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ABSTRACT

Three different floras(M. sinsinsis, A. vulgaris, Robinia pseudo-acacia) were collected from
the granite(GR) and coal bearing shale area(CB) and analysed for their heavy metal
elements with the representative soils. Regardless of the flora species, the CB were high in
average contents. Among the correlation relationships, the CB were more distinctive than
the GR, and the A. vulgaris showed higher correlations than the M. sinsinsis. In the same
soils, the A. vulgaris showed high contents than the M. sinsinsis and Robinia pseudo-acacia,
and the M. sinsinsis were high relative to the Robinia pseudo-acacia. In the comparisons of
the flora, root parts were high in most of the elements except for Zn. In the soils, the CB
were high in most of elements while As and Mo showed different contents between the GR
and CB. In the comparison between soil and flora, soils of the GR were high in the V and Sc
contents and low in Zn and Cu, while those of the CR were high in the Cr, V and Sc
contents, and low in the Zn contents. Comparing with the soil contents, the M. sinsinsis in
the GR were similar to Co and V contents while, in the CB, the M. sinsinsis were similar to
the Ni, Cr, Co, Zn, Mo contents, and the Robinia pseudo-acacia were similar to the Ni, Zn,
Cu contents. Overall results suggested that the M. sinsinsis and A. vulgaris should be eligible
for the bioremediation of the soils polluted by heavy metal such as the CB.

Key words : Keumsan, granite, coal bearing shale, flora, heavy metal elements
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Table 1A. Chemical compositions of the floras (A. vulgaris M. sinensis) from the Keumsan area(in ppm)

Ni Cr Co A" Sc Zn As Pb Cu Mo Cd
Upl <5 <10 092 <I0 0.5 172 <3 24 490 22 0.34
Rol 13 <10 10.5 16 32 81 <3 70 39.8 1.5 1.08
av(Mgr)1 - - 5.71 - 1.85 1265 - 47 444 1.85 071
Up2 <5 <10 4.38 <10 0.9 213 <3 24 632 2.6 0.38
Ro2 18 10 132 16 3.7 133 4 76 444 1.7 1.07
M. sinensis av(Mgr)2 - - 8.79 - 23 173 - 50 538 215 0.725
Granite(gr) Up3 <5 <10 278 <10 06- 133 3 1.8 421 307  0.68
Ro3 16 <10 15.6 12 32 125 82 1050 216 1.84
av(Mgr)3 - - 9.19 - 1.9 129 35 5 736 26.15 126
av(Mgr) - - 7.90 - 202 142.83 - 490 5727 1005 090
Upl 6 <10 24 <10 0.7 166 <3 32 57.5 1.3 3.57
Rol 12 <10 9.81 <10 2.7 122 <3 8.5 614 1.2 342
av(Agnl 9 - 6.015 - 1.7 144 - 585 5945 125 3495
Up2 <5 <10 2.53 <10 0.6 201 <3 1.6 60.2 0.8 3.11
Ro2 9 <10 804 <10 19 180 <3 48 1050 1.1 427
A.vulgaris av(Agr)2 - - 5.285 - 1.25 1905 - 32 826 095 3.69
Granite(gr) Up3 9 <10 438 <10 10 217 4 72 1250 5.1 5.59
Ro3 17 <10 722 <10 33 57 35 8.9 33.6 1.5 092
av(Agr)3 13 - 5.8 - 2.15 137 19.5 805 793 33 3.255
av(Agr) - - 5.70 - 1.70 157.17 - 570 73778 1.83 348
Upl 13 11 1.7 <10 0.7 330 5 155 429 441 1.89
Rol 88 49 134 208 5.9 363 80 314 102 170 84
~av(Mcb)l 505 30 7.55 - 33 3465 425 2345 7245 10705 5.145
Up2 17 12 243 18 1 345 9 186 389 398 1.42
M. sinensis Ro2 102 71 14.1 343 9 409 75 466 142 185 4.86
Coal(cb) av(Mcb)2 595 415 8265 180.5 5 377 42 326 9045 1124 3.14
Up3 90 <10 6.94 13 1.2 987 5 19.2 74 43.1 10.1
Ro3 140 96 199 579 10.8 315 116 407 104 246 6.33
av(Mcb)3 115 - 1342 296 6 651 605 2995 89 1446 822
av(Mcb) 750 - 1.75 - 477 458.17 4833 28.67 8397 12135 5.50
Upl 98 <10 10.3 <10 0.8 1360 7 6.8 192 592 327
Rol 223 33 492 228 6.7 736 54 382 363 146 55.8
av(Acb)l  160.5 - 29.75 - 375 1048 305 225 2775 102.6 4425
Up2 113 <10 26.3 14 1.5 1260 8 17.8 269 46.3 22.7
A.vulgaris Ro2 243 17 111 61 8.2 938 22 421 593 598 467
Coal(cb) av(Acb)2 178 6865 375 485 1099 15 2995 431 5305 347
Up3 86 10 142 18 1.8 883 13 118 192 773 369
Ro3 248 35 81.1 155 6.2 652 39 406 564 120 86.2
av(Acb)3 167 225 4766 86.5 4 767.5 26 262 378 98.65 61.55
av(Acb) 168.5 - 48.69 - 420 97150 2383 2622 36217 84.77 46.83

#Abbreviations : Up for above ground parts, Ro for under ground parts, A for A.
vulgaris, M for M. sinensis, and same alphbet for same locality.
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Table 1B. Chemical compositions of the Robinia pseudo-acacia from the Keumsan area(in ppm)

area Ni Cr Co A% Sc Zn As Pb Cu Mo Cd
Upl 8 <10 218 <10 0.8 168 7 36 6238 0.7 0.23

Granite Rol 17 <10 721 <10 2.2 140 8 72 708 40 0.27
av(Rgr)l 12.5 4.695 1.5 154 7.5 54 668 235 025
Upl 239 19 119 33 2.1 446 17 143 219 192 2.33

Coal Rol 117 18 9.78 46 53 289 20 368 120 343 446
av(Rcb)1 178 185 1084 395 37 3675 185 2555 1695 2675 3395
Rcb/Rgr 1424 - 2.31 - 247 239 247 473 254 11383 13.58

#Abbreviations : Up for above ground parts, Ro for under ground parts. Same alphabet means same locality.

Table 2A. Correlation coefficients of the heavy metal contents for the A. vulgaris and M. sininsis from the granite area

A.vulgaris
Co Sc Zn Pb Cu Mo Cd

Co 0.68642 091660 072434  -0.81131 0.34338  -0.64185

Sc 0.49680 -0.91991 099857  -0.13177 0091869  -0.99822

Zn 044948  0.99856 -093957  0.50992  -0.69023  0.89490
M. sininsis Pb 0.99447  0.58521 0.54082 -0.18460  0.89624  -0.99360

Cu 0.81319 -0.10110  -0.15437  0.74757 0.27049 0.07243

Mo 0.59686  -0.39981 -044845 0.50929  0.95232 -0.94060

Cd 0.60738 -0.38769  -0.43663 052059  0.95626  0.99991

Table 2B. Correlation coefficients of the heavy metal contents for the A. vulgaris and M. sininsis from the coal bearing
shale area

A.vulgaris
Ni Co Sc Zn As Pb Cu Mo cd

Ni 099483 098759 028665 -0.99594 098972 094791 -0.95402 -0.48456

Co 0.99985 096654 0.18791 -098165 099913 0.97535 -0.91865 -0.39324

Sc  0.85616 0.84709 043355 -0.99772 095498 0.88613 -0.98925 -0.61592

Zn 099927 099978 0.83585 037175 0.14669 -0.03344 -0.56065 -0.97695
M. sininsis As 098833 0.99082 0.76748 0.99342q 097282 -091538 097713 056135

Pb 035928 0.34306 0.78981 032345 0.21295 ) 098372 -090134 -0.35447

Cu 0.54820 053364 090150 0.51594 041443 097746 -0.80884 -0.18068

Mo 099999 0.99980 0.85766 0.99916 0.98789 036198 0.55063 0.72449

Cd 0.86191 0.87057 047594 0.88061 092909 -0.16354 0.04843 0.86044
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AAE EYH(Table 2). 38 & 2L A A
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w3 g AR AR X AgAe AT(E oA 2 Aol7k Cr. V. As. Cu. Mool u
S, 1999)0 M= FAM e &9 A5 77t A bt th(Table 3A). Ao &% BAA 3L
Ho Hlg} e HMolPioA L Ui F A9e V, Zn, Pb, Co, Sc €22, && X
Fg Boln Y52 AAHstm Ut 92 V, Cr, Mo, As, Cu, Ni, Sc, Co &£
2 #AE6Y. 3 2d EY 94 AEy A

Eoke] A& g% ZAANAM Ni-Cr, Co, V, Sc, Cu, Mo Cr-
2% A% Co, Zn, PbE A3 di# Co, V, Sc, Cu, Mo, Co-V, Sc, Cu., Mo,
B daoA & gd Ado] FAGA G Hl| V-Sc, Cu, Mo, Sc-Cu, Cu-MoolAd A2 A&
=3 AAE B(F gd AH/30d A1) FAAE BP9 As-Ni, Co, V, Cu, MoelA

Table 3A. Chemical compositions of soils from the Keumsan area

Ni Cr Co v Sc Zn As Pb Cu Mo
FR-GR1 <20 <20 1987 103.52 9 7947 <5 5840 14.11 <2
FR-GR2 <20 <20 19.19 8584 8 70.74 <5 75.16 <10 <2
FR-GR3 <20 <20 13.04 7643 6 73.77 <5 5207 1048 <2
Field avg - - 17.37 88.59 7.67 74.66 - 61.88 - -
Soil(FR) FR-CB1 126.82 42487 17.09 4230 24 13961 4171 5781 13583 2555
FR-CB2 5938 29906 897 2740 21 <30 168.84 <5 71.85 23801
FR-CB3 12405 44450 1500 4010 25 36 143.00 10.12 12035 24996
avg 10342 38948 13.69 3660 2333 - 117.85 - 109.34 247.824
UR-GRI <20 <20 1455 7932 8 70.61 <5 50.81 2330 <2
UR-GR2 <20 <20 1296 7995 8 83.05 <5 4512 1208 <2
UR-GR3 <20 27.34 1512 96.17 9 93.27 <5 64.79  23.48 <2
Upper avg - - 1421 85.15 8.33 82.31 - 5357 19.62 -
soil(UR) UR-CBI 56 455 4010 25 <30 167 <5 71 267
UR-CB2 27 228 1820 19 150 43 153 78 193
UR-CB3 113 484 16 4430 24 <30 178 <5 108 265
avg 7532 38925 11.15 3420 2267 - 12922 - 85.81 214475
#GR for granite and CB for coal bearing shale.
Table 3B. Correlation coefficients of the heavy metal contents for field soils from the coal bearing shale area
Ni Cr Co A% Sc As Cu

Cr 0.98707

Co 097716 0.93045

v 0.99491 0.96590 0.99359

Sc 0.96137 0.99306 0.88091 0.92875

As -0.68411 -0.55835 -0.82349 -0.75410 -0.45691

Cu 0.98052 0.93635 0.99986 0799532 0.88857 -0.81405

Mo 0.96139 0.90485 0.99791 0.98422 0.84851 -0.85841 0.99672
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