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Abstract:  Objective  This study aimed to provide a theoretical basis for reducing soil Cd pollution through the application of
alkaline fertilizer. Method Field and constant temperature incubation experiments were carried out to study the effect of alkaline
fertilizer on soil acidification, Cd pollution, and the effect of soil pH on the thermodynamic properties of soil Cd adsorption and
desorption. Result Application of alkaline fertilizer significantly (P < 0.05) increased the soil pH and reduced the content of
available Cd. This shows that soil treatment with alkaline fertilizer is an effective and reliable measure to reduce soil available or
extractable Cd. When the ambient Cd concentration was <60 mg-L™', pH values from 5.0 to 9.0 had almost no effect on the
adsorption strength of Cd (between 15.77 mgkg /mg-L™' and 16.67 mgkg '/mg-L™") while Cd concentrations > 60 mg-L™
showed increased adsorption strength as the pH was increased. Nevertheless, the adsorption rate decreased with the increase in the
initial concentration of Cd. Under the same Cd concentration conditions, the higher the pH value, the higher the adsorption
capacity and adsorption rate of Cd. The Freundlich, Langmuir, and Temkin equations fitted the Cd isothermal adsorption data well.
Of all three equations, the Freundlich equation had the best fit and was the most suitable to quantitatively describe the
characteristics of Cd adsorption. The adsorption of Cd was a spontaneous process and characterized by a negative adsorption free
energy (AG ). Importantly, AG increased with an increase in Cd concentration at constant pH whereas AG decreased with an
increase in soil pH. Under alkaline conditions, AG was lower than under acidic conditions. However, Cd adsorption was more
intense under alkaline conditions than in acidic conditions. This shows that increasing the soil pH with alkaline fertilizer was
beneficial in improving the Cd adsorption capacity of the soil. At relatively low Cd concentration, Cd adsorption occurred through
the specific adsorption mechanism. When the degree of Cd contamination was high and at high pH, the variable charge of the soil
and its non-obligate adsorption played a positive role. Furthermore, the Cd desorption capacity and the rate decreased
significantly (P < 0.05) after the application of alkaline fertilizer. Conclusion At constant pH and increasing Cd concentration,
the adsorption capacity of Cd and the free energy increased while the adsorption rate decreased. Also, at higher soil pH, the
adsorption capacity, adsorption rate, and reaction free energy were significantly increased while the desorption rate was decreased.
There was a negative correlation between soil pH and the availability of soil Cd. Increasing the soil pH can enhance the ability of
soils to fix and passivate Cd, thus, reducing the bioavailability of Cd. It is suggested that alkaline fertilizers should be applied in
agricultural practices to manage soil acidification, improve soil pH, increase heavy metal cations adsorption and reduce their

bioavailability in soils. This will help to control soil acidity and reduce heavy metals pollution in agro-production.

Key words: Alkaline fertilizer; Available cadmium; Cadmium adsorption; Cd Isotherms; Gibbs free energy (AG")
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FHEY Do RAHSIEE. Cd TERE . B
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i Cd RELEM IR FET, SRRy od iR
Rl 5+ Cd B Jeoe, (HEGRF A% Cd &
W, M Cd MREYAE S LR RN I R
O E T 3 pH™, pHS.5 +3% FAYSE.O R 3 4F
(UEHEE N CdF-34) & B 7E pH6.6 38 1 A3
i 46%; SRRy BAUY Cd 5 148 pH 2 A
FFF, pH M 45 LIFE 72 B, M3EHEAM Cd

TR 82.73%~97.38%!"%% T AR bR R 5 il & MK
+3Erp cd AR, 3 pH B, Cd A
ROMEML, pH MR, 48 Ccd AR, L1 pH
WL RZ A 3E Cd IR B - I i 18 Cd A
ROPESL T WL, 3 pH AR SEURH £
5 Cd V5 gL iy B R

UEAE 40 4Rk, th 3k R bt FH AR A 3 ok
IR Ok, 213 pH NG TR R A
1 6.0~6.5, FREZEHFM 5.5 Z£4, FHTHET
0.2~0.5 AN, A EFEKT 1.5~2.0 4
B U201 FE TR AR 3 pH KR T B Y [
+4E Cd IR nBEAEAL . 2R R, M

http://pedologica.issas.ac.cn



14 WA BT R AL NG TR L R A BCR AL

177

AT REAT R Bk BRI R R R L Cd A
ROk K ICAEAE YR N B2 A R 2 — . SR,
K A7 AL B SR 2, T HBCR AR,
B Ly IR o LA A A W] R B R
A5 G IR) AL, ] LR R ol T BRI A 5 | S Y - 2
PRALLL B T HERR AL R B Cd {5 5% R AR A H %
TE T BUB NERH R BAE . A SCHE BT 2R 5T ik
AT AR5y & T pH S0k iy D) e R & L
(PR IRAL, FIFRBIEAL ) B AUBAT 0 2F BRI 1R =l
A BRI RE AL A BEAE AR Ml AE 77 52 B v 52 B AE AR
iR 13% pH, EUHEAC I B e L% pH, MRE
IR Cd W A=W AT R, BRI Cd 1554
) T3] %) R SR I e 45 SR e 1, s T i P
MG A IR AR W UK RS Cd B (R, 66
PR 36 IR 5 AN AR S8R AL B 1 A B Al . I
1, NS e K P T R Al P A A R - A 2%
WRVRCRIESE, FFERIRIEIEREE Cd ROBLEE, LA
R il SRR B 43 Cd ¥5 Qe 4R B AR

O %R S S WSRES
11 KEEEER SRR

i P AR ) 36 TR Rk 0 20 R T O 3 6
G o i 7 T3 1 5 75 e b ™ H A W g 4

SR IES ORI . ATIL S G FER L AKARTIEETNER
L GRS R . AR S 1L AR . HERKRE
T2 o > M ROk RS, 3l R s A 1068 SR
534, HZMfR 8 5. MR L. mnil 1068, Ak
H 3R A P T L3R 1.

MR H AR R SIS (XTI FiSE S
A3 BB AR (AbEE ), X HRAERHE pH ol 6~6.5
B 2: 1. 1 BETRABIE G, AL S
NE AR AR KA T 2R e e P 45 A o A IS R T AR 4
ALK . SR 4. R 545
W KR A=A PRI 20 1. 1 BB AI ALK

KR AP LR R 4 KT, 4 K
S8 il A BE N B A 398 TP A B AR PR R SR
LA 750, 1500, 3 000, 4 500 kg, AESALEE
PR BB A A, L I IR A R A L
5 AN EL, AN 3 AEE, B3 AURIEX,
BARIEX 1 hm,

T A R A RS ME AR R E (GB/T
23739-2009 ): it 2 mm G RT HIE S g, BT
100 mL HEHMH, MA 25.00 mL HFEIUR
(0.005 mol-L 'DTPA-0.01mol-L"'CaCl, ), =it FT
AP E I RG 28 b, DUR 8 IRYG 180 WA #
JRH 2 he BHAHRE, BOoduk, BUE EEER,
W B RT3 2o ) 5~6 mL JEWR , TIATIEW AT B F
TS CERET (AAS) MERR T Cd & &,

1 REALEEACMER
Table 1 Physical and chemical properties of the soil in the experimental field
BAASR WMAASE AEsE B a R AR = -
TR Hh ER:.38!1
NH";-N NO; -N Available P Available K pH Available Cd
Experimental location Soil texture
/(mgkg') /(mgkeg') /(mgkg') /(mgkg') / (mgkg")

Jifi#% £ Pailou Town 102.35 20.31 13.55 262.45 4.82 0.27 g+
V-4 Anping Town 41.80 7.17 30.58 104.22 4.96 0.19 HHb i 1
11 % Zhushan Town 155.55 5.26 21.05 137.60 5.47 0.16 Hemgh+

K SRITA# Yonglejiang Town 14.55 0.77 7.52 104.65 4.94 0.30 it
JRIE S Chengpin Town 21.36 3.49 12.18 106.24 5.53 0.24 b+

1.2 TR IR M- R R AE X 38
HRTRAE LR SR RO HLERTT R T pH X L
BRI | AR WA BT o b R A TR
o Cd YRR, TSRS R ERA P sk
M2y, B 20 A L 14 pH O 4.7,

THAERE H &l 30.2 mmolkg ', BHES T3 Hht
4 3.9 cmol kg™, HLATE LN 3.60 (pH), AHLFTE
634 gke!, FHEAR CdFREN Omgke ', &
AN 0.2 gkg!', HHHN 24 mgkg ', HEHHEH
3mgkg !, WAL (0.05~1 mm) & 17%, HH
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A (0.01~0.05 mm) FiA 19%, YHPERA
(<0.01 mm) &EH 64%;

- 98 8 R AR R PR L IR 3 W B 9 . SR
5ok 2 3 5x8 sEaikit. 5 1 NHEE KN L1 pH,
Ty b IX 41 pH JEFIFE 5~6 Z P24 g
FEPE T pH X - SR B SR AR ) sE e, REDLR
PERN RO L9 pH, &€ 5 4 pH K, 50514 pHS.
pH6. pH7. pH8. pHY. 5 2 MHEE NEIT 1
MR Cd WBE (RIARAS IR Cd MREE ), 4% 8
K, 3504 Smg L', 10 mg L', 20 mgL,
40 mg-L'. 60 mg'L"', 120 mgL"', 180 mgL "',
240 mg- L', it 40 MbFE, HAAHES 3K,

T3 pH WA A R ORBER A W R R AR
W pH fEE, S75 0 v far 2 i 5008 5 8 pH Y
Tk Lh e S ek R K BB T S i o S
%, F 0.1mol-L 'NaOH ¥ WA U158 M ALRH pH,
JA75 € pHo 43 I AE - e i AR RV BE 9 NaOH
AT RS IR, A2 L3 pH /39 1E SE7E pHS, pH6,
pH7. pHS8. pHO I} 75 ZLUN i NaOH fY%UE:, RIS
Tk B S 56 R M AR T 1 pH B TR E AN
i) NaOH %5 W FH & -

W BFHA G FEEL A X T 1 5 g, BT 100 mL
BT, IMAREUAFILL 0.01 mol'L™' NaNO; KN
59 0.1 mol- L 'NaOH i %, #M7EfilA 0.01 mol-L™
NaNO; B MR 25 mL, N8R 72 h, &
B 24 h, M IR pH, B pH 2 BIFEETE 5.
6.7.8.9 )5, MLLHFHMA 25 mL L)
0.01 mol-L™" NaNO; Jy 3+ Hi fif it VR Nl Cd 1k
JE43 ;5. 10 | 20, 40, 60, 120, 180, 240 mg-L ™',
SRIGTE 25CIHIR TR 50 h, #E 2 h J5ill%E pH.
B0 10 min, FUEMS DV, RSB ETF I
JOLEETE CAAS) MER T Cd &t

i W B W BHRERJS L 95 % PG R A B
OEN g 3 R, BT, IMA 50 mL WEH
0.01mol-L™" ) CaCl, SZHFHLff AR . 7E 25°C T LA
200 rmin' AUFEEHENRY 24 h, BE 2 h 5, L
4000 r-min ' FOFEH B0y 10 min, oF 38, A B0 H T
WS LR ( AAS) T LIS AY Cd &,
1.3 itEF*

5 Cd YW BRHAREAE 53 ) SR FH A5 TR B a4k
WY RFFEE . MR R . B E AR A MR T

ko BARIEME

(1) WM. 50%%H Freundlich,
Langmuir fl Temkin J5 F #4714, A e
wmr

Freundlich: O=K;C"" (1)
Langmuir: C/0=1/ (K;xC ) +C/Q,, (2)
Temkin: O=KpnInKp+KpInC (3)

K, O W, C AVPHWE, Kefln AL
U9 H R, Ke SO T W2 B BE TR KN, 1/n 3R W BT
T O R e KW, K 5 R4S
REAH G B B K A Koo BR800 A5 T
FRF 1 2 52 A5 780 ] LA 00 51 4 W B o . SR IE S
T A 0 W) A B T Y bR fE AL E fR 2% ( Mean
standard weighted deviation, MSWD ) fff & ,

MSWD= X ( SEI{E-FIAE ) 2 = ( FdifE 2= ($5
SUEC-BERY 22 ) ) DL K S I R A ) A OC &R
#( r (Pearson correlation coefficient ) ffij i, MSWD
N, Hor BB 1B, 1E B A S S A 4

R
(2) WRHE = (Cw — Cu) x> WEHHE R+

m

SRR Cd )4 XHE 5
K, VO TPEHEBRAAET (mL), C« AP Cd i
WO E (mg L), Co, by W BRI 30 SF £ V4 vk
(mgL™"), Coo i BRI VA Bk B (mg L"),
m AT EERE (g).

(3) MRt/ (% ) = WL R 4] AR A5 N < 1005

Wi RAC R T H3EX) Cd AOMRFE S, MR R
W T AR SRR, BREEAL Cd YRR

(4) Cd WFfsREE. i THRATHN pH X Cd
R s SO S Cd e R, ASCRH Cd )
R i B A T B A A . Cd W B R FE RS Cd % &
BRI —ANA0E (mg L) B, 3 Cd AW
(mgkg!' + ), HEARXWT .

Cd W M s OE
R IECARL I CAT B 1 — GV S CAAE PR OC AR it
R R Cd & = 1

( mgkg'/mgL' ) =

(4)

http://pedologica.issas.ac.cn



14 WA BT R AL NG TR L R A BCR AL

179

(5) $J2ESH,
MR B A g 2 10 Ko=—* (5)

FrifE Gibbs HHIfEAE  A4G° = —RTIn K° (6)
A, R=8.314x0.001 KJ-mol "K', T'=298 K (I}
REE) , Cy 55 W 6 o fioh 174 2 B 25 B 4 ) Wk
(mgL™"), CoH MR TESRBEE (mgL"); K°
i 25CTF IR IE BT AR, 4G iR
Gibbs H HEAE .

14 HIELNEBESHSH

B AR ] Excel 2010 F1 SPSS 19.0 %4
78eit 5t , R 2B 0 22 30 17 07 22 3 #r
2 S E R, B (% ) it & E X
i s FAES T, SR OriginPro 8.0 224,

2 4 R

2.1 FMERERIXY LEEEME (pH) FIREMRE

WFSEEE R R, 5 A A SR it FH AP AT ek Ak 34
BCRAIERE (CK) AbHYRE 35 4 = 1138 pH i B
RS AR (B 1) 5 MR LHE pH HktiE
B AR P ABL 5 R SR 2 A R B m 3 A, 1
i P AR T L T P T ) R B A ek P 1% 1 ek
KRR . 5 A5 R H B IE RS, IR
3 pH WHE N 039~1.29 DAL, EHHm
0.95+0.24 AL, Horr, ATIl, P2, M3 A S
Big P AR R BB = A1 4K T 3 000 kg-hm (' T3)
G, kRIS, 58 pH MW W, HAT
il T R 2 Bl AR A B P 0 BLEE 4 500 kg-hm 2( T4)
IR A R B B 5 A 2 A S EHTE R
F3 000 kg-hm™> (T3) if 3 pH 59838 A0, k%)
4500 kg-hm X T4 i} 43 pH B . K F 3 000 kg-hm ™
(T3) AbHE pH, DEBAIX 2 AT BE AL RLAY FH 2 7E
HBPEYIRLN 3 000 kg-hm ™ (T3) BFATBEE k584
HORIE PERR B . TR S I R I FAE
1500 kgthm > (T2) LAFEF, Blrk AR SRR SR 5
FHEREIMIESE, HoT RE IR P2 MR R 1 58 10 TR 13
5 AR ER R, TR Y B PR AR g A B A Tk
B ERBER, ARLIh A EAE YRR . ZE BT
W, it R IR LA B B 4 pH RICR
JERE S | AT 1L S RN ST FOR A R S MR Y

ol A Ak R AR P B M R S i = D 4
500 kg-hm 2 (T4 ), 7REE 2 FlK SR VT4 AG Bl 1 AR AL )
BPE ) & B =20k 3000 kg-hm 2 (T3),

751~

7.0

(=9

R R KR KRR RRRKRY
H

XS

il AORTTH P kS
Chengping Zhushan Yonglejiang Anping Pailou
Town Town Town Town Town

TR
Experimental location

T CKACERW MAREZ AL I/, T1, T2, T3, T4 1t
F A BEA T LI AR BB KRR A=A B 750, 1
500, 3 000, 4500 kg, AN[F/NGFREFRRAS[FAL 3R] 22 5 2
( P<0.05 ), CPT=Chengpin Town , ZST=Zhushan Town ,
YLJT=Yonglongjiang Town, APT=Anping Town, PLT=Pailou
Town Town, T [F], Notes: CK (check) represents conventional
NPK compound fertilizer, T1, T2, T3 and T4 represents the amount
of calcined natural dolomite applied in alkaline fertilizer to the
soil, which is 750, 1500, 3000 and 4500 kg-hmfz, Different

lowercase letters beside the brackets indicated significant

differences , P<0.05.The same as below.

K1 GRPEALEIAS 13 pH (TEVERR ) #9520
Fig. 1 Effect of alkaline fertilizer on soil pH

2.2 WEHEER T EFHENEE

XPHE 2 5K SR (1) pH AR R
PR A BUR o i fem, Al 4 A2 14 pH
P, AR 3G R0 & R RAL; (2) s
A S W PR iR A5 i A UL PR S KPP
LS BHR . ACRITEINER | 2 P55 H R R
T CK 4b B Am 9 kit F 54 750 kg-hm® (T1)
AEPRZE AR AL, -5 5 P e Y B o B I Rt
PR BB I B R AR R £ Y S PR T LA
Sy k2 40, B CK. Bt kit SR 750 kg-hm™?
(T1) FRtERbiG AN 1 500 kg'hm > (T2)
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551 41, mrEY R A 3000 kgthm 2 (T3) Al
B R &R 4500 kg-hm® (T4) R%E 2 41,
HHNZESFARE, HRARZESBE, 4 1410 pH
B /INFEE 2 41, RS 1 4l B3 3Um & A
BERTSE 2 A RER & &, M TgeE, +
RIS RO BRI A BB TR
PRIt , 3 ot P A NE B2 5 3 pHL, J2 AR 1
7 S B A R it

0350 ok
on v
2T

£ o30F g ab 4

= =13 E%cc
I = 025F T4 =
s ERQ
NI ]
B 5 020fapa -
=5 abg =
| S V) -
£ g 015 =
3 a =
“E o10f be =

8 |

2 005 =

2 -

E 0.0 SENARZ:ENN - : o

< EIFS nhg KRITED TFET S

Chengping Zhushan Yonglejiang Anping Pailou
Town Town Town Town Town

R

Experimental location

P2 mE AR A O R R

Fig. 2 Effect of alkaline fertilizer on soil available cadmium content

2.3 CdiREM pH XF Cd R E 8200
IR AR R, FER & T $E s 14 pH
SRR R R Sl E AR o, O AR
NEANABE HE Cd V5 Y3t TR . SR T2 LImd i
JEEHGEE 3 Cd 15 5L, B ATFIRAMFIEIRIE K/
A AR ) e R R s . B 3 02 S
AN HE pH A1 8 AN Cd e BEF 45 Cd iYW f
Mk, 455RFMIIe pH JAIK, T3 Cd 1YW Iy
BEVS IR Cd #e BE (3G K, {0 Cd it a5
FRA I G R % V) . EmMESEE (pH8~9) T, Cd
AW FHEERE Cd vk FEERMULT- 52 BRI, MifE R
MRS (pHS~6) T, ZMPLAl, R &M,
MIRAN Cd W BE 135 240 mg- L' iF, pH6. pH7,
pH8. pH B +1E Cd (M Bt 4330l ¢ pHS B A 34
46.5%, 61.8%, 75.8 il 85.1%, pH5 F AW Fff (1268
mgkg ') N pHI F (2346 mgkg ') A 54%. Hh
AT AE A2, HHEXT Cd iYW BBl 5 VS N Cd e
FUIGINmEG N, Y4 Cd WREE—E Ry, T3 Cd AT

RFEH IR pH BT R Al L, RIS N
TR Cd e FEE BA RO Mk B B R 3k 240 mgeL ' Y 42
re L HEERAE pH 3SR RN L 4% Cd MR i, ATITRE
AR AT S5CE A B G

2800 . pps

—— pH6
= —— pH7
Ty 24001 T D
30 —— pH9
£ 2000 F
= = L
=< 1600
=2
B E 100k
HZ
<
E 800
£
2
S 400+
0 1 1 1 1 1 1 1
0 40 80 120 160 200 240 280

FHRRCAI L

Cadmium concentration in the equilibrium/(mg-L™")

Bl 3 ASI Cd e BEXT 3 Cd M B HE A 20
Fig. 3 Effect of Cd concentration of adsorption solution on Cd
adsorption capacity of soil

2.4 11 pH X Cd W EAI M

- N FfE Cd Rt nT LA R B A R (3R 2,
MR W, pH KR E i E— 3 Cd 1Ykt
%, 7E pH8 L L BB S5 18 F, W INE Cd ¥R EEAE 5~
240 mg L' Z ], HHEJLF AT g B 4 Cd, 45
W Cd By Ik 240 mee L, HIEREMLFF 92% 5
3 98%M Cd. Ti7E pHS Myt s, BRIl Cd 1Y
W HAT 5 mg L', WRFRBALE 96%, BT
Cd eIk 240 mg-L ' 1, 3 AEMR B2 52%11)
Cd. Wt R UAERR AT, 13 Cd B 2EKE Cd
WREE MBI ILT- 2 B TR [FIRE, Cd MR 5+
B pH A 56, 78 Cd W BRI R (5 mg L),
B 1 AN pH, MRG0 4 S 43, T
1E Cd ¥JEA 120 mg- L' A EEF, B0 1 A~ safify
pH, MRS AT AN 23~25 DNE 4, W, %
W Cd e ERG Inel A Cd F i inet, 425+
5 pH AEW] 58 A3 A0 - 3E X Cd A IE R, M glifk
+3ER R Cd, W Cd MEE., Fit, 7F ad
TG YT A X, Al A 7 S b LB A R AR
FHALAE, [ A pH S BE AR S B 6 - 4
Cd 5 3L A 250 it -
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R2 RN CdREF pH X +IE Cd KM RN

Table 2 Effects of Cd concentration of adsorption solution and pH on Cd adsorption rate of the soil /%

BN Cd He pH
Cd ceoncentration /
(mgL™?') 5 6 7 8 9

5 95.71+0.62¢ (a) 99.76+0.03b (a) 100.00+0.00a (a) 100.00+0.00a (a) 100.00+0.00a (a)
10 95.27+0.33d (a) 99.68+0.06¢ (a) 99.97+0.03aB 100.00+0.00a (a) 100.00+0.00a (a)
20 93.43+0.65d (b) 99.35+0.09¢ (ab) 99.80+0.12b (c) 99.94+0.09ab (ab) 100.00+0.00a (a)
40 88.27+0.95¢ (¢) 98.99+0.12b (¢ ) 99.47+0.05a (d) 99.86+0.08a ( be) 100.00+0.00a (a)
60 82.58+0.85¢ (d) 98.21+0.07d (e) 99.12+0.03¢ (e) 99.72+0.12b (¢ ) 99.95+0.02a (b)
120 70.83x1.21e (e) 94.65+0.42d (e) 97.25+0.11¢ (f) 98.99+0.08b (d) 99.76+0.06a ( c)
180 63.34+3.95¢ (f) 86.36+0.42d ( f) 92.84+0.21c (g) 98.42+0.02b (e) 99.32+0.03a (d)
240 52.83+1.16e (g) 77.37+0.44d (g) 85.47+0.28¢c (h) 92.00+0.68b ( ) 97.77£0.21a (e)

E: FEfTHISNAENS

S FRERORAHIE Cd HBEANIR] pH AbBH ) 22 5 B3 (P<0.05), FFHEINAAR/NE FEEFRRHF pH T

AW Cd He B Ab B [H] 25 53 B % ( P<0.05 ). Notes: Different lowercase letters outside the parentheses of the same row indicated

significant difference among pH treatment at the same Cd concentration( P<0.05 ) and different lowercase letters inside the parentheses of the

same column indicated significant difference among Cd concentration

2.5 ERINiE CdREF pH XF 18 Cd WK i3 EZEFn
T4 R AE 1 R Bt B 52 i
W Rff s EFR AW Cd WE (mg L") BREAN
1 mgL B, #T55H8E Cd MM (mgkg').
Kl 4 J& 4 Cd W B9 B 5 38 pH FIAS I Cd ¥k
JEMKEFR . N TAETHFIE Cd e X W B i 138 1) 5%
Wi, ASSCHAELE pHS F Cd WBFHRAE 90%L) 1, 80%~
90%Z B LA /N 80%, EEINE Cd WEESH 3
NER: B 1 ADFHRE CdWREN 0 Winz
20mg L', Cd KRRy S mgL s 5 2 MR
JE Cd HeBEM 20 mg L' #4N%E 60 mg' L', Cd Wt
RN 20 mg L' 5 3 DMELE Cd WHIEMN
60 mg-L ™' #fN%E 240 mg' L', Cd WLRHRHR A
60 mg-L', S5 EH] 4 Cd WA E AR
AR YIMEE HHE pH FHE g . AES 1 AR
i, Cd o B i B A R P AN Bk S5 F LT AR —
2, f/IME M 15.77 mgkg /mg L") f KA K 16.67
(mgkg '/mg L"), MFMHE Cd WEMN 20 mgL'
WA 60 mg-L " I, A W A0 T 1 5 B8 1 A

treatment at the same pH ( P<0.05) .

B/NFHA 4 4~ pH ACERY, T pH6~pHO 4k FH[A] 1Y
We R R REHC 2 5, B Cd HEETE 60 mg- L' LA,
PRIt A2 B 5 4 Cd W RS B 24 Cd ¥

AT 60mg L', HIMEN 60mgL ' B, +3Cd
40
[ 10~20mgL™"
35 E520~60 mg'L!
60~240 mg'L" 7

301

7z

25+

AAAMHHIIITTEEEEETas

+HEC AW BT
Intensity of cadmium adsorption/(mg-kg'/mg-L™")
(3]
S
T

IS5+ %
10+ §
it -
0 = |
7
pH
P4 -4 pH RIS IE Cd e B X 11 Cd Wz B3 1

Ej u[’]

Fig. 4 Effects of soil pH and Cd concentration of adsorption
solution on intensity of Cd adsorption of the soil
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60 %

1) W B 5t B - 498 pH (3G I im B @ 3 i, pHO 1Y
FAFSEEE SN pHS 19 1.72 48, WU 0L, 30 Cd
SREERE pH ARG R A G N A AE RIS D
Cd MY > 60 mg-L " i A 45 th Bl HmT e J R &7
Cd WREERARE, T3 Cd WML Pk, 4 Cd
WERTLHWM®ER, E pH MTHE, S
PR Bz s, pH Bm AR LM AL S, 1)
A e 2 i = 0
2.6 13 Cd EEWMRESFE

hpE— AR 3 pH R Cd WO B, BF
87 14 Cd AR ARNE . IR S %S5 TR R
MmO, —J7 & TR Cd By BE R3S,
8 Cd RW R IRGE R, IR AR, 5
—J7TH pH K Cd AW RBRp, FREEA M2 id R
AR 25°CHHIR T, 54~ pH Ab FH k)25 5 % B £ 1)
BRI IE pHY > pH8 > pH7 > pH6 > pHS, i
B pH iy, H3EXT Cd AR BRHARE Syl .

+3 Cd MW RRAE T2 7T A Freundlich .
Langmuir Fl Temkin Jy FE A7 € m A (£ 3 ). I
TR0 FLA B FH S0 0 B ARG O R T A ) B S
W B 2 B AR OG BR B () DA 2 B4 B S Y A
22 (MSWD) fiifit, r {HBK, MSWD #/h, &
JER R, AR 3 ARG B R, 1
RE T S A 3 Cd W4, H b Freundlich
Tr RGBSR o DB X 3 AN R AT A A
WAL - Cd W FHARAE, X — 25 5 T 3 g 4R
BT FE —3, % T Freundlich 77 29 MSWD /],
WY Cd FEM S mg L BEINE 240 mg L',

2800 - S
— pH6
— pH7

—— pHS8
—— pHY9

—~ 2400 |

2000
1600

1200 f+

*®
(=3
(=]

- SRR
Adsorption capacity/(mg-kg™

=
(=3
(=]

1 1 1

20 40 610 80 l(l)O 1|20
P
Equilibrium cadmium concentration/(mg-L™")
Bl5  Ffh pH AR HER 45 Cd 25 I B i 2

Fig. 5 Cd isotherm of tested soils with pH from 5 to 9

=}

Hcif K FH Freundlich J7 F € & i id H3EXS Cd 1Y%
(TR

W BT AR R KB 4 Cd A R R R,
2ETE SO Cd BT RN 1 Az )
Cd MM L, KB/ e T 580 i Cd s B,
K AE#ER, WM Cd RRE ik, ik 3
GEERTTIL, =FP LG R R B K. Ko T Ky
—HERIHKE pH AT e i B 1R A AR A A
B pH Z T 1Y KA{E& K. pH M\ 5 3= 9 i),
AEREHN 1 NBAf7, Freundlich FFFEH) Ky (E-F 23850
365.86, pHO R X Kr >k pH5 F i 11.8 15, 0] UL 44
pH MR, Xt Cd W IfiRE lkag . 52, +
R, 8 Cd MARHERR, B S Al
Cd T5 4%, AT ULPE - 58 pH ZFEK 14 Cd A3k
P 10 S i 7
2.7 =+ pH XF Cd R AR

R T BE pH X Cd WM Rg 2, E— e T
pH Il Cd fEW i e 5. MKl 6 1Y Cd i ith 4 nl
WL, 8 NESINME CdMREET, 38 Cd A% firk I o i
M5 48 pH A ¢, IRYESIBME, pH X Cd f#
W S s 5 R IR Cd B A G, TERN
W Cd WPBE/NT 60 mg L' I, i@ EBE pH T
WAL, pH /N Cd Wi R, pH ke
Cd M Ff I /N FEER N Cd MR 5 mg- L' 5F
Cd YW FfE & /N, pHO R UfE M R A pHS (1)
1.20% F1 & 6 38 0] I, JR SR Cd e KT 60 mg-L
W, pH/NT 6 Wit pH T midgin, pHe6 i)
i e fe A, T L Cd 0 B R A, AR R e
il pH6 U5, pH /=M i/, (HE, X—5&
IR B pH X 13 Cd W B 52 .

Cd MfmemhZe R (& 7), 76 8 MR
Cd MR 5B Cd FifiE 1358 pH 1) FF 3%
FEAIG 24 pH /NF 5.5 I, WSl Cd ¥R JE 180 1 240
mg L Ab B 0 R /N T H At A B R, T B
& pH I, Cd (4 ff W3R T b Ak 3 1) R
16 pH7.5 LU LB, dinil Cd ¥ 180 i1 240 mg-L™!
A B R A SR R T LA B . AN Cd R E
5~120 mg' L' BN, Cd MR ILTF RS
pH MM INE Bk NI, et (pHS ). ik (pH7 ).
BPE (pHY9 ) &M4FF Cd R RN 63.8%~
74.5%, 28.0%~54.4%7%1 0.86%~27.1%, 450,
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#3 LTI pH XN Cd FERWHMARFESHBIZM
Table 3  Effect of soil pH on characteristic parameters of adsorption equation of Cd isotherm
TR B Max AQ / (mgkg™)
W B 7
pH K 1/n e M AH r MSWD
Adsorption equation
Measured value Theoretical value
5 136.49 0.5106 1267.90 1526.91 0.9915%* 0.03
6 444.84 0.4251 1856.88 2430.54 0.9859%** 0.06
Freundlich
7 684.07 0.3412 2051.25 2298.29 0.9965** 0.01
Q:KFCI/n
8 1038.01 0.3411 2228.87 2734.58 0.9884** 0
9 1599.93 0.2627 2346.42 2486.62 0.9955%* 0
e KBt Max AQ/ (mgkg™) r MSWD
pH Kr /n i B
SZ{E Measured value
Theoretical value
Langmuir 5 0.08 1429 1267.90 1286.52 0.9909%** 0.12
C/Q=1/ (K. xC+C/Q,) 6 0.50 2000 1856.88 1928.97 0.9959%* 0.23
7 0.83 2000 2051.25 1933.21 0.9959%** 0.12
8 2.00 2500 2228.87 2429.03 0.9985%* 0.24
9 4.00 2500 2346.42 2388.55 0.9980%** 0.1
e KW i Max AQ / (mgkg ")
pH Ky 1/n B r MSWD
SEM{E Measured value
Theoretical value
Temkin 5 197.55 2.76 1267.90 1134.49 0.9633%%* 1.79
O=KnInKp+KninC 6 220.30 34.63 1856.88 1660.97 0.9692%%* 4.19
7 218.90 97.84 2051.25 1780.78 0.9449** 2.66
8 294.10 86.43 2228.87 2146.70 0.9787%* 0.04
9 33291 180.17 2346.42 2287.93 0.9938** 0.01
W TFRRAR AR IR ro0 K (EKL ), MSWD N EH44 H 72, Note: " Indicate reached very significant level( p <0.01),

MSWD = Mean standard weighted deviation, Max AQ = Maximum adsorption quantity.

o WIHARCATS Ik
21500~ Initial concentrations/
£ 1200 (me'L")

E: —— 5mg-L"! 1
B2 900l = 10mg-L7
X & —— 20mg-L
E S 600 —— 40mg-L™
S ~ —— 60mg-L™"!

=} —— 120mg-L""

g 300 —— 180mg L

g 0 —— 240mg-L™"'

3 pH5S pH6 pH7 pH8  pHIY

K6 pH FIESHN Cd W XS 13 Cd fifp e ik ) 25

Fig. 6 Effect of pH and Cd concentration of adsorption solution on
cadmium desorption capacity in soil.

TEGRINTE Cd e B A% ( Smg- L") 8 Cd W it f />

(479 mgkg') B, ¥ +EpHIEEZE 7. 8BF, +
HE Cd MRS )R pHS 19 37.6%F1 13.2%, MiETR
I Cd MR BEf K (240 mg'L™') 3¢ Cd W I8 ik
(2350 mgkg ') F, HLEpHIRFHE 7, 8HF, +
HE Cd R RSy )k pHS 19 85.2%F1 65.3%. Y1 5
UL, BRYEZAME T LR Cd B TmaniiE 1L,
BB 2% A 0 I S AR T 358 Cd A ki (g
), Cd W HILTE Cdi5 Y +3E, L Cd 5 Y
SRIAS A4 2 it D B AR 2 1= 38 pHL.
2.8 11 Cd WH-fERA S FHNE

x4 GERER, TR YE (pHS ) b 20
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60 %

IR C A g
Cd concentration of

100 — adsorption solution/(mg-L™")
90— ——5mg-L”"  —— 60mg-L™"
© 80l ——10mg-L™" —e— 120mg-L"
S —o—20mg-L”" —— 180mg-L™"
w & 0~ L7 —— 240mg-L”!
=g 9
gEF
22 40l
L @
S 30
=
O 20
10—

pH5 pH6 pH7 pH8 pH9

Bl 7 pH RSN Cd WeBEXS 3 Cd MR 1520
Fig. 7 Effect of pH and Cd concentration of adsorption solution on
cadmium desorption rate in soil

(pH9) -3, Cd Wkt A thag (AG") ¥ A,
VI B Cd & H RN . fEAE pH T, Cd
I AG BEZE BN Cd W BE 3 Kamiss K ( AG 4
XHEI/IN ), 2B 3B Cd 1 kB B 2 AV T
Cd e B B 38 i3 i, HL IR R AR vk B ik A b
MR, 24 Cd YRR, LMW B S B 2wkl

M, X ARG R N T R R . 7E 8 NN
W CAdWET, CdAG BiZE TR pH TR
M/ CAG HXHER R ), RWERMESRMT 5
FRA Cd WYL PER R, 580 Cd A9 fE 1B pH
W FF M. AT L, 3 pH IRt
e cd AR R AT L,

o DL SR 5 R AT UL, HEXT Cd A Ff 27
B Cd & it S A3 pH WAL R FZ e pHS ~9 S5 F
3 Cd 1 W B RRAE i 48 i 38 T Freundlich J7 F#
PG MHFE pH T, BEE BRI Cd W, +
e Cd W B, (AMERE R T R, T pH A
B, HE Cd AWCRE . W B R G R I, AR R
i MRWCR R . Cd BB A R ad R, )
M HEHEE (AG) RiE + AW pH By T 5 1 B
ik CHaXHERE ), BEE Cd ¥R L 3 m 36 K .
pH 5 Cd MAMME AR, 5 11%E pH
et R E E AL Cd MIRE S, M A B 4 %
Cd 54,

£4 25CTRMAE CdIRER pH 3 1% Cd WM R B BENFM (AG’, Kimol)

Table 4 Effect of Cd concentration of adsorption solution and pH on free energy (AG’) of soil Cd adsorption at 25°C

VRN Cd ¥ Cd concentration of adsorption solution / ( mg-L™")

TH Item pH
5 10 20 40 60 120 180 240
5 -7.69 —7.44 —6.58 -5.00 -3.86 -2.20 -1.36 —-0.28
6 —14.94 -14.17 —-12.46 —-11.35 -9.93 =712 —4.57 -3.05
W B Adsorption 7 — -19.91 -15.42 -12.94 -11.71 -8.83 —6.35 —4.39
8 — — —-18.39 -16.40 -14.53 -11.34 -10.23 —6.36
9 — — — — -19.04 —-14.96 -12.33 -9.36
5 2.66 2.88 2.94 3.20 2.85 2.83 1.15 1.40
6 0.19 0.57 0.88 1.07 1.42 1.62 1.37 1.17
fi# "% Desorption 7 -2.34 -2.53 -0.94 -0.75 -0.07 0.70 0.30 0.43
8 -5.49 —4.93 —4.84 -2.90 -2.53 -1.31 -0.95 —-0.83
9 -11.77 -8.29 —7.44 -8.06 —6.37 —4.31 -3.07 —2.46
3 i MO Cd W BE/NT A5 T 60 me-L ™ i, pH M 5 4K

3.1 TERAEMERREGT @R Cd BE

AR SCAE AU IR 8 pH BB 5E K
B BN Cd BRI RE I BE pH BT R 5, S
AT B E R — 2, B2, R RB pH X 4
Cd WMHRES Ay 5 L4 Cd iy AL, 7EL

2 9, 48 Cd MBS E LT ASBE pH (3G i
Ak, 1Y Cd EKT 60 mg L' LUJs, +3E Cd
MW iR BERE pH A9 I G KL X RS 4

LR B H0E . s Rt — P T +
HEXT Cd MR 3 Cd SRR Kk Cd 5
YRR, pH 9 A4 By - n] AR v fay S HAE &
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PR B X Cd W2 B & 4% T B B PEH -

ARPTEA, - HE Cd W5 A 398 3 1 FL AT RRAE
FRALPER . WK R pH, 34T LT LA K S A 2
AR S 56, HHE pH S0 IR Y o Ak 2y 1
B, WE5silh, BRT R Sl fr kR
ERAEFRER Wi 4 ¥R 34k AL-OH Wi 5 g 7= AE v
AT, TTLAEEEMES Cd BTgsE ., BaEn
A, XP YA X Cd A s Fil t
e pH FHEr g g B, & nl gt & —Fh L PR A
HH T — LRI . B T L e A, st
HE RS TWAEAIGE S . R WIS
PR B o - 9 T L B L T R, L fr
B+ HE pH BTG, i B ) bt 2
Wk, BEREECIEERY, T R SRR AR
I B A G, TR Cd IR L PR
B EL RS . R EAECAF RN, B g R T AR
HELfar 08, Cd 55 55 4@ 2578 AT A% B far - 38 v g it
AT MBI FARE, & pH S8 L mH
i 9 A8 Ak R B K i AR B A AS A R RV RO 25 28 .
Bolton fl Evans® fHF5E £, 24 pH KT 7 1}, &
4 A5 = 18 b e far A5 1R 1) AL o0 AT T B 4 R
Cd BT RES. [FEE, +3Edh H'S Cd & FAA7EE
P B OC R, Cd BT 1F I AT R4S B W B A S
BEH SRS 20 A 5B, Y pH BT, HO¥
o 3 B W R A, AT BE S8R Cd R RE T R R
AN, & pH T Cd BTk ARZIUIE RN, 4
pH KF 7 B, FFEHHEL €dCO; K Cd (CO;) 2 ¥t
¥E; M pH KT 8 mf, ¥ Ccd (OH) *, #eAf Cd
Bk - A T &R P,

R R, Cd — BP LIRS, HARI
Fifi pH AT = s 2b, pH ke, Cd 78 4338 v 1) £
B fE 71 #2559, Martin-Torre %5 PORIE, WM FAY Cd
Wk R pH AR NI REAS, 24 Cd & MW BT,
MELAMEG , A REARDT, XU pH By, L
BitERsR 2L, 4 pH FRARES, HWERm, +3Ed cd
F14) fiFe W ey i 8 RO AR 9 2 SR LA AN [ Y
B O4UINE Cd WE/NT 60 mg LB, pH M 5
B ZE 9 ARk B R, Cd Y RS R O R A8 1k
( 4), 4T 60 mg L' i, Cd YW FHE A Bl
& pH MFtm g, HargeR e Cd WA
Bf, IR R A 2 R Cd BT,
BRIt pH T e 38 i 8 Lt R AR L M IR A AN 2

S+ Cd PSR . (R, Y4 Cd Wk — 2
KIS, W B s L AR/, pH Fh e 5 6 07 Wi 2
KA B B A BALBOK P T KR LA
AR LR ZE A, b 88X Cd Wk R
JIKE pH AT Gk A .

[, e cd A HIEAEHLEA X, A
BLBE XS Cd W B A R0CR 5 47 BILT A AR M sl L
BRI ARG, — i, ALY EHE -1
o e s B, TR A NLREY, &5
IR AL, AR M AT LagErh Cd A Rtk
b, Cd s G sty . an A4 9 02 58
SEAMANE, KRt 2 e, B
WIS Y A BE4 & Cd, M AEFEAR Cd 175 Y
fa . Bk, LI PLIERE IR 1385 e ANk 1 %k
AHLIEA G, TR T A HLBTR Cd A & 5 i
) TR T 1
32 WHERBRENBEARESELTE Cd 5

FHIFTITHE

o EaRiFie e L, 3 cd MAEA RS+
HE pH LA AMR Cd B EES VA . 3 Cd 1%
B AR IR 24 Cd TR MR TR S HAE B RE R 15
i, M4 Cd AR R, 3 Cd B R
ik, Cd AYT5 Y Re BE R AR, sk, H RiA Sl
1F Y 14 pH MiREAR 8 Cd 5 PR HGE LT
A ERAE LABEPE I R R e R A R R
+ 4 pH Wt BEAMERAAELT 2 ATy mE . 5
— B B TR S, DA A e St b Y
79w A o = B G w = AT A A A U R e o
fh i fe s s 55, b R R e R A R
BT e 57 B AR . Bk, AR SO R B
AR AR ARL, —r mACRRR T /B S, A2
A SRS S W I, 55— T e
RREEE A PR R A o —, WA T e
RN AR o AR S et i AR Ak 36 A B
BAURPE A RHE ST £ pH AURTFRSCE, FEAN L
HEFRRARIAEE T X L1 Cd WLk sh Ji2f . R
AT T RGMSE, LRESRRAES pH BPEAL R
ARG, 148 Cd WHEAAURT pH A G, 1 H A+
e Cd FRE/KTA G, BRI T Cd W BRI HE S,
B 2 1 55 T A A5 B 1) -4 Cd S EKoE . kel
U, el TR IR Rk e LA gt AR R 2R AR RLAR A (b
SRR EUAE SR AR ) S SEIAL . R R
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e 60 %:

PRI A 13 Cd 52 (0 250 G
4 %5 B

ol AR T D S e AU A Y 4 8 5 M i R s
e, DEURERME. HERES AR
S R B ARG, DI AR = 3 pH
SRR R BEARUR S A SR, 13 Cd Bk
BT, 38 T I f 52 £ 3 pH AN 35 Cd & B s i
Cd RN, 1€ pH5~9 ISR, 3 Cd iy
W B 5 B i pHL % e B S AR, TSIV Cd MR BB/
F4EF 60 mg- L' I, pH %t Cd W B & TG BH
S, [A]—WR IR Cd ¥R, 3 Cd 1y
B pH JFhEmidgam, WOV sREL, MR, (H
=T Cd MR IREE T3 Cd SERIm T
M, Cd MR A &b fE, WMt AmEE (AG)
JtifE. AMBEAG HE LI Cd &8 A3 K3
K, BEFH AW pH S N . Cd S5 B
itk Bi& T Freundlich AR, 15 TESE
FIE S B ) SR B Cd R

B AL EXERE PRI NS L -ER
bR HELESEK, B i~ B R LH e
SEATEM 3L K6 L8, kTR,
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