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Adsorption Characteristics of Cadmium, Lead and Mercury in
Different Sized Soils
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(National Research Center for Geoanalysis, Beijing 100037, China)

Abstract . Three kinds of soil samples with different texture were sieved into nature fraction, sand-sized fraction
and silt- and clay-sized fraction. Adsorption characteristics of these three different sized fractions of three
different soils for Cd, Pb and Hg were studied. The results showed that adsorption capacity of Cd and Pb by silt-
and clay-sized fraction was higher than that by two other fractions. However, adsorption capacity of Hg showed
opposite result to Cd and Pb, which was far higher by sand fraction than that by nature and silt- and clay-
fraction. And the adsorption for Cd, Pb and Hg by three kinds of soils with three different sizes showed the
similar characteristics. Furthermore, the Langmuir equation was proved to be the best description for Cd
adsorption by different soils, the Henry equation was suitable for the description of Pb adsorption by different
soils and the Freundlich equation could better fit the experimental data of Hg adsorption by three different soils.
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Table 1 Basic physical-chemical properties of soils from three
areas of Shanxi province

. wy/(pg-g™") CEC/ .
He & b (mmol - kg ") P
KAERAE 0.241 0.410 40.09 0.62 147 8.38

KRB 0.333 0.289 33.30 - - -
KEMER 0.101 0.536 48.24 - - -
KEQ®RA 0.132 0.5 20.02 1.87 23 7.84
KERSE 0333 0.407 23.03 - - -
KEMER 0.087 0.573 19.26 - - -
GHERAE 0.160 0.819 22.13 1.39 193 8.01
GUR  0.264 0.688 18.54 - - _
GBS 0.119 0.858 2.3 - -
@© TOC k54 bk ,CEC HHBFRXHE, “ -"&5
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Table 2 Particle size distribution of three kinds of typical soil
from three areas of Shanxi province

e AL/ mm ¥rhi/ mm FiB/mm
2~0.05 0.05 ~0.002 <0.002
PGt B 47.829% 50.046% 2.125%
KE#HEL 22.050% 74.249% 3.701%
st 16.566% 79.152% 4.291%
1.2 EBH%

AR 0. 84 mm (20 H ) FFt B R L4,
R R R BB LA 5. 000 g F 10 4> 100 mL
SR ELOARHR, 0 SO mL e 6749 R R BB VR R Y
HEBIFW, Hop Cd** \Pb** (Hg* MW BE M6 B 4)
% 0.,0.1,1,5.10,20.,50,100,200,300 mg/L,
B (25 £1) CHRF 2 h,7E(25 £ 1) CERMNF
H 24 h J[FEBUE , LA 4500 v/ min B0 15 min, BU_EFH
BNEESBETFHRERE,

RRIEATIES LS mR O Y’ He'* YR,
RAT R E R E SRR TR R .

S=V(C-C,)/m
X, S—HBHELBE 7KV HERHE(pne/s
B mg/kg) ; C—HIEEHF Cd** \Pb** & He'* B9
FHEHR A (mg/L) ; Co—hA L+ Cd®* Pb** T
He'* WY (mg/L) ; V—BIA L8 Wm0
EH(mL) ; m—iK M T LR (g) o
1.3 MEhik

TERBEN HiITE; HEFXBE
(CEC) F#it Ab 287 #8310 2 5 LR AL 2 FE ok
P+ h Cd.Pb & & A HNO, \HCIO, B3 14
f# FEBEFARRSHEIE (ICP - AES) & i 3% (ICP -
MS) i€ ; +-4%+ Hg S8 ¢ =50% (KB 2%0)
W E K TE AR, TR TR 6 1% 5 (AFS) 1 3E ; MR B F
Wi Cd.Pb & B ICP - AES 5 ICP - MS &
Wi ;Heg & B A AFS B2,
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JEAIE 5 LA A B Cd ZEXFIRMR L 4
IR BB /N T LA B AR S TR
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Fig.1 S-C curves for adsorption of Cd** by soils
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RIABFR T > AR TR > PR LK,
2.1.3 RIEAFPRIZAA R L3 b MR B A
P 3 (e a4 P R IR B OK 100 %) &R Hg 78
3 R EPRLZR B L3 R B IR IR B R DA
3ALIEN, Y Co 0 i, T PIRAH Hg x4
TGRS ®, 7 Hg SKRIRE 1 ~ 100 mg/L 14,3 Fb
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Fig.2 S-C curves for adsorption of Pb>* by soils
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Fig.3 S-C curves for adsorption of Hg’* by soils
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BRI+ FEXT Hg M th 4k 5 B R LA FLg
R HEARLL 3 N H R A 3 A % R LR S —
FHTVEEERNEL 5 ARRE L EANE
B A L, TEAE R P K SE T, 0 498 £ 2
B8 A, ZEMA He'* 7R BE7E O ~ 300 mg/L
79,3 PR L A Hg IR B SR 355 5 99% LA
bR BN 1R B RS L B/ TR+ SR
Hg 39 Bt o
2.1.4 R[ESTHL A N A R R R A B TR

3R BRI KB WK 2, KE B A
P+, KETHHEL, et . A
Cd.Pb Hg MR B B SR 5 , 4 7] i B ) - S8 76 AH )
WHKET , KRV 7 A RRBMIRLRZES
AV B -5 A I - SRR A L, R B -
B - SR P R BB/, TP B R K,
VB K [A] - 37 X B R 4% Y TR BT BB N TR
JR LSRG 3, X SRR TR LA
L EZE R AR L R AR B, L Pb A
Hg BB M, B MR RO 5 R XIRBABR T+ 38
RRA RS, E T A HoAt N E 0k 13555 Pb f0
Hg 7ERBbr 48 P R B

—fiAR, L3P Cd SHEBTENSRIEL
SRR ROIM TN, X i TR AT A
BREFEILEMMHE" "  ARRENES
J& Cd 1 Pb Fn Bt EthB89F 73X — &

7E Pb BWE B BF5E , 4 Pb** ¥ 7E 0 ~ 300
mg/L B ,3 FRRIRIZ A 3 Ff £ 38 XF Pb A TR B AE
FIERR, R BEIA R T 9% , S EIE & B AR
3 R R RL L R BB X Ph B9 B B
JIE R, HEERE U wh S 4 e R B 5T
B, M40 Pb** ¥k <5000 mg/kg B, 355 + HExt
Pb A% 225 B 2 3 100% , 76 Pb B & iR imk
FEJ 20 000 mg/kg BF, H X Pb # W Bt £ K
71.33% , ffifi1i@1t Langmuir 7T HE ) Pb 5
KR F B 14285 mg/kg, XRAB R EFMN
Pb** ¥ & 7 BT/ , Pb MR M7 SR A B M A,

WF Hg, 745 R A FH , 208 1 8% Hg
FRMERMAE S THHEN L EMER L
xt Hg BB &, +F Hg BB S HMAN S
BEEMMHEX HRASLEDNSBETEMHX,
FEA SR EE TR EP AR5+
HEhph S EE B ENIEMEEX, MITARXH
HEEHTFIXLEP Hg TERAIERBA
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9, S BSABO He 57 /8° R IX + 4 Hg
MEBEHABBS, ENFELEAEMLL, BZH
HLUEERR ETHML, FALHEURMNT L
BRI FE XRRBV KL R H &8
S5#SEAMEXMER, BELRAREH,
TS Hg B 2 1EAH X Hg BB K/
HHEXR, BB HERTER L EEARMEF
MEPRL BB PR & B &R IR R 3
FYMERSHPZE LEP Hg &R He ER
Fr 5 b 08 P 4 R TR B 2 B R o X R S SR
BENER, YAMAERYH, L HFRFENT Y
Xt Hg 9 0% B 75 8 5 % 4R S AR R R e
+35 Hg MER HA B —R B & &R
5#KFENFE, B Hg ER LT NERHER
FHEHTFHEL™, PR IEES AR LHEAM
MER T EAR L, K WA RA R, L8 E] %
K He REZH KR, XATREREFH Hg £
TR - SR A o - 7 TR R AR TR R B R
JFH,

2.2 b ESRARHBEA

T B TR R AR RES N TR E
By VPEEN, AXRM Langmuir ) 2,
Freundlish 77#2 . Temkin J5#2 1 Henry Jy 2% 1% Fft
FR¥HIME Cd.Pb Hg 7 3 FAR[RPRIZK Y3 4
AR+ FP RS, SR ALK ~ K S,

M#E 3 8] YL F 4, Freundlish, Langmuir ]
Temkin XA 8L 8 i o L& B R RS RR
B LIRS C " BT M, HX RBARE 0.9 B
o TOX TR F B+ %, Langmuir # K BE 47 3
A Cd™ AR B, Xt TF PO RO B (% 4),
Temkin # #1 Henry KX BB fF s & HE A
SR+ 5 R IR B, 1 Freundlish 1 Henry # = §E
REFHAIA PV* FERPR AR BB+ P
. f. # b ZF, Langmuir, Freundlish 1 Temkin
EXERIFBENERREN HE ) H,
Freundlish X85 K04R 7 He’* i R B 51 4 82 47,
i Langmuir F1 Freundlish 48 = %t #3 &5 b + 8 &
He’* ARk HEL A 88T

MEL E 451078, Cd 78 3 FATF £ SR AL
KR HAFE Langmuir J772,Pb 7E 3 M AR £
AR B AR A A& Henry J7%2, T Hg
£ 3 WA LA DRI b i) W B & Freundlich
Tt
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Table 3 Adsorption isotherm equation of Cd** by soils

Freundlich Langmuir Temkin Henry
THRBEH
LR (nde R? C/S=C/b+1/Kb R? S=a+lgC R? S=KyC+b R
an KE  §=544.23C°*%6  0,9669  €/S=0.0004C+0.0008 0.9820 S$=663.67C+1049.4 0.9254 $=49.983C+401.84 0.8492
W; KB §=2905.77¢%%B! 0.9678  €/S=0.0003C +0.0003  0.9855 $=828.83C+1460.2 0.9266 S$=118.35C +459.96 0.8105
BB 5=851.12¢9%12 0.9547  C/§=0.0004C+0.0003  0.9891 S$=779.23C+1410.6 0.9434 S$=169.16C +434.01 0.8413
» K $=318.3C%%26  0.9065 (/$=0.0004C+0.0016 0.9854 S=684.85C+752.49 0.9728 §=28.676C+321.78 0.8348
% KR $=899.52¢%%%64 0.9371  €/5=0.0003C+0.0004 0.9914 §=973.08C+1475.1 0.9461 $=215.22C+365.66 0.8353
s $=787.2¢%%%*  0.9551  €/$=0.0003C +0.0004  0.990 S§=846.25C+1346.3 0.9435 §=129.43C+382.02 0.8145
% KE $=1390.4C°%™ 0.8919  €/§=0.0003C+0.0002  0.9985 $=961.32C+1753.5 0.8990 S=193.85C+511.23 0.6388
O KB 5=1189.6C%™% 0.9002 €/5=0.0003C+0.0003 0.9974 $=977.12C+1646.9 0.8852 S§=180.50C +502.63 0.6432
B KB §=1075.9¢%%%° 0.8787  €/5=0.0003C+0.0002  0.9987 $=923.98C +1582.5 0.8994 S=117.93C +516.68 0.6186
@ C—RETF-agmt Cd** WM EE, B0 % mg/L;S—Cd>* RMHE , BN mp/kg, R—HERK,
#4 BN PSRN HEC
Table 4 Adsorption isotherm equation of Pb?* by soils
Freundlich Langmuir Temkin Henry
TRERE
§=KCV R C/8=C/b+1/Kb R S=a+lgC R? S=KyC+b R
am KA $=36250C"%*  0,7800 C€/S = -5x10-5C+0.0001 0.0248 $=1872.3C+3399.3 0.9364 S=7806.2C +138.25 0.9590
Wl‘ KE  §=35289C"215¢  0.9731 C/S=-0.0003C+8x10~5 0.2576 $=1957.7C +4051.5 0.9816 S=12027C+148.34 0.9575
EE 5=17199¢%17  0.9734  ¢/5=2x10-5C +7E-05 0.057 S$=779.23C+1410.6 0.9434 §=20019C-22.068 0.9968
B kR $5=7620.6C"%*¢ 0.9372 (/S=-0.0002C +0.0003 0.0915 $=2098.4C +2951.2 0.9616 $=3941.6C +91.594 0.9550
B OKE  5=13319C%2%  0.9920 C/$=-0.0003C+0.0002 0.3961 $=1993.6C+3262.6 0.8703 §=7966.5C-32.436 0.9886
K% §=22373C-83  0.9658 C/S=-0.0003C+0.0002 0.3709 S$=1957.7C+3442.3 0.8612 S=10263C-40.702 0.9880
¥ KA S=107918C*%5  0.9020 C€/S$=-0.0005C+0.0001 0.2700 §=2375.2C+4513 0.9438 $§=19072C-48.203 0.9781
£ KB §$=41361C-%52 0.9316 C/S=-0.0007C+0.0002 0.7426 S$=2096.9C+3598.8 0.7842 S§=13872C-223.02 0.9852
B R s=39201Ct 5 0.9591 C€/S = - 0.0005C +0.0002 0.2596 $=2339.48C +3990.9 0.9399 §=12057C-46.011 0.9835
© C—E B FHaHT Pb** B9, B0 mg/L; S—Pb>* MIRBHL , BAE 2 mg/kg, RE—HIK A,
#5 %N Hg M FREMA R
e sorption 1sotherm equation o 301
Table 5 Adsorption isotherm equation of Hg'* by soils
Freundlich Langmuir Temkin Henry
TRAB R
S=KCV» R? C/8=C/b+1/Kb R? S=a+lgC R S=KpC+b R
an KFE  §=276.39C%5™° 0.8281 /S =0.0004C+0.0015 0.9864 $=626.13C +801.88 0.9484 §=27.539C +386.74 0.8296
M KB 5=2626.68C"%82 0,9434  €/5=0.0003C+0.0006 0.9916 $=902.03C+1194.5 0.9566 S§=50.254C +414.4 0.8337
WH  §=498.19C*5™7 0.9554  C€/S=0.0004C +0.0009 0.9869 S$=743.47C+997.98 0.9477 $=98.269C +437.94 0.8235
B kR $5=5062.6C3"7 0.6301 C/$=-0.0003C+0.0007 0.0046 S$=2285.8C+2843.4 0.3853 S$=4953.1C+19.94 0.4860
B OKE  §5=4221.9C*%% 0.9549 C/$=-0.0018C +0.0012 0.8538 $=2091.6C+2271.1 0.5574 §=4516.2C -412.9 0.7803
% §=3237.2C196 0.9012 C/S=-0.0011C+0.0007 0.6220 $=2317.9C+2820.1 0.7558 S=5598C-258.33 0.9560
B kKA S=671.81C°%%7 0.8939  (/$=0.0004C+0.0005 0.9852 S=741.41C+1283 0.9330 $=93.776C +366.65 0.8293
B K S =671.81C%%%7 0.8896  (/5=0.0004C+0.0008 0.9737 §=733.07C+1105.6 0.8728 S$=86.959C +319.54 0.8702
B % §-460.99CO513 0.9189  C/S =0.0004C +0.0008  0.9737 S$=609.73C +991.69 0.9198 S§=37.926C +357.71 0.8037
© C—R M F AR He? * WV E, 00 % me/L; S—HE? * AOIRMHE , B0 K mg/kg, RP—HIXRH

3 455
(1) Cd.Pb Hg 7£ 3 AR 13 3 #ARRR K
o f) IR B R S — IR B AR BEE A B FIR Y
RO, B &R L X 3 HELRENR
Bt BB 1 WL 9 . Pb > Hg > Cd,
(2) Cd 1 Pb BB L P HRBFAT B

RPN, T He HRHHEROER,
FHAERRL T3 IR B B B K T 7 B AR AR
AR ERH. XATRER B TR R R TR
FH WA R R He ZERb b 3 Wi K B
BIRBL R B AR b R R
(3) 4 HR BB HIA 3 Fh L AE 3 AR
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