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A study on Seasonal Particle Characterization in Busan

Environmental research division

Jeong-Goo Cho

ABSTRACT

Many researches were focused on the data which obtained from chemical bulk analysis. It

is difficult to evaluate source contribution by wet type chemical bulk analysis. In this study,

we have reviewed the characterization of individual particle for source identification. We

analyzed by SEM/EDX methods. We have obtained average geometric particle diameter

measured by optical diameter which were resulted from SEM/EDX image scan, representative

physical diameter of individual particle was 3.38 um in A, 3.67 um in B.

In the result of image analysis at each spots particles, both samples non-sphere shapes,

C-rich particles. In consequence of chemical analysis of individual particle, each sampling

sites some elements.

Key word : SEM/EDX methods, individual particle, image analysis, chemical analysis
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Table 1. Analytical conditions for SEM/DEX analysis

working distance >25 mm
Accelerating voltage 20 keV
SEM image %10,000
magnification %3,000
thickness of coating 20 nm

Detector

Analysis species

Electro multiplier(Dual mode)

Na, Mg, Al Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe,

Ni, Co, Zn, Br, Pb
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Fig. 1. Frequency distribution of aerodynamic diameter from samples (January~March)
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ol
T

1 2 3 4 65 6 7 8 9 10 11 12 13

Fig. 2. Frequency distribution of aerodynamic diameter from samples (April~June)
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Fig. 3. Frequency distribution of aerodynamic diameter from samples(July~August)
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Fig. 4. Frequency distribution of aerodynamic diameter from samples

(September~October)
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Fig. 5. SEM images of particles in fire office (a)wet soot (b) dry soot
(c), (d) mixed fly ash and soil (e) biological particle
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Fig. 6. SEM images of particles in Dong-A university (a) soil

Table 2. Chemical composition of individual particle for A (January~March) (%)

No. |Dp(um) [fq.| O [Na(Mg| Al | Si | S|Cl|K |Ca| Ti | Fe |[Mn| Br | Pb | Zn
1 | 0~1 | 3]665/75|13[53(82]19 0.7 2.7 0.7

2 | 1~2 |20(65.8/03]|0.5]6.2[14.8/1.8/0.1(0.6/0.9 42 101107 0.6
3 ] 2~3 |16(624|04(0.6|3.1165/03]03(05|4.1] 03 |83 |04 |04 1.3
4 | 3~4 |23]602(16|13]|65(157/02|0.1|1.2|2.1 5.1 05]0.1

5| 4~5 |18|58.1/1.3|/09(53[172|/19|1.1|1.3|53| 0.6 | 3.7 | 0.1 0.1] 1.1
6 | 56 |11(564/0.7|53|4.6 (21.2/0.2 031.0 43 2.8
7 | 67 | 4 |532(13(05]52(18.2/0.1/0.5|4.9|6.1 09 108107 12.7
8 | 78 | 2 [56.8/0.2(0.5|4.8 |82 0.1 15.1| 3.7 1.7 09
9 | 8~10 | 3 |47.1 22|4.1|88|08|1.3|1.8[53]| 0.8 |35.1 0.7
10 | 9~10 | 1 |65.2]|1.1]1.3 9.2105|0.6|0.8 4.0 9.5

11 |10~11| 1 [62.3/0.8 1.1 [13.8 3.9 1.3

12 | 11~12 | 2 |64.7 11.5/14.2| 1.3 3.3 1.0

13 | 13~

,13,
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Table 3. Chemical composition of individual particle for A (April~June)(%)

No.| Dp(um) | fq.| O |Na|Mg| Al | Si | S|Cl|K|Ca| Ti | Fe (Mn|Br|Pb| Zn
1| O~1 |5|654|68|12]52 |87 |12]01|06]2.1 0.6

2| 1~2 |22(639|0.7/06] 6.1 |153|19 05| 0.7 4.1 10206 0.5
3 2~3 114|632|06/03| 38 [16.8|12]0.1 |05|42(02|79 (04|03 1.1
4 3~4 | 18|614(09|1.1| 65 (176(02]02|13|19|0.1| 6.1 0.5/0.1

5| 4~5 |12(57.7|16|09| 48 [192|1.5{1.0(|12|55|04 | 3.8 |0.1 01|13
6| 56 56.2|0.8|55] 5.1 (23.1[04|03]|02|09 4.1 0.1]22
7 6~7 54.111.6(0.7| 50 |179]03|09 |3.8|5.8 0.8 [0.6 10.7
8 7~8 545102|06| 47 |93 |0.1|1.1|09 15.6| 3.8 |0.1|1.1 0.8
9| 810 |16|468(0.1|/2.1| 46 |10.1|05| 1.8 |14 5.1 0.7 363 0.6
10| 9~10 |15|638|1.8|1.1| 0.7 | 89 0.4 3.7 8.9

11 | 10~11 64.71.1/05] 1.0 |12.4 0.1 4.1 1.2

12 | 11~12 63.8 102 [ 15.1 |15 3.1 1.1

13| 13~ 6 | 66.7 12.3] 16.8 0.1 1.3

Table 4. Chemical composition of individual particle for A (July~August)(%)

No.| Dp(um) | fq. | O | Na |Mg| Al | Si | S |Cl|K |Ca| Ti | Fe (Mn|Br |Pb| Zn
1| 0~1 8 165768 14|52 |71 /|17 0.6]2.5 0.4

2 1~2 |26 |643]05|06| 58 |13.8(/15]/0.2/05|0.8|0.1]|4.0 05]02(03
3 2~3 18 165.1]0.7|03| 30 |145/02(0.1/03|3.8(0.2|8.1(03|06[04|1.2
4 3~4 |1 20(60.1|15]1.1]62|13.7/02|0.1/09|19 49 10.1(0.7

5| 4~5 |11 [59.1{14|09| 5.1 |152|1.7]09|1.1|46|06 |32 0.1 0.1/ 0.9
6| 56 | 5 [563]06|51]|47|202]0.1 0.1109 3.9 23
7 6~7 8 |55112]06| 50 |162]03|04|5.1|4.2 12]06(1.1]0.1|115
8 7~8 1 {54103 /03| 39 |10.0|0.1|0.5 0.3(13.1| 2.8 1.3 0.5
9 | 810 | 2 |49.1 2137 198 (09]15|1.2(4.7]0.6 [29.7 0.1
10| 9~10 | 1 |642|1.0 (1.7 94 1041|0707 6.1 8.7
11}10~11 | 1 |63.1|09 1.0 | 12.8 0.9

12| 11~12 | 1 |62.5]02 10213212 22 1.5

13| 13~
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Table 5. Chemical composition of individual particle for A (September~October) (%)

No. | Dp(um) [fq.| O |Na |Mg| Al | Si | S |Cl|K |Ca| Ti | Fe |Mn|Br |Pb| Zn
1 0~1 2 1635[6911|49 |90 |17 04]3.1 09

2 1~2 |17 (643 0.6 6.5 12919 05]1.2 5.11021(0.5 0.7
3 2~3 15(61.8|1.1/0.7| 34 |151/05]02]0.8{43{02|95|06(03|0.1|1.5
4 3~4 13159918 |15|62 (150|106 (03]1.0(23 42 02]0.2

5 4~5 171561114 |11]49 /169]18|08|1.5|5.8 3.1(05 01| 1.1
6 5~6 9 |578109|48 |51 1(222103(03/06/09|09 5.1 2.8
7 6~7 515271211354 1(17.8|02(06/43|7.3 0.6 0.6 0.1]14.1
8 7~8 4 151911103 |43|09.1 09113929 2.1 0.8
9| 810 | 7 (43.7/02|21]39 |89 [09|15|1.8(6.1|0.6(32.8(0.1 0.6
10| 9~10 | 3 |61.2 1.2 ] 0.1 |10.1 0.5 0143 6.9
11(10~11 |1 ]603{09|0.1| 1.3 |143|0.1 4.2 1.8

12| 11~12 | 1 |62.6| 0.1 132112212 4.8 1.6

13 13~

Table 2 ~ Table 5] UEbH A wiEHe= o=z g2 ok 34 2%
SEM/EDX #4 Z3, zd 947 & Sigt B2 Yol veA Fes & F e,
Al Al BAGle] 1020 % J=Z = ol A8 A4 o3t JFoz FHHh
A vepdtt ]—E AR F99 A T Table 39 EWA Si7} T2 A-RT =
At RINgE wEFo 2 Qg =29 nir 26 o] ALY FRI Ao HAdHrh
7 dRle g ALL At} Fe, 59 4 IS Feo 8% =24 o= A ¢
AA2E =4 Yehded ole F99 dd g olsoz FHHUL ALHdE HlwF
Ao gREe] P& we Ao Hd  So JFo] A5 Axv) Bof & RO
"t =3 S9} 7zn 59 YAERE mgo 2 dAgHEr o8¢ 797 g€ By n
2 Yetded, St AsA Y Axz AYAY HlEo] &tk F3EE REge] 9
Ak YA wiEE AR, Zne A vAl PR ATl B Aew #
Ak Brolojo] Tk EA A o] o dEnh
gk winE e 202 AtgErh Pb¥ Table 6 ~ Table 9% BAIF A9 3137
Br A2 Asaket 22 olF wiEdeld  ARS Yehhdch
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Table 6. Chemical composition of individual particle for B (January~March)(%)

No.| Dp(um) | fq. | O | Na |Mg| Al | Si | S |Cl|K |Ca| Ti | Fe (Mn|Br |Pb| Zn
1 0~1

2| 1~2 69.2|17.8 2.8 1163]0.14.8/0.7|3.9 2.8

3 2~3 683]32]01| 42 [175]0.1|{55]/02(58|0.1|23 0.1] 0.6
4 3~4 8 [668]25(04]| 7.1 |17.3 1.310.3|3.8 2.1

5| 4~5 | 10{63.535|03| 58 |20.1/03]09(08|62]0.1]3.1

6| 56 2 1592|1308 45 |237 0.8]0.1]2.1 3.8 0.3
7 6~7 7 1602124103 | 49 |18.8|0.1{0.7/0.9(3.0 2.9

8 7~8 5 1593 1.1 39 | 13.7 0.1/0.1/0.2]0.8| 1.7 0.5
9| 810 | 6 |576[23]05| 40 |14.1|0.2]0.3 21(01(19 0.3
10| 9~10 | 4 |672|12]06| 2.1 [15.1]02/0.3|0.3|1.1 2.1

11| 10~11 | 7 |654]| 1.0 1.5 | 18.1 0.1 8.3 2.3

12| 11~12 | 6 [ 669 1.4 35117210.1(0.2 3.5 2.0

13| 13~ 5 |654]0.7 5.8 |21.0 0.1 1.5 3.0

Table 7. Chemical composition of individual particle for B (April~June) (%)

No.| Dp(ym) | fq. | O | Na |[Mg| Al | Si | S |CI|K |Ca| Ti | Fe [Mn|Br|Pb| Zn
1 0~1 1 |63.1]6.1 5.5 |10.6 0.1{0.3]2.0 0.9

2 1~2 62.1|1 17|01 6.2 |17.2/0.8 0212 2.4

3] 23 653|12]02| 39 |18.3|0.2 0.1/3.8 22 0.1
4 | 3~4 7 1609|0907 55 |202/0.1{0.1/0.3]|1.1 2.8 0.1

5 4~5 15 /603 1.1 03| 42 |21.8/0.7/0.1|0.7|1.5 3.8

6 5~6 58.1109 |51 4.8 |24.1 0.1]0.7 4.4 0.3
7| 6~7 551130250 (222/0.1{02|12|3.1 4.0 0.1 0.5
8| 78 7 [585]0.1]0.1]| 43 |15.1 25(271(0.1(02

9| 810 | 10 |52.3 1.2 ] 4.1 (13.7|0.2 1.1|123 16.1 0.1
10| 9~10 | 5 |642|14 03| 0.1 |10.7 0.1 2.1 0.2

11| 10~11 | 8 |651(0.7|0.1| 0.5 |15.2 5.2 1.8

12| 11~12 | 7 ]66.2 7.7 (18.1/0.2 2.3 2.7

13| 13~ 7 167.1 8.6 [19.2 0.1 02 1.6
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Table 8. Chemical composition of individual particle for B (July~August) (%)

SNRA HEE &

At S0
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%

o1

No.| Dp(um) | fq. | O |Na |Mg| Al | Si | S |Cl| K |Ca| Ti | Fe |[Mn|Br|Pb| Zn
1] o1

2| 1~2 | 2 [623|06|08| 5198 0.1/02 0.8

3] 23 | 3 [664|02]01]35]10.1 1.6 1.0 0.1 0.1
4| 3-4 | 2 |627|03 43 100 0.1/03 0.9

5| 4-5 | 6 |61.3]/08[03| 48 |13.1]/02]0.1]/0.7|2.1]|0.1| 10 02
6| 56 | 5 [589/03[22]37|153 0.2 12 0.8
7| 6~7 | 3 |575/08|02 |38 |134[0.1|0.1{3.1|35 09 |0.1|02 25
8| 7~8 | 8 568 0.1 20 | 79 0.1/0.1{0.1| 1.8 | 0.2 0.1

9 | 8~10 | 10 [527 0.1|22]75|02[01]03|28[0.1|29

10| 910 | 6 |63.8]0.7 |02 8.2 0.1]0.1 0.9 1.1

11| 10~11| 5 |65.1|0.38 0.7 | 109 01|13

12| 11~12 | 5 |64.2 83 |12.8]038 1.3 1.0

13| 13~ | 6 |66.6

Table 9. Chemical composition

of individual particle for B (September~October)(%)

No.| Dp(um) | fq. | O | Na |[Mg| Al | Si | S |Cl|K |Ca| Ti | Fe \Mn|Br|Pb| Zn
1 0~1
2 1~2 2 657 5.8 |14.2 0.9 2.1
3 2~3 5 634010329 |16.1 0.1/0.3|338 1.2 0.1 0.2
4 3~4 8 [62.8]03|1.1| 5.6 (17.2]0.1 07|20 2.0 0.1
5 4~5 7 16140205 5.1 (18.3(0.2 0349 22101 0.1]0.1
6 5~6 9 1632]0.1(26| 53 (20.1 0.1/0.1/0.7]0.1 |35 1.0
7 6~7 5 |586|10|07| 49 |174]|0.1 3.0(5.6 1.8 /0.2 3.8
8 7~8 12 |574 102 47 [12.3 01102138 1.0 0.5 0.1
9 | 810 | 3 |538 1.6 | 42 |100(03(0.1/0.6(6.3 13.5 0.1
10| 9~10 | 5 |653 0.8 9.7 10.2 0.8 0.7
11| 10~11 | 4 163.7|0.3 23 (13.1]03 0.1(3.9 0.9 0.1
12| 11~12 | 4 643 11.2 103 |0.1 33 1.1
13| 13~ 6 [65.5]0.1 12.7 | 13.8 42 1.2

,17,
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