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AEXHEZRBREFRT Cd,Pb,Cu,Zn,As ERHITERE &6+ MWMBL B
MEENE. FREV.FEATROBRMEBRY TS Langmivr 7B, HRIFEAKK
X Pb>As>Cu>Zn>Cd, B K BEMBMFEFHRT . Cd.As JEESSRMEER
FoANEIFREHATOCROBTHBELE. TRNESRTRYREAER R
ARG FEBERPTTREEAX MALHBRBZRAFELRRHAXERANEN, X
EEANSERSTREGHMEERIEFAER . AsOi~ HHFEME Cd.Pb,Cu,Zn i
BB EEBBENES XVRSEEERETIEANKERHARRA X .

XWiE . HEEH, EXER. BN BR, ESXE .

HEERUTEHEATEAS, AENEYERTELRIEITRTE, BEHNEER
RESRHEE MERFPREBFUN—NELY, RH-BRIBFANREN RS RS
FRBEVMBEENUMFREIRZ - AXURHK TR EE RS AER, A
EXRBEH, K Zo,Cd,Cu,Pb.As HRHTTREE &5 5K THE L BP0 RE-#R
15, 8RR RSB TRE L EFR A EERARME S ERNE, bl € 13955
BERERGEAT R IR BRI 00 2 LA A B R L A BB R AR FIKIE .

1 MRS

1.1 RBAE

ik L E AR, R EPEBERTAE LR, LR TTETRERL
# 1. k%74 Bk Pb: Pb (CH,COO),, Cd:CdCl, » 2H,0, Cu:CuCl, * 6H,0, Zn;
ZnSO, « 7TH,0 1 As:Na,HAsO, + 3H,0.
1.2 Bt

H{LiATTE Pb,Cd,Cu,Zn HHEF,As HHAREF, AT B L HAMEEF ¥R NI
T R R R R, BT ARG FE L Lis (2 IEAR F#HFT Mo X B A F B, B L Ly (27)
EXRBHR Cd.Pb,Cu,Zn WHTREMRZEER . HEEEFHKFERE 2.

»EFBRBEBSHHRE . » » AAEPEBERKEEYRRTAERLEFHR.
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®1 HEIMNERERACRERE

Table 1 The properties and the elements background of tested soil

E ¥3:3 YLRRA R/ % FTERHRE/mg * kg™?
pH 6.7 DR 23.5 Cd 0.13 Zn  69.8
HYLE/ % 1.5 0BR 4.3 Pb 257 As  10.4
CEC/me « 100g7 '+ 24.2 L3 32.2 Cu 19.1

E2 L4BTEAKT (mg:l1™H

Table 2 The factors and their level of the experiment (mg+17%)

EX@i K Zn Cd Zn-Cd Cu Zn-Cu Pb Zn-Pb
20 1 5 5
(1) Ly 21
100 10 40 50
20 1 5 5
(1) Ly (213)
100 10 40 50
Ex#it K¥E Cd-Pb Cu-As Cd-As Zn-As As
5
(1) Ly (213
50
1.3 A¥H®

FRELE 20 BERY TS 2g, AR AL EE S BAW 20ml G& : £ =10: D),
L 0. 1mol » 17 NaNO, fEZ R IE, 7 25+ 1 CERHFTHY 12h (RE As Bt X 2h), &
> (3000r e min™"), MEHFR 1, MKAESALBEZEFKER, #T/S5H0 1mol « 17}
CH,COONH, ¥ # 20ml, FEEE THRF 2h, B E 60h CR& As BF( 12h), &L, B
EiEwI. REHELHEW LM 1 Cd, Pb, Cu, Zn, As ¥ EE, 3 ELER I 54
EREETRERERS L RERE. FERI cERERBIRESE TERRE.

2 R

2.1 E¢REGIERS T MRHE
2.1.1 Cd, Pb, Cu, Zn, As 7Ek:30 09T B4 4F
EXRENHT, XL RN ESRYRKMEIEN A Langmiur FEBFTHES .
£ _1.¢
X/m Kb b
A, C: BHRTENESETENEE (ug-ml ), X/m. BAIER 80 BHE
(eg * mg™"),K: Langmiur & RE (ml - pg™), b: BKBEHE (g -mg™) . BES
BRMEESUBEYEIHERRS Langmiur 5BYE (£3) . F5E2¥ K AIRMERLA
HoXMAMESRITRENBLR . XEL7H BB H - WEEERENY T ERHTE
R PER. ftil X HROT KRR B K/MEF R . Cd>Zn>Cu>As>Pb, i RKF6ESH
8K ANUK K H . Pb>As>Cu>Zn>Cd.
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%3 M TRM Langmiur 7RS¥
Table 3 Parameters of Langmiur equation for tested elements
xR Cd Pb Cu Zn As
R 0.9993 0.9998 0.9978 0. 9976 0.¢983
b 7.22 0.54 6.43 6.77 3.53
K 0.107 0.439 0.143 0-114 0.184

2.1.2 HETEREXEERAMNERRKEERE

%t Zn, Cd, Cu, Pb, As YREIEH#HITHTEDbT, ZHREH, HETEEHZEE
AR RHMENEEBENRER (FO, FETFHRELCERBEROTFENT .
Zn® *>Cu-As"* >As" " >Cu" " >As-Pb* >Zn-Cd*

Zn:
Cd:
Cu:
Pb.
As:

Cd* " >Cd-As* * >Zn-Cd" * >As* >Cd-Pb"
Cu'*>Zn**>Zn-Cu™”
Pb**>Cd-Pb** >Zn-Pb* * >Zn-As* * >Zn" >Cu"
As® " >Cd-As" " >Zn-As™ " >Cd" * >Zn-Cd"

x4 IHNESRBHERBRTENT FE)

Table 4 Variance analysis (F value) of heavy metals sorption and desorption in tested soil

Zn Cd Cu Pb As
Hx
W% Bkt e % Bt 13 4] % R B "R % 14
Zn 127.71° % 41.04° " 1. 46 0. 46 44.13° " 0.11 8.6 9.23* 2.02 2.43
Cd 3.1 7.21 59.387 " 48.73" " 2.79 11.44"° " 2.1 5.32 3. 46 10.91°**
Zn-Cd 7.74° 10.78* " 17.44° " 12.54"° 3. 65 9.48" 2.23 10.87 " 1.84 8. 12
Cu 11.24* 10.68° 2. 48 1.12 123.09°" 35.74"" B8.61° 12.18"* 1.21 0.52
Zn-Cu 5. 81 10.91° " 1. 97 0.78 10. 03 0.14 2.48 3. 61 2.67 3.88
As-Pb 8.14" 6. 41 1. 69 0. 31 0.52 0. 69 4. 44 0. 97 0.94 2.11
Pb 3.4 9.43" 4.3 2. 22 2. 28 0. 08 255.2° 41.92*" 4.11 3. 34
Zn-Pb 0. 84 2.14 1.41 0. 64 1. 84 1.23  21.28** 10.21" 1.43 3.86
Cd-Pb 2.21 0.12 8.88" 0.48 0.28 0.23 22.11"* 14.84*" 1.42 2.22
Cu-As 22.34°* 6.14 4.77 0.51 0. 84 0.47 2.32 4. 34 0.88 1.39
Cd-As 3. 87 1.21 23.23" " 15.54°° 1. 68 1.21 6. 61 12.17°* 11.14* " 14.38"*
Zn-As 3. 43 1.33 6.4 10.81* * 3.1 0. 68 11.69° ° 2.7 13.71** 11.13**
As 12. 4+ " 6. 44 8.91° 3.39 4.74 6. 84 1.25 13.41° " 27.56° " 34.36""
H: » p<0.05, » » p<{0.01.

TR Zn R E SERE TR Zn 9K E, RIGHKRZ As, Cu, Pb, Cd
MW, Zn RIESHER Zn WELEW, &KER Cd, Cu, As, Pb Xt L Zn REM
FIYER T A Cu, As By Rma E BT B . T 3XF Cd #y T Bt B0 B - S 0 HOR BE A M K T3 K
FKBEH Pb, As MIxt 3% Cd RFMHEER, Zn, Cu WX FEMEE . X410 Cu R
AW, Cu REREN, SWEEENR, RKHN ZIn W, TRFEERHEFR
BEHLE Y, Cd #1 As MEMERLTF Zo, BEBRE, Pb X Cu MERAHE . 1% Pb K
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B BB SERE T PR E, SHEEMX, Cd, AsHEMREHE . 1IN As BN
BHS5VHBEB As KEEBEFHX, KKK Zn, Cd, Cu, Pb A I+ K As RK
B, MEEER Zn, Cd, Pb AHEHBHMFERM, Co HEME/D . BN ETRHR
MBSHFTRYRARIFMHEXKR, LK.

xS HELRMTIREHBRENER (=48

Table 5 Effects of heavy metals on the sorption and desorption of the elements in tested soil

#iF L2200 B 577 & HXEN
Zn HH  Zn>As>Cu>Pb>Cd y=1165.2Zn+58. 2Cd—180. 7Cu+74. 5Pb—191. 4As—549.7 0.9913
MR Zn>Cu>Pb>As>Cd y=278.1Zn+4. 08Cd+38- 97Cu+35. 7Pb—24. 8As—346. 7 0. 9879
cd %M Cd>As>Pb>Cu>Zn y=5.7Zn-+119. 8Cd+8. 47Cu—12. 5Pb—21. 8As—73.9 0.9924
ME  Cd>As>Cu>Pb>Zn  y=3.9Zn+100. 5Cd+11.45Cu—11. 5Pb—16. 8As—69. 6 0. 9911
Cu %M Cu>Zn>As>Cd>Pb y=—155.6Zn+18. 3Cd+387. 2Cu+12. 8Pb—26. 1As—88.6 0. 9796
WME Cu>Cd>As>Zn>Pb  y=2.3Zn+46. 7Cd+137. 3Cu—2Pb—14. 7As—139. 8 0. 9923
Pb B  Pb>Zn>Cu>As>Cd y=60.7Zn—36. 4Cd-+59. 6Cu+809. 2Pb—57. 1As—770. 2 0. 9959
MR’ Pb>Cu>As>Zn>Cd y=45.8Zn+36. 2Cd+115. 8Cu+122. 6Pb—62. 5As+ 268 0. 9894
As M As>Cd>Pb>Zn>Cu y=—31.4Zn—63. 2Cd—25. 9Cu+57. 9Pb+223. 6As—41. 4 0.9978
MR As>Cd>Pb>Zn>Cu  y=—15.7Zn—44. 8Cd—2. 6Cu+16. IPb+120. 7As+2. 6 0. 9689

HREATRASHTRAVMREER, FERAL R4 REEHER TMT
KA, E—RErIEFEERERHN, BT BN 5872 B 22 8 vE R M % R B,
H AsO WFLE, ER_RRMH, K- IEESHEFM AsO; =HEA%FTERX -

THMBESRTENRHANZ I RHARZTTREEMIF CRNER, THRES
TREAMXEERAERX (BD . #itH, Zn,Cd, LE Zn MR RY 129. 54 + g7
Zn,Cd, 5 680. 6ug * g™'y Zn,Cd, y 127ug = g ', Zn,Cd, Jy 741. 4pg - g~ '; M Cd K
P, £ Zn,Cd, BF K 8. 1pg e g™'s Zn,Cd, N 8ug* g~'s Zn,Cd, i 65u4g * g ', Zn,Cd,
4 70.8ug c g ' B2 Zn/Cd K 10 BF, W Cd, Zn IEXEEAMNERFHFLINC,
Zn BB - Zo-Pb X HAER EERX Pb, Zn, As &M, X Cd, Cu EWE/N, &
K# Zn/Pb W3t 13 Pb R R B MHEM . Zn/Pb X HAEFAST As MEMW 5 Zn/Pb
AX, Zn/Pb /N, A As REGERHFEH, & Zn/Pb LT As BEHEFMHEH -

AN EFHTE S, As BU ASOI” HFE, As 58 REFHXEFHENEFE
(E2) . % Zn BHAEM, As-Pb, Cu-As, Cd-As, Zn-As ERBEMERM, 7 Cd-
As #1, Cd #1 As B R K H As/Cd 8K, BH FIF Zn HR M ; 7E Cu-As 1, As/
Cu 8/, Zn M B K; Pb-As ZTHEEHMLERIES Cd-As #R, BIPb #1 As SR
K H As/Pb KBS, BARTF Zn BRE . XF 13 Cd BM AW FEER Cd-As Ml Zn-
As, Cu-As 1 Pb-As IR /N, L8 As,Cd, 5 454g - g™ !, As,Cd, B 32 pg =g’
As\Cd, K 41 pg » g7'5 As;,Cd, 44 pg = g7, BRI As/Cd REMIZ 13 Cd HRME . 1+
M Cd KBS As/Zn LB FMX, M KTIH/D - ZEERAN Cu BKHERAEH
In-As BB ¥, & As/Zn Ht, Zn-As W{E# L3 Cu IRH, & As/Zn W, Zn-As AR5



34

7 S - 16 %

+ {3t Cu @R B, 0 AsiZn, B Cu WHHE R 2392g * g7 As,Zn, K 33pg « g~ ' TH.
YER X 113 Pb kB W EEH Pb-As, Cd-As, fill Zn-As, HH Cu-As WX EEHAAFR

HE .
1200 c V\OPb: o/vAsz
Pe u
As 80—\08‘;: Cu,l Db, - ——As;
250 cd, Cu, Pb, LAs,
——
Tw Pb 200 7“2 7 Cu, —F Pb, / As,
w . 200 Cd
¥ cu ‘ \*CUZ Pb, N ‘As,
i 100~ Cd, Cu, Pb, o As,
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Cd K=t >l D2 A>"A
& 0B——nCd, u, =6pr x S,
5001 Cd, 8 Cy, Pb, As,
Zn cd, / Cu, Pb, As,
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WEERA
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Fig. 1 Effects of interaction between Zn and Cd, Cu, Pb, As on the sorption of the elements in soil
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L £ 11

B2 As5Cd, Cu, Pb, Zn B9 H 4 A X + MR K 69 e

Effects of interaction between As and Cd, Cu, Pb, Zn on the sorption of the elements in soil

2.2 Cdv va CU, va As ﬂﬁﬁﬁﬁﬁﬁ—%‘iiﬂﬁ“&
FE 5KV T AR AE T %3t Zn, Cd, Cu, Pb, As RBR{EHM FESHER, &
ARFECREEZTEEAM I REFREIAFHBEYN, EEWETFWF .

Zn:
Cd.
Cu:
Pb.
As:

Zn"
Cd’
Cu*
Pb*

*>Zn-Cu’ " >Zn-Cd* " >Cu’

*>Cd-As* " >Cu"’ * >Zn-As""*

*>Cd** >Zn-Cd*

*>Cd-Pb* " >As"* * >Zn-Cu’ " =Cd-As"* * >Zn-Cd" " >Zn-Pb"

: As® " >Cd-As" " >Zn-As"">Cd* " >Cu"

EFFITT R Zn,Cd BRA W AR FIFTEN Zn,Cd REFHI M, [ XF Cu,Pb,
As BB AW AF . Zn,Cd,Pb ¥ B AIIM INEERS I 10 Zn Y E R &L, Zn,Cd,Cu IKEN
HANAEFF LM Cd MBE . 3t 11 Cu MREWAMFH Cu>Cd>As>Zn>Pb, H
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& Zn,Cd,Cu HFF Cu WRI, 7 Pb,As 3 FHIH AR T 13 Cu 99FB%R . X118
Pb #82 W 5 W 8 WRF KK % Pb>Cu>As>Zn>Cd, R TTE As W1 Pb 9 IR B,
Pb,Cu,Zn,Cd FEHAFATFLIHEPb MBR . IR ASBEBSTEBRHASKEESR
EH%, S Pb,Zn,Cd,Cu B LM, KX EFHERB T2 .
2.3 TRESEHFTRMSMEAHEXHE

MARTENREEMBREHASTEIRASN, GREACNEAEENMXE, &
BIBFBMHEXERMT (v ARRE, - ARKED .

Zn: y=—15.17+0. 2167z r=0.9163 (n=48, TR

Cd: y=—0.294+0. 84z r=0. 9968

Cu: y=~—102. 75+ 35. 73z r=0. 8229

Pb. y=—121.69+37. 1z r=0. 8572

As: y=7.35+0.492x r=0. 9643

BEBEFHATERE, ARBEANAER, B O 5H8EBERK, @ 58
MEEAEBTXE, Q) ERARATERSESAES, (O REMERNTETIE.
MI=FAY kLR, IR RMHE SR P R RRFFFRE. wEx
RN RHMREER, TUEY, TR Cd, h70% L ERMBRKE, BEER,
Hit, Cd#EA LB, £XRNERK, HEETH . LETEKS Cu AF 10X i HE
YR, B Cu MFMARE K. WLIEPH Zn fl Pb, B HERE, BER
W KM Zn, Pb {Ui 30% AT, HEIs/, EHAENKS, LU Ph A IRE . £
Bh As I HBREHE 50%, EHKT Zn, CufMIPb, # 5 KA TN As Wi5H.

FTHPHFERETF AsOF LIS, RERMBRIBEBEXRNE, IFMUEHE TR
FEENEREREEYE X, B TEREFEMRERKNBRIREAEX . £
RYARTES, ESERESYHBRBEERN N Cd(AsO,),: Ke=2.2X107%,
Cus(AsO);:7. 6 X 107%,Pb; (AsO,),: 8. 0X 107%,Zn; (AsO,),: 1. 1 X 1077, # Xt K5,
Zn,(AsO,), F1 Cd,(AsO,), ¥ 5% M, T Cu: (AsO,), il Pb,(AsO,), H#B A BAK , U R
BORK, WESBERE 2 HAMAR R, HERE WK . ety S5 KRR
BRA X, HEE(1992) B, 1.3 Zn,Cd (R HMER P, MERKR SR M, L8
o 32 S R B R B (R4 L DL S 0, X BB B T B, R 7E B KR R B AR
Pl . BT PO #1 AsO}” REMMUMLEER, BUA N ATRE S X FHLEH X .

ZER, RINFAUBEMTER:

(1) #tifeE Cd, Pb, Cu, Zn, As R KT BH T Langmiur FEHTHE, K
Rt REBXRE BMRERBEARARY . RERHI/PEFH Cd>Zn>Cu>As>
Pb, TiRIFEE SN Pb>As>Cu>Zn>Cd, M .

(2) X MEECd, Pb, Cu, Zn, As HEHHE, Cd 1 As HEBEEE T, XA
REREFBHF X, THEMNEERK, 5 BB R S A+ SR g E R,
HAaMBERMAREE . B4, Cd, As HETENRBBBEHERUETE .

TR EGBTENRMABREBEAN S TRERPTERER X, MHASH
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EREAREAZEERANER, AEXAFRAMERSTRMUAKERLLHFRX .
(4) +IAEFEHHIAT AsO]” U, FCd, Pb, Cu, Zn WRHERIEEBE
%, XS AsOI” R4 EE BB TIEMKRREMEREX .
(5) TEHIKTTR P, Cd B EBIERR . TRATRETE Cd H 705 Ll L o[ R T %,
HEAN TR, A PATRE, HIRE As. 50U ERT LB, RISHKIK K Cu (40%
k), Zn (30%), Pb X BHERS, HE 20%E% .
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EFFECTS OF HEAVY METALS JOINT ACTION ON
THEIR CHARACTERISTIC OF SORPTION AND
DESORPTION IN BROWN SOIL

Yu Guoying Wu Yanyu
(Institute of Applied Ecology, Chinese Academy of Sciences , Shenyang, 110015)

ABSTRACT

The effects of heavy metals joint action on the characteristic of the elements sorp-
rion and desorption in soil was studied with orthogonal experimental method. The re-
sults show that the sorptions of the tested elements obey the Langmiur equation C/ (X/
m) =1/Ké6+C/b. The order of the sorption potentials of the elements on soil is Pb>As
>Cu>Zn>Cd, but that of the sorption maximum is reverse. Cd, Pb, Cu, Zn, As, which
depend not only on their toxicity, but also on their activity and desorptivity, further they
effect strongely the sorption and desorption of other elements. The amounts of elements
sorption and desorption are relative to the coexistant elements and their interaction be-
sides the concentrations of elements in the equilibrium, and the results of the interaction
depend on their relative contents and ratios of coexistant elements. The sorption and
desorption become more complicated in the pressence of AsO{”, the mechanism may be
the sediment of heavy metal salt and the secondary sorption and desorption.

Keywords : heavy metals, joint action,sorption, desorption,orthogonal experimental

method, ecological risk.



