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£1 2OYATHRUIHFODFe EE (ppm)

Fe(OVYAS H)|A B C D E F G

it 3504.6 1113.7 2669.0 5628.8 7869.2 3154.8 95.3
¥ 121.0 316.1 612.5 750.4 8715 4425 32.8
-3 344.0 422.3 519.1 1868.2 950.6 358.9 429
&5t 3969.6 1852.1 3800.6 8247.5 9691.3 3956.2 171.0
Fe(3) A B C D E F G

it 8636.1 1057.8 611.9 5705.1 2613.2 4947.8 89.8
¥ 38.9 411 25.2 128.3 47.3 251.4 30.4
- 221.9 25.7 24.3 445 55.3 19.7 3.0
&&t 8896.9 1124.6 661.3 5877.8 2715.8 5218.9 123.1

£2 OYATHRUEIHD N EE (ppm)

Mn (Y ASTH)A B C D E F G

it 316.081 | 211.777| 120437 ] 294102 | 234931 ] 151.867 6.799
E3 26.600 33.208 67.995 35.408 42.903 34.803 4918
= 42.997 38.617 78.451 88.588 | 139.920 | 110.009 6.528
&t 385.678 | 283.602 | 266.884 | 418.099 | 417.754 | 296.678 | 18.245
Mn(32) A B C D E F G

*E 156.924 37.979 10.577 | 108.766 | 110.849 29.925 4.550
E3 3.066 16.262 3.475 44.218 28.388 25.185 4.652
- 8.954 21.102 8.099 36.901 83.711 18.792 8.595
&t 168.943 75.344 22151 | 189.885 | 222.947 73.902 |  17.797

£33 DAVATHRUEITHOD CuiRE (ppm)

CuAavATH)A B C D E F G

it 18.048 48.895 40520 | 108.927 50.634 | 101.832 8.089
ES 4345 10.575 7.417 9.507 7.296 5.884 3.884
3 6.652 5.122 6.628 12.952 7.400 7.855 3.041
&&t 29.045 64.592 54565 | 131.387 65.329 | 115.572 15.014
Cu(3) A B C D E F G

it 10.597 9.479 4.800 22.761 6.183 28.025 2.478
S 3.310 2.120 0.537 5.455 1.846 6.562 1.551
iz 5.329 2580 1.314 3.424 8.692 3.045 2.075
&t 19.236 14.179 6.651 31.640 16.721 37.632 6.104
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x4 OYASTHREISHD In EE (ppm)

Zn (S OYATH)A B C D E F G

bic) 69.510 73.928 | 115.430 | 205.652 92917 67.837 | 14.692
E3 27.321 25.163 33.699 41576 25.302 25.186 | 10.912
-3 32.156 26.895 13870 |  46.687 44.534 69.876 | 17.661
&5 128.987 | 125986 | 162.999 | 293.915] 162.753 | 162.900 | 43.264
Zn(3) A B C D E F G

pic) 49.618 21.661 8.182 37.257 83.187 40.278 |  11.302
¥ 9.304 4.210 4917 9.062 6.024 33.591 9.407
= 11.165 8.777 8.346 15.686 35.864 11.660 | 18.108
&5t 70.087 34.649 21.445 62.005 | 125.075 85.530 | 38.817

=5 OYASTHRUVTIHD Mo EE (ppm)

Mo (SO AS H]A B [ D E F G

it 16.595 5.357 3.056 47.145 0.000 8.431 0.317
E3 8.580 38.613 1.803 34.121 2.659 7.110 0.000
-3 13.628 1.319 0.000 13.600 1.144 2.298 1.319
&5t 38.804 45.290 4.858 94.866 3.803 17.840 1.637
Mo (T2) A B C D E F G

it 0.000 0.291 0.000 1.688 0.441 0.604 0.040
E3 0.000 0.000 0.035 0.166 0.000 1.154 0.000
= 1.032 1.249 0.049 0.240 0.334 0.384 0.472
&t 1.032 1.540 0.084 2.093 0.775 2.143 0.512

£6 SOYVATHRUILDERERE (ppm)

Pb (- OY A5 )| A B C D E F G

it 14,028 4933 11.479 18.930 1.137 15.172 3.838
E3 0.885 1.925 0.991 2.203 2.356 5.793 0.000
-3 1.742 2522 3.804 6.713 6.052 6.437 0.904
&5t 16.655 9.380 16.273 27.846 9.544 27.402 4742
Pb(3%) A B C D E F G

# 11.593 1.970 6.195 28.727 6.153 15.100 2876
E3 3.415 1.358 2581 3.408 0.674 1.227 0.000
- 2418 2.540 1.378 2.170 1.338 2.097 0.959
=x-1i 17.426 5.868 10.153 34.305 8.165 18.424 3.835
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Abstract

Heavy metal concentrations (Zn, Cu, Fe, Mn, Mo, Pb) of clover and reed collected from
Nanakita river mouth area, central Miyagi prefecture, were measured by PIXE. The heavy metal
abundances and their chemical characteristics of the investigated area were previously reported. The
purpose of this study is to reveal how much those plants accumulate heavy metals in their bodies and
how the chemical characteristics of the heavy metals in the soil have influence on the heavy metal
accumulation of the plants. We are also targeting to contribute to phytoremediation that will be
dominant method to clean up contaminated soil in near future.

The heavy metals mostly accumulated in the roots of the plants and both stems and leaves have
much less heavy metals than their roots. Although total abundances of heavy metals of respective plant
depend on the abundances of the heavy metals in the soil, this tendency cannot be recognized in all the
samples and elements. Chemical characteristics seem important. According to the previous research,
each heavy metal consists of four fractions as follows: absorbed heavy metal to clay mineral
(exchangeable phase), easily decomposed heavy metal by weak acid (carbonatic phase), oxidizable
heavy metal by oxidizing reagent (oxidizable phase) and heavy metal phase decomposed by strong-acid
(residue). The heavy metal abundances of the plant seem to be correlated with the amount of
exchangeable phase. In order to precede the study of phytoremediation, the chemical characteristics
of the heavy metals could be of vital importance.

Keywords: phytoremediation, heavy metal, PIXE, acid digestion method, adsorption form,
clay minerals
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