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Cu? adsorption of tea plantation soil micro—aggregates with low molecular weight organic acids

LI Xin—yu', XIA Jian-guo®, LI Lin—jia%, SONG Cheng-yuan®

(1.College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China; 2.College of Resources, Sichuan Agricultural
University, Chengdu 611130, China)

Abstract: The effect of different low molecular weight organic acids ( citric, malic, and oxalic acid ) on copper( Cu**) adsorption in soil aggre—
gates from a tea plantation in Mengshan was determined. Results indicate that the Cu®* adsorption capacity of regular and of different-sized

* concentration increased. However, this effect was limited and eventually decreased as the

fractions of soil aggregates increased as Cu?
amount of low molecular weight organic acids added went beyond a maximum effective amount. Factors such as surface area, ferric oxide
availability, cation exchange capacity, and presence of organic matter influence Cu** adsorption. Cu** adsorption is also affected by soil ag—
gregate size wherein adsorption diminished as soil aggregate size increased : (<0.002 mm ) >0.053~0.002 mm >original soil>2~0.25 mm>
0.25~0.053 mm. The isothermal adsorption process was fitted to three equations, namely, Langmuir, Freundlich, and Temkin. The equations
were used to fit, resulting in a significant level (P<0.05 ), with the Langmuir equation showing the best fit. Low molecular weight organic

acids not only have a promoting effect but also an inhibitory effect on Cu** soil adsorption. Cu** adsorption is promoted at a concentration of

0~1 mmol + L™ for citric acid and malic acid and 0~0.1 mmol + L™ for oxalic acid. However, at a concentration of >1 mmol < L™ for citric acid
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and malic acid and >0.1 mmol - L™ for oxalic acid, Cu** adsorption is inhibited. Adsorption capacity reached maximum when the concentra—

tion of citric acid and malic acid was 0.5 mmol - L. Different organic acids with different concentrations, as well as soil aggregate size, affect

the Cu® adsorption of soil aggregates.

Keywords : low molecular weight organic acids; soil aggregates; Cu*; adsorption

AR, NS R A s e e L 2B DA
i, B ST A R A A AR Y i — 25 R e, 13
H R T Y R R = AN TS - AR S AR 2R
5 Sl T s BB JE R 22—, (H 5 i A 2 S BufE:
W™ , B NI A e T R A 3 i R T
P AL S5 T O e i o 3 J 8 11 L S P Y PR
R/ HRE e R A B B DRI AR A P Y
R o — g MR P T2 a2 SR Uy R DA
pH ZEFZIA L ZHAR 2R M A T A LR AT o
GRITTRIMIEREY S ESRE 7RG, S HHGR
FERIPIRR 2R B W R AR iz i BURAF AR (R 70
THAT LB = A2 5 S o 1 - 3 1 i
FHALRE ST, Xof B 4 s ) ke 3 3 AR T R
i e I N G E S N G A A (A = s VI
Xk - SR B B < AR RN ], TR B B A LR
M TITA A A, 3 P SR A2 - 3 Y o 22
RSy, 2 S W A SR R R RORG 45 ) — 4>
FEAR, A WSS Y e IR R AR R R
7 L SR B3 Sl BT T ) A4 S Big 0™ i H i
NANE Z B IR — ORI T 4
JR AR R, L T TR T i A LR AN ]
A AT SR AR o ] 1) W B e 45 o A28kl
s, A HUTAN R R B T G R L IR
B, SRR 2 R LR G R B T
[HFRE ST, DATITRZNA G2 I B 5 A TG 1k B 2 A 3 e
WSGEE B B T S R LR E A B
BEPREPERIBIESE , 1 TR R (AL SR 2 3 ex)
R AR T RE 7, M AR (7 8, RO RS A, Dk
TR ZR X R MR , A I s PR 5 4

ARSCIEIGE 2Kk bl L4, 9F 5 25 el 1 4
Ji A T AN [RDRE A A AT RARAE =Bl T A HLIR
CRPRRTIR R TR R TR )V FH o i £ B2 o — el A e
BORZIR , LAY O A W 25 el b 33 P A RO PR AL 2 A 7 dd
LERESIS/EE

| MRS

1.1 THEX&ESHE
S22 A SOy & s, 2k sk

A SN TR A I e L by 5 1L s b 3
1A T IR BRI T, 2R ) S P iR Ll A e
A FECR R R+ . HRET 2015
AT A RET ORISR 3 AEAYASIE X, A BURE A5,
F2“S"IERAE 0~20 em 3R)2 138 W RAE RN 1 FEAHF
Wl SE G =R A 3457, DAV vk O 3 &, KT B
2 mm i VR A A E SR &1 Co*,
Cu( NO3)2‘ 3H,0 @E’Fﬁﬂﬁﬁbﬁo
1.2 MEIEFRR %
1.2.1 IR o

SR HBGHE 7P I 3R TR — I W 7 A R BRUOAS [ A
TR L AT R AR 1 5843 R 2~0.25.0.25~0.053
0.053~0.002 ,<0.002 mm PY4-HiFE2H , Hom i ik .
PR 200 g KT AT RS 28 7oK 1 LIRS
B R 30 min, MR G43 25 H>2 mm
2~0.25 mm B9 5, F R A9 OB R TR - W7 A
i Stokes TE AR TR [a] | F AT WK — VTR vE 2
PR K7 4£<0.002 ,0.053~0.002 ,0.25~0.053 mm (1) +
B, HEBREEE W U B RER 2R, HER G
IR BRI S M e 5 L RS W A AR A v R T
J& , BEA T 0.15 mm G £ FH
1.2.2 H 3B PE R e

3 pH {ER A H AL, K £ R 2.5:100 4
BLJT R FH A% R B AN HRGE s i 8 A AL R FH i —
VAt 2 N — A7 A R N — Lk R B 2 BBUEE (DCB 6 ) 4
BB, AR MEZ bk L 0,350 52 15 B - A8 46 i (CEC )R
FHBSTREE 2 ek (pH=7.0)1, {3+ 18 pH S 5mER 1
(R 1), AU IR SR AR TS5 1L B, B A T Nk
RN 25D ARk ™ FE 1 AR
O30 H AR A AR 246 3 (BR3P AL s 52
NP e o N 2 N [ v e e A B =2 N R SV Wi 2
AR CEC A9 53 41— 2, MK 4 : 0.25~0.053 mm
Fi A8 2 <2~0.25 mm i A2 2H <5 1 <0.053~0.002 mm i
%2 <(<0.002 mm ) Rif22
13 RAFEFNREATEE LI ERERL R ENE
TEEFA RS Co® IR B SEIE

1E 50 mL A9 208 TR AL S B9 52 1L A5 R+
B 4 KRR kAR 1 HE A R AR 45 0.20 g, Bl A M



274 YIEINCR RS Y 5 36 5% 2 8
x| R MAREKEAREHERMER
Table 1 Basic properties of bulk soil and particle—size fractions
A em kA AHHLB UIEERE S CEC/ BRI A i
Soil type Soil granularity/mm pH Organic Matter/g-kg™  Free oxide iron/g-kg™” cmol-kg™ The content of each particle size/%
T JE 3.76 28.17 14.66 15.45 —
2~0.25 4.05 18.25 8.29 9.58 3.60
0.25~0.053 3.98 9.65 5.14 5.54 40.91
0.053~0.002 3.79 32.46 17.61 18.21 38.20
<0.002 3.83 45.35 25.62 26.73 17.26

JE 43 5] A 0.40.80,120,.160 mg - L~ ) Cu®* & WK 5
mL, L1 0.01 mol - L NaNO; Jy 325 U Jit , A BILL
A 1:1 B HCL 1 5 mol - L™ B NaOH $ IR SIARH &2
frits pH AE; 235 4 mL A AR (FF IR 2R IR |
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Figure 1 Adsorption curves of Cu* by raw soil and particle-sized

soil micro—aggregates
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Figure 2 Effects of organic acid application rate on the adsorption

of particle—sizes soil(Cu* 160 mg-L™")
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o, SRR E SR oA T
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i ol S R CuP (I BRSO A TR T, HLSE R
R TFHERR. SRS T A VLERASE , wR
FEV A 0.1 mmol - L™ B I B ik 1) 1 fe K, 24 7L
AR B >0.1 mmol - L™ B, Cu® (A W B2t R 4R 72 0 T
R HHIAT %0, BRRMR EE AE 0~0.1 mmol - L i}, X Cu®
)W B PR DEFE T, YR EE>0.1 mmol - L 1) B iR Xof
Cu> W B P 1

2 el S A R A% RAR (10 S A R ARSI =
RIS TR A WLER T , W BHEE K/ NI 5 45 ki 44 1 4
R A LT I B A AR B S S i ) 5 it
I3 A—E, XA N Cu BRI 2 A HILT 3 S A4k
BREEMFE MK, 138 (A ML R P 1 X F 4

o W2 R ) S B TR 26, X Cu® A s i S A g, T
Cu™ A TRCAL N 4 Co W B 7E 438 rp o T A Ak
RIMAAAERK G HE(-OH,) BLALE A (-~OH) REXS Cu™
7 AR SR AN ) T R R AN B, BB,
B RE T RRSR ™ [RIRICA HLERXT 5 ASRiAR ) -+ HE AT R (K
W R Cou™ P4 5 Ml — B0, G B 28 1 34k ], W Ff
1R S s ) B
2.3 BB FEHIEFRWM Co A EUE
A AR SR RIRRY Langmuir F7HE(F2) |
Freundlich 72 . Temkin RIS S E(RY)EA
AR Bk IR I, 73 0.972 4~0.999 8.0.853 1~
0.991 2.0.935 5~0.998 9, NN AR FSER IR I,
IR M 0.982 5~0.999 6.0.816 5~0.987 9.0.873 3 ~
0.995 7, IMAAIEIMK R FERRIS , 4390k 0.967 3~

R 2 MABANBER LR ENETEARE CoERBRMSE

Table 2 The parameters of isothermal adsorption of Cu* by raw soil and particle—sized soil micro—aggregates with organic acid

Langmuir /72

PRk iz Rtz
Acid concentration/ Particle size/ R SRR BLR
mmol - L' mm X, K R? X, K R? X K R
0.1 JR 4 3333 0.05 0.999 4% 2500 0.06 0.998 6** 2500 0.07 0.998 3**
2~0.25 3333 0.04 0.983 4** 2500 0.06 0.990 2%* 2000 0.08 0.994 6**
0.25~0.053 3333 0.03 0.972 4** 2000 0.05 0.999 2%* 2000 0.04 0.996 7#*
0.053~0.002 3333 0.06 0.999 0** 3333 0.06 0.999 6** 2500 0.08 0.997 7#*
<0.002 3333 0.17 0.997 7** 3333 0.11 0.997 9** 2500 0.13 0.999 3#*
0.5 JEit 3333 0.12 0.996 9** 2500 0.13 0.998 3#* 2500 0.05 0.996 1%*
2~0.25 3333 0.06 0.993 8** 2500 0.09 0.994 0** 2500 0.04 0.997 6%*
0.25~0.053 3333 0.04 0.973 6** 2000 0.07 0.989 4#* 2000 0.03 0.984 3#*
0.053~0.002 3333 0.16 0.999 4** 3333 0.15 0.999 8** 2500 0.06 0.991 8**
<0.002 3333 0.20 0.998 4** 3333 0.21 0.998 7#* 3333 0.07 0.995 2%*
1 Ji+ 3333 0.06 0.996 7** 2500 0.08 0.987 2%* 2500 0.04 0.993 4#*
2~0.25 3333 0.05 0.975 7** 2500 0.07 0.989 1** 2500 0.04 0.996 4%*
0.25~0.053 3333 0.03 0.978 2%* 2000 0.05 0.982 5%* 2500 0.02 0.967 3#*
0.053~0.002 3333 0.08 0.999 8** 2500 0.13 0.996 3** 2500 0.05 0.992 2%*
<0.002 3333 0.19 0.998 3%* 2500 0.2 0.999 6** 2500 0.07 0.995 3#*
5 Ji+ 2500 0.05 0.996 2%* 2500 0.05 0.993 6** 2500 0.03 0.995 6**
2~0.25 2500 0.03 0.987 1%* 1667 0.04 0.992 8** 1667 0.04 0.981 7#*
0.25~0.053 2000 0.03 0.992 3%* 1667 0.03 0.995 0** 1667 0.02 0.997 4%*
0.053~0.002 2500 0.05 0.980 4** 2500 0.05 0.992 7#* 2500 0.05 0.992 2%*
<0.002 2500 0.07 0.997 5%* 2500 0.07 0.994 7#* 2500 0.06 0.996 8**
10 Ji+ 2500 0.04 0.995 5%* 2000 0.05 0.999 4#* 1667 0.05 0.987 7#*
2~0.25 2500 0.02 0.993 9** 1429 0.04 0.988 7#* 1429 0.04 0.977 4%*
0.25~0.053 2500 0.02 0.993 1** 1429 0.03 0.990 6** 1429 0.02 0.995 4%*
0.053~0.002 2500 0.05 0.996 3** 2000 0.07 0.997 7#* 2000 0.05 0.992 6**
<0.002 2500 0.06 0.999 5%** 2000 0.09 0.992 7#* 2000 0.07 0.986 9**

o FIRSERIRTE P<O.01 K- TR

Note: ** indicates that the parameter test is very significant at the P<0.01 level.
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