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Table1 Paticle composin, oganic C and chanical composition of tested soik under different land use
Land we Forestry Cims Vegetable Crass
pH 52 7.3 7.2 71
Organic C (g kg™ ) 30 2 15.7 3.01 19 4
Sand (0 02~ 2 mm, g kg™ ) 950 951 92 963
Silt (0. 02~ 0 002 mm, g ke~ ) 36 277 31 24
Clay (< 0 002 mm, g kg ) 14 » 27 13
Ca (me ke 1) 34 25 500 2310 455
Fe (mg ke !) 146 2040 604 801
K (mg ke ) 13.4 312 37.7 254
Mg (meg ke 1) %.8 2060 675 117
Na (mg kg™ ') 4.5 48 2 2. 4 136
P (mg kg™ ) 0.1 598 338 817
Cd (mg kg™ ) 0.09 0 6l 0.11 008
Co (mg ke 1) 0.30 188 0.29 021
Cr (me ke ) 0.72 101 5.03 1B
Cu (mg kg™ 1) 3.7 246 3.8 12 8
Ni (mg ke ) 0.40 25 0.61 020
Pb (mg kg™ ") 5.92 703 1.46 L 64
Zn (mg ke~ 1) 16.5 116 %2 912
Mn (mg kg™ ) 6.33 337 46.3 21 4
) 5 )
, 4 kg , POM 0 125 mm ,
500g 2mm 191 oM :
pH s 0. 125 mm s s
, POM
POM 1.3
1.2 0.05 mm
, > 0.05 mm ,
> 1 mm > 1 mm POM 0.05~ 1 nm POM (> 0.05 mm ) 50 C
0.5~ Imm POM < 0.05 mm 5 , 0125 mm s
: 200 g, 4 1.4
3 000 ml , 2 000 ml, pil Bl
, 24 h 1] (
) > 1 0.05~ 1 nm ). , CN
<0.06mm 3 POM ( CN V ario
, >1 005 MAX CN Macro Elemental Analyzer, Elemental Analy-
1 mm 2 POM sensystem GmbH) HNOs-H»0>
POM , ; ( 0.125 mm )  HCF
Q 05 mm 30 C HNO3zHF-HCIOs ,
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(ICRAES, Ultima, FY Emission Divisional Instrur R. 1% 4 0. 5~
ments SA, Inc., Edison, NJ) 1 mm (2, 80~917gks '
, 3, 10 1 85 kg '
R 90% ~ 110% ( > 1mm POM  0.05~ 1 mm
Cd Co Cr Cu Ni Pb  Zn ROM) > > > ,
0.22 0.52 0.42 2.50 0.61 1.96 ( 1) < 0.05 mm
0.60 Hg ™' 531~ 2.6gkg ', C
, (POM)
2 C M0~ 451 g kg™ ! > 1 mm POM
C 0.5~ 1 nm POM < 0.05 mm
2.1 c , C
, 5 ( >1lmm 0.05~ 1 mm )
C . lgk! , POM
96 3% ~ 97. 5%, 97% ;5 CaFe Mg NaK P s <00
N0.3% ~ 5. %%, mm (2
2
Table 2 Paticle fractions of the soils and C, Ca, Fe, Mg, Na, K and P concentrations therein
Concentration of various Concentration of some elements i diferent fractions
Landuse Fraction fraction in soik Ca Fe Mg Na K p
(gks 1) Organic C (g kg™ 1) (me ke~ 1)
> 1 mm Sand 40 2 019 .2 74.0 19 6 6.03 132 10. 4
Forestty 5 1 1y POM 380 451 3 070 972 603 74 0 H. 3 256
1~ 0 05 mm Sand 860 0 31 9.07 62.6 2 05 6.63 Q58 3.43
1~ 0 05 mm POM 26 6 367 3 970 1370 770 62 4 152 387
< 0.05 mm Fine soil 6 70 3.4 2 716 1150 461 113 176 404
> 1 mm Sand 579 011 20 900 1180 666 111 25.5 280
Citms 5 1 yum POM 9 82 48 241000 29900 5340 149 %4 7RO
1~ - 0 05 mm Sand 870 Q15 11 800 798 1070 18 3 394 143
I~ 0 05 mm POM 23 6 3% 207 000 28 800 912 140 270 5 360
< 0.05 mm Fine soil 138 21. 6 112 000 8930 42100 695 876 5 %0
> 1 mm Sand 21. 6 018 25 100 6530 6 740 939 2.7 1300
Vegetable > | mm POM Q29 413 34 900 9370 5960 256 376 6 660
1~ 0 05 mm Sand 917 0 83 646 202 195 9.11 506 9.5
1~ 0 05 mm POM 291 401 30 600 9 830 3340 161 24 6 400
< 0.05 mm Fine soil 22 6 31. 4 47 600 9430 11200 272 R3 7 820
> 1 mm Sand 17.7 Q17 1 80 3460 108 23 4 9279 596
Gras > 1 mm POM 16 1 451 6 90 16 300 1510 599 192 799
1~ 0 05 mm Sand 892 024 40. 5 141 618 4.55 L 37 12.2
1~ 0 05 mm POM 319 342 7 360 6 880 1800 68 1 383 1 130
< 0.05 mm Fine soil 531 2.2 7 150 9100 1250 871 387 1 370
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3) < 0. 05 mm

Cd Co Cr Ni Pb

Mn (o,
POM
( . EF)
0.~ 1 mm
,Cd Co Cr Cu Ni
Pb Zn Mn 1,
0.16 0.35 0.39 0. 11 0.27 0.18 0.16  0.29 (
) >1mm Cd Co Ni Pb Zn Mn
, 5.27 28 1.55
218 1.37 3.52, > 1mm Cr Cu
066 029 POM
,> 1 mm POM Cd Co Cr Cu Ni Pb 7Zn

POM Mn 10.0 7.17 11.2
R < 0.05 13.210.9 11.4 47.9 12.0, 0.05~ 1 mm POM
mm Cd Co Cr Ni Pb  Mn POM Cd Co G Cu Ni Pb Zn Mn
; , POM Cd Co 1228 1.4 14.7 17.6 14.5 15.9 18.2
Cr Ni Pb  Mn , 17.2, > 1 mm POM , POM
Cd Co Cr Ni Pb  Mn s Cu 7Zn
3
Table3 Concentrations of heavy metak in different paticle fractions of the tested oils
Cd Co Cr Cu Ni Pb Zn Mn
Landuse Fradion (mg kg™ 1)
> 1 mm Sand 0.02 0.21 Q0 30 237 0.06 0.83 1.99 339
Forestry > 1 mm POM 0.72 1. 44 439 166 2.27 50.6 118 329
1~ 0 05mm Sand 0.01 0.16 031 07 0.15 0.19 1. 19 328
1~ 0 05mm POM 0.51 1. 66 6 8 609 3.64 86.5 26 409
< 0.05 mm Fine soil 0.74 1.62 632 230 4.29 180 516 3.2
> 1 mm Sand 0.20 0.56 3™ 61.5 0.93 2.15 245 4. 2
Citrus > 1 mm POM 5.94 138 135 4570 3.6 4.7 2030 5830
I~ 0 05mm Sand 0.32 115 475 320 1. 10 3.80 23.3 8.2
1~ 0 05mm POM 7.43 18 7 123 4720 35.7 .5 2560 7 340
< 0.05 mm Fine soil 2.01 2.86 27.2 1880 6.47 39.7 42 1350
> 1 mm Sand 1.32 115 4 0 198 1.90 9.73 104 473
Vegetable > 1 mm POM 1.63 2.31 96 2 934 8.48 5.8 3730 613
1~ 0 05mm Sand 0.01 0.08 178 78 0.17 0.14 6.41 140
I~ 0 05mm POM 2.23 4.55 131 ol 11. 7 27.3 478 1200
< 0.05 mm Fine soil 2.37 6.07 102 R 13.7 41.6 536 757
> 1 mm Sand 0.68 0.70 117 37 0.51 2.65 7.49 68 7
Grass > 1 mm POM 0.60 1. 81 113 65 6 2.13 16.6 108 265
I~ 0 05mm Sand 0.01 0.01 058 o 0.01 0.05 L@ 174
1~ 0 05mm POM 1. 05 3.03 208 161 312 30.9 153 316
< 0.05 mm Fine soil 1. 10 2.26 190 693 3.51 116 174 183
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g 20 - Table 4 Correlation coefficients between the soils and POM fractions therein
L % in heavy metal concentration
i > 1 mm POM 0.05~ 1 mm POM
04 * *r s @ ; i Metal Beween soil and Between soil and
eta
T 1 1 T° T T LI SR | T T T T
CaFe KMgNa P Cd Co Cr Culi Pb Zn Mn > 1 mm POM 0-05~ 1 mm POM
7% Element cd 091 0 982"
Co 0 97 0 R7"
1 4 Cr 0 %3" 0 8345
(EF) ( Cu 0 %5 0 96"
s ® > lmm s Ni 0 95" Q991"
O >lmmPOM, Vv 005~1mm , Vv 005~ Pb 0 975° 0 99"
I mmPOM, ® < 0.05 mm) Zn 0310 0997
Fig 1 Mean and sandard deviation of enrichment factor ( EF) for each Mn 099 098
médal in different paricle fractions ( ® > 1 mm sand, O> 1 mm FOM,
v0 05 1mm sand, V0.5~ 1 mm POM, M< 0 05 mm) 10
POM( > 0. 05 mm )
2.3 POM )
(5 POM
POM
) ( 1), PM ) (5),POM
(3 4 4 Cu  7n
5 POM (n=10)
TaHeS5 Correlation coefficients baween soik and POM in of heavy metal content
POM
Concentration in soi Concentration in POM
Metal . ' Enrichment factor Equation Correlation coefficient
(X, mgkg ) (Y, mg kg™ )
Cd 0. 01~ Q 33 0.03~ 2.26 300~ 15. 8 Y= 0 12+ 7.47X 087"
Co 0. 13~ 123 1.03~ 5. 11 439~ 935 Y= 0 65+ 4.27X 0950 "
Cr 0. 24~ 27.0 3 66~ 226 636~ 18.3 Y= 778+ 7.49X Q970" "
Cu 1. 89~ 242 20 4~ 2200 735~ 245 Y= 17. 7+ 14 0X 0 954**
Ni 0. 62~ 1 64 0.99~ 11.9 2 47~ 8 60 Y= -2 14+ 9.91X 0912%*
Pb 0. 9~ 5 81 13 9~ 64.8 8 84~ 27. 5 Y= 92 95+ 9.36X 089"
Zn 1. 33~ 46. 0 720~ 932 541~ 2.2 Y= - 31. % 16 3X 0 943"
Mn 3. 56~ 165 10 9~ 1430 242~ 21.3 Y= 74 1+ 9.77X 088"
3 ;
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Tale 6 Concentrations of minerals and heavy metals in plant samples
M etal Pine Citrus leaf Pepper leaf Bahiagrass
Ca (mg kg ) 5420(0.57) 29 500 (8. 17) 20 100 ( 1. 74) 3470 (2 01)
d (mg ke ) 0 12 (6 00) 0.57 (10.4) 046 (3 54 0.3 (2 00)
Co (mg kg~ ) 032 (4 50 1.79 (7.71) 183(126 0.16 (11.3)
Cr(mg kg ") 0 44 (9 98) 2.67 (50.6) 250(38. 9) 0.6 (16.4)
Cu (mg kg™ ) 66(252) 12 2 (37) 0.6 (18 9) 14.2 (4. &)
Fe (mg kg ) 93 (10 4) 120 ( 249) 108 (86 8) 127 (128
K (mg kg™ ) 1 600 (0. 06) 12 700 (0. (2) 40100 (0.01) 17 200 (0. O1)
Mg (mg kg 1) 1420 (0.42) 36 500 (0. 15) 52100 (0. 11) 2180 (0 &)
Na (mg ke~ ) 92 (0. 80) 250 (0 60) 21(116) 124 (0 48)
Ni (mg ke 1) 123(1 89 3.51(9.57) 3189(2 18 L1 (L 9
P (me ke~ 1) 1010 (0.25) 1830 (4 36) 3040 (2. 19) 2340 (0 34)
Pb (mg kg™ ) 126 (40.2) 1.51(42.8) 147(17. 6 0. 45 (36.9)
n (mg ke~ ) 671(17.6 14 8 (137) 0. 6 (41. 2) 28.8 (3. 75)
Mn (mg kg 1) 11. 5(2 86 20 2 (289) 170 (3. 61) 144 (1 &)
> 1 mm POM Data in parenthess & a ratio of each metal n> 1 mm POM
fraction of soil to that in plant
6 > 1 mm 57% 42%, POM Cu 7Zn Pb
POM 25.2 17.6 4.2 , POM Cd Co
R POM, Cr Fe Ni Mn 6.00 4.50 9.98
, K 10.4 1.85 286 > 1 mm
Na Ca Mg 6% 80% POM Cu Cr Fe Pb Zn  Mn
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375 50.6 249 42.8 137 289 , POM Cd Co
Ni 10.4 7.71  9.57
> 1 mm POM
POM,
. POM
POM
POM
, POM
POM
POM ,
(K Na Ca Mg
POM
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DISTRIBUTION OF ORGANIC CARBON, NUTRIENTS AND HEAVY METALS
IN DIFFERENT SIZE FRACTIONS IN SANDY SOILS

Zhang M ingkui
(Dept. o Resource Sciences, Zhgiang University, Hanghou 310029, China)

Abstract  Bioavailability of heavy metals in soil depends on composition of the soil. Charaderization of heavy metal distrt
bution among different size fractions of the soil is needed for better understanding of the fate of heavy metals. This study investr
gated distribution of organic carbon, nutrients, and heavy metals among different size fractions in sandy soil. Results show that
heavy meals, including Cd, Co, Cr, Cu, Ni, Pb, Zn and Mn, in the sandy soil were significantly enriched in particulate or
ganic matter (POM) , with Cu and Zn in particular, which were much higher in concentration than the others. It was more signif
icant in 0. 05~ 1 mm POM fraction than in> 1 mm POM fractions. The enrichment in the POM fractions varied with soils, and
was positively related to accumulation of the metals in the soils. The enrichment of heavy meals in the POM fractions was not
completely due to decomposition of plant debris. The strong heavy metal adsorption capacity of POM in the soil might be an inr
portant machenism of heavy metal emrichment m POM fractions.

Key words POM; Heavy metals; Enrichment; Adsorption



