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Chemical Forms and Behavior of Heavy Metals in the Soil

Koji Iimura

Faculty of Agriculture, Tottori University
Summary

Heavy metal ions in the soil solution are considered to be in equilibrium with the complexes of
soluble ligands, exchangeable ions, what adsorbed on hydroxides of Al and Fe, and aluminol group of
allophane, and the complex of humic substances and insoluble metal conpounds.

Equilibrium equations derived from the law of mass action and donnan’s equilibrium theory fitted
with Ca—Zn and Ca—Cd exchange on montmorillonite, while Gapon’s equation did not.

The solubility decrease, due to the fall of the redox potential of soils which causes sulfides to form,
was most prominent in Cd.

Fractionation of heavy metals in the soil showed that the amount of Cu was relatively high in the
humus complexes and that of Cd was so in the exchangeable form, while that of Zn was relatively low
in the fractions which react directly with soil solution. Soil contamination by heavy metals raised
relative amounts of these fractions. )

The concentrations of metals in the percolated water of uncontaminated paddy soil in lysimeter
experiments were about the same as those in clean streams. The income and outgo of Cd in the soils
used in the experiments were most severely infiuenced by the redox state of the soils through the
uptake by rice plants, while the incomes of Cu and Pb balanced their outgoes approximately.

Key words : heavy metal, soil pollution, ion exchange, specific adsorption, complex compound,
coordinate bond
(Soil Phys. Cond. Plant Growth, Jpn., 67,19—27,1993)
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*x-1 &A, @, LEPOESEER g L' (@lizpgeg L7 >
TH B HE ) T8 (BZF) TF Hi HE gl +8 (B%)
Cr 100 90 1 50(3.4~810) As 1.8 13 2 11 (0.4~70)
Co 25 19 0.2 10(1.3~116) Mo 1.5 26 1 2.6 (0.2~11..;
Ni 75 68 0.3 28(2 ~660) cd 0.2 0.3 0.1 0.44(0.03~2.5
Cu 55 45 7 34(4.4~176) Hg 0.08 0.4 0.07  0.28(N.D.~5.36)
Zn 70 95 20 86(9.9~622) Pb 12.5 20 3 29 (5~189)
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o+ 4 b2k B5Ca—Zn, Ca—CAZHFHE"

NO. Cao Ca; Zn, Zny Ko Kk Ko Ca, Ca; Cdo Cdx Ko Kx Ko
mmol | mmol | mmol | mmol mmol | mmol | mmol | mmol
Lt | Kg?' | L | Kg™ L7 | Kg?| L7 | Ke™*
1 9.36| 423| 0.74 32| 0.98| 0.96| 0.27 9.02| 463| 0.84 21| 0.70| 0.49} 0.15
2 8.23| 376 1.80 84| 1.01| 1.02| 0.48 7.62| 450 2.07 54} 0.66| 0.44] 0.23
3 7.22| 317 2.95| 128| 0.99| 0.99| 0.63 6.89 356 3.24 95| 0.75{ 0.57{ 0.39
4 5.92 289| 4.00 183 0.98] 0.94 0.77 5.63 324 4.45 131 0.71} 0.51 0.45
5 4.72| 251 5.04f 233| 0.93| 0.87| 0.90 4.39| 290f 5.63] 174| 0.69] 0.46! 0.53
6 3.70 192| 6.14 286| 0.95| 0.90 1.16 3.26 244 6.68 226| 0.68] 0.45 0.65
7 2.64| 136 7.27] 337 0.96] 0.90| 1.49 2.31 176} 7.62f 295/ 0.71] 0.51| 0.92
Sy 0.97| 0.94| (0.81) 0.70| 0.49 (1.47)
Wyoming bentonite< 2 gm, <200mesh. /=0.03
-3 V24 PRUFTVA ML HESBOBE L, 2.5%KEHHE"
M H* M H YRR HhHES
pH BER TR Eiiifany: o MY RER
¢ mol ¢ mol ¢ mol %
Cu—¥— &4 + 5.2 4.56 5.73 4.43 1.26 97.3
Cu—F 744 b 5.2 2.53 1.88 2.45 0.75 96.9
In—4— &4 b 7.0 4.73 8.65 4.11 1.83 86.9
ZIn—F 7% A b 7.0 3.75 6.15 3.60 1.70 96.2
Cd—¥'— &4 b 7.4 4.09 7.89 3.46 1.94 84.8
Cd—+F 744 b 7.4 3.92 6.46 2.76 1.65 70.6
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mg kg™
Cu 3?0 3?0
5t 1 i
3t 2 |
pogicl

mg kg™
- 15 170

]

Bt 1 J
Bt 2 |
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cd %6 0.7
Rt 1 |
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B (cm) Cd(mg Ke™) As(mg Kg™)
0-—14 3.82 1.7
14—18 2.08 20.3
18—30 1.24 6.2
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£ |hFitv| HE .73 BE4EBaE mg kg!
R T #fn IR
T8 pH #* =& B B
A dag cmol cg
kgfl kg*l % kg—l Zn Cd Cu Pb
_— Ap 0.96 5.0 1.72 8.5 40 749 102 0.36 17.3 23.3
B 5.5 0.60 4.2 43 564 71 0.15 10.7 12.7
. Ap 0.94 4.4 2.40 7.4 43 595 324 0.70 21.9 106
B 5.3 0.52 3.9 49 481 242 0.47 19.7 86
® Ay 0.98 5.8 3.04 11.6 34 873 2,870 32.8 125 157
7w Hi
Ay 5.7 1.33 9.3 47 841 704 4.7 24.6 29.5
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F—6 THEAEESEOF1FWEM « L PEHEESEC

X | fibb Zn Cu Pb
B F
B g B T C T C T C 3 C
y | mg Kg™ y | mg Kg™ y | meg Ke™ y | mg Kg™
w B 230 35 — 0.61 1,500 8.9 — 13
Br& 160 29 - 0.41 730 7.5 1,600 11
(=il
D &AT 270 32 — 0.41 790 7.0 1,200 9.5
Bk 120 19 35 0.13 520 5.8 740 7.9
w BT 510 87 - 0.73 350 6.1 - 61
B 310 64 — 0.49 340 5.5 3,400 42
e
D Rt 490 67 - 0.55 390 5.0 5,900 44
7§ 150 26 13 0.09 310 4.2 850 14
w BT 78 21 1,100 6.2 830 18 5,700 62
7F3 72 19 620 4.2 670 15 2,800 48
B
D BT 81 15 700 4.6 830 15 4,000 46
k% 70 13 250 1.8 570 11 1,500 25

W SEFPHBK, D : SRS

FEREE SRS EMIAE VI SEL, BB
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BRI ER LD PPEVCBECIET S,

DRI BMr ERIHETHY, TR EOERGIER
CEEERKEWEEDREN, tEFOIh L4 TR
DEBORBEZRLTW5H, ¥ inputORBERELT
LB/EOIEOBREFHT S LK S,

6. &bHYIC

M1 oEnESEOFTARB W TR ERFHT
LA IR TR, BPFORIGD 2T KB
LESE L ORI OV T A SR S v A BIEN
HWEBRbLIE, BLRTRBOBICH I BEBEOE
WMEOELIE L DERCZR I THEM TR, &
ORI PERGR Y EECERTEL L5 AHARE LI
BETHHEELZLbRS,

TR IES A, BEFESRT 1E (F§ oBREE
¥ LT, KBHE (TEBREBLEELLRD) &
OWEH & - TRERXR LTI ENREN, ERR
ORISR OKS, EIBEEREDIE LVFHE, saoi
HILh, HEEBERRORGR, BREY KT 5HT
DI HEEEBRBLEERbR S,

A2 EUERROWERBRCRWT, TABROF

HA—1HEA~OBRTIEZLILERD D, ZOMES
TRIBEOLELTERERCETLESEORA, B
BR, RBBREFEORIRLETHSH, LEOIA
VA ZEROBIEIRTRRL —oOEBRE 525 TH
55,

7. SRR

1) fRATEE T REEERoERMER. LEOYEY, 31,
2~8 (1975)

2) Taylor, S.R. : Abundance of chemical elements
in the continental crust : A new table. Geochim.
Cosmochim. Acta, 28, 1273~1285(1964)

3) Turekian, K.K. and Wedepohl, K.H. : Distri-
bution of the elements in some major units of
the earth’s crust. Geol. Soc. Am. Bull., 72,
175~192(1961)

4) Turekian, K.K. : Handbook of Geochemistry
(Executive editor, Wedepohl, K.H.), Vol.1,
pp.297~323

5) Iimura, K. : Heavy metal pollution in soils of
Japan(Ed. Kitagishi, K. and Yamane, 1.)19~26

6) Bowen, H.J.M. : Environmental chemistry of
the elements.(1979) H®REHES - FEHFLHR :
PREmELE. A (B (1983)

7) RER= - FEFE X KALEFT BT 5ESEBD
TEERT—ESRT L 5 LEFRCETAHE



27

#BX : £FEFTOESBOVELED

(B 2%) . JtREmAE2l. 95~145(1978)

8) Hodgson, J.F., H.R. Geering and W.A. Nor-
vell : Micronutrient cation complexes in soil
solution partition between complexed and
uncomplexed forms by solvent extruction. Soil
Sci. Soc. Am. Proc. 29. 665~669(1965)

9) Hodgson, J.F., W.L. Lindsay and J.F. Treier-
weier : do.Complexing of zinc and copper in
displaced solution from calcaleous soils. ibid.30,
723~726(1966)

10) Geering, H.R. and J.F. Hodgson : do. Char-
acterization of soil solution ligands and their
complexes with Zn®** and Cu’*. ibid.33, 54~
59(1969)

11) Kerr, W.H. : The identification and composition
of the soil alumino—silicate active in base
exchange and soil aciddity. Soil Sci. 26,385~
398(1928)

12) Gapon, N.E. : Theory of exchange adsorption
in soils. J.Gen. Chem. USSR. 3, 144~152(1933)

13) Lagerwerff, J.V. and Bolt, G.H. : Theoretical
and experimental analysis of Gapon’ s equation
for ion exchange. Soil Sci. 87, 217~222(1959)

14) McBride, M.B. : Exchange and hydration
properties of Cu?* and Na* — Cu’* smectites.
Soil Sci. Soc. America, J. 40, 452~456(1976)

15) REFL - FHE= HF IV AR KC LD L8
BROTEE—KEERE S OBE—. +IBE45,
571~576(1974)

16) Forbs, E.A.,A.M. Ponser and J.P. Quirk : The
adsorption of divalent Cd, Co, Cu, Pb and
Zn on Goethite. J. Soil Sci. 27, 154~166(1976)

17) EAWBH - SRET : ARTEIER 221915 E4
HBASCRE

18) fMEE—H: it v K7 v 7, AEKLSRER

# 2[R, 101~131(1987)

19) McBride, M.B. : Reactions controlling heavy
metal solubility in soils. Advan. Soil Sci. 10,
1~56(1989)

20) Kalbasi, M., G.J. Racz, and L.A. Lowen
—Rudgers : Mechanism of Zinc adsorption by
iron and aluminum oxides. Soil Sci. 125.
146~150(1978)

21) RRE - RERRE: 7 3 YRROBDHRBA BT 55
% (BOW) =tn73IVEEEFL— FORE
EEHeowT, HIEsE 46,349~354(1975)

22) BT HIE : TE-1EPHRCHET I ESREOHRT
FOBR CREWEmESEE (BRS1EE) AR
HIEE BREBE  287~295(1977)

23) Mclaren, R.G. and D.V. Crawford : Studies
on Soil copper. I. The Fractionhation of copper
in soils. J.Soil Sci. 24, 172~181(1973)

24) RS : kL BUER S, BEFHERMLER pp.
17(1972)

(Zm%H H1993% 2 A13H)






