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(54%) Fe Mn, Ni, Zn Mo,



Pb Cr 29%ppOPp 1.1930 (1.1758-12106
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The objective othis studyis to investigate the compositions of carbon
and lead isotopein fine particulate matters (PN and, accordingly, to
attribute potential sources of BMn Kaohsiung and Pingtung with the
isotopic fingerprintsDuring the period from the spg (March) of 2019 to
the summer (July) of 2019, ambient PMamples were collected from 8
sampling stations (Ciaotou, Zuoying, Fengshan, Siaogang, Daliao, Linyuan,
Pingtung, and Chaozhou), respectively. In addititims study &o
collected PMs sampes from 4 specific sources: a cdaed power plant,
an oil refinery plant, a steel plant, and Kaohsiung port in April and August,

respectively. All the PMs samples were characterized with the



measurements ofvatersoluble ions, organic carbon, elemahtcarbon,

ccustal elements, heavy metal s and

and*“C) and lead®%Pb,*’Pb, and®*Pb).

The results revealed that condensable particulate matter (CPM) was
predominant in the PM emitted from three stationary pollution soesc
Moreover, the level of organic CPM was higher than inorganic CPM in
oil-refinery plantwhereaghe levels of inorganic CPM were higher in both
coakfired power plant and steel plant. The chemical compositions from
four pollution sources were: (1) ceiled power plant: sulfate was
important species (10%), predominant elementals includeddt&a to the
flue gas desulfurizatiomvith seawater Mg, K, Ni, Zn, Mo, Cr, and Se,
average *Pbf°’Pb and *®*PbfPb were 1.1959 (1.1781~1.2115) and
2.4305 (2.408~2.4403); (2) oirefinery plant: sulfate was important
species (54%), predominant elementals included Fe, Mn, Ni, Zn, Mo, Pb,
and Cr, averagéPb°’Pb and®*Pbf°’Pb were 1.1930 (1.1759~1.2106)
and 2.4318 (2.4171~2.4437); (3) steel plant: sulfate wgportant species
(35%), predominant elementals included Fe, Mg, K, Ca, Mn, Zn, Mo, Cd,
Tl, Pb, Cr, Se, Rb, and Cs, aver&a®b/°’Pb and®*Pb/°’Pb were 1.1908
(1.1664~1.2143) and 2.4010 (2.3774~2.4229), the percentage of modern
carbon was 18% (14~22); (4) Kaohsiung port: the major compositions

included sulfate, nitrate, ammonium, organic carbon, and elemental carbon,

predomi nant el ement al rangadcfrore3d.2td Na ,

-22.8.j, average’®PbfoPb and®®Pbf°’Pb were 1.361 (1.1406~1.1884)

and 2.£95(2.4013~2.4546), the average percentage of modern carbon was
34% (12~68%).

The average level of ambient RMrom all sampling sites was 19.9 +
10 . 2 3 whgchwaslower than nationadir qualitys t andar o). ( 35

The major conguents of the ambient PM in the study area included

€

:

(



nitrate, sulfate, ammoniurand total carbon, which accounted for 21%,
20%, 13%, and 24% of the BMImass, respectively. The contributions of
fossil (15%) and modern (14%) carbon were similar in dixesampling
sites in Kaohsiug. However, modern carbon wpeedominant in Pingtung
and Chaozhou, which meatisatinvestigatingand controllingthe source
of modern carbonaceous aerosolfiedpful to improvement of air quality
in that arealt was foundrom the chemical analysis that the concentrations
of inorganic secondary aerosols (sulfate, nitrate, and ammonium) and fossil
carbonaceous aerosolgere elevated during high BM episodes. These
results implied thaphotochemicakeactions and fosstombustionwere
important factors influencing the BMin the study areas.

The av e afgrambientPMsivee-2 5. 7-28.2 (0-23.6.))

and-2 5. 1-28.7 {0-20.711)) in the spring and summer, respectivaife

average “Pbf°Pb ratios were 1554 (1.1298~1.1712) and 572
(1.0974~1.1966) in the spring and summer, respett, and**Pb/°Pb
ratios were 24263 (2.3985~2.4519) and 29 (2.3741~-2.4572),
respectively. The variatieno f **Cliand Pb isotopic compositions were
larger, which means the pollution sources were unstable in Kaohsiung and
Pingtung for carbon and PHn comparison, the values of isotopic
compositions were similar to the data in central Taiwan, but, the values
weredifferent fromthat in northern Taiwan, which refledtsat therewas
spatial variation of carbon and Pb pollution sources in Taiwan.

In this study, we combined the traditional chemical and isotopic
compositions to investigate the air pollution sources for Kaohsiung and
Pingtung. Our results indicated that industrial emission andooilbustion
were I mportant pol | unecessarytc alect m@e . Ho

isotopic fingerprints fronvariouspollution sourceof PM, 5 for pollution



sourceforensicsin the near futureparticularlyin Pb; moreover, modern
carbon was a major component I n Pi

investigatethe carbon pollution source.
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PMys u=c 25. 74

-25.1Lj ( )
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The objective of this studg to investigatehe compositions of carbon
and lead isotopein fine particulate matters (PN and, accordingly, to
attribute potential sources of BMn Kaohsiung and Pingtung with the
isotopic fingerprints.During the period from the springf 2019 to the
summerof 2019, ambien{Ciaotou, Zuoying, Fengshan, Siaogang, Daliao,
Linyuan, Pingtung, and Chaozhou) and pollution sources (aficedl
power plant, an oil refinery plant, a steel plant, and Kaohsiung pbfti)
samples were collected.

The results revealed dh condensable particulate matter (CPM) was
predominant particles in the BMemitted from three stationary pollution
sources. The chemical compositions from four pollution sources were: (1)
coaklfired power plant: suffte and Na were important specie®)
oil-refinery plant: sulite was important specig8) steel plant: sulfatand
K were important species; (4) Kaohsiung port: the major compositions
included sulfate, nitrate, ammonium, organic carbon, and elemental carbon,

predominant elementals incled Na, Zn, and VThe major constituents of

Xl



the ambient PMs in the study area included nitrate, sulfate, ammonium
and total carbon. The contributions of fossil (15%) and modern (14%)
carbon were similar in the six sampling sites in Kaohsiung. However,
modern carbon was a predominant carbonaceous aerosols in Pingtung and
Chaozhou. It was found from the chemical analysis that the concentrations
of inorganic secondary aerosols (sulfate, nitrate, and ammonium) and fossil
carbonaceous aerosaolgere elevated ding high PM s episodes. These
results implied thatphotochemicalreactions and fossil carbon were
important factors influencing the PMin the study areadhe averagé>C

for ambient PMs are-2 5 . & -2 5 . 1Inathe spring and summer,
respectively The averagé”Pbf°’Pb ratios were 1.1554 and 572 in the

spring and summer, respectively, afftPb/°’Pb ratios were 2.4263 and
2.4205, respectively. Our results indicated that industrial emission and
oil-combustion were important pollution sourceso we v e r I tds ne
to collect more isotopic fingerprints fromariuos pollution sourcesof

PM, s for pollution sourcdorensicsin the near future, especially in Pb.

2.5 g49 (PM

PM, s (Pope Il et al., 2002;
Wilson et al., 2005) (World Health
Organization, 2016) 92% PM; 5
3 (2016~2018)
PM; s
; ; PMzs

X
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PM2_5 I:)I\/IZ.S PM2.5
PMzs Positive
Matrix Factorization PMF)
(Salcedo et al., 2016)

PM, 5 (Gioia et al., 2017; Widory et al.,
2010; Zong et al., 2016) ( :
2016, 2017, 2018) , , , PM, s
PM, s
PM, s
( , 2017)
PM, s
PM, s 2019 3 -4 2019 8
7 22
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Na Mg K Ni,
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PM, 5 CPM FPM
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35% Fe Mg,
K Ca Mn Zn Mg Cd Tl Pb Ctr Se Rb Cs  *Pb/Pb
1.1908 (1.1664~1.2143)*°PbfPb 2.4010
(2.3774~2.4229)

7' ( J J J

) J J J
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1.1

2.5 em (PM

PM, s (Wilson et al., 2005)
Pope I (Pope il et al., 2002) PMzs
10 €g/ m 4% Pan PM,.5
(Pan et al., 2016) Hung PMz s
(Hung et al., 2012) PM;s
PM, s 2012 5 14 PMys
24 35e g m 15¢ g £, m
2012 PMs PM; s
PM; s .
1.11 3 (2016 2018 ) PM; 5
, PM:s
2020 15e gf m PM; 5
PM; s .

(Samek et al., 2016)

L

(Gioia et al.,, 2017; Sen et al.,

2016; Widory et al., 2010; Zong et al., 2016) 2015 ~2017
PMys utc
(C®PhPb  2%PhFOPh) PM, s (Jung et al.,

2019; , 2016, 2017) 2016~2018 PM, 5
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Kwai Chung Tsing Yi

positive matrixfactorization

Zhao (Zhao et al., 2013a)
\ (
Yau
(Yau et al., 2013)
PMzs .

de Foy

PM; 5

Weather Resear@dnd Forecasting

model (WRF Comprehensive Aiguality Model with eXtensions (CAMX)

Milwaukee Nj V
Ni V 5% 10%
(deFoy et al., 2012) Saraga Xu PMF Thessaloniki
(Saraga et al., 2019; Xu et al., 2018)
. 2015 ~2016
5 ( , 2017)
PM;s ( )
80% PM; s
PM,s .
( , 2017)
Automatic Identification Syster(AIS)
‘ ( , 2016)
( , ,
) p PMio

PM; 5



PMzs

PM,s
; p PM:s
PM,s PM; 5
PM:s
2017 -2017 (
2017) 15%
PM; s ( 11.1)
1.2
( Nucleation mode) ( Accumulation mode)

121 (Chow, 1995; John et al., 29)
0.08mm( 0.1nm)

0.08 ~ 2mMm

3 mm
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1.2.1
Condensation Droplet
0.08 ~ 2Mm
(dp) < 0.08mm > 2 or 3mm
0.2mMm ~ 0.7mm
H2SO, (), )
Fine Particles Coarse Particles
(SQ™), (NO3) (NH,")
(secondary iarganic aerosol SIA) PM; 5
20-40% PM, 5 (Chow et al., 2002; He et al., 2001; Ho et al.,

2003; Putaud et al., 2010; Zhang et al., 201BM,5 SO”
(heterogeneous reaction) (homogeneous reaction)
SO, HO, Os

~

(mass median diameter) 0. 7 N O.

(John et al., 1990) NOs NOx

(NO2+OH) (N2Os ) HNO; NH3
NH4NO3 NH4NO3 1-4%/h (Lin and Cheng,

2007) NH4NO; NHsNO3



HNO; NHjg
(Carbonaceous Fractipn
(Inorganic Carbon IC CaCQ), (Elemental Carbon EC)
(Organic Carbon OC) EC OC PM, 5
20-40% (Bae et al., 2006; Chou et al., 2Q01n et al., 2009; Zhao et al., 2013b)
(black carbon) (graphitic carbon)

(Jacobson, 2001)

EC
(reference elemen{Kuo et al., 2013; Lin et al., 201.2)
(Birch and Cary, 1996; Hu et al., 2003; Lowenthal et al., 1994)
(primary organic carborPOC)
(secondary organic carba®8OC)
POC , s
, POC . SOC
(Seinfeld and Pandis, 1998) SOC
Strader
(Strader et al., 1999) Duan
SOC (Duan et al., 2005)
(cloud condensation nucleiCCN)
(Novakov and Penner, 1993) Cruz and Pandis

(Cruz and Pandis, 1997)
PM; 5 5%~10%(Hsu et al.2016;
Lopez et al., 2011; Pakkanen et al., 2001; Qin et al., 2006; Querol et al., 2001j

Al, Fe Mg Ca Cqg Nii Cy Zn Pfh

As Se .
PMz s

J J L
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109 ¥lgn/emal., 2016) As Ni, Cd Co
8.7 ng/m, 19.1 ng/mi 2.9 ng/m 0.9 ng/mt Pb

202 ng/mi PMys Al Ca K Mg Na Fe(Wang
et al., 2013) Baoshan 291e g £ M.41e g £ n2.25
egf m32e gf Mmille gf n238e gf m Putuo Al, Cg K,

Mg Na Fe Baoshan 1.54¢ g f B0le g £ Mm67¢ g £ m

1.87¢ g £ m6.12¢ g £ m.33e g £ m

. Al, Fe Si
(Kikuchi et al., 2010) 17.2 ng/m, 26 ng/mi 87.2 ng/m
Al, Mg Ca (PMy0) 0.14~0.%9 eg/m
0.21~0.23@. E6+ 0m?34Mn €ug Pbn 16.5~32.5g/nt  12.9~47.7
ng/nt 21.3~27.ng/nT, Cd Nii Mn Pb (PM.ys)
131.5 ng/m} 140.4 ng/nj 304.4 ngh® 131.5 ng/m (Ny and Lee,
2011) Fe Al S
(Oh et al., 2011) 318.9ng/nt  204.7ng/nt  139.3ng/nT
(PMs.9) Ph Cu Zn 71.8ng/mt 40.7ng/n?
59.5 ng/m Mn, Cd V  30ng/in®
PM, 5 Cu 1~15 ng/n? (Hsu et al., 2016) Mn
2~20ng/nt Ni 7 ng/m? Pb 20 ng/nt
PM,s Cu Mn Ni Pb 50.3ng/n?,  13.1ng/nt

11.9ng/n?  33.6ng/nT (Chen et al., 2013)
PMo Sg Cd Sn Zn Ph Cy Se As
3350 ng/ml 3066 ng/ni 1276 ng/m 753ng/nt  1599ng/nt 133 ng/nt,
28303 ng/mM 677 ng/mi (Hsu et al., 2010)

L



1.3

1.3.1 . Chow (Chow et al., 2004)
PMzs 59% La
(Kulkarmi et al., 2007)
PMzs
PM,s 56% Ca(17%) Si(11%) S(8%) Al (5%) Fe(4%)
Se 0.6%
(Okuda et al., 2008; Xie et al., 2006) (205 )
( , 2017)
PMs s 30~40% Zn Zr Se 0.05%

(Enrichment Factor, BF 10
Na Ammonium 5% Ng Ni, Zn
La 0.05% EF 10,
Fe Zn Ph Mn, Ni Cr

(Tsai et al., 2007) PM; s
CMB ( , 2015) PM; s
, PMgs 35%
40% PM; s .
( , 2013)
PMzs Mg Ti V, Cr Mn,
Cqg Ni, As Pb Hg PM:s

PM, 5 (Hu et al., 2003)
Watson (Watson et al., 2001) PMaz s

90% OC/EC
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1 2 OC/EC
OC/EC 1.3.2 1
PM; s 15% OC/EC 1~2 Sh Cy Zn Ph
Cr, Mo Ba
Si 18% (Watson et al., 2001) 0C(6.5%)
Fe(5.4%) Al(4.5%) Ca(3.3%) K(2.1%) OC/EC
, P
Chow (Chow et al., 2004) PM;s oC
64% EC 16% ClI'(8%) K*(5%) NH4 (1.7%)
SO (1.4%) 80% OC/EC
3 15 (Chow et al., 2004; ,
2016) (105 )
OoC
95% Na K Ca 0.1% enrichment facto(EF)
10,
o) CI'(41%) Na' (40%)
so” 9% Cl Na'
(Hsu et al., 2004)
. Donateo Mediterrmmean Sea
(Donateo et al., 2014) PM, 5
15 PM;s
3 56%
polycyclic aromatic hydrocarbon Zhao (Zhao et al., 2013a)
\4 (
) \%

. Tolis Thessaloniki PMa s (Tolis

10



et al., 2015)

V/ICu VINi 1.0 35

. de Foy Weather

Researchand Forecasting model (WRFComprehensive Aiguality Model with

eXtensions (CAMX)

Milwaukee Ni V

J

Ni V 5%

10% (de Foy et al., 2012)
1.3.1
PM Si A, Fg Cag Mg, Rahn (1999); Hsu et al. (2004
2519 T Sy Bg K, Mn, Co  Wang et al. (2005)
PMz510 Na Mg Rahn (1999); Hsu et al. (2004)
PML S Cy Zn Ph Cp LR S i ot A
PM;sio Cqg Mn Ba Mg Fe Ce (2015)
PM Ca K Mg PR Santacatalina et al. (2010
10 Ti, Tl, St Rb Escudereet al.(2012)
PM, Cr Cd Cy As Kuo et al. (2007); Querol et al
PM; 5 Ph Se Zn (2007)
PM, As Sg Cr Xie et al. (2006): Okuda et al
Cd Ph Sb (2008)
PM; NIV Querol et al. (2007); Cheng et
PM, s ’ (2008)
PM, Fe Zn Ph :
PM, Mn Ni, Cr Tsai et al. (2007)
PM Cd Ph Zn Hu et al. (2003)Christian et al.
29 As Sb (2010)
Querol et al. (2007); Hsu et a
K, Rb
PM, ’ (2009)
Kulkarni et al. (2007); Moreno e
La C
PMzs 3 - al. (2008)
( M. Vv, Ni Cu de Foy et al. (2012)Tolis et al.

(2015); Zhao et al. (2013a)

11


http://www.ncbi.nlm.nih.gov/pubmed?term=Escudero%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23001488

108

1.3.2 PM,s OC, EC OC/EC
OC (%) EC(%) OC/EC

AZ 40.1 32.9 1.2
AZ 30.1 13.5 2.2
Phoenix AZ 39.0 36.5 1.0
Craig CO 62.0 35.3 18
San Antonio TX 58.1 37.1 16
Steamboat Springs Colorado 38.8 58.5 0.7
Milwaukee Wi 32.8 27.4 1.1
Milwaukee WI 8.1 3.6 2.3
20.5 79.5 0.6
() 221 67.4 03
( ) 50.0 45.6 1.1
( ) 20.8 26.3 0.9
( 16.6 19.5 0.9
Craig CO 7.7 1.1 7.0
Steamboaprings 7.1 0.4 17.8
Craig CO 2.2 1.2 1.8
TX 27.2 14 194
TX 0.5 0.1 5.0
( ) TX 12.8 30 4.3
Graig CO 51.4 12.4 4.2
Dinosaur CO 46.9 3.2 14.7
™ 64.4 15.8 4.1
( ) 36.3 1.9 20.3

(2016)

(2017)

12



PMs s

(Filterable particulate matteFPM)

(Condensable particulate

matter CPM), FPM CPM
Yang ) J J
PM.s (Yang et al., 2014) PMzs
FPM CPM . Yang 2015

PM, 5 (sintering coke making blast furnace basic oxygen furnace

electric arc furnagg(Yang et al., 2015) CPM
CPM FPM
sintering FPM K, Fe Pb Zn PR Zn Sn

electric arc furnace
CPM sintering CPM . Yang
PMa s (Yang et al., 2018) CPM

FPM FPM s CPM
oC EC
Li (Li etal., 2017)
PM>s FPM
CPM FPM CPM
CPM
CPM
Na Ca

. PMzs FPM CPM

13
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FPM CPM CPM CPM
1.4
PM:s
PM5 5 . ( , 2000)
PMas 40-65% ,
SO, NOx
PM .
(Kuo et al., 2013; In et al., 2010)
NOx
NOx (Lin et al., 201Q)
Hsu ) PM2.5
(Hsu et al., 2016) Positive Matrix Factorizatio(PMF)
PM; 5 As  Cr(lV)
(As 7.6*10° Cr (IV) 15.3*10°) (35%) (24%)
(22%) (19%) . Chen
PM2_5 PM2_510 (Chen et al., 2015) PM
PM,s Pb As 2.3
1.9 As WHO 6 ng/n?
PM2_5 PM I3M2.5

14



36.5% (31%) (16%)

(13%), ( :
2014) PM;s SIA° PMs
PMys 37% 53% (6-10%)
(5-13%) (4-7%) (Chemical Mass
Balance CMB) PM, 5
PM; 5 PMz s

10% 5% 4%
PM, s
. PMF ) )
PMF

(Kim et al., 2005) CMB

(Samek et al., 201,6) PM; 5

15

/

(isotope fractionation)

L

13C

( ic :[(130/12Csampla/ (13C/12Cstandara T 1]x1000) . 151

15
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uc
(Cerri et al., 1985; Das et al., 2010; Giebel et al., 20&0et al., 2006; Rudolph et
al., 2002; Widory et al., 2004; , 2016)
013(: Ul3C
-27.3 -26.(8 uc -26.8
-25.% , uc -25.8 -22.%
. C3 C4
. C3 (CO,
(3-PGA)) uc -26.2 -24.%
C4 (C4 CO,
(malic acid) (aspartic acid)
(bundle sheath cell) C3 )
135 -12.% uc  C3 .
®K?Y6 '+ [ |
-1 TKYoF [ |
o + -
yy T
w & + [ ]
f [
T m
"AR T [
31X & Koo' +ll
aR Q |
aR QN [ ]
aQ ‘Qn + .
I & 1
we T )
-33 —?:0 -2'7 -2'4 -2'1 -1'8 —:{5 -12
15.1 utc
l.o (Rudolph et al., 20022. m+p (Rudolph et al.2002)
3. (Rudolph et al., 20024. (Giebel et al., 2010p. (Widory
et al., 2004) 6. (Widory et al., 2004) 7. (Widory et al., 2004) 8.
(Widory et al., 2004) 9. (Widory et al., 2004) 10. - (Irei et
al., 2006)11.C4 (Cerriet al.1985 12. C4 (Das ¢ al., 2010)
13.C3 (Das et al., 2010) 14. ( , 2016) 15.

(Kumar et al., 2016)

16



PM, s ic -24.7 -24.%

s -25.1a -23.1a .
uc uc
-28.1 -324a
utsC  (-26.5 -28.2 ) .
(
) J J
204Pb 206Pb 207Pb 208Pb
238U 235U 232-|-h
Pb
Pb (Balcaen et al., 2010; Ettler
et al., 204; Ewing et al., 2010; Hsu et al., 2006; Monna et al., 1997) Pb
1.22
[¢]
1.20 +
1.18 +
1.16 +
Keo]
& o114 1
s
&o112 4
o [ ]
o o KwA
110 + n KwA
A g 0K XU
106 + o r ; Mol nkpLs
1.04 t t t t t t t t t t
238 239 240 241 242 243 244 245 246 247 248 249
208Pb/207pb
152
1. (Gallon et al., 2011) 2. (Gallon et al., 2011) 3.
(Zheng et al., 2004) 4. (Sangster et al., 2000)5.
(Cheng and Hu, 2m) 6. (Hsu et al., 2006)

17
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eppp ZTppPopY 26ppPoply 26y
e Ve T
Pb .

15.2 (Cherg and Hu, 2010; Gallon et
al., 2011; Hsu et al., 2006; Sangster et al., 2000; Zheng et al., 2004; , 2016)

PM,s
206p207ppy  EO8pKPO7Ph) 1.1544 1.1636 (24354 2.4412)
Hsu C%PH*Pb  2%PpPb
1.118 1.156 2.393 2.422)
208p207pp  E%%ppFo7Ph) 1.059 1.077 (2.387 2.397)

2%Ppfo%Ph  %pPpO%Ph ,
20py20%pp 1,164 1.199
28ppfO’pp 2,437 2.476 20%p[207pp  £%%ppPO7Ph)
1.155 1.178 (2.453 2.475)

208p 207y (298ppPO7Ph) 1.158 (2.430)
1.210(2.480) .
206pH207pp
1.151~1.152 (Lahd Geagea et al., 2008)

208p207p, 1.152 1.158(Gallon et al., 2011; Lahd Geagea et al., 2008)

J

153~ 155
1, PP PHPTPh

18



ok _10sErsE | 0 0 H

gl % Widory et al., ' ' ' ' '
2004 () A L

2 R _10S4EREET R (/B . i i
FOE 13858 0 P R

R OAEE R e | 1 ¢ L b
i) P F 1 1 H

T (U _Widoryet | | L 1 1
al., 2004 (%) oo :|_I

“E T (S5 Widory et al.,
2004 (7EED)

SRR 0SS | |—]—|

SERAR Martinellietal, | | 1 1 11 :I
2002 I

£ WERE_Pavuluri and : : P I : : .
Kawamurs, 2002 (E0F) [ | | 0 I—'—-—l

ETWREE Mkomaetal, 2014 | 1 | 1 1 4
RS TR

36 -34 32 -30 -28 -26 -24 22 -20
31C (%)

15.3 ut’c
( s ) [(Martinelli
et al., 2002; Mkoma et al., 2014; Pavuluri and Kawamura, 2012; Widory et al., 2004;
, 2017)
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LR 20183 o H—
pomw T L 0 0 L ———]

BT Gallon et al., 20014 H 4)

i

PR Wang et al., 2006 (') e

& 1R G (B Widory et al., 2010 b
G i | | | |
HEHE Gallon et al, 2011 (H 4 ' ' | ' ; ; |

sonk i L D I
i Zheng of al., 2004 (R | ! H I I

A _ 200 T

G200 S : E 5 ! :H—I§

FEIE Widory etal, 2004 GEMD | B——— | !
A HAI Hau et al., 2006 (555 : i i ] :

T Wang et al., 2006 (c] 55 I—F—I

T Geagen ot al., 2008 L) I A
S RS R 200 ST |k . . I-—I-—I :
PSR Lahd ot al., 2008 {5k E E E E II ' '
YR RN S S SR O S TE [

8t {l:4_Lahd et al., 2008 (4:50) A R I |
A8 Gallon et al., 2011 (|14 |

1.05 1L.O7 1.0% 1.11 L.13 1.15 1.17 .19 1.21 1.23
WP, HTPE

15.4 2060 207pp

( ) )
[(Gallon et al., 2011; Hsu et al.,, 2006; Lahd Geagea et al., 2008; Wang et al., 2006;

Widory et al., 2010; Widory et al., 2004; Zhang et al., 2016a; Zheng 20aH,
, 2016, 2017, 2018)
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WRELEE R _201 85 ) HAGT M [
WAKL BN _201 7RIS |

PRI WG _Gallon et al., 2011 (B 4£) |

A5 JREE_201 7 B A il

AR _201 7/ R

ZE iR 201551 HEETE |

IR Zheng et al., 2004 (&)

AZiH T Hsu et al., 2006 |
L _2018F FIHASTE |

(L Gallon et al., 2011 (H4) |

A 2018 i T I

A
o
N
" I R |
R NE
IR

238 2.40 2,42 2.44 246 248 2.50

155
(
16
mixing model) c

L

isotope carbon particulate matter

2019 21

[(Gallon et al., 2011; Hsu et al., 2006; Zheng et al., 2004; , 2016, 2017, 2018)

zuup hf'—""’l’h
208p ) 207pp

)

(two end member

(2019 6 22 )
web of science
4

(2019 11 30 )
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1.6.1d"C

u=c (Cao et al., 2011; Kundu and
Kawamura, 2014; Lépe¥eneroni, 2009; Martinelli et al., 2002; Mkoma et al., 2014)

. 1980 Cechier
(Cachier et al., 1989) EC/TC uc
Lamto .
Kundu and Kawamura
Jeju Island (Kundu and Kawamura, 2014) TC
utc 3c 244 -24.2
a) (oxalic acid) TC
Jeju Island uc (-23.1

-22.53 )
ITC (methanesulfonate/TC)
ITC (phthalic
acid/TC) K'/TC .
LépezVeneroni

(L6pezVeneroni, 2009)

n-butane isobutane propane uC
-29.0 -27.8 ( 16.1) uc
-25.2 -23.% uc
-174 uc -27 -244
Cao 14 EC OC(Cao etal., 2011)
' . iK'

22



sC (-25 -22.% 16.2
) (245 26.54)
utc 27 -253&
Cao
PM, s UBC  (Caoetal., 2016)
PMag ,
uc (-26.2)) C: .
PMa s (Nguyen
etal., 2016) uC ( -26L) Cs .

5 e

16.1 utic
( PM,s PMyo UBC | LépezVeneroni, 2009)

23
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§7C, %

-23 61300(: = 1.0x51305c Y R e S . s o D]
(R2=0.71, p<0.0001) : :
-24 - a
-25 - i
Area
-26 _
* 2
— L ;
o 274 I A o A : . i
R Area ll a Winter
8 T ¥ T ¥ T Y T T T T
O -23{8™Coc=0.25X8"Cec— 19.94 ......omvmcurcminrcinineinininanes :
© (R2=0.1, p=0.072) ] :
Vo) ]
-24 - ]
-25 -
i Area |
e
-26 - * <
=27 4 oo Mg oovoncangniscasasppined .
. Areall b Summer
27 26 25 24 25
5"3Cec (%o )
16.2
( Cao et al., 2011)
26-29 10 2012
-25 — 100
-—90
;80
-26 - -70
- 60
;50
40
-27 L
- 30
[ 20
[ 10
-28 I o]
10
16.3 Vilnius U=Crc
( Masalaite et a).2015)

24

= Beijing
e Changchun
Jinchang
v Qingdao
Tianjin
Xi'an
Yulin
Chonggqing
Guangzhou
Hong Kong
Hangzhou
Shanghai
< Wuhan
* Xiamen

A

e 8 % 0

= Beijing
® Changchun
Jinchang
¥ Qingdao
Tianjin
Xi'an
Yulin
Chongqing
Guangzhou
Hong Kong
Hangzhou
Shanghai
< Wuhan
* Xiamen

A

e % % e

ut*c

® measured values

I fossil fuel source
value range

continental non-
fossil source
value range

— fossil fuel source
contribution

—= continental non-
fossil source
contribution



utic

Masalaite Vilnius
UBC  (Masalaite et al., 2015) 1.6.3 TC W*c .
TC Uc (Dp<1 & m)i¥Cr
-28.0 -26.53 2 &m ic -26.3 -25.0
a uc .
uc (two mixing endmember)
TC
60% 100%
TC .
2018 (Masalaite et al., 2018) (<
0. 18 iéCm) (0. 32~10C m)
PM; s PM2 s
2.5 &em .
. Zhao itéc
levoglucosanZhao et al., 2018)
( 63%)
15% 2%
. Zhang (Watersoluble organic carbon, WSOC) {**C
(Zhang et al., 2019) PM, 5
2015 1 3 PM;s
uc
. wsoc i*c .
2015~2016 (Jung et al., 2019;
,2016) PMys UC
-26.6, -26.2 -24.% ic

J

25
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274, -258 -25.% uc
. 2016~2018 7 - - -
- PMas ( , 2017, 2018 (2016~2018
1.6.4 5 2
)
PM, s utc ( 1.6.9 PMys
UlSC Ul3c
(Zhang et al., 2016) PM s utc
uc (Irei et al., 200§) PM, s
PMzs .

‘,-_}

A h‘%
AP FREEVE oy

2016~2017 2018
1.6.42016~2018

162 14

**C) 5730

(Chen et al., 2015; Currie et al., 1998; Endo et al., 2004;
Heal et al., 2011; Klinedinst and Currie, 1999; Sun et al., 2012; Zhang et al., 2015)

L

26



Heterogeneous Reactions

Ay Proceasing

VOCs + Oxidants - = SOA

-0
31
a2 4
3 T
24 &+

-25 o

B [%a)

-26 T
a7 4

-78 =+

813C = [-14 ~ -20] %e
(Zhang et al., 2016)

R*=0.3125

Gas-Phase Reactions

VOCs + OH - SOA

§15C = [-32 ~ -33] %

(Irei et al., 2006)

14C

10 20 30

(percent modern carbon, pMC)

pMC

(Klinedinst and Currie, 1999)

pMC 23%
. Endo
2004) pMC
3.3mm pMC
38%
Sun

27

40 50

TCIPM2.5 (%)
1.6.5 TC/PMs ut’c
Relie
pMC
1-pMC .
50%
pMC 50%
Denver PM, s Ye
pMC
47% Denver PM; 5
Toyko pMC (Endo et al.,
( 16.8)
60% 1.1mm pMC
PM,s TC EC pMC (Sun et al., 2012)
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TC pMC 37% EC pMC 17%
TC EC . Heal
Birmingham PM.s (Heal et al., 2011) OC EC
pMC (
) OC EC 2008 1 31 (
16.7) PMys EC 0.753%¢g/9%% EC
9% . OcC
oC 51% 32%
oC 17% Yu (Black cabon, BC)

(Yu et al., 2016)
Beijing-Tianjin-Hebei (BTH, @rt of Northern China plain) Pearl River Delta
(PRD) BTH

J

BC

J

PRD BC

BC
14C  Isoprene apinene
(Sheesley et al., 2017)

L

9.8% 2.3% <1.0% 30%

J J

isopreng apinene toluene naphthalene 1%
. 75% 20%
14C .
(107 ) 2016~2018
; , ; ; pMC
( , 2017, 2018) pMC
90% pMC
50%

L

OC Levoglucosan PMF

28



pMC 50%

50% PMF
pMC 50% pMC
2016~2018

L

Levoglucosan ( 16.8)
Levoglucosan Mannosan 10

Levoglucosan Mannosan (Engling et al., 2000 2017

Levoglucosan Mannosan ( 2017)

L

=70 um

£ 3.37T.0um

8

= 2.0-3.3 um
=

L]
@ 11-20um

<1.1 um

1] 10 20 30 40 50 a0 70
percant modem carbon (%)

16.6 Toyko
( Endo et al., 2004

EC OC

32%

- I
" blomass, -ZEZ'F‘E?i -
ocC o ?]I_TEI:” i, 0.07 "] Confemporary
OC hiomass, ||"J.
037 A

| 51% ”‘1

\ % EC fossil,

\,f"’;/ f!| 0.68

ZZ7)

0OC fossil,

16.7 Birmingham PM,s OC EC

( Heal et al., 2011)
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-

¥ 12900 0002

Rraomm -
.. .

-‘.‘/D ’ [ Pp— . ‘.. -
5 28 ; M0 >
§ o4 ! T o 't" E
E':-; i g BT 2aus- a0se
"o L&aﬁf o e =000 oo om 0.03
Masnsaan (gm 3
® 00 o om L o
Marronen g ')
1.6.8 2016~2018

(two end member mirg model)
(Flament et al., 2002; Gioia et al., 2017; Monna et al., 1997; Mukai et al., 2001; Sen et

al., 2016; Widory et al., 2010; Zheng et al., 2004)
/

ZOGP b1207P b

(Monna et al., 1997)

Monna

61-84%

56-74% 1970
Mukai

L

(Mukai etal., 2001)
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Zheng

L

(Zheng et al., 2004) PMyo
(®*Pbf%b vs 2Pb%Pb) 16.9
20%
Wang
(Wang et al., 2006) TSP 2%ppf%%p 2.08 2.17

20ppf%p  0.855 0.882
( 16.10 ). Sen

Kanpur (Sen et al., 2016)
2000
Kanpur
. Gioia
(Gioia et al., 2017) ( )
. Cubat~ao
Juquitiba
1.6.11 Bollhofer and Rosman
Pb (Bollhoéfer and Rosman, 2000, 2001)
Erel (Erel et al., 2006)

Kumar

L

(Kumar et al., 2016) 208pp 0P 2%pp 07
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Ni

NIV .
L
2.20
2184 Gasaline Chinese PTI“E
o 218+ Morthem Chinese Pb S
= o4
§ Southemn Chinese Pb ,.a*“#
,-.'E 2124 I :
E 2104 o7 - Growth curve
2.08 + fﬂ_&@ /< vehide exhaust
2.0 PMI10 partcles
2.0 T T T T T
0.4 0.as 0.88 087 0.Be 0.89 0a
207 P /206PY
1.6.9 PMio
( : Zheng et al., 2004)
2.30 o Houtai
-4 .
555 ¢ Shizhan
— growth curve
o 220 * —-= - Chinase lead line
@- s " 4 vehicle exhawst
‘?‘E 245 " %  unbumed coal
g- - coal combustion
o240 wx =0l
+  0il combustion
2.05 w »  metallrugic dust
m  non-ferrous indusry
EDD 1 1 1 1 1 1 1
083 0B84 0B85 0B6 OBY 0B 089 050 09
207ppy/205p}y
16.10 TSP
( Wang et al., 2006)
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U.S. 94/95

,
.\ e

120 U.S. West 1997-99
Brazil 94-98

Canada 94-99 - ’, ; -Japan 94-99 i
h_ ik — ) |
= 1.15 Western Europe 94/95-. China 04.00
g MNorth Africa/Near East 94-98 NE Europe,Russia 94-99 [
™ Germany, Northern Italy 97-99
. SW Europe 97/98 C
110 Austra'lﬂ.?‘fjﬂ __ Hungary, Czech Republic 94/95 '
' | South Africa 94-98 F° = - . oo
| 4 \., Spain 34/3
Souther uth rica 94-99
11055 . . N
2.30 2.35 2.40 245 2.50
208/207
1611
( Bollhtfer and Rosman, 20102001)
Gallon (Gallon et al., 2011)
. Ewing
(Ewing et al., 2010)
PM, s 30% Salcedo
(Salcedo et al.,, 2016)
Tijuana CECyTE
Sierras CECyTE .
Graney ( )
(Graney et al., 2019) s
Albert 34% Albert

20% 19%
. Wang Pb-SrNd
(Wang et al., 2019)
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Pb-Sr-Nd 3
Pb-SrNd
Hsu
(Hsu et al., 2006) PMio PM;zs
2%PpfPh
. Hsu
( ) 50% 85%
Jung (Jung et
al., 2019; , 2016)
( )
. 2016~2018
( , 2017, 2018) - - - - 13
PMas (%%PboPb  2®PbfoPh) 7
PM, s C%PbPPb  2®pbF’Ph)
0 + + + Q o +
0 0 0 .
20%pp 2%pp  2%pp PMF
1.6.12 8
( 1 2 3
4 5 ( ) 6 (
) 7 8 ( )
1 6 12% 53% 1 20%pp%Ph
208p1y207p (Yao et al., 2015)
6 1.6.12
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PM_ s

20ppf9%Ph (Jung et al., 2019 PM;.s
( 1.6.13 )
. Monna (Monna et al.,
1997) 1.6.14
20%ppO%Ph 1965 1985
1985
. Komarek
(Komarek et al., 2008) Pb
20%ppfo%PhH 1985 1.13 2005
1.16 .
i | TSRHERT (PR RO 5 S 155%)
EE F1 Et; F6
N .||.||.|I| R [P y; ‘. | AL, h” || |||1 ’ |H
(%) (ngim) 2 480
. 0.96 12 2470 o FE
By - oor oo s
N | e
H 0.49 B 012 o 0.26 g :T ?{'I T Twens
- R N
qu.m <1 <001 <001 <oD1 B 10 Le L 1w
ot o 018 ot 03
1.6.12 2016~2018 PMF
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Meters AGL

NOAA HYSPLIT MODEL
Backward trajectories ending at 0800 UTC 07 Nov 16
GDAS Meteorological Data

Source » at multiple locations

3000
2000
1000
500
00 18 12 06 00 18 12
11/07 11/06

Job ID: 197380 Job Start: Wed Oct 23 02:27:47 UTC 2019

Source 1 lat.: 24.065600 lon.: 120.541800  height: 500 m AGL

Trajectory Direction: Backward ~ Duration: 48 hrs

‘ertical Motion Calculation Methad:

n:
Model Vertical Velogity
Meteorology: 0000Z 1 Nov 2016 - GDAS1

(a) 2016 11 7

NOAA HYSPLIT MODEL
Backward trajectories ending at 0800 UTC 13 Feb 17

Source % at multiple locations

GDAS Meteorological Data

Meters AGL

1500
1000
500 \\ 500
06 00 18 12 00 18 12 06 00 18 12
0213 02/12 02/11

Job ID: 1762 Job Start: Wed Oct 23 03:44:34 UTC 2019

Source 1 lat.: 24.255800 lon.: 120.741400  height: 500 m AGI

Trajectory Direction: Backward  Duration: 72 hrs

Ver{inal lotion Calculation Method: Model Vertical Velocity

Meteorology: 0000Z 8 Feb 2017 - GDAS1

(2017 2 13

1.6.13 2016~2018

36

Source % at multiple locations

Meters AGL

NOAAHYSPLIT MODEL
Backward trajectories ending at 0800 UTC 10 Nov 16
GDAS Meteorological Data

Meters AGL

2500
2000
1500
1000
500 500
06 00 18 12 06 00 18 12
11110 11409
Job ID: 197502 Job Start: Wed Oct 23 02:29:44 UTC 2019
Source 1 lat.: 24.065600 lon.: 120.541800 height: 500 m AGL
Trajectory Direction: Backward

Duration: 48 hrs

n;
‘ertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 8 Nov 2016 - GDAS1

(b) 2016 11 10

NOAA HYSPLIT MODEL
Backward trajectories ending at 0800 UTC 21 Feb 17
GDAS Meteorological Data

Source # at multiple locations

" S 7

1500
1000
500 \ 500
06 00 18 12 06 0 18 12
021 02/20
Job 1D: 198152 Job Start: Wed Oct 23 02:43:48 UTC 2019
Source 1 lat.: 24.065600 lon.: 120.541800  height: 500 m AGL
Trajectory Direction: Backward  Duration: 48 hrs
Vefical Motion Calculion Method: - Mode! Verical Velocity
Meteorology: 0000Z 15 Feb 2017 - GDAST

(b)2017 2 21
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2.3

207Pb

208P b

14C

40

ZOGPb 207Pb 208Pb

ljl SC 14C 206P b

206Pb 207Pb 208Pb



105 )
PM; 5
PMzs . (1) ,
J J PM2.5
(2)
PM2 s 3 PMas
PM_ s . 3.11

| ~ }

PEELPE 314 FEEM, <1 I 3 75 4

2 PM,. BEEE 290

M TH

| R
’ A F BRI ¢
REHE ST

e b i MTTH

' '

B R MR 2
TR i b i s )

VT e A A

i T 7 B
100 PML i {544

PPN, b S i

B[] i A [Gl{ir Y

L A ST
H

3.11
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3.1
PM,s (105
107
) s p PM; 5
PMzs s
; . PM; s
PMzs
) ) 8 8
8 312
PM; s PM; s .
-2017 ( :
2017; , 2017) PMz s
2019 12 31
2019 PM,s
7 22
PM,s ) s
. Super SASSNlet
One Instruments, OR, USA)PQ200 (BGI Incorporated, MA, USA)
PM;s Tisch HighVol (Tisch Environmental, OH, USA)
PMa s . Super SASS ( 3.1.3 4
6.7 LPM 4
sharp cut cyclone 2.5 &m

42



47mm  Teflon
PM;s 900 C
47 mm
PM,5 . PQ200 Federal Reference
Method ( 3.1.49 16.7 LPM
47 mm PTEF

uec  Yc PM, s ( 3.15
1.13 ni/min,
10 M 10 Mm
2510 &m 900
2.5 &m 900 89100 .

3.1.2
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SOLAR

5h|=_:\

~SAMPLE

! casseTTe
—crua
a | DaTa
Ll‘ ,\.ocx:za
1 \
Lsco
Saoe |
L BEB =
——TUBING ENEMA
ENCLOSURE
TEOLENDID ELECTRONIC
1} FFILTER § FLOW SENEOR
\ |
| 1 Jf | —row
CONTROLLER
-
| manFoun
L
rAHaIE'IT
TEMPERATURE
— | senzom
i
—
I
| ] T
J

o.nc»c—-/ | JII_

DISCONNEST  oocoo oo
COUPLING

3.1.3 SuperSASS

ENHALST \ PUMP ENCLOSURE

'nilnu-n L
&k

sEEREEEE

3.14 BGI PQ200
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3.1.5PM5
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3.2
) ) (
) PM2s p ;
PMzs
PM; s .
PMzs 3
3.12 . PM;s
NIEA A212.10B NIEA A214.70C
(filterable particulate matter, FPM (condensable
particulate matter, CPM) 3.21 NIEAA212.10B
2.5mm
2.5mm
2.5mMm
FPM PM,s
FPM 3.2.2 NIEAA214.70C
A212.10B CPM CPM
CPM
2019 2

5 PM:s .

5 323

( ) (
)  3.24
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BEE

==

nzaiR et

PM-2.547 {28
ST IEE
sgmtn i
ol FEe [ Ae—
3.2.1 FPM
CPM %% & s o
<30°C/85°F
NIEA A212 -— RS -
HAARF &
<30°C/85°F 1
_‘T—f—f
BRI WRRARSE #E KR HB
i W R AU R
\ HEe
. 1 2 [ T
35 M E
$eX AR
& 7t e @ LR
3.2.2 CPM
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L}
o
R
o
2
63
=
8

3.24
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PM;s (

) (
) PMzs (
)
3.3
3.3.1
(lon ChromatograpHC) , Cl; NGsg,
SO Na, NHs, K c&, Mg* ,
5
R 0.995
. 0.25-30 ppm
0.5~20 ppm
. PM; 5
10 ml ( >18.0
Mq/ ¢ m) 60
10 ml 045e m
25 mm
(spike) 88% 104%
. Cl,
NOs;, SO% Na, NH,, K' c&" Mg* 0.0073 eg/ m

0.0172 eg0o®m53 egom73 egom73 @egd 73 ©g0 7% €g/ m
0.007% €g/ m
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3.32
IMPROVE-A Protocol ThermaOptical
Reflection (TOR) .
580°C
(He)
CH, Flame lonization Detector (FID)
CH, A 0 .
632.8nm
. Chow (Chow et al., 1993) 200°C
fi 0

A o . 400 550°C

10% f 0

CO CH, FID .
fi 0 FID CH, .

840°C
f o]
. FID CH,
fi 0 33.1 .
OC EC 0.273%em@./m63eg/ m
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—TaEn —_— -
i He i e Hﬂ_."
= | I
noao .
(X ¥ e
L 7
=10 R T— e = - 1.' —
L s |
L T )
a4 sen II-I &
o i, M
E r ‘ .
- 0o
B i ——L T LTy
& LT
Iﬁ AL r T | ro
& T n
I i . ol ||
X, i [Pyro-00C
2ca W |
S— ":I"“'-- o LA Ly 3 T T -l-;: .
'e] | —* 'f -,i | i
A |
st oo oo oo | e e L g |
b T =" 1 T ¥ H
zha amn wha ade I.-I.Ill:lﬂ 13a nanm
rime [(Seconds)

(LR: Laser Reflectance, LT: Laser Transmission, T: Temperature, F8: High
sensitivity FID signal, F6: Low sensitivity FID signal)

33.1 .
3.3.3
( 55 mL) 5 mL (Merck, 65 %GR for
Analysis) 4 mL ( > 18. 0 Mqg/ cm) 1440 W
20 2
. 4 mL (Merck, 60 %
Ultrapure) 2 mL (Merck, 48 % Ultrapure)

(CEM, MARS Xpres}
(CEM, MARS Xpress)

33.1
1440 W 8 (Ramp) 170°C
(Hold on)7 1600
w 7 200 °C 15
60 (Cool dowr) 40°C,

(CEM, XpressVap*)
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(CEM, No. 4316494)

(Merck, GR for Analysis) (Merck,GR
for Analysis)
800 W 80°C,
2.0 mL (Merck, 60 %Ultrapur)
332 .
3.3.1
Max. power Ramp Hold Cool down
(W) Power (%) (min) © (min) (min)
Stage 1 1600 90 8:00 170 7:00
Stage 2 1600 100 7:00 200 15:00 60:00
3.3.2
Max. power Ramp Hold Cool down
(W) Power (%) (min) © (min) (min)
Stage 1 1600 100 15:00 200 10:00 60:00
15 ppb (
5 ppm 150 €L )n)
50 mL 4°C
2 1
. 5% (Merck, 65 %GR
for Andysis) 16

52



3.3.2 ICP-MS

PerkinElmer
NexION 300X (Inductively coupled plasma mass spectrometr
ICP-MS) 3.3.2
NexION 300X
ppt . ICP-MS
( )
, , /
. (AD),

(Fe) (Na) (Mg (K) (Ca) (Sn (Ba) (T (Mn) (Co)
(Ni) (Cu) (Zn) (Mo} (Cd) (Sm) (Sh) (TI) (Pb) (V)
(C  (As) (Se) (Y) (zZp (Rb) (Ga) (Ge) (Cs) (La)
(Ce)  (Nd) (P) 34

Merck
(1000 ppm) ;
s 1% (Merck, 60 %Ultrapur) 7
(Al, Fe Ng Mg K, Ca P) 0.1 1
10 10Q 20Q 500 1000 ppb (St Bg Ti, Mn, Cq

Ni, Cy Zn, Mo, Cd S Sh T, Ph V, Cr, As Se Y, Zr, R Ga
Ge Cs) 0.01 0.1 1 10 20 50 100 ppb (Ly
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Ce Nd) 0.01 01 1 pph ( 20
) (NIST SRM 164&a )
. 10 ug/L (  (Be) (Mo
(In), (Ce) (V) ICP-MS
333 Hsu (Hsu et al., 2009; Hsu et.aR008)
NIST
100+10% 5% ICP-MS
3.34
3.3.3
(W) 1500
- (L/min) 15
- (L/min) 0911
- (L/min) 1.3
(ms) 100
(amu) 0.7£0.1
(L/min) 1.2

(torr)

1.5x10°-2.5x10°
3
6
(2.2 mm)
(2.2 mm)

54



3.3.4 ICP-MS 34 (ng/m?)

Al 0.9 Sb 0.02
Fe 14 T 0.002
Na 10.5 Pb 0.08
Mg 2.2 Y% 0.02
K 4.2 Cr 0.4
Ca 7.5 As 0.04
Sr 0.02 Y 0.008
Ba 0.04 Se 0.07
Ti 0.8 Zr 0.17
Mn 0.10 Ge 0.002
Co 0.007 Rb 0.003
Ni 0.2 Cs 0.001
Cu 0.5 Ga 0.009
Zn 0.10 La 0.001
Mo 0.05 Ce 0.002
Cd 0.004 Nd 0.002
Sn 0.04 P 0.4
34

34.1

CO, CO, (isotope ratio mass

spectrometry) c % d=c

55



108

(Cao et al., 2011; Jung et al., 2019; Kundu and Kawanark4; Lépe/eneroni,

2009), d=c (Cavity Ringdown

Spectroscopy, CRDS) CO, CRDS
( 20 km)
( 34.]) (
(BeerLambert law) )
13C

CRDS: Measures the time it takes for light to be lost in the cavity

34.1CRDS

56



03 J1.}.'I:_'|ﬁ|j'|h|:|
3 407 ppm of GO, f
i 0.2
! :
E |
P
2o
E 1318518 _J'I \
< 0o a— : j—
LI

6251.2 6251.6 G252.0
Wasenumbar [l:r'r|'1]

34.2%co, 2co,

( Zare et al., 2009)
3¢ ( 6251cnt)
Bco, 2co, 6251cnt
34.2 2c B¢ 3.1

IAEA-CO-8 & 8543 NBS 18 )

dltzg(lljc /1122 Cleamse_ 1 100¢
8°CI*Cllnsas @ 3.1)
e BETA
(accelerator mass spectromet&MS) ( 3.4.3)
0.5 mg . ¢
CuO
4 CO; c

0 0 (pMC)
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_ (14C/12C)sample 3 100 (32)
0.749 (“CI*C)yy,
*ci?C) sample  (*'CI*C) ox i (NIST SRM

499coX 1)y ¢ &

3.4.3 AMS

58



34.2

. ( 2-10ng )
1807 1mL 2N HCI .
3.4.4 0.5mL SrSpec
3mL 6NHCI 3mL 3mL 2N HCI
. 3mL
2 N HCI 6mL 6N HCI
190°C 1mL HNO3
Milli -Q 10 mL ICP-MS .

( 345 3.46 )

NIST SRM 984

59
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(4w 1 mL 2N HCI)

Sr-Specgit i (Coulumnyy)
(% 3 mL 6N HCI + Milli-Q 4 )

Sr-Speciins
(3 mL:- 2N HCI)

su At 23 mL 2N HC)

#% 32Pb(6 mL 6N HCI)

3.4.5

60
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3.46

NIST SRM 981 209pp 20pp 207ppy  208py,
1.43% 24.14% 22.08% 52.35%
2pp%Ph  2%%ppO%Ph 1.0933 2.3704  ICP-MS
100.3% (99.8~101.2%) 100.2% (99.6~100.7%)

34.3
. (Precision)
10
20 %
(RelativePercent DifferenceéRPD) (3.3),
X4 - X
RPD (% ¥ M (3.3)
§|X1 +X,|
RPD (%) X1 X2

(Accuracy)

61
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10
20 %
(Recovery, R) (34),
R(%=)=§310% (34)
R (%) X S .
1. .
2. (IDL) eg/ L 3 IDL
. IDL 7 3 .
3.
30%
(Analytical performance)
30
% .
4 12

62



A.
B. 10
C.
D.
2 MDL
10
10

63
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) 100
+20%
10. 75~125%
11.
. 5
10% )
10
3.5
PM,s
(d®c  pMC) (C%Pb2Pb  XPbFOPh) PM, s
pMC PM; s

(Flament et al., 2002; Hsu et al., 2006; Monna et al.,

1997; Nakano and Tanaka, 1997)

k
Ratm = a fi R (35)

i=1

Ram R ( “PbfPb) f

Monna 208pp P%py

64



J

(Monna etal., 1997) Hsu **Pbf°Pb

(Hsu et al., 2006)

5.0 (Positive Matrix Factorization, PMF) PM, 5 .
PMF Paatero Tapper (Principal Component Analysis, PCA)
(Paatero and Tapper, 1994) 2003
2005 PMF 1.0 2014
PMF 5.0

PMF (U.S.EPA., 201}

p
Xij = IZ] 8ikfig + €y
<

(3.6)
Xij i | p Oik
k [ fi; K J
6 .
PMF Q
n o (X - 0 gl
Q(E) _ Z Z 1 k lglj kj
i=1 j=1 Ujj
(3.7)
n m Ujj I J
3.6 .
3.8
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PMF (Wang et al., 2017)
PMzs
n
Rij = ngkfk_;' /X
k=1 (3.8)
Ri ( ) ()
( ) 3.6 3.7 . Wang
PMF ( )
( ) (Wang et al., 2017) 38 PMF
oC oC
( pMC )
oC
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4.1

2019 3 8 (PMz.5)
, , , , , , 8
8 4.11
2m . 2 y
PM,s .
411 41 4.2
PM,s 4.3 4.4
PM2 s .
41.1

412~ 419 8

J J

. 23.0% , ) ) )
, , 8 21.% (16.9~24.T ), 22.6
(18.2~25.8 ) 23.068 (18.9-25.5 ) 23.3% (19.6~26.0 ) 23.1¢ (20.7~26.6 ),
22.60 (18.7-25.4 ) 23.57 (19.7-26.8 ) 23.15 (19.9~26.9 ) ,
23¢ 230 |
75%

J J J

) ) ) 77% ©8-88%) 79% (69~88%) 73%
(63~84%) 75% (64~89%) 73% (67%80%) 81% (72~90%) 75% (65~86%)
68% (52~78%)

70%

L

2.1 m/s

J J

’ s s , 2.5 m/s(1.8~3.1 m/s) 2.4 m/s

(1.7~2.8 m/g)1.7 (1.3~2.1 m/s)2.0 (1.6~2.6 m/s¥.6 (2.1~3.2 m/s@.1 (1.6~2.&/s)
1.7 (1.2~2.0 m/s) 1.9 (1.3~2.5 m/s) 2m/s
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G ()

41.1 PM25
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4.11 PM3 s

PM2 5
209 3 01 -~08 63*
20019 8 05 -~09 |, 64 8 10~-11 13
12 14~15
PM2s
209 4 22 -~24 3
2019 4 1 -3 3
209 4 16 -~18 3
2019 3 24 -31 60** 8
1
209 9 16 -~18 3
2019 9 23 -25 3
200 9 9 -~11 3
2019 8 28 ~ 45r** 8
9 1
1
250
* 8 8 1 63 .
o ( ) 8 8 10
3 1 60
( 8 6 10

69
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F E E 8B F %
(%) W BF

k-l -

(s} o'

ST TS
ERTIL:
I

1 mowe

BEHE

LR

{wzie

Mm.-_v.

4.1.4
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10

HYBE (D)
=
=

225 + e g R B B

B (degree)
25 E

=

3A1A

3AlA

4.1.6

ELET-

in48

74

3IA6H

3ATH

ELET:

1A%\




o 8B A (%)
E 2 £ 2 &

1R48 [ .
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100

4 88 E (%)

Bk (mis)
&

=

1 (degree)
[ — L[¥] [ Lk
3 ER 25 2=

= & 2

AT L)) 'ml\ﬁﬁ ..... M .|’."| NN
1' m . H\; \ m“‘m'# \,fl W IU M/ ]L'M\\_u'ﬂU!""w'L

-
R - . .
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= r
- i AL - T - e
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m m = = m o o m =
" ” - Ll ” - - " L]
A
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49%
23% 37% 44%
49% 25% 30%
43% (54%) )
1/4 (40%) (27%)
51% s )
25% . 8
7 31% 40%
3 3 5~8
s s 1
20 mm (3 7 )
1 mm .
, 3 6
0.87 mm
4110~ 4.117 8 s s
. 29.5¢ ) , , )
, , 8 30.4 (29.5-31.5; ), 29.8%

(29.1-305C ) 29.7C (286~30.67 ) 29.% (28.8-30.6C ) 29.6¢ (28.5-30.95 ),
28.8 (28.0~300C ) 29.% (282-305¢ ) 291¢ (27.8-3175)
200 81%

) ) ) ) ) ) 80%
(74~85%) 85% (80~87%) 80% (74~85%) 75% (B~79%) 83% (77%~86%) 83%
(77-86%), 85% (79~88%)  76% (64~80%)

. (p <
0.05 80% .
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HMRE (%)
2 2 =2

Bk (ms)
. =

60 —

E'IS

45 "q-.!- ¥ ] ¥ - a®

BEM 158

8458
8468
ENTH
EH 8
LR T ]
§H 13H
EH 148
8HI6H
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BTl

HEl 8

HETHE

HETHE

BITHE

HOLH®

BaHE

HE W&
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wEAN

4.1.15

84



P ML Hot i

P = E [ ool .
e ] [t i i HsIHS

Briiie

HELHS

— Pl HIIHR
E 3 . P A A

T | ! 3 P B ]
S R .

Hakg

210 e ] e
= ]

i P P OLER
£ 1 I N I I I A

1SEERRREE
ﬁ..u E v} Bous
= B I O Pt

".|.| E 1 .
- [ O Sl HEHS

I wl
I“ﬂﬂ.ﬂ“m L L - e ﬂ.mmmmmmmﬁﬂ

(%) O BE (aaudap) '

100
9. T L BB B s A i e e i B B e .. .
8

Hiam

85

4.1.16



108

» &
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2.5 m/s

J

J

s ) s s 3.3m/s(2.3-5.6m/s) 2.8ml/s
(1.8~4.6mfs) 2.2(1.6~3.7m/s) 2.2(1.3~4.2m/s) 3.1(1.7-5.4m/s) 2.3(1.2~4.3 m/s)

2.1 (1.6~3.7 m/s) 2.3 (1.5~4.2 m/s)

3 m/s

37%

28%

25%

51%

( 37%)

24% 10%

3mls
(p < 0.05,
43% 23%
18% 17% ,
28% 33% 28% 30%
42%
25% (35%) 24%
(41%) 25%
15% 19% 16% s
28% 20% 29%
8 7~10
(116 ) 30% 35%
(36%) (40%) (31%),
20.0 mm 8 6 12 14 15
35.2mm 13mm
32.5mm 27.2mm
8 12 , 8 6
100 mm

L
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4.1.2
2019 PMys 276N 8.8 eg/ m
(8 ) PMys 292N 10.3%1 eg/ m
1.6 3g/ m 4.1.18 PM, s
( 085 (p < 0.09
PM2.5 L
4.1.2 2019 8 PM; s .
PM; s (35¢ g Am
3 1 3 8
35 &g/ m 3 1 PMz s
. 2 PM; s ( :
2017, 2013 PM, s 24~31e g P m ( )
70.0
o ®AIE oMEHEMS
60.0 ||
z | )
2500 o ¢ ’] T
~ || o
8 l ? . a ¢ 1
F 40.0 »ln% ' P ’ \ ') ' *ll *
E | [\ ' \ ‘ e | |
§ |1 'l ; l.l’ r lllb N F , ‘, |” o |||| Q
g 300 FRFN; ?% il | 22 A ’f ¢ % R | l‘l’e o ‘*
o \ |\ 4 \ T \/ / \ © 8y \ L §
g 200 v \g‘ i‘" E"?‘v ' é\gi:/ Fé ‘\.&’R‘ R ) i
B V §e Y 3%
! ¥ ¢
10,0~
“.0 - " . " ¢ Ly - . ’. A . " Ak ". . A A ‘. - - - - A ‘" - J

(r=0.87,p-value< 0.05)
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2019 PM; 5 12.4 + 3.8

e gl ) PM, s 11.8+43.8¢ g # m

0.6 &g/ m 411 PM, 5

(n 082 (p <0.09
PMas . 413 2019 8 PMzs
. PMas
(35¢ g f)m PM,.s .
4.1.2 PM; s
(meantSD, ¥ g/ m 8 7)

PM, s 27.6+8.8 30.7+9.727.7+£9.28274+£92329.0+10.527.3+9.28.7+9.2252+7£5251+84
52+28 57%£32 54+30 59+37 50+x34 51+23 51+28 48+30 4419
71+38 82+36 7.8+38 73+42 57+33 7.0+41 76+45 61+35 69+44
71+39 46+19 44+19 42+23 32+22 39+17 42+21 35+18 35+16
06+05 07+04 06+04 05+04 05+04 07+04 11+0.7 03+03 0403
6.7+17 6.8+18 55+11 86+26 76+13 62+13 65+14 6.1+11 64+17
16+06 17+04 10+08 12+06 1.7+05 18+0.7 19+0.7 1.7+0.2 1.7+0.7

& 41+13 41+15 33+08 40+21 34+18 42+08 43+07 48+0.8 44+09
# 37+16 43+12 32+09 43+29 48+17 3.7%+15 3.7+15 31+09 27+12

06+08 06+01 05+01 04+03 08+x03 11+23 0402 03+02 04+0.1

& (%)
* (100- (%))
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PM, 5 concentration (pg/m’)
7
e

10.0
5.0
0.0
(r=0.82,p-value< 0.05)
4.13 PM25
(mean N %D, eg/ m 8
PM, 5 124+38 114+35 11.7+39 135+£3.3 139+4.1 132+48 139+4.0 11.3+2.4 10.2+3.6
32+13 32%+13 35+x17 33+x12 36+18 31+15 35+13 29+10 28z%10
1.1+ 0.6 1.0+£06 14+06 16+0.7 10+06 11+06 1.2+08 1.1+05 09zx05
1.2+0.6 1.2+05 12+07 11+06 12+08 11+06 15+07 1105 1.0+x04
06+06 0504 08+08 04+04 05+03 09+09 09+05 03+04 03zx04
3.0+17 24+07 26+10 43+16 30%x14 21+05 25+0.7 31+04 41%40
05+09 03+x03 03+x03 14+21 09+06 02+02 05+03 0403 0.1zx01
& 1.6+£0.6 14+£03 15+03 21+05 1.7+£10.7 12+05 13+13 19+03 18=%1.1
# 19+15 18+05 20+07 36+32 23+12 11+05 16+06 16+04 1.2x0.7
" 08+06 08+x05 0804 07+04 09+03 12+10 10+x06 05%+03 04zx03
& (%)
* (100- (%))
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4.13

4.1.2 PMys 4.1.20 PM; 5
4.1.2
(egy m
PM;s PM;s .
4.1.2 PM; 5 27.6 £ 8.8
egfm 71] 38 gf m
717 39e gf m 6.7] 1.7¢e g m5.2] 28e g m

417 13e gP m3.7] 1.6e g m
PM2-5 J J J
(8.2] 3.6 gfm

6.1] 3.56 g AAm (6.1 1.1g g AAm (
) 11) 23e gf m 1.0e g m
(0.3] 0.2e g A)m
PMzs 8 s s
, , PMys 19% 26% 14% 2% 15%
13% 2% 9%
, ; 8
. 4.1.20 PM, s
28% 20%
17% 21%
11% 16% (18%)
(11%)
(19%) (12%),
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41.20 PM2 s
(@) , (b) , (©) , (@) , () , () , (9

(h)
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( )
PM,s 4% 1%-~3%

Cg Na Fe PM_ 5 0.5%
0.4% 0.3% Zn Cr PMa s 0.09% 0.04%
Fe Ng K Ca

PM,s 2.9% Zn Cr PM,s
0.3% 1% 5~10%
( )
PM; s
413 PMz s 124+ 3.8
egfm , ,

32] 13s g2 m0] 1.7¢e g2 m.2] 06 gP ml.l] 0.6 g m
1.6] 06 g m19j 15¢ g m PM, s
(3.6] 1.8e g Am ,
. ( )
1.2 1.0e g # m10J 06e g/ m
(0.4] 0.5¢ g A\m

PMz s 8 s s
s s PMz5 26% 9% 10% 5% 13%
16% 6% 15%
s s 8
. 4.1.21 PM; s
30% 24%
7% 12%
11% 8%
(30%) (9%)
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(19%) (9%), ( )
PM, s 50%~%%
Ng Cg Fe K
PM,s 3.6% 06% 06% 0.6% Zn Vv,
Pb Cr PMzs 0.13% 0.04% 0.03% 0.03%
Fe Ng K Ca
PM,s 6.0% Zn, V, Pb Cr PM; s
0.8%, 26% 4%
10%
PM;s .
PM; 5 PM. s
; PM:s 5%
45% PM;s PM; s
28% 29% ( - - - - )
( , 2017, 2018)2017 , ,
PM, s 17% 15% 10% 20% 2018 , ,
PMys 30% 11% 12% 31%)
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41.21 PM2 s
(@) , (b) , (©) , (@) , () , () , (9

(h)

95



108

4.14 PM; s
PM,s
PMzs
PM;s
PM2s
4.1.22 (
PM, 5 21. 2
PM2 s
( )
eglfm )
42%
0.93 ¢) (p < 0.05
PM2 s .
10% 4%
PM;s .
4.1.3 (
PM; 5
PM,s
( ).
eglfm )
29%

0.24 ) (p=0.20)
PM3 5

PM, s

35 &g/ m
PM; s
9 PM2.s
35 &g/ m
PM; s PMz5 .
PM; 5

N °3 PB,s € g/ m

PMzs

35 Y/ m

34.4 N3%7.6
PM; 5
PM; 5

13.2

74%

PM; 5
PM>5 5

PMy s

9.4+ 1.5¢ g P) nPM,s

PMazs

PMs s
PMa s
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PMzs

15.4+2.8¢ g £ m
PMzs

PMzs

6.0

4%
PMzs

, 2017, 2018)

3204

eg/ m
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Concentration (pg/m?)
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PMyFHaRIEF/HBZRELER
14
"
~12 -
E
=10 - e
4 HiEE
2 8
= eF N
T
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v ) [ 20X §
¥#8 FEFHA
@
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32% o1 ]
12%
s
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5% 5%
(b)
4.1.23 PMys
(@) (b) (
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4.2

PM, s .
421
42.1 81+21egf m
(9.8+ 3.1ng/nT) (6.5+ 1.5 ng/nT)
(p=0.12 .
utc -25.74 -p9.2 -21.34) , ,
, , , , 25.5286(-21. 34&)

27.0287(-25. B&)4 . 520 (-23. 3&)5. 8380 (-24. 44)
24 . 7-A&72(-23.2&)7. 1-35(-26. pa&)6. 522 (-24. 94a)
24.3%8(-23.14) utc (p < 0.05

. 54%
(38-74%) , ) ) ) , )

49% (38~60%) 51% (43~60%) 50% (40~57%) 48% (39~56%) 54%
(46~65%) 55% (44~68%) 61% (53~73%) 63% (55~74%)

(p<0.05
74%
421 8 , iC
, ic 3Lj 5 ic
3L]
) . 421
24%
) 17% -
A ( , 2017, 2018) 4.2.1

50%
56% 50%
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3.5+2.1g g f(m 4.2.1)

(5.7+ 3.4ng/nT) (2.3+ 0.6 ng/nT)
(p<0.05
. usc -28.14 -87.8 -24.134)
, , , , , , -28.54
(-37.8 -26.3) -26.6a -P8.5 -24.84) -27.74 -P9.0 -26.2%) -26.8% -P9.6
24.74), -28.8% -B4.6 -25.24) -27.6a -B0.1 -24.13) -30.99 -B3.7
-28.14) -27.88 -80.9 -26.3) uc (p < 0.05)
49% (1680%) , ) , , ,

) 44% (32~62%) 43% (37~52%) 44% (16~69%)

43% (34~509) 52% (40~80%) 47% (37~62%) 54% (42~74%) 60% (50~73%)
(p<0.05
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4.2.1 PMy 5
(mean N 3D, eg/m 8 7
(g 8.1+21 85+2.1 6.5+ 1.5 9.8+3.1 8.6+21
0tCc (a) 257+17  -255+23  -27.0+10  -245+11 258+ 1.3
(%) 54+9 49+ 7 51+6.1 50+ 7 48+ 7
(ng/m°) 42+8.1 4827 3.0£1.0 25+21 5.3+3.3
20%pp %P 1.1554 + 0.008]1 1.1494 + 0.013¢ 1.1577 + 0.003€ 1.1656 = 0.003¢ 1.1527 + 0.004]
208pp207pp 2.4263 + 0.0107 2.4175 +0.0125 2.4362 + 0.005¢ 2.4307 + 0.011¢ 2.4201 + 0.004¢
(g 35£21 27+0.9 29+1.1 5.7+3.4 39+16
gC (a) 281+26  -285+39  -266+12  -27.7+10  -268+18
(%) 49 £ 12 44 +11.1 43+6 44 + 15 43+8
(ng/m®) 3.7+38 2.6+2.4 22+17 45+1.1 53+4.4
20%ppoPh 1.1519 + 0.020C 1.1643 + 0.007¢ 1.1531+ 0.0064 1.1145 + 0.006 1.1556 + 0.006¢
208 207pp 2.4234 + 0.018: 2.4377 + 0.010¢ 2.4378 + 0.009: 2.3903 + 0.008( 2.4332 + 0.0107
(g 8.1+21 8.0+2.0 8.4+21 78+1.2 7.3+1.9
utc  (a) -25.7+1.7 -247+15 -27.1+0.8 265+ 1.5 243+ 1.0
(%) 54 +9 54 + 8 55 + 10 61+8 63+9
(ng/m®) 42+8.1 10.0+22.2 3.6+26 23+1.9 2.1+ 09
20%pp 2P 1.1554 + 0.0081 1.1545 + 0.007¢ 1.1570 + 0.006€ 1.1573 + 0.005( 1.1489 + 0.004(
208pp207pp 2.4263 + 0.0107 2.4306 + 0.010€ 2.4252 + 0.009¢ 2.4299 + 0.004¢ 2.4206 + 0.006¢
(g 35+21 23+0.6 3.0+0.8 3.5+0.3 4.2 39
gC (a) 281+26  -288+36  -276+21  -309+23  -27.8+14
(%) 49 + 12 52+ 14 47+ 7 54 + 10 60+ 8.4
(ng/m®) 3.7+38 3.6+3.9 77469 1.7+0.6 15+1.3
2%PpPh 1.1519 + 0.020( 1.1468 + 0.021Z 1.1549 + 0.0092 1.1551 + 00113 1.1823 + 0.009¢
29%ppPPp 2.4234 + 0.018: 2.4137 + 0.0191 2.4357 + 0.009¢ 2.4222 + 0.007< 2.4284 + 0.005¢
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4.2.2 8
ut3c
2017, 2018)
. 4.2.2
50%
29%

477 5% 2019

4.22
53%
50%
50%
50%

tsc

(2017 50] 6%
527 11%)
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4.2.2

4.2.1 ( ,
) 4.2.1 PMzs
4.2 + 8.1 ng/nt (10.0+ 22.2ng/n?) ( 3 7
64.9 ng/m ) (2.1+ 0.9 ng/nT)
(p=0.55) .
20ppPO%Ph 1.1554 (1.1298~1.1712)
, , , , , , 2%ppFOPh

1.1494 (1.1298~1.1648)1.1577 (1.1512~1.1621)1.1656
(1.1590~1.1712) 1.1527 (1.1468~1.1594) 1.154 (1.1430~1.1647) 1.1570
(1.1473~1.1643) 1.1573 (1.1500~1.1627) 1.1489 (1.1428~1.1538) **Pb/°Pb

2.4263 p.3985~2.4519) ,
, , , , , 208ppPO%Ph
2.4175 (2.3985~2.4519) 2.4362 (2.4289~2.4478) 2.4307
(2.4090~2.4519) 2.4201 (2.4116~2.4265) 2.4306 (2.4080~2.4412) 2.4252
(2.4109~2.4373) 2.4299 (2.4260~2.4394) 2.4206 (2.4137~2.4287)

20ppfo’Pp  2%%ppPh (p < 0.09
423 8
7
2pp%pp . 2®ppfPp
6
28pp 07 . ( )
«( - - - - ) PM; 5
(Jung et al., 2019; , 2016, 2017, 2018) 205ppO%Pp
PMzs

421 | 421
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PM, .5 3.7 + 3.8 ng/nt (7.7+ 6.9
ng/nt) (1.5 + 1.3 ng/nT) (p <
0.09

2%PpAPh 1.1572
(1.0974~1.1966) , , , , , ,
20ppPO%Ph 1.1643 (.1531~1.1787) 1.1531
(1.1393-11614, 1.1569 (1.1515-1.1619, 1.1556 (1.1460~1.1664) 1.1468
(1.0974~1.167Q) 1.1549 (1.14436~1.1723) 1.1551 (1.1435~1.1722) 1.1823
(1.1743~1.1966)  *®PbfPb 24295
(2.3714~2.4572) , , , 205pp 207
2.4377 (2.4181~2.4528) 2.4378 (2.4284~2.45702) 2.4340
(24241-2.4451), 2.4332 (2.4238~2.4563) 2.4137 (2.3714~2.4316) 2.4357

(2.4100~2.4409) 2.4222 (2..4134~2.4360) 2.4284 (2.4216~2.4359)

20ppfo%Ph  2%%pp’Ph (p < 0.09
424 8
20pp %P 206ppPO7p
*°PbF*Phb
. ®ppfoPpb 5 208pKh P97
206pp %P 206pp 7P
«( ) « - - - - )
(Jung et al., 2019; , 2016, 2017, 2018)
206ppPO7pp
206PU207Pb
. ( 2015 2017 2018)

425 20%ppO%Ph 1.14~1.16 ( 69%) “®PbfoPb
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2.41~2.44

Ph concentration (ng'm’}

Pb concentration (ng/'m’}
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Pb concentration (ng'm'}

Ph concentration {ng/m')

25

20

15

10

0

15

o
]
o (=} ) Co
o o ©.05% @ 00 om0 c%fxfﬁﬁ Ta

Lol

O 206P 207 Ph

120
1.18
L.16

1.14

(] 1110
1.8
1.6
‘ ‘ I l I ‘ -
1.2
'Ill L: “ll !:; “I“I, | ,Ilull Il Hl lII Ih "l!I!!! ':lllh 100
BiERRass RARRAusy BAGENaas RERREnsy R4REDees B00REass RE8ERaan §0000Ens
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(@) Pb  *PbfPb
s fa A Fr
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1.22
Q20ISEHE WE 200555 BT 2006554 E P 201656HE £F 200654 UF

ISR TR 2018FATHE MF <2009 BE - 20019Fi K UE

1.20
1.18
'E:E .. . . .”\- "f.{' ..‘ ...
- 1.16 oo ..“ 2 ::t‘o; :‘k* Z.l?l. ;.:.. . ..
f . ﬂ;ﬁ% Y
o ! ° .‘_ '.'. J E
1.14 i !‘, - L3
1.12
1.10 . ) . ‘ x | | | ‘
2.38 2.39 2.40 241 2.42 2.43 2.44 245 2.46 247 2.48
HSpHAYTPY
4.25
4.3 PMas
PM; s
4.3.1 v
4.3.1
2019 4 16~18 9 9 -~11 2 (
) PM,s |

(Filterable

particulate matter FPM)

(Condensable particulate matte€PM) (Cano et al., 2017; Li et al., 2017; Yang et al.,
2018; Yang et al., 2015; Yang et al., 2014) FPM CPM
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PM3 5 CPM FPM .

43.1 PM,s CPM  FPM
PM, s 2621.1+ 1708.45 g £ nCPM  FPM
2136.0+ 1755.6e g £ m485.1+ 212.8¢ g £ m FPM PMF
1/3 433 CPM FPM
PM,s CPM (81%) 4.34 CPM
(72%) PMas
PM, s (Yang et al., 2018)
SO, SO,
CPM
CPM (Corio and Sherwell, 2000) 4.3.1
FPM
( FPM  42% 28%)
2017
FPM ( , 2017)

( FPM  10%)
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4.3.2
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4.3.1 FPM CPM (mean] SD)

(n=6) (n=3%) (n=6)

Total PM,s( &/ig®) 2621.1+ 1708.4 9405.9+ 6727.6 16497.3+ 7963.7
CPM ( &)g/ m 2136.0£1755.6 9101.7+6704.2 11764.4+ 7139.7

CPM_ ( ¢ g 1536.6+1524.6 1588.9+548.0 7192.0+1389.1
CPM_ ( e g’y 593.9+298.5 7510.4+ 6988.8 4570.3+ 7203.5

FPM ( &)g/ m 4851+212.8  304.0+499.6  4732.9+2257.1

FPM_ (&g’ 179.2+43.4 26.0+24.3 4115.2+ 1864.5

FPM_ 305.8+ 224.9 291.0+482.3 617.7+ 464.0

* FPM
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4.3.2 PM; s (mean] SD)
(n=6) (n=3) (n=6)
Al (3 g/ m 1.4+0.9 0.6+2.9 33.4] 26.4
Fe (%g/m 2.8+1.8 2.9+1.8 586.9+ 413.7
Na (¥Hg/ m 46.9+7.0 0.6+ 0.4 36.8+12.8
Mg (&g/ m 5.4+0.9 0.1¥0.1 32.7+13.1
K (eg/ m 28] 1.8 0.8+ 0.6 267.7+100.5
Ca (¥g/ m 2.3+15 1.4+1.7 235.5+ 175.3
Sr (3g/m 0.05+ 0.01 0.003% 0.002 047 0.3
Ba (¥g/ m 0.02+0.02 0.01%0.02 0.2+0.1
Ti (3 g/ m 0.11) 0.05 0.09+0.13 3.6+23
Mn ( €)g/ m 0.06+ 0.04 0.06+ 004 287 0.9
Co (ng/nT) 18.3+7.1 42+1.6 32.7+19.5
Ni (ng/m?) 338.0% 267.2 197.0+ 1122.6 682.0% 374.2
Cu (ng/m’ 52.7+24.7 22.8+12.6 1305.1+ 298.7
Zn (ng/m?) 188.5+ 199.1 129.0+ 97.0 4507.3+ 1641.8
Mo (ng/m®) 102.0+ 83.7 57.8+58.0 3692.7] 445.3
Cd (ng/m® 0.4+0.3 0.7+ 10 2684.4+ 2281.0
Sn (ng/nt) 76) 7.8 3.6+2.6 14.8+9.8
Sb (ng/n?) 5.6+6.1 8.9+9.2 16.6+ 11.2
Tl (ng/m®) 23.1+2.7 20+15 3541.8+ 1500.3
Pb (ng/nT) 31.3+213 49.0+ 31.3 88481.7+ 46123.4
V (ng/m°) 897 5.0 5.0+3.1 841.8+ 386.1
Cr (ng/m?) 5411+ 441.6 344.7+ 1469 1308.8+ 576.5
As (ng/nT) 3.0+15 1.3+ 12 102.2+ 65.1
Y (ng/m®) 3.3+3.1 1.9+2.4 21.2] 155
Se (ng/n) 132.2+ 23.4 65.5+ 1307 5871.1+ 1512.4
Zr (ng/m?) 23.0] 18.9 11.8+ 16.0 168.7] 134.2
Ge (ng/n) 2.8+1.7 06 32.9] 11.6
Rb (ng/m?) 797 71 2.2+2.3 5722.9+ 2080.7
Cs (ng/n?) 0.7+0.6 0.5+0.4 2841.6+ 822.5
Ga (ng/nT) 3.5+2.4 1.1+0.7 20.0+13.8
La (ng/m?) 1.7+1.0 0.8+1.0 28.1] 19.7
FPM # FPM

L

[

NA: Not available.
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4.3.2 PM; s (mean] SD) ()
(n=6) (n=3) (n=6)

Ce (ng/n) 2.2+1.0 0.7+0.5 59.5] 44.2
Pr (ng/m?) 0.3+0.1 0.1+0.1 457y 3.2
Nd (ng/m?) 0.9+05 NA* 26.1] 18.4
Sm (ng/n?) 0.2+0.2 0.21+0.04 35] 2.4
Eu (ng/n) 0.13+0.07 0.11+ 0.06 1.0+ 0.6
Gd (ng/m’) 0.5+0.2 NA* 457 29
Tb (ng/m?) 0.10+ 006 NA* 0.6] 0.4
Dy (ng/m?) 0.13+ 018 0.08 3.2 24
Ho (ng/nT) 0.09+ 007 NA* 0.7] 0.5
Er (ng/m®) 0.3%0.3 NA* 28] 1.9
Tm (ng/m°) 0.02+ 001 0.06 0.34+0.29
Yb (ng/m?) 0.04+ 001 0.06+ 0.06 267 1.9
Lu (ng/m?) 0.03+ 003 0.07 047 0.2
Hf (ng/m®) 0.960] 0.005 0.7+0.1 28] 2.4
U (ng/m®) 0.8+0.7 1.0 447 3.0
OoC ( &g/ m 70) 4.3 47+1.6 216.8+ 1549
EC (8g/ m 0.03+0.06 0.8+1.0 3.4+45
Na'( € g% m 50.6+ 8.2 0.5+ 04 44.6+10.8
NH, (& ¢ m 1.3+0.8 3.8+7.9 131.2+ 16.5
K'(eg® m 1.1+05 0.3202 294.8+ 103.5
Mg?( e d® m 52+1.1 0.4+ 03 28.3+5.7
Ca?( e g’ m 2.4+0.3 1.4+1.6 209.6+ 153.3
Cl'(egdm 75.9+ 13.2 0.8+0.8 17.8+9.6
NOs( € ¢ m 1.7+18 1.2+1.2 0.34+ 038
SO%( & ¢ m 18.1+ 7.0 14.1+ 26.7 1460.4 431.1
Modern carbon ( € g° n NA NA 65.1 + 27.5"
Fossil carbon( € ¢g°¥ m NA NA 285.2 + 47.9"
utc (&) NA NA NA
pPMC (%) NA NA 18+ 41
2%Pb/Pb 1.1959 + 0.0079 1.199 + 00135 1.1908+ 0.213
*%pp/%Pp 2.4305 + 0.0109 2.4318 + 0.0108 2.4010% 0.0194

FPM

#

[

NA: Not available.

FPM
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4.37 PM; 5

PM; 5 35% Al, Fe Nag Mg, K, Cg Ni, Zn
Cr PMys 0.1% T, Mo Se 0.05~0.1%
438 Ng Mg K S, Cog Ni, Cy Zn Mo Cd
Sn Sh Ph Crr As S¢ Gg Cs Gg Ce Nd Hf U EF 10
0.05% EF 10 Na ( ) Mg K,
Ni, Zn Mo, Cr Se Zn, Se Cr
(Okuda et al., 2008; Park et,&001) Zn Se Cr
20ppPO%Pp 1.1959 (1.1781~1.2115)%*%PbPb
2.4305 (2.41082.4403) 4.35 4.3.6
20ppfoPp  2®ppfopp . 4.3.5
2%PpPh (2017 1.1940
(1.1604~1.229) 2018 1.1489 (.1320~1.1859)  4.3.6
2BphOPh 2017 2018
2%ppPh ( , 2017, 2018)(2017 2.4557 R.4414~2.480p
2018 2.4190 2.4039~2.427)) Gallon

208ppPO%pp (Gallon et al., 2011)
(Komarek et al., 2008) uc
uc PM, 5
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KRR (TR
R (A - 2008

Pk o W WL (BTG - 2007) |

PRI WG _Gallon et al., 2011 (H |
#)

E)

kD SRR (FRE)_Widory etal., |
2010 ()

4
H——-"
A
i
ML IERE_Wang et al., 2006 (| |—|—l
4
FRILRE_Gallon et al,, 2011 (H3) | |
P (A3 ) ——
fol BT (AT AT - 201T) I ' I
il Zheng et al,, 2004 (PEY) | H
S (et | L —
F—+—

SRR (AT IET 8 - 2018) |

JERRE Lahd et al 2008 GEBY) | 1

1.05 1.07 109 1,11 113 115 117 119 1.21 1.23
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435 206ph207p,
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100
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. Al Fa ™a Mg K Ca S Ba TEMaCo X Cu SadleCd Sa S TEPE V OF As Y S T Ge Rb Cs Ga La Ce Pr N Sii s G Dy Ee Vb HE T
TE
4.37 PM2s
( ) PM,s >0.1% 0.05~0.1% <
0.05%)
TN
LT
LT
ICI]
=
100
in ‘
'I‘ HH ‘ H‘ HIII|HIH|‘IH
o TSP EAE IS 830 Aaf 2253803327 L2 ERTES
i 3
4.38 PM; 5
(Enrichment Factor, EF EF 10)
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4.3.2

2019 4 1~3 9 23-25 PM,s
. 431 PMzs; CPM FPM
PM, s 9405.9+ 6727.6e g £ m
CPM FPM CPM 9101.7+ 6704.2¢ g £ nFPM
304.0+ 499.6s g £ m FPM FPM 9%  4.3.3
CPM  FPM PMzs CPM
(97%) 4.3.4  CPM (83%) PMzs
PMz s

(Yang et al., 2018)

SO CPM
CPM
(Corio and Sherwell, 2000) 4.3.1 FPM
( 54%)
. CPM FPM  PM;s
CPM
PM,s PM2 5 17% 4.3.9
A, Fe Ng Mg K, Cag T, Mn
Nii Zzn Pob Cr PM2 s 0.1% Mo
0.05%~0.1% 4.3.10 Fe Mn Cg Ni Cy Zn Mg Cd Sn Sp

T, Pb Cr, A Y, Se Zrr Rbb Cg Gg Lg Eu Tm Hf U EF
10 0.05% EF 10 Fe Mn, Ni, Zn Mo, Ph Cr
Ni  V (Cheng et al., 2009; Kulkarni et al., 2007;
Moreno et al., 2008; Querol et al., 2007)
Ni V ( , 2017) Y,
EF 10
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S

1.1930 (1.758-1.2106) *°**Pb/Pb
2.4318 (2.41742.4437), 4.35 4.3.6
2ppfoPh  2BppOPh
20ppPph 28RO’ ( ,
2017)(°PbfPb  1.1782 (.1528~1.2021 *®Pbf°Pb 2.4296 R.4145~2.442p
20%pp2%Ph Zheng (Zheng et al., 2004)
. uc
utc
PM2s .
4.3.3
2019 4 22~24 9 16~18
PMas . 431
PMzs CPM  FPM PM2s
16497.3+ 7963.7c g # m CPM FPM CPM
11764.4+ 7139.7¢ g P rRPM 4732.9+ 22571 g P m
FPM FPM 8™ .  4.3.3 CPM
FPM PM,s CPM (71%) CPM
(61%) PMzs
PMas (Yang et al., 2015)
CPM CPM FPM
4.32 ( 42%) ( 7%)
( , 2018)
CPM CPM FPM |
4.32 FPM
PM:5 35%

PMy 5
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41%( , 2018) 4311 Al Fe Ng Mg K Ca Zn

Pb Se Rb  PMys 0.1% T MpMoCd Tl Cs  0.05~0.1%
4.3.12 Fe Mg K Ca Mn Ni Cy Zn Mo Cd Sn Sh TI, Ph
V, Cr As Se Ge Rb Cs EF 10 0.05% EF
10 Fe Mg, K, Cg Mn, Zn Mo, Cd T, Ph Cr Se Rb Cs
Fe K CaZn PbMn Cr (Tsai
et al., 2007, , 2018)
20ppPO%Ph 1.1908 (1.1664~1.2143)**%Pb/Pb
2.4010 (2.3774~2.4229) 4.3.4 2P pPh(

2®pbf’Ph )
PMzs  2°PboPb
(1.1443 1.1268~1.1613) ( 2018 Ladh etal., 2008)
PMys  2%%PbFoPb
(2.4179 2.3877~2.4453)

(C°PbPPb  1.1664~1.1817 ***Pb/’Pb 2.4119~2.4229
(*Pb/Pb 1.2055~1.2143 ?®Pb/OPh 2.3774~2.392D
PM,s

FPM CPM CPM
CPM CPM
2 CPM

. FPM
17% 2 30%

SO 2
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PM_ s .

10

MR (pg/m?)

o001 -

LRLILL R

HAA A

Al Fo Ma Mg K Ca 5S¢ Ba Ti Mo Co Ni Cu Zn Mo Od Sa 5b T P ¥V Or Ax ¥ 5S¢ Zr Bb Cs Ga La Ce Pr Sm HI U

B

4.39 PM,s
PMps >0.1% 0.05~0.1% <

0.09%)

Al Fe Mo Mg KOs Sr Ila Ti Mo Co 50 O Zn Mo Od %0 58 TI MV Or A Y % fr BB O Ga La Oc I'r %m Eo By Tm Ve 0P U
T

4.310 PM2s
(Enrichment Factor, EF EF 10)
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4.3.4

2019 3 24 -31 8 28 ~9 1
5 ( J J J )
PM,s ) PM,s B
433 | 433 5 PMss 16.8~21.5¢ g 7 m
PMas 26% 24% 23% 23% 22% 14% 15% 15%
17% 15% 12% 13% 12% 13% 12% 18% 24% 31%
28% 27% A% T% 9% 6% 16% 5
5
5
. PMzs (Tolis et al.,
2015; Yau et al., 2013) s
. Zhao Xu (Xu et al., 2018; Zhao et al., 2013a)

(Tolis et al., 2015)
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4.33 PM; s (mean] SD)
(n=14) (n=14) (n=14 (n=14 (n=14

PM,s( € g°Y 16.8+7.2 18.5+ 7.8 20.8+ 8.2 19.3+ 8.7 215+ 7.4
Al (ng/m? 17.4 + 16.0 21.4+17.4 31.7 + 26.9 21.6+17.6 43.6 + 28.2
Fe (ng/n) 31.2+18.6 37.4+30.8 53.3+42.5 38.2+38.7 72.4 + 46.3
Na (ng/nt) 179.6 + 152.1  172.5+ 150.9 213.9+178.3  229.8+232.4 257.9+170.9
Mg (ng/m°) 20.7+17.9 167.6+ 303.6 26.7+23.1 31.6+32.2 33.2+23.2
K (ng/m°) 38.8+22.7 39.7+30.8 64.6+52.9 44.1+41.8 80.2+49.1
Ca (ng/n?) 48.9+11.1 67.7+33.0 64.6+ 11.2 65.1+ 18.3 73.8+19.6
Sr (ng/m?) 0.3+0.2 0.3+0.2 0.4+0.3 0.4+0.3 0.5+0.3
Ba (ng/nt) 0.5+0.3 0.7+0.5 1.1+0.9 0.6+0.7 1.2+0.7
Ti (ng/m?) 2.0+1.1 10.6+17.8 2.8+1.6 24+1.9 41+2.4
Mn (ng/m®) 21+1.2 25+25 6.7+6.7 3.8+5.3 5.9+5.0
Co (ng/nT) 0.2+0.1 0.1+0.1 0.2+0.1 0.2+0.1 0.1+0.1
Ni (ng/m°) 2.3+1.3 25+2.0 3.0+£2.6 24+1.8 3.8+2.7
Cu (ng/m’) 1.8+1.0 1.5+1.0 24+1.4 1.7+1.0 2.8+1.3
Zn (ng/m?) 9.0+5.2 10.1+ 8.8 22.0+23.3 12.0+10.2 29.7+31.3
Mo (ng/m®  0.9+0.9 0.7+0.5 0.8+0.6 1.2+1.6 1.0+ 0.6
Cd (ng/m’) 0.05+ 0.03 0.06+ 0.05 0.09+ 0.06 0.06+ 0.04 0.15+0.13
Sn (ng/n?) 0.6+0.5 0.9+0.8 1.6+1.2 0.9+0.6 1.9+1.8
Sb (ng/n?) 0.1+0.1 0.2+0.1 0.2+0.1 0.2+0.1 0.3+0.2
Tl (ng/m?®) 0.006+ 0.004  0.008% 0.007 0.01+ 0.009 0.007+0.007  0.02+0.04
Pb (ng/nt) 1.5+0.6 1.7+1.4 5.3%+5.9 21+1.8 3.8+2.3
V (ng/m°) 9.6+6.5 16.2+11.9 10.5+ 5.3 10.2+ 6.2 16.0+12.1
Cr (ng/m®) 5.9+4.1 6.3+3.7 5.9+3.9 7.4+6.3 5.2+2.8
As (ng/n?) 0.22+0.09 0.2+0.1 0.3+0.1 0.3+0.1 0.3+0.1
Y (ng/md) 0.006+0.004  0.008+ 0.006 0.008+0.006  0.007+0.007  0.02+0.01
Se (ng/m) 0.4+0.2 0.4+0.2 0.4+0.2 0.4+0.2 0.5+0.2
Zr (ng/m?) 0.1+0.1 0.7+1.0 0.2+0.1 0.2+0.2 0.3+0.2
Ge (ng/n?) 0.06+ 0.04 0.06+ 0.04 0.07+0.04 0.08+0.06 0.07+0.03
Rb (ng/m®) 0.11+0.07 0.11+0.07 0.2+0.1 0.1+0.1 0.2+0.1
Cs (ng/n?) 0.005+0.003  0.005+ 0.003 0.007+0.004  0.005+0.004  0.012+0.006
Ga (ng/nT) 0.04+0.02 0.05+ 0.03 0.08+ 0.05 0.05+ 0.04 0.09+ 0.05
La (hg/m®) 0.02+0.02 0.02+0.03 0.03+0.03 0.03+0.05 0.04+ 0.04
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4.33 PM; s (mean] SD) ()
(n=14) (n=14) (n=14 (n=14 (n=14

Ce (ng/n?) 0.02+0.01 0.04+ 0.04 0.03+0.02 0.02+0.02 0.04+ 0.03
Pr (ng/m°) 0.001£0.001  0.001+0.001  0.001+0.001  0.001£0.001  0.003+ 0.002
Nd (ng/m?) 0.008+0.006  0.01%0.01 0.01+ 0.007 0.009+0.009  0.02+0.01
Sm (ng/n?) 0.001+ 0.0008 0.001+0.001  0.001+0.001  0.001£0.001  0.003+ 0.002
Eu (ng/m®) 0.0003+ 0.0002 0.0004+ 0.0003 0.0004+ 0.0003 0.0003+ 0.0003 0.0008% 0.0005
Gd (ng/m?) 0.001+ 0.0009 0.002+0.002  0.002+0.001  0.002+0.001  0.003+ 0.002
Tb (ng/m?®) 0.0002+ 0.0001 0.0003+ 0.0002 0.0002+ 0.0001 0.0002+ 0.0002 0.0005% 0.0004
Dy (ng/m®) 0.0008+ 0.0006 0.001+0.0009 0.001+0.0008 0.001+0.0009 0.002+ 0.002
Ho (ng/nT) 0.0002+ 0.0001 0.0003+ 0.0002 0.0003+ 0.0002 0.0003+ 0.0002 0.0006+ 0.0004
Er (ng/m?) 0.0006+ 0.0004 0.0007+ 0.0005 0.0007+ 0.0005 0.0006+ 00006 0.001+ 0.0009
Tm (ng/m’) 5.1E5+52E5 6.9E5+7.5E5 6.9E5+7.2E5 6.7E5+8.7E5 0.0001%0.0001
Yb (ng/m®) 0.0005+ 0.0004 0.0007+ 0.0005 0.0006+ 0.0004 0.0006+ 0.0005 0.001% 0.0007
Lu (ng/m?) 6.0E5+40E5 7.2E5+54E5 7.0E5+48E5 7E5+6.4E5  0.0001%8.7E5
Hf (ng/m?) 0.01%0.008 0.02+0.03 0.01%0.007 0.01% 0.006 0.01+ 0.009
U (ng/m?) 0.001+0.0007 0.002+0.002  0.002+0.001  0.002+0.001  0.003+ 0.002
oC ( &g/ m 3.1+£1.4 45+1.9 6.5£2.5 5.4%2.0 5.8+1.9
EC (&g/ m 0.6+0.3 1.3+0.7 18+0.6 11+0.4 3.4+1.0
Na" (ng/m®) 03+01 0.3£0.1 0.3£0.09 0.4%£0.2 0.5+0.2
NH, (€ ¢® m 2.0+£1.1 24+1.3 25+1.4 25+1.4 25+1.3
NOs( € g m 2.3%£22 2724 3.2£2.6 3.3£29 3.2+2.6
SO%( € ¢ m 4.4+1.9 45+1.8 4.8+2.0 45+2.0 48+2.1
K* (ng/m?) 0.11+0.08 0.1£0.07 0.1£0.1 0.1+0.09 01+0.1
Mg (ng/m?) 0.05% 0.05 0.03+0.01 0.07+0.07 0.1+£0.1 0.06+ 0.03
ca*? (ng/m?) 0.07+ 0.04 0.08+ 0.04 0.07+0.04 0.08+ 0.04 0.1+0.06
CI" (ng/m®) 0.2+0.1 0.3£0.1 0.3£0.2 0.3£0.2 0.4+ 02
Modern carbon ( € ¢®y 1.7+1.0 2.0+0Q9 25+1.1 25+1.1 22%1.0
Fossil carbon( ¢ g°¥ m 2.0+ 0.7 3.7+1.7 58+19 40+14 70+£21
utsc (&) -30.4+5.3 250+ 1.3 270+ 1.4 27714 -26.3+ 0.9
pPMC (%) 44+ 11 36+10 29+8 38+8 24+ 10
20%pp/ AP 1.1555+ 0.004 1.1571+0.0093 1.1538+ 0.0103 1.1527+ 0.0050 1.1597+ 00094
298pp 2P 2.4296+ 0.0099 2.4295+ 0.0097 2.4272+ 0.0093 2.4259+ 0.0100 2.4344+ 0.060
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( ) J J J
( ) PM,.s 2.2% 3.0%
25% 2.3% 3.1%  4.313-4.3.7

J J J

Al Fe Na
Mg K Ca PMas 0.1%
PMzs 0.05~01% Zn  V ( Zn
Y% T, zn V V (Zn 0.1%)
Zn V Zn (V 0.1%), EF 4.3.18~4.3.22
, , , EF
Ng Mn, Cg Ni, Cy Zn Mo, Cd Sn Sh T, PR V, Cr As
Se Ge Hf EF 10 K Cs Ga La EF 10
Mg Zr, Na Al, Fe
Ca Mg (Tolis et al., 2015)
\% \% EF (de Foy et al.,
2012; Tolis et al., 2015; Zhao et al., 201 34) (Lin et
al., 2015; , 2017) K (Tsai et
al., 2007) 107 (PM;5)
( 2018) 6 ( , , ,
) (2017 5
L, 310.3 ng/n} 236.9
ng/nt, 160.1 ng/m} 125.2 ng/mM  49.6 ng/m EF 10 2018
., 291.4 ng/mj 214.5ng/m} 159.4 ng/nj 150.7
ng/n® 124.6ng/m  EF 10 2018 L,
221.2ng/mM} 71.8ng/nj 61.7 ng/nj 59.5ng/M 413 ng/mM  EF
10 2018 L, 255.3ng/nT 169.9 ng/n
92.6 ng/mi 49.6 ng/m  25.4 ng/m EF 1Q,
PMz.s 104 5a )

V Zn
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4.33 , , ,
45% 50%
10% 30% PM,s
. utc 4.33 u=c
-2 5 a -28a Garbariena
utc (27.5826. A&)arbarienda et al., 2019)
ueCc -26.3 -35.4 ]
4 .
. 5
pp%Pp  X%ppfoPh 1.1561

(1.1406~1.1884) 2.4295 (2.4013~2.4546)
(C°Pb’Pb p-value 0.13 °%Pbf°Pb p-value 0.26)
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TTE
4.3.13
( . PM,s >0.1% 0.05~0.1% <
0.05%)
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PMzs (Factor analysis)
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4.34 PM25
Pollution sources
Composition .
LI ‘OH¥§ 316 N { a
Al 0.67 -0.08 0.27 0.39
As 0.56 0.59 0.17 -0.03
Ca 0.29 0.10 0.16 0.88
Cd 0.88 0.10 -0.13 -0.07
Cr 0.11 0.68 -0.26 0.26
Cu 0.78 0.20 -0.01 -0.10
Fe 0.92 -0.05 0.14 0.19
K 0.73 0.15 0.25 0.15
Mg -0.10 -0.05 0.09 0.79
Ni 0.63 -0.09 0.63 0.09
Pb 0.78 0.02 0.18 -0.01
Se 0.15 0.87 0.15 -0.10
Sn 0.72 0.11 -0.21 -0.10
T 0.46 -0.07 0.57 -0.07
\Y 0.09 -0.14 0.74 0.09
Zn 0.85 0.05 0.04 0.02
ocC 0.18 0.76 -0.32 0.14
EC 0.52 0.25 -0.06 0.16
SO,? -0.04 0.47 0.80 -0.02
NO3 -0.01 0.94 -0.16 -0.08
NH,4" -0.01 0.91 0.32 -0.09
Na’ -0.11 -0.06 0.57 0.24
Doty TR 7
Cumulative 33 51 63 70

variance (%)
*

0.7

L
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4.4

PMF PM,s .
441
()
441 PM,s ) 3c
PMzs utc
PM, s uc PM, s
( ) u=C PMzs
utc . uc (20 -14a)
(Zhang et al., 2016b) PM, s
PM,s uic
u=c (-33 -3 2 &(lrei et al., 2006)
PMss .
4.42 itéc
utc
e ( )
uéc . 285 -27.94a 286 -26. 44
350 -30..2a 3~24%
36~44% 7~21% 97~98% 2017,
4.42 i°c )
, (Isoprene) UC
50%
63%
. 6 usc , ,
7 ,
4 50% 3
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