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 OE DRI E SO XS SRR AR T Cu( 1) \Zn( T) 78 560, 1 v (19 W BHRRAE
O3B T X G R M RE . SRR (D) BEEMACu( L) Zn( D) MR & A X Ca( D) |
Zn( 1) B9 R R it R X Cu( 1) Zn( 11 ) AWK BFH B 5 43501 1499. 5 mg-kg ™' .2845.4 mg-kg ™' ;
(2) BT Cu( 1) Zn( 1) WL HEIZ R 8, ZEPT# IEAE (0 25 10 AA A 50 e B, Cu (T 1) 5 4 W B B
KFZn( 1), HA& H SR /N TR — 3 5 T MR BRE Pk R 4R B - Cu (11 ) SR WL B 22
B B BRBE 23 T2 14.5% 15, 2% 15.9% , Zn( 1) i 55e R R B St T FA 18 23 301 31. 7% .28, 1% \25. 7% ;
(3) AP TR R Wk R 22 6 AR Cu( 1) (Zn( 1) &5, BEE FIB T B A, Bt 28 €8+ 1 A 50
Cu( ID) A HL3am, B pE 28 6+ 084>, T 3 A+ AUA R Zn( I1) & 338 0. 357 £ KR, KR
Cu( ) S HAt PHES T AR AE (8 X Zn ( 11 ) AR IR ) BBAIG , 38 i Zn ( 1) 75 G Ay P58 XURS 3.
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Table 1 Basic chemical properties of the studied soils

T oH UL/ CEC/ cu(l)  AzZn(l)s AHFCu(l), EHRXZa(l)/ WrEE/
(g-kg™) (emol-kg™")  (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™") (g-kg™)
LML 8,16 19.96 19.79 14.84 87.92 0.31 0.39 11.87
Pt 6.94 8.18 16.95 13.34 94.37 0.56 0.74 11.43
RIEEMA L 6.26 17.31 18.81 15.77 93.7 1.81 0.20 12.39
1.2 SEE ik

1.2.1 Cu( 1) Zn( IT ) Z53ESF- 0 B Kz o 4 W% B 52 56

Sy SIS HEAE Cu(NO, ), Zn(NO, ), Fe il 2.5.8.10,15 .20 .25 .30 .50 mg-L~'Cu( 1) F12.5 .8,
10.15.20,25.30.,50,100 200 mg-L~"fHZn( 11 ) #W (L 0.01 mol-L~" NaNO, YEHLf# 5T, 415 pH 5.5).
FRECE 05 id 20 HIf AR T 1 1.00 g B A 50 mL BRI E0AF (VL] hi016) W, 4K 1 200 1
AN E R — R A B4R (FCu () Zn( 1) FRREWE L 1: 1 IRE) WK 20 mL, N3, 76 25 C
TR 24 h(220 remin ™) B IE ISR E SRR X pH. R HIEA R Ca( 1) Zn( ) & E=ARAK,
IKIEZSTT ZMEANT ] WA W BT J o 4 T Vi B 25 S I B o, VRS IR B 4 S8 48 2 IR A
1.2.2  AFEFHE 7RO+ 48 A8 & B s m

Beddil e B4 0.2—20. 0 mmol - L ™" K* \Na™ \Ca®" \Mg”* ¥, IR T34 20 HIf AT HFEE A
100 mL SR PUFR M, LK 2 L0R 50 1 IAASIRIR BE A BH 2SI, 76 25 °C FHR7% 24 h(220 romin ") ,
B, 3 B, BRI S 20 B, 2 S AR A SCSEAE Cu (1) Zn (1) 1 K pH.
1.3 ek

+ 48 pH RAK LR 2.5 1, pH HHINE . A HLTCR FH E B R E 28 0 % ; CEC SRAT 1 mol-L™' 2
PR Ac e (W h i ) & SR 240k (Bl 1) Mg s A JE Ca (1) Zn( 1) 425 R A HCI-
HNO,-HCIO, JH 2 , ARGSERECu( 1) Zn( 1) & &R DTPA-TEA 1242, i J5 ¥ MOk 44 736
2 (FAAS-240) i 72 10
1.4 Hdlsrtr

i Langmuir 572, Bl Q =K, C/ (1 + K, C) , KFHR RS2 g2 5. 30, b Sy - Hexd 8 4 i (i Bk
W B (mg kg ") K A e S 4 R A VR B K, QL C 3 S kg W B RS A IR R R S 6 K Hke
OriginPro 8. 0 Sigmaplot10. 0 #£474347T.
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Fig.1 The adsorption isotherm of Cu( Il ) on the three purple soils and pH changes of the equilibrium solution
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L 1 AT BE SR Cu (1) W BE A 3G 3 Al 68 X Cu (I ) A9 W2 R o 64 L 345 s vy 2.
HII AR B AR ) ) B 55 €0 o WO o B 8 v b R R 1 5 € b M R R 1 5% € - I A 22 A8
K AECa( ) WIER W EE R 50 mg - L1, Bk | ok R 1 55 68 4 X Cu (1) 19 182 B 5= 43 531 4y 986. 2
894.8 .925.4 mg-kg ' WEBFE5351 0 98.6% 89.5% 92.5% .

Bl AR Cu ( T0) Ve BE A 30, ek L v e R 5 0 = S pHL (BN T AR, 4331 i 6. 86,
6.42.6.23 (¥4 5.82.5.66 F15.45, UiB H M Cu( 1) BFERTHIAY H 8% Co®* 5K Cu(OH) * Bt k.
OSPAFR Cu (U)W EEBARET , pH BECa ( 1) W BEE 181G 0 i SR RARR , 55 0K v B T MR o B ) e v 5 1) 1
RMEIG I OC. SRR 28 (0 - pH FEIE R T rh P8 0 R 524 1, SR Cu( 1) B R fiE 7 5
Tk RES A 1A L.

3R A X Cu( 1) B9 SFEIR W B S0 EE 22 Langmuir 7 FEHLA 45 R 4046 2 Fros. A 2 T I,
3R i Ca( 1) AR S S0 5005 Langmuir 7 B2 IS RORE A (R >0.92) , k5] i EKF. 04
AR b | TR T 8 A B TR BFF R 1499, 5.985. 6 ,1150. 8 mg - kg ™", B AL 3 Flr 22 (6 £ %}
Cu( I1) PSR R B AR Bl 55 0+ > IR SR 6+ > rhi 5t Xt T S5 H 319 CEC AT ML
TRA K.

&2 3AEE L PCu( ) Zn( 1) WBHEIRZE A Langmuir J5 FELLA HHAE (8

Table 2 Langmuir equation parameters of Cu( Il ) and Zn( Il ) adsorption on the purple soils

e S Cu(Il)/(mg-kg!) Zn( 1)/ (mg-kg™")
+4En X ) o 9 ) g
Tl 28 0, 1 2.910 1499. 5 0.988 0.076 2845.4 0.975
kg 0.980 985.6 0.920 0.069 2247.8 0.989
[irydn-qu 0.937 1150.8 0.985 0.071 2098. 4 0.987

TE R RRUA A REL, b R TR & (mg-kg ") 5 K, B AL

P O X Zn (1) A9 SEI I B B2 A0 pH ZZ R UnE 2 frzs. KL 2 nTRUE Y BEF- 0 H Zn (1)
WRPBERYIE I, 3 Pl 58 0 Xk Zn (10 ) F VR A 98 o, L8 i B P Zn ( 1) A R RO R O 2% , a4 5
Cu( IN) AHML. AHF I GG BERT 3 A2 68 X5 Zn ( 1) AW BRE R/ NIBUT R - Bl 58 68 1 > PS8 6+ >
PRTE S8 €0 L, FLBEAE VR BE AR, bt 5% 60 - RN P 5 (5 1 AR IR B e AR 22 5. e = Zn (1) #0463
VREE (200 mg - L) &, G8CPE, hodE | R ME SR 6 £ X Za(ID) B9 W R 4300 D 2521.8,2020.2,

1930.6 mg-kg ', IR 53514 63.0% ,50.5% .48.3% .
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Fig.2 The adsorption isotherm of Zn( Il ) on the three purple soils and pH changes of the equilibrium solution
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B R >0.97 38 /K- 1 Langmuir J7 R 45 AR ik BRI 5860 1 10 J R Bt 433 ok 2845. 4
2247.8.2098.4 mg-kg ', B 3 AR XS Zn (1) A5 R M B S 003 8y - Bk 55 (1 > P52 B 4 > TR
PEEE A 5XCu( 1) B R A AN TR,

Bk B € X Cu (11 ) B BT B IR R T v R M 2R 68 b, A . (1) Bt 28 4 1Y pH (H
B, AR T Cu( ) KA BRI TR AL AW, e Cu( T1) BB S W BR " 5 (2) (A 8 (o 1 A9 A L
Jo A B A A W Cu (I ) A3 B AR BFHRE 1 BR P e SR 5+ pH A HL R T Rt 1, (R A i
Mg LA HLBT & Sk m THb a5 6 b AT Cu ( 1) AR R T IS4

L X Zn (1) MEHTE ik &t > ket > kL et AR gatn
% THT L ey 2 B R/ I Ak et > h ket > RSt -  Zn (D) 76 B e g W B o 5 R
TET L R 2 DDA DG, T RUR T AR Ay Zn (1) 76 458 60 3 1 LA s W BRE S 2. Btk 3 Zn ( 1) A9 IR
R fE T R T R -t S S e % pH (E A PL & i L CEC KRR & AR X AL s A K.
2.2 B EHCu( ) Zn( 1) B5E 50 AR AL

AT B Cu( 1) Zn( I ) SEAAARAE 58 0 1 b g W B i A2 Ak i 3 an 51 3 .
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Fig.3 The adsorption of Cu( Il ) and Zn( Il ) by the three purple soils as a function

of the equilibrium concentration in solution

MIE 3 ALt FEAR IR AR TR R |3 Al -3 Cu (1) Zn( 11 ) B —7F FERT A W Bk 5 3 3
A7B5T B W ot . ZEARAT AR E (Cu( 1) <20 mg-L™',Zn( 1) <50 mg-L™") F,Cu( II) .Zn( I ) A7 HF
PRV o e 5 B A T (8 R T R 2 AN DR (EL B A I e 32 A 3, D) ¢ 90 o 9l 2 S, 3t PRI R IR U
JEE R, B v W RO SRR R TR ROPACu( D) Zn( 11 ) &, B PRI TEAE XS W B A5 i 52 4 e i
FE = WP, P TR SR A (0 E 8, 776 5 S WL, DT 45 285 7 W i i R 7

Cu( 1) Zn( IU) 3t 47 B 19 45 I W B il 275 7] Langmuir 77 B2 HLA, HAHSC R R > 0. 94.
Cu( 1) Zn( 1) FEAF S BAARAFAE T 25 B Y Langmuir #0655 KW M b (H 4036 3 B,

F3 Cu( 1) Zn( 1) LAF S AAIAFAE T Langmuir J5 FRAULE (9 B KB b(mg-keg ™)
Table 3 Calculated Langmuir parameter of the adsorption isotherms for the single and coexisting Cu( II )

and Zn( I ) by the studied soils
b

B 2E 4+ 1499.5 1281.8 2845.4 1944.7 3226.5
LR o 985.5 835.5 2247.8 1615.2 2450.7
FRPE 25+ 1150.8 968.0 2098. 4 1559.5 2527.5

TE:Cu( 1) +Zn( D) S FEA7ZAF T BYPIRTES T~ A Rt 2 A
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H18 3 FIHL, B AT A Cu ( 1T ) \Zn( 1) e M B 6 LU BR Bt AA 7 40l Bl | vl R 56 4
i Ca( 1) SRR B2 ) 8 B8 43l 2 14 5% (15.2% 15.9% , Zn( 11) S KW & T Rt 13 43 )
H31.7% 28. 1% 25.7% . 13 3 Fl, Cu( 1) (Zn( 1) ILA7 I A 5 KM B S 2 A1 0 590 K F Cu (D)
Zn( 1) BRPRAAAE T B R R W Bt o, 3R WA HIE A LT T8 Cu( 1) 3 Zn ( 1) W B A5, 75 B0 AEAE S5 1
T X BB B AT AN 206 o — e A

-0 4 R R B RE AN IR A G S E A R AL R B R KR R A G
H SRS R AT TEWT IR VR E 50 mg - L1 Bt bt RS A R A9 Cu( 1D) (Zn( 1) W B 55 5350
986.2 864. 1 mg-kg ' ,894.8 802.9 mg-kg',925.4.795.5 mg-kg ", B 3 FhEe - XFCu( 11) MR AE
NIRRT Zn( ). B F-HEROR LRGN, S 4% Cu( 11) Zn( 1) AR 22 BEAE OK ELB M 46 2+
FIR) WA o e K.

W B3 T ZR AR K T PR A 3R 0T o 4 i W B BB T A DRI, HE Sy [ A Joi 2 B 1) 5 453 i 8 -k B
LA I 4 B T R A (L K U P ) 4 G R A T AR 3 Rkt v
Cu( 1) \Zn( IU) By MR 53 P R AL AR 4 Firw.

R4 AW RR DB R K, (Lkg™)

Table 4 The distribution coefficient K, (L-kg™") calculated for each added metal concentration in the three purple soils

WG EZ/ Bl 5 1 thpEge (- [[rg-quNs

(mg-L7") Cu( Il In( 1) Cu(Il) Zn( 1) Cu( Il Zn( 1)
2 1521.4 1736.8 1105.0 360.8 1181.2 296.6
10 3330. 1 471.3 2383.8 223.2 1374.2 199.1
15 3746.5 379.9 1018.1 196.4 886.3 176.8
50 1429.6 127.2 170. 1 81.5 248.0 77.8

MR 4 WTLIE 3 PP X Zn (1) AR 43 Tie R 40 K 2 Bl D 46 e B2 i) 38 R i e A1, 2R P ZEAIR
SRR BE AT, R A 5 BRI BN AL 1) L R R 5 it T v 4 R S R B R, A SR T
253 S TR R R a7 TR A 5 7 00 , A2 PR R R84 i, R B 0 R K, AT 8 K B AR i
BRLPE R RS AR B 22 S, I Ca (1D ) WY K (S IZERI IR e B A 15 mg - L',
10 mg-L.7" 10 mg- L~ &, MG FEAE. 3 At Ca (1) A K MEH 8K FZo( ) , e Cu( )
AR+ rhZn (1) BB S PE K AT RebE 2 3 R X Cu( 1) Zn( 11 ) WeBEHY K (B R/ NBUF
— oAt > PRt > IRt
2.3 AFMHEFXEAEARCa( ) Zn( I) &m0

FH 1L 4 AT UL A TR 8 Kk B A BH 85— X Bt 25 68 - A 2 Ca (1) Zn( D) &4 1 — 52
IMAPHE FIEASCu( 1) Zn( 1) & & 5 AN At 29 AR B 8. 6 K* Na* [Ca®" |
Mg’ * ¥ 920 mmol - LB XA R Ca (1) & i BB INBR 43 318 6.3% (12.1% 33.1% 19.4% , Mt
FHES £ (M* ) XA R Ca( I1) B3E g BE R F— M FHES (M) s INABH B F /5 A 2Zn (1) & it 234
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Fig.4 The effect of cations on the content of available Cu( I ) and Zn( Il ) in alkali purple soil
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Fig.5 The effect of cations on the content of available Cu( Il ) and Zn( I ) in neutral purple soil
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Fig.6 The effect of cations on the content of available Cu( I ) and Zn( I ) in acid purple soil
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Adsorption of Cu( 11 ), Zn( 11 ) by the purple soils in water-level-
fluctuating belt of the Three-Gorge-Reservoir region

ZHU Qiang' WANG Sumei' HU Hongqing'" WAN Chengyan’ HU Lian® ZHANG Ziyong

(1. College of Resource and Environment, Huazhong Agricultural University, Wuhan,430070, China;
2. Institute of Hydroecology, Chinese Academy of Sciences, Wuhan, 430079, China)

ABSTRACT
By batch adsorption method, Cu( I ) and Zn( Il ) adsorption by the purple soils in water-level-

fluctuating belt of the Three Gorges Reservoir area, and the effect of different cations on available heavy
metals’ content were studied. The results showed that as the concentrations of Cu( Il ) and Zn( I ) in solution
increased, the amount of Cu( II ) and Zn( Il ) adsorbed by the three purple soils increased. The maximum
amount of Cu( II ) and Zn( I ) adsorbed by the alkaline soil were the highest among the three soils, reaching
1499.5 mg- kg ™' and 2845. 4 mg - kg™ respectively; There are specific adsorption sites for Cu ( I ) and
Zn( II) in the soils. Under the condition of coexisting Cu( Il ) and Zn( Il ), there is adsorption competition
between them, and the adsorption ability is Cu( I ) >Zn( I ). The maximum adsorption capacity of each
metal ions is less than that of the single ion. The maximum amount of Cu( I ) adsorbed by alkaline, neutral,
and acid soil decreased by 14.5% , 15.2% , 15.9% , and by 31.7% , 28. 1%, 25.7% for Zn(Il). The content
of available Cu(Il) and Zn(Il) in the purple soil was affected by the types and concentrations of cations. The
addition of cations leads to an increase of available Cu(Il) content in alkaline purple soil but a decrease in the
acid and neutral purple soil. It leads to a decrease of the available Zn(I) in all the three purple soils. In the
looded soil, the existence of Cu(Il) and other cations in the cover water would decrease the adsorption ability of
soil for Zn(I) and increase the risk of Zn pollution.
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