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&2 ZEHEEERE - BERETICE T A RBEABOTRLSITHER (ng/m?)
(SR HAM - 2018 £ 2 A9 H~13H)

Stage No. 13  Stage No. 12 Stage No. 11 Stage No.10 Stage No.9  Stage No.8  Stage No.7  StageNo.6  StageNo.5  Stage No.4  Stage No.3  Stage No.2  Stage No. 1
10-18 nm 18-32 nm 32-56 nm 56-100nm ~ 100-180nm  180-320 nm  320-560 nm 560 nm-1 pm 1-1.8 um 1.8-3.2 um 3.2-5.6 um 5.6-10 um 10< pm

Na ND** ND ND ND ND ND ND 4.98 0.45 3.13 1.50 19.6 14.0
Mg 3.38 123 4.82 3.64 3.01 3.31 1.66 4.09 191 4.43 2.16 25.0 171
Al ND ND ND 1.70 1.86 ND 1.19 4.69 2.84 0.76 2.76 224 25.6
Si 2.54 211 <LOQ 0.96 3.75 3.20 3.90 12.0 5.12 3.71 8.50 61.8 132
ND ND ND ND ND 1.95 0.08 0.43 ND ND ND ND ND
S 5.04 4.59 2.55 3.50 10.0 46.3 30.4 59.9 3.14 1.86 17 8.75 7.80
Cl ND ND ND ND ND ND ND ND 0.31 0.70 2.35 275 114
K 0.28 0.51 ND 0.43 1.58 6.38 553 8.88 1.49 0.70 1.02 571 5.40
Ca 113 0.38 0.05 <LOQ <LOQ 0.15 0.32 2.84 2.00 2.35 4.68 243 12.8
Ti <LOQ*! <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.03 <LOQ 0.11 <LOQ <LOQ
\% ND ND ND ND ND 0.05 ND ND 0.04 ND 0.04 ND ND
Cr <LOQ 0.04 <LOQ <LOQ 0.02 0.08 0.02 0.08 0.03 0.02 <LOQ <LOQ 0.13
Mn ND ND ND ND ND 0.11 0.15 0.48 0.11 0.03 0.07 0.49 0.21
Fe 0.09 0.05 0.03 0.39 0.39 181 2.01 7.49 3.41 1.87 3.92 235 115
Co 0.05 ND ND ND ND ND ND ND ND ND ND ND ND
Ni 0.09 0.05 0.13 0.17 0.28 0.02 0.05 0.04 <LOQ <LOQ 0.02 <LOQ <LOQ
Cu ND 0.04 0.02 ND 0.03 0.11 0.08 0.23 0.10 0.03 0.07 0.42 3.70
zn 0.06 0.04 0.05 0.05 0.21 1.19 1.10 2.46 0.75 0.19 0.18 1.10 0.53
Ga 0.04 ND 0.02 ND 0.02 ND ND ND 0.01 0.01 ND ND 0.09
As ND ND ND 0.01 ND 0.02 ND ND 0.01 ND ND 0.07 ND
Se ND 0.05 ND 0.01 ND 0.02 0.03 0.07 ND ND ND ND ND
Br <LOQ <LOQ <LOQ <LOQ 0.01 0.35 0.16 0.39 <LOQ <LOQ 0.01 <LOQ <LOQ
Rb ND ND ND ND ND ND ND ND 0.02 ND ND ND ND
Sr ND ND ND ND ND 0.04 ND 0.04 0.02 0.02 ND ND 0.20
Hg ND ND ND ND ND ND ND ND ND ND 0.04 0.10 ND
Pb ND ND ND 0.04 0.06 0.29 0.28 058 0.08 0.06 0.03 0.12 0.38

*1: Not detectable. *2: Below limit of quantification.

3 MZEHEEERE - BERETICE T A RBEABORTRSTHER (ng/m?)
(& HAM - 2018 £ 2 A 13 B~17H)

Stage No. 13  Stage No. 12 Stage No. 11 Stage No.10 Stage No.9  Stage No.8  Stage No.7  StageNo.6  Stage No.5  Stage No.4  Stage No.3  Stage No.2  Stage No. 1
10-18 nm 18-32 nm 32-56 nm 56-100nm  100-180nm  180-320 nm  320-560 nm 560 nm-1 pm 1-1.8 um 1.8-3.2 um 3.2-5.6 um 5.6-10 um 10< pm

Na ND*! ND ND ND ND ND 8.77 231 14.0 15.0 31.2 154 11.9
Mg 10.4 8.35 421 237 4,04 1.93 7.00 267 4.00 3.30 103 256 13.2
Al ND ND ND ND ND ND 6.58 167 4.04 1.97 403 104 18.4
Si 758 9.79 8.13 18.0 5.64 477 17.0 128 121 6.19 81.2 243 38.8
ND ND ND ND ND ND ND 0.16 057 ND ND ND ND
S 321 270 2.90 2.60 9.18 19.1 86.8 7.02 420 276 6.72 19.7 5.30
cl ND ND ND ND ND ND ND ND 9.43 16.4 445 150 195
K 1.44 0.80 053 0.29 154 258 7.23 257 1.67 2.09 6.10 19.7 593
Ca <L0Q <L0Q <L0Q <L0Q 0.48 0.26 241 2.98 2.98 5.11 26.8 %.4 17.8
Ti <LOQ*! <L0Q <L0Q <L0Q 0.01 <L0Q <LOQ 012 0.02 013 147 3.16 1.20
v ND ND ND ND 0.11 0.05 021 ND ND ND ND ND ND
cr <L0Q <L0Q <L0Q 0.02 <L0Q 0.04 011 0.08 0.08 0.05 0.36 1.70 0.36
Mn ND ND ND ND 0.05 0.04 061 021 0.07 0.10 058 235 019
Fe 0.34 0.11 <L0Q 0.16 1.25 1.96 10.4 7.19 454 6.01 35.3 151 303
Co 0.04 ND 0.06 ND ND ND ND ND ND ND ND 071 ND
Ni 0.97 0.06 0.02 0.08 0.08 0.07 015 0.03 0.01 <L0Q <L0Q <L0Q <L0Q
cu 0.06 0.06 ND 0.02 0.04 0.05 022 0.06 0.04 0.05 021 051 0.11
Zn ND 0.05 0.04 0.09 0.33 0.44 1.84 0.94 053 022 0.65 242 038
Ga ND ND 0.02 0.01 0.02 ND ND ND ND ND ND ND ND
As ND ND ND ND ND ND ND ND ND ND ND ND ND
se 0.06 ND ND ND ND ND 0.08 ND ND ND ND ND ND
Br <L0Q <L0Q <L0Q <L0Q 0.04 0.06 039 <LOQ 0.01 0.03 0.11 0.16 0.08
Rb ND ND ND ND ND ND ND ND ND ND 0.08 0.22 ND
Sr ND ND ND ND ND 0.05 0.09 ND 0.04 0.06 0.10 053 ND
Hy ND ND ND ND 0.07 ND ND ND ND ND 0.21 ND ND
Ph ND ND 0.10 0.08 015 013 0.70 021 0.12 0.07 0.14 ND ND

*1: Not detectable. *2: Below limit of quantification.
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x4 ZEREEERE - BERETICE T A RBEABOTRSITHER (ng/m?)
(&R HAM - 2018 £ 2 A 19 B~20 H)

Stage No. 13  Stage No. 12  Stage No.11 Stage No.10 Stage No.9  Stage No.8  Stage No.7  StageNo.6  Stage No.5  Stage No.4  Stage No.3  Stage No.2  Stage No. 1
10-18 nm 18-32 nm 32-56 nm 56-100 nm 100-180 nm  180-320 nm  320-560 nm 560 nm-1 pm 1-1.8 um 1.8-3.2 um 3.2-5.6 um 5.6-10 um 10< um

Na ND* ND ND ND ND ND 13.9 213 229 25.9 34.0 125 115
Mg ND ND 108 10.1 4.48 434 711 137 8.75 7.35 6.26 95.2 120
Al ND ND ND ND 4.04 2.87 9.28 17.2 575 9.72 155 90.9 87.1
si <LOQ*? <LOQ 14.0 351 6.20 1.96 15.4 37.0 19.9 20.7 317 200 127
ND ND ND ND 1.83 0.34 719 ND 0.39 1.09 ND ND ND
s <LOQ 165 135 155 341 429 327 99.8 755 5.18 6.97 13.1 158
cl 0.48 ND ND ND 134 ND ND 8.45 9.84 16.1 28.3 174 87.2
K 2.01 ND 1.86 2.09 9.32 8.89 35.2 25.0 3.43 5.89 431 36.8 136
ca 410 0.47 0.94 <L0Q 214 0.26 551 8.90 348 9.47 107 108 395
Ti <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q 075 056 <L0Q 0.43 0.29 374 <LOQ
Y, 058 033 0.20 0.18 0.19 0.49 0.60 ND 0.15 0.16 0.20 ND 3.15
cr 0.87 <L0Q <L0Q <L0Q 0.05 <L0Q <L0Q 0.12 <LOQ <LOQ <LOQ <L0Q <LOQ
Mn ND ND ND ND 0.10 0.12 0.98 0.77 0.19 0.16 0.29 2.30 0.94
Fe 421 0.29 0.83 0.15 331 215 14.2 15.3 465 10.1 1.1 128 51.7
Co 0.12 0.16 ND ND ND ND 0.08 0.09 ND 0.04 ND 0.90 0.67
Ni 0.48 0.01 0.08 <LOQ 0.13 0.04 0.32 0.07 0.05 0.04 0.02 0.72 0.49
cu 011 0.09 0.03 0.03 0.08 0.13 0.49 053 0.12 018 0.18 1.29 1.26
Zn 0.26 0.04 0.04 0.22 161 1.66 4.80 214 051 0.44 037 2.87 1.06
Ga ND ND ND ND ND ND ND ND ND 0.03 ND ND ND
As ND ND ND ND ND ND 0.24 ND ND ND ND ND ND
se ND ND 0.07 ND ND 0.06 0.07 0.06 ND ND ND ND ND
Br <L0Q <L0Q <L0Q 0.02 0.12 0.22 1.20 0.32 0.10 0.02 0.03 0.69 <LOQ
Rb ND ND ND ND ND ND ND ND ND 0.08 ND ND ND
sr ND ND ND ND ND ND 0.20 0.23 0.06 ND 0.08 ND ND
Hg ND ND ND 0.12 0.08 ND ND 0.12 ND ND ND ND ND
Pb ND 0.20 025 0.24 0.47 0.37 1.76 1.05 0.11 025 ND ND ND

*1: Not detectable. *2: Below limit of quantification.

K5 NI TV FRAHORTRSITHER (ng/m’) (KM - 201852 A 22A0~26 A)

Stage No. 13  Stage No.12 StageNo.11 StageNo.10 StageNo.9 StageNo.8 StageNo.7  StageNo.6  StageNo.5  StageNo.4  StageNo.3  Stage No.2  Stage No. 1
10-18 nm 18-32 nm 32-56 nm 56-100nm  100-180nm  180-320 nm  320-560 nm 560 nm-1 pm 1-1.8 um 1.8-3.2 um 3.2-5.6 um 5.6-10 um 10< um

Na ND* ND ND ND ND ND ND 112 723 238 308 102 ND
Mg 422 ND 274 10.1 ND ND 103 7.48 21.0 6.65 10.2 111 49.4
Al 15.0 ND 6.59 ND ND 263 8.73 244 59.8 126 26.3 374 723
Si 35.4 <L0Q 8.12 2.28 16.7 0.26 16.6 65.8 123 16.2 267 791 122
135 ND ND ND ND 3.94 185 133 ND ND ND ND ND
s 6.91 <L0Q 6.06 108 49.4 26.9 295 212 138 7.30 6.28 36.7 35.2
cl ND ND ND ND ND ND ND ND 30.8 26.7 446 126 435
K ND ND ND 149 6.29 5.68 265 213 16.1 436 8.03 51.2 15.6
Cca 1.43 <L0Q 0.70 014 0.86 036 6.45 16.7 2538 10.1 17.8 208 305
Ti <LOQ* <L0Q 025 <L0Q <L0Q <L0Q 0.46 1.09 247 058 131 10.1 <L0Q
Y 078 ND 0.17 0.20 033 028 033 ND ND 021 0.25 2.16 1.09
cr 0.05 <L0Q <LOQ <L0Q <L0Q <L0Q <L0Q 0.16 0.08 <L0Q <L0Q <L0Q <L0Q
Mn ND ND ND 0.07 0.09 0.10 1.07 1.02 0.74 019 033 275 ND
Fe 416 0.14 0.45 0.07 0.96 143 134 28.0 384 9.15 17.7 216 313
Co 021 ND ND ND ND ND 0.5 ND ND ND ND 225 ND
Ni 012 <L0Q 011 0.06 018 ND 020 0.02 0.06 <L0Q <L0Q <L0Q <L0Q
Cu 0.24 0.09 ND ND 0.11 0.11 0.95 0.85 0.56 0.17 0.17 097 034
n 0.19 012 0.16 0.05 0.42 0.49 3.41 3.39 225 043 034 357 058
Ga ND ND ND ND ND ND ND 0.10 ND 0.04 ND 0.72 0.20
As ND ND ND ND ND ND 0.32 033 ND ND ND 0.65 ND
se ND ND ND 0.02 ND ND 0.08 0.10 ND ND ND ND ND
Br <L0Q <L0Q <L0Q <L0Q 0.07 0.16 1.04 1.26 0.88 0.24 059 219 <L0Q
Rb ND ND ND ND ND ND ND ND ND ND ND ND ND
sr ND ND ND ND ND ND ND 022 0.20 ND ND ND ND
Hg ND 0.23 0.13 ND 0.21 ND ND ND ND 017 ND 217 1.03
Pb 0.49 0.48 0.24 0.21 050 0.56 2.65 228 0.80 ND ND 1.79 1.36

*1: Not detectable. *2: Below limit of quantification.
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Abstract

In order to shed light on elemental composition of ultrafine particles (UFP) form aircrafts, we
analyzed jet lubricating oil, fuel, and particles collected near the Narita International Airport runway
using in-air PIXE and conventional PIXE. Our results suggest that:

— From jet lubricating oil and fuel, three elements of P, S and Fe were determined. In the jet
lubricating oil, P was high concentration. The three elements values in the fuel were below the
quantification limit.

— From particle samples collected durig the aircraft landing and arrival time zone, we have found that
26 elements (Na, Mg, Al, Si, P, S, CL, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Br, Rb, Sr,
Hg and Pb) were identified. In the background sample, 25 elements except Rb were determined.

— The particle size distribution of the element per particle mass, three types ((1) type with large peak
on the coarse particle side, (2) type with elements detection in UFP in addition to having a large
peak in the coarse particle side, (3) type with peaks in UFP, fine particles and coarse particles) were
observed. In addition, there were also types of particle size distribution with high concentration in

UFP and fine particles.
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