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Abstract The recent increase in the number of measurement points has caused changes to appear in the high-
concentration ozone (Os) measurement points in the Gwangyang Bay area. Thus, it is necessary to plan emission characteristics
and management measures through clustering rather than managing existing points. In the present study, cluster analysis was
used to cluster measuring stations with high similarities in the daily average and daily maximum Os concentration using the
NbCluster Package of R-program. The cluster analysis divided the daily average O; concentration into three groups (average A, B,
and C clusters), and the daily maximum O3 concentration into two groups (max A, B clusters). NOx and O; concentrations were
compared for each cluster. The average concentration of O; was high for average C cluster and max B cluster, and the average
concentration of NOx was high for average C cluster and max A cluster. Average C cluster represents urban areas with high-rise
building and heavy traffic, which have higher O3 and NOx concentrations than in other clusters. Comparing the VOCs/NOx in
Gwangyang Bay area gave the following results: VOCs/NOx in average C cluster was 9.84, similar to the highest 8 ratio in O3
generation, and VOCs/NOx in average B cluster was 3.68, indicating a VOCs-limited environmental condition. To reduce O3 by
cluster, a method of controlling VOCs, which act as a common precursor for higher O; concentrations, is effective, and to this
end, measures must be taken to reduce VOC emissions in Yeosu Industrial Complex. Further, it is necessary to simultaneously
measure O3 precursors and Oz concentrations by installing a photochemical measuring station to establish countermeasures
against higher O; concentrations at the points of Sindae and Yeonhyang-dong in Suncheon.
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Fig. 1. Ozone warning of Jeonnam in last five years. Gwang-
yang Bay: three cities in Jeonnam, Others: nineteen cities and
counties in Jeonnam.

J. Korean Soc. Atmos. Environ., Vol. 38, No. 2, April 2022, pp. 188-202



190 B3

oy

312, Wi, 012, H3I%, YB, HRHR, WS, WS, US4

d

M F 1770 AN EH 4] 0F, ISR #HE 9l IS W] ¢F AE 24 YlAskal 9o,
2tz ot 274 *ﬁié@i«l ARG FI1SER A AR AHSHEA AHSZRE 16 mZ 7P
FEOIESIATHE 1, O 2). 3AHAE F9 AH &2 A UL HlE, AHE, SF2E 5~6mE
e 93] glo] 2|7 @ &S =5k 9l
" . P& #2597 (2016'9~20209) 0] @& 7
el HA) 7174 154~109 159) 5 S8 A= F
_ wangyan ]
Su;lc;mon i VB¢ ® - ,/" > %%Q%ﬂﬂ%q]/ﬂ ‘6-’11—1(4) Z]'i’_‘ /\]._Q_o]_ U:] 7]
g bt o A AR 2, FEAL7VEGolA SHE AHE
@\
, ° T4, THARE AFSSITh 2R A
@ 177] 2370 BE w7t FAlo] A5k 2019
: © g W|~202011 9] = 2t2E AHESFAT
© 2.2 SAHY
Yoosu© @

2.2.1 2ZEAM
© T HEA (Cluster Analysis) Tt EAHEA (Analysis of
Variance, ANOVA)-Z ©]-85to] 2= o] A4 3
Z]A 7y W4 vl g L EF = A 1249 2lo
Fig. 2. Locations of air quality and photochemical assess- eF A 2F Wat il 52 F8 544 2EE ]— |
ment monitoring stations in Gwangyang Bay area (19 sites). of] thgt v BA-2 AA|5FSI )

Table 1. Status of air quality monitoring stations and photochemical assessment monitoring stations (19 sites).

No. Monitpring City Station name Site characteristics Sa.mpling
station height (m)
1 Seogwang Residential area 9
2 Wolnae Industrial area 9
3 Munsu Residential area 9
4 Yeocheon Natural green area 6
Yeosu .
5 Deokchung Commercial area 13
6 Hwayang Planning management area 9
7 Yulchon Industrial area 9
8 Samil Residential area 12
9 Airquality Jangcheon Commercial area 12
10 Yeonhyang Residential area 13
1 Suncheon Suncheon-Bay Productive green area 15
12 Hoduri Natural green area 5
13 Sindae Residential area 16
14 Jungdong Residential area 13
15 Gwangyang Taein Industrial area 6
16 Jinsang Residential area 10
17 Gwangyang-eup Residential area 14
18 Photochemical Yeosu Jungheung Industrial area 18
19 assessment Gwangyang Golyak Industrial area 9
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Table 2. Ozone concentrations at each station from 2016 to 2020.

. Daily average Average of Daily max Number of
No.  Station name concentration (ppm) daily max (ppm) value (ppm) data (ea)
1 Seogwang 0.029+0.012 0.044+0.019 0.166 920
2 Wolnae 0.032+0.011 0.050+0.019 0.169 919
3 Munsu 0.036+0.014 0.055+0.023 0.169 917
4 Yeocheon 0.034+£0.013 0.054+0.024 0.232 918
5 Deokchung 0.035+0.014 0.056+£0.022 0.166 920
6 Hwayang 0.033+£0.012 0.050+0.020 0.159 443
7 Yulchon 0.027 £0.011 0.043+0.019 0.110 444
8 Samil 0.030£0.011 0.049 +£0.021 0.147 444
9 Jangcheon 0.032+£0.013 0.056 £0.024 0.155 920
10  Yeonhyang 0.036+0.015 0.064 +0.028 0.204 894
1 Suncheon-Bay 0.037£0.013 0.063 £0.027 0.209 884
12 Hoduri 0.037+0.014 0.060+0.025 0.169 915
13 Sindae 0.044+0.016 0.073+0.031 0.195 364
14 Jungdong 0.035+0.012 0.056+0.024 0.210 909
15 Taein 0.028+0.011 0.046+0.018 0.170 913
16 Jinsang 0.033+£0.011 0.055+0.022 0.178 879
17 Gwangyang-eup 0.034+0.013 0.056+£0.023 0.155 915
(A) o050, (B) 0080 f
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Fig. 3. The bar graph of means for each level of the independent variable of one-way ANOVA. The values separated by the same
character are not significantly different according to Scheffe’s method (A) daily average concentration, (B) Average of daily maxi-
mum concentration.
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Fig. 4. Hubert index and D index. (A) Daily average ozone concentration, (B) Daily maximum ozone concentration.
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Table 3. NO, NO,, NOx, and O3 concentrations by group.

Cluster name NO (ppb) NO, (ppb) NOx (ppb) O3 (ppb)
Mean 3.21 11.18 15.00 30.83
Average A cluster SD 240 7.00 8.24 11.97
9 Min 1.00 1.00 2.00 3.00
Max 43.00 58.00 60.00 87.00
Mean 3.24 11.19 14.42 35.10
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Mean 3.33 12.28 15.60 51.28
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Max 98.00 58.00 111.00 232.00
Mean 3.37 10.06 13.41 60.67
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Table 4. Number of days of occurrence of 100 ppb or more per year in each cluster.

Cluster Site 2016 2017 2018 2019 2020 Average
Seogwang 15 7 6 0 1 6
Wolnae 11 2 2 5 2 4
Yeocheon 37 12 48 19 8 25
Hwayang - - - 21 8 15
A A
verage Yulchon - - - 4 2 3
Samil - - - 9 7 8
Taein 1 2 2 2 0 1
Jinsang 8 23 30 22 2 17
Munsu 35 6 37 40 25 29
Deokchung 25 6 24 27 19 20
Jangcheon 18 15 22 43 1 22
Average B Suncheon-Bay 23 39 32 74 15 37
Hoduri 24 42 15 31 45 31
Jungdong 12 10 1 55 17 21
Gwangyang-eup 12 18 12 39 13 19
Yeonh 11 50 1 152 42 53
Average C ?on yang
Sindae - - - 179 67 123
Sum/site 232/13 232/13 252/13 722/17 284/17
Average 18 18 19 42 17
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Fig. 8. Comparison of VOCs and NOx concentrations using box plot.
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and Yoo, 2014).

(A)
0.12
+ Yeonhyang ® Sindae
* a1
L}
8/1
0.08
*
| |
13 .
a
L :
3 "/
2 " %
& 15/1
L
0.04 i P
L} * ]
AL EY R L :
: [] .
’:"i | | n
= .
0 !
0 0.2 0.4 0.6 0.8 1
VOCs (ppmC)

ok
09
re
[l
o
T
ne
0=
Jm
0x
re
-l
M
2]
HI
1z
ofy
0z
|o
Hu

AF7|7F F NOx2}F VOCs2] 2EAA 7o =E
AR VOCs/NOxE 13 10A¢} 10Bo] Lrebict,
& 10AE Average C cluster (&5, A1) <] NOx
3 F5%5 BokhE 0] VOCs AEE o] 5t
a1, VOCs/NOx 2| Bt g2 A5 10.06, A1H 9.622
QF o] 7MY T2 svlEY AR gk e
gl ol = ded ket (201 1)1 4 Haleh o4t
A (A Aol BlES= VOCsoll o7t dF2
FY A 2 FHA G LEFEE FTHRITE
et A5kl

1% 10BE Average B cluster (3-5) 2] NOx 5.2}
A E 4.8 km Bold HoFs FoetEA4 49
VOCs BEE& ©]8€35}9 VOCs/NOxE o}t
VOCs/NOx®] H#gl-2 3.685 VOCs-limited S5 %
712 2 Do and Yoo (2014)0] HI1gF FAMA o]l A F
Ao B wEFo] WL Ao] nkE 9z
VOCs/NOx®] a3kl 3.16~3.437}F AR gH& B
At FFA] F52 NOxE U2 HjE0ch= B2
AR (A7) o shestE AT 9119t
7] E40]] 7]9lske Ho 2 AfR L,

2019 Average C cluster (A5, A1), Average

M

)

(B)

0.1

# Jungdong

NOx (ppm)

VOCs (ppmC)

Fig. 10. Comparison of VOCs and NOx concentrations. (A) Average C cluster (NOx) - Jungheung (VOCs), (B) Jungdong (NOx) -

Golyak (VOCs).

J. Korean Soc. Atmos. Environ., Vol. 38, No. 2, April 2022, pp. 188-202



WIND SPEED
(mis)

[ >=11.10

Calms: 26.37%

(B)

WIND SPEED
(m/s)

[ >=11.10
Bl ss0-11.10

Calms: 20.54%

25, 0|28, 25T, 25|, Wi, 8t

Wind Class Frequency Distribution

Calms

2.10-3.60 5.70 - 8.80 >=1
0.50 -2.10 3.60-5.70 8.80 - 11.10

Wind Class (m/s)

Wind Class Frequency Distribution

T T[T T[T T TT T Ir T[T TT T [TT T TTTT 77T

Calms

2.10 - 3.60 5.70 - 8.80 >=1
0.50-2.10 3.60-5.70 8.80-11.10

Wind Class (m/s)

Fig. 11. Windrose and wind class frequency distribution in 2019. (A) Average C cluster, (B) Average B cluster.

B cluster (5-5)9 ¥, 52 A5t A9E 1
119 YERRSITE Average C clusteroll A A1, E&

o] fAIst o H, oAt A oA Eof = HFEel
HE5ELS X3 F4:0] 880 m/s~11.10 m/s2 & =o}
Ardeiz] ol A WA VOCs7t S A -l J¢FS F
= Ao2 W) Average B clusterol A 5+ 52
FrAEANA Eolow FEEITUS ST &
et

T Tk 2F A7 $I5IA Average C clus-
ter VOCs®} NOx7F L% @& Ashlzt=z 285}
= & TAo] 7HF &2 e 2 & NOx9t VOCs &

r

moll

30, ot

it

=

Z7sl|oF 51, Average B cluster+= VOCs-limit-
ed 327102 NOxo| vl Aoz @2 5
I VOCsE Afoh= Zlo] aftAd Zo=w & &
ok o] A" Zze] M= ek oF WA
5
=1

rl?ﬂa

[}
A

ol

al

(¢}

2l Ylo 2 Z-85h= VOCs2 Alooh= W ol
THolm o]F lalA] oAt d @] 2] VOCs HiE
S HAAZI7] gt S AlYA s F0|
gt WS ogalloF gt R 3l o] A, A%k
270 W eFo gt AL

Az)5te] @ EHF-EA T}
ozt ek

1o

S1) Bt

[e]
=
£5EE 5

=




4.2 &

B A= 35 9 Hhgo] ke fokab o] %]
g o0& By 9 9AEA-S motsly] $15te] 2016
A 1

|35 FHEA A}, Average A cluster= 95, B
ArATR]of] Q17 FE 2| H o] L, Average B cluster= |
¢k WS, =4 & ohefet A19e xehstal glom, uf
2A|9t0 2 Average C cluster= 709 EAIZHo R
LrEbtt 4 2t @ EF =0 +4 (Max A cluster,
Max B cluster)o|l A& §IX|H 2 AT 2 Tho
FAMdol e en FgA o] SAae AR 5
“do] met o, SHA A 0 & Lol ATk

THER QEYY AAEEE IHX NOx¢} O,
L5 vt O; Bk o] A, o B
ol A= Average A cluster <Average B cluster <Ave-
rage C cluster, € o -4+ Max A cluster<
Max B cluster =22 &2 4= H3th NOx B+5
Lo A, o Bt FHolA= Average B cluster<
Average A cluster <Average C cluster, & Z|tf T3]
A= Max B cluster <Max A cluster <=0 2 =2 71-&
Haart

FFIE A 9e] VOCs/NOxH[E Bl gt A,
Average C cluster (35, A1t)e] VOCs/NOx H|&=
AE 10.06, A 9.622 ©Z WAJo] 7P &2 gH]
S ARG 22 B3, Average B cluster (5-5)9]

VOCs/NOx H]= 3.682 VOCs-limited 24 % 710]9)

TYDHH OF SN 017 - 2YRA AR - 201

= Q0] ojg wjshe sl Stk Eal, £
A, AFE A9 D 0] fe hASHL
Slaf FootE Y 4E AXste] QEATEAT 0F

e 2

o] QI g7t (NIER) “T73 ok A1
ZALS] 2R A 718 75 Aol uhe
2Fo] Ui A U] o]F ol o olo] ZA=FY]

&

References

Bae, C.-H., Kim, B.-U., Kim, H.-C,, Kim, S.-T. (2018) Quantitative
Assessment on Contributions of Foreign NOx and
VOC Emission to Ozone Concentrations over Gwang-
yang Bay with CMAQ-HDDM Simulations, Journal of
Korean Society for Atmospheric Environment, 34(5),
708-726. https://doi.org/10.5572/KOSAE.2018.34.
5.708

Bae, W.-S., Roh, S.-W. (2005) A Study on K-Means Clustering,
Journal of Korean Statistical Society, 12(2), 497-508.

Charrad, M., Ghazzali, N., Boiteau, V., Niknafs, A.(2015) Determin-
ing the Best Number of Clusters in a Data Set. https://
sites.goole.com/site/malikacharrad/research/nbc
lust-package

Choi, H--J,, Lee, H-W., Leem, H.-H., Song, J.-H.(2008) The Analysis
of Atmospheric Flow Field and Air Quality According
to the High Level Ozone Case on Gwangyang Bay,
Journal of Environmental Sciences, 17 (7), 743-753.

Do, W.-G., Yoo, E.-C. (2014) The Characteristics of High Ozone
Days in Busan, The Annual Report of Busan Metro-
politan City Institute of Health & Environment, 24(1),
161-173.

Dodge, M.C. (1977) Combined Use of Modeling Techniques and
Smog Chamber Data to Derive Ozone-Precursor
Relationships, Proceedings of the international con-
ference on photochemical oxidant pollution and its
control, 881-889.

Jung, M.-M. (2011) Comparison of post-hoc of Two-Way ANOVA
Interaction Effect: Monte Carlo Simulation Method

J. Korean Soc. Atmos. Environ., Vol. 38, No. 2, April 2022, pp. 188-202



202 urai, 20882,

1=

Study, Dept. of Sports Science Graduate School of
Sung Kyun Kwan University.

Kim, D.-S., Jeong, J.-S., Ahn, J.-Y. (2016) Characteristics in Atmo-
spheric Chemistry between NO, NO, and Os at an
Urban Site during MAPS (Megacity Air Pollution
Study)-Seoul, Korea, Journal of Korean Society for
Atmospheric Environment, 32(4), 422-434. https://
doi.org/10.5572/KOSAE.2016.32.4.422

Kim, S.-T., Lee, C.-B. (2011) Estimating Influence of Local and
Neighborhood Emissions on Ozone Concentrations
over the Kwang-Yang Bay based on Air Quality Sim-
ulations for a 2010 June Episode, Journal of Korean
Society for Atmospheric Environment, 27(5), 504-
522. https://doi.org/10.5572/KOSAE.2011.27.5.504

Kim, K.-Y., Jeon, M.-S.(1980) SAS Cluster analysis. www.freeaca.
com

Lee, K.-Y., Kwak, K.-H., Park, S.-B., Baik, J.-J. (2013) Sensitivity of
Ozone to NOx and VOCs in a Street Canyou, Korean
Journal of Atmospheric Environment, 29(3), 307-316,
(in Korean with English abstract).

Lee, S.-D., Seo, S.-G. (2017) Characteristics Analysis of Ozone
Concentrations in Gwangyang-City, A Collection of
Environmental Research Papers, 17, 23-30.

Lee, Y.-H. (2016) Regionalization of Watershed Parameter using
Cluster Analysis, Dept. of Urban & Environmental Sys-
tem Eng. Graduate School of Seokyeog University.

National Institute of Environmental Research (NIER) (2009)
Investigation to Analysis of High Ozone Concentra-
tion (I), (in Korean).

National Institute of Environmental Research (NIER) (2011)
Investigation to Analysis of High Ozone Concentra-
tion (lll), (in Korean).

Park, H.-Y., Park, H.-S., Kim, H.-R., Oh, G.-Y,, Lee, H.-H., Park, J.-S.

(819, O, 517, S, wEe, Bt

(2020) Investigation of Ozone Concentration Char-
acteristics on Gwangyang Bay, Journal of Korean
Society for Environmental Technology, 21(4), 290-
298.

Song, J.-H., Kim, S.-H. (2008) Spatial Pattern Analysis of High
Level Ozone Case on Gwangyang Bay, Research
Institute of Industrial Science and Technology
(RIST), 22(1), 9-12.

Authors Information

AL (g =B ASF AT Y FE AT g7t 2]
2 ATAD (art3828@korea.kr)

At (AePd e R A A7 S A4 7 d e 2]
3+ ALAD (nuno0611@korea kr)

g (A= 21 E A7 A 7| d ] ot 2]
2+ A7Ah (phy0921@korea.kr)

ojRg (Mefd B A A A AT 71 dke]at A
3+ AP (2boram@korea.kr)

3 (et B A A7 AR 7| ddeat A
S ATLAL (hj1231@korea kr)

o
Q84 (M =R AT ATY A7 7| Aeel st
Z]) (answhdfuf@korea.kr)
Ue (APHIERARH AT DAATY o7l dest v
(pco2020@korea.kr)
ek Hed R AR AT
(pgh3777@korea.kr)
(AP =B A A9 97%) (bjs1119@korea kr)
EFgaotn 873 sht 1
(dskim@kunsan.ac.kr)

lo

e
rioh
oM
re
oy
e
@4

=] =
=

2
5T
= A
AL




	광양만권 오존 발생특성 연구 - 군집분석 중심으로 -
	Abstract
	1. 서론
	2. 연구 내용 및 방법
	3. 연구 결과 및 고찰
	4. 결론
	References


