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Abstract:  Objective Organo-mineral complexes(OMC)in red soil vary significantly in mineral composition and surface
properties, and have a profound impact on the environmental chemical behavior of heavy metals (HMs) in the soil. Though a large
volume of researches have been done using models to predict pollutant behaviors in actual soil systems, it is still difficult to make

accurate prediction due to the complexity of OMC. In this study, efforts were made to investigate elemental composition and
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mineral composition of the particulate organic matter (POM) and organo-mineral complexes (OMC) fractions, obtained from an
actual red soil from Qiyang of Hunan, and furthermore, Cu (II) adsorption behaviors, element micro-distribution and molecular
binding mechanism of the Cu (II) on the bulk soil(BS)and OMC, so as to specify Cu (II) adsorption capacity of and molecular
binding mechanism of Cu (II) to the OMC in the actual soil system. = Method POM and OMC were obtained from the bulk soil
through density fractionation. X-ray diffraction analysis was performed to determine mineral compositions of the BS and OMC.
Free Fe oxides were extracted with the DCB method and amorphous Fe oxides with the acidic ammonium oxalate method, and
then determined with ICP-OES. C and N contents were measured with the Elementar Vario MACRO. Moreover, theoretical
maximum Cu (II) adsorption capacity of the samples were investigated through batch adsorption experiments. Then Cu (II)
adsorption in the samples were measured with the Scanning transmission X-ray microscopy(STXM)to specify micro-distribution
of target elements (C, Fe, Cu, Al and Si) and molecular mechanism of Cu (II) immobilization. ~ Result Element analysis shows
that the OMC is the main component of soil, and has organic matter with lower C/N ratio than the BS. XRD shows that the OMC
consists mainly of clay minerals. The Cu isothermal adsorption curves of the OMC and BS could be well fitted with the Langmuir
and Freundlich equations. Both the OMC and BS exhibit similar Cu adsorption curves, and equivalent theoretical maximum Cu
(IT) adsorption capacities, which indicated that Cu (II) adsorption is determined mainly by OMC in the red soil. With the aid of
STXM, micro-distributions of Cu, C, Fe, Al and Si in BS and OMC of the adsorption samples are characterized on the submicron
scale. The results indicated that the distribution of Cu in red soil is spatially heterogeneous, and Cu is mainly combined with the
OMC formed by organic faction with carboxylic carbon and iron oxide. ~ Conclusion Red soil is mainly composed of the OMC,
which mainly determine the distribution and adsorption behavior of Cu (II) in the red soil. The carboxylic carbon and iron oxides
of the OMC serves as the binding sites of Cu (II) . Therefore, the OMC of the red soil predominantly controls Cu (II') adsorption,
and thus determines the availability and mobility of Cu (II) in the red soil.

Key words: Particulate density fractionation; Copper; Aggregate; Red soil; Organo-mineral complexes; Scanning transmission

X-ray microscopy(STXM)
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20 cm ), FBTHbABIRD BRIE L, FRLE RN 33.1%.
AP AL M BRI SCHR 131735, 455 3 1,
1.2 TEZFESE

B 10 gid 2 mm A KA £HETF 100 mL
BT, MA 40 mL 1.8 gL' (24 MRANA RS
FHE 0.5 h, R FHBEA BRI (117 W) FEVKK
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7 ) R R0 435 (3 000 rmin ', 30 min )Y,
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organic matter, POM ), EE WK, HZE LIHFRTT
BRI N IE . B TR TTTE BN A ML Y R AR
( Organo-mineral complexes, OMC ), JZBR% 4
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Table 1 Basic physicochemical properties of the red soil used in the experiment

WeiREs AR A LB P FAcieE &&= Cu MR ZH B
pH CaCO; EC oM Fe0s CEC content Particle size distribution/ ( g-kg™)
/(gkg')/(mSem™") / (gkg') /(gkg') /(cmolkg') /(mgkg') 2~005mm 0.05~0.002 mm <0.002 mm
6.60 0.51 0.19 17.3 23.34 13.9 25.65 83.4 579.2 337.4

1.3 ZEASERNE

TR EEA ST CONITTRERE &M CN
TLE T (vario PYRO cube ) MI5E, BRIKZEE
Hoamar (TN), 26k (TC) AR E L ( C/N );
F DCB LU B A A b8k (Fey), MRTERIIRH 2%
MR BOC E KAk (Fe,), ICP-OES &I
RS VR B T4 B 45 B A O3 i B A R
AR B i, JFFHILZEME (Feq- Fe, ) UM
AR RS RT X LA E T (X
Pert3 Powder, PANalytical, Netherlands ) 7 %2,
KH CuKa Bk, P A4 0.154 06 nm, TAEHLE
45KV, BN 40 mA L FEIC SR AP KN 0.02°, 26
JE R 5°%] 90°,
1.4 HLE WK SLI

FREL 0.5 ¢ L3100 T 50 mL SR04
f1, L1 0.01 mol'L™" iy NaCl HiF S fiffii, +i
1: 50, IIAARFEARAYS Cu 500 mg- L' ) CuCl,
it W, (145 Cu IYRILR R BEHR I 0.50.1.00.,2.50
5.00, 10.00, 20.00. 40.00, 80.00. 100.00 mgL™',
FH NaClEWE R, WA 25 mL, 25 C
TSR 24 h, W pH M 5.0 £ 0.05, HL
A R A R B O HLEE 5000 r-min ! B0 15 min,
B I 3% W FH 1ICP-OES ( Agilent Technologies 5110 )

S Cu R BE, AR 22 Dk T 5. A 398 4% 4 0 il T
(TR
1.5 RTEHRIAE

STXM 5 FZAEMEFOLIE SM 2kl ( 10ID-1)
PEAT o AT S 2808 VR T i ) B A AT 2 i 2
W ARUS BEATHIAT, B 1 mg RESMAMET 1~2 L
FE TR RS DA , B IR B T
A SENGE T (75 nm JB ) FIFMIHRT . 284 &
ARSI 25 nm AR H AR T, % AR A
T 30 nm iR A IR, FERCR IS ] s
FRRE SRR T Y 16 KRR R, [RIAER L
) X FLLA SR . RAEEURET, ZERESR—X
B ATHE IS Cls. Fe 2p. Cu2p. Al Is FISi Is
HIHERR A5 B, fE B AN 1~1.5 ms, {2 E 1R 30 nm.,
1.6 HIEAIE

KM Langmuir 77 #£H1 Freundlich 75 FE#EfT4L
AL W) 52 A AR R B A 1 5 0 R AR AL . e
Langmuir #55F2 K .

c, C 1
N — +
e Qmax b- Qmax

Freundlich A5 J5 2 K .
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J& OMC By +3EAHLE MRS A B E R, +3 N
HEPONHE HIRART R bR, Ik CO/N
N BT R B AR Ak R 5 . RS T POM

) C/N J& OMC 1y 1.68 1%, UiB] OMC A HLE
it AR E RN R AL FEFE 5 o John ZEUTIRFSY 1A ] 4 43
R T EEELAL0 CON, EBLTEITA 5%
HArARE T E40 0 CN #5 POM (12.0~
26.5) T OMC (6.3~13.6), £I3E/KHRE 1 POM FiI
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218 A 3 BS F % OMC 202044 )ik, [F] i OMC
2 AR, HLAT R 0 AL o0 i A R AN A
TRFRE .
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=hE, OMC HR&/0a 1. 1 BIZKEef, JH3E
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Table 2 Mass fraction and C. N contents of different density fractions and bulk soil of the red soil

b ik o4 B & 1 44K B R WAt
Treatment Mass fraction/% Carbon content fraction/% Total C/ (g'kg™”) Total NA g'kg™) C/N

Ji+ BS — — 17.3 1.7 10.17
HHL PWE Sk OMC 95.6 76.8 13.9 1.6 8.68
WK A LT POM 439 22.98 90.5 6.2 14.6

F: OMC (>1.8 grem™ ), POM ( <1.8 grem®); “—"FK/Rn R+ MM, R K5 0 BONRR & B B0P B G e E AR Note:

OMC (>1.8g:em™), POM ( <1.8 g.cm™); "-" means not applicable.
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T, Tetragonal manganese ore; Ba, Bauxite; K, Kaolinite; Bi,
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K1 st (BS) AN YIE &K (OMC) B XRD
SNz
Fig. 1 X-ray diffraction of bulk soil ( BS) and organo-mineral
complexes (OMC ) in the red soil

TEARWFSE Hh TC & B fx = 1Y POM H TG E TR 8% &
i OMC 414319 1.58 i, Bk BS @ I8k & i
i 0.29 fi5, X5 LREEMIREGRAA .
XRD FIERIE B HRIEE KLY, HEEIANE POM
T ERE S A R ZHHLAY Z AR, i OMC 2
YRR N LT Y.
23 TERAHNTYESEI Cu( ) HERK

M7 A

A5, POM & ik, ReeHF
SR M ST, BS HI OMC X Cu (1) £% I R 45 38
LU 2 i, 2 Cu (1) WIRIIR BB E/NT
20 mg-L" i}, BS H OMC AT D4R 75 1 4 082 BRF 7 25
Xt Cu (T1 ) 110 -1 52 o ek i Vs Y 70 s e 32 1) 386 o
By VO B R, W BT A 2R A
I, YA 0 e 1 IR B R, B AAERIR Cu (1)
WeSE N 100 mg-L ' A2 A7k BN FFHF-4 . BS 5 OMC
XFCu CI1) AW B Hh oL, W B aEAH Y, Ui
OMC JELIIEW M E 4R Cu (11) M EE T .

®3 ORI ATBEREFESHEBESRYYENR

Table 3 Fe fractions and mineral composition of the bulk soil and fractions of the red soil

b3 BRI 2 AR LY
Treatment Amorphous Fe,03/ ( gkg ') Crystalline Fe,05/ (gkg ') Mineral composition
Ji 1 BS 5.46 23.34 A%, Antk, WIrsEks, Pokia
HHLW W5 &1k OMC 4.47 7.23 A, Ay, WD, Z2KE8a, Bab)
OB S AT HLBT POM 7.07 8.76 \

: OMC (>1.8 grem™), POM ( <1.8 grem™); “\"F/RAIE ., Note: OMC (>1.8 g:em™ ), POM ( <1.8 grem™ ); "\" means not

applicable.

RKIEHN N—T71i, OMC 5 BS 7E TC., TN, C/N LI
K Fe, fE& e FAHIE (% 2. % 3), My —,
FEEH T OMC J& - fk L3 BS FE 4, & it
it POM, 5+ k41 BS i it LBl ik 95.6%.
McLaren FlI Crawford 2[a#E & 3 BAR ZE + 5 W %)
Cu (1T ) W Bt fig 022 Lo S AL R HLBT /S
{H b T H A S s TR AL, HAEH
ANEEAL . AR HRE OMC EE G PRI Ky
Ftwdy, (AEHM TEAKEEE BS Brat thld b
AT OLH, IR S BR R G rh £ B 4 )R Cu
(1) Ay FE TRk

A Langmuir F1 Freundlich 5 i W B 5 F2 3= 22
R A AR — 1 Ui BE T W B 5T R 8 B R 22 1] Y o3 B AT

3500
|

3 d00f ————
3 ot S
g 2500 F Z _nn
g /
S L
= 2000
2 o
2 E 500/ /
53 .
< / /
G 1000y
= I = i+ BS
=500 B

y o AR A ROMC

0 1 1 1 1
0 10 20 30 40 50
i 2 C Equilibrium concentration/
(mg-L™")

K2 £ BS Al OMC (> 1.8 gem ™) WeFff Cu?' (%R
Fig. 2 Cu® sorption isotherm of the BS and OMC with density >
1.8 grem
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ol H b HE U 220 Bk R 8RR A
Freundlich J5 2k 4#i& , 1 Langmuir J5 2 i T 0] LA
SRR B R B B O 31X — A7 B B PR SUIY 5
M) 298 . {5 Langmuir FRACEAYBER & K
B FACAS Bt A B0 T 78 A, S W B A ) R AN AR
L — P HAR U [, Freundlich DIJi& FF iR A5
2 THT ) IR B
1] FH 9 o 5 Yk A oA 76 X6 S 6 B R A T P

il & 283 T3 4, 451 8/R, BS 5 OMC *f
T R I B AT R A PR AT T R e R
R> P43 0.98, H Freundlich 77 #2 RPFY 5, X5

V2R AR S R —502Y ) B0 1k 58 BS
OMC " EE N AY—RM B . H Langmuir J
A BS 5 OMC FHg i KR Opay FEASAH
M 3 203.4 mgkg ! A1 3 041.5 mgkg .
Freundlich 772 1Y n B8 H A Ry R IEXT 8 4
JE& BT BAVE T B SR EE AR AR, n BOK, R WTWER 5
XF 4 A B WA MR R B . SR 4 FTHT, BS
) n BRI & T OMC, i BS XF Cu (11 ) AW FH1E
HISREE e OMC F K, iX AR Al ik 5 BS IAEAY POM
HAHE (£ 3), HE S RA VLT AR S 24
f1%) 25 B2 B AE

F 4 4IIE BS 1 OMC ¥ Cu* %2 IR MitE B Il & 5

Table 4 Fitness of isotherm models of Cu®" sorption for BS and OMC

Qb3 i E Langmuir Freundlich
Treatment Temperature/K O/ (mgkg™) b R* Kr n R?
Ji+ BS 298.15 3203.4 0.35 0.984 941.11 2.83 0.987
HH W41k oMC 298.15 3041.5 0.20 0.979 651.91 2.51 0.980

24 Cu(Il) EXERBITYWESEHRHRMEX

NIWBEDTFRES

FIH STXM i ARFEME Cu 5 C. Fe. Al Si
PR IX A A A, 45 9% /R B 7T 58 BS AT OMC
A FE U AOR RO B HA S ietE (B’ 3, B/ 5),
VEHCT BS ARk 1. kot 2 DU A 3
SAMIX, AN KITE R NEXAFS i ULE 4,
W) K 31 NEXAFS 355 1, 2 78 286 eV ( 54
f ) Ab AT — bW IS T A 3 UHE 286 eV ( FF AR bR )
J 288.1 eV (FRIHLh ) AbS5A ks, = S ekoo
% NEXAFS FEEN 875, 2. 3 W& EA LA 9
JCRERE, M T 2.3 W, 1S Ly L, i
NEXAFS 1 708.7 eV (L, i1 ) [f] & figsmimfe (i
) 1M 710.2 eV (L3 1) ARAES WAL . FnioF
FERWBE 2p NEXAFS [K3 a] D4R fh gk A AL
A 5 Y, Hoh R AE 708.7 eV A B I
=M MAE 710.2 eV H A fe o i ig 12627
UL 20 3 A0 DL =Mkl F 45, AR 1B ek
RARWCRG = SN RIS Y . A SRS R
1) K i1 NEXAFS W o fe it 55 ek Eh 26 +
T AL 28 =AU A3 7E 930.6 eV 4b
HLAT 30 B A i e, [RIR A 3 BRI K il

NEXAFS i 548 1, 2 AW E 2% . Manceau Fl
Matynia ™ 7E B 53 4 5 KSR A LT 9 25 & b S5 Bt
[FIRE B, TEMRYE IR, M5 AR
EEGYEERASYE o O FARIEMBEE N
IREE G MR, P 3 i & i ml BE 5 R S
MIFEFEA Ko

& 5 5 OMC HY STXM-NEXAFS &%, [FFEE
BT bR s 1R 3. Mk 2. ERAER 4—6 1Y
NEXAFS K%, S5RWLE 6, EEPBRA S 1
RE7E 930.6 eV Ab tH BLES {5 5 06, s 1 [A]EF s
RIS . R K I NEXAFS s, f1
TE 285.9 eV, 286.9 eV, 288.0 eV 45| HA /INE i
W, AT I 5% 2 Wk — Ak WA o AR 3 55 Al
NE iR MR LR, B A5 13X =Fhoa HLER A R A7 13k
X. & 6 1548, B NEXAFS jEh L{E 50, 16 Si
T A LT A D B ORI, R AE 288.0 eV
(R EER ) Ab ELAT WG, N ok 2 ik 0 B AE A e 3R
o A6 Ab 3G R Al A A A I 21 4 1) R g e, mf
FE A R Ry 7R B e X 4 A W B 5 kR R e B —
KR, AL AR AT W] e IR i 5 2R AR A Ak
S5 AN P B GARET e, iR f R Bk
T [ 2 A
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E: B8k (TC, M 290—292 eV 2= 280—282 eV RYREHRIIX I ); Fke-C (Aro-C, I8 280—282 eV Hl 284.5—286 eV HIfEH
XH); JRWIHE-C (Ali-C, M 287.3—287.8 eV ik 284.5—286 eV [ BER X4 ); #¥E-C (Car-C, 288—289 eV Jfi & 284.5—286 eV
BIRERX ); Fe (709.7—710.3 eV % 700—705 eV HYREX ); Cu (931—932 eV i & 926.3—927.3 eV MHEIX ); Al (1566.9—1 567.5 eV
I 2 1555—1560eV HIHEX ); Si(1847—1847.6 eV I 2= 1 835—1 840 eV AYHEIX ). T [Al. Note: The color of the spectra and the color
of the region from which they were extracted are the same. Total carbon ( TC, the energy region resulting from subtracting 280-282 eV from
290-292 eV ); Aromatic-C ( Aro-C, the energy region resulting from subtracting 280-282 eV from 284.5-286 €V ); Aliphatic-C ( Ali-C, the
energy region resulting from subtracting 284.5-286 €V from 287.3-287.8 ¢V ); Carboxylic-C ( Car-C, the energy region resulting from
subtracting 284.5-286 eV from 288-289 eV ); Fe ( the energy region resulting from subtracting 700-705 eV from 709.7-710.3 eV ); Cu ( the
energy region resulting from subtracting 926.3-927.3 eV from 931-932 eV ); Al ( the energy region resulting from subtracting 1 555-1 560 eV
from 1 566.9-1 567.5 ¢V ); and Si ( the energy region resulting from subtracting 1 835-1 840 ¢V from 1 847-1 847.6 ¢V ). The same below.

K3 ZIHE BS A AT R OD 225+ (0D280—O0D1890) &% (A—1)
Fig.3 Images ( A-1) of OD ( OD280-OD1890 ) difference between Cu and related elements in BS

k3 BS =5 OMC 41, POM &/, OMC

3 45 WEBLTY, HURAETYOERE, WETY
SEEM, TEN2 1 MASE, S0E 11 A

IBFRISANLE (POM) AT WE AR  ZKEIEA . BS & OMC X4 B A5 RE Il %
(OMC) Wik S ‘MR, YAl ER K, £ ERHIHZAT S Langmuir /7 7 H1 Freundlich J5 ##,
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Fig. 4 NEXAFS spectra of Cu and related elements in the selected regions ( 1-3 ) of the BS of the red soil ( 1-V )
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Fig. 5 Images ( A-1) of OD ( OD280-OD1890 ) differences between Cu and related elements in OMC
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