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Abstract

Because of various waste treatment facilities in the urban industrial complex and neighboring regions, the civil

complaints on malodor are steadily increasing. The purpose of this study is to investigate the cause of odor in the urban

Industrial Complex and the surrounding area. The 22 designated odor compounds were measured at the outlets of three

major emission sources, four boundary sites of plant areas and four affected areas. In the result of the odor measurement, it

was confirmed that the odorous substances emitted from the outlet affect the surrounding area according to the weather

conditions. Of the 22 designated odor compounds, 19 compounds were detected in the study area and propionic and n-butyl

acids exceeded the emission standard at the boundary sites of industrial area. From the odor contribution analysis using odor

activity value, volatile fatty acids showed the highest contribution rate at the outlets of three major emission sources, two

boundary sites of plant area and one affected area in north of the major emission sources, and Aldehydes had a relatively

high contribution rate at other sites.
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Fig. 1. Geographical map of the investigation area in Busan, Korea. The red dotted lines are the locations of the main emis-
sion sources. E1 to E3 are the locations of the outlets, S1 to S4 are the plant sites and R1 to R4 are the affected area.
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Fig. 2. The sampling process for outlets of main emission sources (a) and the plant sites (51 to S4) and the affected area (R1 to

R4) (b).
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Table 1. A summary of sampling and analytical methods.

B FSROIN LA AFBTE 7(0iS B4 363

Compound

Sampling

Analytical instrument

Nitrogenous Ammonia (NH;)

Solution absorption

UV/vis spectrophotometer (cary60, Agilent)

compounds Trimethylamine (TMA) Acid filter GC/NPD, Headspace (7890A, Agilent)
Methyl mercaptane (MESH)
Sulfur Hydrogen sulfide (H,S) .
compounds Dimethyl sulfide (DMS) Airbag sampler GC/FPD, Thermal desorber (456-GC, Bruker)
Dimethyl disulfide (DMDS)
Acetaldehyde (a-Ald)
Propionaldehyde (p-Ald)
Aldehyde . . .
Butyraldehyde (b-Ald) DNPH cartridge HPLC (1100series, Agilent)
compounds X i
i-valeraldehyde (i-v-Ald)
n-valeraldehyde (n-v-Ald)
Styrene
Toluene
(m, p, 0)Xylene
VOCs Methyl ethyl ketone (MEK) Tenax tube absorption GC/MS, Thermal desorber (5972i, Agilent)

Methyl isobutyl ketone (MIBK)
Butyl acetate (b-Acetate)
i-butyl alcohol (i-b-Alcohol)

Propionic acid (Pro-pionic)
Volatile fatty n-butyric acid (n-Butyric)
acids i-valeric acid (i-Valeric)
n-valeric acid (n-Valeric)

Solution absorption

GC/FID, Headspace (clarus 680, Perkinelmer)

sto] E/= DNPHZIE %] (LpDNPH S10, Supelco,
USA)E ©]-85t] 527 1 L/min®] £ 2 519 A
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Table 2. QA/QC parameters of each odorant considered in this study.

Compound MDL (ppb) Precision (RSD in %) Linearity (R?)

Nitrogenous Ammonia (NH3) 23 0.2 0.9999

compounds Trimethylamine (TMA) 0.23 3.3 (area), 0.4 (RT) 1.0000

Methyl mercaptane (MESH) 0.04 1.3 (area), 0.1 (RT) 1.0000

Sulfur Hydrogen sulfide (H,S) 0.03 2.0 (area), 0.0 (RT) 1.0000

compounds Dimethyl sulfide (DMS) 0.05 2.3 (area), 0.1 (RT) 1.0000

Dimethyl disulfide (DMDS) 0.06 1.0 (area), 0.0 (RT) 1.0000

Acetaldehyde (a-Ald) 0.1 0.2 (area), 0.0 (RT) 1.0000

Propionaldehyde (p-Ald) 0.18 0.2 (area), 0.0 (RT) 1.0000

Aldehyde Butyraldehyde (b-Ald) 0.17 0.1 (area), 0.0 (RT) 1.0000
compounds . X

i-valeraldehyde (i-v-Ald) 0.21 0.4 (area), 0.0 (RT) 0.9998

n-valeraldehyde (n-v-Ald) 0.51 0.1 (area), 0.0 (RT) 0.9998

Styrene 0.92 2.9 (area), 0.1 (RT) 0.9940

Toluene 1.1 1.9 (area), 0.1 (RT) 0.9870

(m, p, 0)Xylene 0.66 3.7 (area), 0.0 (RT) 1.0000

VOCs Methyl ethyl ketone (MEK) 0.75 2.4 (area), 0.1 (RT) 0.9980

Methyl isobutyl ketone (MIBK) 0.73 4.3 (area), 0.1 (RT) 1.0000

Butyl acetate (b-Acetate) 0.63 5.9 (area), 0.0 (RT) 0.9999

i-butyl alcohol (i-b-Alcohol) 113 5.0 (area), 0.1 (RT) 1.0000

. Propionic acid (Pro-pionic) 1.14 0.3 (area), 0.1 (RT) 0.9999

V?‘_:::'Ie n-butyric acid (n-Butyric) 1.86 0.6 (area), 0.0 (RT) 0.9989

acid); i-valeric acid (i-Valeric) 0.77 0.2 (area), 0.1 (RT) 0.9998

n-valeric acid (n-Valeric) 1.31 0.2 (area), 0.0 (RT) 1.0000

oI F L] BIHE fldiMe 7 ofFEEEE A
A ALt WA A o] s ofof g} (Leonardos et
al., 1969). & Z/dEk2 (Odor Activity Value, OAV)
N FHEHe] 7= A AAEEE ]85t
7N ot EESe] AA| Y Aol m|A]= 7]
AL E Hrkohs WHolH d o F=4Y T E

Zhzte] o2 o] A Hd FASER Wi 2

oFHE29] 7] X = (0Odor Contribution,
0C)= & o/ dztell gt WE=4 9 o2
Zrol vl&2 B7PF |k (Kim et al, 2016). & AT
oM ZF AHER Z5 22F0] AZAHEL 5
L3k ol gato] A= Alteta HEH o=
NEEHL] 7| E B7Fskqlt

Odor Activity Value (OAV)

_ Odor concentration (ppm )
OTV(ppm)

(1)

Sumo f Odor Activity Value (SOVA)= > 0AV (2)

ution(0C) = OAV
Odor Contribution(OC) = SOVA <100 (3)
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Table 3. Meteorological conditions at each sampling date.
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Temperature . . - . T, *Daily mean
Date °0) Wind dir. Wind speed (m/s) Relative humidity (%) Pressure (hPa) cloud (1/10)
16 Mar. 7.3 N 0.2 48.5 1,025 6.4
10 Jul. 295 NW 1.1 68.4 1,015 7.8
18 Sep. 27.8 SE 1.6 68.0 1,013 4.3
14 Nov. 16.5 NE 1.0 51.3 1,021 1.1

*Busan regional meteorological observatory (Korea Meteorological Administration, 2018)
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Table 4. An overall summary of odorant concentrations measured at sampling sites in this study.

(unit: ppm)

Nitrogenous

Sulfur compounds Aldehyde compounds VOCs Volatile fatty acids
Emission compounds P 4 P 4
standard NH;  TMA  MESH  H,S DMS  DMDS  a-Ald -Ald  b-Ald  iv-Ald 7" Styrene Toluene M- - O MEK  MIBK b- Pro- n
3 2 P Ald 4 Xylene  Xylene Xylene Acetate  pionic  Butyric
Industrialarea 2 002 0004 006 0.5 003 o1 0.1 0.1 0006 002 08 30 2 35 3 4 007 0002
Other area 1 0005 0002 002 001 0009 005 005 0029 0003 0009 04 10 1 13 1 1 003 0001
Thresholdvalue 0.1 ~ 00001 00001 00005 00001 00003 0002 0002 00003 00002 00007 003 09 0041 0058 038 044 02 0008 0002 000007
n 4 1 3 1 1 4 4 3 4 4 2 1 2 2 2 1 4
16Mar. 0.1 0.0036 0717 0026 00617 00431 0022 0.16106
0. 27 1657 0232 01325 01078 00052 001 02 0004  0.004 0.08268
Bl 18Sep. 7.8 00018 17 0112 04778 04724  0.0051 0.008 0.40308
14Nov. 32 00006 0001 00736 00036 00016 0676 0041 00217 0018 001 0002 0.002 0001 008 02174
mean 345 002633 11875 01028 022400 0.16125 001258 0010 00030  0.0030 0.0045 0.216055
D 320 000060 00010 54094 000360 000160 45e75  0goso 022263 021063 000873 0000 %20 00014 00014 00049 00800 536374
n 4 4 4 3 1 1 1 2 2 1 4
16Mar. 0.1 0043 0036 00023 171498
oMl 05 0048 0033 001 01 0002 0002 0.14048
E2  18Sep. 25 0361 0022 00095 00074 061699
14Nov. 04 00011 0001 0022 00055 0002  0.002 0.001 0.3685
mean 088 01133 00283 000577 00020  0.0020 0710238
sD 110 000110 01665 00073 000361 000740 0010 010 5000  0.0000 0.0010 0697522
n 3 2 3 3 3 3 3 1 2 1 2 2 1 1 1 1
16Mar. 0.1 00053 00005 00006 0113  0.002
10 Jul.
E3  18Sep. 2 00013 00012 00007 00017 0248 0006  0.0065 021 01 0006 0006 001 006 101802
14Nov. 13 00012 0089 00047 00035 0176 0003 0,01 0002 0.002 0.001
mean 113 000125 003183 000197 000193 01790  0.0037 0.110 00040  0.0040
D 096 000007 004955 000237 000146 00675 00021 0006 0141 %19 o028 00028 0010 0060 0.0010 1018020
n 3 3 4 4 1 1 1 1 1
16 Mar. 0.0004 0004  0.009
10dul. 01 0015 0001 003 01 0002 0002
ST 18Sep. 0. 0.001 0007 002
14Nov. 0.1 0.0004 001 0.004 0.113
mean  0.10 0.00060 00090  0.0085
D 0.00 0.00035 00047  0.0083 0030 010 00020 00020 0.1130
n 2 3 1 4 4 1 1 1 1
16 Mar. 00007  0.0004 0004 0011
10Jul. 0013 0.003 01 0001  0.001
S2 18Sep. 0.1 0.0008 0005  0.002
14Nov. 0.1 0.0005 001 0.004 0.121
mean  0.10 0.00067 00080  0.0050
S P e 000040 Pyt os 010 00010 0.0010 0.1210
n 3 3 4 4 1 1 1 1
16 Mar. 0.0004 0002 0001
100l 01 0016 0001 00028 01 0002 0002
S3 18Sep. 0.2 0.0007 0.007 0.002
14Nov. 0.1 0.0006 0005  0.003
mean 0.3 0.00057 00075 00018
D 006 0.00015 00060 00010 00280 010 00020 00020
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Table 4. Contiuned.

(unit: ppm)

Nitrogenous

Sulfur compounds Aldehyde compounds VOCs Volatile fatty acids
Emission compounds
standard
~ ~ ~ . n-v- m- p- o- Pro- n-
NH3 TMA MESH H,S DMS DMDS a-Ald p-Ald b-Ald  i-v-Ald Ald Styrene Toluene Xylene Xylene Xylene MEK MIBK Acetate  pionic  Butyric
Industrial area 2 0.02 0.004  0.06 0.05 0.03 0.1 0.1 0.1 0.006 0.02 0.8 30 2 35 3 4 0.07 0.002
Other area 1 0.005 0.002  0.02 0.01 0.009 0.05 0.05 0.029 0.003 0.009 0.4 10 1 13 1 1 0.03 0.001
Threshold value 0.1 0.0007  0.0001 0.0005 0.0001 0.0003  0.002 0.002 0.0003 0.0002 0.0007 0.03 0.9 0.041 0.058 0.38 0.44 0.2 0.008 0.002 0.00007
n 2 1 3 1 4 4 1 1 1
16 Mar. 0.0009  0.0004 0.002 0.001
10 Jul. 0.012 0.002 0.1 0.001 0.001
S4  18Sep. 02 0.0009 0.006 0.002
14Nov. 01  0.0001 0.0005 0.009 0.004
mean 0.15 0.00077 0.0073 0.0023
) 0.07 0.00010 000023 0.00040 0.0043 00013 0.10 0.0070  0.0010
n 4 3 4 3 1 1 1 1 1
16 Mar. 0.0006 0.003
10 Jul. 0.1 0.013 0.002 0.0026 0.1 0.001 0.001
R1 18Sep. 04 0.0007 0.007 0013
14Nov. 0.1 0.0005 0.015 0.002 0.099
mean 0.20 0.00060 0.0095 0.0057
sD 017 0.00010 0.0055 0.0064 0.00260 0.10 0.0010 0.0010 0.0990
n 3 1 3 4 4 1 1
16 Mar. 0.0004 0.004 0.001
10 Jul. 0.1 0.001 0.014 0.002 0.0024
R2 18Sep. 0.1 0.0007 0.008 0.014 0.04
14 Nov. 0.1 0.0005 0.002 0.002
mean 0.10 0.00053 0.0070 0.0048
sD 0.00 0.0010 4 00015 00053 00062 000240 0.040
n 3 3 4 2 1 1 2 2 1
16 Mar. 0.0004 0.002
10 Jul. 0.1 0.0005 0.015 0.003 0.003 0.1 0.002 0.002
R3 18Sep. 0.1 0.009 0.014
14 Nov. 0.1 0.0008 0.002 0.001 0.001 0.001
mean 0.10 0.00057 0.0070 0.0085 0.0015 0.0015
SD 0.00 0.00021 0.0062 0.0078 0.0030 010 0.0007  0.0007 0.0010
n 4 2 1 4 3 1 1 1 1
16 Mar. 0.002 0.0268
10 Jul. 0.1 0.012 0.002 0.1 0.001 0.001
R4 18Sep. 0.1 0.001 0.007 0.002
14 Nov. 0.1 0.0004  0.0004 0.006 0.002
mean 0.10 0.00070 0.0068 0.0020
sD 0.00 000042 0.00040 0.0041 0.0000 0.10 0.0010 0.0010 0.026800
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Fig. 3. Distributions of odor contribution by the locations and the odorants according to the date.
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Fig. 7. Spatial distributions of sum of odor intensity (SOI) in investigation area.
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