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Table 1 Chemical properties of soil colloids and non-colloids
A=XR A7 e B AR EERiING
b5, $i iz e e . ) PH & 72 a4 CEC
Free Fe,O4 Free Al,O4 Organic matter
Location Particle size
(gkg™") (mmol kg™)
i) <2 um 78.0 17.5 1.3 198.6
Hunan >2 um 9.9 1.9 0.3 15.9
W <2 um 65.4 18.8 1.6 105.0
Hainan >2 um 8.9 1.8 0.3 8.8

I TRE 00 . PRI, 21498 ) I s 4R Ak 2k R i 5
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T B 2SI A i 0 A B 53K 83 %, AU D2 1 ]
RIMK =bE, 20 IR YT R AR Z T 0 1
R AT, JUHRE A CECHR S 10, b

AR Y NODIOT I R G EA R 3 N S S B ] 2]
2158 0 AR IR AR 23 0 7 W 2 DA A ) A e
F, HRWKRAET YKL, @bAaSEAR,
T LSRR (A E 23 O 47 W 2 I D g e A7 FK 5B D
E, B RN AT A, XL R
WY P LS9 e R TR L0 . AR R
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[[DE |22 =119 = S FE=EA RE 2 021U S /R TR0 SN N 4
I HAl A ) . X SE S5 G R TPl B Bk
AP ER —B0, W R T R B A
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Table 2 Mineral composition of colloids and non-colloids of the two red soils determined with X-ray diffraction (% )

M p R HYE KA g Ay Ktk e = KA RSN IRERA
Location Particle size Quartz Feldspar Vermiculite Hydromica Kaolinite Gibbsite Goethite Hematite
WiEE <2 um 4 — 23 19 47 2 4 1
Hunan >2 um 53 2 5 28 10 — — 2
T <2 um 1 — — 7 83 2 7 —
Hainan >2 um 18 11 — 32 39 — — —

YR R IR (FR) H 4T
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Pb (11 W5 Bt / Al
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0.0 04 0.8 1.2 1.6 0.0 0.4 0.8 1.2 1.6
SEf e & Bquilibrium concentration (mmol L) Sk & Equilibrium concentration (mmol L)

35

W % -3 R e A4 Adsorption-Hunan colloids

30 O W% -3 e A& Desorption-Hunan colloids

= A - R IEB4E Adsorption-Hunan non colloids
A - E JEAR Desorption-Hunan non colloids

15 /% === & [t R AR Adsorption-Hainan colloids

Cd (T1) W W/ AR B
Adsorption/desorption (mmol kg™)

& -1 4K Desorption-Hainan colloids

K @ -y HiAE AR Adsorption-Hainan non colloids

@@ O f#Wz -1 R AR AR Desorption-Hainan non colloids

0.0 04 0.8 1.2 1.6
S R E Equilibrium concentration (mmol L)
K1 pHASZM FLOERARFAE AR XS Cu (11) . Pb (11) FICd (I1) Fy W BR 45 T2 S i B 2 4 Jas 17 i iz it ¢

Fig. 1 Adsorption isotherms of Cu (I1I) , Pb (1I) and Cd (II ) by colloids and non-colloids of the two red soils at pH4.5 and

desorption curves of these pre-adsorbed heavy metals

#3 LangmuirFiE#E&Cu (ID . Pb (I FACd (1) FELIERIRFNIER KR TR M A9ME X2 8

Table 3 Parameters of Langmuir equation fitting the adsorption of Cu (11 ) , Pb (II) and Cd (II) by colloids and non-colloids of the

two red soils

B Cu (1D) Pb (1) Cd (11)

R Rt

Location Particle size On K R? On K R? On K R?

(mmol kg™) (mmol kg™") (mmol kg™)

ilEa <2 pum 40.98 11.09 0.99 46.29 24.00 0.89 33.78 6.72 0.95
Hunan > 2 um 8.66 3.35 0.88 11.06 2.65 0.86 5.01 2.62 0.88
R <2 pum 25.32 3.69 091 35.84 7.75 0.97 19.50 2.95 0.97
Hainan > 2 pum 6.84 3.56 0.84 15.24 1.55 0.71 5.68 0.74 0.86

Bif O AKOR Tl g 2D A, UERHII R 20 etk R

X0k 42 < Jo A R iy 14 B O 7 R A 114 R o 25 4 JAR A A R R L e L R RS A 7 R
1o WIFLERAR TR - TR L W ME s i WRRR PR BILE] , dd e iR T R T R T Y
CECHLJZ H X 3F i 42 J& HA B W MR M A F AT RASURZ A B2, LR HL R R i
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DUHK , AR L ECE T T e R B X 2T i A i
M3fP e 4 @ M oTmk e (R4) o 250K, Hd
W 5§ XoF 1590 P 148 Je R R 1 i T 4 Ji AR W B Cu (D)
B TTHR R BIAESA% M44% L L, 5 g W B %o 300 R
ZLIE AT Fi 2L AR B P (11) Y ST dk 34
SIAE69% ST % LA L, T FE W BT 80 B 2148 e 4 1
TR TSR AR B Cd (1) Y BTk SR 43 B AE 97 % A1l
90% L I X HZHMMHR —2, B: Cd (1) 7
IR B R AR, LIS AT T
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Table 4 Relative contribution of electrostatic adsorption to adsorption of Cu (II) , Pb (II ) and Cd (II ) by colloids of the two red

soils (%)
WIURHE ) Pl 2L e EYEEEARE 3L
Tnitial concentration Colloids of red soil from Hunan Colloids of red soil from Hainan
(mmol L") Cu (1I) Pb (1I) Cd (1I) Cu (1) Pb (1) Cd (1)
0.1 54.1 69.3 97.1 44.8 62.8 98.9
1.0 64.8 75.1 98.5 58.8 59.8 89.9
1.5 65.5 75.7 96.5 56.3 57.2 95.0

{ﬁ:ﬁ [16-17, 19] .
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ANEEREATY
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WEsE . —Jrm, A pHIG N, AT ey 4
FUE AL AN, X PR R L T | AR R
FE N A R W R s Oy — Ty, B
HoHTHE, EAJRKMAERN S, B RS
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TEFTBESE pHIE I N, Cd (11) f i W & i 28 4k
5 W B B ) AR AL B AR AL, B R A pH

MOS8, R RN, UGBHREE pH R N, Bk
FE Y UL AT, XFCd CTT) B i v 8% B4
HasR . Cu (11) FIPb (11) B fifk W 5 it 25 e oS
M p HABG I 84 43 e pH5.0F1 5. 50 1K £
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SERME 45 R . EARpHIE N ( pH/N T e K i
W R A pH ), H TR MR T Y £ H nf Bl 5 pHY
MG, XFCu (11) FIPb (11) AFs L W B
FH G5, W R R fige W i X i p ELA 1 o
L, 5Cd (10) BMEBAT AL, 3% B K A 1 X
W B B4 5% M AR /N o AR 4 pHR T fie KA W St B Y pH
i, i FCu (1) FIPb (11) MsKAFAEHGE, +
SRR B9 Cu (11) AP (11) 4R 1
FE 5 B BRI, T I e R I 4 R BT RE Y
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Wit 2 p HL A 184 o i 2 00N, g R R A A ks
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K2 pHXfCu (1) | Pb (11) FACA (I1) 7ELLIEBAARFIAL: e 1A RFURL R T 1 R/ Ak 0 1) 52 1)

Fig. 2 Effect of pH on adsorption and desorption of Cu (II) , Pb (II) and Cd (II) on and from colloids and non-colloids of the two

red soils
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Adsorption of Cu (II) , Pb (II) and Cd (II') on Colloidal and Non-colloidal
Particles in Two Red Soils

ZHOU Qin " * JIANG Jun' XU Renkou !
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract [ Objective] The purpose of this article is to study mineral composition and cation exchange
capacity ( CEC) of the colloids and non-colloids in the two red soils collected from Hunan and Hainan
provinces, separately, and adsorption behavior of Cu (11) , Cd (II) and Pb (11 ) on the colloids and
non-colloids, too. [Method] Soil colloidal and non-colloidal fractions were separated from bulk soils using
sedimentation method, where particles in the upper portion of the suspension are collected as colloids at fixed
time intervals after stirring. X-ray diffraction analysis was performed to determine mineral compositions of
the colloids and non-colloids in the red soils. Free Fe and Al oxides were extracted with the DCB method and
determined using ICP-AES. The batch method was used to investigate adsorption and desorption of Cu (II) ,
Cd (1I) and Pb (1I) on and from soil colloids and non-colloids. Un-buffered salt of 1.0 mol L™ NaNO, was
used to desorb pre-adsorbed heavy metals from soil colloids and non-colloids. [Result)] X-ray diffraction
analysis shows that the colloids in the two red soils were composed mainly of secondary minerals with 1 : 1—
typed kaolinite in dominancy and little of primary minerals.The contents of 2 : 1 typed minerals, such as
vermiculite and hydro-mica in the soil colloids decreased with increasing soil development degree, while the
content of kaolinite changed oppositely. The non-colloids in the two red soils contained mainly quartz and some
other primary minerals. Soil Fe and Al oxides accumulated mainly in the soil colloids. The contents of free Fe
and Al oxides were much higher in the soil colloids than in the soil non-colloids. For example, the content
of free Fe oxide was as high as 78.03 g kg™ in the colloids and only 9.93 g kg™ in the non-colloids of the red
soil from Hunan. The colloids in the two red soils were also much higher than, or 12 times as high as the non-
colloids of the soils in CEC. The isothermal adsorption experiment indicates that the colloids were significantly
higher than the non-colloids in adsorption capacity and affinity for Cu (11) , Cd (II) and Pb (Il ) , and the
colloids of the red soil from Hunan was higher than those of the red soil from Hainan in adsorption capacity,
which was consistent with mineral composition and CEC of the colloids of the two red soils. Cd (Il ) was
adsorbed by soil colloids and non-colloids mainly through electrostatic attraction, however both electrostatic
and non-electrostatic adsorptions were important mechanisms contributing significantly to adsorption of Cu

(II) and Pb (II) on soil colloids and non-colloids. [Conclusion] The secondary minerals and Fe/Al oxides
are mainly distributed in the colloids of the two red soils. The colloids are much higher than the non-colloids
in the two red soils in CEC, and hence in adsorption capacity and affinity for these heavy metals.

Key words Red soil; Soil colloids; Mineral composition; Surface charge; Heavy metal; Adsorption/

desorption
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