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Abstract

Pohang is a well-known industrial city in Korea with a large steel-industrial complexes. The biggest environmen-
tal issue in the city is associated with fine particulate matter (hereinafter, PM,;). The concentration of PM,, is gener-
ally dependent on the local emission sources and meteorological conditions. Iron and steel industrial complexes are
likely serious pollution sources of PM,, in Pohang. In this study, daily PM,, data from a large database from the
year of 2000 to 2012 were statistically analyzed, together with meteorological data. The average concentrations of
PM,, were evaluated according to the frequency of Asian dust, haze, mist, and fog. The number of days exceeding
short-term standard for PM,, were also examined, taking into consideration of weather conditions. It was found that
the concentration of PM,, was reduced about 18% to 26% because of precipitation. In addition, the effects of wind
direction and wind speed on the PM,, concentrations were investigated.
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Aoz Hof gA F2EI HA FREH =2
% fol2AR Astel 557) A R YT Te R
A& 9l JgFS Yo7l (Bahadur et al., 2009; Brunelli
et al., 2007; Park et al., 2003; Heidi, 2000; Carlton et
al., 1999; Berico et al., 1997). 3t PM,,9] =7} 10
ng/m’ © 3718 dmitk 842 F Aol 0.5~15%
Z7kettty R E 8F glom (Pope et al., 1995) o}
AFATAME 7] F WA Y F=7}F S7heke] wet
AEe) A % AT EOlE JFL Foha deA v
SATH(Kim et al., 2015). o]of we} 3= PMyoll o
3 t71877188 20079RE ket uh gick PM,,
Ho} S BASH SHoA B & £AI7F H= PMys
of $A71EL 201595 AL gt BT o7
Uates 3% PME XS g7jedes dg =49
A% " s dstr] AsiAe 24F dAuRT 3
B384 WA A8 Uz Bask ek
dr7led=dS 544 22 71daded Uy
Fg W R R0 RE Fo3 ¥
dhsE ol Atk olHT 7148
71 e g e BE WERAS ek § Fa3)
A A-&-3ttl (Hwang et al., 2009; Baumer et al., 2008;
Song and Shon, 2008; Kim et al., 2007; Laakso et al.,
2003). PMy, 9 PM,;9 F=433 @7 ZF mlAHA|
oA 8 JRES B3t 2YE 7 zACR 2
gt fiFacle] e Aoz By vt glrk(Leeetal,
2009; Won et al., 2008). HA] E4&o) ulE2 JF2 F4
Moz Bow duby oz o] Z7l5HH PM, 5
7} ZAgcka &2 A 9lok(Shin et al., 2007). 134
F0| Y $7L HolAH 232 PM, BE7} 5
bk dato] Uehd 4= b ol FAE WA
o A wjite =z Q1% FFolztar & 4= vk (Lee and
Kim, 2008). 3+ F&of o3t FFT= dlz FF
of met di7| e dEF WAL o I E TR o]
27 ¥]7] %= gkrh(Shin et al., 2007).
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Al glekm eeiA Qlck. S A o] o
T FTAYIALE PM,, 7102 223%F A7

2 e Be Szolhy wud uh Qok(Lim et al,

7SS IA A 32 A A 3 &

(Shin et al., 2007; Kim et al., 2004; Lim et al., 2004).
FAbs S04 Eotes HlaE & UAZ BAd=
Ao stz el & dhasdr s
QARo} B, 12T Qb 1 wAR o 2414 )
AZATE AR Aol Utk 53] ATLE AAH
MEdEnt 94 wEdel Yol o Azs o
2ol o g2 A o] Hof gk ARk o)
o EAZ AN Fapety Am 5o 23 YHEA
2 Qlate] WSl E P EF ARE EA 1)
Bayste] BAEE A2 (64.5%)8et ohet B A
o2 olFHE A (B55%)E FAT 4 gl 420
2 A k(o and Kim, 2011). o]} &2 AF7}
MAYSHE AUHH 02 PM,e BE0|T SO, 53 2
7I2A QAEE JA 15 yeERdh(Hwang et
al., 2009).
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Fig. 1. Locations of Jukdo-dong and Jangheung-dong
air quality monitoring stations and a weather sta-
tion in Pohang.
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7ol AgdL Folxith & dAFoA= iwl‘-‘-lﬂl
HAE FTET ZEE 07128 AHEEHAA
200192 2012714 Z24E PM,,o] A|7Hd 237}
2 (n=105,19270)2 Ao 2 0A|o|A] 24717 9] &
B A& (n=4,38370) 2 #HSHATH £ A7 PMy,
e ARE Pray PHoE SAH I7HH7E &
o] 28 D/BE o] 83192 (Air Korea, 2014), A]
i AEX71 e A-de ot F F fFasdule
75% o)/l Atrvt B ARE FE3HHTH(NIER,
2011).
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Table 1. A summary of meteorological and PM,, data form 2001 to 2012 in Pohang.

Mean Mean Mean W.S. Number of days Mean PM,, (ug/m®)
Year Date o N
Temp.(°C)  R.H.(%) (m/s) Rain  Asiandust Haze Fog Mist Jangheung Jukdo
2001 365 15.0 58 33 102 22 4 7 58 61.9 45.0
2002 365 14.3 59 2.9 102 12 2 2 93 68.3 515
2003 365 14.0 64 2.7 121 2 1 4 97 72.0 57.3
2004 366 15.2 61 2.7 107 5 0 3 54 74.8 58.1
2005 365 14.1 59 2.8 97 3 4 1 100 76.3 48.2
2006 365 144 64 2.6 113 11 2 3 132 78.3 50.9
2007 365 147 66 2.2 117 7 12 0 100 76.4 475
2008 366 14.1 65 21 97 6 62 0 84 70.3 61.3
2009 365 14.8 63 2.2 100 7 64 2 88 66.7 53.3
2010 365 14.6 65 22 98 1 47 1 89 67.7 419
2011 365 14.3 63 22 100 4 47 1 105 68.1 40.6
2012 366 14.2 65 2.2 113 1 17 2 113 58.3 354
Mean 365 145 62.7 25 105 8 22 2 93 69.9 493
Total 4383 - - - 1267 91 262 26 1113 - -
Table 2. Classification of meteorological and PM,, data according to the weather conditions.
Weather Number  Temp. R.H. Prevailing Windspeed Insolation Visibility = Jangheung PM,, Jukdo PM,,
condition  ofdays  (°C) (%) wind (m/s) (MJI/m?) (1km) (ug/m®) (ug/m®)
All 4383 145 627 SW 25 14.0 16.3 69.9 49.3
Clean 2446 124 53.6 SW 2.6 15.9 18.6 67.7 47.1
Rain 1267 16.9 79.4 NE 24 8.8 14.0 60.3 39.2
Drought 3116 135 559 SW 25 16.1 17.3 73.8 535
Asian dust 91 12.1 44.1 SW 3.2 16.2 135 173.6 146.2
Haze 262 14.6 60.6 SW 21 15.2 11.2 97.1 78.1
Fog 26 214 842 NE 1.9 16.3 8.3 79.0 69.6
Mist 1113 186 779 NE 2.2 12.1 12.0 717 53.1
o] FFFS FHATLE YERt 23y g, ' A A9 T AR Y AF B A9 w0 Blst
A, uRE A Y W) FEFL BEEQ AHOE Hop o AFoR we £F02 yehgth Hwang et al.
ST v FollA vigo] & w Ais=rt &7kl (2009)9] Ate] wEd WEZAIQL i 20061
Ao w7k 9Lt o) L HrRsL WS A ~2008W 717 5 AT U A PM,9| FREEE
o2 Holth E3h AR, Y, uhR7E AAHE W) F 1042 pg/m’, QA A Al 54.3 pg/m’, R A A
FES0] F20mis AERA THE G 24Y o ¥ 634 ugm’E UEhton, B g AL 48.8 ug/m’,
3ho] AtjH oz e F4£2 ek 74 A 35.0pg/m’'2 Lrekiteh. ol e} vl matd TS
£ 204 & & ARl ZFAGY PMy == W diFol Hd PMy, =7 o A yEhdS € &
© g HREEt AFE| 67.7pgm’ FEFO| 471 ok v X L FREAY AW AS N2
pg/m® $F0|glo ], Hl7} & dol= Z7k 603 pg/m® Aol WEW 2005 AR WA A PM,9] HitsE
2 392 ug/m’z2 7P Ee Aow vehyth a8 & 1174 ug/m’, ) A Al 114.1 pg/m’®, BFE Ay
PAL HARE ) F AH BE A A deke A 23ugmi2A Al 7R dras A A 2R

o, ozt @R WA A9 5=k 1 HE I3l
oh el S et e Belo] gk ol 8w

7SS IA A 32 A A 3 &

A U2 AHE glth(Shin et al., 2007). wh2bA] o7
S AR Y] T T3] 7R ofet 1
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Fig. 2. Monthly cumulative incidence days of Asian dust, haze, fog and mist in Pohang.
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ettt E3 Adis=rt 7P =1 Auhg g3
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Fig. 3. Monthly averages of PM,, at Jangheung-dong
(black) and Jukdo-dong (grey) in Pohang.
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Fig. 4. Histograms of PM,, concentrations at Jangheung-dong and Jukdo-dong in Pohang.
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Fig. 5. Histogram decomposition for PM,, data at Jangheung-dong in Pohang for 12 years.
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Table 3. The annual frequency of number of days exceed-
ing 24 hours standard for PM,, in Pohang.

Year Jangheung Jukdo
2001 20 20
2002 38 20
2003 40 36
2004 56 38
2005 67 14
2006 45 19
2007 35 20
2008 32 25
2009 46 7
2010 45 8
2011 44 8
2012 20 1
Mean 41 18
Total 488 216
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Fig. 7. Monthly variations of the frequency of number of
days exceeding 24 hour PM,, standard in Jang-
heung (top) and Jukdo (bottom) in Pohang.

Table 4. Number of days exceeding 24 hour PM,, stan-
dard in Pohang by weather type.

Weather type Jangheung Jukdo
Asian dust 71/91 78.0% 50/91 54.9%
Haze 102/262 38.9% 39/262 14.9%
Fog 2/26 7.7% 6/26 23.1%
Mist 158/1113 14.2% 74/1113 6.6%
Clean 155/2446 6.3% 47/2446 1.9%
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Fig. 8. Weekly variations of the frequency of number of
days exceeding 24 hour PM,, standard in Jang-
heung (top) and Jukdo (bottom).
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Fig. 10. Average concentrations of PM,, according to the
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Table 5. The frequency of prevailing wind directions in Pohang from 2000 to 2012.

Prevailing wind direction Number of days Frequency Division of wind direction
1(N~E) 922 21.0%
I (E~S) 116 2.6%
11 (S~W) 2558 58.4%
IV (W~N) 689 15.7%
Calm 98 2.2%
Total 4383 100.0%
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Table 6. Comparison of PM,, data by the Beaufort wind

scale.
Range of PM,, concentration (ug/m®)
wind speed Mean+S.D Number of
days
(m/s) Jangheung Jukdo
<15 62.9+23.9 45.6+23.3 326 (11%)
1.6~33 7224266 5254272  2344(77%)
> 34 73.5+£29.9 48.3+28.0 374 (12%)
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Fig. 12. Average concentrations of PM,, at Jukdo-dong (left) and Jangheung-dong (right) according to the wind direc-

tion.
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