004 0.000 0.000 0.000 0.003 0.007 0.000 0.004 0.077 0.000
Dimethyl sulfide 0.003 0.05 0.01 | 0.010 0.008 0.000 0.000 0.003 0.009 0.005 0.000 0.001 0.008 0.000
Dimethyl disulfide 0.0020 0.03 0.009 | 0.000 0.002 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.002 0.000
Acetaldehyde 0.0015 0.1 0.05 [0.174 0.133 0.016 0.020 0.038 2.081 4.443 0.007 0.101 1.095 0.005
Propion aldehyde 0.001 0.1 0.05 | 0.024 0.018 0.010 0.015 0.016 0.068 0.107 0.006 0.010 0.068 0.003
Butyl aldehyde 0.00067 0.1 0.029 | 0.015 0.009 0.003 0.002 0.013 0.030 0.008 0.001 0.003 0.013 0.000
Valeraldehyde 0.0001 0.006 0.003 | 0.006 0.003 0.001 0.002 0.008 0.006 0.003 0.001 0.001 0.004 0.000
Styrene 0.035 0.8 0.4 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.000 0.000 0.002 0.000
Toluene 0.33 30 10 0.015 0.010 0.017 0.001 0.014 0.021 0.005 0.003 0.006 0.009 0.000
Xylenes 0.041 2 1 0.009 0.005 0.010 0.001 0.007 0.017 0.005 0.003 0.000 0.004 0.000
Methyl ethyl Ketone 0.44 35 13 0.001 0.001 0.003 0.000 0.005 0.058 0.004 0.000 0.001 0.007 0.000
Methyl isobutyl ketone 0.017 3 1 0.000 0.000 0.000 0.000 0.002 0.000 0.001T 0.000 0.000 0.000 0.000
Butyl acetate 0.016 4 1 0.000 0.000 0.002 0.000 0.002 0.001 0.000 0.000 0.000 0.001 0.000
Isobutyl alcohol 0.011 4 0.9 0.009 0.005 0.007 0.002 0.005 0.057 0.013 0.001 0.002 0.090 0.000
Propanoic acid 0.0057 0.07 0.03 | 0.001 0.001 0.001 0.001 0.003 0.002 0.004 0.000 0.001 0.006 0.000
Butanoic acid 0.00019 0.002 0.001 | 0.171 0.163 0.000 0.000 0.038 0.088 0.027 0.000 0.042 0.146 0.000
Pentanoic acid 0.000037 0.002 0.001 | 0.002 0.001 0.000 0.000 0.006 0.004 0.001 0.000 0.001 0.009 0.000
Total - - - 0.523 0.421 0.124 0.147 0549 2563 4732 0.062 0.195 1.581 0.026

* the mean concentration of 24-hour measurement

Eo] Q1tH20]. EEF butanoic acid®] F% F2 AE Ay FFAZR ARREV|E of, TR B 7IE 48 AE 7=
o] Axo Fag 35t HrFER AMEE AoR A ot AFAHED 2059 v T2 HEALGARJ] SS-3 A Ho]
4732 mL/m*2 7P =9F1, $S-2(2.563 mL/m®), GJ-2(1.581 mL/m®), SS-1(0.549 mL/m’) &0 2 =9t}

AF7IH = A AFZ = HIt

A4 EH ] OCR H7He 9o HA ZF si& U 207] A tHE- 9] OAVE 4Hg51%om, 11 A¥k= Fig. 20] Yehf
Atk 117 A F HeAYAARJ] SS-3 A oA 5352.92 OAVZE 7 =3kom, 11 thZ 0 2= §5-2(4987.6), GJ-2(3363.8),
SH-1(1416.5) =22 =UTh OAVZ}F 7H &2 $S-3 A1 9] 718 FFE2 2] OAVE= acetaldehyde®] OAVZ} 2961.8% FAITHAF
1 A4, 2070 FE % 7PF &%oH, I o2 TMA(1960.5), butanoic acid(143.7), propionaldehyde(107.2) %0]itt.
Z+ o F = OTVZE g2t 54 A3t OAVZE BEEA] BlFsh= A ofy[RH10], & A Ade AYGHEE] 374
2}t FARE 23S UE i) ¥H, HUD-1 A9 39 A 9 H71& A AA(E&ZAAID)oH, RAZA WoflAl 24417t
AAZE BA A, B %9 OAVZE 1582 AN 1170 A 5 7P Rttt

OAVE o]&3to] A3 OCR B7} A1} Fig. 39] eIk SH-1, SH-2, $S-1 @ GJ-1 A HoJAL butanoic acid
OCRO] 63.6, 70.7, 28.6 & 46.9%= 7F& &UTt. $S-1 AFS A Qotils HE AEH JAZH, AFolT Alm A2Tgo
A 87159] Eafo] 2]3] butanoic acid7} HiEEE A0 = UERFTH21]. SH-3, SH-4, $5-2 2 GS-1 | H9] A9 TMAS] OCRO]
7V =40H, $5-3 P HUD-1 A|0] Al acetaldehyde®] OCRe] 7H &9ttt TMAS] % sl5=A 2 golut Uyt A @]
A OCRoO] &2 Zo= A Qri(22].

OHHEAY] FEE &3 OAVY OCRE o FFHEZ] OTVE 2Tt A4 Hl&S B7lole= 7|eo 2 Aot
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Fig. 2. The distribution of odor activity value (OAV) at sampling sites: A, Saha district; B, Sasang district; C, Gijang district; D, Gangseo
district; E, Haeundae district.
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Fig. 3. The distribution of odor contribution rate(OCR) at sampling sites.
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Fig. 4. The comparision of odor intensity(Ol) by sampling sites: A, Han’s equation; B, Nagata’s equation.
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Fig. 5. Pollution rose of designated odor substances at sampling sites.
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