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Abstract

In this study, we carried out the aircraft measurement over Seoul air-shed with a HR-ToF-AMS integrated on an aircraft
in the spring of 2020. During the aircraft measurement period, the westerly wind was dominant in the Korean Peninsula
and the high-concentration fine dust phenomenon occurred in the Seoul metropolitan area from March 21 to 23, 2020.
The average concentration of NR-PM-1.0 for 6 research flights (RF01 to RF06) was 10.0 2.7 ug/m® to 52.9 + 14.4 ug/
m>. The chemical composition of NR-PM-1.0 was 36-57% organic, 12-34% sulfate, 11-25% nitrate, and 10-14%
ammonium, and organic component was dominant. The NR-PM-1.0 concentration (52.9 + 14.4 pg/m?®) of the Seoul flight
corresponding to RF05 was the highest, and organic components and sulfate were identified as major components. The
flight zone was designed into three zones according to the flight route. The highest NR-PM-1.0 concentration was shown
in the Seoul downtown area (a), and the organic component was confirmed as the dominant component of NR-PM-1.0
at a level of about 50%. It was found that the aerosol flowed into the Seoul air-shed with a strong westerly wind and
moved to the east and affected rural areas in the downwind direction.

Key words : NR-PM-1.0 (Non Refractory-Particulate Matter), HR-ToF-AMS (High Resolution — Time of Flight — Aerosol
Mass Spectrometer), Aircraft Measurement, Chemical components
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5719 HR-ToF-AMSE ®AI8le] A& 2dgollA] 33858 Fasi8tth. sk vA|HA] AlEA] NR-
PM-1.09] 31818 A& 5L gttt Ae® rAHA] §44-2 20209 39 2157F 23] 4% F=ddl| 394
o2 AT daaE 717HEet SEuel s X8 I e AFo] AujF oz Yelit &3S 717 el
& X% AR GE M Fo] FYFE A LEE uAER] do] B eH, M2 A7 A9 PM-2.5=
24 £ 12 pg/m?, 30 £ 16 pg/m* S 2 W 7|2 B} & £ 2 el A7818 63 ti$t NR-PM-1.0 Hd &
EE 10.0£2.7 pg/m? - 52.9 + 14.4 g/’ A, 57135 36-57%, F4HA 12-34%, ZAFE 11-25%, S=F 10-14% Y]
2 71870 7P =2 VE EAT 71498 tigk OM/OC Hl= 1.85-2.02, H/C= 1.42-1.51, O/CE 0.54-
0.67 HEIZ 2kslH] o] =2 548 Yelth RF05] sl FsHs A2 Hla)9] NR-PM-1.0 %(52.9 + 14.4 ng/m’)7} 7t
Z Eokedl, 7188 FArge] FoRe R IRIEI R4 R ue} 3dg ez TREATH AeS XTS5
=49 (a), 9 UE WE9e X8 HIAAS (b), FEE AL () AGS X3 (0) YYo= TR TR (a)
QA A 7HF =& NR-PM-1.0 EEE B ow, §7]1480] ¢k 50% 5522 NR-PM-1.09] F8A80 2 35T,
NAZEL 71t TS B YL, TFHOZE o]Faln Fo Wik A Ao G vX= A= e

20208 24 &

FA9] : vlUIsd PM-1.0, NR-PM-1.0, ZEsl 5ol o] ZEd g4 7], ehya=, 3t A%

LM B )l wel F82k50 sld 540 WFE R <l
AAFHRl EAL AXNE o, H2 Skt o
7] F vlAl cloj2F 4RI NR-PM-1.09] 882 = 5% vA||A Al 9 22 Fo3Ql od a4
QRS AXZRO R BAsle] 0 AE Totelar, A 9] Tt §A17} Sl
4 AAE 73] A% Aol AT RS ole} e FA AR A dHE B IS 0| Aok
u] 8 A 7 A FE-A 7] (HR-ToF-AMS, High Resolution — H.¢48lo] F7ko] o] 5o 24§ g o]5#Zo] 339
— Time of Flight — Aerosol Mass Spectrometer)7} 3  Ho & WAslE 0 F A4te] olg)et Ao v
WA S8 JTHD, A pH oz gkt g U, o]F RS o] FAE o] 88 Aol s RS
HZ5E Sl F714E0] PM-1.09] 20-90%E 2HAst  FF7|E ol &3 FeHFor BT & e 59
), AAH 9 19¥oz wEH g frisdEd ddEd Folits mE g7t ol Aoz 7
o] 717354 Fas AA JIAE WAL vk F Ao Wlsks d7199 A Feteta, A o
712827 $7 sulfate, nitrate, ammonium¥} 2= 771 7]l tiFAL] o F B5o FHA E&E
A Egt o2 F a9 s}k Aiolm, tir] k. vl = A5 Ao BHoR FY
% SO, NOx, NHy7F AFEARZ Zgato] 22 A 3718 FHES E9siieH, th71d JAA &
= 719 7HRIge. A3 HH OB MafitolA FAE ol L= #
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AJRo] & Zo= U8 AS B 4 9l 23k 221 AA ol thak 9L vhotale Hel Ao

ojo} - A FAF A7l AA A% F2ol  FHe] PHALL 3T
EAskE dlej2Ee] shetd RS detd o ot 2 Al @45 Feas S9ES Ve s
3R Aol EAFIT. S T AA £AM HR-ToF-AMSE ©]8-31%] NR-PM-1.0& 574 2 24
Z8A, WA, FAA, FUA, AEEA, =2, 3 sglen, U ME e SR AT NR-



o] &3k AF(I) - NR-PM-1.02] 3484 4

\O
w

PM-1.0¢] s}t Ade] 743 B8 dvngith
IL o7

1. 917H|2H(RF, Research Flight)

g FFASE BH 02 F 639 RFE A3t
33t th RFO1-RFo6S] W3t HZE A 2|35}
Table 19 AAIBFATE 20200 3Y 21U FE] 39 230
Ax 04 9 2% vgS F3l F 63 A=A
Fig. 19&= gHte S5 299 A=g Jehiy, &3
7] FAFHAILE O T 3 o5 AR HEE HA
3ttt RFe ti3te] (a) A€, (b) HPMEY, (o) &L
2 EFE F Utk

TS AT ARE v 2ok A g

e

tle
bl

Table 1. Summary on the research flight pathways
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Research

flight # Date Time Flight path
RFO1 March 21, 2020 08:40-11:00 Taean-Gimpo-SMA"-Gimpo
RF02 March 21, 2020 14:25-16:50 Gimpo-SMA-Gimpo
RF03 March 22, 2020 09:00-11:20 Gimpo-SMA-Gimpo
RF04 March 22, 2020 14:00-16:20 Gimpo-Wonju
RFO05 March 23, 2020 09:00-11:20 Gimpo-SMA-Gimpo
RF06 March 23, 2020 14:10-17:20 Gimpo-Wonju-Taean
DSMA: Seoul Metropolitan Area
] ] ] ] ]
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Fig. 1. Map of Central region of the South Korean peninsula and the flight tracks of the research flights (RFs) aboard
the BeachCraft (B1900D) aircraft - (a) Seoul metropolitan area, (b) the large-scale emission facility area, (c) the rural

forest area.



94 AEA - HA% - ¥ - A

2. HR-ToF-AMS

HR-ToF-AMSE 011011?_
ZH A PR AAIZE ﬁ}
2 = D99 A7 AT
E4o ANZF A2 EHS )
92 BN B o] AFENA AHAIE] 71@-‘&101 A
© 1, HR-ToF-AMS?] £4z271-2 A2]35led Table 191
AA 3]_011:}(2,3,6,7,12)

FIPE Z g o /\]-—Q—o]-L‘ 3}¥ 7] (BeachCraft,
B1900D):= o °F 520 km/h < Hg e o glo
w, &3dSol= 300 km/hr Eiti H| Y FHA 2}
& FHS g A8 oflo]EF ZEH (Aerosol
Inlet, DMT, USA)E M) & %= ¢} A ¢le] 100 L/min
ol T4 &g & e A 2 A AFES 717
o9, gy koA 283 ToF-AMS oo 22 =4
WL Fast-MS W] 02 hz IFAC 2 A8 S 4
sl W o] tH19, Fast-MS+ open mode 110, closed
mode 1022 AA3sIH o, 28 F715 71t} =
e 280 A& o2 110%, & 110709 st o

_101'

oJ2Eo] AFAHEY A5 E Tt FA 5
A=A Z 98l HR-ToF-AMS E&-2-9d 2o ulz}

4 A FF 24, ole3t8 s WA, dA=T] wEs
stk 3 A= IGOR Pro 4§ AXES)
o](Wavemetrics, USA) 7]WFollA ToF-AMS Toolkit
(Version UMR 1.65B, HR 1.25B)< ©]-&3}to] 2] 3}
%2, CDCE(Chemical Dependence Collection Effi-
ciency)S #8389 NR-PM-1.09] 38t HEF%

Table 2. Summary on the HR-ToF-AMS analytic conditions

(organic, nitrate, sulfate, ammonium, chloride) 2 7]
2] h4M)(0/C, HICYE AP SIATHII216),

I 2z % nE

HE 2](180-360°) wheke] WIEr) &

=]
! -~
KL, F FTHE AFOE SEUSE Jnr‘; = oA o}
2o A wFo 2 A SolA 279t st
el gk BA)Zol] AW oFgh ti & 71t Al o] gk
=2 FEsin.
FTA5 371 HEE (), (b), () AHEE A

2lsto] Fig. 20 Yehlth M&-3 £33 (a) B lA
B9, B AL ugol] 5-15 mis M HlolA et
Al ek Bt vl 9S 23she (b) 992 F
2 G5 ST AL 15-20 m/s whgre] Wwr

S

EUIL, T2 Mol Eol e niEe] S WAL
AR Th Gt A TS EIEE AL F3) A

A (c) Y2 T2 A1F AL 10-15 m/s vHE9]
Ll

=7t =2 EAE Ry
2. SI2E=E J(2 PM-10 ¥ PM-25 SEEZ

FFHZ 717 v A B2 E TRetsr] flste] A
Aol A #H=3 PM-10% PM-2.5 F=5 A3l
Table 20] A|AEI T PM-10 2 PM-2.5€ HlEH &

Ao 2 2% 1X7 T =E Yehle H =

Items

Contents

Model / Manufacture
Sampling flow

Critical orifice

HR-ToF-AMS / Aerodyne, U.S.A
1.5 ml/sec (90 ml/min)
130 pm pin hole

PToF chamber Particle flight pathway length 0.293 m
Filament emission current 1.5mA

Vaporizer Electron impaction energy 70 eV
Temperature 600°C
Mass range m/z 10 - m/z 300

Mass resolution
HR-ToF Analyzer Ton flight pathway length
(TOFWERK,SWT) Data acquisition mode
Pulse extraction

Detector (MCP) voltage

m/Am = 1,500 - 3,000
1.2 m (V mode)

Fast Mass Mode, 1 Hz
25 kHz

2,100 vdC
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Fig. 2. Wind rose for the region (a), (b) and (c) by research flights.
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S sk AT 7187 A7 4(SIMS, Sudogwon
Intensive Monitoring Station)2} 73 7|8 th 71874 A4
(GIMS, Gyunggigwon Intensive Monitoring Station) =
A1, SIMSE= A& B35 &4, GIMSE 747|%= ht
Alof| ZAlslE AtAR vt V9] TS5E 4L
o] 7153 9 7Kt

A 717F A HA] FEE v R PM-10S Hat
52+ 18 pg/m?®, 56+ 17 pg/m’o] 3L, PM2.5E 24+ 12
ug/m’, 30 + 16 ug/m* 2.2 GIMSOIA 4= vl HA]|
7} SIMS Ht} =2 Aoz motgtt PM-10 Hs%
£ SIMS(102 pg/m*)2t GIMS(103 ng/m?®)7} B3k 5=
Fo]loy, PM-2.5¢] HtEEE GIMS(73 ng/m’)7}
SIMS(52 pg/m’)E.th 21 pg/m® =& AL & 5 Uk
F AN #AEE PM-2.55 AHT 71515 pg/m’)
< < 2ul 43]3t= Fx] o]t} PM-2.5/PM-10 H| &2
SIMS 0.47+0.21, GIMS 0.52+ 0.192 1] A (fine)
7 Z(coarse)d Y YAFS] HIEo] HIE FFEORE
TjelE T,

20203 39 20¢FE] 39 25¢ 7HA] F 63]9] AT
B] 3J(RF, Research Flight)S A A3 2.1, Fig. 6°l
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t}. RFO13} RF02:= wMHRA] F=7f S7H86ke 77k
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2338}t A]7]o|th. 283l RF033} RF04E= RAHA] %
T} s WaEas UeEle e R 3= 7|7k
AL B = 5 HolH, RF059H RF062 Tha
ATSHA| HAHA] Tt S7ske ke 548 7
E=

J——
e, =
SIS

al M

o

X

HI

R
0ok

sty

PM-1.0 =

gk

Z 63 A st AAE A ste] NR-
PM-1.09] &%, 8134 A& 9 Y4H]E Table 490 A
Alsttt. AtHle) 717F A&k 7] A o] 2% T
AR (PM-10, PM-2.5)7}F & $2(13-103 pg/m’, 5-
73 pg/m’)e1 3L, RF02= A& 7 7] Ao isx
vl AR #ido] x)&H ol 431, RFOSE A&7
7371] WA FErt STkl ol ddEith. NR-
PM-1.0 HHF55EE 10.0+2.7 pg/m’(RF04)°14] 539 +
14.4 pg/m*(RF05) B 9= el 2™, RFO5 > RFO2
> RF06 > RF01 > RF04 $=°]%lt}. NR-PM-1.0 3}8}
2 i 4L 7173 (organic)®] 36-57% HIAZ
714 E9kom, 34k (sulfate, SO,%) 12-34%, AAE

2 =
(nitrate, NOy) 11-25%, &5 (ammonium, NH,") 10-

Table 3. Summary on the PM-10 and PM-2.5 at SIMS and GIMS during the Research Flight (20th Mar. 2020 to 25th

Mar. 2020), pg/m’

SIMS GIMS
Items
PM-10 PM-2.5 PM-10 PM-2.5
Mean 52 24 56 30
S.D. 18 12 17 16
Min. 13 5 23 6
Max. 103 52 102 73
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Fig. 3. PM-10 and PM-2.5 mass concentrations at SIMS (upper) and GIMS (lower) during the research flights (RF1 to
RF6) period (Mar/21/2020 to Mar/25/2021).

Table 4. The overall mean NR-PM1 concentrations and the elemental ratio of for each research flight

Research Concentration (pug/m®) Ratio
Flight # ftems NR-PM-1.0 organic nitrate sulfate ammonium chloridle OMY0OC¢  H/C o/C
Mean 25.33 9.07 6.31 4.93 3.35 1.66 1.85 1.51 0.54
Rrol S.D.? 7.56 2.64 2.52 2.04 1.18 0.90 0.11 0.09 0.08
RFO2 Mean 46.54 18.72 6.02 13.64 6.25 1.92 1.90 1.50 0.58
S.D. 9.06 3.32 1.00 3.89 1.37 0.54 0.07 0.06 0.05
RFO3 Mean 18.58 10.05 3.18 3.14 1.85 0.30 1.92 1.50 0.59
S.D. 6.71 3.56 1.00 1.65 0.75 0.21 0.07 0.07 0.06
Mean 10.04 5.68 2.12 1.17 0.95 0.06 1.97 1.42 0.63
RE04 S.D. 2.65 1.69 0.62 0.57 0.27 0.04 0.08 0.07 0.06
RFOS Mean 52.86 19.72 6.06 17.88 7.51 1.68 1.98 1.51 0.63
S.D. 14.36 5.21 1.03 5.57 2.16 0.94 0.07 0.06 0.05
RFO6 Mean 30.19 11.85 3.70 9.84 4.17 0.38 2.02 1.49 0.67
12.65 5.39 1.42 4.67 1.82 0.36 0.09 0.12 0.07
aStandard Deviation, "OM: Organic Matter, “Organic Carbon
14% o9tk #7178 %ol thgk OM/OC M= 1.85- A Trf #ddshs 7702, F3aZoM s 71wt
2.02, HICE 1.42-151, O/C= 0.54-0.67 W9l x5t 2 T FFS HAATh RF049] f714&2] HICE
Atk RF04 U]3)- Fig. 3048} 7ho] 4te] mAlH 1428 7P We 33k 230|931, 0/CE 0.632.8 A
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AAEE §7] 429 lel7t BekE Ao Alg @

T}H10.16)

v NR-PM-1.09] =329 318H4 &
o] FA o ti3ted Fig. 40 Al A 3112 H, Table 59
L2939 TE NR-PM-1.02 A-2S X33t (a) o]
33.5+17.7 pg/m’, A ELo] X3 (b) Aol
204+ 6.2 ug/m®, FE A0 A7 AR 299l (¢)
Ao] 183+ 12,6 pg/m’C 2 FFHZ717) (a) B o)

M=o F2E Btk NR-PM-1.09] 33H7] %A
& f7] AEo] 40-41%, SAFA 18-32%, DALY 13-
24%, AEHF 13-14%2 A FHon, §7] ARo] 7}
z} 0}\-]]6’]— 74_; _z]rolih:]-

e (@ 499 A9 RFOl 9%, RF02, RF03,
RF05 U 77to] 23 d 7] A& ooz 3
el 7MY =& 54S JENTh 53] RF02¢}
RF05= A& Hsdeh E§HEo] Sl=dl f7] o] 7t
=2 v &S AA L AA T RFOSE F718 8
(19.7+52 pgm*)# FAFA(17.9+ 5.6 ug/m’) 72| H]
223k pFolth, A& Al so2 7199 3k A
o gk 4% S7h= AT 27A RZRE

SAEAe] FYo] Je-g WP,
Eite] gl el s Eoshe (b)~ RF1°] AW#
RF5 &

c) B2 A F9 vigo] fsl+= 2ol
Aoz B/E F glon, AMed A7z 2
] = %38 A Yo gt RF042}
RF06 ?4_‘:'—2— Eget QoH, (@) Yol AR =E
NR-PM19] oF 529% o3, BE 7oA 71 o
2 FEE Bt @9 (o) 3}sHH %Woﬂ AT
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Fig. 4. Map of Central region of the South Korean peninsula and the distribution of NR-PM-1.0 chemical species.
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Table 5. The mean NR-PM-1.0 concentrations and the elemental ratio of for each region

dAstdom, M3 A7 A9 PM-25=
24+ 12 pg/m’ 30+ 16 pgm’ .2 dF 7 7]1F 3]
Ho} & 502 YERTH

. AFHE 63 tg NRPM-1.0 Hd T
10.0£2.7 pg/m?® - 52.9+ 14.4 pg/m® °|A L, F71
AR 36-57%, SAEA 12-34%, AAMY 11-25%,
UEF 10-14% V&2 71480 7P =2 +
vl Bt §714 % tlig OM/OC Hl =
1.85-2.02, H/CE 1.42-1.51, O/CE 0.54-0.67 3
A2 Aol =2 5EAS Ve

. 63]2] Ao RF059 sl E3he A2 1|3
9] NR-PM-1.0 5=(52.9+ 14.4 pg/m’) 7} 714
=, f7148% 2 o] oo R g

3T AT
A=At

4. 18L AAdHE BFEH, NR-PM-1.02 A1EX]
qo] Tt 7P Eokow, Au|gy 7|7 7hst
Ma 270 dejRE0] FELOZ o]lFs F
5} wheke] AR o] JFS nXE RAozZ U
Elsith

2 AFE 53 doJ2F, NR-PM-1.09] tigh A&

Concentration (pg/m?®) Ratio
Region  Items
NR-PM-1.0 organic nitrate sulfate ammonium chloridle =~ OM/OC H/C o/C
Mean 35.47 14.43 5.15 9.92 4.69 1.28 1.93 1.50 0.60
@ S.D. 17.65 6.20 2.01 7.07 2.71 1.00 0.11 0.08 0.08
Mean 20.44 8.28 4.99 3.94 2.56 0.66 2.00 1.43 0.65
®) S.D. 6.20 2.49 1.65 2.34 1.04 0.62 0.16 0.14 0.12
Mean 18.29 7.37 2.35 5.89 2.50 0.17 1.97 1.50 0.62
© S.D. 12.57 4.20 1.20 5.33 2.00 0.17 0.09 0.14 0.07
A&7 7] Aol A RF029] 325 % NR-PMIS  A3olA e £X §k, Fa} ool o5z g4t
MR F717F i ¥ A RF033} RF040l A ZHaast BlulEed 3a-g A143] seted 5= 91, 1 5184
Aok AF 20AM LFdEH] MEOR olFs7bd Adwe] Bast 5S I, AEH A5
A Fsk A9 (o) ¥ e SUMeen  FEl geFow dAse 71 e @l oot A
(RF04), RF059} RF06 A& 7] A9 2] mAA] A Fyd Be-g & 7 S o= 7ddit
7} Z7teke A7lolA R (o) Aele] FEE Yo} 9]
=29 ogol thgk A7k Zfel7t S-S & 5 ATk AF AL
vz = B AT 4% 284 eee) Ao 2
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