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Abstract

This study analyzed mass concentrations of TSP, PM10 and PM2.5 and elemental constituents according to the isentropic
backward trajectories of air parcel from Cheongwonin East Asia during the period January — October, 2011. Mass
concentrations of the continental polluted airflow (CP) showed levels of TSP and PM10 mass concentrations higher than the
continental background airflow (CB). Also, PM2.5 mass concentrations of anthropogenic fine particles ran higher in CP than
in CB. The elemental constituents and elemental constituent ratio ended up varying depending on the origin of atmospheric
aerosols generated. The average absolute content of elemental constituents reached its height in CB, the ratio of
anthropogenically originating elements (PE) among the all elements (AE) analyzed marked a high in CP, and Mg+Na/AE
reached its height in the oceanic airflow (OA). At the same time, TSP, PM10 and PM2.5 mass concentrations, the ratio of
PM2.5/TSP and PE/AE element ratio ran higher in CP than CB. Episodes of large-scale transport of atmospheric pollutants as
observed at Cheongwon were 8 cases and 22 days. The ratios of PM10, PM2.5 among TSP mass concentrations showed
different results and the ratios of PM2.5 showed an increasing trend in the episodes of anthropogenic air pollution
transport. Overall, dustfall episodes show a level of elemental constituents higher than those of anthropogenic air
pollution.Dustfall episodes were observed to contain more of Fe, Al and Ca originating from continental soils and those of air
pollution were observed to contain more of Zn, Mn, Cu and Pb. By difference in contents of absolute elemental constituents,
episodes of anthropogenic air pollution showed a high PE/AE rate, and dustfall episodes a high SE/AE rate.

Key Words : Backward trajectory, Mass concentration(TSP, PM10 and PM2.5), Elemental constituents, Mineral dustfall,
Anthropogenic air pollution
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Fig. 1. A map showing the monitoring location in Cheongwon,
Korea.
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Fig. 2. Passages of the movement of the airflows arriving at

Cheongwon are classified as CB transport, CP
transportand OA transport.
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Table 1. Elements according to the origin of atmospheric
aerosols (Choi and Park, 1999)

Origin Elements

Soil Al, Ca, Fe

Ocean or Soil Mg, Na

Air pollution Cr, Mn, Co, Ni, Cu, Zn, Cd, Pb
3. Znt ¢ 1
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Fig. 3. Variations of daily maximum and average concent-
rations of TSP, PM;o and PM, 5, and the episodes of
dustfalls
particles observed at Cheongwon from January to
October in 2011.
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Fig. 4. The monthly TSP, PMj, and PM,s mass concent-
rations according to the classified isentropic backward

trajectories measured at Cheongwon from March to
September in 2011.
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Table 2. The monthly % mass ratios of PM, s/TSP according
to the classified CB, CP and OA trajectories in

2011
Month %Sftio %gftio %ggio

March 25.7 45.0

April 35.6 435
May 36.6 315 30.7
June 37.0 51.8 32.0
July 59.6 29.3
August 39.2 51.8 37.0
September 30.6 42.6 43.2
Average 34.1 46.5 344
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Table 3. Monthly mean concentrations of elements in PM10 observed at Cheongwon from March to September 2011

Month/Trajectory Al Ca Fe Mg Na Cr Mn Co Ni Cu Zn Cd Pb
(No. of Sample) s ngmﬁ
March CB(7) 02 103 89 56 94 663 2810 32 1026 15382 92.8
1 CP(5) 02 101 121 48 149 640 4676 3.7 251.0 37355 344 1007.9
(12 0A(0)
Anril CB(6) 123 11.1 138 47 370.1 4934 47 892 9712 2281.5 208 691.0
fs CP(10) 125 125 148 51 11.1 1539 5877 58 139.8 3562 31803 30.6 11493
(16) 0A(0)
Ma CB(5) 63 35 03 24 64 2381 3384 1577 3934 10007 7.0 3778
14y CP6) 89 53 02 33 20 2677 397.8 192.1 4427 1373.6 94 5327
14) OAB) 66 37 05 19 96 2818 189.6 85 1629 2345 4382 20 167.8
CB(2) 56 58 04 25 55 349 3433 59 2309 609.6 2063.6 417 655.0
Jj‘iﬁi CP(7) 87 64 02 34 75 4028 517.5 85 3332 7978 26960 50.6 798.6
(15) OA(6) 19 51 04 43 136 5926 3884 167 2967 8940 1368.1 479 2353
August CB(2) 24 36 60 18 113 6797 3529 58 160.6 6165 18225 43.0 5404
ng CP@4) 35 49 05 19 126 1987 3234 7.8 2634 7122 21041 459  600.7
(12) OA(6) 17 31 01 17 107 2986 137.1 47 2666 6459 5814 329 1871
CB(7) 03 41 84 24 68 4246 7087 42 821 2921 21108 259 4294
Septgnber CP(2) 04 32 106 25 38 4425 22615 3.5 609 2583 32466 228 5953
(12 OAB) 02 26 48 13 90 4255 3193 3.5 1505 219.1 1062.8 162 132.8
CB(29) 45 64 63 32 79 3023 4196 48 1441 497.6 18029 277 464.4
Avgrlage CP(34) 57 71 64 35 87 2549 7592 58 197.9 469.7 27227 323 7808
@1 OA(18) 26 36 15 23 107 399.6 2586 84 2192 4984 862.6 247 180.7
I Qlck AdH o2 = BAHA 44 7MY W2 A 2 HY =&sk= CP olF AEoA= CB B}

o] AdiFFS Bt

E9F 7)Y Y49t Mg+Na© RS CP o)%F A&
o| A 31.3 ygm>, CB 0|5 7204 28.3 pgm”, OA
o] Aol A 20.7 pgm” & LERATE 91914 7] &
& 719 Lano] FFS CP o) AR A= 5.2 pgm”
2, CBY] 3.7 pgm”, OAL] 2.5 pgm” Rt} 7] Lfe}
stk 53] CP o] 7 Zof|A] Byt Mn, Zn, Pb 52
o] = UEbsth
7159 ol A2 whet 7| o) oh2 Y] ek
£ 245t Al THE 25kt Table 1). wha}
A HA B4 HAAE)O] it B 7] U4XSE),
Mg+Na2} 1914 719 ¢ (PE)2] TH|E £4519
CHFig. 5). 3~9¥olli= HA| 24 Y4 AEo| tist &
oF 719 ¥4 SEQ} Mg+NaQ] dlefo] zHz} 46.5%,
41.3%= Bt} 8L PEQ] 3HES 12,1 %S HY
o} Foll 59 == 7159] olF 2ol ule} PE/AE
9] Y14H]=CB o5 Z &4 11.4%, CP o5 H =
of| A= 14.3% 2 LJERGTH Mg+Na/AE= OA 0]% 7
oA 56.2%2 7Y =& 2k BTk 201149 3~9

H]

TSP, PM10, PM2.5 3t A 5=, PM2.5/TSP &k
“558], PE/AE 9140] B 7] Wi df7] oflof
ZEO WA 71572 AR ofF 2| mhE

4 A H]Fo] AR ThE EAS ek 919t
[IPE/AE
[CISE/AE
[ Mg +Na/AE

AE; Concentration of all elements analyzed by ICP-AES and
ICP-MS

SE; Concentration of soil elements analyzed by ICP-AES

PE; Concentration of pollution elements analyzed by ICP-MS

Fig. 5. The ratios of SE/AE, Mg+Na/AE and PE/AE
according to the CB, CP and OA trajectories,
respectively, observed at Cheongwon in 2011.
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Table 4. Daily maximum mass concentrations of TSP, PM,o, PM> 5 and % mass ratio PM, s/TSP for episodes of duststorms and
anthropogenic pollutant particles observed at Cheongwon, Korea form March to October 2011

Case TSP PM]() PMz,s PM](]/TSP PM2,5/TSP
Type Date 3 3 3 . .
nr (18m (1gm /18m” Yratio Y%ratio
1 3~6 February 168 134 120 80 71
2 30 March~2 April 163 132 108 81 66
Anthropogenic 3 23 June 124 93 72 75 58
pollutant
Particles 4 15~17 August 88 74 62 84 70
5 1~2 September 99 78 51 79 52
Average (5c, 14d) 128 102 83 80 63
6 19~21 Mar 2011 949 737 106 78 11
Dust 7  1~3May 2011 534 418 102 78 19
particles 8 12~13 May 2011 871 349 69 40 8
Average (3c, 8d) 785 501 92 65 13
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Table 5. Daily average concentrations of elements for episodes of duststorms and anthropogenic pollutant particles observed
at Cheongwon, Korea form March to September 2011

Type Date Al Ca Fe Mg Na Cr Mn Co Ni Cu Zn Cd Pb ljj:‘/ M%:}I; v i}]EE/
gm’ ngm” %

31 Mar 144 194 54 16.6 92.4 550.7 6.9 14.1 147.7 18254 133 166.7 13.1 343 52.6

01 Apr 0.1 187 185 53 11.1 53.5 4440 35 43 2292 33019 344 10079 11.1 27.2 61.7

02 Apr 02 12.7 16.7 4.6 175 11.5 379 50.6

02 Jun 69 59 3.0 122 10009 6174 13.1 589.4 779.6 2743.6 554 931.0 19.4 43.7 36.9

Anthropogenic 03Jun 5.0 44 25 71 3394 4445 7.0 2707 6513 21549 485 8319 200 405 395

pollutant 15 Aug 34 21 03 1.6 4.0 8.1 3152 69 2604 609.5 1851.1 4450 241 376 382

Particles 16 Aug 42 96 12 20 21.3 180 3603 5.5 301.1 6734 2717.6 543 839.1 115 541 34.4

17 Aug 60 55 21.3  588.1 4824 139 286.4 974.6 3066.2 56.8 799.7 16.0 54.6 29.4

01 Sep 04 29 128 19 52 395.6 3963.8 2.8 59.5 2482 27643 204 4823 255 22.8 51.7

02 Sep

Average 3.0 8.1 10.1 33 12.7 2982 7920 69 2469 4985 30623 43.4 9174 16.5 40.6 429

1I9Mar 0.1 104.2 100.6 52.4 41.1  180.3 1878.0 29.0 20.9 180.8 2096.0 59.0 1.5 309 67.6

21Mar 0.2 29.8 346 205 9.5 161.5 841.0 11.0 174 4302 35655 18.6 496.1 5.5 300 645

Mineral dust 01 May 173.9 71.1 118.4 53.0 10.8 3454 2350.5 34.5 285.7 5423.4 3255.8 284 8940 29 145 826

particles 03May 850 22.7 57.5 20.6 218.8 1285.1 154 1423 0.0 25453 18.0 814.7 2.6 10.8 86.6

12May 43.7 213 0.6 119 8.1 529.2 683.4 160.6 324.1 517.6 259.0 2.8 22.7 74.5

13May 37.0 142 12.1 17,5 2533 723.6 149.8 1484 6204 179.9 2.5 35.8 61.7

Average 56.7 439 624 284 174 2814 1293.6 22.5 129.5 1084.5 2100.1 21.7 450.4 3.0 24.1 72.9
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