Journal of Environmental Science International
26(4); 447~456; April 2017

ORIGINAL ARTICLE

pISSN: 1225-4517 €l SSN: 2287-3503
https://doi.org/10.5322/JESI.2017.26.4.447

AFA ZARGA AFH A2 PMys o]22A 54

*

07|% - siE+

Alzostn B ot

lonic Compositions of PMz2s during Summer and Winter in the
Downtown Area of Jeju City in Jeju Island

Ki—Ho Lee, Chul—-Goo Hu'

Department of Environmental Engineering, Jeju National University, Jeju 63243, Korea

Abstract

Chemical properties of aerosols were investigated by analyzing the inorganic water-soluble content in PM.s collected in the
downtown area of Jgu City in Jgu Island. Due to an increase in both the number of visiting tourists and the size of loca
population, the number of carsin thisareaisincreasing, causing an increase in PM.s. Eight PM2s-bound major inorganic ions
were analyzed during the summer and winter periods. The water-soluble inorganic component represents a significant fraction
of PMzs. In particular, secondary inorganic aerosols contribute 36.2% and 47.5% of PM2s mass in summer and winter,
respectively. Nitrate concentrations increase for [NH4/[SO4*]>1.5, and excess anmonium, which is necessary for ammonium
nitrate formation, is linearly correlated with nitrate. These results are clearly observed during the winter because conditions are
more conducive to the formation of ammonium nitrate. A significant negative correlation between Nitrogen Oxidation Ratio
(NOR) and temperature was observed. The obtained results can be useful for a better understanding of the agrosol dynamicsin

the downtown areain Jgju City.
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Fig. 1. The location of Jgju Iland and the sampling site in
the Jgjus City.
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Table 1. Descriptive statistics of experimental data (ions, gases, and weather parameters), neutralization ratio, and oxidation

retios
Parameter/Species Unit Summer Winter
Average SD Average SD

Number of Samples 15 29

PM,5s Mass ug/m® 18.68 6.22 18.89 775
Na" ug/mé 0.17 0.15 0.22 0.10
NH," pg/m? 1.30 0.70 2.03 1.33
K* pg/m® 0.10 0.11 0.16 0.10
Mg? pg/m® 0.03 0.01 0.03 0.02
ca* pg/m? 0.07 0.06 0.12 0.08
(o pg/m® 0.04 0.03 0.07 0.08
NO; pg/m? 0.05 0.03 161 1.68
SO pg/m® 5.08 2.80 4.80 2.79
Sum of Species ug/mé 6.84 3.61 9.06 551
nss-SO,> pg/mé 5.04 2.79 475 278
[NH,/[nss-SO,%] Equiv. ratio 071 0.11 113 0.21
Chloride depletion % 82.10 16.24 816 16.1
SIA pg/m® 6.39 347 8.39 5.34
SOR - 0.21 0.14 0.31 5.34
NOR - 0.00 0.00 0.05 25.87
SO, pg/m® 13.33 479 6.93 3.26
NO, ug/mé 23.83 8.45 24.34 9.70
Temp. °C 24.95 2.76 5.4 1.99
RH % 76.59 591 64.7 5.08
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QItHHan et al., 2008; Jung, 2009; Sim et a., 2013;
Cho et al., 2016). E3F SH4EH 2] 79 A= AAE
FEHE g S8k YTt PMasol tigt 7]
A& o5 Ho] ALH vlgl =2 A2 UHA
9)tCho et al., 2016). o123 2] SO,* B w7} A
S vlgl = Yebd A2, AIFA| =R o] 3
Qrofl HlmA 747k 3ol YR8kl = A7 AQl &
A} AEH dF vyES Fgog gt DMS
(dimethyl sulfide)et 22 23h=9 F3tet v1-3-9]
go g olg) SO, 9 F71E Hel Ao Azt
(Han et d., 2008; Kim et d., 2013; Yonemochi, et d.,
2015).

A Bt HEE 7|Z2oa Hy, o2H=
SO 0] 7P FH3 A 02 Uehyta, o]o]A NHS',
K, Ca, 718]12 NOs 9] &=0]9lth AL Ao %4
SO 0] 7P¢ FEREIG, theo 2 NHs', NOs,
K*, Ca’*2] £=01gith. oS3} A& Alojo] NOs 2] &
Tof Qloja] & xfolE H=t, A5EET = A
Aol 2 =5 Yeb o]- ™ PMasoll A EATY
FE7t AgHo| 7MY w11 o5 - 7P E2 A
& 24, 24 Ae SolAE B vl QltkLee et
al., 1999; Kim et al., 2008; Han et al., 2008). o]+= A
Sl A2ATR| 52 ujE B ohet e ox
o} 71491 o] JFfo] ARt o] ekt Ante B
oltKYao et al., 2002; Han et a., 2008).
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oA B3] Al AE(SOs”, NHs', NOg)o] o] &} AL
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SA(SA LY 40%) Hrh= ASE(SA L 45%)
A5 P o] K o] &2, vjE B4 oo}
L] Aol % SFAEE AHEdLo] 7]QIsk= ol
ojZ2F0 2% df] dHA UrKCeo et d.,
2012; Lee et a., 2015). Z2] FQ WYL BAF
A Eofolck. E Atolx EY
(nss-Ca’")o] % Ca’" 2] 8196(¢12) 2} 90%(#2) &
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AR RS & 4= Uk

Qo] 7H7kE A oA JFE 7] 5 olol2E
W Ha0] 7ol HsliA= sHFUAY] 71015 1L
sfjopat gtk Table 104 B, PM2soll Al [CIT/[Na]
E H|E o]S0] 0.21+0.19, A-L2-0f 0.22+0.192] Z o
2 eyt B Aol A [CIT/[Na] & vl s del)
A19] BlE&}] L1745 T LE|A] 22 A 0= eyt
o} 712]31 Na“oh Ol 7ke] S Ato] o] ApA(R) &=
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A AR el whE FE Al 9= ¢l
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Foll 9lo] AAZAT(chlorine depletion) <] =i}
sieh Sfufstd HadE Aatkd, Stk
A5 7|4 -2 A E o] sl YRl A]
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Table 2. Correlation coefficients between PM_s inorganic components at Jgusi City
Na NH,* K* Mg* ca* cr NO; So,%
Na* 1 -.037 =177 598" -.190 476 .292 149
NH,* .328 1 657" .389 421 .383 123 959"
K* .284 841" 1 194 .560° 317 .569° 5617
Mg* 804" 164 .293 1 486 643" 486 481
ca* 322 120 .249 686" 1 .226 435 370
cr 442 233 -.085 245 121 1 559 496
NO; .079 824" 767" -.089 .038 221 1 .143
SO, 476" 941 778" .368" 237 .196 597" 1
Theitaic numbers refer the summer and others are the winter
" : Correlation is significant at the 0.05 level
" : Correlation is significant at the 0.01 level
9o] A(DAe A= [Na]S 8ld Na' = 3.2. Sulfate®} NitrateQ| A4M
7RIt = Aol Al PMasoll gt Hat A4 ] 7] ol A SO.9F AAAISHE-2 7+ ghakat 2
&2 7 AEA Bt ol Rit(Table 1). &2 ¢ 4RO 2 Al = IS AR A Hit o & Bk E
T7IZE Eetell AaAgHlES Wt 81.8+16.0% = tj7] Foll 2AsH= v 9714 =4GR Y
(29%~100%)5 LT ol AR kel Clol 4t ofahk8alo] ool =% U SO 2FNOs & A3l
87\ Bk b ATk A& AR stk Fig. 25 HA ARAF 717 Ferel) 244
Table 20]= 5284 o] 2AHRE oo Auahd  nssSO,” H=ol thah NH,' H=0] g 1ol A
otk AL9 A 3| AL 7]&7]= 1.200] 1L, A

£ clS(e] 223 AR(hel 42
Festo] ALk Al A 3
NOs, NHL AJolel= et 3129] A2l 3188

& et ol AlFAIY] FAA Gl fAIRE s

gt Lo R Ry SFEES UEhdo = 5
olth SO~ 9F NHs™ Afojols o} okash AR

(r=0.94)& Holed), o= F& 7|A Yoot
A Q1 B YR} Abo] 9] Bl 2] NH, 7 A4
]7] wjizo]c}. SO NOs Afo]o] A A-gofi= |
WA FF(r=0.6) o] JEPFEA| T ool = A
o] 72 YERA] k= Ao & u|Ro] & uf, #-&of
o]59] AEZo] st AR Ahel e FAUASH
H & oA B EE] Q7] w02 Bt
Table 20 4] 2, K7} SO, NOs, NH, 53} A}
F3] Fost ATHES YER I o=, ol AEA
?l;i v E-910] GRS wke Zl o2 A7l 4= Qlek A
F& AZF slieriel AtelolA] s o] el A
ANME FSatof] AT AEA Ak wiEHoA Al
Ao $EElE AME 9131 vl QltHHan et 4d.,
2006; Miyazaki et a., 2007; Sahu et al., 2009).

Ala(r)2 0.9421 ],
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AF+=

ol dHEYolrt AR It S5
T8 38k
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Fig. 2. Relationship between NH;" and nss-SO4”.
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Fig. 3. Scatter plots of (a) [NH4"] versus [nss-SO,Z]+[NOs], and (b) [NH4]+[nss-Ca’*]+[nss-Mg™] versus [nss-SO,?]

+[NO3-].
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o]%1.om, ([nss-SO,”T+[NOsT)l| That [NHa'] ]
£ t12F 0.9+0.072 YERTE o] =2 NH, vi&7)
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Fig. 3(@)°l= [NHa']9} ([nss SO T+[NOs]) Alo]
o] AlhAS Hol Folch [NHL19 ([nss-SO4 ]+
[INGs])oll= =2 S Helow, 7|&7]+= A
o] 0.95, o}5] 0.645 LERITE o= AlFA] EAA]
ool A NH4 ol 2]3F SO 2} NOs 9] F2 2 0] %31=
UEeRH Aolch iz 2 SO.7 2k NOs 9] 30%(0]2) 1
)31 1296(A£) A =7} S84 4] Fata ol 3

o AAbEr) =, ALl grhfo] SO 9k NOy
7} NH,"of| 2J3l] 7 2] bt kel vhdo] o} &
ol 2¥A XS Holi itk Fig. 3(b)oll=
(INH4"T+[nss-Ca 1+[nss-Mg™]) &} ([nss-SO4*T+[NOs])
Atole] TAE Bl Zlolch o7]A AL 7187]
£ HH ALofl=0.96 121l o Fofl= 066U &
4= Qltk. o|ggt Aol A, AlFA] Ealof|A] o
o2& tha AMIS H=d], 53] Agkohe o
Aol o 29tk A& & = ik

Fig. 4= AlFA Z4A SHE PMas 5
[NOs]/[nss-SO4”] & H]Z [NH,4']/[nss-SO,°] & H] 2]
T2 A UERA o)tk o]F = 3shE 2A4o) 7t
7] T2 2H00A ool2E 4wl F3t 9 WAt
o] A ARE doh i1zt sh=t] AM-HtHHuang
etal., 2011). 718])3 o] 1o A= [NOs]/[nss-SO,7]
2} [NH41/[nss-S0.*] Afo]2] AFkAdel glojA A
22l o] 7} Vreb-S & 4= Qlth 1 oA Hzo] of
20]= [NOs]/[nss-SO47] & |7} o} e e |
oA vl A sk EF 52 [NH,/[nss-SO.]
7F 15 oJs{ammonium-poor) Q1 Foll FofA sz
< & 4= 9tk o= ammonium-poor A|&o|A=
nitrate A/Jo] FA3sA] oFon, o|#jgk AjRo||A
ZHe A2 k9 nitrate= PM2sH Q] A|ZHdE3F A3
o] & 1= 9} ALolli= [NH,]/[nss-SO ] 7} 1.5
oA ammonium-rich)¢1 & &Jof| 4 [NOs]/[nss-SO4?]



AlFA] =R ol A 352 AE2] PM2s 022 54

453

1.6 T
A Summer !
1.4 | *
Rl * Winter | /
w12 L -
b I L ]
B 1
2 10 i /./
I
E. 0.8 1
= . %
=+ 0.6 1 >
g 1o 4t
v | L ]
W 0.4 1 Py
é : *® = 0.7364x - 1.2425
. 0.2 T e R*=10.8597
g 0.0 A A .‘ 3 (winter)
- 0.0 1.0 2.0 3.0 4.0
[NH,*]1/[nss50,%], Molar ratio

Ammonium Rich

-
]
wn

[y

B

75 ]

-
y=0.7285x - 1.3732

[win-te; only)

-100 -50 o] 50 100 150 200

Excess [NH,*], nmol/m?

Fig. 4. [NOs]/[SO”] molar ratio as function of [NH4]/
[SO4*] molar ratio.

= HI7F 7R EA STk AE B o odvh 2 A
oA ALoll= A9 BE A&7} ammonium-rich A
"ol SR UElTE Fig. 404 =W nitratex=
ammonium} 71 S YehdS & = Sl=tl,
o= PMys nitrate7} T 7] -] Ly ofe} ZAE Abo]
of & 71A| W& SolA dAH o YAHE =
e YEAL Qlek o] d o] A-5ollA Ew(Pathak
et a., 2009; Squizzato et &., 2013), ammonium-rich
A2 A [NH]/[nss-SO."] & HI7} Z71to]| wheh
Al nitrate’= i o2 FRA = A & 5 Uck
B Lol A= AgERo] PM,s nitrate= ammonium
-rich 2730l A AR QleE A5 AtolA] A2 o
2H3 1} stek4] Aefo 4 ammonium nitrate®] Y/
A olsh=d] [NHy1/[SO4] & ulE &3] AME3tLL 9L
CH(Pathak et al., 2009; Huang et al., 2011; Squizzato
et a., 2013). SulfateS %3311 ©]o]A ammonium
nitrate®] /o] 7HssliA =g sk 5 excess
ammonium2. 2 F&35H=g], excess ammoniume] tj
3t 3AIE Aol 9lo] [NHL1/[S0. =155 AR
skar glow, ohEat o] A ol tiPathak and Chan,
2005; Squizzato et d., 2013).

Excess [NH,]=
[ (VH,]

—_— nss — 2
fnes— SO 1.5][ SO;] @)

Fig. 5. Nitrate concentration as a function of excess
ammonium.

Fig. 5= excess ammoniume] thgt nitrate ==
Ueld Aol AHLo] excess ammoniumi} nitrate
3 Afolo] o} Fmt AL b 2 5 9)
t}. =, AL nitrate= excess anmoniume] Z7}e}
A fARE F718 ®oln gl olelzt Az
Pathak et a.(2009)2] P AT}e} of5 GARH), o]
+= excess ammoniumo] 0.t} =, nitrate?] < 7]
A Aol Fasitt= AS vefdl= Aolch 12
a2 AFoA HH, oEHollE iR AlRolA
[NOsT/[SO,°] & H|7} o} 5 22 gh& 5.9 o2t
[NHZ1/[SO”1 <1521 g olo]l EojA Q= AL B 5
At} o]= ammonium-poor A| &A= nitrate®]
A/go] IohA] 83814 fhth= As Hole ZolH,
olefat ARESA AEE AL o nitratel=
PMas U] 212} 4 dzkel A $= 92 Zolct
(Pathak et al., 2009).

3.3. gt 2Ao| Mils

Sulfates} nitrate’= 7] 9] ofjolzZof FHael
F8 AR F deA girk th7]0)4] SO.7} SO~
12]3 NOZL NOs 2 Aete= A= E S5 9
3} 4] SOR (Sulfur Oxidation Ration)zZ} NOR (Nitrogen
Oxidation Ration)2 &-&3kcKLin, 2002; Squizzato
etal., 2013).

ans —-50;~
SOR= "0 )

Nuss - SO7~ + Nsaz
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Ny,

NO,

NOR= —— " — 4)
Nyo- T No,

o]7]4 N& B4 Uehdich. SORT NORo| -2
e wolw t7] FolAq 714 setEe] Akt o
olupn mr} Be 27} ofo]2Fo] ZAIT 4= USS
oJujgtcWang et al., 2005). Ohta and Okita(1990)
1= SOR gto] .10t} =1, SO,7+ e 7|l 4] sfe}
H o Alshwll Zo]eka F43ick oke] Table 1o
Al SORE o]& W+to] 0.21+0.14 (0.08~0.62)°] )32

£ FFL 0.31+0.14 (0.11~0.65)0]2}t};. NOR2)
Zd5-oll= o5 H+te] 0.0 (0.0~0.01)°] 3L A2 3

2 005 (00-02)0]%itk. & Ao ArHo
NOR©| SOR}.tHe 5] LheRig o, %2 SORE 7|
S3o] TS 9k SOR gho] 2 27 AL
BESHE A ol 7] QIS1A At shelaa ok
2 Wi elo] QIR thEO.E A7) & 4 gk 1

GA|uk A ol A At B Agkel
AL 7VEEA 98 9lek PMasol A NORo]
£ 95S Hol AL, SOZ 9| 27 A4} W]k v
RIFA] AL A= NOHE| NO3 o] 27 42 oF
7 otk 2L Kol i gliz Aot AFE A

slebae] TAke|(F bl A ES Al 4 2013
o ZE] PMos Ao 4] 4% SOR%} NORS
2ui(Ko et d., 2015), SORE o}S3} A& 242}
0.729} 06924 ¥ AT AT Y55 e golw
A ARA 02 AR 2315 19 on), NORE of
23} Ao] 217} 0059} 0.0024 o] o4 2 472
o] us) & 42S LERTh Ko et al.(2015)=
olefst mARloIAqe] AuSol dishd PMase]
sulfatee} nitratel= 4|4 6. enthe 472 o]
ol ol ofao] 2 wjEoleki AT =, ARE
Syl Al 21 27 eoEdR EAfe
v H7] ol 2o RE Zlow Taskela, A4t
A oA 2] SAee] AFrrhs AR fT
ol5-0990] Gao] 2 Aow Pegych. ot 2
5T} Fogol] ujdo] W, AFA] A oA ]
Ak SAH o] Qgro] Iakele] ustA 2
A e 20 2 4 91 Zlolth. g A|gk At

Ll

we, = i

] o

(Sl
2

AN

BN

oA S Gk 2 AtlM S gkt 2ol 2
7] Wizl ofofl thgt Bk @2 S4EA 3t si4o] 2
QoPRAL Helnk

1 93 50]| 4] SOR, sulfate, 71231 7]-&(temp.) Alo]
o] s AN E & 9, lempsirae=0.10,
Femp-sor=-0.33 (p<0.01) 24 /o] 79| Ko|z] o
k3L, SOR, SO, 18] 3L PMas Atoofl A& A A=
Z}2} Yon-502=0.34, ew.sor=0.022 4] A T1T}A]
A 2 AR e o= SRR dojut
7IAVE Abele bA] a3 7]ofehA] ek
ou]sEaL Qlet. Wi 2, 7123 NOR Afoof A= -2
3 (Nempnor=-0.52) & E.A=t, ©ol= AANA A
NO,9| 7|4V Aoz o] Foid2 Sjuigict. 1
NH,"2} NOR Afo]ofl= oFe] 43S H it
(53] A&ol= rnornna=0.80), 0= #-&oll NOs 2]
T8 3oH] Feh= NHINOsY Z19e AlAstaL 3l
th. Table 1014 PMasol] el Fimat Aake o]

=
S oERTE Aol 2 w5 & 5 Sk

lo rlr

o

ST

A

o oox

4 A2

PR — Ry =

20134l 12%0jA] 20144 24, 20144 129~2015
d 2 18|31 20154 6€~8Y ol AlFFA] =AIR]| G0
Al PM2sE AFste] 1 24 B4 o183 ALl
sl A B astict.

PM2soll -l 8712] =84 o] 244 E-50] PM2s
Agfof A AABH= B]&-2 of 5ol 39%, AL
51% Aw=el Ao & sete|gl o, SO, E A 9fFt &
= ol AEE2 oEHET= AL =2 5
£ Yepch

PMasoll Sl 87HA] =84 o] 248 FollA
nss-SO.”, NOs @ NH,'7} 7P $-3E0]glom, o
S0 PM2sof| Al AFA|3H= 1] 52 o] 53 0f] 36.2% 1
23 ALHol| 47.5%% 0H, o]E o]e]e] <fol2xt
SO RS2 o] 5H0l 2.6%, ALHA 3.7% F=
O] =20l AR kglet.

it E=wl gmmonium-richdl ZZ(INH4/
nss-SO4”1>1.591 9ol Z7tsteied], Ae3
PMs A &of| 4] o3t ExJo] atslA| Lreydet. vt
H o232 PMys A|&2} ZHo] ammonium-poor 91 271
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