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Table 1 Basic physical and chemical properties of tested soil

+)2 (em) Wi (g/kg) Bk (g/kg) ki (g/kg) pH HHUR (g/kg)  CaCO; (g/kg) Cu (mg/kg)
0~20 235 521 244 8.38 26.7 139 56.2
20 ~ 40 297 484 219 8.50 15.1 188 59.1
40 ~ 60 237 547 216 8.59 13.4 263 33.7
60 ~ 80 220 591 189 8.45 14.8 382 40.6
80 ~ 100 212 578 210 8.34 153 367 31.7

1.2 RMERXE

TC il 25 AN 7] Cu W FE IRV BT A U8 & 0.01
mol/L NaNO; /EZFF A, | NaOH 1 HNO; K/
ES R IIRRIE, RN pH Ok 3, Cu WK
%4 1. 24 54 104 204 25, 50, 100. 200 mg/L.
FREX 2.5 g MOMERE T2 TN 50 ml A SR B0
H, A3 1) B O PN ] Cu MR 25 ml, 4
BEOEIE HZQ-X100A PRI (25°C, 200
t/min) PR 24 h, RJGHUH, JIAE LDS-2A B &L
Hl_E (4000 r/min) 25.0» 10 min, FIE BIE4CEIE R L
EA I, TS R SRR e T
(M6MK2) I3 Cu [HRIE. MRIEW LTS Cu
BT SSE 1) ZE A T S L B
1.3 FRIRSKIE

LR Y. 24 b 5, RPN B0 B, TR
B T 4 8 5 1 T4 SRR AT AR o 1A R Cu
Ja ) AR B O E T I 1 mol/L Z1R%% 25 ml,
FLAR I 5 W A A5 S0 AT [
1.4 EEHHERE

PRI 2 g FOESE 25 T4 T8N 50 ml SR} 00 A
A3 O OIS R B Cu ¥ 25 ml, 42
B0 IAE HZQ-X100A HU4R% KE 7740 IR
25°C, 200 r/min) IR 24 h, HAI RS AR
SEHOARIA] . 24 h IR B SO S, AEAS R RS R A
fFR, Cu B - IEWE S BB KR A Waler
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Fig. 1 Adsorption isothermal of Cu in soil profile
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Mo SCRR R I AW PSR 26 FE E B 3 25 Henry
(B H A Freundlich 24 (F %4) 1 Langmuir
B (L 8D, H BRI 5 a5 B I iR L 4
RIS AT s i B SRR FE R Iy, WP R
LB, REEARM, WH LM Freundlich H! A
Langmuir B 5 Fe . FEEE TG Cu Fl A5 RS A3 ok
Freundlich Al Langmuir 72 THIE, A RS
PITRE 2. AR 2 WA, RIZ L Cu I I R 26
L Freundlich A1 Langmuir B 5 F2 6 B IFLE, 1M
HFTH % 2 R S K P52 5 Freundlich 247

*x2

PR DL T Langmuir 27 #2. M Langmuir J5 7%
T R BRI N & S (3R 2D, TASSER BT (1)
Cu WREEVEHIN, I & 2 3R Cu K
WCRH B30 2. 1991 1989, 1991, 1 988 Al 1 994
mg/kg. HHULATLAE Y, T8I S SEBR s AR5
PRI Langmuir 77 FEANIE B Cu 75 HEBE P IR 25
W Bf147 4. Harter A1 Baker!” A & Langmuir J5 FEH (K]
ZHO/INANGE T T AR S5 1 B R 285 5 B 1) B
Wi 5 S PO SRR s AN AR AR B 3% Cd™" WP IR R
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Table 2 Parameters of copper ion adsorption isotherms in irrigated desert soils

+ )2 Freundlich 77/ (q=KC"™) Langmuir 777 (q=K.CQuw/ (1+K.C)

(cm) Ks 1/n R? Ky Qu R’

0~20 5382.69 2.1347 0.9150 -3.6757 -36.764 7 0.856 6
20 ~ 40 4191.79 1.558 6 0.741 1 -5.954 6 -38.167 9 0.6170
40 ~ 60 4742.42 1.453 4 0.635 8 -7.2353 -40.650 4 0.442 8
60 ~ 80 3700.84 14211 0.690 2 -6.666 7 -41.666 7 0.520 7
80 ~ 100 9979.29 1.6270 0.699 9 -8.5185 -43.478 3 0.450 8

A g 2R Cu IR (mg/kg): C W Cu “FHTKEE (mg/L): Qu i K& (mg/kg): K2 MR AE AT KA EG KL 2H

e Cu RS REA SRHIE G 1/n 2 B3RS Cu SRS

J Freundlich 745 2 oAUl e it 14 38 T 4D 3] 44 %of
R L 3 P N o R S A e O w5 R
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() B /NI A L i — 350k, U 88X Cu 19
SRR AT RERZ LR AL . RSOSSN
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>3+ (0.526) >403E (0.147), S5HEHEURS
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JEALL, NHyAc WK R 4 (1 2 R W i 4 e 1)
BB, AR 3 ATLUEH, A S
TR X Cu IR 52 264 5.56% ~ 64.5%, XUt
B TR 0 SEOF < N 32 i w7 = U w12 S e R
5y Cu AR, X AYE AR Cu m] REFN 3% E
[ BEAL 45, e IR R nT B e e AL Aok
. Yu S50 208 Cu (¥ PR i W I R I



84 +

% 43 %

®3 BREIEERE Cu IBRRE (%)

Table 3 Desorption rate of copper in irrigated desert soils

+ )2 Cu FIHIIRIRIL

(cm) 1 mg/L 2 mg/L 5 mg/L 10 mg/L 20 mg/L 25 mg/L 50 mg/L 100 mg/L 200 mg/L
0~20 10.9 6.18 5.56 8.14 12.6 14.7 24.1 349 47.6
20 ~ 40 17.6 12.0 10.3 15.1 22.7 25.4 36.3 50.3 60.4
40 ~ 60 16.5 14.8 16.8 225 313 32.6 453 55.1 63.0
60 ~ 80 16.3 14.0 17.0 25.1 333 372 50.2 573 64.5
80 ~ 100 17.6 10.3 9.00 13.4 11.8 23.6 33.7 46.0 55.7

If$ Cu Jig F NH4Ac B (First extraction )& KT 75%;
HEVEL L Cu MR LE 24 Cu HIMRICRE /DN, WIRER
BRI R BT T SURE I 1K) pHL A HLBORIR IR 6 15 F 5

VAT S, EMRREMARSGAETS, TN Cu 1%

WARBN, FERIRBEIMAGAT T, IR R K.
MIE 2 ATRAE Y, WEBE Cu MBI ERE 3% % Cu

W B 2 (0 18 N g 1 n,  BEAR AR R Cu iR 2k
) B2, Jf R R REOCR, U
X3, Cu nlRe s 4E4E MR N AL, JF HRL B
WP R A, AR R AR AR L B Rk IR B e M A
FEJG, TR AL s b, DAAEE R o
DT e e 1 S B 1 2 4 S AR e MR PR, & TR, i
W et it 2 34 0 o - 438 v 4 e 1 A RO R S I B AT
N EEYIRA . N T o s T AR RE R LR TR
<o R PR R 5 AR T O B S PRI DG R AN (] - A3
e Cu AR WS I A VB T B B 110 28 A 3R AT % A =X
T B, R R ek BB ) B RF R AL
W3 4.
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Fig.2 Relation between adsorption and desorption of

Cu in irrigated desert soil

F 4 FMEEL Cu WERESHERATRME
Z [BBIR RAER T2
Table 4 Simulation equations of relationship between desorption

and adsorption of Cu in the irrigated desert soils from oasis regions

12 (em) Jite FHRRE r BEA n
0~20 Y =0.000 1X* +0.208 1X — 11.068 0.999 1 9
20 ~ 40 Y =0.000 1X* + 0.373X - 18.475 0.998 4 9
40~60 Y =0.000 09X +0.458X - 18.412 0.998 9 9
60~80 Y =0.00008X>+0.499 6X — 18.991 0.999 1 9
80 ~100 Y =0.000 1X*+0.340 7X — 19.107 0.997 8 9

VE: Y 9 Cu MR (mgkg), X HMRULHT Cu MITLMHE (mg/kg).

MEEBL AN Cu /N T 500 mg/kg B, 7%
= TEEREE Cu R EAZEAKR, & LPFEE
N Cu BB KT 500 mg/kg (B Cu 1)
GIREERT 50 mg/kg D B, BEAEWF RGN, f#
WA (B 2), s (& 3). LAWIth
WRE 50 mg/L A, LIRS EFESN Cu [N >
24%, LIEBHIFIE (0~80 cm) MIIEHN, Cu (KRR
$me LA bt ty], #EBILX) Cu f5—E MR E
AeJ), FEAAEARIR BRI OL T, B AERERL 1 B Cu
MU oK. IRIREER) Cu — Hagh NFE
e - S B 5 AR A S R A R T N 3

WA RAERTHITE, WA U2
2.3 RRMIERMREEL

TIER M ESE )G, A IEE SRS ]
DAHEWT H B LI AN R T AT LA B4 B 5E A
() PRV BT LB T PR R AT LI b o FEARHHE ST, nAS
AAFE AN SESEE TR R AHES

RESGES S BEEIRmRFNESE; LHILER
RS RS WL YOS ItIE (RREE, Ak
P EADD s A ISR AR AL 455 10 <
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TRFEED M0 S ks I 48 2 2,

25 WoR TS AR T3 Cu IR 2 A Fl
ANESAER PP L. AR LIRS, Cu
FEAMAIRAS T, HRRTIE: WS
A SR T I LB UK T 77%, XA 1
HARIIREBL - Cu PLoEAEAE THRIE T o AL 3 W] LA
Fr i, ARSI E I B 48 Cu vk 3V R P R R

W, ATAZHES Cu UL B Cu 51 0 ~ 3%, Xl
EHIRH & 7 AL A REEE LR Cu 19 ZEHL
ile RIS UG 1380 Cu I J L2 AN R
SRV F Cu AR AN AT I R A DS A WS PR AR B it 22 1)
WA, HEEC X Cu B LSRR Cu
AN AT PEBEWIAE — B AE R, B ] DR s fR S
Cu, ATLLYED> Cu i R AR B TS G i KUK o

#5 BARBRLP CurILFERS

Table 5 Chemical fractions of copper in natural irrigated desert soil

12 (em) AIACHAS (mg/kg) HHE (mgkg) THLE (mgkg) BRER (mg/kg)
0~20 0.39 (1.12) 7.47 (21.3) 8.82 (25.2) 18.36 (52.4)
20 ~ 40 0.54 (2.27) 4.66 (19.6) 6.23 (26.1) 12.41 (52.00
40 ~ 60 0.56 (2.48) 2.68 (11.8) 5.62 (24.8) 13.82 (60.9)
60 ~ 80 0.49 (2.67) 2.51 (13.5) 5.19 (27.8) 10.46 (56.1)
80~ 100 0.18 (0.70) 421 (15.8) 7.38 (27.7) 14.87 (55.8)

e AT R BEARANESE S KT (%),

[l B 3 AR B, 7RSI S SR Cu WK
YA AT EIERE S N, AHLE Cu B Cu 1
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MU S 2 L — B0 A ST ST 45 5 5 1K S6afF 5T
(25 BN, ATREE B AT AT I Cu
JE AR B ST T 2 X I HUTARAG .
T RE I Cu BIAPLASHT & E o L LG A2 38
AL, XN O R MU s T A
J2 L ERE A

FESER T E I E AR Cu WG Py A S8 i
W, THLA Cu B Cu ) 25% ~ 93%, X i1
e R AP RO By UE S XS Cu 1R

P DT iR I K o AN TABERE R B, LA Cu i
Sy LEREAE Cu IR BE R nim 8 n, X ui B Cu 7EIR
JEE T 30— 2 P E I 32 R L v (R IR kA AR
ghty, ARy RN Cu RSB IA B
H, BT R B DI AT A (R B o BTAIE S AR 5
W, S NS Cu BTl E o A LS
s Cu FENGER L e 454, Xnlaes T1E
HA w0 b 7 5 DA K i 3% pH A K. 60 ~ 80
cm T JEFEE Cu TN DT & B 4 L b A2 38R
R, KT B PR O I 2 T g R h e T A
AR

FESER B 4 Cu WV Py A1 A
W, FRIEA Cu R Cu 1 3% ~ 42%, X Uil
EEE Cu o T T Y0 AR FE T
Ko SPEEAS LIRS, RIS Cu BTl A LLbEE
Cu IR LRI sk, X SIS R Cu 1R ME ik
NI . PTG Y, 7k A LIRS
Cu It B LSRN, XM E AR FER 1
DL —FER), XU T RS A KRR
TSP 1 22 AR B T 4 Cu, R MEAL AR b
Pre 2 (4R DR & 1B AR T 4 1)

fedr) B,

o

&
H

=



86 + % 43 %
ap - 0~20cm 00 20 ~ 40 cm
80 90 r
80
o BEXC BORG @INORG BRES - BEXC H0RG BINORG BRES
e 60 | 3
Y - &0 F
2 0 r 2 50
R 40 | R
E 20 § fm 40
3 i ¥
= \ g % V7
20 1 20 §7
§ N7
10 § 10 i
0 R i il B i
1 2 5 10 20 25 50 100 200 1 2 5 10 20 25 50 100 200
Cu VIR E (mg/L) Cu WIAHIKIE (mg/L)
100 ¢ 40 ~ 60 cm 00 60 ~ 80 cm
% | 0 r
80 BEXC S0RG BINORG BRES 8 r BEXC BORG ®INORG BRE]
s g ®
N ~ &0
2 @ 2
& 0 &
e
X 40 g 40
w0 ® 30 7
20 20 é
10 10
0 0 Z
1 2 5 W 20 25 50 100 200 1 2 S 10 20 25 S0 100 200
Nl T
Cu SIS (mg/L) Cu HIHTKSE (mg/L)
100
80 ~ 100 cm
90 |
80 BEXC B0RG ®INORG @RES
2 M
X
<~ 8
=
& W
Jhang 3
= Z 2|
=g p b
2D e % T
N B P AL o
1 L g ] 1 H g ¥ N Z
1 2 5 10 25 50 100 200
Cu WI4AHE (mg/L)
3 BETRBEIBEERRRMKET Cu ENMHESHAES
Fig.3 Percentages of various fractions of Cu under different concentrations of Cu solution at different depth in irrigated desert soil
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Sorption and Desorption of Copper in Irrigated Desert Soils from Oasis Regions

WANG Sheng-li, ZHOU Ting, NAN Zhong-ren, LIAO Qin, WU Wen-fei, LIU Jiao, JIN Wang-qgiang, ZHAO Cui-cui, WANG Bin

(Key Laboratory of Western China’s Environmental Systems, Ministry of Education, Lanzhou University, Lanzhou 730000, China)

Abstract:  Sorption and desorption of heavy metals is one of the primary processes that affect the destination and mobility of heavy metals in
soils. Laboratory batch experiments, single extraction procedure and sequential extraction procedure were conducted to study the sorption and
desorption of copper (Cu) in irrigated desert soils from the oasis regions. Cu sorption behavior could be described by Freundlich equation. Cu
sorption capacity in the irrigated desert soils was likely to be controlled by the combination of soil characteristics such as texture, pH, organic matter,
and CaCO; rather than a single factor. Secondary power function can be used to simulate the relationship between Cu desorption capacity and
sorption capacity before desorption in the irrigated desert soils. Cu sorption was irreversible (low exchangeable fraction) in the irrigated soils.
Absorbed Cu was distributed mainly in inorganic fraction and organic fraction. In general, Cu percentage in inorganic fraction was higher than that in
organic fraction at the studied Cu concentration, probably because CaCO; content and high pH in the soils from arid regions.
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