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* Anthropogenic air pollution is a major concern for

environmental degradation and human health in urban. In
contrast, the contribution of natural sources to ambient
particulate matter concentrations is often not considered;
however, it may play an important role for certain areas
and during specific periods. In this study, daytime and
nighttime water-soluble ions in PM2.5 were simultaneously
collected by FRM filter samplers among the coastal site
(Shalu), Taichung urban site (Chung Shan Medical
University, CSMU) and inland site (Zhushan) in July and
December 2018. In addition, the hourly measurements of
water-soluble ionic compositions in PM2.5 and atmospheric
extinction coefficient were simultaneously collected in
CSMU for investigating the impaction of hygroscopic nitrate
aerosol on urban ambient visibility in spring, 2020.

The chlorine depletion was mainly observed in the coarse
aerosol, which was affected by the strength and direction
of prevailing wind, aerosol compositions and acidity, and
heterogenic reaction on aerosol surface. In summer, small
amount of sea salts can be blown into the inland area and
the correlation between chlorine depletion and excess NO3-
was poor in Zhushan due to weak sea wind transport and
southwest monsoon. In winter, the correlation between
chlorine depletion and excess NO3- was good among three
sites and the strength of this correlation was decreased as
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the distance away the sea. The chlorine depletion is a
universal phenomenon for marine aerosol. The residual
chemical compounds of chloride in aerosol is important for
evaluating the heterogeneous hydrolysis of N205, which
impacted on both nocturnal particulate nitrate formation
and photochemistry on the following day. The indirect
measurement in urban indicated that the residual nocturnal
nitrate and chloride were positively to the following day
03 concentration in winter. In addition, the extinction
coefficient increasing was positively to the aerosol
nitrate formation especially in the hygroscopic condition
in the polluted urban.

water-soluble ions, sea wind, coastal, urban, inland, sea
salt, chlorine depletion, secondary aerosol,
hygroscopicity, visibility, extinction coefficient
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Anthropogenic air pollution is a major concern for environmental degradation and
human health in urban. In contrast, the contribution of natural sources to ambient
particulate matter concentrations is often not considered; however, it may play an
important role for certain areas and during specific periods. In this study, daytime and
nighttime water-soluble ions in PM2s were simultaneously collected by FRM filter
samplers among the coastal site (Shalu), Taichung urban site (Chung Shan Medical
University, CSMU) and inland site (Zhushan) in July and December 2018. In addition,
the hourly measurements of water-soluble ionic compositions in PMz s and atmospheric
extinction coefficient were simultaneously collected in CSMU for investigating the
impaction of hygroscopic nitrate aerosol on urban ambient visibility in spring, 2020.

The chlorine depletion was mainly observed in the coarse aerosol, which was
affected by the strength and direction of prevailing wind, aerosol compositions and
acidity, and heterogenic reaction on aerosol surface. In summer, small amount of sea
salts can be blown into the inland area and the correlation between chlorine depletion
and excess NO3™ was poor in Zhushan due to weak sea wind transport and southwest
monsoon. In winter, the correlation between chlorine depletion and excess NO3™ was
good among three sites and the strength of this correlation was decreased as the distance
away the sea. The chlorine depletion is a universal phenomenon for marine aerosol.
The residual chemical compounds of chloride in aerosol is important for evaluating the
heterogeneous hydrolysis of N2Os, which impacted on both nocturnal particulate nitrate
formation and photochemistry on the following day. The indirect measurement in urban
indicated that the residual nocturnal nitrate and chloride were positively to the
following day Oz concentration in winter. In addition, the extinction coefficient
increasing was positively to the aerosol nitrate formation especially in the hygroscopic
condition in the polluted urban.

Keywords: water-soluble ions, sea wind, coastal, urban, inland, sea salt, chlorine
depletion, secondary aerosol, hygroscopicity, visibility, extinction coefficient
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2 SOSFRIER i APFH AP ROTICE Y A 5] 5 8088882 6.85 1 o
BT AW A R4S S FRphdRR G A Y ﬁg@@ ik B 35.7 % -~ 34.44
%1 15.24% < PMos e & {rdi B cPip $HB A € 500 MUE = = §F WenA 4 @ 4uff
PMzs 13 4 fric L& % & - Wang et al. (2019) &4 /5 7 #3 % 2011 & 11 * 3
2013 & 6 * chEPIEE T 0 F P Hargk x‘*&m‘ﬁ/ﬁcd SR T - - o4
fe~ FIFRARE 184 > BBl At TR H 5 ey "o t‘*ﬁcm?‘f‘w I
45%¢27 529% - Li et al. (2018) *+ 2013 # 6 * % 2014 & 6 ' &w yw L SR 44
P LR PM2s it B e S 43t a R R R BT RT3 B35 s afkdrs AR
f i PMseni & 8 e s > & w1k 32, 8%\28 3% 12.1% > 7 IMPROVE &
B3t T & 300k Tilio FRpRAR S R B R F 0T ke 2 (43.1%) 2 A 5}
B 4 (27.19%) &2 # 2 46(22.4%) » = F 1 R K e R R o0 926% ¢ 4t 7 0
& 40.8%:h i R TR FIS AR HR R > AR RS A ELAR D R A K ) A u T R
26.4%7 14.0% -

i PMos i 8 e o T plHcdpdir o % PMas T EER A D p T304 pr s

Mok i g A e NOg#-+ % 54 o - % A58 F NHa 8 NOgehi Bt 5 §
NOs 3 B ER B *EF NHIE B ERPF > AT EFAEA - §B3ERTE
gL P RREREP ] A D e B kB Y NHs B kARAE 2
3 R0 P o HNOs # #8 0 7 % NO3 f2# it % p N2oOs & -k 2 28 ¥_HNO3 42.%
BEGFB(Z202019) HARBCLF A SHTHEREY § ST
L atm AN A AT TR RE M Aok A e B ’ﬁ*kﬁé‘
FRABERg PREFENL D LA E T Y (£ 2 EET SR
B4 &4 (40t HNOg ~ NoOs %) 2if s if B R #2000 L& i P Tt o

%



=F Ay
3.1 RIS B

AETLBRIS BEE § R RGRR R R IR R DR T SR T 00 2R
wﬁg$u¢§§«§paﬁ.nwﬂfmpw¢@pﬂ¢ﬁaﬂ§)m¢
FPOF R TSR RITREF S A T SRR ﬁﬁﬁ.ru~%ﬁ%%oﬁﬂ
WH AT FETI2p3222p > A F L5127 1p 221p > MpRPEREPIEIR G F
P o LR S B ART Y TITL M T RS L RT3 A Y ugm
317:00£221:00% ¥ p 5:00i{7 p B2 R B4R o

RERRun

>

Bl 1 ipia > 30 g 2P BRI H R R

32 HEEKA
321 AMFARAZTF ALHERE

FLAE I el BN P F4’<‘3(Air Composition Measuring Equipment — In-situ
2100, ACME — In-situ 2100) 5 — 2 ¥ & TpFo 4~ § § i § o g i & 47
EKHE & TR E A F*’<‘3(Part|cle Slze Cut) ~ fedk # 18 1< & % % (Denuder) ~ # "z
# % ¥ (Aerosol Sampling Device) & = &= & 73K & » #F7 7 o fdf /s B o 3ns
AN EE R @ﬁgﬂ AR F RO UM T F BT RF AT FH A RS S
6 S S F OB AIT25 M T F % B R 5167 Lmint > Ak
AR LA FRREEE D BLF AP TR 7 P ar g 2
E0.5mLmintigd -k (182MQ) 1% fawk # M B %8 hf Wik o 7 9%
Wit # Wit E R B r F B REE > §F s B % 107465 KHz: % 41 55
CNEBARS RGO EFRRENS AL FRIRPIE N S RIFFFRIF O



TERE I LAY el Pea s IR S R AP L
CEEEEE e R AL S R R S
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SCBLRIREE 20 02 o3 B RV E kil 3 22 T ek
=3 J’?“‘“*“”’*’t%* oL S F R P R 5 R kR
T 0 RBEMBMBM AT RDER - § A ARPIDITHRS SAREH
ER= 2’“‘4&?% BEF AT TR HBE

B %?ﬁiﬂ». BT EE AT R R R GBS EL LA 'E%ﬁ“; o
SUR-FAL g S ASCH RS Tt e TR ki LA R
Wit EE s FAERIS AT R F R RE LA iai&;ﬂz FEE L3-8 Sl
PP I E B ART URERRBEANT T A D e RR SRR R R
R

jﬁ

LPV-3 thifcdp:+ & 2 #ij )
Bscat @ i}k ik #c

count
In( lcn )

path

Bscat =

count : & B 8 R4 Bcdx internal raw instrument value
Fie R ik

path @ &k 3% =8 3 ez @ B/ pEAE (SR /T)

VR :ARAZ ~ 50 A R

VR = Vrc/Bscat

Vre @ ARARF (2% %t pFE Y 3,912 0 5% 4t pFE AT 3)

3.3 KB AT A4 E (RN
FORY AR R S EEL WA E g K47 &k (lon
Chromatograph » IC)i& {7 4 47 » &~ 478 @ -Kiz{28g+ » ¢ 7 e dp+ @ Apitas
mag‘ﬂwﬁﬁ$4m0g~mﬁﬁ$;@mﬂ\gﬁ%@n,%¢+.@¢+
(Na®) ~ 46423 (NHe') ~ 4o 85 (K") ~ g5+ (Mg?) 2 43+ (Ca*) -
i+ 2 EM > BRI EEARRERY KT B &5 /1LH5B 2
FiRE > TRz g fia e o £ 1% EME) T2 LFE R v iFkE s
H oM Eﬁ’?f"«g(Rz’*ﬁﬁo 9954 % M@ * o
F ki S 24T 5P BT
1 MR AT R R~ R o
2. 4 » 10mL#2 g5 -k (FdaiE>18.0 MQ/cm) o
3. i]”f FLE O O RAABRTBRTO0A 48 K FE s a25C ™ o | ok 4T3
R F
4 ¥k is 3l kfark 24 pEILE o



5. I 4 5045 pm ~ E j225 mmE iR M ERE 0 2 F AN 2 2R
PR o
6. I K47 KRBT AT o
A2 orid r 2 33 kA7 kA 452 % 2Cl~ NOz ~ NOs ~ SO ~ Nat ~ NH4* ~
K"~ Mg?* ~ Ca?*eh i 1 B4 % 5 0.006 pg/m® ~ 0.003 pug/m? ~ 0.006 pg/m?® ~
0.006 pg/m3 ~ 0.002 pg/m® ~ 0.004 pg/m® ~ 0.003 pg/m? ~ 0.005 pg/m® ~ 0.003 pg/m*



Fri BERAUG
41X FR L ZHREPF L FRR

B3R EALEFHEEYPTER APHIBRR b w2 R & duk
R TTBp X T e h BEFP YRR S F R P R KT
LR VB R e R AET R E S H RS feivg PR ERREF AR
FoRETALah A F AREE R B VAL ERT MF 0T

& R TP R 2 p BB

2
20

s
=
e
3%
&
—
=3
<

&
‘. )
rd
=3
,q@i
%ﬂ k.
W

illﬂﬁﬂ%ﬁﬂm

F
iy
kg
35
&
s
\‘
=1
RN
R
pan)
[
W
b
-
hd
P
=
e
ES
gy

| L Z e by 355 Y R

RPN RZCAER > PRFLIFREINFERBNSFRE e AR 10
FR P A FRATREF D

B @G fRIT e R B GR PR KR i

FTAFERE O MERAFILPDRFH T P 17 A 3l LA B R

AR PR EHR 0 A FATOCHRS -

= Shalu A Xitun e Zhushan

Temperature(°C)

funy
o
o

o O

N A O
o o
1 1

Relative Humidity (%)

o

o]
o

Wind Direction (°)
[ N w
0 N
& o

Yol
o

10

Wind Speed (m sec'?)

sy Jul/1a 4%
s Jul/15 4

<k
M Jul/12 s
=
B

o



BldZzp Bt FHREDT o $FFERFEL 127 5p 1 18P 4
EXAAFR BT A FERCAHBRR IR B ARS > L FRE R R
WHBEBRS - HREEAERE AR A EEE S EPFR R #E R 2msect s b
@ﬁ&ﬁ“ﬁmﬁﬂﬁ%“:&&@%Eﬁﬁ%¢ﬂ%4 Bl 0 b oid Bido
B i3t b2 AAR2ZF P B ARSI PR A F BRI PRI A E

¥ Fadt FRERET L AR ARRMTLE §F 3 F]FE
¢gf%@@@,B@%ga%ﬁ%&ﬁﬁ&&ﬁﬁ&afﬁﬁ%#vw%@ﬁ’
R P[BAF b BRGS0 P L h @R RS 5 S RS R
BORE MR RNk FHRE FNEF AP AFERAE REF o

I
c\'

f

—_

(w.
FTRSEEPN|
\

B

o
A
)
R
o

= Shalu » Xitun s Zhushan

[any
o

Temperature (°C)
N
o

o

iy
o
o

[o]
o

N B
o O

Relative Humidity (%)
(o]
o

o

360

= N
o o ~
o O o

Wind Direction (° )

o

10

Wind Speed (m sec?)
o N H (o)) (o]

10



427+ FRBET F kB EET #E
ROSSREAHBEFLILLEHRBRPTAIA P LFA @8 Ll
B LA R 0T 1 0 1 12 1 Rk WY SR T 851
FTHRERDPEF S FREMHH L2033 L F AP BRBN P FTA1A SR
Bd B R EIRIR > AEETA F KR AT A BlF T

421 L35 3 SR BED T
71321 8PpEF0aZfhREPRMRE) AFHRFLFEIER] 3
ﬁmq« B#» PR EXFHIOFE HPFFEpr 5 FE%A > NH ~NOs&
S04% = = -k % 133 (secondary soluble ions) L_’fﬂ,m‘f__./{g_ HNER W Mo - b Bhen
D IR ) S A 1 il A l) ) S DI E S A € LNk Fod SRR
EPRELRE A APR-KA T (N~ ClER 1_+P1‘~4g_“' WL E
ﬁ%wmmﬁ’ﬁﬁwww+k& bR 0 e FEER A R R
poELengg S R R A E-'% * oK A LEFXEALIELSG ARERS R ERR
PRERS IPHFFEARI K AIRATPED REkmp i kR %0
,Légu o |\/|92+bt: Ca2+4 CHPREFER B R uf 7% 4p325p %Lk e Mgz+-—, P
FLBIFLAE DI RBER X ETFT o FrAREIF VAP L
f<ﬁmmiﬁtf&w@%wﬂ’ﬁ Ap B AL TS JEAL DR S A R R R
Dl

422 5 2P A BBV EY R

701331 22 PRI AABRBNDEE SLAS TS riiﬁ-m@ﬁ] e
LR ARTIRER (<l (AN E;%%&ﬁﬁﬂaﬁii Na R &R 50 mR > » LF X
> Aabooderk s ClER T IMAEF BUF > @ kR B BF Madgd > © e
A Clik B fie H wr‘w«ﬂ;—.\m pUeh Bz o BEIR A - PEERR Seende bt Clk
B 0.lpugm3e a7 0 15 17 AP RIE B kAR wb il CHER » FF -
B m R R R R Rl T KT iR T i R p ARIT A G R BRVES Lot o
Z KRBT P o NH 22 SO2Z 3 & 4 5 o s » ¥ ® F ARk R R AR
FOoFRLE BEASERPERADFRNRE DT FRFERE BREGTET
POEE  BERE A 2 > NHs 2 SOZ i g ? \lvf'\ NP ﬁlég“é$%?f£ﬁ1%§ °
Bl R R IR BER T 0 f B2 R 4 0 NHS' % SO R RIE R
EH P R D REABE 0 0 NH 2 SO kR 78 15 R e il Ay
PLF R o7 17 pACERE DR R P EIRG T = B NH S04 k&
BGEDEM PR P Bl oNOgshi R &Y LFXIL LG A
ﬁﬁ’@%mN%éﬁ%&ﬂﬁii%ﬁ@ﬁﬁ%ﬁﬁﬁg’Mx&ﬁmﬁﬁ
AR F R R IGLREEE ks s meogalpits o 4 HCL © R pF
4 ek NaNOs -7 * 1563 17 p B ER ¥R » % NOs kR P & NOs
ERCHLPENZPRFERBRFER -

11



—=&—Shalu_Fine —#— CSMU_Fine —S— Zhushan_Fine —*—Shalu_Coarse —#— CSMU_Coarse —*— Zhushan_Coarse

1 LIS B B S B B |
ON O 0 UOVUT NOO
— N

NZc/0810C
aczeLostoc
NTZ,0810C
atecLo810C
NO0ZL0810C
ao0cLo8toc
N6TL08T0C
ae1,0810C
N8TL08TO0C
as1.0810C
NZTL08T0C
a./t.,0810C
N9TL08TOC
a91.L0810C
NSTZ08T0C
asTL08T10C
N¥T£0810C
aviLo810C
NETLO8TOT
d€TL0810C
NZTL08T0C
acr.Lo810C
NTTLO8TOC
att/o810C
NOTZ08TO0C
aotLo810c
N60£08T0C
ae0£0810C

dos; N80L08TOC
<ty d80L08T0C

N£0£0810C
a.0.L0810C
N90£08T10C
a90.£0810¢
NS0L08T0C
aso0L0810¢
N¥0L08T0C
av0,0810C

A NEoL08TOT

aeoLo810C
NZ0£0810C
acoLo8toc

R

=
z

P

2

b Vi

¢,

®

—

s

% .r'}

PR

7

3

%3
24 i

2
7

Bl 5.2018

423 % FZ4Lr+5h §

+ Na*

3
;

5 ¢ J.%@

P NaTER BB 0 b

J
Nf—

i

)l

P T fE'J ’

P

\ e

Y _I'ﬂ t"_/?{@'/r'/

" "//

L i b

12



P RAD D20 MgP 2 Na'J ARl ~ 3 B A F 22 P R R SRR - B
ME?' ® il % Sk f % Behi@fy o Clayh R & A bjedeff > 2 p RIER %148
Fr Nate - &4 %ﬁﬁﬁ;ﬁﬁ@ﬁﬁ B edede s Clie L3 X405 ik
2R e Kf 12 " 5 p 2 15 pene@® 2 16 p enp B o v Lidmks Cl
12 » 8Bﬁﬂﬁﬂéﬁvfﬂ$%%§’?ﬁﬁwﬂ%A;ﬁzﬁﬁjwoqmﬁu
FThEZBHE S FHFIORE D AT RS 4!@@Jm'rg ST e i e NHgt
NOz 2 SOZ kR ¥ M » (e b i# 355 » ,,zm#,4;>}a)§i“ii?'“i%1 froo LRz B BEAE R
A3 oS NHa' ~NOsg¥? SO% 5 S v LR B4 2 BLE » ¢ 1L T & o
%@meﬁﬁ?ﬁ%*%&kﬁﬂM%&ﬁﬁ’ﬁﬁﬂkﬁﬁﬁﬁ’%¢w@

Pl X BRRIE R LR ER L LT A PR kR LR R
BEAP AT R @%JZ* LFHAAERFL P AE M oCaTA RS F Al
FEoAdRkpRIZALEROPEE AL L PEDFT RELERETHE
R AR e X FIFOoLF d R < F ¢ CaTR A ks Ca A RS
FPERARRRER i g ABR > L F A FET R Kbl R EE
Ca?' ik R ARSI H - 5 o

424 2 F 2 ¥ ARBNEFH R
PEAPBERIF AL IR BEYT o R L b &

B 350 R RAES FRE R R A LA ARM AT T R e o R AR 4
¢ Natgr Mg?t e 4 4p i erd gt > AT A A B At o B ZEA G F o
ERD BIMEAELHR > P LFL > Ao B BERRFIP ORGSR
B kAR Re CRERAEH A 127 5 p e ez CHEAR i
PR TR B RPUTER ek s ClrE P fEs B2 GenL B > 120
18pis me? L F e T ClikRw: 533 > e imr Na"s Mg¥ ek B
BT - %> ¥k nuﬁz P tgr;—*%;)gn‘ S A BE A4 Re kT NaCl # ClF
e F 4p HCI # "f o = kAT NHat ~NOg#r SO% 173 & A f plmf s » ®
REERBWPBER > kil NHE NOs & 5 dp ek & %14 484 - - -k
B e TR R A TR R 2 AT - RS F RmP TR R Mgk
i NOsik R tpst»s A4 b § %ﬂﬁﬁ’_w&*ﬁwﬁﬂmﬂﬁkﬁﬁ*

FER » bl SOZRH BEAGLB A AL SR BEDF LR » 4
AT NHOR R AR G208 F 2 /7 o i Tl s s KNanid & 5 20k ok
A2 KTt fs NOs™ & 4R 0250k & % £ AB% > 87 ot — P P304 tmief NOs™ &k
BAFREfodds Ca'a 12 7 17 pRHFARFER £ HEEHREY LF
Ao FENRETFF P RAHEHIBRE MAE0% Vi RF G E £ IR
% el

13



—eo—Shalu_Fine —A— CSMU_Fine —e— Zhushan_Fine —=— Shalu_Coarse —a— CSMU_Coarse —e—Zhushan_Coarse

n < o N 4 OO0 00 W I N O

—

(- W 8%) ,"HN

—

| NTZeT810¢
| areeT8ioe
NOZZT18T0C

> » 4| Q0TTTI810C
9| N6TZT8T0C

aeTCT8T0C

J [ N81ZI8T0T

asTe1810C
NZTZT8T0C
aLTe18T0¢

il N9TZT8T0C

[ a9tz1810T
[ NSTZT8TOT
as1z1810¢
N TZ1810C
Q11810
NETZI8TOT

\{ QETCIBTOC

NZTZ18T0¢

4y dCTCI810C

NTTZT8T0C
ar1eI8T0C

i1 NOTZT8TOC

aoTeT8ToT
N60ZT8T0T

4 a602T8T0T

N80CT8T0C
asoc1810¢

¥ NLOCT8T0C
(; 4L0OCT8T0C

N90ZT8T0C
asocT8T0T
NSOZT8T0C
asocT18T0C
Nv0ZT8T0C
ar0oc18T0¢
NEOCZT8TOC
ae0eT8T0C
NZOZT8T0C
acocT8ToT
NTOZT8T0C
dtocT8T0C

2

sH?ﬂfljgi

%

e

3

i

P ,ré;

ki

B

e Hp

ped

i

B 6.2018

gl R

A3ABBEABEHA

2R (BT AR

Ahd g
Na*+ 48

g

gl

/_]

b
BR(F L P L) AP R T (%) 0 NaCl b @

¥
*

83}

AT R

b

.
=

2%

¥
=

14



I thte i I pF NaCl § %% & @ By cnii4e ¥ 4 HNOs 2 HoSO4 it i3 A8 "8 ¢
#9405 > NaCl ¢ ch CI'v 4 pett 5 48 12 HCl 502558 ¥ 432 & NaCl /% 8 ehg 45
4 o Ghosh et al. (2020) %45 ~ % ® NH3 > H2SOs 22 HNOz ez £ &2 v 3 4 ¢ ok
R NaCl § 9% & 4 4 93 ﬁé? NREBEAR  AET ERA S
NH4+/SO42'E'§' FE 5 L5 ehiE T &5 NaCl 7 @@—]“ﬁ;@,pﬁ HRE
T &L P ’;‘rﬁ g = f Bl anc® FRAFHEIE§ %+ NH
SRR RS o MRS BT RS BE R RECIERD - B
ﬁ%?%ﬁﬂﬁﬂm@%ﬁm B WME AT A b lmp S enA 45 0 4 3 NaCl
ARAL G ARREER AR RED RS Wﬁm%ﬁ%*i
N03 PREREFYF P REPE 2 P LFLRFT L IBTELRAPE!
RE - HEE o FAe R A F RPTE 0920 BT R FY LB H @
AR PPN R R gbk,a)k I.@ﬁﬂ%ﬁ%@/[%;; y 5 ?‘HEF&?']&% i+ A
Hoeh™ * BLRIEH B8 5 FHRBHTp RAASAERBE B R LA e wl
e AT fin e R R TR R A ERBEA B A Rt i B
Boviogo p R F T AU b G EE PR 0 A ML 1o A S
RERMF S - A FRAIFF o RpgAERT A FEL TSR
ﬁﬁ% B- AREETPREP RO PE RN AT L ERERDPT AT s SR
B IR BT R BN RS R PR PR R LR
PR RPHBEREARAFIFAT AP -t T4y ﬁ}gg
BREEF OARH BB S RE L AP Az A F T ER P T
PeZ B3 4 BRE FAPMIEN e P ER R R 2453?@% ,,_i bl
FAg s §{%@§4Wﬁﬁ’nhﬁﬁﬁﬁﬁﬁﬁﬁ%%ﬂ$3&&%&
HoM - R RS R A AP A IR FRNARRRE T
SHET

e
.
5

—=\

>

44 RERTH ﬁaﬁi‘!z FFBHEHWHED LT RRM R

kAR H NI E TR NOs 2 5 Clf %7 4 & CINO» = p 1
CINO k22 1 enClp d A7 ER 03,1541 G4 o kAT RS S E
BIK A 2T EER N2Os 2 CINO2 v 2 iz 4 = F s8] » BX ufiz RS Ei
“,ﬁ%;‘iﬁ CleF4 b R BALT § %" N205 TG F R SFFAIAY
Clenf sz Cli% BOBTIER FRPELAMB 152 P Fé‘“ Os ik
Bge s g e ClERM % REASAEBACERD LR pF Ok
B2 F Y ClRARS 47 i Ok A4E®  BEm 356754 ¢ HNOs & NOs
B%-ﬁ’/afﬁt‘ Clrenk B3> iep LF chd S5 4pg T LW R LG a5
*i%gﬁ%%ﬁT’ﬂ%%ﬁ#ﬁﬂﬁﬁﬁﬁ%’?ﬁﬁ@Hhﬁ:ﬁﬁiﬁ
bt

15



O Fine Coarse

o

o

=
1

y =0.0528x + 0.0157
R?=0.0054

o

o

]
1

Cl depletion (ommole m-3)

0.00 T T T T T

0.01 0.02 0.03 0.04 0.05
Excess NO;™ (camole m-3)

0.06

o Fine Coarse

o

o

&
.

4 y=1.4203x +0.0017
R?=0.8083

o

o

=
L

Cl depletion (ommole m-3)
o
o
N

0.00 T T T
0.02 0.04 0.06
Excess NO; (ocmole m3)

0.08

o Fine Coarse

0.06

0.04 -~

0.02 o

Cl depletion (omole m3)

0.00 T T T

0.00 0.01 0.02 0.03
Excess NO;~ (ccmole m-3)

0.04

(b)

o Fine Coarse

I
N
)

I

Cl depletion (ommole m-3)

o
o
S]

o© o o
o o o =
= s} o S}
1 1 1 1

o
o
~
o
(o

y=0.1687x + 0.0116
R%=0.022

(d)

0.06

Cl depletion (amole m3)

Cl depletion (ccmole m3)

0.02

0.04 0.06 0.08
Excess NO;™ (ccmole m-3)

O Fine Coarse

0.10

y =1.8181x + 0.0047,
R?=0.6527

0.01

0.02 0.03
Excess NO5™ (ccmole m-3)

O Fine Coarse

0.04

0.01

T T T T T T
0.02 0.03 0.04
Excess NO;~ (ccmole m-3)

B 7. R L g e 2018 REHEBRDEP oo SRS

FAMA e @A FO)HARREE? LFA PR LF L F ()

A p E'F(f)?a Lllf"ZF'a& o

16

0.05

ELEY

AN



(@)

0.14
0.12
0.10
0.08
0.06

0.04

Cl depletion (amole m3)

0.02

0.00

©)

0.05
0.04

0.03

Cl depletion («amole m3)

©)

0.10
0.08

0.06

Cl depletion (camole m3)

# 8.

O Fine ® Coarse (b) O Fine ® Coarse
0.10
- ;\ L]
4 . E 0.08 -
E y = 0.8354x + 0.0185 °
1 R = 0.8802 5 y =0.5657x + 0.0215
- g 006 1 R?=0.4783
i < . .
2 0.04 |
i R 4
- Q -
] v = 0.4433x + 0.00 % y= 0.127_08x +0.0034
] RZ = 0.4405 g 002 ¢, . R?=0.4939
G @_’Og__a./g/—
Chi . . . . . 0.00 I . .
0.00 0.02 0.04 0.06 0.08 010 0.12 0.14 0.00 0.02 0.04 0.06 0.08
Excess NO5~ (ccmole m3) Excess NO;~ (cmole m3)
o Fine o Coarse (d) O Fine ® Coarse
0.10
L] L]
1 y = 0.6236x + 0.0044 0.09 A
| R2 = 0.6931 aE‘ 0.08 1 y = 1.3305x + 0.0073
2 _ L]
l s 007 ] R2=0.6705
o o
B e e % 0.06 A
J y=0.1373x + 0.0111 = 005 ] ¢
2
i R?=0.099 % 0.04 ]
E o a 0.03
% y = 0.6808x + 0.004
4 — 0.02 A 2 _
S R?=0.545
15s 0.01 A
- . . . 0.00 ; . .
0.00 0.02 0.04 0.06 0.08 0.00 0.02 0.04 0.06 0.08
Excess NO; (ocmole m3) Excess NO;~ (ccmole m-3)
o Fine ¢ Coarse ® o Fine o Coarse
0.05
1 y:0.§744x+0.024 o TE 0.04 v = 0.5761x + 0.0111 °
1 , R2=05717 % | R? = 0.5479
b . § 0.03 -
< 1
1 2 0.02 -
i y =0.2676x + 0.003 <@
R?=0.4145 & 7
1 o © 0.01 A . y = 0.0091x + 0.0028
] ° ° © 1 o R2 =0.0012
o o O
T T 0.00 +2 . ° . ,
0.00 0.02 0.04 0.06 0.00 0.01 0.02 0.03 0.04 0.05

Excess NO5 (xmole m3) Excess NO,~ (camole m-3)

PR~ P L FR L 2018 2 FHRDE P Rpmp S ERRALARE
AWM @VAPFOHARREEC? LF2pFA? LFRFE)
Lip EEH LR

N

AN

17



100

80 - CI (umole m")

- 1.500
.,— 1.250
= 1.200
60 8 n - 1.050
|- 0.9000
I- 0.7500
a - 0.6000

40 - — 0.4500
& —~ 0.3000

By
.— 0.1500
- 0.000

®

Lo] ™ |.’

O, (ppb)

20 S

. : ; : .
0.00 0.01 0.02 0.03 0.04

NO, (umole m™)

Bl O RARASATHMBE S 5§ B 0IE0 LT LR SM G o

4.5 /D F ORA LB R LR P
APTEFOT2020E 20 530 L F S GEPER ) BLRF RS e L
FaRBE AR FAHREEN > RFARBIASERA S EREY L F
LR R G SRR AR Gl LT RS F R LARDER
BB EFILIER e A h ~F ARk LE AR R m;i°*$%$ | &
&91‘7\'@%1"5’/%?4»? A o @31%1 WA FEEARERERE S BEREBREAPHET
FoFFTA RGP RAEFIFE @,,ﬂli_LIFLB g it °%m‘%ﬁPF’“@@?] fg s 278
26 P F|28 p ~3 2 1 P R2P ~4pDS5SP~I3PF14p c BRI KR
BAFETARF o BFERADPERIELEFEY INFERM 28 19 p{E4Ew B
FOREFBFRE b v MAMER G AP AR 10) 2B 11 ¢ ¥ ’?iﬁ,23
PR25p Fléa priERS 2y A » PMas ~ NHs™ ~ NO;3 ~ SO42E B =2 >
%ﬁ%ﬁ&#@ﬁﬁﬁ:%ﬂ%ﬁ&%§’&@&ﬁﬂ%’&@H%%&%i’
KA PMas R TR 28 P wARAER R FAIE S AP ERERD R
B ARER AL PFRRETE I RRRBRE S AP ERENIFELF)
3P2PRAFTRHRE > T FSFCE 0P SHAFBRESE REER TS
PR PRGERE LR FIRE A 1P P13 P R i#E$RE3 PMas & 0ki5
M ERTF AL o
FF A BPMas)E A 2 pF > NO3 - 42507 F B ¥+ 2 il g R %
falies 32 B i) o 57 FHANO3 2 SOZ # L $0 % F i) % (h Hcec % B

18



3
L
B

v
»

Bor WEZH R o G
=

2=

3]

v
I

B )k G2t NOs /SO iR PF R R B 4R B B en® 1V % - B1123
a2

= ~
'y

22
L

LR
A P AT BI(BI13) © NOs/SO47 v

PR e T RG] X R de o fd e NOSTSOGZ BT ik e AR $HR

)

R

N

R

#*NO3/SOs2 % P Bl » + B B3 ILNO3/SO,% + = & » 3 %
i) %t dic » NO3/SO4% % 4p ¥

- BB R AR R A T NO3/SOs e 4o 330

1

B
B B (%) HY (o) am
B E 8 2 8 & 8 E B 8 o
L S =S : .‘ﬁ_u‘a_ : _ i e i
! e o = S . — e .
- &4 - N Ll b L TMU1/20/0202
I ., Pl T e
mwn e - v Eld . de»M....... -5 1/€0/020Z
RSy et ol B g |
<R | =l 3 8 o st R €1/80/0202
B o T “ord o : N
N-4 - (v ..OM s TECRY L S gyt £
e o/ | 3o " S 2= 1/e0/0202
£ R ) i Y
o W | |;Hu...Mxn«.ﬂ.. uf I I R o
SO o Saof - “ e—eeee— v —160/£0/0202
L ) ~ 5 ..ﬂ.ﬂ.h.lmu..tuu.lu“cvo - 1 : |sd-|.|1..|J.r.«Ymm—r
2 S — e e—d —¥- o
— R G| v Cloe e r SR-10/£0/0202
i LmW N m . 3 % . S .H|o 0 --
SIS m wt oy Ll B T _Lmo\mo\omom
3 & = i Loy o P
e 7 < L = b
ooowon T X (oere— % |L£0/€0/0202
o0 — = 1 ﬂuhivl.ow”\b .
2 = Mm | e o of Il . Y
2o <hl [m)] -’o., o L ﬂl&l.‘|.|..”ﬁ
& @ H = Ty - 1N S H"H..un..s\mo\omow
] W ‘% S s S = szrzor0z0z
Z SR —,
oo o 3 A a1
o 1S3 5y S .'oval 1‘? 2 ﬁl.- . —
= - e L s
O =|| e, _ : et~ O2/20/0202
WW\ /M.L [ ; )ﬂ”.\. Iwu_ial.tp -\t S 1 -ll.nvt\
N H Sl L _ _ g 212010202
BN R - i |
> oHe AR .~ o F g s ' et e
=R b Ll e EfrEIRON0Z0Z
N Q== i TP Bl 11 e o
Bl e e unl - : . —*=¥F-02/20/0202
, s o T 2
o S o pineeig B i
& okl omy T T ——— 1/20/0202
) LS
N (D,) @4nyesadwa | (,sw) SMm

19



N ,
((wbr) ‘OoN  (Lwbr)_ "0S® *ON (.w Br)*“nd B (qdd) “ON
o § o AR 8 8 § 8 o
L Il 1 L | 1 | L
% <o Q| 5] a.ﬁwﬂl. 2
2 s s Py
. g HO = . P, rLveorozoe
e ;
<« el o [
. ﬂw L h M.m:moamom
' o~ N
"o o s 3T
Bt = A
Sl < weadBl 7 LELIE0/0202
g% H e L
B L. @ M -11/£0/0202
L H T Q :
LA Z Q A
o & [= @ IR 2 i
b S o, Taa e 160/20/0202
a B VAN
cf 8 F [ Pl L
® o = ...@W
oy &L 0 < «dl o L0/£0/0202
3k % 1-50/£0/0202
- 4
A o [ T
oL M - W 1€0/£0/020Z
L m_ -
i i 2 = -y ....._‘.1. r
A i SR Yo
3 af [ “W¥ L, Logoi0z0z
- Rr Rk PP f%_m.L
e |1 A F g rezroizoz
P 3 .8 ..?‘m%..hu L
> “ . Wy & 3 .._\.n..ﬁv
w4 . uﬁa@ 192/20/0202
Pa 3, &3‘_ 4 % e g A3
13,9 N Y LA Lo F
o & LIRS R
g [ CR i HErR0i020z
4 = T+
& 4 s e W ol
 Ea b b i:..%ﬁ. 1-22/20/0202
et « ELd
+ AL e H
< = b =) Y <
z Sl <& ¥ -02/20/020C
¢ rema # EH
" Mﬂ il L
, U _ — — _ ——————%}-81/20/020Z
B % 2 YT 2 o~ - [ST=) o =3 g 8 8 8 8 ~=°
®, o e S @ © T «
(owi Brl) BN (o.w Bri) (;w Brl) "HN (,.w) "800 uonoulXS

<3 ~ NO2 ~ PM2s 22 K

e

2

LR e o BRI R YR

3 B -

!

®

(;w Brl / w Br) "Os/“ON

(] <t N o
1 _ 1 _ -
. .....m..m.u.w.w.u._.u.. ~L1/80/0202
" .... # G1/€0/0202
o e ll-t.-- -\o‘-ibo o - -
I ~€1/£0/0202
e o Ill - -
. e S ITLLE0/0Z02
SO ot Y Em | [60/£0/0202
’o-l- e’ "|o‘outlc.-¢'l i
_ . e ive —20/€0/0202
& ‘«1 B
m st GRS | O
o ¥ £0/£0/0202
=z eo g o0, rie® =
LT NSRS, Fokozoz
v . wu._....o..m. -82/20/0202
o L] 00“ s L] ™ .'"l‘ L
S s "My W, 9212010202
c o i
o . °° , e o m gn -IIP'
5 . s B ey —¥2/20/0202
oo o g 2%
va o~ (0.3“' B
£ - -22/20/0202
L Lé L
. -02/20/020Z
T _ -81/20/020Z
o o o o o o
(=} o o o o
= © © < N

(,.WA) "800 uonouNX]

NO3/SO4 3% P& & 47 ©

o

£ S

e

2

I R

20



1000

— 100.0
) I
— 87.50

800 —
IE | u \— 75.00
< 50 )
v s — 62.50
8 . u
5 —50.00
o sty ,
2 400 -t
= ATt g —37.50
=
Lﬁ _ : 7 : : l
- Tadl sl — 25.00

T T T T T T .

NOa'/SOf' (Mg m™*/ pg m”)
W 13. i % i~ NOs/SOZ 2 Ap $iB & ¢ Fo4c i ]

FIR B
1

S

BEFLEFRRAGARBEFIAME 2 AR F 3 AL f % 7o

sl s HNOs 2 e i B 5 WenB ApF o b — F ¥4 B @ﬂﬁj?@)ﬁ\

FRSR» o R Fadil  RERERRIIOFRLIT S50

LA LEHAFERARFIAREY LFL A R T FR AR

PO EEE Bl R R R e N R R R

2 ARAKEER TEFIFLLFS FRFBFI MY P AR
Bl p R BERF Bladancg Lo FRME e $H- 54
AABEAFRALRRRFTF LR PEFHEY -

3. A FRFE RHMAYT NOsRRE R o f 7 AY CIEA L VIR
PREOIER - BAEET 2l NOs& 3 & 5 HEAp-kf2AF CINO,
kR e 3B CINO $R R AR i@ 2,8 » H %25 Cl p d A7 R IE
SRR Opfeidd d o kP RENPEREFAT 0 AR B2 NOs B4k
fEF REHTF STREAHREHH Lo

4. 7 P H A F PMos kBT P NOs 42 SO 5 B ¥ + 2 3 4 - NOg”
APECT SOZ 8 5 L MAp fRAp SRR » FRR R W R LM e ER
SF LR LT AGERRF R BARF R A G f A R4 L
B2y A 3o nis b o AFTF BLPLE % BT NO3 SO @ et 40 7 1) %
filfestlif 4e > Bdp e NO/SOS™ T o i & Pl SEAp $HR A H{ e § I+
bo crAB A o

M oHD fp W

21



2 F ;—é;—a;f%

Allen, G.A., Cardoso, A.A., Rocha, G.0.D., 2004. Influence of sugar cane burning on
aerosol soluble ion composition in Southeastern Brazil. Atmospheric Environment 38,
5025-5038.

Baker, A.K., Sauvage, C., Thorenz, U.R., van Velthoven, P., Oram, D.E., Zahn, A,
Brenninkmeijer, C.A.M., Williams, J., 2016. Evidence for strong, widespread
chlorine radical chemistry associated with pollution outflow from continental Asia.
Scientific Reports 6, 36821

Behnke, W., George, C., Scheer, V., Zetzsch, C., 1997. Production and decay of CINO>
from the reaction of gaseous N2Os with NaCl solution: Bulk and aerosol experiments.
Journal of Geophysical Research - Atmosphere 102 (D3), 3795-3804.

Bertram, T. H.; Thornton, J. A., 2009. Toward a general parameterization of N.Os
reactivity on aqueous particles: the competing effects of particle liquid water, nitrate
and chloride. Atmospheric Chemistry and Physics 9 (21), 8351-8363.

Cha, J.W., Shin, B., Ko, H.J., Lim, Y.K., Ryoo, S.B., 2020. Water-soluble ionic
characteristics of aerosols in the marine boundary layer over the Yellow Sea during
the KORUS-AQ campaign. Asia-Pacific Journal of Atmospheric Sciences 56, 467-
483.

Chen, W.N., Chen, Y.C., Kuo, C.Y., Chou, C.H., Cheng, C.H., Huang, C.C., Chang
S.Y., Raman, M.R., Shang, W.L., Chuang T.Y., Liu, S.C., 2014. The Real-time
Method of Assessing the Contribution of Individual Sources on Visibility Degradation
in Taichung. Science of the Total Environment 497-498: 219-228.

Cheng, M.T., Horng, C.L., Su, Y.R., Lin, L.K., Lin, Y.C., Chou, C.C., 2009. Particulate
matter characteristics during agricultural waste burning in Taichung City, Taiwan.
Journal of Hazardous Materials 165, 187-192.

Feng, T., Bei, N., Zhao, S., Wu, J., Li, X., Zhang, T., Cao, J., Zhou, J., Li, G., 2018.
Wintertime nitrate formation during haze days in Xi’an, China: a case study. Asia
Oceania Geosciences Society 15th Annual Meeting, 03-08 Jun, Honolulu, Hawaii.

Galindo, N., Nicolés, J. F., Yubero, E., Caballero, S., Pastor, C., Crespo, J., 2008.
Factors affecting levels of aerosol sulfate and nitrate on the Western Mediterranean
Coast. Atmospheric Research 88, 305-313.

Ghosh, A., Roy, A., Das, S.K., Ghosh, S.K., Raha, S., Chatterjee, A., 2020.
Identification of most preferable reaction pathways for chloride depletion from size
segregated sea-salt aerosols: A study over high altitude Himalays, tropical urban
metropolis and tropical coastal mangrove forest in eastern India. Chemosphere 245,
125673.

22



Haskins, J.D., Jaeglé, L., Shah, V., Lee, B.H., Lopez-Hilfiker, F.D., Campuzano-Jost,
P., Schroder, J.C., Day, D.A., Guo, H., Sullivan, A.P., et al., 2018. Wintertime Gas-
Particle Partitioning and Speciation of Inorganic Chlorine in the Lower Troposphere
Over the Northeast United States and Coastal Ocean. Journal of Geophysical Research
Atmosphere 123, 12897-12916.

Keene, W.C., Savoie, D.L., 1998. The pH of deliquesced sea-salt aerosol in polluted
marine air. Geophysical Research Letter 25, 2181-2184.

Li, Y.C., Shu, M., Ho, S.S.H, Yu, J.Z., Yuan, Z.B., Liu, Z.F., Wang, X.X., Zhao, X.Q.,
2018. Effects of chemical composition of PM2s on visibility in a semi-rural city of
Sichuan basin. Aerosol and Air Quality Research 18, 957-968.

Li, Z., Hu, R., Xie,P., Wang, H., Lu, K., Wang, D., 2018. Intercomparison of in situ
CRDS and CEAS for measurements of atmospheric N2Os in Beijing, China. Science
of the Total Environment 613-614, 131-139.

Luo, L., Yao, X. H., Gao, H. W., Hsu, S. C., Li, J. W., Kao, S. J., 2016. Nitrogen
speciation in various types of aerosols in spring over the northwestern Pacific Ocean.
Atmospheric Chemistry and Physics 16(1), 325-341.

Luo, L., Zhang, Y.Y., Xiao, H.Y., Xiao, H.W., Zheng, N.J., Zhang Z.Y ., Xie, Y .J., Liu,
C., 2019. Spatial distributions and sources of inorganic chlorine in PM2.5 across
China in winter. Atmosphere 10, 505.

Park, S.S., Hong, S.B., Jung, Y.G., Lee, J.H., 2004. Measurements of PM1g aerosol and
gas-phase nitrous acid during fall season in a semi-urban atmosphere. Atmospheric
Environment 38, 293-304.

Roberts, J. M., Osthoff, H. D., Brown, S. S., Ravishankara, A.R., Coffman, D., Quinn,
P., Bates, T., 2009. Laboratory studies of products of N2Os uptake on CI- containing
substrates. Geophysical Research Letter 36, L20808.

Sasakawa, M., Uematsu, M., 2005. Relative contribution of chemical composition to
acidification of sea fog (stratus) over the northern North Pacific and its marginal seas.
Atmospheric Environment 39, 1357-1362.

Seinfeld, J.H., Pandis, S.N., 2016. Atmospheric Chemistry and Physics: From Air
Pollution to Climate Change, 2nd ed.; John Wiley & Sons, Inc.: New York, NY, USA.

Shen, H., Cheng, P.H., Yuan, C.S,, Yang, Z.M., Hung, C.M., le, I.R., 2020. Chemical
characteristics, spatiotemporal distribution, and source apportionment of PM2s
surrounding industrial complexes in Southern Kaohsiung. Aerosol and Air Quality
Research 20, 557-575.

Tham, Y.J.,, Yan, C., Xue, L.K., Zha, Q.Z., Wang, X.F., Wang, T., 2014. Presence of
high nitryl chloride in Asian coastal environment and its impact on atmospheric
photochemistry. Chinese Science Bulletin 59, 356-359.

23



Von Glasow, R., Sander, R., 2001. Variation of sea salt aerosol pH with relative
humidity. Geophysical Research Letter 28, 247-250.

Wang, B., Chen, Y., Zhou, S., Li, H.,, Wang, F., Yang, T., 2019. The influence of
terrestrial transport on visibility and aerosol properties over the coastal East China
Sea. Science of the Total Environment 649, 652-660.

Yan, C., Tham, Y.J., Zha, Q., Wang, X., Xue, L., Dai, J., Wang ,Z., Wang, T., 2019.
Fast heterogeneous loss of N2Os leads to significan nighttime NOx removal and
nitrate aerosol formation at a coastal background environment of southern China.
Science of the Total Environment 677, 637-647.

Zhao, Y., Gao, Y., 2008. Acidic species and chloride depletion in coarse aerosol
particles in the US east coast. Science of Total Environment 407, 541-547.

Zou, J., Liu, Z., Hu, B., Huang, X., Wen,T., Ji, D., Liu, J., Yang, Y., Yao, Q., Wang,
Y., 2018. Aerosol chemical compositions in the North China Plain and the impact on
the visibility in Beijing and Tianjin. Atmospheric Research 201, 235-246.

FAHL IR AR VR E B A B F G 2 108 £ B T
Mok (PMzs) it B s B2 2453t d AL > FEF -

24



108 R EdEFmy i d % a4

PHafs Ed

?J-i‘_%.%{ :

108-2111-M-040-003-

ek 1 L FRE LA ALY LS BB AR L AR BenpEe 2 T 0T
fL
. L GRPD R A kT 5 5 'T':— R
2 -
* R L g JB P ﬁfﬂﬂ"" | &AL ERPINE & I -
R EFEEL L E)
EI RIS 0f .
Fitgwm= 0
- 23 ol =
E]%ﬁﬁ%v o -
Bd 0f ¥
FeIE 2 o %
His o &
2= 0
1. Chen, Y.C., Chang, C.C., Chen ,
W.N., Tsai, Y.C., Jhuang, Y.P.,
Chang, S.Y., Chang L.Y., 2020.
Developing a Light-weight Aerosol
Sampler Mounted in Unmanned Aerial
Vehicles to Measure Vertical
Distribution Characteristics of
Chemical Species in PM2.5. AOGS
% 17th Annual Meeting, 6/28 ~ 7/04
Pt € 2 2020, Hongcheon, Korea. (@ #1z

. C FRE M BPAE)

E? B e 2 2. Lin, C.H., Chen Y.C., Jhuang,

‘ Y.P., Chang, S.Y., 2020. The
Temporal and Spatial Interactions
of Air Pollutants Among Coastal,
Urban, and Inland Environments.
AOGS 17th Annual Meeting, 6/28 ~
7/04 2020, Hongcheon, Korea. (@ #
Yoo FIEFMBPEHE)

2 0] ~
EEH> 0] %
ForsR 2, o &
H i 0 &
e 0

% AL 2 0

2|+ R #14 1 B+ R

g By AR 0] « =

" L x4 R 0

’ " <54 0

ELI g -
L P 0




Hifs %
(i it ddz & % doyRrl § e b
CEEET CERMELIE FTIER
R 2 B et 3 EHES B2 B R
PRFRITE G FAEHS] )




