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Functional Areas and Identification of Factors Enhancing
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Abstract

In this study, the characteristics of PM, 5 and PM, 5 ,, concentrations were identified in two different functional
areas including Chuncheon and Youngwol, Korea. Even though the anthropogenic emission rates of PM, s and
PM,, are approximately four times higher in Youngwol than in Chuncheon their atmospheric concentrations were
statistically higher in Chuncheon. In Chuncheon, both PM, ; concentrations and the ratio of PM, s/PM,, increased as
relative humidity (RH) increased possibly because the inorganic and/or organic secondary aerosols were actively
formed at high RH. This result was also supported by that PM, s concentration was enhanced under the fog and
mist conditions in Chuncheon. On the other hand, both PM, 5 and PM, 5 ,, concentrations clearly increased with the
southerly winds blown from the cement production facility in Youngwol. In addition, high PM, s ,, concentrations
were observed with high wind speed, low relative humidity, and high NO, concentrations in Youngwol, suggesting
that PM, 5 ,, was generated through the physical process including crushing and packing procedures followed by

resuspension from cement and lime factory.
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Table 1. Seasonally averaged concentrations of PM,;, PM,; ,,, and PM,, concentrations. Note that the values given in
parenthesis are the percentage of PM,; and PM,;_,, in PM,,.

Chuncheon (ug m™)

Youngwol (ug m™)

Period

N PM,, PM, PM, ., N PM,, PM, PM,.,,
Spring 29 63.1+296 22412%’9}%'1 3?5%ﬁ,2'5 27 54242011 2@%}2)'9 3 1;5%3
e e GRS WS e e mn
2012 Spring 15 4854215 2?5%?(173)'1 24(':;?17:)‘0
2012 Summer 25 324+16.5 ](54;;2)2 1(75;;72)7 33 215+88 Z375i7§%()) 1(365-';72)5
2012 Autumn 3 374437 1(‘;; ;—'02)1 2?521%9(1737 45 2924121 1(1‘3‘;—“;}')5 1(55';;—’0/90-)1
2012 Winter 18 8274354 31‘135({/3)'9 4?;53/3‘0 2 5734286 3&9633/3'9 1?;;2;4
2013 Summer 18 4424127 2&2;—';7')9 2‘(‘;@,01)'2 17 339+114 1(23'2;*;')1 2;653.12101701)'4
2013 Autumn 31 5594328 3(();;95/?)'1 2?4556ﬁ,17:)'9 17 275+107 1;45'8;—'1;')9 1(1'3;—’;')7
2013 Winter 32 79.01+375 49('57?'3 32‘5%1
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Table 2. Statistics of PM,;, PM,; ,,, and PM,, concentrations exceeding the National Ambient Air Quality Standard
(NAAQS) of Korea at two sampling sites. The values given in the parenthesis are percentage of PM,; and

PM, ;..o in PM,,.
Chuncheon (ug m™) Youngwol (ug m™)
N PMI() PMZS PM[S-I() N PMIU PMZ.S PMZ 5-10
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PM, s & PM,,>24hr-NAAQS 12 1332 76.3(57%) 56.9(43%) 1 135.6 63.8(47%) 71.9(53%)
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Fig. 1. Backward trajectories for Chuncheon and Youngwol during winter (left) and during summer (right).
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Fig. 5. Relationship between PM,; concentrations and relative humidity at both sites.
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Table 3. Enhanced concentrations of PM,;, PM,; ,,, and
PM,, for various meteorological conditions. The
values given in the parenthesis are percentage
of PM,; and PM,; ,, in PM,,.

N PMIO PMZ.S PMZ.S—IO
Fog 20 82.0 44.4(54%) 363 (44%)
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Mist-Haze 17 96.0 55.1(57%)  41.0(43%)
Haze 2 1262 494(39%)  768(61%)
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Others 51 453 209(46%)  257(57%)
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Table 4. Dependence of PM,;, PM,;_,,, and PM,, concentrations on wind speed. The values given in the parenthesis are

percentage of PM,; and PM,_,, in PM,,.

Chuncheon (ug m™)

Youngwol (pug m™)

WS(ms™)

PM]U PMZ,S PMZ.S*IU PMID PM2.5 PMZ.S—IO
<0.5 37.1 18.7 (50.4%) 18.4(49.6%)
05~1 73.1 39.3(53.8%) 33.8(46.2%) 333 15.5(46.4%) 17.9(53.6%)
1~15 53.0 26.5(50.1%) 26.9 (50.7%) 412 20.7 (50.4%) 20.4(49.6%)
1.5~2 39.6 16.5(41.7%) 25.3(63.8%) 36.8 15.7 (42.8%) 21.1(572%)
2~25 424 19.7 (46.5%) 22.7(53.5%) 514 26.5(51.6%) 24.9 (48.4%)
2.~3 66.2 20.3(30.7%) 45.8(69.3%) 37.6 16.3 (43.4%) 21.3(56.6%)
3~35 445 19.5(43.8%) 25.0(56.2%)

FRRE RYUBE oAUAL s 200 A AL voleta 42 EE E2W AuAes BHE
iAo s e Aoz FRHAD gabA nAEA oA Hg SRS 2 AHSERDY 2 S5
o] TIAE B4e GFE AL WS A02 o Yot ] PM, ¥/ S7RHE ARAE ey
oo a1 27; ofoj2E 9] HMFEZHQ NO,E 04149 A4t

3.3 M2 EXM(Principal Component
Analysis) & 15 A|29 EM

£33 FdolA SHE vAHA L} 714, 1
3 o] 4k8FE(SO,), ol4tEtE 4 (NO,), YArstEr4: (CO)
E 2T 712 249 58 olgste] AR &
’5‘1 (PCAYE AAISHITH(E 5). £349 PCA &4 A3t
2 4717 8.8lo] =EEYOH (> 1) AA| A
9] 849%F HAHE 5= AT A WA FHEL HA
Hao] 41.7%2 2A)5He PM, 9} PM,,, 7], SO,,
0, Atolofl FE/do]l & ALR Ugyth &, 7]20]
S E20]5 o EUS LT AR ALE <
3 PM, 2} PM,,9] %7} $71e Ao g ddE. &
Aol 7P & PM,s E PM,, BlE%S Ad wiEd
2 ERo|Fo AT SAEE AXY dLEA (B4
Azt HEY A A9, ol ERHEY vjEo] A ¥
TR 3 AE AR godEn. F HAY =
JEZ 199%5 AA5H PM, 5, PM,, 55 Abo] €]
TH AFEE E 5 o PM, ol tisfiA
AE BIth PM, 5,0l B8 PM, ;9] Al5=7k
= ;H‘:* felo] AoARA7F HXE A91H
oflgh= AL Ynlsts FAlol, NO,2t
TRL A MiEdolEe AME
T AEAY AL WEF2 Axd A
2 £ &S Ui @A 5 SAxE
CoEA AR SRS oA o]F o

>

P
o
of

O

o Pt We
o
_\?_I‘

3 =
o!

9
nk‘fﬁrl

o i)
o 2‘_1'1"
o
o
M o =
Ol'J

@ B o 1o W rr 47 o

l
)
(=}
—
¥

-

IS A 2 AL =

< YEH7] fiiZel 23 ooj2E0 Ador HHE
o, AA| B4R 122%5 AWt ] vA 4%
2 PM, 4 PM, 5,9 == o] glem Co9
Frito] Yo R 2EE o], PM,; 9 PM, 9 viE
FE ARHCZ IR =2 COvMEFS 2= 7,
Arel 9 F3 713X 9] HlARY] A4 (2012 CAPSS A}

F)E Yepdittz 43 4= 9}

F99| PCA BN Az 47p7] FHAEE 335
om A AR 79.4%E AWttt HA 24
377%%S Aysts R HA 2A4ETeE PM,, 5%

HES A9E 4+ e, 7120 %5
NO9} 58 345 Heriltt. CAPSS X}EOH 9
St gLl A 7} H| A HA] v ETFo] =2 Hi&d
2 AH Aol digk A2y ddola, o]
W&o A HiEEE F8 7t 2954 F NO, Y
HiEFo] 7Y A vetdth webd A HAy AR

1o 32

o A% Gae) mAHA wEwe M 2 REe %
A AME o A3 Bl e A Az 9
3 PM,,8) 527k F7be 2 Uehiickn waE

o 7 WA 422 NO,2H PM, 5,9 =7F F3%
58 7}11—5 OS2 yeigth A A F42ol
< o AHE 339 da oA HiEE
Lked 09BA $5 U S2 HEOR A of
o2 ZE PO Z A%t PM,; 5= 5715 AWt 7
oleb, T A FHEL AUE THoAe Ty, =
5 =94 Aol A =2ddRY] v= IUHE A

7 &o] w



FUE - YoM AT mAEA = B 2 e A BA 111
Table 5. Factor loadings in atmospheric pollutants including fine aerosols at the two locations from PCA.
Chuncheon Youngwol
1 2 3 4 1 2 3 4
PM,; 661 373 407 —.036 949 075 —.037 022
PM,, 458 846 198 - 015 678 676 —.128 022
PM, 5 068 958 —.089 012 013 959 —.157 011
TEMP - 872 —.166 —.003 —.151 —-.722 041 461 —.186
RH —.098 —.113 .866 —.006 —.169 —.220 813 —.007
WS —.111 —.164 —.848 061 —.006 —.020 —.833 —.232
SO, 815 006 -.319 —-.103 —.171 —.209 266 782
NO, 732 418 414 114 572 491 078 —.030
CO 053 002 - 052 988 334 240 —.040 778
Variance explained (%) 41.7 199 122 11.1 37.7 18.8 12.8 10.1
Table 6. Characteristics of high concentration events for PM,; and PM,;_,,.
Temp.(°C) RH (%) WS(ms™) SO, (ppb) NO, (ppb) CO (ppm)
Chuncheon
PM,5>50 uygm™ -0.8 79 0.8 9.5 377 12
PM,; ,,>50 uygm™ 5.8 71 1.1 74 30.6 0.9
Average for whole sampling period 10.1 71 1.1 54 20.1 0.7
Youngwol
PM,;>50 uygm™ -53 70 0.5 8.2 37.1 1.3
PM,; ,,>50 uygm™ 11.8 62 13 53 335 1.0
Average for whole sampling period 144 73 0.8 6.9 17.3 09
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