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Effects of soil solution pH on adsorption
and desorption of Cd, Cu and Zn by soils

Lim H. Sookil, Lee Young-Jun, and Ho-Jin Choi.

Abstract

In order to reveal the mechanism of heavy metal behavior in soils relating to factors such as
soil pH, organic matter, CE.C. and soil minerals influencing the activities of heavy metals,* Cd,
Cu and Zn were applied to soil columns filled with 8 different soils with adjusted soil pH to several
levels between 3.0 to 11.0 and the amounts of adsorption and desorption of these heavy metals
were measured.

1. At the adsorption maxima of three heavy metals(Cd, Cu and Zn) soil pH appeared to be
near 6.0 regardless of properties of the 8 soils, and adsorption gradually decreased above and below
pH 6.0. This phenomenon was the same in both heavy metal solutions and mixed solutions, and
the mixed solution, containing three heavy metals, revealed slightly higher amounts of Cu adsorption
and Cd adsorption.

2. It was also found that the adsorption of Cu and Zn by soils was positively correlated with
CE.C. and the organic matter of soils, respectively. However, the pH values showing maxima
of heavy metal adsorption were negatively correlated with organic matter content by contrast with
the correlation between the maxima and the C.E.C. values in soils.

3. The adsorption of Cu by soils markedly increased more with Ca(OH); application than with
NaOH application for soil pH adjusment. This was probably because of Ca effects in Cu precipitation
in soils, in addition to the effect of the simple soil pH itself on Cu adsorption

4, It was also revealed that adsorbed Cu was hardly desorbed by N-NH,OAC solution from the
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Daejeong soil series compared to the Jeonbug and Yechun soil series.
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This was because the Dae-

jeong soil series consisted of large amounts of expanding type Vermiculite minerals and also was

high in C.E.C. and soil organic matter.
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Table 1. Physico-chemical properties of soils studied

Soil Clay OM CE.CZPC pH Exchangeable Cations TN P,Os Fe Al Mn Cu Zn

Series (me/100g)

(%) (%) (me/100g) (1:5) Ca Mg K Na (%) (ppm) (%) — ppm ——
Hwadong 260 197 835 478 520 360 086 0.17 027 015 46 250 44 82 143 3.67
Jeonbug 320 152 1385 4.80 545 624 287 025 054 010 18 313 18 799 3.00 645
Gyvam 120 187 795 454 510 264 046 027 024 011 165 250 65 67.0 270 10.96
Yongji 240 260 1275 474 528 312 094 033 016 0.17 108 285 56 315 1.82 957
Mangyeong 30.0 1.65 1355 492 550 360 108 0.63 020 008 56 311 35 1142 118 6.10
Yecheon 120 344 815 470 530 324 062 013 006 019 61 301 42 450 171 541
Jocheon 238 4.86 1835 502 576 432 134 023 014 016 119 320 19 96 0.18 853
Dae jeong 26.1 19.14 4515 4.72 501 420 014 017 024 014 149 325 55 14 — 1367
Table 2. Mineralogical composition of the clay fractions
Clay minerals [ Kaolinite Vermiculite Illite Chlorite Apatite Calcite
Soil series
Hwadong LI ] * & % * — * *
Jeonbug * % ¥ % * * % * % P * *
Gyuam EE I * * — * *
Yongi * % % * % * * * p— * *
Mangyeong * % o % * - — * .
Yecheon * % * % . & * —_— * ® L]
JOCheOn LI B L * —
Daejeong .- on -k R * — —_
R * * * * * Dominant, * * * Abundant

* * * Moderate, Detectable
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Fig. 1. The concentration of Cd in blank solution

as a function of pH adjusted by HCl or NaOH.
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Fig. 2. The concentration of Cd in solution
of Hwadong and Jeonbug soil series as a fun-
ction of pH adjusted by HCI or NaOH.
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Fig. 3. The concentration of Cd in solution of Gy-
uam and Yongiji soil series as a function of pH adj-
usted by HCl or NaOH.
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Fig. 4. The concentration of Cu in soil solution

of original soil as a function of pH adjusted by
HCl or NaOH.
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Fig. 5. The concentration of Cu in soil solution
of orgaric matter removed soils as a function of
pH adjusted by HCI or NaOH.
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Fig. 6. The concentration of Cu in soil solution
as a function of pH adjusted by Ca(OH),(Hwad-

ong, Jeonbug, Gyuam, and Yongji soil series).

A104E A23 (1991)

Fig. 5 Fig 4ol A}8-8 LMol X G E BRET
FREES RED KEEZA 4] L3 2F oA
pH3L 80 2 A H&Ak %FRS eI 3tk
ol 1 HlMHE BxFo = LM FTAY
(Zp.C)el #{Lrl dojtr] MEL R BRED.

Fig. 6& 13 pHE K #ifFo) AME3E= FIK
WEP o T EEY Ca(OH), 2 A183te REstn
Cu®] BERS AAT SRl BARKZERES 29
pH#t& HCIZ NaOHZ pHE F#s -2 w2t A9
2% pH 60 ZAFLM BX REES EHLUSIA
2} pHf Y] E ®ERES ¥ 7l NaOHZ B
melS doks 2e v ¥ pH ¥S7A
RERS HA7t Bolxgol RRHHA G A
Cudl BERC) & A& o F9t}

1% pHSl E&BS ®EFH S T MK o
3lol = B2 457} vk Frawzy et al(1973) & 22
13 pH@tolAM e e mFHEL BT H
H&BO Ha dEon vdE & -3 pHFt
Ao 43 BES M Alkali BT HEERY
o o] Al ojel 2% H'I E&BS 5e
Rl 1= A 3 R

4) ESMo| WRD TEEEole] ME

Zne] X BEET CEC. € F8H(OM)FA=
Ztzt nx ol oA de A AHS eEdded
(Fig. 7. A 18|12 B) °ol€ Cd%} Cufl A$E &L
oz BAstd 18y Cu X BEol dojue
pHS CE.C. € OM. 22t 7}e] HHMGE & 19
A#E Jeri it (Fig. 7. C 183 D) ol Zn9)
BLE @3 BRI E£3 +F Fe 3B E
22 A9t F o= EY4F CECS OM. 2
Fe £8° 245 Zn ¥ Cul HYF3o] e
pHe A ol g <onm i

EF BARES vehlle EG pHS BARE
BId= 94 3x29 B43L Yehlo] gEFe] &
THEAFE RAREL £ pHEdA dojde
BoFQd

870 + %) i Zn P Cuol BEDIET LHE
CEC. 2 F#W& R o] BGE #AESIYY ul Fig.
791 (A) (B) (C) (D)ol BolF upe} P},

5) Cull =&
AEH, AWM R HAHENN 27 G pHA



WS . 2MFolA Cd, Cu R Znol BF R BBl v = WA pHA B8

[al
e S0F
(=%
o e:In )
g Y=48.07+ 003 x 9
S (r=0.793%%) '
c
2
o
£ L9t
n .
"]
P
n
€
I o
N ° -
L8 R . . . .
0 10 20 30 40 50
CE-C{mes100g)
[cl
’I._
I
a.
S 6}
=
S
e}
e «:CusZn+Cd
o . ¥=575-0.026x
< (r=-0.752"")
v St
4.5 — —

0 10 20 30 L0 50
‘CE-C(mes100g)

(125)
[B] .
e o
P o:Zn
g Y=48.25+ 0.075x
8 {r=0-863"%")
kS
=
S 49}
2
-]
Po4
g
[ =4 ]
&~ ‘o
L8 l , , .
0 5 10 15 20
0-M (%)
[p]
TF o
(-]
-]
o:(u
= " Y=668-0061x
= o - (r=-0.767**)
c
S -
E— [
o .
2 .
5 o :Cu+Zn+(d
i Y=557- 0656
S | r=-07L0%*)
L5 . . , .
5 10 15 20
0-M (%)

Fig. 7. Relationships between Zn maximum adsorption concentration and Zn maximwn adsorption pH and

some chemical properties of paddy soils
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