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Abstract : Particulate matter (PM) has emitted in many regions of the world and is causing many health-related problems. Thus
reasonable politics and solutions are needed to reduce PM in Seoul. Further it is required to clearly explain the major portions
of chemical components contained in PMjo to figure out the characteristics of PMy, and to develop effective reduction measures
in order to decrease the adverse effects of PMjyo. PM;y samples were collected in Seoul and analyzed their ions to examine the
physical and chemical characteristics of ionic species. Since hydrogen ion (H') and carbonate ion (COs>) cannot be analyzed by
Ton chromatography (IC), concentrations of H" and COs> were initially estimated by pH and equivalent differences between anions
and cations in this study. Starting from the study findings, good combination results for compositional patterns between anions and
cations were obtained by applying a mathematical modelling technique that was based on the mass balance principle. The ions in
PM,o were combined with H', CO;Z', and supplement for NOj', CI" formed such compounds NH4Cl, NH4NOs3, CaSOs, (NH4)2SOs4,
NaNOs, NaCl, Na;COs, and (NH4),CO; in the study area.
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S o= =01 uAHA o] oJjt Al et W2 ZAVE AAEHIL Ak mebd AR 9L uARAIE F0)7]
RE el ARl iy} s agto] AlEdt AAgolrh vAHA| 9 oFFFe Eol7] A A vAEA Y FAAEE T ovlE

tf2 =5 9 Aol = ojof gt} uAHA] F o] &) thet EelEEtd EAS dA5ty] flste] WA A&A H
A AHAE DEo] et o] LA E EA4S stk 1elal o] 2ARuEIHI(IC)RE FAo] HA| o f40l&(H)
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T AR BA O] F el AERE AT g merw AAl QARG e JEAL Hursol
Rom, mAHA F oF 35% A 60% FE7t o] RS 2 935}, o]of gt 22 AR 27 o] o|Ro|z|A] ¢
2 FAHo] Ak =, nAEAE A=t F&olt I ok
AR v]g o]2AE o] M w2 S AA sk Q) H Lo A= mini-volume air sampler (Model 4.1, Air-
oh k3 2 AdH ZAHY] FollA Frlol 28 S A metrics Co., USA)Z o]23t0] 723t QAPAIEZ 0] o] &4
4, dAird, dREdol FE AX = AeE2 dHA 9 BS ol 2ulE 789 (lon Chromatography, IC)E ©]|-&3}
ok 8|3 m A Al F 23R AL W HEo) o] oFolLa} LolLom o] Bttt E3, 42514
SO,, NOx, NH39] A H A3 vj&= Qs FAAETGL i (chemical mass balance, CMB) 2l o] HIH 22 $-235}o] o
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Table 1. Sampling and analytical methods

Classification  Measuring equipment Chemical Note
components
Mini-volume portable air 5
Sampling sampler (Model 4 1, PMio L/min,
Airmetrics Co,, USA) 24 hr
) Electronic Micro- ! &
Weight Balance (CPA2P-F) weight 1079
- Anion : NO3, SO/,
lon lon Chromatography cr
analysis (DX-400, Dionex) - Cation : NHs", Ca®,
K*, Na*, Mg®*
. InductlverICoup.Iedl - Ag, Al Ba, Cd, Cr.
Inorganic  Plasma Atomic Emission .
. Cu, Fe, Mn, Ni, Pb,
analysis Spectrometer (ICP-AES) -
Si, Ti,V, Zn
Leeman Labs Inc,
Carbon Thermall Optical - OC (organic carbon)
analvsis Transmittance, - EC (elemental
Y Sunset il carbon)
Hydrogen ion pH/ISE Meter H

measurement  (PDC-700L, Istek Inc))

4] 9fat AAels B
& 228710 Y2 265 30 mLE AT F 2404 22
5210R-DTH, Bransonic Ultrasonics Inc., USA)o]|
Z3= WL o] 85lgth AR s &9
Tl ) WARE WIS Sistel A7 47
7] 0.45 um9] sterile 2o X](Whatman Corp.,
England)E ©]-&-sto] ojZ}algict. of e Zejzaddl 7

=
T
el

9] 50 mL centrifuge tube (Corning Inc., USA)o] o]
4TON WA BBt FET 84 olL4Re =

£ BA43%17] 93] IC (Dionex, Model DX-400)S AHE-3}1
ok 57§ ol (NH,', Na', K', Ca™', Mg™)3} 37H9] ol
£(S0s%, NO;, CIe Zh7he] Hej
Dionex lonpac AS12A for anion and CS12 for cation)2 A}
gkl BAshe,

PM09] &84S fl8to], ml= EPAo|A A
CWA (Clean Water Act)2] microwave A% 2]H-& -85}
© 1, Questron (QuestronAl. Model Q-15 MicroPrep)< ©]-&
ok AA-Aat AAE RS ARESEATE o] MA P W

H(separation column;

microwaveS O|U X QPO 2 o]gsto] W E 87| oA
A BE AA e Wz 7|29 54]3|8(hot plate)

oM A7 EHAE FHe gr1Ho= Mg Yol
o|E fI8ll oA AlmrE Avte| vj&= HF ko] PFA liner
o Y& 5 61% AAF 7 mLe} 35% FAF 3 mLE 715 &

Questron©{| 4] power 49]- 307 77k 55BN 7hesle] )Y

AAES =519 = o1 IE|(No. 5B, 110 mm,
Advantec MFS Inc.)2 OE].L}/\] 7l & 2245 0]83519] 50
mL=E 3|43kt A|REH2 50 mL F|ZRI FH
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BE IXL5 o’ 02 AL b, ARE o] FYsta &
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tion detector, FID)2 HAZ&3}= ®Alo|th
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2 Ao o] 2R Jo|21 ofol2o] FEFHR
P2 o]FaL A= o] Qlojof ditt= 71 stell, ol
ol 29| Fswol 2olS $AHoR COY R st
Atk COs™ o]¢lofl g714tolu NOy, F 59 ol AR
T EAT 5= ot B AF s 71 gl 2418 A2
Z AEL COsT S Sol o BEROo R ZpYslcth uhet
A ool o] H'isr®S 761, ol HERS COs”
o7 7HRE e A (DR COs™ S A8k

of M

CM (Cation Microequiva In ets) =

Na* NH,” K' Mg™ Ca™
+ + + +

23 18 39 12 20

M

_ - 2—
AM (Anion Microequiva In ets) = < + NO, +&
355 62 48

@

CO32’(ueq/m3)=[C+H*]—A

co,” (,ug/m3 )= CO,” (equivalents)x 30 4)

A (D& ol el F5Es FFoz wglel 2ol
24" HEEs ZIANAT 4 02 S0l $d5=
g ggo watshs Alofth 4] 3)& Al (NI} (2)9] Aol
£ CO"5 T3t Aotk o]e} o] 4] (3)of o3 Abzd
COs" 9 Beke 4] (49} o] FFE= HBsIAT

il

olere] ATRee A ATEAOIG BNFRA W
QAR Fo| BAH BATES olgsio] 24 4 3
ouf, & AFolAE o] ol AGEI Yk 44w
(receptor model)Q] A£<Q] ~8H& MY (EPAA|3 &) Af
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Table 2. List of chemical compound types is classified chemical
by the species (Chemical Profile)

Chemical Optional ) !
Mnemonics Species
compound type comments

(NH4)2S04 AMSUL NH4*, SO~
CaS0, CASUL Ca®, S0~

Sulfur oxides KeSOs POSUL K, SOAZ;
NaSO.4 NASUL Na*, SO
MgSOs MGSUL Mg, SO

HoSO4 HYSUL H* SO
NH:NOs AMNIT NH,", NOs°
Ca(NOg)p CANIT Ca”, NOy

. . KNOg PONIT K*, NOs°
Nitrogen oxides NaNOs NANIT Na', NOs
Mg(NOg)s MGNIT Mg**, NOs'

HNO3 HYNIT H* NOg

NH.CI AMCHL NH4*, CI

Chiorine KCl POCHL Kl, cr.

compound NaCl NACHL Naz, Cl
MgCl MGCHL Mg™, CI

HCI HYCHL H* Cr
(NH2)2COs AMCAR NH.", CO5”
CaCOs CACAR Ca™, COs”

Carbonate K2COs POCAR K*, COs”
compound Na,COs NACAR Na®, COs*
MgCOs MGCAR Mg, CO&”

H2COs HYCAR H* CO&

CHEtErA S St3|R| | %372 M4 ] 20154 42

, 199



200

J. Korean Soc. Environ. Eng.
oYl - ZAE - ASE

= AddE 9 2
o] sk Fig 13 g2k 44y PMpd $HsEs
e > B> AL > olE £08 7129 vt 7H &
Uebdth $&5E $ ol 241 o] oF 41%, 5ol oF
33%, 7F&ol oF 38%, A&o] oF 35% =2 AF °F 40%E 3
frobaleh S548E2 ol ofF 6%, ol5ol oF 12%, 7F&0]
oF 9%, &0 oF 14%2 AF °F 10%E HHshic) g
dE2 ol oF 26%, o150l oF 37%, 7kl oF 31%, A&

o] ¢ 27%=2 AF °F 30%5 HA34h 183l unknown
HEL Jo] oF 28%, oJFo] oF 19%, 7F&0] oF 22%, A
20] oF 23% 2 AF <F 25%E HAotlch

TZAIH7] WAl R H(fine particle) & NOy' 9] AH H&
e dRtd oz AZH Ay =5 e, oF
o HAaF=EE Yetdlich o3t AFHE dEHS o7
Tof whba] 7pA-Rgte] AHstel w2 Axboln] 2
TFOIAE NOy o] FEE ALH PH437 pgm))o] AE
H Y273 pgm)Ec) oF Lew] S FEE UeERych
NO; & AAsH= 92 7]2Hmechanism)-2 2 AANSHET} NH;
o] whg7|&to|th A& tiqtie AFat R A ohEk
&5 Atz J&Fs wotb 221 2 @9l NOy 9]
7t w2 71 EE UEt it

SO, NHy'& 23} 7129 & 22 Yehjgich =
At 7] Fo EA5H= NH,' 9] 4, NHy7F b 7] 5 250
E3E % SO, T NOy 53 AFei, 22 7paskut

o m

Table 3. Statistical summary of PMi mass and lon components
PMio (ug/m’)

Mass SO NOs CI NH,* K* Na* Mg* C&**

Mean 3818 303 390 183 232 037 158 032 114

Ave- SD 595 193 117 094 179 030 043 0.18 0.64

ragé Max 4474 629 563 325 443 091 223 061 234

Min 30,00 066 269 060 0,00 0.00 0.89 0.15 0.63

Classification

3 7heo] B FEQL, ARER FAG FERE
e iek.

Table 3-> 7717t ZA|ol| tfsto] EAF59] Hat(mean),
FEFHAKSD), Hthgh(max), #2FH(min)S UERH Zo]t)
PM;09 SE= % 38.18 pgm’'2 BAEon, i
30.00 pg/m’, o 44.74 pgm’ o= vrepyich

PMig % o] 480 il &S Fig 29 2t &
AE o] ey AYF FEL 1448 pgm’E oF 38% S
Afataa, 2AERE §ol2 NOy > 80,7 > CI'9] <=

o& Uehygton], oFol2S NH, > Na' > Ca™ > K' > Mg™*

il

U

unknown
24.46%

NH,*
hy ;
nunlugl'l(l)ﬂsllll/::'/_ o

. 0,
o2 A4 ted gyl F FEE oy 2Est e e .
T WA Aok dHA ek T A\ “Ner
olediol AdY SEAYS v, S0/ B, 7} 1%
2o 2 FEE UEHISIL o Folle HE Al vt Ca> \ Mg*
of AjHom e s= RER Uehgth NOy e 73 2.98% 0.85%
AL =& =2 Yehglon, Na'e o2 A Ao H] Fig. 2. Contribution of lon components in PMo,
50
45
40 O unknown
Carbon
35
| Metal
t; 30 m Ca%
<
5 25 +—— | Mg
£ Na*
S 20 " K
15 NH4+
10 # ClI’
5 = NO,
# SO/
0

Spring Summer

Fig. 1. Seasonal trend of PMyo,
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Fig. 3. lonic balance between total anions and total cations by
analyzing PMo,
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Table 4. Quantity estimation on shortage of anion and Reliabi-
lity estimation

Case COs&  NOg Cl Resqr

CHI-sar % Mass

A - - - 0.95 7.27 105.64

B 100 0 0 0.99 201 101.87

C 75 25 0 0.99 1.49 101.33

D 75 0 25 0.99 1.68 101.49

E 75 125 125 0.99 1.66 101,09

F 50 25 25 0.99 1.01 100.43
o melw) AlRlE grh Ang el Folok ol 1%
R g A 4 delM AdF 3FRY ol
Adg o]t o 2tk €O 7] Fofl B Ao
2 st IC2 #40] |2 9] wliteln], NOsT} CI
2 NaAFeh £ATHgel A EAEths AEist 9]
ook NOy & Sk gk £4o] w2, ofg 7]
HaQl F 2w=rh ol Ao AP 2 4P A

O

ArtH o g 2271 20T o4 A|&d uf theke] NOy 5
o] ojubriy HIE I Q)
Table 40 4 A-Case= 7] 7]_341 Az mue 425
g A(o] 245 B #)eln, B-Case= Fig. 304 Fo]&
HERHO] BT CO"olgkal 7S ujolch

C, D9} E-Casel= So0]& HEHHZ= 7501 O, 0|1
U] 25% = AlBAF et B4 oA A E= NOyo
U Clrojetar 7h4 S wjolrt. o]e} o] f=2]& A3t o
= Fig. 3ollA] =<l ?‘Q 4 9= ke Zol, 374 F NOy#
Cre} Ao SA4H FEo Acka Azkehr)= olg7] o
ot} F-Caset: & l% FEFE F 92 COsTo| 1L, 1
A 9k NOy'3t Cl'o] zbzF 25%4] o|2kal 7H& wjo|ck &2
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Jl BRI 2AFHE F45= A E*?ﬂllﬂkﬂ o 4= Qloh

o]7] 4] CHI-square:= 3t

g Hxo] FeEE 2 X 7&@6}—&
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CHI-square Zto] A124dg Hloju= 3 L}EHH At 1
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H, NHiNOs, (NH.),804%5-E] MgCL71#] 147} 2
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o] F7t2 EAT Aor o=

= xH s} A
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Conc. (pg/m)
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. \
e
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NHsNO3 (NH4).SO4 & NaCl ¥ Ca(NOs), # CaSO4 Mg(N03)2 = MgSO4 NH4CI
KNO3 B K,SO4 2* NazSOs4 NaNO3 =KCI MgCl, O (NH4),CO3 ® CaCOs3
K2CO3 Na,CO3 # MgCOs3 H.CO3 m H,SO, HNO3 = HCI

Fig. 4. A concentration result after the chemical modeling.

A-Cases= NH4NO;, (NH4):SO4, NaClo] =8 ZAUF = KNOs, K2SO4= B~F Caseo A= H]Z=8}1A Uely Ca”,
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= ZA5l= NH4Clo| A-Caseol|A] ZA3}A] 3= AL ENE =N
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[e}
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rlo
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g 7sA0] glow, NHClLS BaB7HE 7ol 9ok, mugloz 2w shghio] ok oF 1530 pg/m’o]il
Fig. 4o A= 8013} 4= 9l%0] A-Caseo] H|3to] B~F Case 0] &A% ®7 %o mdalog Al 31920 ke
= NHiNOs, (NHy):SOs2 28 ok 37.7%7} 7h45+93L, NaCl oF 18.79 pg/m’ & oF 22.8%7} E7hE|QIch =, nlA|HA|

= 9F 63.6%7F Fastol F Ho7 AAFIS Y o+ A R4 ofH AJEQIA] Elo] ER] o= unknown F
ot &, el Bz Hos 7HsAdol ok aEa = 5 gl disiA 8 4 S Aew AZE o=
Srofl A At viel o] 14'34 ZA8FA] ke NHLClZ A B7] Foll EAFH= o] B F oF 18.6%7} H', CO5™,
9~19% XJEW}X] A4 A FAE T A-Caseol| A & NOs, 12|l Cl'o] 5471719 A or wehE7] el
Aot A e ol Al Ca(NO;)z, CaSO,4, Mg(NOs)2, MgSOs, Aog FAH
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