RS Rl 2R 2012,31(11):2160-2173

Journal of Agro-Environment Science

2 LLAT i aE B 5 4R 53 o 1 (2] 3 4 R B 6% IR s/ R =2 i
&, HikE

(PUJTAMY A BT IR PR 2 BE , BCAR 611130)

BRI T 4 R R Oy S Obctty K B SR S ) ) e A IR AR 52, SR T A i A5 T B R NHLOAC (EDTA
VR AR, WS L2 53 CRILIBT i 125 S AR ) X TR P SR AR B A . Py 52 o S5 SRR . KBk R IR 3T 54 S 2 R ik
AKX CA> IR BHERIRE CAP R ia i B R M R, MR 4% LR URIP 3898 : (<0.002 mm )>2~0.25 mm> i 1:>0.053~0.002 mm>
0.25~0.053 mm, 547 ML i 29 48 AL B \CEC SRR 35 TEARDG o MR BRI/ 5 K/INIE 2R« 23 B ML > 2 Beale g AL Ak Bk, A BILJSE 19 o
MR R TR AR . Freundlich J7 BELGRCR e At: iR BN B 27K, 2040 R K (H CARIiauk i SR ik (A C . NHLOAC fif
W AR B R B > ) ol P23 R TG K, DA e KAt 38 D8 A £ 0.25~0.053 mm>0.053~0.002mm> 5 4->2~0.25 mm>(<0.002
mm ) ; EDTA fift 0 54 50 B Cd™ ) e BE SR T )N , 3 A 5 NHLOAC ffR W AR S . 2Bk 32 435, NHLOAC i % b7t
EDTA W 31 [0, 25 Pe 5 52 b 2 A 20/, Ml 55 7K B B A R R . Bk 32 0 S5, A1 P R o5 O Bt S A
B TEARROG , VMR -5 05 B S A i 3 A O

SRR« 44 LT s R SR A 5 A 5 O s W SR I

FESHES XI131.3 XEFEG:A  XEHS1672-2043(2012)11-2160-14

Effect of Yellow Soil Components on Adsorption and Desorption of Cadmium by Microaggregates in Mingshan

Watershed, Sichuan Province, China

XIONG Dong, XIA Jian—guo”

(College of Resources and Environment, Sichuan Agricultural University, Chengdu 611130, China)

Abstract : The four kinds of old alluvial yellow soil,including woodland, paddy fields, tea garden and dry land, collected from the Mingshan
River, was used to investigate the effect of yellow soil components on adsorption and desorption of Cd** by microaggregates with isothermal
adsorption method of equilibrium liquid and desorption method of NH;OAC and EDTA. The results showed that:the distribution of soil or—
ganic matter, free iron oxide and cation exchange capacity was basically the same in bulk soil and particle size of microaggregates, being the
highest of yellow soil of Woodlang. The adsorbance of Cd* increased with the initial concentration of Cd* before and after removing soil com—
ponents. The adsorbance was diminishing as the following sequence : (<0.002 mm )>2~0.25 mm> bulk s0il>0.053~0.002 mm>0.25~0.053
mm, being significantly positively correlated with OM, free iron oxides and CEC. The size relationship of adsorption reduction was the follow—
ing sequence : removal of OM>removal of free iron oxide. The contribution of OM was much more than free iron oxide. The adsorption of Cd**
in four patterns of yellow soil was exchange adsorption mainly to complexing adsorption supplemented. Freundlich equation best fitting effect
adsorption isotherm reached a significant level. Before and after removing soil components adsorbance and initial concentration of Cd** had
showed a nonlinear correlation. The equilibrium constant K was significantly positively correlated with soil organic matter, free iron oxide and
cation exchange capacity. After removing soil components, K had decreased which adsorption capacity becamed smaller. The K, was nega—
tively correlated with initial concentration of Cd*. NH,OAC desorption rate increased with initial concentration of Cd*. According to the max—

imum of NH,OAC desorption rate, the size relationship was the following sequence :0.25~0.053 mm>0.053~0.002 mm>bulk soil>2~0.25
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mm>(<0.002 mm ), but EDTA desorption rate decreased with the increase of cadmium’s initial concentration, whose decreasing regularity

was contrary to NH;OAC desorption rate. After removing soil components NH,OAC desorption rate increased significantly, while EDTA des—

orption rate reduced. The desorption rate of tea garden and dry land decreased, which of woodland and paddy fields increased. After removing

soil components, non—exclusive adsorption was significantly positively related to total adsorbance, while specific adsorption was significant

negative correlated with total adsorption.

Keywords : Mingshan watershed; microaggregates; yellow soil; Cd*; adsorption and desorption
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Table 1 Basic properties of bulk soil and the particle size of microaggregates
AT R ARk URSTILR ke AT RRAH%
Land use type Particle size PH(H0) Organic matter Free oxide iron CEC/emol -kg™ Mass percentage
Z%DE Tea garden 2~0.25 3.96 34.10 13.23 17.97 8.31
0.25~0.053 441 16.59 5.66 2.85 41.69
0.053~0.002 431 24.37 8.98 7.70 35.23
<0.002 3.88 43.07 18.29 26.04 14.77
Ji 4 3.66 27.33 10.41 10.94 —
7K Hi Paddy fields 2~0.25 5.26 45.84 14.84 14.92 6.01
0.25~0.053 5.52 23.41 6.30 4.41 36.88
0.053~0.002 5.41 23.89 6.57 451 29.75
<0.002 5.39 50.84 17.68 18.38 27.36
Ji - 5.37 37.41 11.47 11.49 —
MHEL Woodland 2~0.25 3.98 46.62 15.06 12.55 19.23
0.25~0.053 4.50 29.55 8.04 4.00 32.79
0.053~0.002 4.47 39.91 11.48 7.86 39.83
<0.002 4.07 74.64 28.62 29.40 8.15
Ji 1 3.61 40.93 13.74 8.28 —
54t Dry land 2~0.25 4.50 36.59 14.51 20.47 14.61
0.25~0.053 4.85 20.58 6.29 3.93 39.37
0.053~0.002 4.64 21.39 6.49 5.13 35.22
<0.002 4.08 40.42 16.78 24.84 10.80
JR+ 4.07 27.27 9.12 9.93 —
BFFR T Hb> 7K FH > 25 el > 5, ARt T S8 G A A vy, 9 Pkl
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Figure 1 Adsorption isotherm of Cd* by bulk soil and the particle size of microaggregates
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Table 2 Fitted equation and correlation analysis among maximum

adsorbance and SOM, Fed, CEC

A3 Soil 45 FE Fitted equation  #H3E1E: correlation
25H X, 5 SOM y=0.017 9x + 0.464 5 R* = 0.995%
25 X, 5 Fed y = 0.008 5x — 2.243 1 R* = 0.99] %
%50 X, 5 CEC y = 0.016 2x - 12.872 R? = 0.998%*
KH X, 5 SOM y =0.016 8x + 1.549 6 R? = 0.997%%
JKH X, 5 Fed y = 0.006 7x - 2.500 8 R* = 0.987
KH X, 5 CEC y = 0.008 3x — 6.511 R® = 0.989%
i X, 15 SOM y =0.024 5x - 0.337 6 R? = 0.999%
it X, 5 Fed y =0.0113x - 6.122 6 R> = 0.991%+
Mt X, 5 CEC y =0.014 3x — 14.822 R? = 0.989%+
S X, 5 SOM y = 0.018 8 + 3.340 7 R? = 0.986%*
X, 5 Fed y =0.010 1x - 3250 8 R? = 0.993%
S X, 5 CEC y = 0.019 7x - 14.365 R* = 0.995%

T FORME 1% N2

Note: ** denote significant different at 1% level.
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K, 0 FL Bk 22, 38 3o A TR 1Y) Cd> i 22

A B A R A R AR T 1 SR AR Cd+ 48 3 I o
LG TR , Freundlich RS RO AE, 1551
W B /K- (R*=0.960~0.996 ), Langmuir J5 FEHLE 4L
RA BRI BN 2K X, B A RE A R e 1 &
Tl AT SR AR 1 e RS Bt AN [] = ) = v 0
CA* I B E JI AT, Langmuir J5 2 K {ELREH] T3 B
T S AR B CA>FRIBE T, K (R8RS W B . 4 Fboker
AR R R B LR/ MR (<0.002 mm)K {E iR,
MRHE BT Ry 58 Y, DB A A Ahobch B X Cd*
PRI B RE T s (2 3) .

Freundlich J5#2H n {3275 W S 45 28 I 2R 7
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e BE LA PEAR G . 7K HEEHE 0.25~0.053 mm Fi1 0.053~
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Table 3 Parameters of isothermal adsorption of Cd* by bulk soil and microaggregates

TR IR KA

Langmuir T Langmuir equation

Freundlich J7#% Freundlich equation

Temkin /5 Temkin equation

Land use type  Particle size X, K R? K n R? B A R?
7517l Tea garden 2~0.25 3333.33 0.012 2 0.991%* 75.25 1.405 3 0.992%* 146420 -1173.00  0.968**
0.25~0.053 2 500.00 0.003 9 0.954%%* 15.20 1.199 0 0.991%* 827.82 -936.96 0.964%*
0.053~0.002 2 500.00 0.008 0 0.982%* 36.51 1.3355 0.985%* 107620 -1049.20  0.977%*
<0.002 3333.33 0.030 0 0.984#* 194.67 1.698 7 0.990%* 1 528.70 -673.81 0.969%*
Ji 3 333.33 0.006 9 0.988** 39.85 1.298 4 0.991%%* 124950 -1202.80  0.968%*
JKH Paddy fields — 2~0.25 5 000.00 0.015 2 0.923%%* 104.18 1.242 1 0.984%* 219850  —1470.70  0.955%*
0.25~0.053 5 000.00 0.002 9 0.683ns 17.95 1.107 5 0.983%* 122570  -135330  0.964**
0.053~0.002 5 000.00 0.003 1 0.851%* 21.86 1.160 0 0.987%* 120390 -1296.80  0.960%*
<0.002 5 000.00 0.027 8 0.945%* 220.19 1.503 8 0.987%* 1 973.70 -750.43 0.939%*
it 5 000.00 0.008 2 0.896%** 58.84 1.218 2 0.981%#* 182920 -1561.80  0.965%*
FH Woodland 2~0.25 3333.33 0.012 2 0.892%* 68.63 1.3355 0.978** 157490 -129220  0.933*%*
0.25~0.053 3 333.33 0.004 1 0.780%* 19.40 1.159 8 0.986%* 111580  —-1226.00  0.943%*
0.053~0.002 5 000.00 0.004 9 0.823%* 36.49 1.209 9 0.981%* 145230 -1417.50  0.940%*
<0.002 3333.33 0.166 7 0.965%* 645.65 2314 8 0.960%* 1397.50 563.14 0.941%*
Jri At 5 000.00 0.005 5 0.855%* 42.78 1.246 9 0.981%#* 1462.10 -1377.40  0.939%*
ity Dry land 2~0.25 2 500.00 0.017 2 0.985%* 90.26 1.5352 0.992%%* 1.303.80 -969.77 0.968**
0.25~0.053 1 666.67 0.008 3 0.988** 29.65 1.4219 0.990%* 765.07 -770.50 0.974%*
0.053~0.002 1 666.67 0.010 9 0.987%* 47.61 1.604 9 0.996%* 761.55 -685.94 0.972%*
<0.002 2 500.00 0.028 0 0.980%* 163.49 1.806 0 0.996%* 1248.20 -635.78 0.965%*
Ji A+ 1 666.67 0.014 5 0.977+* 61.72 1.632 1 0.992%#* 875.70 -735.73 0.965%*

T A IR 5% 1%KT- 285 35 ns FORAIRA 25 .

Note: *and** denote significant different at 5% and 1% level, ns denote not significant.
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TS YA AER . — A, FRUEK 25 BRI
AHUTH 5 FASAIL, BRI RIAR AN A
MU FEAE RIS B L LA [R] 2 B4 E A i oA HLJ
122 BR AN A AT A HLET 2 BR 27 T69.59%~
90.4%,

EBRA MG, I B i A R AR Cd> W b Fif
CA™ WUk FE R RGOS, W Bt475 120 <0.002 mm A
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Figure 2 Relationship between K, and initial concentration of Cd*
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W, LhBR/IVREAZ (<0.002 mm )l /0 e K (& 3), W
B/ e i CA> 4] Gy v JEE 388 T 4 K o 4 o = b 1
D5 27K UM b o R Bl D B 2, A bl v
W2, LB e /N Cd™ R R a2
HE5ANREREEREETEME(E 4, H5EA
BTG 2 S Ao A - 398 R T 67 F for 3 DA e 5
B R AR A2 R N R . KB A LTS,
- T 671 H fr Bk L, S R ) Cd> i R AI
T CA> 455 B 5 A< RIS R %) 232 R i, R o e
FEREAR .

A BTN CA> (W B BTk 5Bl Cd> ) Bh vk &
S NIy N 71 B € =~ N L T D RN T IS A
B LT sk LR R : (<0.002 mm)>
2~0.25 mm>J5i +->0.053~0.002 mm>0.25~0.053 mm, %%

<0.002 mm Hi A2 A ML 5T R #6555 o 101.44% 57K
HH A5 AL 3R 114 B ik 2644 DA YR 388 U 2 2~0.25 mm>(<
0.002 mm)>J§i 4->0.053~0.002 mm> 0.25~0.053 mm,
JKH 2~0.25 mm KR TTHkEIA T 113.12%, 4 Fh 44l
I 5 2 0 8 43 v A AL SR W i £ 25 B kR 43
Bk 25 52.76% K H 64.76% HkHL 53.02% . H
57.73% o 7K FH 5 A= Je 45 ARl A AR AL 75 i ok
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Figure 3 Adsorption reduction of Cd** by bulk soil and microaggregates after removing OM
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Figure 4 Correlation between adsorption reduction of Cd** by bulk soil and microaggregates and removal of OM
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Figure 5 Correlation between adsorption reduction of Cd* by bulk soil and microaggregates and removal of free iron oxide
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Table 4 NH,0AC desorption rate of Cd** by bulk soil and the particle size of microaggregates

A3 A Cd* W) hf e /mg - 17! T KA /%NH,OAC desorption rate of Cd*

Land use type  Initial concentration of Cd™ 2~0.25 mm 0.25~0.053 mm  0.053~0.002 mm <0.002 mm JF+
25l Tea garden 200 73.75 81.14 79.48 73.04 77.85
7K M Paddy fields 200 64.63 72.61 70.27 64.13 66.67

b Woodland 200 58.42 62.59 61.24 58.24 59.41

24 Dry land 200 75.45 80.90 79.59 74.12 77.86

x5 RERBHEMEARE C&* EDTA RRERZE
Table 5 EDTA desorption rate of Cd** by bulk soil and the particle size of microaggregates

- b 2 CA* PG Mk /mg - 1 S KSR #%/%EDTA desorption rate of Cd*

Land use type Initial concentration of Cd* 2~0.25 mm 0.25~0.053 mm  0.053~0.002 mm <0.002 mm J5 4
%5h Tea garden 200 10.71 5.77 7.39 11.27 8.87
7K H Paddy fields 200 11.93 10.62 12.27 16.19 12.42

HiHh Woodland 200 17.28 13.90 14.60 19.79 16.42

Ll Dry land 200 10.61 6.34 7.02 17.07 9.68
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Figure 8 Proportion of non—specific adsorption and specific adsorption in total absorbance after removing OM
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Figure 9 Proportion of non—specific adsorption and specific adsorption in total absorbance after removing free iron oxide
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