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Abstract Organic carbon (OC) and elemental carbon (EC) in PM, s were measured with Sun-
set Laboratory Model-5 Semi-Continuous OC/EC Field Analyzer by NIOSH/TOT method at
Anmyeondo Global Atmosphere Watch (GAW) Regional Station (37°32'N, 127°19'E) in July
and August, 2017. The mean values of OC and EC were 3.7 ug m™ and 0.7 pg m™>, respec-
tively. During the study period, the concentrations of reactive gases and aerosol compositions
were evidently lower than those of other seasons. It is mostly due to meteorological setting of
the northeast Asia, where the influence of continental outflow is at its minimum during this sea-
son under southwesterly wind. While the diurnal variation of OC and EC were not clear, the
concentrations of O;, CO, NOx, EC, and OC were evidently enhanced under easterly wind at
night from 20:00 to 8:00. However, the high concentration of EC was observed concurrently
with CO and NOx under northerly wind during 20:00~24:00. It indicates the influence of ther-
mal power plant and industrial facilities, which was recognized as a major emission source
during KORUS-AQ campaign. The diurnal variations of pollutants clearly showed the influ-
ence of land-sea breeze, in which OC showed good correlation between EC and Os in sea-
breeze. It is estimated to be the recirculation of pollutants in land-sea breeze cycle. This study
suggests that in general, Anmyeondo station serves well as a background monitoring station.
However, the variation in meteorological condition is so dynamic that it is primary factor to
determine the concentrations of secondary species as well as primary pollutants at Anmyeondo
station.
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(local) TF=EOlA] F7]9] &2, s} Ao A7k

2 W3} 71EE Attt s o] & Fojste o
2AQ 71E2 /oL, i o7l SAARE VIS
o2 FH o o) #®2 A7kl HA = Q9]
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FER A=t uiAU7E A9 3 JTHEPA, 2014
Nopmongcol et al., 2016). WA HiZF== O17]3
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At 2HEE wiATEEE AAE7] fsiAe WA
=548 S A9 W] 54ES otajof gt
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7k aB]Al o2& E3S v r] S 1A}
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Fig. 1. Site of Anmyeondo (AMY) Global Atmosphere Watch (GAW) Regional Station.

145E 89 3197HA] IHE 7| SRS A EH H
ob oMH-S, 36.32°N, 126.19°E, &%= 45.7 m)ol
A ZA A THFig. 1). TAAE 2R 27t &
siRto = HE oF 500 m W&ol f1xIshH e ¢tal b=
Hadoll &8 ok @& sEoRE 77t vk
SAAE FAE JA, B-EE5H dEdE WIdeR
30~60 km 72]oll& At Atz of shbd A
7h 1A 5k Sfigks weba Fdo] EEgth v
km Woll= tiot FxREY A& ERe} he
ol glom GAW #AZ4 AR 7]FEQ APE 1
km ool Ao 500 Ft EX| ARE WEo]
s LddolA B Holxl A, AR )L
2 AAA SAEKE AHE F)el A HAeHA] e
Z71& "ESti(de Koning et al., 1978).

PM,s & OC9} ECE= B4 A52347](Model-5 Semi-
Continuous OC/EC Field Analyzer, Sunset Laboratory
INC,, USA)EZ €38t 5 % H(Thermal-Optical
Transmittance, TOT)>} NIOSH (National Institute for
Occupational Safety and Health) 5040 2% T2 EF
= A8t IKMZF Ao AL SASATHNIOSH,
1996). ©°F9l&71E 8 L/min2] FHO2 doj2F el
< 3 Y=ol HrdE St f717k7F Al
A" T 48] W AGEC] PM,s7}F 4587 2R
o} o]F 158 B¢ €F = dFEHEE FY
SHHA REE SR OR ASAIA BAaAEe] i
a o] WS o]ikslehAx(CO,) Y= NDIR (Non-
Dispersive IR)Z =43 OCS ECY H:2 AHT
b B4 A5E547] w49 AEE= A (sucrose:
CipHpOy)e EFEN R o] &3t 45 AA =
ol 42,1 pg pl™t & 1 wE e FAZ A3 409
pgs 2ol £3% olHE wig- wIdth ¥ wA Al
AdEHol fF717k27F F3Eo] oCc7F Zd W7k

St

)
H

I At} o] A4S f8] ¥ wA vt} 850°C
o]dell A 1084 53] FA| & (filter blank)2] L& =
Aslo] Q-test & OC} EC =9 E—i‘%i}(a) 3u)
& &3 (detection limit)2 243kt AA =
A 717k &<t 0Cot EC AE3H= 27} 0.096, 0.0036
ug mo] ATt

PM,s & OC®t EC 34 ZAxe] Alg7H4 X
ety flaiA e 2 A 7135 S olsl sk
gt} 7)o Ao A9 e 71 THEA A )
s 78S

o 2 O i

7] #Z8 B9 20mel] AXH F2l o5
H](Automatic Weather Station, AWS)A|A F&, T,

< =
2=, FEE

1iErbch BZ3Eh WHE7E2(05, SO,
NOx: Thermo Electron Corporation, MA, USA) %
CO (6890N-ICOS, Los Gatos Research, USA)= 5&
Ao R 45kl PM,s°l OCS EC 5 #X 5
doll e th7] shekA siMe 9l &8sl ©
E A= 71384 0C, ECY 34 F7]0l| g0
N7 Ao Hatste] o33t

)

3. 0{S& OCe} ECo| s Hs| EM
obAR: 713H3lA A 20179 7-8Y PM,s &
OC$} ECe HasL@EiEsHxhe 27 3.7+ 179
0.7+ 0.4 pg m>>, 2|32 OC/EC BlE 54 +3.3°1Ut}
(Table 1). 24 A3} ECY ¥E 3= H2 0.005
png mPEE HW 25ug mPo|, 0CY FE BE¥ =
A 13 pg mPFE H 1210 pg m2] H9E el
U, F% Wa&o] EC7F 0Ce] 54uiit), ol <ha
T7t BAAS A SOl 93 ECO| wiEe] HaL 2
d G Aol F=Tt FoAlE AN Adw w5
age] 540 Hol= Aoz, ogdt FHA 53]
EC7} & Wtgso] sk wskeol 71 3ivh. ocet
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Table 1. Summary of meteorological parameters, OC/EC ratio, and concentrations of OC and EC and gases for the

measurement period.
OCJ ECJ OC/EC (0N CO NOx SO, Temp. RH Wi
(mgm™)  (ugm™) (ppbv)  (ppbv)  (ppbv)  (ppbv)  (°C) (%)  (ms™)
Mean 3.7 0.7 5.4 41.7 178.4 2.9 0.9 25.3 854 2.9
STD 1.7 04 33 16.5 80.3 2.2 1.0 2.3 9.0 1.8
Min 1.3 0.005 2.2 1.3 57.6 0.1 0.1 18.0 34.9 0.1
Max 12.1 2.5 26.9 99.1 483.0 16.4 12.0 324 93.7 9.1

Table 2. OC/EC ratio and average concentrations of OC, EC and gases by precipitation.

Rainfall = 0 mm

0 mm < Rainfall < 15 mm

15 mm < Rainfall < 32 mm

(30 days) (23 days) (6 days)

OC (ug m™) 43 32 28

EC (ug m) 0.7 0.6 0.4

OC/EC 6.1 5.3 7.0

05 (ppbv) 475 37.6 29.3

CO (ppbv) 207.2 151.1 1433

NOx (ppbv) 33 23 3.0

SO, (ppbv) 12 0.6 0.5
EC?| &<l & ¥4 (Total Carbon, TC) SollAE OC of BF2 & HT} FE7F 27%(0~15 mm), 31%(15~32
7} 85%% TC«] oS A skith. OCF ECE] mm) 7FAste] dapF ez Fr|H ] 2fol& vEh=

SEE 54 Ao A7, 4@%, A 2ol wet
Z}e]E HRAtH(Han et al., 2013). & A9} L3 &
Al S ARS-SH O#Eéi,ﬁg(eg Yu et al., 2018)
W X*GP Azel Hwald OCe A&ETh 1.58)
3, ECe= 1.74] Yo} Azxlgdo = OC/EC BlE 2.6
H E—i%b:}. g3 2 derE FF wEEE EC
o] F&7} =oF OC/EC M7} B¥aL Adjdez we
104% OC/EC ®]7} E=TthLee et al., 2015). = &
a‘“’ﬂ‘:‘ E]—/\H o1;<]_/] 2;} A@H 7]o:]_1;_7]_ IErZ O/
EC H]7} ZobXIth(Park et al., 2001, 2002). ocg} EC
o AAAFEE 0.760.2 oc9} ECO] wj&go] &
Absl coe9te] dAIg= oCe EC7F ZH2} 0.649F
0.572 0OC% EC BF ALHHoA <] wjz o]
gk /\]/\]-EPE]-(Chm and Chang, 2006).
o%é. 2_ o]_)\]o} T2 ,4 Oﬂs}:oi x]—u],7] ]-o] _IE?};]—

HER el F3s gefstaxt d w87
w2t Xﬁxﬂ 717+8 0 mm, 0~15 mm, 15~32 mmZ &

stk A+ 7l7¥ B F 2997 ATt dslen,
pASE o 2775mm°]EIr(Table 2). Aol 7V
Z w(15~32 mm)S i_, 22 20 mm)dl Hl&l OC
7} 35%, ECE 43% =7} 7433, OC/EC Hl+=
2318 15% =713t} o]% 0Ce} ECe] 4o ukyg
H AR, ECe YAbe 7t oJgt 4o & wid
OCE F840] & 0oCcel &3llo] 9 o] & A
< RAFEY AT &8 =t W COx 4 717

sh7)488) U 7] 4297 43 (2019)

oz Fokdnh wEbA ol T ¢ & Tk Hhe
e AA Y FFLE B A Ok Aol
o Tt 38% FHAs] 7“ Al F3peRkgo] ghdkst
A S AASHE "SR (NOX)S SO0l H]
3l B3t Yol AR o] FEe] AUt
SOy= F&7t 58% 7HAdte] 7re] ol 7t A
A depson, ZF4ake] wE Zjol= Holx] it
olg st Az= o5 UI71d 4 Al SO= 749
FEFS W= ol T2 AAE o]& 0oCcet
EC &4 73 717k w2 FEIA= LUt
7] & g2dEe oCe wiEddA A 24
stAY 0s2F Al Z3ket wEgol <3 2;4%49& A
dE71% sle] OCet ECe dHWsts whg7h2e} 3
Al JERH ATHFig. 2). EC= ¢HshF F818HA] %2
O} 24 erlol oFZF FUFSEAAL =2 W 20~0A]°ll
HY F=F5 YERTE OC 94] ?:lm Al dwist &
Fae OE2A =2 Wl st =t A9 e s
243 el OC/EC vI7F Yo, ©] W Cco9t
NOx9| Z717F # gt} ojgf g A7k we tj7] %=
’de] Wsh= ol AgAISH SA1e] Wsleh A AAlS)H
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Fig. 2. Diurnal variations of OC, EC, OC/EC ratio, and gaseous species, and wind direction frequency classified by 8-direction
ranges: (a) 0°~45°, (b) 45°~90°, (c) 90°~135°, (d) 135°~180°, (e) 180°~225°, (f) 225°~270°, (g) 270°~315°, (h) 315°~360°.

=, 54 7171 53
Bt A= FAFel AE
%o 2 255 HAsI WA
2 HEg A uE F
glof gt} o]5 93 FA <
TSt NER BAEch 3
S FHoE AA WO R (°~45%a), 45°~90°(b),
90°~135°(c), 135°~180°(d), 180°~225°(e), 225°~270°(f),
270°~315°(g), 315°~360°h) (Fig. 2). SFAES] £2]%
E44F 0°~45°(a), 45°~90°(b), 90°~135°(c), 135°~180°(d),
315°~360°(h)= SA°0]aL, 180°~225%), 225°~270°(f),
270°~315°(gye dlgoltt. 8 WSl FAl F 180°~225%e)

=
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L
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RIE7}F 34%2 7P =21 BE A|ZHoA A
&2 Yeh) o532 e FEYL HoFE
e FAI(52%)7F SR FAI(48%)H T O
%] ZAE 9~19790] 69%, SR FAE 20~8
Aol 62%= FAlste] S|t §2] sgke] vl
steh. sl g &9 FaFo] gt o] Azke] <3|
A TS TEste vEEve} I e 24
EA9) vk Wk W v EXE A HTHFig.
3). SolA AFYSE eHAE A A= S3F(20~-84)°l
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Fig. 3. Windroses and percentile distributions of OC, EC,
and gaseous species in land-sea breeze. The black lines are
mean value.
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Table 3. Average of meteorological parameters, OC/EC ratio, and concentrations of OC and EC and gases in land-sea breeze
and northern wind by time division.

9-19 h (Sea-breeze) 20-8 h (Land-breeze) 20-0 h (Northern wind)

OC (ug m™) 3.5 3.9 4.1

EC (ug m>) 0.6 0.7 0.8

OC/EC 5.8 5.6 5.1

O; (ppbv) 46.7 37.8 43.0

CO (ppbv) 173.1 182.9 188.3

NOx (ppbv) 2.6 3.1 3.2

SO, (ppbv) 1.0 0.9 1.0

Temp. (°C) 26.4 24.4 24.7

RH (%) 82.7 87.5 86.8

Ws (ms™) 3.0 2.7 2.4
obability obabity | 1o N obability
0.04 0.03 ( 0.14
0.035 0.025 6ws ) 0.12
0.03 ¥ 0.1
ages 5| Foors
oz oo
0.005 0.005 0.02
oc EC 0,

CPF at the 90th percentile (=5.9) CPF at the 90th percentile (=1.2)  CPF at the 90th percentile (=65)

Fobabiity Sobability Fobability
! 05 0.25

0.8 0.4 0.2

06 03 0.15

04 02 01

02 0.1 0.05

0

NO, SO, CO

CPF at the 90th percentile (=<5.9)  CPF at the 90th percentile (=1.8)  CPF at the 90th percentile (=294)
Fig. 4. CPF plots of OC, EC, and gaseous species for 90th percentile.

Z17F AAE o Jeigd Aoz ddEc 379 23] Fgo] 7zt vt WA A2 FEEHAC
GFee ARy F7h tEk OC, ECeF W7~ HFA OC, EC, 050 tiair e & 89 o] 1
o] #H 4L Sy, 2 Fdere vE 2F W& LEEZ HE)] diF oz A2 HE A7)
(%) A o}OM(Flg. 5). T B4 ¥ 944 o HHEsh H&(%)E YEET ole 5% 23]
iAol T4 2 T o] &3t HA FEAA A TS JHE EFEY TS FAT EFo] F |
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