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Abstract

In order to understand the contributions of PM, 5 from NHs, a pair of three hour resolution filter based samplers

were conducted in the wintertime of 2019. Water soluble organic carbon, water soluble ions, organic carbon & elemental
carbon, and levoglucosan by a Liquid Chromatography tandem Mass Spectrometry have been utilized to characterize the
collected substrates. The current study investigates (1) chemical characteristics in PM, s, (2) identification of long range
transport periods using aerosol optical thickness, and (3) the relationship between NH; and secondary production in analyses

of ionic molar ratios. The results showed a strong long-range transport event in the contributions of sources, as well as a

dependence on aerosol optical thickness and PM, 5 concentrations (PM network) measured by the Ministry of Environment.

PM, 5 mass concentration with secondary productions related to the long-range transport, hence, confirmed the impacts of

the high NH;.
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7] Fol Ffot= 274 2.5 um olspel Y=t
(PM, )= 2571 5 A2 Hgh Iwls 5l 27] A
T 22 TRt A% ol de 2 4 Atk (Haz-
arika and Srivastava, 2017; Wang et al., 2017). 12} 4
27 QAR 5= PMysi= SO, NO,, NH; % 9]
Hd3-71813HE (volatile organic compounds, VOCs)
5o A=l ofsh M=Z2 vlHA (new particle

formation, NPF)& A/ ¢t (Huang ef al., 2014; Guo

et al., 2012; Wu et al., 2007). NPES] A @91 = 3}
Ul NHy = 4AH 29 F8}, 24} ool =& A 3
4, EF 4Hdst 9 shd o] Hojdet 5 o,
7] Fof| ZA5H= NO,, SO, S5} ¥-3-5}o] AAQF
1% (NH,NO5) ¥ ST ((NH,),S0,) % &2
AALE THET} (Behera et al., 2013; Cape et al., 2009).
oA tf7] Foll EASHE NHy = PM, 2] A4l
A PoStE R, F8AJ o] HAF 7t FAolth

12 7] 5 NH; 555 w4 A+ 23

olct. A LUt NH; s 6.90 ppb 52
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Table 1. Results of PM, 5 ions, molar ratio and ammonia concentrations in the previous studies.

. . PM NH NH,* SO,> NO;™ _ _ _
Sampling site 25 3 4 4 3 NH,*1/[S0,2 NO;71/[S0,2
Pling s Goim)  eebl o) g’ gy NVBOST T NOSVS0H
Seoul in Korea? 25.2 6.90 3.73 5.19 123 3.83 3.67
Beijing in China® 126.67 8.88 10.76 11.30 28.56 5.08 3.91
Yucheng in China® 155.9 34.9 18.2 28.7 225 3.38 1.21
; d
Colorado in USA - 5.05 0.58 0.79 0.86 392 169
(rural-agricultural)
Douai in France® 12.5 1.05 1.14 13 334 467 3.98
Osaka in Japan’ - 7.29 1.45 - -
Shanghai in China? 75 17 - - -

2 From 11 February to 12 March 2015 (Shon et al., 2013)
b. From October 2014 to November 2014 (Xu et al., 2019)
:From June 1 to 30, 2013 (Wen et al., 2015)

9. From May 2010 to August 2010 (Day et al., 2012)

€ August 2015 to July 2016 (Roig Rodelas et al., 2019)

f From 11 February to 12 March 2015 (Huy et al., 2016)

9; From March 2017 to Februry 2018 (Xu et al., 2020)

T8 T ZA W dEHD U, ve F2L9}
negA ot =7 et th A9 W7l NH7L &
Hot AYel (ammonia-rich) oA, NH;of| 95 A H
NH,NO;°] PM, ol oFF &-5-5 Ao2 B E Qo
iAo 7] § NHy= SO,&F ¢4 W55t
(NH,),S0, ¥ (NH,)HSO, 5= ¥dAst1, ¥t NH,
7} HNO, 2} ¥1-8-51] NH,NO; 5= At (Li et
al., 2017; Xiu et al., 2004). ©]E 7|4 S 2 EH] (molar
ratio) 7|5 [NH,*]/[SO,2 |7} 1.5 oFo|H tf7] &
ARt FHEI AH 2 O EH, [NO, /(SO ]
o JHHAIE EA5t], EH7F =275 PM,5 U
NH,NO; 9] H|-&o| Fol2|= A& d2|A qUth(Xu
et al., 2019; Zhang et al., 2018; Pathak et al., 2009). A
FATANA A2l [NH, /SO Eﬂl% 38302

7] & dEUolrt SHS FEH A [NO;7]/
[SO,*] BH|= 3.67% PM,: 5 57} 126.67 pg/m3?l
Hlo] A w} vt ok &, A2 7] 59

R gmujolz glste] 7] ol ZAshs SO,
9 NOT PM, s A BHS-2 85 ST 4 9lr
971 % NH,O| & QL e epstet Aal
ol olat 35918 2 A NH, ¥l Eere] s0%E 2}
ke Ao deiA glow, of ool st Al A

A, A H7lE A2 5o A mET e E

EF Sl ot A4 viEEo] Urh(Teng et al,
2017; Chang et al., 2016; Hu et al., 2014; Behera et al.,
2013; Pandolfi et al., 2012; Reche et al., 2012; Sutton et
al., 2008; Li et al., 2006;
Nowak et al., 2006; Perrino et al., 2002). “12{L} o]2]
g A-52 t7] AHloll ThE NH, 9 2hitat 45
et AR 7} o> B=35ch (Zong et al., 2018; Kotch-
enruther et al., 2016; Wang et al., 2016). 53], ST
AR Aske Alle SEoRREHO o]
8 Yo g Hriwn], A8 Aol ook AL
dAstE F=0 nAWA] gFOZ PM, ;5 U
NH,NO; ¥ (NH,),50,°] Z7l5h= Zo2 RAxy
Aol EF6ta F= FFoll oI5 NH; 9| Hite
2 BrhE 2 QA g2 Aol

B2 AFoME Aebde Fetatel A &
Stuof|A PM, s 233 ti7] 5 NH; 5= 5735t
o}, ERL QIE91dS o83t of ME*«] FoHA T
(Aerosol Optical Thickness, AOT)&} H| 1wl B35},
PM,; ¥ PM,; A4 HFEZ, 53] NH,9| A
52 stz gk 2 A+ A FAY &
&oll °13F NH; 571 2 =l f-9l g NH, " 5%
oFo] PAIE g staLAt it

2006; Matsumoto et al.,
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Fig. 2. Schematic diagram of home-made dilutor for LGR-CRDS NHj; analyzer.
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Fig. 3. Mass fragment ions (m/z) of product ion for Levoglucosan using LC/MSMS.
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g ol o5l F719] FFS HiAISt, PM,; A S th FUHE NHy= 5747171 W 3-8 (cavity) QtellA

F=o1 At T3, Muliti Angle Absorption Photome-
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548 £Y7|, 42 YUK, 0|AS, HH2lA

ug/m’ S 2 YT #£49] A E 945l PM, 5
= 2t19] HlEeto] £ o]&sto] PM, s A EEE =
goten, 2471718 PM, 0] T 217 13.988
+7.607 pg/m’® (T1), 13.860 +£7.974 pg/m® (R1)2 I
T 0.78%= 57 AAE A= 4 USIth 8
PM, s &= AVE AHEH, F= 2371 =4S PM,;
Bt T 56126 pg/m*olH, FEXFO] Fhe
14+ 14 pg/m’ 2 & ZAE ] (Xu et al., 2017; Mooi-
broek et al., 2011), 2 A X< PM, ; 5+ A4
A FEAY Y S 7L e Ao ® Brhdnh

eBC Ht = 0.81940.583 pg/m’ 22 L}ERSE
1, PM, 59 ©F 5.88%E 2HA|skal Qlek. ti7)/dol &
Alsh= BCE £ ol 22% A4 HA] %= PMHE
o =2 =4S ot At o]l 1980\ AlA K
21715+ (World Health Organization, WHO)+= BCY
210l ol Aot ste] e AAIRL thet A A
2% uFESATH(WHO, 2012). BCE sh4dzm 9
Hpo] Qufj A~ 0] b A4of o5 A=, 2 A

Table 2. Analytical results of PM, 5 chemical concentrations.

Toll =9 BC W& oA A4of it A
o] atA © 7 FHE It (Gong et al., 2016). THEHA]
BCx HiEAQ wF t7|ed=4da 48 Aot
(Targino et al., 2016). 7 99| BC =& H7}st
7] $fste] digtil= 8 =A19] PM, s Ul BC =5
stolgt Axl, A 18.2+5.3%, TF 17.1+£3.7% D A
2 14.8+4.0%2 YER} 2 oA 4% BC &
TRt =2 7107 Yeth(Park and Kim., 2004).
ol gt YRl A 29 9] EAS HHIet A= of
Ak

AT 2191 WSOC Bt 5+ 4.508 £2.527 pg/
m’ 22 PM, ;9] oF 32%5 A5t Qi ti7] 5
WSOC+= PM, 5 Wl 22t 4#9] &2 54 4 2
T} (Wozniak et al., 2012; Park et al., 2006). WSOC2]
T2 AR =EH A5 A4 2 84 771
SRiER 4% 221 f7]0f|o] 2F (Secondary Org-
anic Aerosol, SOA)Z Wt} B AoA= A4
Azxef oIt WSOCe] 71o&ha AHsta At E4H

I+

Compounds Unit Overall AVG Overall STD MAX
PM, 5 (T1) pg/m? 13.988 7.607 57.125
PM, 5 (R1) pg/m? 13.860 7.974 65.725
eBC ug/m?3 0.819 0.583 3.770
NH; ppb 8.579 3.308 17.921
WSOCr pg/m? 4,508 2.527 17.582
WSOChgs pg/m? 4144 2.389 16.695
WSOCgg pg/m? 0.364 0332 1.760
Levoglucosan pg/m?3 0.075 0.068 0.362
NH,* ug/m? 2.089 1.713 14.714
K* pg/m?3 0.105 0.088 0.776
NO;~ pg/m? 3.812 3.583 25.085
50,2 ug/m? 2.853 2.014 17.300
cr pg/m? 0.548 0.361 1.933
[NH;] uM/m3 0.383 0.148 0.800
[INH, '] uM/m3 0.116 0.095 0.817
K*] uM/m3 0.003 0.002 0.020
[NO57] uM/m3 0.076 0.058 0.405
[SO,%7] uM/m?3 0.036 0.021 0.180
[CI] uM/m?3 0.015 0.010 0.054
INO;1/[SO4%] - 2.054 1.264 5.949
[INH,*1/[S0,%7] - 3.878 1.299 9.402
[INH,*1/[NH;] - 0.299 0.143 1.022
[INH31/(INH, 1+ [NH3]) - 0.778 0.077 0.930
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ocC
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1714, WSOCgpi= 24 4= 7]Q1%F wsoCe]
™, OCpp%} Levoglucosangg= OCS} levoglucosan2]
A= daol oJRt A 7] ofdS vehdth A=
H WSOCgt TOCEZ EA4H wsoce] At gho]
Zpo]=HE WSOC & H] A A4 7|0, = 27t ¢
71 747 2F AHESHIH. WSOCpy/OCsp=
Sannigrahi et al. (2006)2] A+ A2 HE AR QL
O, OCgp/Levoglucosangg= A3 AL F A <A
TE Avte] Wt G 0.24£0.04 (P £95% A=
)2 8519tk (Salma et al., 2017; Calvo et al.,
2015; Gongalves et al., 2011; Puxbaum et al., 2007;
Fine et al., 2004). T2HA] A5 WSOCgp2t TOCE
24 wsoce] A} gre] o] =5 E WSOCNgy
7b FEE AL A, A 2190 wsoce of
8.07%7F WSOCpg, 91.93%7F WSOCNpy = LEFSITY.
=, A9 299 wsoCe &4 Aael ot 719
ol Bl Atks A2 & 5 QU of2e A=
Z244 levoglucosan®] F U Ko A Fldct.
levoglucosan-> 427} 300°C o4 of AE=
Q20 FuAER QA0 Bafjof oAt A
T e 2E2A AEY Aol ot PM, 50 A E
24 % slGE o] &t (Achad ef al., 2018; Simo-
neit et al., 1999). K*i= S0l F 0.1%, & A&
0.2% °1d, =22 52 2Fz < 3% o erEof 9l
7] Wizl levoglucosan ¥} WHRF7FA] &2 A2/ 14-9]
=4 F SR AMEETH (Mason et al., 2016).
A Ar; GEEAQl T A19] PM, 5 U levogluco-
san 5= 9F 500~1,500 ng/m® -50]3l 2™, Kt 9]
B 9F 0.109 pug/m*©| Tt (Achad et al., 2018;
Zhang et al., 2008; Zdrahal et al., 2002). & A+l 4]
=744 Levoglucosan¥t K*9| Ho s+ 242t

0.075, 0.105 pg/m® =0 2 A3 A Ao A A

A ®
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23X

= ue| X|¥ 72| 2L ot X HREuo| 2

A ez0l9iet.
Aol A +0H PM, ] HiE AL
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H sErr UL uag
2 a7

Azl ofgt o] mj$ Ak 2
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NO;7, SO,*°, NH, ", Kt 59 4~84 0]& (Water-
soluble inorganic ions (WSI))< PM, 5 5H<] 20~
77%5 AR5k Qe Al deA vk (Huang et
al., 2014). 2 AolA ZHH 4717 o] 24 E 9
2 PM, s TF2 oF 63.6% S AAISHIL %o,
5 5= NH,' 2,089 pg/m® NO;™ 3.812 pg/m?,
SO,*” 2.853 pg/m®, K* 0.105 pg/m*= YEFGTH (Sun
et al., 2019; Huang et al., 2014). 874 o|2A4E F
$0,%, NO;™, NH,* (SNA)E o124 & 71g 2 H]
& Aok, ol AHE-2 SOA B4 L ol
sl=d] £9235F Q@ 40|t} (Jimenez et al., 2009). SOA
@73 Wg-of Al A9l 22191 NH; 9] &3-S PM, 501
- NOy7, SO, NH, 9] EH|E ]85t =}l
StTh A ARt Biet Zol, PM, s W [NH, )/
(SO, 719 EH]7F 1.5 o)Fo]H 7] % ammonia-
rich®2 92 & At} (Xu et al., 2019; Pathak et al.,
2009). ESH [NO,7]/[SO,27]19] EH|7} 1.5 o|5to|H
PM, 59| SOA°] SO,779] 7]ofge] & Z o2 A 5]
A, [NO;7]/[S0,7719] Z2H7F 7145 PM, 59
SOA°] NO, 9] 7|oJ=F & tf7] & ammonia-rich&
Aoydrt. 2 AolA [NH, 1/[S0,2719 EH=
3.88, [NO51/[SO,719] EHIE 2,052 24 =3
(Xu et al., 2019; Zhang et al., 2018). T=FA A 2]
o] ti7] & NHy= S5 AJeiol™ B4 SOAS]
@/ HEgol fA dold 4= Ut

AT AVE Qofstd, A+ A H2 AFA
9] PM, 55 UEIH oM, eBCE= PM, 9
5.8%, WSOCE PM, 52| 2F 32.8%, WSI+= PM, 5 9]
63.6% . WSOCpz 2 WSOCygs levoglucosan
K* 5E5 71Eo2 fudd of a3 299] PM,;©]

HEUoR YBA o] ot JFL waa Ak,

odh

[}

H =

=]

gL

o

w19 19 rhe

E2F WSI 5 SNATE PM, 59 oF 64.7%= WSIC] t+-
& ZHAskL l9leH, [NH, /(S0 12 &H] ¥
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Table 3. Analytical results of PM, s chemical concentrations. during the event and non-event periods.

Event Event Event Non event Non event Non event
Compounds Unit period period period period period period
AVG STD MAX AVG STD MAX

PM, 5 (T1) ug/m?3 16.473 8.684 57.125 11.014 4782 23.451
PM, 5 (R1) ug/m? 16.638 9.569 65.725 11.098 4.484 23.934
eBC plg/m3 1.051 0.670 3.770 0.575 0.334 1.663
NH; ppb 9.480 3.531 17.921 7.309 2.496 13.627
WSOC; ug/m> 5.654 2,626 17.582 3.297 1.751 9.275
WSOCygs ug/m> 5.239 2488 16.695 2.986 1,628 9.032
WSOCgg ug/m> 0.415 0.385 1.760 0.310 0.258 1.121
Levoglucosan ug/m? 0.085 0.079 0.362 0.064 0.053 0.231
NH,* ug/m? 2,627 2.118 14.714 1.520 0.840 3.904
K* ug/m3 0.131 0.111 0.776 0.078 0.040 0.199
NO;™ ug/m?3 4.697 4.221 25.085 2.877 2.466 10.350
50,2 ug/m3 3.499 2.551 17.300 2171 0.788 4.209
crr plg/m3 0.576 0.388 1.842 0.516 0.330 1.933
[NHs] uM/m?3 0.423 0.158 0.800 0.326 0.111 0.608
[NH, '] uM/m? 0.146 0.118 0.817 0.084 0.047 0.217
[K*] pM/m?3 0.003 0.003 0.020 0.002 0.001 0.005
[NO57] uM/m3 0.076 0.068 0.405 0.046 0.040 0.167
[SO4 2] ul\/l/m3 0.036 0.027 0.180 0.023 0.008 0.044
[CI7] uM/m3 0.016 0.011 0.052 0.015 0.009 0.054
[NO5™ ]/[SO4 ] - 2.067 1.116 5.949 2.040 1414 5.257
INH, 1/ [504 1 - 4.005 1.028 7.016 3.744 1.533 9.402
[INH,*1/[NH;] - 0.331 0.155 1.022 0.254 0.112 0.472
INH3)/(INH, 1+ INH3]) - 0.760 0.077 0.887 0.803 0.070 0.930
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