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Abstract

There are continuous complaints about odors as residential area in Busan Metropolitan city is
located close to the industrial complexes. In this study, odor data from industrial complexes and
residential area were used to find out major odor compounds and to update odor map. Also,
relationship between tracing the source of odor and result of modeling was analyzed using CWT
modeling. Firstly, high concentration of toluene and xylene were detected near @ paint
manufacturing industry and (® Precision equipment manufacturing industry, while high concentration
of ammonia and methyl-mercaptan were detected near ® animal feed manufacturing industry and
(© animal feed or Processed food manufacturing industry. High concentration of acetaldehyde was
detected near @ Waste disposal business and (© wastewater treatment industry, while high
concentration of MEK and trimethylamine were detected near automobile parts manufacturing
industry. Moreover, odor contribution (OC) analysis showed that @ paint industry and (® machine
manufacturing industry, where usage of hydrocarbons (including toluene and xylene) are high,
contributed differently compared to other industries in terms of major odor compounds and OC.
Secondly, the location and influence radius of odor emission sources were traced using CWT.
Influence of the odor emission sources (food manufacturing - chemical industry) located south of
receptor was high when the concentration of odor was high (2st), while influence of Janglim Ecological
Park located east of receptor was high in other cases (1st). Lastly, odor map with visualized data (GIS
based) was created using odor analysis data to provide comprehensive data.
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Table 1. The number and ratio of odor complaints by industrial complex(2018~2022)
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. Sasang-gu Gangseo-gu Saha-gu Gijang-gun
By industry type : - : :
number | ratio(%) | number : ratio(%) number | ratio(%) | number : ratio(%)
1.painting facilities 10 6.8 11 10.3 10 4.0 30 9.4
2.ascon manufacturing 1 0.7 8 7.5 6 2.4 - -
3.food manufacturing & 1 0.7 14 13.1 43 17.3 14 4.4
seafood processing
4.steelmaking & casting 50 34.0 16 15.0 80 32.3 53 16.7
production
5.manufacture of assembly _ _ 12 11.2 _ _ 4 13
metal
6.textile manufacturing - - 13 12.1 37 14.9 4 1.3
7.plastic manufacturing - - - - - - 16 50
8.waste & sewage treatment 74 50.3 17 15.9 30 12.1 133 41.8
9.rubber manufacturing 7 4.8 - - - - 60 18.9
10.plywood manufacturing - - - - 32 12.9 - -
11.other facilities 14 9.5 16 15.0 10 4.0 4 1.3
12.total 147 100.0 107 100.0 248 100.0 318 100.0
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Table 2. Information of odor emission sources and investigation points

Sasang-gu Gangseo-gu Saha-gu Gijang-gun
Ist @ Paint ® Animal feed © Animal feed & @ Waste disposal
Processed food
(2022) manufacturing manufacturing . business
1. emission manufacturing
sources

2st ® Wastewater
(2023) Treatment

(® Precision
equipment
manufacturing

Manufacture of
automotive parts

@ Casting industry i@ Iron pipe

t ter ~ t manufacturin,
@ Wastewate D) @ Waste anufacturing D~® Waste
. .. . Treatment disposal ® Textile .
2. investigation points .. . . disposal
@ Casting industry business Processing business

® Galvanizing

@ Animal feed
manufacturing

® Wholesale of
Fishery Products
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(c) Saha-gu (d) Gijang-gun

Fig. 1. Location map of odor emission sources and investigation. points



Leaflet | © OpenStreetMap contributors © CartoDB, CartoDB attributions

(a) Rivers

Leafiet | @ OpenStreetMap contributors @ CartoDB, CartoDB attributions

(b) Sewers

Fig. 2. Location map of odor points in rivers and sewers.
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Table 3. Analytical condition of SIFT-MS
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Parameter Value
Sample plate temperature 120 °C
Flow tube temperature 120 °C
SIFT-MS Backing line vacuum 76.6 mTorr
(Selgrcted_lon Flow Upstream chamber vacuum 3.00x10™ Torr
ube-Mass
Spectrometry) Downstream chamber vacuum 5.90x10°® Torr
Source pressure 474 mTorr
Air pressure or Bottle pressure 27.1 Torr

Reagent lon Selection

Microwave plasma Quadrupole mass filter I

Analyte lonisation

Sample inlet

Analyte Quantitation

Quadrupole mass filter  Particle multiplier

Carrier gas inlet
0.3 torr 1075 torr 0.5 torr 1075 torr
H3zO+ HzO+ k +
d 4 3 Rt + A— P+ + N 1 (O
NO+ NO+* R Reagent Analyte Product Neutral [R+] k
OQ+ 02+ lon lons Products ; .
nstrumen
calibration =
factor
Fig. 3. Schematic representation of the SIFT-MS technique(Syft Tech., 2017).
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Table 4. Threshold of odor substances
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Substances Value(ppm) Substances Value(ppm)

Ammonia 0.1 i-Butanol 0.01
Methyl mercaptane 0.0001 Methyl isobutyl ketone 0.2
Hydrogen sulfide 0.0005 Toluene 0.9
Dimethyl sulfide 0.0001 Stylene 0.03
Dimethyl disulfide 0.0003 m-Xylene 0.041
Trimethylamine 0.0001 Propionic acid 0.002

Acetaldehyde 0.002 n-Butyric acid 0.00007

Propionaldehyde 0.002 i-Valeric acid 0.00005
n-Butyraldehyde 0.0003 Methyl ethyl ketone 0.44
i-Valeraldehyde 0.0002 i-Butyl acetate 0.0080

3¥0dor management manual, 2012, Ministry of Environment
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Fig. 4. CALMET modeling system.
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Table 5. Domain information for CALMET modeling
Items Contents
Grid origin UTMX(km) 494.271
(Reference Point) UTMY(km) 3879.993
Grid spacing(AX) (km) 0.1
C Nx (No. of x grid Cells) 40
Pomain Size Ny (No. of y grid Cells) 40
Projection Universal Transverse Mercator(UTM)
UTM zone 52(Northern)
No. of Vertical layers 8
Cell face heights(m) 0, 20, 50, 100, 200, 300, 500, 1000, 3000
Bias -1, -1, -08,0,05, 1,1, 1
Time zone UTC+0900
10 : ZHTY
mTEEAE
CmgeERa
[0 S
[RUER L
W FERT
%
w30 HSANMA
rwwse
SN
[ i
T
[ i |
410 1 NEAn

(a) Satellite map in the domain.
Fig. 5. CALMET modeling domain(4 km X 4 km).

Table 6. Surface

(b)

meteorological observation site

Landuse type in the domai

n.

Station . Elevation
Name Number(ID) UTM-X(km) UTM-Y(km) Time zone Ht. (m)
Busan 159 502.916 3884.643 70.0
Site_A - 496.231 3882.026 e 100
Period Ist : 2023-09-08 14:40 ~ 2023-09-09 13:50,
2st © 2023-10-11 12:05 ~ 2023-10-12 12:50 (Site_A: 5min 7H2 TEx}2)
Table 7. Upper-air meteorological observation site
Station . Elevation
Name Number{ID) UTM-X(km) UTM-Y(km) Time zone Ht. (m)
Changwon 47155 461.107 3892.001 UTC+0900 -
Period 1st : 2023-09-08 14:40 ~ 2023-09-09 13:50,

2st @ 2023-10-11 12:05 ~ 2023-10-12 12:50 (00z, 12z TFHALR)
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Table 8. Characteristics of data analysis tools

Parameter Spreadsheet(Excel) relational form DB R/Python Cloud
Processmg -Memory Capacity -Disk Space Limit —Memow Capacity -Almost Unlimited
capacity Limit
Data type -Table -Table -tables/vectors/matrix -Almost Unlimited
Statistics and —leltgd statistics/ -Not supported —Support for m(?st —Support for m(?st
. . learning model statistics/learning statistics/learning
machine learning
support models models

Data Visualization

-limited support

-Not supported

-Support for a variety
of visualizations

-Most not supported

Analysis of odor concentration

Reverse tracing modeling

Actualization of odor maps

¥" Data of major odor emission sources and odor survey data
by district and county
¥" Visualization of odor source and survey results(by GIS)

v Reverse tracing is performed using odor survey data
v" Analysis of odor contribution by Industrial complex using
reverse tracing results

v" The results of odor investigation and reverse tracing
analysis are organized by banner
v A comprehensive odor management plan is established by
implementing odor maps

@ Rapid response to odor complaints by utilizing odor maps and prediction
results of odor substances

@ Based on odor map analysis and reverse tracing modeling evaluation,
suggestion of odor reduction direction to the department in charge

Fig. 6. Major procedures and composition measures for odor map preparation.
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Table 9. Characteristics of odor by major substances

Compounds Characteristic of odor

Major substance

- The smell of rotting
-Sulfur Compounds onions & cabbage

methyl mercaptan, methyl sulfide, methyl disulfide, etc.

- Rotten egg smell

hydrogen sulfide, etc.

‘Nitrogen - Manure smell

ammonia, ethylamine, etc.

Compounds - Smell of rotting fish

methylamine, trimethylamine, etc.

Acetaldehyde, propionaldehyde,

Irritating, sour and

-Aldehydes burning smell n-butyraldehyde, i-butyraldehyde,
n-valeraldehyde, i-valeraldehyde
- Pungent tinner smell ethyl acetate, methyl isobutyl ketone
‘Hydrocarbons -
- Gasoline smell toluene, styrene, xylene
- Pungent sour smell propionic acid
Fatty acid - Smell of sweat n-butyric acid

The smell of wet
shoes

n-valeric acid, i-valeric acid

‘Halogen element - Pungent smell

chlorine, fluoride, etc
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Table 10. Major odor concentration by emission source(analyzed by SIFT-MS)

Animal feed & :
@ Paint manufacturing ® Animal feed manufacturing %rocessed f(_)od ® Wtf:its?n glsssposal
Compounds ﬂl&f;;ﬂd (%, Sasang-gu) % Enszot H(I(;]n usf:}?alfgun)g (%, Gijang-gun)
Reaction ;| Coloring | Mixing :Catchmen: Aeration | Drying : Steaming : Sorting | Steaming | Dewate- | Crushing

process i process i process | t tank Tank | facility ;| facliy @ facility | fadlity | ingfadlity | fadlity

xylenes 0.041 0.310 3.612 0.372 0.020 0.019 0.012 0.008 0.009 0.004 0.001 0.005
styrene 0.030 0.013 0.022 0.009 0.001 0.001 0.001 0.001 0.001 0.000 0.001 0.001
toluene 0.900 0.247 1.140 0.322 0.011 0.017 0.017 0.010 0.015 0.015 0.002 0.003
methylethylketone 0.440 1.901 1.460 0.209 0.042 0.078 0.066 0.048 0.002 0.001 0.007 0.033
methylisobutylketone 0.200 0.078 0.206 0.028 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
isobutylalcohol 0.010 0.052 0.140 0.032 0.119 0.038 0.010 0.010 0.002 0.001 0.005 0.044
hydrogensulfide 0.0005 0.011 0.008 0.004 0.039 0.022 0.007 0.029 0.024 0.014 0.007 0.018
methylmercaptan 0.0001 0.001 0.001 0.001 0.022 0.016 0.058 0.054 0.003 0.003 0.006 0.019
dimethylsulfide 0.0001 0.009 0.010 0.003 0.002 0.001 0.003 0.004 0.002 0.001 0.003 0.011
dimethyldisulfide 0.0003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.001
trimethylamine 0.0001 0.020 0.037 0.008 0.070 0.025 0.008 0.009 0.006 0.004 0.011 0.009
butanoicacid 0.00007 0.039 0.065 0.012 0.002 0.003 0.003 0.004 0.001 0.001 0.009 0.017
butylacetate 0.008 0.015 0.066 0.008 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
ammonia 0.100 0.139 0.093 0.076 0.693 0.616 0.093 0.132 0.153 0.107 0.018 0.011
acetaldehyde 0.002 0.040 0.038 0.025 0.051 0.036 0.049 0.074 0.079 0.033 0.180 0.197
valeraldehyde 0.0002 0.011 0.019 0.018 0.011 0.009 0.024 0.024 0.008 0.005 0.001 0.001
propionaldehyde 0.002 0.022 0.036 0.021 0.007 0.009 0.018 0.027 0.039 0.024 0.030 0.011
valericacid 0.00005 0.009 0.039 0.006 0.002 0.000 0.001 0.001 0.001 0.001 0.003 0.004
propanoicacid 0.002 0.029 0.056 0.007 0.004 0.005 0.008 0.007 0.002 0.002 0.002 0.005
butyraldehyde 0.0003 0.019 0.023 0.020 0.010 0.006 0.013 0.015 0.006 0.007 0.006 0.006

Table 10. Major odor concentration by emission source(analyzed by SIFT-MS)(Continued)

© Wastewater Treatment (® Precision equipment manufacturing Manufacture of automotive parts
(ppm, Sasang-gu) (ppm, Saha-gu) (ppm, Gijang-gun)
Compounds Thirediz] . . . - . Painting/ -

(ppm) | Evaporation | Aeration Drying Painting Drying Heat drying Injection | External

facility Tank facility process facility treatment facility inside injection
xylenes 0.041 0.025 0.013 0.000 1.042 1.255 0.004 0.039 0.011 0.006
styrene 0.030 0.001 0.000 0.000 0.002 0.002 0.000 0.003 0.000 0.000
toluene 0.900 0.029 0.013 0.000 2.082 2.933 0.003 0.316 0.024 0.009
methylethylketone 0.440 0.008 0.002 0.000 0.450 0.456 0.001 0.065 0.008 0.001
methylisobutylketone 0.200 0.000 0.001 0.000 0.023 0.018 0.001 0.373 0.012 0.000
isobutylalcohol 0.010 0.004 0.002 0.001 0.072 0.082 0.001 0.028 0.003 0.002
hydrogensulfide 0.0005 0.003 0.000 0.000 0.007 0.016 0.003 0.000 0.000 0.000
methylmercaptan 0.0001 0.005 0.001 0.000 0.000 0.001 0.000 0.000 0.001 0.000
dimethylsulfide 0.0001 0.007 0.002 0.000 0.010 0.013 0.000 0.004 0.000 0.000
dimethyldisulfide 0.0003 0.000 0.000 0.000 0.006 0.008 0.000 0.001 0.000 0.000
trimethylamine 0.0001 0.007 0.003 0.001 0.014 0.023 0.001 2917 0.063 0.001
butanoicacid 0.00007 0.017 0.005 0.001 0.017 0.023 0.002 0.175 0.012 0.003
butylacetate 0.008 0.002 0.001 0.001 0.292 0.379 0.000 0.168 0.026 0.000
ammonia 0.100 0.021 0.000 0.000 0.000 0.000 0.000 0.029 0.040 0.040
acetaldehyde 0.002 0.182 0.042 0.010 0.045 0.063 0.011 0.079 0.000 0.000
valeraldehyde 0.0002 0.003 0.003 0.000 0.004 0.006 0.002 0.011 0.000 0.002
propionaldehyde 0.002 0.056 0.015 0.005 0.106 0.123 0.005 0.038 0.032 0.007
valericacid 0.00005 0.008 0.003 0.000 0.019 0.025 0.001 0.034 0.003 0.001
propanoicacid 0.002 0.005 0.002 0.000 0.028 0.025 0.001 0.004 0.001 0.000
butyraldehyde 0.0003 0.012 0.004 0.001 0.030 0.046 0.002 0.007 0.005 0.003
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Table 11. Contribution of odor compounds to emission sources(analyzed by SIFT-MS)

Animal feed & .
® Paint manufacturing ® Animal feed manufacturing @l)Drocessed food © Woste disposal
(%, Sasang-gu) (%, Gangseo-gu) manufacturing bg;mess
Compounds (%, Saha-gu) (%, Gijang-gun)
Reaction : Coloring | Mixing : Catchment: Aeration | Drying @ Steaming : Sorting | Steaming | Dewate~ : Crushing
Process : process : process tank Tank facility facility facility facility ing facility : fadility

xylenes 0.6 35 15 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.0
styrene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
toluene 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
methylethylketone 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
methylisobutylketone 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
isobutylalcohol 0.4 0.5 0.5 1.0 0.6 0.1 0.1 0.1 0.1 0.1 0.5
hydrogensulfide 1.7 0.6 1.4 6.5 7.3 14 5.6 15.0 12.2 2.5 41
methylmercaptan 1.1 0.5 1.0 18.1 259 60.7 52.2 10.3 12.7 10.5 218
dimethylsulfide 7.4 37 53 1.9 2.0 32 472 5.6 6.0 6.2 11.9
dimethyldisulfide 0.0 0.1 0.1 0.0 0.0 0.1 0.1 0.9 1.0 0.4 0.3
trimethylamine 16.4 14.5 12.7 57.6 40.6 8.0 9.1 19.2 18.1 21.1 10.3
butanoicacid 44.3 36.3 27.6 2.1 7.2 4.0 48 2.6 6.8 24.0 21.3
butylacetate 0.1 0.3 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ammonia 0.1 0.0 0.1 0.6 1.0 0.1 0.1 0.5 0.5 0.0 0.0
acetaldehyde 1.6 0.7 2.0 2.1 3.0 2.6 3.6 12.3 73 16.8 1.1
valeraldehyde 4.4 3.6 14.8 43 7.7 12.6 11.7 11.8 10.6 1.0 0.6
propionaldehyde 0.9 0.7 1.7 0.3 0.7 1.0 13 6.2 52 2.8 0.6
valericacid 143 30.4 19.8 2.6 0.0 1.3 2.2 9.1 8.4 10.9 8.8
propanoicacid 1.1 1.1 0.6 0.2 0.4 0.4 0.3 0.3 0.5 0.2 0.3
butyraldehyde 5.0 3.0 10.5 2.6 32 45 48 6.2 10.4 35 2.3
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Table 11. Contribution of odor compounds to emission sources(analyzed by SIFT-MS)(Continued)
© Wastewater Treatment (® Precision equipment manufacturing Manufacture“of automotive parts
Compounds (%, Sasang-gu) (%, Saha-gu) (%, Gijang-gun)
Evaporation ;| Aeration Drying Painting Drying Heat Painting/dryin |  Injection External
facility Tank facility process facility treatment g facility inside injection
xylenes 0.1 0.1 0.0 2.2 1.9 0.1 0.0 0.0 0.1
styrene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
toluene 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.0
methylethylketone 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0
methylisobutylketone 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
isobutylalcohol 0.1 0.1 0.3 0.6 0.5 0.1 0.0 0.0 0.2
hydrogensulfide 0.9 0.0 0.0 1.2 1.9 51 0.0 0.0 0.0
methylmercaptan 6.9 6.3 0.0 0.3 0.6 0.0 0.0 0.9 1.1
dimethylsulfide 9.0 70 2.3 8.1 117 33 0.1 0.0 0.0
dimethyldisulfide 0.0 0.4 13 1.8 1.6 0.9 0.0 0.1 0.0
trimethylamine 8.7 13.0 214 11.9 14.0 6.4 89.6 68.9 8.4
butanoicacid 313 218 22.9 20.1 20.0 315 1.1 18.7 40.3
butylacetate 0.0 0.0 0.2 31 2.9 0.0 0.1 0.4 0.0
ammonia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
acetaldehyde 11.5 8.8 12.2 1.9 1.9 53 0.1 0.0 0.0
valeraldehyde 1.9 5.7 6.0 1.5 1.9 11.6 0.2 0.0 11.5
propionaldehyde 35 31 6.2 45 38 2.5 0.1 1.8 32
valericacid 20.7 214 16.2 32.7 30.9 26.2 2.1 7.2 26.6
propanoicacid 0.3 0.4 0.5 1.2 0.8 0.3 0.0 0.0 0.0
butyraldehyde 5.2 59 10.5 85 9.4 6.7 0.1 2.0 8.3
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Fig. 9. CPF plots of odor substances(Saha-gu).
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Fig. 12. Odor map by industrial complexes using Python.
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Fig. 13. Odor map for major industrial complexes in Busan.
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Odor(8i%) Hydrogen sulfide(ppm) : Methyl mercaptan (ppm): Trimethylamine(ppm)

Ist 2st 3st Ist 2st st Ist 2st 3st Ist 2st 3st

1. Choryang-cheon 3 3 10 1 0.002 : 0.001 i 0.009 | 0.0000 A 0.0005 0.0011 : 0.0007 : 0.0011 : 0.0008

R 2. Dong-cheon(l) 3 14 10 0.003 : 0.000 : 0.014 = 0.0000 : 0.0005 : 0.0010 : 0.0009 : 0.0008 : 0.0005

3. Oncheon-cheon(1) 3 3 40001 : 0.002 | 0.002 : 0.0003: 0.0007 : 0.0008 : 0.0003 = 0.0008 : 0.0006

! 4. Bujeon-cheon 66 6 13 0027 : 0.000 : 0.017 = 0.0020 : 0.0000 : 0.0017 : 0.0023 : 0.0008 : 0.0014

Vi 5. Dong-cheon(2) 20 6 10 0009 : 0001 : 0.014  0.0004 : 0.0006 : 0.0010 ; 0.0013 - 0.0002 : 0.0017

e | 6. Oncheon-cheon(2) 4 3 3 0.000 : 0.000 : 0.002 : 0.0006  0.0000 : 0.0003 i 0.0000 : 0.0014 : 0.0012

r 7. Oncheon-cheon(3) 4 9 3 0.000 © 0.006 : 0.002 : 0.0011 = 0.0000 : 0.0002 : 0.0006 : 0.0009 : 0.0010

8. Suyeong-gang 3 6 9 0.001 : 0.000 : 0.004 : 0.0003 : 0.0000 : 0.0008 : 0.0000 - 0.0000 : 0.0002

S 9. Seobu-cheon 10 10 9 0.002 © 0.000 | 0.014 : 0.0002 : 0.0003 : 0.0012 - 0.0000 = 0.0004 : 0.0014

10. ligwang-cheon 4 4 6 0.001 | 0.001 i 0.002 : 0.0001 = 0.0000 : 0.0002 : 0.0000 : 0.0003 : 0.0012

1. Seo-gu(1) 208 ¢ 300 30 0084 0.110 = 0.016  0.0041 : 0.0033 : 0.0017 : 0.0004  0.0013 : 0.0021

2. Busanjin-gu 10 6 10 0.008 : 0.000 : 0.017 = 0.0002 : 0.0000 : 0.0010 : 0.0016 : 0.0002 : 0.0011

3. Dong-gu 66 30 20 1 0.020 © 0.004 | 0.010 | 0.0011 : 0.0005 : 0.0012 : 0.0014 : 0.0003 : 0.0011

4. Yeongdo-gu(1) 1,000 = 100 30 0168 : 0.034  0.048 : 0.0029 : 0.0010 : 0.0010 : 0.0000 = 0.0005 : 0.0011

5. Yeongdo-gu(2) 44 4 10 0.002 : 0.000 : 0.007  0.0001 : 0.0002 : 0.0010 : 0.0000 : 0.0002 i 0.0022

6. Yeonje-gu(1) 144 669 14 0022 : 0194 : 0.003  0.0050 : 0.0066 : 0.0012 : 0.0009 : 0.0023 i 0.0008

g I Yeonje-gu(2) 300 100 14 1 0.150 . 0.030 | 0.005 : 0.0064 = 0.0026 = 0.0006 : 0.0009 : 0.0012 : 0.0006

8. Geurnjeong-gu 10 4 20 0.001 : 0.000 = 0.005 : 0.0008 : 0.0000 : 0.0012 ; 0.0003 : 0.0001 : 0.0009

€ 9. Suyeong-gu(l) 10 6 4 10001 : 0000 : 0.003 :0.0006 : 0.0000  0.0005 : 0.0002 : 0.0001 : 0.0008

W 10. Gijang-gun 30 14 144 0.008 : 0.000 = 0.010  0.0004 : 0.0000 : 0.0010 : 0.0000 . 0.0001 : 0.0020

e  11. Haeundae-gu(l) 448 1,000 ¢ 669 | 0.107 : 0.278 : 0.154 : 0.0012 : 0.0023 : 0.0071 = 0.0000 = 0.0016 : 0.0023

r 12. Seo-gu(2) 1,442 144 © 100 0376 = 0.110 : 0.018 | 0.0171 : 0.0007 : 0.0035 = 0.0000 : 0.0005 : 0.0024

13. Buk-gu 1,000 = 144 66 0266 : 0.095  0.005 @ 0.0140 | 0.0025 : 0.0003 : 0.0027 = 0.0012 : 0.0006

S 14 Saha-gu(l) 10,000 . 66 144 0226 = 0.013  0.010 : 1.6369  0.0019 = 0.0051 : 0.0062 : 0.0017 : 0.0033

15. Saha-gu(2) 100 100 100 ¢ 0.035 : 0.072 : 0.023 : 0.0027 : 0.0016 : 0.0056 : 0.0000 : 0.0005 : 0.0007

16. Seo-gu(3) 669 6 10 0306 : 0.003 : 0.005 0.0053 : 0.0005 : 0.0012 : 0.0000 : 0.0004 ; 0.0019

17. Yeongdo-gu(3) 10,000 4,481 @ 669 | 3.029 = 8682 0.663 : 0.0835: 0.0627 : 0.0359 : 0.0002 = 0.0028 : 0.0021

18. Saha-gu(3) 66 3 6 0.003 © 0.009 : 0.004 : 0.0010 : 0.0007 : 0.0009 - 0.0000 = 0.0034 : 0.0013

19. Suyeong-gu(2) 2,080 | 10,000 : 4481 | 2.254 © 7.361 i 1.321 : 0.0367 . 0.1409 - 0.0344 : 0.0006 : 0.0046 : 0.0012

20. Haeundae-gu(2) 208 ¢ 300 ¢ 448 © 0.035 1 0.020 i 0.159 i 0.0006  0.0011 : 0.0095 : 0.0000 : 0.0010 : 0.0008
Emission standards (Other areas) 15 0.02 0.002 0.005
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