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Abstract

The objective of this study was to estimate the trends of air quality in the study area by analyzing monthly and seasonal
concentration trends obtained from sampled data. To this aim, the mass concentrations of PM; s in the air were analyzed, as well as
those of metals, ions, and total carbon within the PM, 5. The mean concentration of PM, s was 22.7 /g/m’. The mass composition of
PM, 5 was as follows: 31.1% of ionic species, 2.2% of metallic species, and 26.7% of carbonic species (EC and OC). Ionic species,
especially sulfate, ammonium, and nitrate, were the most abundant in the PM, 5 and exhibited a high correlation coefficient with the
mass concentration of PM, 5. Seasonal variations of PM, s showed a similar pattern to those of ionic and metallic species, with high
concentrations during winter and spring. PM, 5 also had a high correlation with the ionic species NO; and NH,". In addition, NH," was
highly correlated with NOs™. Through factor analysis, we identified four controlling factors, and determined the pollution sources
using the United States Environmental Protection Agency(U.S. EPA) pollution profile. The first factor, accounting for 19.1% of PM, 5
was attributed to motor vehicles and heating-related sources: the second factor indicated industry-related sources and secondary
particles, and the other factors indicated soil, industry-related and marine sources. However, the pollution profile used in this study
may be somewhat different from the actual situation in Korea, since it was obtained from US EPA. Therefore, to more accurately
estimate the pollutants present in the air, a pollution profile for Korea should be produced.

Key words : PM; s, lonic species, Metallic species, Factor analysis, Pollution profile

1. N2 2 QIR K AE B om 2715k ek o]
Za)RiAo] gk Slsldo] Lela FRISe] THol
olxIA} el ZnlEA] IS 20154
] Ajaeta 900}, 016wdol: A9t sk o
T A B 20 HAES Solirks B i

ZUAEA7} AR} ol EUﬂ 7 —%EJDW 20|
A1) el go] defAlaL
AL, SNS 5 o] SLoilA Zi%ﬂ% ) iE’l/‘ﬂ‘jﬁl

Received 13 February, 2019; Revised 23 February, 2019; The Korean Environmental Sciences Society. All rights reserved.

Accepted 28 March, 2019

*Corresponding author: Se-Haeng Lee, Gwangju Metropolitan Health
& Environment Research Institute, Gwangju 61986, Korea

Phone : +82-62-613-7581

E-mail : sehang@korea.kr

€ This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.



oAl - o34 -

414
i?_l’?
%

f8

HHESITE ok 20190l ZulAHA] ZAE
FHAE Aol o= welsh| St At "
w7l 5 ARSI Alglo|ck(Kim, 2017).

AARAZ A 15 EEd R APdeh 2ulAw
A= 22 27] ol 25715 F3l Heoll JFslk= 4
o] Zsto] #Hof 5 derIAY HE Esle
3H(Brook et al., 2003), 357]4] 22 HlESH AL
7BA, ol FAsE sl Aos HarEa
Qi (Peters et al., 2001 ; Kunzli et al., 2005).
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o] Az} Aol Af= Z2mAHA]of Theh g
Qlh i 5 TRt SHolA A7t = UK (Yao
et al., 2002). ZrAHR]2] @t fJsi/dS afots)
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AIRAR7E S ARRIskaL Qlom, 22 oA ]o]
30%4] 60% FrErt o] /g SRk, A, oF
HEdo| F2 IRgh= Ao Z UeA thPark et al.,
2006; Won et al., 2010; Lee et al., 2015).
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Fig. 1. The locations of the sampling sites in Nongsung.
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Table 1. Sampling and analytical methods
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Classification

Measuring equipment

Chemical components

Analyzer PM, 5 Analyzer

Y (BAM1020, MetOne)
Samplin Sampler

e (SEQ-47/50, SEVEN LECKEL)
Ton analysis Ion Chromatography

(850 Professional IC, Metrohm)

Inductively Coupled Plasma
Atomic Emission Spectrometer
(Optima 8300, Perkinelmer)

Inorganic analysis

Thermal Optical Transmittance
Carbon analysis
Sunset)

(Semi-continuous OCEC/Model 4,

PM, s

PM, s

- Anion : NO5y, SO,%, CI
- Cation : NH,", Na*

Fe, Al, Zn, Pb, Mn, Cu, V, Ni, As, Cr, Mg, K,
Na

- OC (Organic Carbon)
- EC (Elemental Carbon)

AEPH=2017 10€5E] 2018 9L71x] w7
A~143l s Aalslglon, A3 AT P
00:0051E] ©}2] 00:007}12] 24A]7F A2 A=Jaksick 7
F3t AFE+= FA||A] PTEE (polytetrafluoroethylene)
Ao Hlo| e et thy AEAE 2RF - k3
£ HAAOTElol AR 24417 SOk B 5 B4
A1
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ZRAAR|(PM, 5) == 5735 t7 1A/ a5
0] ZulHx] Z47/(BAM 1020, MetOne)oll4] =
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A A BRI (SEQ-47/50, SEVEN LECKEL) 2
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7} 2ol B AARES S o710 24 30
mLE 7} & 285} 3227 (model 324149, Bo Sung
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filter with 0.45 ym PVDF)& &7}t & IC(model 850
Professional IC, Metrohm)& 27[|9] <Jo]&(NH,",
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golo oMx|(5A)Z oSt & ICP-AES (model
Optima 8300, Perkinelmer)= 2 137]2] S<5A1 5 (Fe,
Al, Zn, Pb, Mn, Cu, V, Ni, As, Cr, Mg, K, Na)& 24
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e L
(Thermal Optical Transmission : TOT) 224 NIOSH
(National Institute for Occupational Safety and
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Table 2. The variation of PM, 5, metal, ion and carbon in the ambient air (unit: gg/m’)

ltem Nongsung
Mean+S.D. Range
PM, s 22.7+14.5 6.0~95.0

Ccr 0.076+0.047 0.016 ~0.311
NO5y 1.52+1.968 0.131 ~11.900
SO.* 3.61£2.400 0.495 ~ 12.733

fon Na* 0.105£0.112 N.D.~0.613
NH4 1.734+1.222 0.107 ~ 5.600
Total 7.053+4.234 1.230 ~ 23.534

Pb 0.008+0.008 N.D.~0.038

Cr 0.003+0.008 N.D. ~0.046

Cu 0.002+0.005 N.D. ~0.046

Mn 0.009+0.007 N.D. ~0.037

Ni 0.001+0.002 N.D.~0.017

As 0.005+0.004 N.D. ~0.021

Fe 0.108+0.080 N.D.~0.424

Metal Al 0.054+0.095 N.D.~ 0478
Ca 0.044+0.049 N.D.~0.319

Mg 0.035+0.044 N.D.~0.225

Zn 0.033+0.024 N.D.~0.162

K 0.186+0.170 0.017 ~0.753

Ti 0.006+0.008 N.D. ~0.052

\Y% 0.003+0.002 N.D.~0.012

Total 0.496+0.312 0.063 ~ 1.415
oC 4.736+2.169 0.930 ~ 11.565

Carbon EC 1.331+0.599 0.215 ~3.550
Total 6.067+2.628 1.510 ~ 13.176
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Fig. 2. Seasonal concentrations of PM; s, ion, metal and carbon.

0.496 pg/m’, BEAAELS 6.067 pgmOR, o]24HRS
T HA 2] 31.1%, FEEE 2.2%, SRS 26.7%
AASh= Aoz LT o= 4 50] AR o=
27t el oo, ALE Wi M, A AFs
2ol ofgf| o] 23w SEo] A UEhdt Alos
AEH, A2, FAE TR e Tl e s 2ARE A+
o} o] ol o] 7Pt =& HlE-E AA|EkL the
o] B4, & 02 YERJTHPark et al., 2010;
Kang et al., 2015; Lee et al., 2015).

3.2, O|2NES| sCEE

ZUAHA] Z o] 2AJEL 31.1% XRBIRoH, o]
% 20120] 22.9%, Fol0] 8.1% Ak AA|Sh= AL
2 e ZF o] 2A4dR0] FeE A, Sol9]
AL CI'2 0.076 pg/nt', NOs= 1.524 pg/nt, SO~ 2
3.613 pgm o2 UeRfon, ofol2o] 79 Na'2
0.105 pg/m, NH, 2 1.735 pg/ ' 0 & UER} Lol &
o= 50,7, ol Folli= NH, 71 71 a2 55 1
EfiSIch

ZONHAIE A8l Qs 2t o224 AdHlE
ARHRTE, SO (51.2%) > NH,'(24.6%) > NO5(21.6%)
> Na'(1.5%) > CI'(1.1%) <=0 & F2 Zu|Aq|Hx] 22}
A delEdo] =2 HleS AX[slaL glo] A&, FAL
37 S e Aol At Aok vz vt
EPtti(Park et al., 2010; Kang et al., 2015; Lee et al.,
2015).

3.3 349 s=E%

B oA ZuNgIA) 5 FEd AR 22% 2]
3 AR Uehtolk si 5 A7 9 B9 PR 5
QR G EAs1R) oot AR S o] o
Bl g0l SIS Aow Pekrk, 7} oledie] &
EE AR, Pb2 0.008 gg/m, Cr2 0.003 pg/m',
Cut0.002 pg/m’, Mn2 0.009 pg/mv’, Ni> 0.001 pg/
m, As= 0.005 pg/m', Fe2 0.108 pg/m’, Al 0.055
pg/m, Ca2 0.044 pgm’, Mg 0.035 pg/m’, Zn
0.033 pg/m', K2 0.186 pg/m’, Ti= 0.006 pg/m’, V=
0.003 pgm' 22 YERYK, Fe, Al, Ca, Na2] =7} =7
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A s, K(37.5%) > Fe(21.8%) > Al(11.0%) > Ca
(8.8%) > Mg(7.1%) > Zn(6.6%) > Mn(1.8%) >
Pb(1.5%) =02 32 Eof 9 2|zbdiel BYE0] 3
©Hl8e AAISIAL Qs AR L
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182 pg/m' =02 VpElth AL} wol st =&
], oli= ALE Wil ofsf EAYE ZrNHAI7}
7] GRS vR = AR R, B3 ALET} 5
A 73ggo] Hof 7ol o3k Al AAE o] A
2 02 gt

O] AJEL =80 pugm’ > AL 7.9 pg/m’ > 7F& 7.8
pgm' > o545 pgm’ 02, FEEE A& 0.7 g/
> & 0.6 gg/m' > 712 0.5 pg/m’ > 94503 pg/m’ &°
2 EAAEO AL T2 pgm > 712 6.1 pg/m' > £ 5.9
pgm > o} 5.5 pg/m' SO 2 W Zu|qHR|QL GAL
Qb Aol A VER T

1o

3.5, AT
AR AR JBVAS Pohar] §
43k B, 71 Aapt gute] QlakhAS oujsl

o~

A=ttt Al - 1014 141019 ke 7R 4
ARG 004 1ol D=5 HH el ol =0t
A, 00flA] - 1ol ZHTE () 2] A =oRl=
SJu|gte}. Table 32 PM, s 0] /gl it kA
AIE F2 Uehd Zlol, Al F 4, * 2 FARE
ZR2 2125 0.01, 0.05 <ol A frolet g omipict.

PR A ZuHEAE oldE F NOy
(r=0.833), NH,'(r=0.614)3} /g"do] 7| vt 2
A A A A A9l qlto] Q= o= et
o], Tt AJedol e A e ERt S
% S K, Zn, Fe 5 B0 w7 LEr
=k

o] 2AE NH, 7} NOy ¢ AJakdo] A LeR] 2
A AR gL A AT 22 A
O UpElon, NOy 9} NH, 2 Pb, Zn, Ti 5 2H53}
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eF At ddol w A VERTE Su AdEs el
M ARsARel BT dE o] Aol A vl

M
RIS chiis o] St S 7ho) A
) 728 Tk, LARel
o] 247) 50| QAo 3
|tk SHA|EE Hap50] o2 Qlxfo] thsie H]
233t QA Folds yEhd 5o HgEo] o= QIRt
o £5H=AS BRSP|} ofgick meb Mg ol
A} Rafpo] ol g elajol A ek k=S 517 13
Al QRS BIAZ =], A 21281 (orthogonal
rotation)Z} A2+ A (oblique rotation) & & Lo} RITh
Z)Z}s)HkAl o= Varimax, Quartimax, Equimax 5-¢]
)] 0|04 Varimax 44lo] 714 de) o},
2 Atollxdi= Varimax 21ZFS)AREALS: o]-8-8f mAH
4] QUAELALS AABIHON, T BAZIHE Table 40]
e,

ZUAAR] QIRHEA] A3, ALRZE 101de] %lo] 7
TN A AR 72.8% 5 Argellaeal qllom, <1t
1-219.1%, 1A} 2= 14.2%, 1=} 3-212.0%, 1AL 4=
8.7%, AR} 5= 6.8%, AR} 62 6.1%, AR} 72 5.9%=
el Aow ZApElslch 2t QX ul EPA
oflA AART 2 FE5F3E(source profile) S -85}
WS 543 Ax), <A} 1oli= Pb, Zn, K, NO3,
0C, EC 522 -1 uhiiglo] 72 A5, v} 72l
¥ AgHou, Q1) 20fi= V, SO, NH,' 0.8 11339l
o] 413, 23} A} Ak I Ao R 2T 4 9)
Qith QI%} 39)|= Fe, Ca, Ti¢], Q1A} 49= Cr, Cu, Mn
o], Q1A 50k= As, 1A} 60=Ni, 1=} 7¢]= CI, Na*
O F7 B AN, s wE dRo s 24 4
sirk ST & ol AMSE Y BRI vl
EPAIA AAIGE A 02 QY 7t =] A=
T ZJolr} ks 4= ek nfeb] BT o HEfet o
HEE g1 SlelA= elvet Ao s 2 A
pREs e Rt
QARSI A ALEG 7 QA o] ZuleiA] o
L A= e vlakeA] Qo] $ia) Sl
IAjgt 2, 4] ()3 o] QA 12 11.899 pg/m™,
2} 2= 4.681 pg/mA, QIA}F 3-22.309 pg/m'A, QX
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Table 4. The summary results of factor analysis for PM, s

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7
Pb 0.798 -0.169 0.197 0.077 0.291 -0.035 0.093
Cr -0.062 0.055 -0.081 0.834 0.009 0.203 0.010
Cu -0.058 -0.018 -0.077 0.617 0.342 -0.336 0.032
Mn 0.177 0.086 0.199 0.759 -0.176 0.074 0.027
Ni 0.142 0.096 -0.003 0.099 0.004 0.863 -0.006
As 0.166 0.037 0.164 -0.014 0.733 -0.010 -0.029
Fe 0.419 0.126 0.660 0.248 -0.011 0.163 -0.130
Al 0.322 -0.525 0.068 0.007 -0.413 -0.157 -0.154
Ca 0.108 0.097 0.920 -0.065 0.097 -0.022 0.035
Mg 0.363 -0.674 -0.003 -0.040 -0.199 -0.228 -0.219
Zn 0.562 0.066 0.297 0.161 -0.025 0.337 0.150
K 0.771 0.142 0.229 -0.070 0.100 -0.047 -0.137
Ti 0.144 -0.023 0.927 -0.011 0.095 -0.025 -0.043
\Y% 0.114 0.770 -0.056 0.158 -0.105 -0.011 -0.035
Cr 0.191 -0.014 -0.008 0.134 0.323 -0.070 0.731
NO5 0.750 -0.003 0.083 -0.073 0.345 0.338 0.036
SO* 0.193 0.799 0.250 -0.028 -0.081 -0.078 -0.009
Na* -0.135 0.136 -0.066 -0.079 -0.349 0.082 0.737
NH4 0.328 0.810 0.035 -0.003 0.102 0.113 0.022
ocC 0.678 0.464 0.186 -0.042 -0.184 -0.092 -0.056
EC 0.839 0.158 -0.018 0.085 -0.127 0.092 0.047
Eigenvalue 4.0 3.0 2.5 1.8 1.4 1.3 1.2
Variance(%) 19.1 14.2 12.0 8.7 6.8 6.1 59

522492 pg/mH, A 6= 3.142 pg/m™, A} 7L 71 @AFES g a0l 2uAUA|Y o/, S

1.226 pgm™ F=7} oAl e Zlo® Ueigan, <l <&, SIS AL FFA1 S 2| AHA|(PM,5) 9]

Al 4= f10l920] 0.01 o= [oJ8}7] fhof 34 T3 AR s e 2 e 7|oE 5 A
oA ALlstct. AANR)= 0.886 2 5% 217 slo] ohgat 2 28-S Atk

Alo]] oJaf) XA mAHA] 520 88.6 %S HET = QL ZUNHA Q] Hilse= 22.7 pg/m, OJRARS

on, 994 0.01 o5tz AR §o3t Aoz 7.053 pg/m’, L 0496 pg/m', BAREL 6.067
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