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Discrimination of the Geographic Origin of Pumpkin by Composition of Inorganic Elements
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The possibility of discriminating the country of origin of a pumpkin by the composition of inorganic elements contained
in it was studied. As analytical samples, pumpkins produced in Tonga, Mexico and New Zealand were used. Sample
solutions were adjusted by acid analysis using a microwave sample analyzer. For quantitative determination of inorganic
elements, an inductively-coupled plasma atomic emission spectrometer (ICP-AES) and inductively-coupled plasma mass
spectrometer (ICP-MS) were used. Measurements of concentrations of inorganic elements in seeds of pumpkins from Tonga,
Mexico and New Zealand gave significant differences on a 1% level in Zn and Ce and on a 0.1 level in Ba, Sr, Rb, Y, Cd,
La, Nd, Sm, Gd, Co, Ni and Mo among these countries of origin. Principal component analysis of the 26 elements analyzed
showed good separation by country of origin. Cluster analysis by the Ward method resulted in separation by country of
origin for the most part. A linear discriminant for determining place of origin was created with Ba and Mo, which were
selected by backward stepwise regression. The discriminant could identify 37 out of 41 samples, which were model samples.

The results suggested that pumpkins produced in Tonga, Mexico and New Zealand can be discriminated on the basis of

inorganic element contents.
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Fig. 1 Pattern diagrams of divided squash.

a: Dual partitioned squash. This was divided into 32 equal parts vertically
for reduction by a ceramic food chopper.

b: Upper, middle and lower parts of flesh. The green skin was removed by
ceramic food chopper, and the flesh was divided into upper, middle and
lower parts. The upper part is the upper 2 cm of flesh, the lower part is the
lower 2 ¢cm, and the middle part is the remaining flesh.
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Table 1 Country of origin, variety, date of purchase, abbreviated shop and company name, and shop location where samples were purchased for this study

Sample Country of origin Variety Date of purchase Abbreviated shop and Shop location
company name
Tonga 1 Tonga Kurijiman 2005/11/17 FI* Hachinohe city (Aomori Prefecture)
Tonga 2 Tonga Ajihei 2005/12/6 SRI Tsukuba city (Ibaraki Prefecture)
Tonga 3 Tonga Unknown 2005/12/6 MT Tsukuba city (Ibaraki Prefecture)
Tonga 4 Tonga Kofuki 2005/12/6 NHM Tsukuba city (Ibaraki Prefecture)
Tonga 5 Tonga Kurijiman 2005/12/9 TY Ryugasaki city (Ibaraki Prefecture)
Tonga 6 Tonga Kurijiman 2005/12/9 LR Ryugasaki city (Ibaraki Prefecture)
Tonga 7 Tonga Unknown 2005/12/9 TY Ryugasaki city (Ibaraki Prefecture)
Tonga 8 Tonga Kurijiman 2005/12/9 EM Ryugasaki city (Ibaraki Prefecture)
Tonga 9 Tonga Kurijiman 2005/12/16 OKY Chiba city (Chiba Prefecture)
Tonga 10 Tonga Kurijiman 2005/12/16 TKL Narashino city(Chiba Prefecture)
Tonga 11 Tonga Kurijiman 2005/12/16 NRT Yachiyo city (Chiba Prefecture)
Mexico 1 Mexico Meruhen 2005/11/17 FI Hachinohe city (Aomori Prefecture)
Mexico 2 Mexico Meruhen 2005/11/25 UM Tsukuba city (Ibaraki Prefecture)
Mexico 3 Mexico Ajihei 2005/12/16 SMT Narashino city(Chiba Prefecture)
Mexico 4 Mexico Ajihei 2005/12/16 ME Funabashi city (Chiba Prefecture)
Mexico 5 Mexico Kurihiro 2005/12/19 ASE Tsukuba city (Ibaraki Prefecture)
Mexico 6 Mexico Meruhen 2006/1/11 UM Tsukuba city (Ibaraki Prefecture)
Mexico 7 Mexico Ajihei 2006/1/11 NHM Tsukuba city (Ibaraki Prefecture)
Mexico 8 Mexico Ajihei 2006/1/11 KSM Tsukuba city (Ibaraki Prefecture)
Mexico 9 Mexico Ajihei 2006/1/13 YM Ushiku city (Ibaraki Prefecture)
Mexico 10 Mexico Ajiichi 2006/1/13 FOS Ryugasaki city (Ibaraki Prefecture)
Mexico 11 Mexico Meruhen 2006/1/13 EM Ryugasaki city (Ibaraki Prefecture)
Mexico 12 Mexico Kurihiro 2006/1/13 TKMT Ryugasaki city (Ibaraki Prefecture)
Mexico 13 Mexico Ajihei 2006/1/16 MSD Tsukuba city (Ibaraki Prefecture)
Mexico 14 Mexico Kofuki 2006/1/13 TY Ryugasaki city (Ibaraki Prefecture)
Mexico 15 Mexico Ajihei 2006/1/13 LR Tone town (Ibaraki Prefecture)
Mexico 16 Mexico Ajihei 2006/1/13 TY Ryugasaki city (Ibaraki Prefecture)
New Zealand 1 New Zealand Unknown 2006/2/2 NHM Tsukuba city (Ibaraki Prefecture)
New Zealand 2 New Zealand Unknown 2006/2/17 SMK Nagareyama city (Chiba Prefecture)
New Zealand 3 New Zealand Ebisu 2006/2/16 MSD Tsukuba city (Ibaraki Prefecture)
New Zealand 4 New Zealand Kurijiman 2006/2/16 UM Tsukuba city (Ibaraki Prefecture)
New Zealand 5 New Zealand Unknown 2006/2/16 KSM Tsukuba city (Ibaraki Prefecture)
New Zealand 6 New Zealand Unknown 2006/2/17 1ZM Nagareyama city (Chiba Prefecture)
New Zealand 7 New Zealand Unknown 2006/2/17 BRK Sugito town (Saitama Prefecture)
New Zealand 8 New Zealand Unknown 2006/2/17 ING Noda city (Chiba Prefecture)
New Zealand 9 New Zealand Kofuki 2006/2/24 TKMT Ryugasaki city (Ibaraki Prefecture)
New Zealand 10 New Zealand Unknown 2006/2/24 TY Ryugasaki city (Ibaraki Prefecture)
New Zealand 11 New Zealand Kurijiman 2006/2/17 KDY Nagareyama city (Chiba Prefecture)
New Zealand 12 New Zealand Unknown 2006/2/24 NRT Abiko city (Chiba Prefecture)
New Zealand 13 New Zealand Unknown 2006/2/28 NHM Tsukuba city (Ibaraki Prefecture)
New Zealand 14 New Zealand Kofuki 2006/2/28 ASE Tsukuba city (Ibaraki Prefecture)

*, FI is a company, the other are shop names.
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Table 2 Operating conditions of ICP-AES and ICP-MS instruments and detection limits of elements

ICP-AES Varian Vista Pro

Plasma condition
RF power 1.2kW
Plasma gas 15 L/min
Auxilary gas 1.5 L/min
Nebulizer gas 0.75 L/min

Element Wavelength (nm) Detection limit (mg/kg)
K 766.491 5
Mg 285.213 4
P 213.618 10
Ba 493.408 0.02
Ca 317.933 2
Fe 238.204 2
Mn 257.610 0.05
Na 589.592 3
Sr 407.771 0.02
Zn 213.857 0.4

ICP-MS Thermo Element2

Plasma condition
RF power 1.2kW
Plasma gas 16 L/min
Auxilary gas 0.8 L/min
Nebulizer gas 1.1 L/min
sampling position 3.4 mm

Element

Resolution : 500 m/z Detection limit ( 1 g/kg)
Al 27 2000
Cu 63 50
Rb 85 3
Y 89 0.3
Cd 111 0.4
Cs 133 0.5
La 139 1
Ce 140 2
Nd 146 0.5
Sm 152 0.3
Gd 158 0.3
W 184 0.8
Tl 205 0.2

Resolution : 3000
A% 51 3
Co 59 0.8
Ni 60 20
Mo 98 4
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Table 3 Analytical results of spinach leaves (NIST CRM1570a) obtained by
ICP-AES and ICP-MS after microwave digestion with HNO; and HF
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Table 4 Analytical results for upper, middle, lower parts of flesh and seed of
squash samples obtained by ICP-AES and ICP-MS

Element  Instrument Mesured value Cerified value

K ICP-AES 2.76 = 0.20 wi%"® 2903 £ 0.052 wt%
Mg ICP-AES 0.843 + 0.009 wt% (0.89)° Wi%
P ICP-AES 0.519 £ 0.007 wt% 0518 = 0.011 wt%
Ba ICP-AES 677 + 007  puge nglg
Ca ICP-AES 148 £ 0.02 wt% 1.527 = 0.041 wt%
Fe ICP-AES 243 + 2 nglg nelg
Mn ICP-AES 711 + 0.6 ne/g 759 + 19 nglg
Na ICP-AES 175 £ 0.12 wt% 1.818 = 0.043 wt%
Sr ICP-AES 562 + 05 /g 556 + 08 nglg
Zn ICP-AES 833 + 02 ne/g 82 + 3 nglg
Al ICP-MS 322 + 8 1 gg 310 = 11 nglg
Cu ICP-MS 112 + 03 uglg 122 + 06 nelg
Rb ICP-MS 129 + 03 nelg (12.7) nglg
Y ICP-MS 0.0946 * 0.0020 ug/g nglg
cd ICP-MS 249 + 006 gl 289 + 007  pge
Cs ICP-MS 0.0208 + 0.0006 ug/g nglg
La ICP-MS 0.141 + 0.003 pglg nglg
Ce ICP-MS 0285 * 0006 pglg uglg
Nd ICP-MS 0.129 + 0002 pgg nglg
Sm ICP-MS 0.0283 * 0.0008 ug/g nglg
Gd ICP-MS 0.0278 + 0.0004 1 glg uglg
w ICP-MS 0.0091 + 00007 uglg nglg
Tl ICP-MS 0.0198 =+ 0.0007 uglg nglg
v ICP-MS 0562 = 0010 pglg 057 + 003 pge
Co ICP-MS 0367 + 0.008 gl 039 + 005 gl
Ni ICP-MS 196 + 012 ugle 214 *+ 010 puglg
Mo ICP-MS 0375 £ 0010 pgg nglg

¥ Mean + SD (n = 3); ® The units indicate the concentration units of the elements
on a dry weight basis; © Numerical values shown in parentheses indicate reference
values.
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Mesured value ¥

Element Seed Upper * Middle © Lower 9
gke” oke gke ohke
K 6.98 £ 0.13 119 £ 04 174 £ 3.1 147 £03
Mg 2.86 £0.13 0.909 £ 0.039 0.720 = 0.039 0.791 = 0.044
P 6.13 +0.12 1.63 + 0.07 1.64 + 0.09 1.55 = 0.08
mg/kg mg/kg 9 mg/kg mg/kg
Ba 0.59 =+ 0.02 0.80 = 0.02 0.64 = 0.03 0.62 + 0.07
Ca 617 +2 549 + 14 431+9 468 + 33
Fe 68+ 1 15+0 17+1 15+1
Mn 242+ 04 324 % 0.09 2.74 + 0.02 277 +0.17
Na 39+2 9+ 1 2+1 9+3
Sr 227+ 0.04 221+ 0.08 1.83 + 0.09 1.85 = 0.20
Zn 468 + 2.6 12.1 + 0.6 126 £ 03 127 £ 0.7
Cu 428 + 044 027 +0.53 Np P ND
Rb 2.14 £ 0.06 2.72 £0.13 3.68 = 0.04 3.62 £ 0.08
Y 0.0035 & 0.0005  0.0040 = 0.0015  0.0017 % 0.0004  0.0016 = 0.0002
cd 0.0515 = 0.0006  0.0379 = 0.0014  0.0374 = 0.0007  0.0333 = 0.0005
Cs 0.0024 = 0.0000  0.0063 = 0.0001  0.0066 = 0.0001  0.0070 = 0.0001
La ND 0.002 = 0.000 0.002 = 0.000 0.002 * 0.000
Ce ND ND ND ND
Nd ND ND 0.0005 = 0.0003  0.0007 = 0.0001
Sm 0.0003 = 0.0000  0.0003 = 0.0001 ND 0.0004 = 0.0001
Gd ND 0.0003 + 0.0001  0.0003 = 0.0001  0.0004 = 0.0002
w ND 0.0020 + 0.0005  0.0008 = 0.0002  0.0015 = 0.0010
I ND ND ND ND
\'% 0.006 == 0.000 ND ND ND
Co 0.0423 = 0.0016  0.0451 £ 0.0003  0.0546 & 0.0020  0.0485 = 0.0008
Ni 0.55 = 0.00 0.39 £ 0.01 0.39 == 0.00 0.44 £ 0.02
Mo 1.35 + 0.02 0.189 = 0.007 0.173 = 0.006 0.193 + 0.003

Y Mean % SD (n = 3); ” Upper 2 cm of flesh; ? Flesh after removal of upper and
lower 2 cm of flesh; 9 Lower 2 cm of flesh; ® The units indicate the concentration
units of the elements on a dry weight basis; ? ND: not detected.

Table 5 Analytical results for flesh and seed of squash samples obtained by
ICP-AES and ICP-MS

Mesured value

Element Seed Flesh”
ok CV (%) gkg CV (%)
K 551 = 0.71 13 203 + 43 21
Mg 3.06 = 022 7 0.648 = 0.218 34
P 6.80 = 0.49 7 1.52 = 035 23
mg/kg mg/kg
Ba 0.17 = 0.04 21 024 = 0.13 53
Ca 593 £ 108 18 774 *+ 377 49
Fe 56 £ 6 11 13 =1 8
Mn 28.1 = 4.2 15 528 += 2.18 41
Na 22 = 10 45 48 = 35 72
Sr 3.17 = 0.61 19 544 + 1.40 26
Zn 59.6 = 5.6 9 103 = 1.7 17
Cu 6.57 = 041 6 230 = 048 21
Rb 2.88 = 1.96 68 6.07 = 3.11 51
Y 0.0034 = 0.0015 45 0.0043 + 0.0015 35
Cd 0.0125 %= 0.0048 39 0.0128 £ 0.0023 18
Cs 0.0036 = 0.0033 92 0.0138 £ 0.0136 99
La 0.000 = 0.000 - 0.001 % 0.001 63
Ce 0.000 = 0.000 - 0.001 *= 0.001 133
Nd 0.0002 £ 0.0003 161 0.0009 £ 0.0010 109
Sm 0.0000 = 0.0000 - 0.0007 = 0.0009 125
Gd 0.0001 = 0.0002 131 0.0009 = 0.0009 99
w 0.0007 = 0.0008 118 0.0109 = 0.0135 124
Tl 0.0003 = 0.0004 134 0.0082 £ 0.0047 57
v 0.003 = 0.003 91 0.005 = 0.005 101
Co 0.138 = 0.090 65 0.173 = 0.114 66
Ni 0.18 = 0.06 33 0.13 = 0.11 88
Mo 0.831 = 0.300 36 0.178 %= 0.136 76

9 Mean + SD (n = 10), Not detected data is calculated as 0; % Flesh after removal
of upper 2 cm; © The units indicate the concentration units of the elements on a
dry weight basis.
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Table 6 Analytical results for squash seed obtained by ICP-AES and ICP-MS

Sample Element
K? Mg P B Ca Fe Mn Na S Zn™ Cu Rb™ Y™ Cd™ Cs La™ Ce” Nd™ sm™ Gd™ W Tl V. Co™ NI Mo
gkgb) gkg gkg mgkeg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgkg
Tonga 1 600 303 681 008 541 54 272 25 316 557 633 282 00047 00114 00036 ND ND 0.0015 0.0004 00008 0.0050 0.0003 0006 0.139 0.16 0.787
Tonga 2 570 321 706 002 467 61 288 27 260 588 633 159 00022 00122 00019 ND ND 00009 ND 00004 ND ND 0005 008 0.1 0767
Tonga 3 619 291 678 023 543 60 251 19 287 604 679 237 00051 00142 00022 ND ND 00013 ND 00006 ND ND 0004 0162 0.10 0.668
Tonga 4 538 270 631 003 674 47 278 23 425 549 601 250 0.0073 00158 00161 ND  ND 0.0011 0.0003 0.0006 00018 ND 0005 0.108 009 0.773
Tonga 5 573 332 756 005 514 66 281 19 344 654 664 242 00025 00196 00028 ND  ND 0.0008 0.0008 0.0007 00017 ND 0006 0085 005 0981
Tonga 6 488 309 713 008 546 60 267 15 301 652 621 191 00063 0.0239 00056 ND ND 00009 00007 000090 ND ND ND 0074 011 0688
Tonga 7 584 300 704 016 536 66 281 13 302 645 676 272 00092 00173 00048 ND ND 00010 0.0009 00010 ND ND ND 0103 0.3 0722
Tonga 8 580 299 711 020 536 65 249 19 375 574 595 614 00038 00214 00073 ND  ND 0.0005 0.0007 0.0006 00026 ND 0005 0090 0.1 0.519
Tonga 9 504 313 710 018 544 61 252 15 415 651 575 187 00037 00142 00062 ND ND ND 00003 ND ND ND ND 0108 0.1 0652
Tonga10 531 316 747 014 493 65 246 16 318 666 616 164 00030 00161 00024 ND ND ND ND ND ND ND ND 0073 009 0.660
Tonga 11 557 296 703 014 529 60 363 15 355 621 685 158 00077 0.0132 00045 ND ND 00012 00004 00007 ND ND ND 0228 0.1 0293
Mexico 1 912 285 659 089 707 64 236 25 466 522 652 355 00015 00506 00188 ND ND ND 00009 ND 0001l ND 0007 0060 073 195
Mexico2 641 276 620 096 726 59 214 32 497 533 615 372 00004 00485 00169 ND ND ND 00008 ND 00015 ND 0008 0037 032 215
Mexico 3 766 339 781 040 583 59 272 23 743 606 670 177 ND 00330 ND ND ND ND 00008 ND 00027 ND 0005 0051 102 277
Mexico4 683 354 826 041 568 65 304 27 772 595 673 162 00003 00306 ND ND ND ND 00005 ND ND ND 0004 0062 1.17 253
Mexico5 612 274 635 057 489 70 250 19 306 574 657 355 00003 00641 00201 ND ND ND 00007 ND 00017 ND 0006 0033 041 206
Mexico6 606 280 651 041 644 68 192 14 415 553 608 276 ND 00302 00252 ND ND ND 00003 ND ND ND 0004 0047 020 227
Mexico7 677 336 766 058 548 65 272 30 432 538 615 165 ND 00363 00006 ND ND ND 00005 ND ND ND 0005 0042 038 236
Mexico8 619 301 736 051 543 62 265 28 496 537 634 454 ND 00364 00574 ND ND ND 00004 ND ND ND 0005 0039 028 225
Mexico9 599 345 759 048 626 56 244 21 472 566 630 134 ND 00437 00006 ND ND ND ND ND ND ND 0005 0029 031 191
Mexico10 585 309 715 028 65 76 245 15 420 661 646 163 ND 00317 000522 ND ND ND ND ND ND ND ND 0025 029 227
Mexicoll 536 269 638 045 625 70 199 15 416 548 542 268 ND 00206 00254 ND ND ND ND ND ND ND ND 0039 015 213
Mexico 12 749 277 668 043 496 64 209 19 387 509 602 160 ND 00279 00082 ND ND ND 00004 ND ND ND ND 004 030 218
Mexico 13 565 281 664 031 523 56 240 21 407 576 536 152 ND 00308 00049 ND ND ND ND ND ND ND ND 0017 040 218
Mexico 14 600 28 679 070 659 54 241 25 128 536 595 235 ND 00368 00081 ND ND 00006 00007 ND ND ND ND 0108 081 104
Mexico15 590 311 708 046 573 45 234 17 422 506 546 158 ND 00325 ND ND ND ND ND ND ND ND ND 0028 045 199
Mexico16 519 297 648 052 48 55 227 28 436 569 559 259 ND 00329 00012 ND ND ND ND ND ND ND 0004 0020 042 175
New Zealand1 677 268 653 054 507 47 236 13 258 555 566 1269 0.0028 00111 00264 0.009 0007 0.0026 00007 ND ND ND ND 0019 093 0075
New Zealand2 632 298 709 081 533 40 234 16 261 457 586 420 0.0009 00126 0.0030 0002 0003 00011 00014 0.0003 ND ND 0005 0049 554 0.774
New Zealand3 623 296 666 151 601 68 227 25 295 543 678 384 00015 00187 00041 0002 0003 00014 00023 ND ND ND 0006 0072 729 0.79%
New Zealand4 670 304 7.1 077 600 73 232 19 269 597 680 178 00006 00160 ND ND ND 00009 00010 ND ND ND ND 0057 285 136
New Zealand5 648 297 658 090 628 48 227 22 314 561 543 742 0.0019 00197 00410 0008 0010 0.0030 00012 0.0009 ND ND 0004 0022 069 0529
New Zealand6 658 326 744 025 900 60 228 30 343 465 644 232 ND 00258 00033 ND ND ND ND ND ND ND 0004 0065 063 225
New Zealand7 6.89 3.1 756 138 611 77 257 19 275 556 687 752 ND 00223 00092 ND ND 00007 00019 ND ND ND ND 004 823 110
New Zealand8 636 293 709 109 599 107 348 35 336 521 557 321 0.0027 00195 00013 0004 0004 00025 00016 00005 ND ND ND 0.18 471 0497
New Zealand9 567 246 48 049 576 8 256 40 363 515 692 798 00004 00202 00238 ND ND ND ND ND ND ND ND 0144 164 0723
New Zealand 10 691 310 723 11l 601 71 265 15 28 567 703 645 00005 00209 00067 ND ND ND 00014 ND ND ND ND 0031 529 122
New Zealand 11 527  3.07 692 075 623 58 247 20 259 657 665 690 00032 0.0309 0.0502 0.009 0012 00032 00012 00010 ND ND ND 0018 046 0898
New Zealand 12 6,50  3.10 7.57 117 710 103 378 33 316 575 694 607 00018 0.0187 0.0090 0.004 ND 00015 00019 00004 ND ND ND 0093 297 0512
New Zealand 13 5.54 333 762 099 578 72 272 15 227 577 607 515 00038 0.0231 0.0045 0.004 0005 00025 00017 00007 ND ND ND 0063 123 0501
New Zealand 14 518 290 636 047 536 63 243 48 322 535 630 574 00006 0.0199 00167 ND ND ND ND ND ND ND 0005 005 150 127
Tonga
mean 559 305 706 015 538 60 275 19 336 615 634 251 00050 0.0163 0.0052 0.000 0.000 0.0008 0.0004 0.0006 0.0010 0.0000 0003 0.114 0.1 0.683
v (%) 7 5 5 30 10 9 12 25 16 7 6 51 46 24 77 - - 58 78 56 162 332 97 41 25 25
Mexico
mean 641 301 697 052 591 62 240 22 523 558 6.1 240 00002 0.0367 0.0120 0.000 0.000 0.0000 0.0004 0.0000 0.0004 0.0000 0003 0043 048 2.11
v (%) 15 9 9 36 13 13 12 25 45 7 7 41 242 29 127 - - 400 91 - 193 - 87 51 62 18
New zealand
mean 624 299 690 087 614 692 261 25 294 549 638 581 00015 0.0200 0.0143 0003 0003 0.0014 0.0012 0.0003 0.0000 0.0000 0002 0061 3.14 0.893
v (%) 9 7 11 41 16 28 18 43 13 9 9 48 84 25 109 115 130 86 64 134 - - 141 61 83 59

3 * %% and *** represent elements showing significant differences at the 0.05, 0.01, and 0.001 levels, respectively between means of Tonga, Mexico, and New Zealand.

) The units indicate the concentration units of the elements on a dry weight basis.
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Fig. 2 Tree diagram of 41 samples using the standardized data of 26 elements (Ba, Ca, Fe, K, Mg, Mn, Na, P, Sr, Al, Cu, Rb, Y, Cd, Cs, La, Ce, Nd,

Sm, Gd, W, T1, V, Co, Ni and Mo); distance metric is Euclidian distance; Cluster analysis by the Ward method.
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Fig. 3 PCA plot using 26 elements (Ba, Ca, Fe, K, Mg, Mn, Na, P, Sr, Zn, Cu,

Rb, Y, Cd, Cs, La, Ce, Nd, Sm, Gd, W, Ti, V, Co, Ni, Mo). Marks of the
upper plot show country of origin; marks of the lower plot show
varieties.

Table 7 Eigenvalue, proportion and eigenvector of PC analysis using 26
elements for 41 samples.

PC1 PC2

Eigenvalue 5.47 437
Proportion 0.210 0.168

Eigenvector

Ba -0.108 0.390

Ca 0.058 0.183

Fe -0.067 0.075

K 0.097 0.228

Mg 0.034 -0.108
Mn -0.168 -0.166
Na 0.073 0.117

P 0.005 -0.096

Sr 0.213 0.008

Zn -0.109 -0.267

Cu -0.030 -0.039
Rb -0.241 0.259

Y -0.253 -0.313

Cd 0.256 0.167

Cs -0.093 0.202

La -0.317 0.209

Ce -0.298 0.196

Nd -0.389 0.057
Sm -0.245 0.227

Gd -0.307 -0.209

N 0.035 -0.149

Tl -0.034 -0.152

\% 0.152 0.026

Co -0.118 -0.291

Ni -0.119 0.253

Mo 0.365 0.109

TAHIBHIBIS T 21T Z Lk v, HBIET L OWEETT-
720 26 SLHRETERWHBIBMEZET V7352 L B ARET
BN, RIS TROERIIALERET M D, T2
T, HBERT v 7T A KB LV HBNCHW S t%% Ba & Mo
D2 IEHRITEN LT, TNH 20Kk D, o, Axvak
Y=o ——F v REHRIT 5 TRl ORI B A A LTz,

X =5.517[Ba] + 5.416[Mo0]-3.573 (a)
Y =18.30[Ba] + 17.02[M0]-23.70 (b)
Z =20.17 [Ba] + 9.772[Mo]-14.25 (c)

Z Z C[Bal L W MoliZ, ENEFNDITEHEDOFE DIREE (mg/kg)
Y, ZRHOR (), O)LDCOICREIOTTRIEEAZNAL,
BONTMHEN X > Y, Z OBAITHEBE Mo HFE Y > X, Z
OBEAIFIAFTaE 2 > X, Y OB R=a—V—F 0 FEL
PRI B M U7 BT, B T WIS L7-sB Tl d 228,
b HRFE 1 RRIERF 11 RRIE (100%) . A F 2 =5 16 IR 15 1
B (94%), L C=a—U—F 2 FE 14 Bikd 11 Bk (79%)
ZIELSHE L, &L LT, 41 BiEd 37 ik (90%) &&E
WO ETH T,

U EOFERMNG, WARF OB TEEARE, £<IZ Ba
KO Mo lZE Y, b HE, AFTapikPN=a—T—TF 0 K
JRTF x BRI TE D AREMEDS R STz, L L n, 4
DB TH D HRT ¥ D X5 AR PERITRIESIC LY, Bk
AN DD FREME b D, £ 2T, & b7 HFERAIRI DS FEME
DO LD, BHEIFEIZOTZ 5 IR T v OO TRRE D%
o, Z L CEOMHNBII N LETHD LB X HLD,

4. 3 )
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7o NTERENTIZ, RUHE, AFVaERN=a—Y—F R
PEDH AT v &z, BBHAROTIRIT~ A 7 a sk ikt
B L DERIC K VIT o7, BHOCROERITFH LA T 7 X
~ 3Ky Hrik (ICP-AES) KUV EMSA Y 7 X~ E RN
(ICP-MS) 12L&V {To7z, bl AFvakPoa—V—F
REEA RF v O T OERTRBELZHEL/ZL Z A, Zn KT
Ce % 1%. Ba, Sr, Rb, Y. Cd, La, Nd. Sm. Gd. Co. Ni X}
Mo 1% 0.1%/KHETEMBICE BN bivlz, £/, oLz
26 LRATEROVTERS G EIT o7 L 2 A, FEHBNIZ BT
AR LTz, Eh. UA— NEICE D7 T AX =Tl B
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IVEREE Uz, BT VRENCIED 528 41 Bk 37 Bk &2 E L <
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VAR R a——T v RPEH R T v 2RI T D RREMED R
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