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Abstracts

This research has been performed to obtain preliminary data for preparing air quality standard of PM2.5, to protect
public health, and to reduce fine particulate matter by surveying chemical composition to evaluate health and environmental
hazardous.

On 3th year study, We can conclude like that ;

The Mean concentration of PM2.5 at central city site (Yeonsan) and industrial site (Hakjang) were 22.9 4 g/m’ and
31.7 g/m3 relatively. and the daily mean concentration ranged from 3.8 to 86.5 g/m3 at Yeonsan and 10.0 to 107.0
at Hakjang. The High mass concentrations of PM2.5 (over 35 » g/m’) were observed on primarily mist, and haze episode
days and stabilized air condition except Asian dust event periods. The Compositions of PM2.5 at Yeonsan and Hakjang
were 43.5% and 55.7% of ionic species, 25.3% and 21.1% of carbonic species (EC and OC), 2.6% and 3.7% of metallic
elements, and 28.5% and 19.5% of the others including particle bound water, and etc. Ionic species, especially sulfate,
ammonium, and nitrate, were the most abundant in PM2.5 composition at both sites and it showed high correlation coefficient
with PM2.5. From PMF receptor modelling analysis for source profile, we obtained 6 factors contributing PM2.5
concentration ; Yeonsan site - 1)soil and industry, 2)steel, 3)secondary particulate, 4) coal power plant, 5)Zinc smelter,
6)sea-salt related sources, Hakjang site- 1)industry, 2)sea-salt, 3)Zinc smelter, 4)soil and paved road, 5)secondary particulate,

6)steel related sources.
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N OB AT EAS T AR Hi%Oﬂ uhe} 2015952
AgH= HrIed 7= PM2.5%= HAWA] PM2.59]
R 7L 9009, 2010EE0| 283t F=Alx| o o7 ), & Ao A= vl A] PM2.6% g Sk A ol A
© 2EHARAIRLE $he SRR E ARG,

% zuAHA 9 B8ty 24T 2AEA BIFAT(1),
(1), ol o]& 33 A7 e dtolct, mawx  71FH 55 FEAVIAL, AdeRe 357 3 =9
(o]3F PM2.5, Z7|E8s+4 Ao] 2.5 4 mEth 2 71A Tl ¥ vA S St AF-A R

T Corresponding author, E—mail : green911@korea. kr
Tel : +82—-51-309-2927, Fax : +82—-51-309-2929



A 7] & vAEA(PM2.5)9] kA 243 eAEA HrE A () 143

So] AAE A, B3], A4 Sleio] uAHA
(o]3} PM10)¥c} o Achs AFATEC] AAHIL 9lo
w, 3T PM2. 59 t7|e3 7 A e AR &
w9 Ayt mAX T FYA Y] B 55 R 244
ol 2 2 AEAS Thetaly] $ial ALl A4E 5
JFstict,

SEvekE 1978d 29 SO0 High 7|&E Hx=2 A
At on, 19830 CO, NO,, TSP, O, HCO| tf
3 27 715S, 199149 2¥€oj= Pboll tidt eg71&S
AR Agstgon, 1995EHEL PM10 t]AlHA| o
3 A2 ARG (2447 B 150 ug/m’,
A7 W 80 ug/m’) 20010l 1 712 73ketgl o
(A7F BF 70 pg/m®), 2007TEREHE gL o J3lsto]
(24A12F B3t 100 pg/m®, AZF B 50 pg/m”) W75
QA B o) i3l oS JAsHA Telste] gt Y 1w
U PM10 s%=7F 7] olstet stejete 17439 Aells
7hAE = AL, Agr ] ARAQ 9 vAlE ¢
Aol 271 2 pum o|5tREA Yol Aty Faa o]
£ Atk= ol Ly Eo| IR A= 2011de) TEA
A71EHS ANASt] 20159 FE T 7| E0|
PM2.5 &2 (24A17F BE 50 pg/m®, ABI 25 ug
/m’)& F7retgiet, nlAEA o] gt FA 9 A7 &
@3] AYHT Q= viFeldE 19979 PM109A
PM2. 529 #elE 243} skglem 2006d 1 7Es
ZeystATt (2441 Hat 65 — 35 pg/m’, Az Fit 15
pg/m®).” B3] PM2.59] tiajAs Aefsmmal ofyzt

J

o

R
rﬂ\i

N

c

=717 2.5 pm ol ETHYX Z}ﬁ 7J°ﬂ oJ3f HaL
2 A AASARE 2.5 gm v|ke] vl A= v, &
&, 7, WA= 5 7]M =279 9T ol Lot
7] Foll Z71%F Fd 7hRs/dol wom HjiFgol Akl

AgEchs 9o 9@ AMAZE, ZF washoutd
rainout®] &JajAwt A AHTE,
L ol9)Eel el gt 2%
& Aot ek, AR WRA 2 o
= 71A% (gas phase)?] 24 l I
H, o] EAEo] t7] FolA J*ﬂ & ool &8l At
2 A3} (gas—to—particle conversion
A 7] ol FfkA gt ol &3
3 Q1A 2 fd=ol 9 Psko] ¥E

mf
O::
r*o

W
°
[\
_};1_1‘
©
~
fu

Hgaid) QA mASoRE A79 BAS $2
o 4= olehe QI Aol AXET Yon S5,
%Pb Cd, As, Mn, Zn, Ni, Cr 5

o] AL E AAsk= T o

g *J,‘—é % UrEMM /g0 Eﬂ e e
gk 7] SollA Al (visibility)oll 5
XP— 0.1~10 pm?l HA|YARS | ©
]—Oﬂ U] E}—/\‘(S]—o A—]H o] A]?S]%]—ﬁ\_q] _:_:]_71]

_HUHU
mlnoﬁ[‘

PM2.5% ghd @ 34 27AOY ) 5574 9
AT Fgko R ¢ldt U, SFA W 5o Ay
37} Mol Q= Ao B HIET 9t o] 9lxte] I
717t A2 50N AR AA HE7F m R,
oA WRo AEsF golsti Fut 7% B2 F| A
ol BEl7] 4191, AlEete] uks-Ao] 275ty &
ojcp?

PM2.5 H% 7jAlo) w2 o]
BAg &0 49 20064 HrEpzEy) tulske] AL
3t Ay} AV =2 2lsh vkA 17]/\}u¥9_ u]= EPA <
Bt 7128 (15 pg/m®) DA A9 304 o4k ¢l 10
T3 30~37g 0] gHaste], WHO %+t 7%= (10
pg/m’) BT 304 o4 1 107 WY 41~50%
o ZIIANGAZF A Aoz FAEQITE EdH
PM2.5 @7| 22 013t 4 Z7)A-S PM2.5 E%7}
U= EPA 43+t 714":—% (35 pug/m”) GAFTHE A4 A
eS| Ol:,L 109 9 o] 7tAsH, WHO U4
Pl 109 gy

271y Fa0] A% S

@
at
=
UQ
B
mYL
ox
o
i)
)
rzi
é
¥ rﬂ,

13~14tﬂo1 ﬂﬂs}g Aoz A
ofel gole] AolA YAy
03} Y shetstn 1o et
d L 424 FAE A 4

i
o.—‘1

]

N

,_1

o
o
ox
ﬁm
_|>~
3
o
ok
dn
2
[}
o
_,L
n:)
o o
ﬁ mE Ll
| é hu
- fo rﬂs
i
-
S~
o =
=2
o F
& o

Fl[‘ O{N
Olt
o)

Lo
X
18
T
=4
N
to
uih
=
i
ri
oﬁ
2 N
ot E
W
Nz
ox
_ELI
)
=)



144

w71 -

o] tt2t}, nAHA = 2 AEH MEF L IS, 4
P4 24 283 7R A 5 oohoket dxkel T E o
qlon] B3|, 7| 4xAL vjEE edEHe) Bt YRS
AR sh= =S ¢

e
e
-+
)

lo 5 & x
i

=
H1

o &
r {
o,

ol
2L

fu

*
o o 4o |
I A <A )

=)
o

o X
b
Bl
10

E
=
2
Ral
=
T
|'0
b

s

mu A5 5

A 11494 gr)ode] 2 ujE
Ao me} thaut &

AEA WEAAE ET A2

Table 1. Air pollutants emission facilities by scale

WL AEAR FEolle B
3t} Table 104 H+= v}
2427} 19924 467tcholl 4] A
7¥ste] 2007 <F 1009HHRE dol4l ovr-1 2010+

o] =i

l'>' m\l
rBL oN & K

=

e,

16)

AR - 24T

Pafet AZAE7 2T AXUeF wjE7Aof gt 5
B7)0] AAsHA ALE L Qlrt, AshE 7|Ee] w7
flate] dzlo] Ay X*ZW]CME HHLIE o
ﬂxl (DPF)¢} 22 F4e] A=
AN 2 e LHEE T°ﬂ 2
3‘71% £ xgshe uAAA 7 BAZE =aL Qi A
Al 7E LR E o] Qi ApeF A AITro] An =R
At AFA ko] Azt g Jvk F sHEA 5
67} Aol Uy sExIEF] 30| HIHElo] A|HlSo
L7le A LA=Tt v so0HE oo tigh tfjdo]
Alget Aol 53] AgAtollA wiEEl= wAIHA 2
T8 TN BaEE (7] 9 Friek)2 9
ATt 2AARY AgHoz tha 2ol gloit
PM2.5 249 30~50%2 AA|etE& 7] ZF PM2.59]
A Y= Asar 1 A Fagh Kol 3
= T
PP =29 wiEder dirjujEAlde] glow
Table 204 H= ule} Zro] 20109 AR AR <9
7l Ed e S 1,942704 0] 20079 o|FE Al
FaZAlgch fFHEEE Table 304 X vlel Zo)
EAEA 2 Yo] TO3NAR 32.7%S AR5k 9lou,
Zr 7| L dE=A wARo] 2 ton v 5F Aol
L0397112:(20106 712)2 A Q] 45.4%2 A5 QL

dm 2 v
o N,

jﬂ
o
B 3o -
rﬁfﬂ
il

B

o o A

_{

N

__&.IHr_&nLJn

(unit : vehicle)

\1@ 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 2008 2009 2010
Total | 862.699]921,084| 955 366| 966,417| 979,969| 994,292/ 1,010,086| 1,038,954| 1,116,719| 1,147,311
6.8 @0 (12 (14 (15 (1.6) 2.9) (7.5) 2.7
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Table 2. Air pollutants emission facilities by scale

Year | Total Class District | Total Class
Classl | Class2 | Class3 | Class4 | Classb Class1|Class2|Class3 |Class4 | Classb
2010 1,942 32 70 118 841 881 Yeonjae—gu| 21 - - 1 12 8
2009 2,160 31 77 141 863 |1,048 Sasang—gu | 612 2 17 22 282 | 289
2008 | 2,191 33 87 148 884 1,039
Table 3, Classification by industry(2009)
Total | Metal Ci};i?;_ Refinery Rp&z}?fg g?e{cla_l Leather| Wood | Pulp Food | Fiber Etc.
2,191 703 85 3 166 66 36 66 3 42 72 949
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Fig. 1. Sampling site (A . Yeonsan—dong(residential), B :

Hakjang—dong(industrial)).
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‘ 1/4 filter strip in glass bottle ‘

!

‘ Adding 10 mL of deionized water in bottle ‘

!

‘ Extraction for 120 min. in ultrasonic bath ‘

!

‘ Leaving at room Temp. for 1 hr ‘

|

‘ Filtration by 0.45 ¢ m membrane filter ‘

|

247

(Teflon vessel)ol] 911 12% ZAAF (W]=EAL) 10 mL
£ Artstet. 238719 g g2

kol Wil Fig, 2 (b)et o] Z2 I A3 7 F%
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Table 4, Analytical conditions of IC for anions

Type Conditions

Eluent KOH(10 mM ~ 45 mM gradient)
Flow rate 1.0 mL/min
Injection

VJOhlmG 20 p L

Column Tonpac AG 19—4 mm,

AS 19—-4 mm (Dionex Inc.)
Suppressor|ASRS T ULTRA—-4mm(Dionex Inc.)

Detector |Conductivity Detector (Dionex Inc.)

Viewer Chromeleon (Dionex Inc.)

Table 5. Analytical conditions of ICP—OES for cations

Variables Conditions
Power 1.2 kW
Plasma gas flow 15 L/min
Auxiliary gas flow 1.5 L/min
Nebulizer gas flow 0.75 L/min
RF power 1100 Watts
Replicates 3 Times

‘ 1/2 filter strip in Teflon vessel ‘

|
| Adding 10 mL of HNOs(12%) in vessel |

!

Microwave program

1 step : Increasing temp. to 200 C(20 min.)
2 step : Maintaining temp. at 200 (20 min.)
3 step : Leaving at room temp. for 60 min,

l

‘ Filling up extraction to 10 mL centrifuge tube ‘

l

‘ Analyzing by Ion Chromatograph ‘

| Analyzing by ICP-OES |

(a) Ionic species extraction procedure

(b) Metallic elements extraction procedure

Fig. 2. Extraction procedure for the determination of chemical compositions associated with PM2. 5,
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method), €348 HEARE® (Thermal—optical reflectance
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gl 2 A3Lo A= u|= NIOSH (National Institute of
Safety and Health)®] TOT ®H-& o]&3dlo] 4314

on, 42U Fig. 33 2t

‘ Quartz filter 1.5X1.5 cm ‘

|

Oven purge (10 min)
1 step : Increasing temp. to 850 C at He
2 step @ Cool down at He
3 step . Cool down at 2%/O:/He
4 step : Increasing temp. to 850 at 2%/O./He

!

Converting Carbon to methane

|
‘ Analyzing by FID ‘

Fig. 3. Carbon Analysis Procedure.
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Table 6, Meteorological conditions at each site(2012)
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balance : CMB), 3 HEAH (regression analysis), o
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analysis), EXHIANAEAY (target transformation
factor analysis : TTFA), JF3JHAXEAH (positive
matrix factorization : PMF), A&7} A2~ (expert
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QAHEI S A BRI 42 175,
7182 742} —6,6~35.7°C,
| FFFL Fig 4904 B A

Meteor, Temperature(C) Wind Direction Wind speed(m/s) Relative Humidity(%)

Statistics Yeonsan Hakjang Yeonsan Hakjang Yeonsan Hakjang Yeonsan Hakjang
Mean 17.5 16.0 WSW WNW 1.2 2.7 62.8 54.9
Median 18.4 17.2 - - 1.1 2.6 65.3 57.5
Max., 35.7 35.4 - - 4.4 10.1 99.2 86.7
Min, —6.6 -9.3 - - 0.0 0.3 11.3 2.2
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Fig. 4. Windrose at each site(2012).
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Fig. 5. Monthly PM10 and PM2.5 concentration in Yeonsan and hakjang(2012).
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Fig. 6. Concentration comparison between filter mass method and f —ray method.
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= A o)A oFolL 14.3%, Sol& 42.7% A A|5H= A
o & yEpyt)
Table 7> A4bs 29| o] 2/dwel gt A4

(B3, SSF, FE2EAE H|, #Hd)olH, Fig. T(a)
o= o] 2AEH FEE hoxplotE L}EHH Atk 7+ o4
Hol =r(Ho)E B S0]29] AL ngs—S0,” 5,724
(0.158~31.703) ug/m”, ss—S0,” 0.051(0.002~0,27
2) ug/m®, NOs~ 3.124(0.005~15.558) ug/m®, CI” 0.4
27(0.008~1.978) ug/m®, oFol-&2] A< NH," 2.290
(0.064~11.206) ug/m”, Na® 0,202(0.008~1.085) ug/
m®, K 0.148(0.001~0.597) ug/m®, Mg 0.142 (0.
001~1,596) pg/m”, Ca™ 0.105(0.001~0.307) xg/m
2 UL 2009~20109 dAAFEOA S35t AL AT =
T 2 fjy] AYkRoR Sole ARS l;—r ofol 2 AH
S NH," 0o]&% AQJ3t HEEo] WA Uehylct,

_\d
iih)

YH(BEFE, FE FEAEA, H), #A)olH, Fig. 8(b)
o= o]e B w2 poxplot® VERHYTE 7t o]
AR Ew(HY)E B golLd dshs nss—S0.”
7.807(0.362~25.532) ug/mi’, ss—SO 0,101(0,005~0,594)
pg/m®, NOs  4.818 (0.702~18.873) ug/m® Cl°
0.807(0.033~3.722) ug/m®, <Foleo] #HS NH,'
2.812(0.050~16.276) ug/m’, Na® 0.403(0,021~2.368)
pe/t, K 0,264 (0.000~1.055) pg/nt. Mg 0,.277(0,000~0,914)
pg/m®, Ca’" 0.795(0.385~1.617) ug/m’%E vrebge},
ArbET s A BE S0l FolE SO, ol
Folle NHy'o] 7P =& 5= Yehfiqdch

Fig. 9% 7} A|-o A9 o] 242 A4S Yepd Ao
2 ZAR0] dAAtE Aol ALnss—SO. 7 46.9%,

NOs;~ 25.6%, NH4" 18.8%, Cl” 3.5%, Na' 1.7%, K'
1.2%, Mg”* 1.2%, Ca** 0.9%, ss—S04* 0.4%2] 74
B1E Yehfo] 23 ¢Rbo) dfgsls SO, NOs~, NH,*

Table 82 M5 A9 o] &/l Hiet FAEA 2 5ol 91%E5 Ak, ela s A9 -
Table 7. Statistical result of PM2.5 and ionic species at Yeonsan(2012) (unit : ¢ g/m®
Statistical | PM25 | O | NOy 55-504 Inss =80 v | nm,t | K| Mg | ca”

Mean 25.5 0.427 | 3.124 | 0.051 5,724 0.202 | 2,290 | 0.148 | 0.142 | 0.105
Median 21.4 0.312 | 2.037 | 0.037 | 4,084 | 0.148 | 1,518 | 0.129 | 0.042 | 0.095
SD 14.5 0.392 | 3.648 | 0.050 | 5.417 | 0.199 | 2.387 | 0.118 | 0.310 | 0.076
Max., 86.5 1,978 | 15.558| 0.272 | 31.703 | 1.085 | 11.206 | 0.597 | 1.596 | 0.307
Min, 8.3 0.008 | 0.005 | 0.002 | 0.158 | 0.008 | 0.064 | <0.001 | €0.001 | <0.001

TA(Total Anions) = 9.326 TC(Total Cations) = 2,887
TA/PM2.5 = 0.366 TC/PM2.5 = 0.113

*ss © seasalt(3]%d), nss : non—seasalt(H]3] )

Table 8. Statistical result of PM2.5 and ionic species at Hakjang(2012) (unit : x g/m®

Statistieal | PM25 | I | NOs s5-504° meSOl Nt | NHS | K| Mg | e
Mean 32.8 0.807 | 4,818 | 0.101 7.807 | 0,403 | 2.812 | 0.264 | 0,277 | 0.795
Median 29.7 0.516 | 3.740 | 0,062 | 6,396 | 0.248 | 2,257 | 0.234 | 0.197 | 0.763
SD 17.1 0.791 | 3.656 | 0.126 | 5,103 | 0.503 | 2.836 | 0.213 | 0.275 | 0.240

Max, 107.3 3.722 | 18,873 | 0.594 | 25,532 | 2.368 | 16.276 | 1,055 | 0,914 | 1.617
Min, 8.7 0.033 | 0.702 | 0.005 | 0.362 | 0,021 | 0.050 | <0,001 | <0.001 | 0.385

TA(Total Anions) = 13.534 TC(Total Cations) = 4.551
TA/PM2.5 = 0.413 TC/PM2.5 = 0,188
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nss—SO,”" 43.2%, NOs 26.6%, NH," 15.5%, Cl°
4.5%, Ca™ 4.4%, Na" 2.2%, Mg”* 1.5%, K" 1.5%,
ss—S04” 0.6%2] FA481S e AL 23k ¢JAke] A4
o] 85%% AASHAT,

H
lo

=74

pl=)

= 3%

Li/}—)] (<]
£

1A
-

T«

¢

A= §7)ekA (organic carbon @ OC, ©|3}
0C)9} F7)etA (elemental carbon : EC, ©]3} EQ)&
TEEM, OCe A=Y A4 & F2 A2 dAaol o3
I715or APA o= viE He 13} LFd=Ho)7| = 5
o, d7|Fol A sFeukgol o8 YA A= A==
27} @ @EHol7|E sk, Wb BEC AR F2 A4y}
AolAf st 13} SHEAR g glom dEH o
2 A Rl A viE s galdito] o7l sigE Tt

qm Z 009 ECE= 72 29 aHE uj&Ena EC
£ SR 719S dAske Fad AR EeEa

itk 2008~20094 =HEATsHA0] 2AART 7o)
TAO] AL EAAHE(0C, EC)S PM2.59 thek 24%
(S7)8t2116%, F7)6t4:8%) AT JA|5h= Ao
Uehgth B AFoA PM2.5% BHAARELS =A%
A 25.3% (F-718k42:19.3%, F-716k4:6.0%), S5 A
AollA 21.1% (|71844:16,0%, F7]ek4:51%)S 2}
A&kt Table 90l 2 AW gha /ol gt F
o (B, S, 2291, Hdf, H4h)S YeERR L
Axtg A2 OC ¥ EC BadsZ(e=d)e 42
3.6674(0.8968~7.8985), 1,1431(0,0000~4,0976)
g/m®, E MM OC % EC BsE(sErg
717} 4,7801(2.1003~11,3165), 1.5091(0.4780~3,9339)



152

pg/m’ o2 et FhX el
ECO] Bt =7 Uehgout, PM2 59 tAH|E =4
Aol Aibs AHolA i w=A dEbdTh 2009~
20109 ArtzolA s=ast Ardate] wEet vjwd o
OCet EC HEF thh W 5T $FE0= Yepytoy
OC/EC9] H|&-2 =4 Uelsth

s AxelA OC Y

24 % 5= 3%

o

EAA G5 (crustal, trace)2 Fe, Al, Zn, Pb,
Mn, Cu, V, Ni, As, Cr, Se, Cd, Sr, Co, Mo, Ti &
1671 goln, o] AR WYS F8st=t 583
HAEEE A St vl= EPAOA = 2HY £/

(source profile) & urAi Qo] 24 o] o] 83} 9lon],

u19 - gAY -

247

£ & oo

Fig. 109= S48 Y %5 boxplot® UE}

AT S A7t Y B PR § Ui PO
Bagro] glo] S0l PM2.5 RS 3~4%°] AUA]
gfou, AARE ojhtt & 10~20% HE= AA3H A
o8 AA Qlnt & Aol A= GRiuAle Az 3 E=of

),
ZF9 AEQ] Fex} Alo] PM2.5 THEAE FoAE =&
=5 YeRigich 2 AEe FE4 R HE(ES)
H AAE 2| H o] A9 Fe 195,56(12,88~739.71)

’ 386.24({0.01~2061.78) ng/m°, 7n
96.12(0.01~659.70) ng/m”, Pb 24.98(0.18~82.98)

e off 1o

Table 9. Statistical result of Carbon species (unit : z# g/m®

Statistical Yeonsan Hakjang

parameter OoC EC TC OC/EC ocC EC TC OC/EC
Mean 3.667 1.143 4.817 3.21 4.780 1.509 6.289 3.17
Median 3.605 0.842 4.142 4.354 1.421 5.657 -

SD 1.720 0.981 2.571 2.063 0.827 2.806 -

Max, 7.898 4.098 11.190 11,317 3.934 15.250 -

Min, 0.897 <0.001 1,580 2.100 0.478 2.820 -
Table 10, Statistical result of metallic species at Yeonsan(2012) (unit : z g/m®
m Fe | Al | Zn | Pb |Mn | Cu| V | Ni | As | Cr | Se | Cd | Sr | Mo | Ti

Mean 195.56 386.24 96.12 24.98 28.34 14,77 5.49 7.56 16.42 3.63 3.50 0.46/ 8.72 26.45 16.06

Median [158.35 232,23 77.15 23.27 26.04 15,31 1.13 1.89 17.69 0.00 0.61 0.00 7.92 32.34 17.91

SD 146,19 455.82 90.01] 17.26 19.92 6.77 11,53 10.94] 8.99 10.52 6.29 1.29] 5.49 14.80 8.69

Max 739.7112061,78 659,70 82,98 99,19 36,75 24.63 40.82 39.45 49.71| 27,30 10.67 27.08 50.91| 36.00

Min 12.88 <0.01] <0.01 0.18 3.24 3.08 <0.01] <0.01} <0.01| <0.01} <0.01] <0.01| <0.01] 0,01 1.37
Table 11. Statistical result of metallic species at Hakjang(2012) (unit : x g/m%
m Fe | Al | Zn | Pb | Mn | Cu| V | Ni | As | Cr | Se | Cd | Sr | Mo | Ti

Mean 549.60 452.09284.64] 44.80 89.75/ 30.04) 4.52/ 15.77| 15.48 0.42 4.24] 0.54 6.42 23.36| 13.70
Median | 374.18 251.33255.23 43.82 55.95 29.74 2.91) 13.86 15.28 0.00 0.00, 0.34] 4.20 21.96| 10.07

SD 483.96 548.62182.92 28.03 82.68 20.20 4.54{ 12.49 10.03 2.22 6.46 0.75 5.79 16,60 10,10

Max |2107.662372.53777.12/172.42299.61] 96.48 17.16 64.34] 46.58 17.79 23.62] 4.47 29.69 50.11] 48.08

Min 11,98 11.41 22.68 4.60 2.58 3.03 <0.01] <0.01] <0.01] <0.01} <0.01] <0.01] 0.07 <0.01] 1.64
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ng/m°, Mn 28.34(3.24~99.19) ng/m’, Cu 14.77
(3.24~99.19) ng/m’ 502 Yehton %5 249
7% Fe 549.60(11,98~2107.66) ng/m’, Al 452.09
(11.41~2372.53)ng/m®, 7n 284.64(22.68~777.12)
ng/m®, Pb 44.80(4.60~172.42) ng/m®, Mn 89.75
(2.58~299.61) ng/m’, Cu 30.04(3.03~96.48) ng/m”
Sog yehgdth 2009~20109 dAbsolA 433t Q7
ATHPM2.52] 2%)¢} vlasHH PM2.5 % }A|H|&o] tt
2 3.3%% ThAh ot £3] Fe, Al 5 EF 9 o4

71l AREE 7]ojgo] A YEhgTt

Fig. 112 7} Aol A 2] A8l tigt 2A481E o
Bl Aoz =29l dabs A (a)9] B9 FE4E
7F B TAulE AL(47%) > Fe(24%) > Zn(12%) >
Pb(3%) > Mn(3%) > Cu(2%) > Mo(2%)2] «o|3om,
e A- ()] A Fe(36%) » Al(29%) ) 7Zn(18%)
> Mn(6%) > Pb(3%) > Cu(2%) > Mo(2%)9] <o & &=
A B EoF 9 2| Zko] AR Fe, Alo] ZAJH|7}

X
A T2 A (=051 L]—E}lﬂ‘— FJESO
PV, 5-NO; (0.756), PM2,5-S0¢7(0.839), PM2,5-NH,(0.885),
PM2.5-K" (0.690), CI =NOs (0.529), CI —Na"(0.910),
Cl'~Temp(~.510), NOs NH,'(0.881), NO3 —K'(0.505),
SO/ =NH;" (0.760), SO," —K'(0.637), NH;"~K'(0.511)
So|glom PM2. 59 Z=rol ATl o] 9L FHERER
£ Mg” & AlQlslare g folgt Ao

= tehe,
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Table 12. Correlation matrix for PM2.5 composition at Yeonsan

Yeonsan PM2.5 CI° NOs3 SO Na* NH,S K Mg" Ca* Temp. WS Hum.
PM2.5  1.000

ar 0.457" 1.000

NOs~  0.756 0.529" 1.000

SO~ 08327 0,288 0.534" 1.000

Na® 04207 0910 0404~ 0277 1.000

NH," 0885 0451° 0881" 0,760 0.387  1.000

K 0.690° 0497 0.505 0.637 0.448 0,511 1.000

Mg® 0172 008 -0.137 0350 0297 0078 0267  1.000

ca®™ 03147 0155 0065 0285 0231 0075 0414 0332 1.000

Temp. —.256 —.5100 —.481° —071 —300° —-282 —420 0,179 0,092 1.000

WS 0165 —.087 —098 0203 —018 -018 0131 0272 0294 0056 1000

Hum, —.123 -.176 -—160 —-.086 -—.051 —099 —281 0177 0132 0482 0128 1.000
L ABARE 0,01 SEA SO

ATAZE 0.05 £204 Fol5t
Table 13, Correlation matrix for PM2.5 composition at Hakjang

Hakjang PM2.5 CI° NOs SO Na* NH, K Mg"™ Ca”" Temp. WS Hum,
PM2.5  1.000

ar 0.577" 1.000

NO;~ 0880 0,650 1.000

SO 04637 0152 0,396 1.000

Na' 05287 0,855 0,560 0,255 1.000

NH,"  0.816° 0552 0859 0394 0427 1.000

K 06827 0570 0692 0492 0544 0521 1.000

Mg” 0084 0081 0202 0.640° 0103 0043 0482 1.000

ca’™ 0132 0150 0217 0545 0185 0076 0349 0,738 1.000

Temp., —450° —702" —538" 0121 —591" —484" —505" 0161 0.167 1.000

WS -393" —522° —549° —153 —413° -431" -378 -110 —.155 0.355 1.000

Hum, -211 -357 -—187 0,104 -—363 —170 —354 0074 0098 0592 0087 1.000
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Table 13& 8V4%5 X\ 74 o] ApHEA Atolm, PM PM2.5 Al FX
2.5 TFEE, o4w H VSFEL vl w2 A B oA 2Z] 049 4 W ool HEge
B =050 )& UHUs FRES PM25-CLOST  gyain gojmon /iy gejda wyy 208 4%
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Fig. 12. Source profiles of the resolved sources measured at Yeonsan(continued).
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