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Table 1 Element concentrations of soil samples from Kazuno and Yokote.
Concentration (ug/g-dry)

Element Kazuno Yokote
Upper layer (0-20 cm) Lower layer (20-40 cm) Upper layer (0-20 cm) Lower layer (20-40 cm)
Mean RSD(%) Range Mean RSD(%) Range Mean RSD(%) Range Mean RSD(%) Range
Na 2660 15 2200 2920 2290 21 1890 2820 2060 24 2010 2110 1950 11 1770 2190
Mg 1140 20 942 1380 1660 27 1310 2160 1970 29 1530 2610 2400 34 1530 3160
Al 27600 14 23500 31000 35400 20 30100 43300 25800 25 19100 32000 32600 32 21200 42100
Si 69200 12 62700 78300 73600 20 62900 90100 82500 27 59900 103000 88800 40 55500 125000
S 365 16 297 410 320 37 207 442 257 19 208 307 275 30 180 331
cl 824 7.6 751 867 801 17 649 896 627 6.7 599 675 592 11 527 653
K 2340 16 1990 2730 2370 1.8 2310 2390 4270 14 3570 4750 5070 19 4240 6140
Ca 7550 10 6880 8370 5330 10 4720 5770 2380 25 1750 2910 2010 11 1760 2170
Ti 1730 17 1450 2040 2140 5.3 2000 2210 2030 23 1480 2370 2580 15 2120 2830
\% 347 - ND 44.4 10.8 - ND 11.6 ND - ND ND ND - ND ND
Cr 26.1 10 229 280 332 33 206 397 289 10 265 323 16.7 49 813 243
Mn 717 17 579 820 675 8.5 620 735 361 19 283 416 518 14 448 592
Fe 20900 22 16900 25800 24300 11 21500 26700 24400 19 19100 28000 30900 17 25500 36100
Cu 45.0 6.6 421 48.0 33.2 33 222 443 76.5 15 684 89.7 22.0 35 16.0 30.8
Zn 108 17 875 124 81.5 14 732 95.0 331 6.0 307 342 190 14 159 207
Ga 11.5 26 944 150 10.6 21 799 121 14.9 25 109 182 11.7 22 874 133
As 239 41 165 3438 16.0 28 109 185 10.7 8.0 9.87 115 10.2 6.4 9.66 10.9
Br 100 42 75.0 148 155 10 138 169 28.1 77 265 305 48.2 12 418 534
Rb 28.3 16 229 310 29.9 15 249 340 29.0 30 19.8 371 36.2 25 278 457
Sr 66.8 31 432 797 56.5 30 442 759 53.8 20 415 614 57.2 12 491 627
Y 28.3 10 257 314 233 18 204 281 ND - ND ND ND - ND ND
Zr 120 26 835 138 94.1 74  86.8 100 775 12 69.6 88.1 96.3 15 843 112
Nb 9.02 - ND 9.68 10.0 32 715 133 7.30 - ND 10.9 5.23 - ND 5.54
Mo ND - ND ND ND - ND ND 9.40 34 ND 11.6 7.75 54 486 125
Ba ND - ND ND ND - ND ND ND - ND ND 114 51 621 175
Pb 79.6 23 619 989 57.9 23 455 720 344 12 317 393 40.2 17 330 462
Wiater content (%) 6.3 15 54 73 8.2 1.9 80 83 4.4 2.6 43 45 45 8.0 41 48
Ignition loss (%) 18 15 15 21 21 1.4 21 21 12 3.7 12 13 10 8.6 9.1 11

RSD (%): Relative standard deviation, “-“: Not calculated.
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Abstract

We studied characteristic of elements in soil samples from apple producing regions to develop method for
identification of geographical origin of Japanese apples by PIXE analysis. Soils of Japanese 'Fuji' apples were examined
in this study. Sampling sites were selected from Kazuno and Yokote city that were apple producing regions in Akita
Pref. in Japan. Soil samples were collected from upper (0-20 cm) and lower (20-40 cm) layers in their sites. Twenty four
elements were respectively determined from Kazuno and Yokote samples. The following elements were respectively
determined from Kazuno and Yokote samples: “Na, Mg, Al, Si, K, Ca, Ti, V, Fe, CI, Cr, Mn, Cu, Zn, Ga, As, Br, Rb, Sr,
Y, Zr, Nb, Pb”; “Na, Mg, Al, Si, K, Ca, Ti, Fe, Cl, Cr, Mn, Cu, Zn, Ga, As, Br, Rb, Sr, Zr, Nb, Mo, Ba, Pb”. Both soil
samples in Kazuno and Yokote were rich in “Na, Mg, Al, Si, K, Ca, Ti, Fe”. Concentration ranges of those elements
were three orders of magnitude higher than those of other elements (>=1000 pg/g-dry). Soil samples in Kazuno were
poor in “S, Cl, V, Cr, Mn, Cu, Zn, Ga, As, Br, Rb, Sr, Y, Zr, Nb, Pb”. Regarding soil samples in Yokote, they were poor
in “S, CI, Cr, Mn, Cu, Zn, Ga, As, Br, Rb, Sr, Zr, Nb, Mo, Ba, Pb”. Concentration ranges of those elements were three
orders of magnitude lower than those of other elements (<1000 pg/g-dry). “V and Y” and “Mo and Ba” were
respectively determined from Kazuno and Yokote samples alone.
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