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Abstract

In this study, PM, 5 samples were collected during approximately 3 years in Chuncheon, a small residential and
tourist city, in Korea. The average PM, 5 concentration was 26.9 pug/m’, exceeding the annual national air quality
standard. PM, 5 showed typical seasonal variation, having higher concentration in winter and lower concentration in
summer. Sixteen metallic elements in PM, 5 were also analyzed, and K was the highest contributor especially in late
fall and winter. In addition, K considerably increased for the top 10% of PM, s samples and showed the highest
correlation coefficient with PM, 5 among all other metallic elements. These results suggest that the combustion of
agricultural residue and other biomass, the major source of K was likely to be important to high PM, 5 concentration
events in this city. Crustal elements including Al, Fe, Si, Ti, Mg showed high concentration in spring while Cr, Cu
and Ni were relatively consistent throughout a year. Principal component analysis was used to trace the sources,
and soil re-suspension, combustion of biomass and fossil fuels, and asphalt concrete production were identified as

the main sources of PM, ;.
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¥ 2920 243 BFE W A0 T4
th(Dong et al., 2012; Callén et al., 2009). PM, ;& T4
Sh ARol ALK, Ca, Si, Pb 53 28 344,
SO,7,NO;",NH," 53} 2 o] A&, 121 {7|%
2~ (organic carbon, OC)2} F-7]%k4: (elemental carbon,
EC)9} 22 haqRol Stk PM,. FAska g
setEd o 2T F=of wet Ao nAe FFF
tt2cta &84 9lth(Shin, 2007). 2EAEL wjE
of Wt 12 % e, 2A AHA 7149 vis
o 2HE H&EE Al Mg, Si, K, Ca 53} 2197 7]
A HiEH ez R wjEE= Cu,Zn, Ni, Pb 5ol gith.
dEv 3 945S AAE 52 A9A wiEdel
weh WelA FEE 4 Sl A4S ohrh Halet
Lau7]Ftolot e SRl A2 AnofA HiE
He F2 JHoZ K} CI7} 1eH (Kang et al.,
2014), Q1914 wiE7] €9 KO A%, Hlol 2uf A A4,
A A&, SHFo] Fol 2 wiEdes A A
th (Park and Kim, 2005).

AR 7187 A - dE9 201610 PM, 1} PM,;
o 9B FEES SRR PR AL AS
PM, 3} PM, 9| 5&=7} 22t 48 pg/m’, 26 pg/m’olH,
FTUA G AH ] P, PM,; T 242} 49 pg/m’,
26 pgmolet. & A7} olRoll 2L 2tz

£ 78 =Af Hlgf A9A HfjEHe] A2 XY=
B335, PM, 1 PM, s == 22} 53 pg/m’, 26 ug/m’
2,08 =AU A=Al v PM,&} PM, s7F &
s2 AL vt SEE ue Hebs 284
PM,; SEE Selutele] tmAlt AT A e
PHS MY Aoz WU 2HAL U
AZo|, =AY F=79 FFol A5, A A
o AR T=Alo|th E3, s a: 1,000m o] 49| g
) Aaje] Eeimel Bx1xFol7] ] vhee] <
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2.1 A& 33 ¥ 712
2 A7E ZUE 284 Zdgetn syt
233 8AF(37.52°N, 127 44°E)o)| A AdPstglom, A
2 YH7)7he 20129 49 EE 20159 197}H4], 2015
W 74RE 12¥7A 2, 2 399 T HA 2447
&<H(00:00~00:00) A3t ct AHE A=Y =
Z 331700tk A= AF] Al EHE FATEAIRA
SHFE ANA viEdo] EASHA| ol SHEA T
9] 7| AR QA AH] (Clean Air Policy Support
System, CAPSS)o]| wt2™ 2014 A7t PM, &3
< 80,166kgo] E3}sitt. T2y $=H ] FEof 914
3 o] AFel & o LHEAY FHAY o5 9
FE e £ o, Ao g EFRRI BAAdo)7]
aho] o] i 2717 Ao} gk S4o|
ot 2 ATolN) A= AF PEe 0w BRAe
7] & oA YALe] 24 =5 (U.S. EPA, 1999. Com-
pendium Method 10-4.2)& wstth. tf7] 5 PM, s A F
of] AR 7]7]+&= PMS-103 (APM Engineering, Korea)
©Z 16.7L/min% AF S 7FA9 Teflon YE
(Whatman, 47 mm, 3=+ 2 um) S A2}ste] A3t
AR AH A - 2 D= 2447 52 dAA "
sl - A2 £, HETA 1072l 33t
#|& (Sartorius CP225D)2 o] &3] AeFst9ct. 7|4t
AR FRAHNA SHT 4RE ol g3t

2.2 Nz F&2 9 &4

2012 49EE 20149 7Y71A 9] Al 2L ED-X-
ray ®337] (Energy Dispersive X-ray Fluorescence)E
Agsto] BAsIR o, 20144 SYREE GEARE
gt=uol AR A7) (Inductively Coupled Plasma Mass
Spectrometer, ICP-MS)2 EA5I%tt & 1671 &
(Al, As, Cr, Cu, Fe, Mn, Ni, Pb, Se, Ti, Zn, Ca, K, Mg,
Na, Sijoll thate] B4 T XRFE Al 22] AA 7
273 vnly BAYOR YRS o gt AR &
o 9wl Yol HA, AL BAsl=E Agel
= 717]0]5], ICP-MSE $EZetzato] ofa) ol2a}
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Table 1. Summarized QA/QC results for metallic elements.

Element Al As Cr Cu Fe Mn Ni Pb Se Ti Zn Ca K Mg Na Si

MDL(ng/m’) 20 02 05 10 275 18 06 48 03 09 49 350 38 202 152 190
XRF Percent BDL* 0.5 130 247 469 96 34 384 149 00 112 87 115 26 49 35 05
RPD (%) 34 383 121 8.1 15 94 85 160 478 114 76 153 56 85 84 68
MDL(ng/m’) 175 05 05 10 220 05 06 32 04 09 87 318 35 107 89 80
ICP-MS  Percent BDL* 6.1 48 89 104 6.1 43 206 209 232 87 80 150 80 182 140 00
RPD (%) 30 92 17 63 29 19 109 09 260 28 23 06 04 83 06 14

“BDL indicates the percentage of the number of below detection limit observations.
MDL), ©]ZA] & (duplicates)2] Al E-E-HX} (rela-

317 $I81A Teflon BES )
angolng HEE 7)o YL BFAH(5.55%
HNO, + 16.75% HCl) 10mL< 7}5}o] mfo] a2 o] B
AHgle] 2087 A BE SEeAT). vto Azt
547} ZUR gEe WED 8718 ALos WA
F HIBE FA7I9h PTRE 4] BE (35 045
um)E AMg3te] ol sttt 1 5 BFHAH3% HNO,+
8% HCI) SmLE F417] HE|E A28 F oro] oo
of FAT 244 SmLE 7hete] AEHOR F 20
mLe] B4 AR Bt

]
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2.3 QA/QC
AR A3 L BXo| ALgs nE E;[_L—t— Alconox
AA e 242 Al $ ARSHE L THl= W
olEZ UEZ A7} (Microflex® SuprenoTM
free nitrile gloves)& A2F & HEttolx] AdYst4Tt.
PM,; sF 5T+ -?—ﬂ]% EAs87] A - T2 gAA -]
oA 235 ¥, 35 AL ol&sto] TEnitt
717} 3RA E7ste] I BetghE ol 85t TIAA
olglof o]/Fo] §li=A] &elst7] $Isf Bl Teflon Z ¥
e NENEEE SRR
oLk PM,, 5520 F4430 et 8% B
X & (field blank)= 67} A|2 A Hulct gk W& =5}
of AA| A7¢ =5 BASHT. PM,; F=of thet
@ FAE G 14 pug/m’ 2 e Th
2 AFolA = AA| AEANF oF 2/3= ED-XRFZ
skal U A 1/39] Az o] tisfAl= ICP-MSE ©]
of £A5HG7] WZel, 7 71719 = o] = gt
i F= o7t o7l & & Aoew
T E471719 HE3SHA (method detection limit:

powder-
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tive percent difference: RPD), 718|311 AE&3%HA n|gte]

NBEALE ® 19 22 YehyQith. B E HHo| A%
A= AR FA R 55:_,_;1:];(]__4 3|2 AT,

O|FA R BEA 9 g & 23 seto|QUth H =FojA
HoFEs BE AEE %*lﬂg HAg grolm, MDL
o]3} & MDLY] 20%= tiA|attt. & 1] vehd
ule} ZHo], XRFQ} ICP-MS9] MDLS tjRE o] Hu
AN FARE +EL 2 et o, Mn, Mg, Si 59 A
21422 A= XRFS MDLo| #A| Yebgt. 12
U AR Y AL 57 AhgFes =7 &
o MDL ©]3}2 Uttt A& 7t & 2po]E Hol
A ¢Fkth. Cr, Cu, Ni2 XRFZ 243t A|& £ MDL
o]3t2 &k gho] Uehd A|29] 7|47} ICP-MSE &
A3t ARET A8 =4 YEh, = 71719 24 =
A 9 Ao o2 gt AY = ok wekE A
B2 v= Z2HE AT o Fofstofof gt EIF
Sio] A4 gutHom 45E &80l ¥4 go A
H ICP-MS9] A= Aol R¥rhal & 4= Qi

2.4 SHZEH

PM,, U 24489 AlaA B4 9 248 24
(principal component analysis, PCA) 3
SPSS Statistics 23 A EA] T2 WS 0]g3}9h

AR7F AR EE WEA 397 g2l vlEs g
4 AAsHEH
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Fig. 1. Daily concentrations of PM,; and >16 metallic elements.
Table 2. Seasonal PM,; concentrations in Chuncheon and other cities in Korea.

Site Chuncheon Seoul Incheon Chungju YongIn Gwangju
Reference This study  Jeoneral.,2015 Jeonetal., 2015 Kangeral.,2015 Limetal.,2015 Yuetal., 2015
Spring 31.6 28.6 25.1 477 542 40.8
Summer 174 21.2 16.7 47.6 29.8 337
Autumn 19.1 20.5 17.5 52.6 413 23.0
Winter 39.5 40.5 25.8 448 504 413
Summer/Winter ratio 0.44 0.52 0.65 1.06 0.59 0.82

pe/m's et Seere] 4B B7|eAsEA
(25 pg/m*»E 233kt 20124, 2013, 20144,
201599] PM,; 55 217} W 19.8 pg/m’, 31.0 pg/
m’, 30.3 pg/m’, 20.1 pg/m’ 2 Uehgr=d)], 20129 9] 7
S+ 492 E 2Y7ARE ARE RFSHE LR (n=76)
20159 193 7~129 % A5 AHF6HR7 o
2ol (n=63) F31} AL A&7}t FEEo ABH F
%7} 201343} 201400] w8 T4 WA vebgt)
PM,,9 skE= 20139~20141 A&Ho] E3] &4
BEEHJAL(TH D), o] 77 FeH Bt PM,; F=
= 51.6ug/m’ZE 2012~2013d A9 B+ 5= (37.3
pg/m’) = 2014~201549 AL HBF % (35.9 pg/
m’)of] v FSHAl TP <0.1). & T4 A
g AA A2 11%7F S-uete] 48+ S371E
2] (50 pg/m*HE 213t om, u]= NAAQS (national
ambient air quality standard) YF+ 7]&2]Q] 35 pg/

m'E 23sHe AlRE A4 32%2, 21| PM,, 5
Sl e £ £XE Uehich B8, $eete)

dgGt 71EAE 2T AR F 87.1%7F A= (12~2
27 §G~5Wol YeRt ARH B BE % 5
Ao, £3] 20138~20149 AZH= 7|&X
EBee A28 NES7} oS S,

AT 717 Bk B, o1 7S, AL PM,, 5
= 7247} 31.6 pg/m’, 17.4 pg/m’, 19.1 pg/m’, 39.5 pg/m’
2 Ueht(E 2), A3 4 cz 958 Asx 4 AE
AeES HATh v A7l SA4E 2uEt B
A9 PM, s T2t sl wf, 55 AT B =
A= o7 2 q5E AsE 9 ALE 15EE
UERAT ol= weut S48 52 AFAY 7
S7F Ak thE Ad viE 25 % FEE 6l
E7h BoF TRORREHY AAE olF FFl Ax
st7] gEe2 FHETH(NIER, 2013). A& ¢
YR da Fo] st &AL HAFoE Qg
T S 9% 29 B2 7| EHAER s
0 =uyl Uehs Aol dukAo|th(NIER, 2013).
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A F4AE olF 5 AEE Hol7k & a3l ¢
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3.2 ti7] & LY=L BE

EA717t F PM, 9] 45482 PM,;9] 4.6%= 1t
Bhten, 167 AR F %9 H3l= PM,;9
AF ot tF7IA 2 o Fo 2 ¥ =5 UE
Wou Yoz Al Adol dsfjr= WErt 24 FE
HA A FATHIE 1). BAE SE54E F Al Fe, Si,
KE ZE AmollA 7MY =2 3 UeRlthE 3). Si
O] A9 A 9l Hate] ogt FEE0] A gtk &
HA 917] 2ol ICP-MSE 43 2014 84 o] %
o] T 2Bt AE 7ol =k

A A &Y FIFS wdstr] s A& W A4
H9] = 2lA}(Enrichment Factors, EFs)& 4] (1)
ALg-5lo] AAFSFATH(Chen et al., 2008; Zheng et al.,
2004).
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Table 3. Yearly averaged concentration of metallic components in PM,; in Chuncheon.

C&} Co2 747 A= AFs=st 712489
AFE=E YEPYH, (C/Cr)uw= Mason and Moore
(1982)7} A A gH ot A2t FFFte 2 ARgshgich &
AfolMs AdF oz 3eF M3t 9 HAprp 22 Al
& VISR ECE TRt YWtH o2 EF o] 1Xtt
How A7t 2RE Y viEo 7| & YaolH,
EF 3to] 102t I Q1914 7|Pdo2RE 9] HiEE

NoErh 4E HES AT AL ekl
.7 & EF 32 Si 072 A|ZFe 2 BE ugith
AL glstnt. ¥ EF ¢ 71 A& Ti
(1.7), Mg (1.7), Fe (2.2), Ca(2.6), Na (2.8)2 &<2l%| o]
AZte 2 HE 7]Ygt dEolgtl HHEg e, K9
7% EF ko] 82&, AZJE7 194 A& 71&
100 717k9] Azt 719ke & ROl ARk 1914 7]
HozRE: WiEd 4 Uthes A& HAFU Cr,
Cu, Ni, Zn2| <, =2 EF(>30)2 7HA4, 9193 7]
o 2R wEEes dEolzt detinh A4 5
As14 B Fa Adle AR F b B et

= HBEL 7Zn(46.6 ng/m’)3} Pb (272 ng/m) L&
epteh(E 3).

AFEE BAH 167] 5454989 S & 1347.1
ng/m®, 9] & (6~8%) 749 4ng/m’, 7} (9~11¢) 1067.5
ng/m’, AL (12~29) 12472 ng/m'2 2ol 714 =22

e SLore

(unit: ng/m*)

2012.4~12 2013 2014 20151 & 7~12 Total

N Mean=+S.D. Mean+S.D. Mean+S.D. Mean+S.D. Mean=+S.D.
Al 303 88.1+£77.9 1349+1132 94.6+72.3 69.6+75.7 99.7+£90.2
As 313 0.6+0.7 6.8+11.6 13.8+14.7 24+2.1 73+11.9
Cr 298 0.7+£0.5 13+10 17.84+323 10.1+£8.2 8.6+£204
Cu 324 27+3.1 24+35 6.5+9.1 6.2+39 45+6.3
Fe 302 7581614 137.7+£107.1 189.1£171.3 824+524 133.0+128.7
Mn 319 48+33 18.7+204 150+15.8 48+3.7 124+158
Ni 305 1.0x1.1 1.8+2.1 43+£72 45+7.1 3.1+£5.6
Pb 317 82+8.3 342+340 39.1+39.3 124+11.6 27.2+32.6
Se 222 0.8+04 14+0.8 19+2.1 1.5+1.1 14+13
Ti 321 70+55 14.6+16.1 8.1+7.0 3.1+2.6 89+11.0
Zn 320 1444109 61.0£35.1 53.0+412 39.8+423 46.6+£39.5
Ca 313 58.7+56.1 123.2+106.2 138.1+128.7 108.8£104.7 1143£110.6
K 307 116.1 +80.5 271.7+209.0 367.5+237.5 199.8+£165.7 260.7+213.9
Mg 291 37.0+27.3 62.0+£47.8 30.5+44.0 37.5+18.7 433+£420
Na 314 529+389 101.7+63.2 103.5+101.1 107.5+132.6 952+92.8
Si 299 191.1+144.7 379.7+292.8 233.1+185.5* 48.6+27.0* 234.0+233.1

*Since Si is considered to be not effectively extracted by HNO, and HCI the reported Si concentrations are likely to be underestimated since August,

2014.
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Fig. 2. Seasonal mass fraction (%) of metallic components in PM,;.
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7HA ZastEth (2™ 2). ¥rH, AEHo|= K7t
31.9%742 A F718HEaL 7HEE JA B2 HE
(22.3%)& YEPHSITH PM, 5 F=0f et Ko 7]ol&
T B3} gEo= oF 08%9 Eslgout 7HHo
= 12%, ALHol= 1.0%2 F7Fete, 7t A&

S W&t e IS A we AR wtt
Hr.

AREE 2t Y89 5= EAS AHEA AR
ol Si, Fe, Mg, Ti, Mn, Al& Bo] 713 £ =52 1}
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Aoz AZte. 53] K& 549 167 A2 F 7H
Z 719eS AAEA ASEY s=7F 4529
o wsf oF 3} FrtskEHH (L™ 3). Cu, Ni, Cr
S5 7kl 7HE w2 =5 dEiglEd. ol
= 20149 114o] PM, s =7 F43] S713E A7)0
e £ FEE HER7] WEolth tE S44%
€9 =& o] A7l s F7IstE e, Cu,
Ni, Cro] Z-¢- dAgd s=of B8] 3~5u) 71 &7
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Fig. 3. Seasonally averaged concentration and winter/summer concentration ratio of each element.

Table 4. Comparison of normalized concentrations of metallic components by aluminium (Al) with other studies in dif-
ferent cities of Korea.

Reference
This study
Jeon et al., 2015 Kang et al., 2015 Yu et al.,2015 Park et al., 2010
. 2012.4~2015.1, 2013.10.28.~114, 2009.1~10,

Period 2015.7~12 2008.5~2010 20141 6.~1.13 2013.12~2014.10 20103~10

Site Chuncheon Seoul Chungju Gwangju Busan

Al - - - - -

As 7% 2% 1% 2% 3%

Cr 9% 1% 1% 1% 1%

Cu 5% 8% 5% 3% 5%

Fe 133% 150% 156% 147% 135%

Mn 12% 11% 9% 9% 13%

Ni 3% 2% 1% 3%

Pb 27% 23% 27% 18% 23%

Se 1% 1% 1% 1% 1%

Ti 9% 36% 9% 9%

Zn 47% 49% 57% 41% 38%

Ca 115% 152% 79% 76%

K 261% 119% 205% 253%

Mg 43% 32%

Na 95% 133%

Si 235% 132% 173% 282%
A2 o8 AYe] vls) T d SHHECE 47 2 EYA 9loH, 7jEAF st FAAE &
A Sl As.Cr 3 Nio) Aohel 527k B2 Aol o] oJa] B =] Aol ¥ 4 9lehUeon eral.,
Hg] FReHA &2 AR yehyth B EHIA 2005). Ca= S ol Bl F3lEHA w2 Bt
7P 22 555 QU KE AL, 55, 3FEY 2% 3 3E7t Uiy BEY WA 99 o wiEdol IF
E w2 Ut Ko F8 wiEde AAaze & nRoa gdd.
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Fig. 4. Contribution of each metallic element to PM,; mass for the top 10% and the bottom 10% of PM,; samples (left)
and the concentration ratio of each element between the top 10% and the bottom 10% PM,; samples.

PM, 9] 5o w2 FEHE 5 EE AT
B7] A3, A9 10%2} 319 10%0] 3Fst= PM, 5 Al
2E QAR 7 R HEH &S AnEYTH( Y
4). 3t9] 10% A&l hajAE A ZHJ 3 Fe, Ca, Si
o} Ko] 35802 52 7|92 vehd whd, A9
10% A& tafAs HA A4 =0l gk K v
&o| FAHA F7IstdTh 4Y 10% A&7t 39
10% A& tigh ZF G448 T v (1Y 49 &
2% 9d)E B, PM,i7F L Ued g A
ZH4H 0] =711t} As, Pb, Se, K& 22 <197 wj&
Fo2HE 7|QIshe A& st 3A FUksthE
A& & 5= ok ik 5H9) 10%2] PM, 5 Al=el] o)
ME 167] AR F Si7h 7HE &8 ¥l&(24%)& et
W R ZH4gE2l Al Fe, Ca, Na, Mg9] 7]o&o| 4
9] 10%2] PM,; A|&of ]3| A Tuj o)A} obA| &=
AE AT = YAt o]t At 22 PM, 7}
9 22 FAE mo A wiEYe] ko]
Addoz vre uhy, 1s=rt eid fEs A4F
& Jgo| A FrkEtE RS AR &
3] Ko Fa wj&l AT K| F=#g ofy

2k PM,;9] == F23 93 1|
it o Uolrh TEE PM,,E opr|ahs
HE ujolaly] 3 ZF JEo 4 wiskel PM,, 5%
o] WskE wl@RIT. PM, 0 F&AE FEolo
AREAS shols A3}, PM,,0 KO AeA ol 714
=7 Yeh (Spearman rho, r=0.587, p<0.01), T}A]|
3 W K9] WjZ Yol PM,,9] SEo] 323 AL 1]
e QITHE 5). 2 9] Pb, Mn, Se=
PM,, 559} 0.5 0]4] A4BAZ7} 294tk Mne] 7
¢ FE AAPECR dEA o, oy Az
(two-stroke engine) 0|52 YN = BiEEHE= F8
ARoz d#A gl (Heo et al.,2009) B HATo| A
£ 29 AZHIR ALY Sio] ¥3] PM, ,2}e] A
57} frelaiA) ot B9 719 2)9] T2 w2 elo] %
FE vHT dgtEnh

3.3 FEE =4

FA)E (principal component analysis: PCA) #4]-&
HHoRe] +2 1o 1 oo Hstel, Kaluser
Ateb7h e HEE A (Varimax) 30 o2 AHEst
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Table 5. Spearman correlation coefficients between PM,; and each metallic element.

Al As Cr Cu Fe Mn Ni Pb
R 259%% 425%% -.033 032 459%* 524%:% 150%* S41%*
PM, P-value 000 000 591 592 .000 .000 013 000
N 276 285 266 291 269 286 272 284
Se Ti Zn Ca K Mg Na Si
R 535%:% 405%* 411 112 S587#:* 083 284 342%*
PM, P-value 000 000 000 060 000 179 000 000
N 194 288 287 283 274 263 281 266

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

, ool 7l 427 (eigen value)7} 1 0491 37b4]
o] ZEEQITHE 6). AA| W9 F HES AW
& = Qe AL IS OF T0% STk A EARY oF
28%E A¥stes A WA %“ & (Factor 1)2 0.7 ]
9] AR gk (loading)S ZH= Ti, Al, Si, Mg, Fe@} 72

AZHg &0l AAekATE. & HA F/AdE (Factor 2)2
AA BALY] 26.6%S A3}l K, Pb, Se, As, Na, Zn
7 w2 e Bgon 257 B2 AgH| e
oh K2 ¢hA dgstaie] AAlazto] =2 vjEHe
2, Heo et al. (2009)°] o5t gA|azto] dojd
Znt Pb A & F=7F BEH e 53] Pbo 7
% ZA% 2R A2dA ER5 HEHtT A
AlsteiTt. Se= 20 AREDE RIHE] AA|
T ojgkth(Heo et al., 2009; Ke et al., 2008). wratA F
WA SRS LA We 1S W ALHe wAle
£ zdy] 27t TEE AAL7 Q S4AR A
= Muar 2 9k Al A ZAJE (Factor 3) HAH
H|&o] 153%% Cu, Cr, Ni9| A| 71| AJ&7ko] £
ARG Mt 240 7 2 Hegdue ofam
E-ZIYE AzxgA= vE £Part ARE 7
2ol 2AAAL oz B AW ATNE Nzt
Cusl §& AAZE 2 FHRo] FEo] WA
t}(Han et al., 2015, 2011).

PCAZ 743 Wj2ee Belsins] e, 2+ 29l
HE t#ste da4dEsY T sEEZE AR
FoH(EH 5). A WA Loz A9E A4ex F
Si9] FEREE BY, FHsHA Bl 2 FdE &
0] 4 5 EFUAS) Uiko WE  al

T WA 29 F K9 B¢ v A= &
o) olRolAE 2 2o] 5o HEE o

o ox
L lo

[O ox U

o N
L
o
=2

o713 A A 34 A A3 &

Table 6. Factor loadings in metallic elements for PM,

from PCA.
Factor
Components
1 2 3

Ti 963 020 -.069
Si 938 —-.046 —-.094
Al 937 032 - 015
Mg 787 376 -.192
Fe 701 440 435
Mn 636 561 042
Ca 542 221 295
K 234 860 197
Pb 325 838 - 088
Se -.010 788 258
Temperature -.015 =722 185
As -.067 .669 498
Na 088 628 235
Zn 244 518 113
Cu 094 113 888
Cr -.060 -.068 796
Ni -.062 335 625
Total 4.742 4.526 2.604
% of Variance 279 26.6 153
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Fig. 5. Percentile of weekly-averaged PM,; mass concentrations and Si, K and Ni concentrations during whole sam-
pling period.
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