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Abstract

The purpose of this study was to characterize background mass concentration of
PMio, PMss and metallic composition from June 2004 to June 2005 in comparison with
Seoul and Asan city.

The results were as follows:

1. Annual mean of PMip concentrations in Seoul and Asan were 56.95(+25.63)ug/m’,
57.02(£27.22)ug/m' respectly.

2. Annual mean of PM2s concentrations in Seoul and Asan were 46.97(£40.36)ug/m’,
42.16(£21.79)pg/m' respectly.

3. The average PMas/PMjo ratio was 0.82 in Seoul and 0.74 in Asan city.

4. The concentration of PMjo, PMss were the highest in spring and the lowest in
summer. Asan was higher than Seoul in spring and summer.

5. The results showed that average PMip composition order as Si>Fe>Pb>Zn>Mn
in Seoul and Si>Fe>Zn>Pb>Mn in Asan. The concentration of metals in PMig of
Seoul that Cr, Cu, Fe, Mn were high in spring and Zn was low in Fall. Fe, Mn
were high in spring of Asan.

6. The results showed that average PMas composition order as Si>Pb>Fe>Zn>Mn
in Seoul and Si>Fe>Pb>Zn>Cr in Asan. The concentration of metals in PMg2s of
Seoul that Cr was high in spring.

7. The result showed that relation between Cr and Cu, Cu and Fe, Fe and Mn, Mn
and Zn, Zn and Si in Seoul, Cr and Zn, Cu and Pb, Zn and Pb, Pb and Mn in
Asan.

The result showed that PMjo concentration exceeding 50ug/m'(US-EPA Standard)
and PMs5 concentration exceeding 15uxg/m'(US-EPA Standard).

In urban area, the monitoring of PMas permits the anthropogenic sources and
the interference of natural sources with respect to PMip measurements.
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Table 1. PMjo concentration in Seoul and Asan by months. (unit : pg/m’)
Seoul Asan
No. Mean®S.D. (Range) No. Mean=S.D. (Range)

January - - 4 59.02+42.62 (32.64~122.22)
February - - 1 60.52%+ 0.00 (60.52~60.52)
March - - 3  63.53+23.56 (46.87~90.48)
April 2 81.16%32.58 (58.12~104.19) 2  78.41%+12.64 (69.47~87.35)
May 4 58.77+ 8.38 (47.82~68.23) - -

June 3 64.26+18.92 (44.28~81.91) 5 59.54%+22.36 (40.41~87.04)
July - - _ _

August 3 23.34+ 3.44 (20.13~26.97) 3 30.64% 4.50 (25.69~34.48)
September 2 52.83+£53.58 (14.94~90.71) 2 22.56+ 7.33 (17.38~27.74)
October 1 25.84 4 75.17+£38.41 (37.96~115.08)
November 2 84.79+10.30 (77.51~92.07) 2  48.79+ 4.18 (45.83~51.74)
December 3 59.23+ 9.85 (48.97~68.61) 3 58.84+15.35 (41.32~69.91)
Total 20 56.95+£25.63 (14.94~104.19) 9 57.02%+27.22 (17.38~122.22)
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Table 2. PMz5 concentration in Seoul and Asan by months. (unit : pg/m')
Seoul Asan
No. Mean®S.D. (Range) No. Mean=S.D. (Range)

January - - 4 46.64£29.48 (23.96~88.89)
February - - 1 49.21

March - - 3 36.02+ 7.26 (28.13~42.43)
April 2 56.12+38.49 (28.90~83.33) 2 28.20£19.92 (14.11~42.28)
May 4 41.87%+ 5.85 (33.43~46.89) - -

June 3 35.78%£31.08 (0.00~56.03) 5 49.65+20.07 (22.57~78.77)
July - - - -

August 4  46.60+68.47 (7.49~149.15) 2 41.22+25.18 (23.41~59.03)
September - - 2 13.57+ 3.07 (11.40~15.73)
October 2 71.974101.78 (0.00~143.94) 4 59.961+32.68 (30.00~94.69)
November 1 42.87 2 30.96%+ 2.05 (29.51~32.41)
December 4 4479+ 18.93 (32.59~72.99) 3 40.21£ 9.33 (33.93~50.93)
Total 20 46.97+ 40.36 (0.00~149.15) 28 42.16£21.79 (11.40~94.69)
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Table 3. PMig concentration in Seoul and Asan by season. (unit : pg/m’)
Seoul Asan )
No. Mean®S.D. (Range) No. Mean+S.D. (Range) P

Spring 6 66.23+19.70 (47.82~104.19) 5 69.48+19.59 (46.87~90.48) 0.006
Summer 6 43.80£25.50 (20.13~81.91) 8 4R.70%22.69 (25.69~87.04) 0.003

Fall 5 60.21+£37.00 (14.94~92.07) 8 55.42+34.44 (17.38~115.08) 0.610
Winter 3 59.23+£9.85 (48.97~9.85) 8 59.14£29.09 (32.64~122.22) 0.683
Total 20 56.95+£25.63 (14.94~104.19) 29 57.02+27.22 (17.38~122.22) 0.776 pD)

p? 0.579

0.325

: Mann—-Whitney U test between concentrations of particles of Asan and Seoul

p2) : Kruskals-Wallis H test among concentrations of particles by season
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Table 4. PM2.5 concentration in Seoul and Asan by season. (unit : pg/m’)
Seoul Asan D
No. Mean+S.D(Range) No. Mean£S.D(Range) P

Spring 6 46.62+19.26(28.90~83.33) 5 32.89%+12.00(14.11~42.43) 0.006
Summer 7 41.96%£51.95(0.00~149.15) 7 47.24%19.77(22.57~78.77) 0.025
Fall 3 62.27£73.91(0.00~143.94) 8 41.11£30.14(11.40~94.69) 0.683
Winter 4  44.79418.93(32.59~72.99) 8 44.55+20.27(23.96~88.89) 1.000
Total 20 46.97%+40.36(0.00~149.15) 28 42.16%+21.79(11.40~94.69) 0.967
p” 0.887 0.549

pl) : Mann-Whitney U test between concentrations of particles of Asan and Seoul

p2) : Kruskals—-Wallis H test among concentrations of particles by season
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A HHgﬁ}*A g goletal dhtE )
PMo®] &39S THsIH AEX
Si>Fe>Pb>Zn>Mn>Cu>Cré=o]al, As: A=
g olsloln, oakA]9e Si>Fe>Pb>Zn>Mn>
CroCwAsTo 2, F AYo] H|5=sht} A Y
HEE Ago] oA Rt dvka4S Fe

< 138.3wg/m’ =i, Si, Zne ZH7; 194.7
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64.1pg/m Fow, FHEE Pb, Cuve ZH7t
124.3, 2.2ug/m’ =11, Cr, Mn, As:= ZHz+

4.5, 3.5, 0.5ug/m A YElHth AdE=
qE&AFL Cr, Cu, Fe, Mn®| &9, Zno]
7hEel folshAl i, oA Fe, Mno]
ol FolshAl ATz}, p<0.01).

-
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NE0tMXSY SEHHX S50 2 37 41
Table 6. Concentration of metals PM10 of Seoul and Asan. (unit : pg/m’)
Seoul Asan 0
No. Mean=%S.D. (Range) No. Mean=S.D. (Range)

As 20 Not detected 29 0.53% 1.30 (0.00~5.38) 3.327

Cr 20 2.89% 2.39(0.00~8.07) 29 7.35% 8.23(0.00~34.10) 5.511"
Cu 20 5.62% 5.98(0.00~17.98) 29 3.37% 4.26(0.00~14.97) 2.389
Mn 20 16.22+ 10.12(0.02~39.47) 29 19.68%+ 10.80(6.40~49.10) 1.279
Pb 20 162.32% 121.32(25.19~586.25) 29 38.01%+ 25.61(0.00~119.54) 10.306™
Zn 20 21.37£ 27.07(0.00~88.54) 29 85.46+ 37.43(33.92~190.72)  4.770"
Fe 20 539.61%+ 309.27(0.51~1006.25) 29 401.31+ 229.29(38.89~1176.09)  3.235

Si 20 1675.13+ 1610.75(1.67~7874.11) 29 1869.76+1161.40(652.59~7546.11)  0.170

* : p<0.05, =+ : p<0.01

4.1.2. A1A4E H

Ad¥E PM10¢]

AukF<4= Si) Fe, Zn

=
4=
==

Table 7. Concentration of metals PM10 of Seoul by season.

g A EEe] ks o] FEolx|al, 7
HH o7 AT o]E3h= B A fr]od
27490 S wo] wy] wRolgty AlE
=3

Si, Fe, Mn s°] F+ A9 25 7 &2
FEE Jepdsd ols FW Edd) A}
o] dgolgta FHELh o) PFVSo] A
Aol FA@A Al Si, Fe, Mno| HISAMA
B} = Yebdus Rael dxgh.

(unit :

Spring (n=6) Summer (n=6) Fall (n=5) Winter (n=3)
F
Mean+S.D(Range) Mean+S.D(Range) Mean+S.D(Range) Mean+S.D(Range)
5.83%1.36 1.80£1.08 2.41£1.40 s
Cr @30-807 0.07~2.98) (0.49~4.37) = 19.83
Cu 10.29£4.41 2.68%3.26 6.9217.79 0.01£0.01 388"
(3.44~15.15) (0.00~8.80) (0.00~17.98) (0.00~0.02) )
Mn 26.30%£7.25 14.30£4.70 16.14£6.21 0.024+0.00 14.33°
(18.27~39.47) (8.15~19.74) (5.37~20.36) (0.02~0.03) )
Pb 140.55%£24.16 127.7845.43 137.97£27.84 315.51£247.88 997
(77.05~265.27) (74.52~163.29) (25.19~307.43) (99.72~586.25) )
7n 24.20£71.19 4.07+33.09 51.53£103.18 0.04£0.01 6.71"
(7.31~69.90) (0.00~13.25) (28.20~88.54) (0.03~0.06) )
Fe 795.70£139.13 496.86£147.57 607.00£279.72 0.64%0.15 1335
(636.66~962.27) (266.43~696.63) (245.44~1006.25) (0.51~0.80) ’
S 2000.11£284.64 1352.22%£197.99 2676.69£2916.29 1.744+0.11 996
(1478.32~2213.09) (1156.30~1663.13) (1015.48~7874.11) (1.67~1.86) ’
* 1 p<0.05, *=x : p<0.01, =**x : p<0.001
Pbe] AS F AH BT AL =2 F FALAEAT ALhAd Aol kol
EE5 Ye=d], o)A A HiEE A} A
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7V T AL, Zn, Pbe AL, Mnd AE”
. of =4 Yelwth & AE&A92 Cr, Fe,
NEE DSl BHTRE SUIE, AL Mnol ARl G FAB AoT wsin
C

im 21 %

H Flf HT

A=)
A9L Si Fe, Zne &, 712, Cr, Cu, Mne (p<0.001), oA EE& Fe, Mneo] 93 =}
B Phe AL om oA AL Fel o]& HtHp<0.01).

Table 8. Concentration of metals in PM10 of Asan by season. (unit : ng/m3)
Spring (n=5) Summer (n=8) Fall (n=8) Winter (n=8)
Mean*S.D(Range) Mean*S.D(Range) Mean+S.D(Range) Mean*S.D(Range)
As 0.38%£0.74 0.54%1.49 0.68%1.89 0.48%0.77 0.06
(0.00~1.69) (0.00~4.24) (0.00~5.36) (0.00~1.93) ’
Cr 10.20%£13.54 4.70%£5.10 10.21£10.29 5.36x2.52 0.95
(1.86~34.10) (0.00~15.27) (1.74~33.93) (2.01~8.58) ’
Cu 1.75%1.68 2.94£4.09 4.00x4.77 4.17£5.31 0.39
(0.00~3.41) (0.00~9.92) (0.00~11.78) (0.00~14.97) )
M 26.72£11.49 10.13£2.17 18.62%9.16 25.88+10.83 548"
n (15.75~44.71) (8.01~14.97) (6.40~34.84) (13.78~49.10) )
Pb 42.19+£4.94 20.61£19.37 36.23£26.18 54.58+29.56 2,89
(36.17~46.93) (0.00~54.37) (7.86~89.28) (32.50~119.54) ’
7n 86.59£20.26 71.86£24.90 87.93+41.27 95.87%£52.00 0.54
(69.93~115.10) (33.92~97.82) (38.18~167.38) (56.95~190.72) )
Fe 617.02£348.97 222.93£90.02 366.68+£151.49 479.49£178.05 491"
(312.48~1176.09) (38.89~331.04) (155.05~573.75) (249.44~705.09) )
g 1382.11+£444.47 3138.33+£2820.50 1480.91£831.58 1453.40£492.14 219

(986.50~2147.65)  (821.89~7546.12)  (766.45~3464.02)  (652.59~2190.11)
* 1 p<0.01

PM:59 =532 A9 drta$
= S>Fe>Zn, 542 Ph>Mn>Cu>Cr>As H _
wolal, oA ] AnbEd&e- Si>Fe>Zn, T AR Phisrrl oG KTt WAL
FEL PhOCroMn>Cu>AsE o2 A AEAY Lo Ao y,}ﬂoﬂ HH%Q A2} o E-H of
I ARk Cr7b Mn, Culth 352 o] o 7]
2t} PMp9] FdeA e ok 9] Cro] 7] 7k l_é]__g_]ﬂ;q o}%o o} _/l: on;lr_ T
MnB U} gobxl ARt zpo] 7} et

MEA ol oprbx| el HlEl  URbEES
Si 1049.8, Fe 30.5, Zn 17.5ng/m* yYal,
a5 Pb2 186ng/m =i, Cr 24, As PMyoo] ZABHeES PModl Hlwshd A
3.2, Cu 2, Mn 0.5ng/m' A Y5224 Pb o ' ol 7no] 21.2ng/m el
= Al9gk e gio Wk :

<] Ui, Fe, Sit= 717} 3033, 46.8ng/m#] wom,

T A9 PMzs9 Si¢} Fes®=7b 2 A

el
= Z32L Ph, Ase ”# 108, 0.4ng/m® =

PMod vlz7HA &2 B & Ao a9l o
102 BERE7EA] F & A o] o 5 o A7 49, 4.6, 2.3ng/m A

2 rlo
ol
o, >
to
0
rﬁ
o
2
_\II_4 4
ol
ol
_V&
o2
kT
O
R
i

g5 o2

dAd3s H23d 15 - 42 -
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viekt) ofabx 2 dwnkaEEl Sivh 808.3
ng/m' %311, Fed}Zno] Z+Z} 134.5, 25.4ng/m’
A grom FFES Pb, Cr, Ast 27t 46.3,
17.2, 3.1ng/m™ =31, Mn, Cus= 242} 7.9, 0.4
ng/m# Stk

At o g mAHA| 9] FHETFS PMys
7} PMioRth =vhal & A ol A9
o] 7% Pb A& =31, As, Mn B8,
Cu, Cr2 &R gt} & o9 Pb, Cr, As
+ ER E3, Cuve H=s8H, Mnd 24 @

oj¢} o] PMys¢ w5

N N I E B E B

Glsiet W g Sol de Fgeln
7149 477 $gslolol dvtu AR

o

H Pb3FS PMas7F PMipRth o =t}
B Fang’'59] A7dztel dAs}g

Table 9. Concentration of matals PM2.5 of Seoul and Asan. (unit : ng/m")
Seoul Asan o
No. Mean+S.D. (Range) No. MeantS.D. (Range)
As 20 0.47+ 1.98 (0.00~8.85) 28 3.62% 5.57 (0.00~27.68) 5.855
Cr 20 0.64%= 1.08 (0.00~3.94) 28 24.58+ 16.63 (0.00~72.13) 41.075™
Cu 20 1.02+ 2.16 (0.00~6.96) 28 2.96%+ 4.39 (0.00~16.07) 3.319
Mn 20 11.28% 8.05 (0.62~31.72) 28 11.79+ 5.97 (3.85~31.32) 0.062
Pb 20 27026k 269.26 (23.44~934.91) 28 84.32+ 37.09 (26.94~184.85) 13.116™
7n 20 4258+ 35.88 (0.73~141.92) 28 60.11+ 29.10 (17.88~154.32) 3.484
Fe 20 23632+ 151.32 (79.73~711.53) 28 266.82+ 124.59 (61.90~581.17) 0.585
Si 20 162831+ 743.32851.49~365372) 28 R 13t 12140 1BAR~ 54660 11.662™

* 1 p<0.05, *x 1 p<0.01, #=*x : p<0.001

PMo¥} H]2sHH A

O

E \_. = R4
7ne =31, Fe, Sies won ZF4£8 phe

NES Cre =

AR =11, As, Mne H]$=3Y, Cu, Cre 'é
2l ‘7%‘:}. O}A}X]Oﬂo a4l SivF =
7Zn, Feo] o ZF4£L Ph Cr, AsE &

A =31, Cue H]%O}Uﬂ, Mn2 &% $HA o}
ERst.

PMzs0] w53s 8ostd, A&A9
AtE42 SidFe>Zn, T4 Ph>Mn>Cu>
CroAszolal, opikxdde A8z} (Crol
Mn, Cult}h =2 Ank 2w, PM109] =4
FEA s oA 9] Cro] MnXErth Eof
21 A zpo] 7k drh, A& A o] ofqbx] oo
Hl3] Pbs A&t BE o] A el
o}

4.2.2. AEE PMosol S48

AZEE PMys59] mé—%%k% AMeA 9L Cr
9 frolgk xfo]lE Ho]i(p<0.001), oA
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Table 10. Concentration of metals in PM2.5 of Seoul by season.

p
4=
o N 0%
o, 15
>
E o2
>,
b

=2

s

)
o

o

PM;09] Cr, Cu,

Mn-2

(unit :

ng/m3)

Spring (n=6) Summer (n=7) Fall (n=3) Winter (n=4)
Mean*S.D(Range) Mean*S.D(Range) Mean+S.D(Range) Mean*S.D(Range)
_ _ 2.95+5.11 0.11£0.23
As (0.00~8.85) (0.00~045) 222
Cr 1.98%+1.15 0.03%£0.09 0.13£0.22 0.06%0.12 19,19
(0.59~3.94) (0.00~0.24) (0.00~0.38) (0.00~0.25) ’
C 1.91+3.06 _ 0.11£0.19 2.1512.72 1592
Y (0.00~6.96) (0.00~0.33) (0.00~5.66) :
Mn 15.96%£8.07 6.35%+4.40 12.35+12.10 12.09£7.92 1.78
(10.50~31.72) (0.62~12.33) (2.43~25.84) (6.02~23.74) )
Pb 437.80£315.75 231.74£318.04 175.48%69.25 157.44+44 .35 1.92
(79.50~934.91) (23.44~886.19) (129.14~255.10) (103.94~201.96) )
7n 48.94%+35.24 25.19£20.17 57.86%£72.83 52.02£24.38 0.87
(10.38~106.07) (0.73~65.67) (13.62~141.92) (34.52~87.03) )
Fe 324.70£191.57 151.76%£54.96 217.57£169.14 265.78+157.90 1.62
(228.15~711.53) (79.73~225.32) (95.57~410.64) (183.91~502.61) )
S 1541.61%£613.93 1705.60£728.19 2114.97+1347.35 1258.13£389.72 0.78
(933.98~2721.68)  (851.49~2622.38) (1175.87~3658.72) (865.22~1698.92) ’
#xx 1 p <0.001
Table 11. Concentration of metals in PM2.5 of Asan by season. (unit : ng/m3)
Spring (n=5) Summer (n=7) Fall (n=8) Winter (n=8)
Mean*S.D(Range) Mean+S.D(Range) Mean+S.D(Range) Mean+S.D(Range)
As 1.15+1.77 5.11£10.33 5.27+3.21 2.22£2.06 0.89
(0.00~4.24) (0.00~27.68) (0.03~10.63) (0.00~5.83) :
o 13.9429.70 95.81£18.08 18.648.16 36.09419.79 oo
(4.56~27.34) (0.00~56.53) (5.75~32.14) (12.44~71.13) )
C 0.78%1.02 4.09£6.39 3.12+3.76 3.19+4.47 0.55
u (0.00~2.10) (0.00~16.07) (0.00~11.38) (0.00~13.51) ’
M 10.48%5.07 10.08+5.64 10.73£5.55 15.16%£6.82 1.23
(3.92~18.08) (5.61~22.25) (3.85~21.63) (9.33~31.32) ’
Pb 59.50+£21.63 89.18£33.78 88.49£38.37 91.401+45.24 0.91
(26.94~80.63) (37.67~130.92) (37.16~156.30) (58.34~182.85) ’
7n 43.96£17.07 56.80%44.00 65.89%£25.22 67.31£22.57 0.79
(17.88~60.83) (29.28~154.32) (32.40~101.38) (44.40~109.81) ’
F 261.21£129.02 277.03£164.72 207.12£70.52 321.11£120.69 1.16
€ (128.01~470.85) (61.90~581.17) (111.15~327.82) (207.95~577.36) :
S 2247.37£1438.06  2995.16+1540.83 2869.66+1318.42 2518.06+£758.13 0.43
(1034.08~4471.73) (1493.58~5645.65) (1158.14~5078.33) (1489.64~3562.11) -
EAEE oA PMpsSt PMipd] w5 As= w T AE,

shFS wlashE, PMos9]
/ne 7HE T AL, Fed AL

L=

7,

A& St

l\;—f_‘ﬂ, PMlo% Fe& %, Si+ Oﬂ%‘, 7ne 74%

dAd3s H23d 15

of o1, PMyse] TH&5<
Cux 9, Pbe A&7 AL

of %3, PMjo Cre

X

=)

7k, Sie o

=
o
[

AsE 71, Cue 7FHe " AL, Zn, Pb& AL,
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Mne A%~ Bl 71 vehgt
ALE PMose) BERFE aoksh, A

[e}
A AWE42 Fe

o, In< 7R T,

Siv 7Rl #3, s A dEo] 17 AEA S FEAEY A3 Cr Cu
=01, oA dulFEe SiE oEF ) Cué} Fe, Fe9} Mn, Mn¥} Zn, Zn¥ Si7}
<, Zne 7FE T AL, Fed ALl =i, F ol&HA ¥t} Zn Mn, Sio] #2)3 Aaals
e Ast BTOIE, Cut olF, Pbt o Fol mEwE EGUA 47 S O o
B7AE Cr, Mo Age] ) depdh 992 48 5 A
Table 12. Correlations matrix among metals of Seoul.
Cr Cu Mn Zn Pb Fe

Cu 0.672"

Mn 0.735" 0.720™

Zn -0.017 0.062 0.403"

Pb -0.146 -0.122 0.051 0.229

Fe 0.805™ 0.680™ 0.860™ 0.195 -0.156

Si 0.225 0.015 0.367° 0.546" 0.156 0.512"

* 1 p<0.05, #x 1 p<0.01

L EIRE
A1 &=+ Mn, Cu, Pbe] #Ado]
=24 Mg 7", Aol Fa 99
& g slem, ol Ay

Al AZFA GO 547 Aol dA7I.

2 % do ox
o o [0 =2

Table 13. Correlations matrix among metals of Asan.

o Websttt.

Cr Cu Mn Zn Pb Fe
Cu  -0.110
Mn 0.002 0.271°
Zn 0.358" 0.419™ 0.332°
Pb  -0.006 0.643" 0.568" 0.631"
Fe 0.134 0.109 0.904™ 0.172 0.352"
Si 0218 0.035 ~0.157 0402 0.240 -0.072
* 1 p<0.05, *x : p<0.01
V. 2 2 1. 9% PMIOES=E AEA19 56.95(+25.63)
pg/m',  OoFEAIS 57.02(+27.22)ug/m' &=
L3} oA oA 2004d 6LHE 1 A H el mlsskaL, -2uEl PMio®]
W Eol PMyy @ PMy-2 ZA5le] 243k AG T 71520 70ug/moll= nEEH Y, v
B, AR sy, B4 dnnAg 71T B0ug/m' S EABATOH, B HAsE
Ak vlAEAe] gk AAse] o %8 HAAFES T AN 2T 49% 8
KR
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