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Competitive adsorption behavior and mechanism of loess towards Pb(II),
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Abstract: Lead, copper, cadmium is three kinds of typical heavy metal contaminants which can be used to simulate the solution
of composite contaminate. The factors including the concentration and soil-water ratio are studied to investigate the competitive
adsorption behaviors of loess towards Pb(II), Cu(Il) and Cd(II). The adsorption test results can be interpreted by three isotherm
models (i.e., Langmuir, Freundlich and D-R models) to certain extent. The preference ranking of loess to three heavy metal ions
is Pb(II) > Cu(II) > Cd(II). Compared with those of single adsorption, the adsorption capacities of the competitive ions on loess
decrease to some extent. Higher initial concentration of heavy metal ions leads to larger optimum adsorption amount of loess,
and the adsorption removal efficiency decreases at the same time. The removal efficiency of three heavy metal ions from
aqueous solution can be increased by increasing the solid-liquid ratio. The results may provide an evidence for loess as the
containment barrier system as well as the adsorbent removing heavy metal containment in aquatic environment.
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Fig. 1 Competitive adsorption isotherm curves of Pb( 1) and
Cu(1II) on loess
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Fig. 2 Competitive adsorption isotherm curves of Pb( 1) and
Cd(1II) on loess
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Fig. 3 Competitive adsorption isotherm curves of Cu( 1) and
Cd(1II) on loess
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BT CA(IDI, 5 1xd Cul ID) R B A B 256} {1 E| WA 3 Fros, o cd(ID MRS 3 Fiizm
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Table 1 Predicted isothermal parameters for competitive adsorption of Pb(I) on loess

5 FoKE=2 g/L +KH=10 g/L +KH=20 g/L +oK =40 g/L
Cu(Il) Cddn Cu(Il) Cddn Cu(Il) Cddn Cu(Il) Cddn
Langmuir Ol(mg'gh) 25.79 71.58 22.03 31.04 9.55 17.92 6.36 9.24
o b/(L-mg™) 0.338 0.076 0.068 0.086 0.335 0.140 0.219 0.351
R 0.964 0.986 0.935 0.984 0.996 0.948 0.972 0.968
Freundlich Ke/(mgrg™) 5.79 10.91 3.44 3.88 2.28 2.70 1.49 2.08
. n 3.27 2.76 2.82 2.24 3.20 2.19 3.10 2.33
R 0.560 0.824 0.993 0.991 0.924 0.957 0.927 0.834
gu/(mgrgh) 73.61 197.43 45.50 95.72 23.09 65.78 14.74 39.46
DR i k/(mol*kJ %) 0.0031 0.0033 0.0027 0.0034 0.0025 0.0034 0.0024 0.0031
E/(kJ'molfl) -12.78 -12.27 -13.51 -12.05 -14.28 -12.12 -14.47 -12.67
R 0.623 0.868 0.978 0.989 0.954 0.961 0.945 0.857
F2 ZRmEWM ALK Cu()BIFE RIS
Table 2 Predicted isothermal parameters for competitive adsorption of Cu(I) on loess
5 FoKE=2 g/L +KH=10 g/L +IKH=20 g/L +oKk =40 g/L
Pb(Il) Cddn Pb(Il) Cddn Pb(Il) Cddn Pb(Il) Cddn
Langmuir Ol(mg'gh) 5.18 — 3.58 13.07 3.58 8.23 2.77 5.77
pi b/(L-mg™) -0.083 — -0.051 0.030 -0.183 0.064 1.048 0.224
R 0.895 — 0.833 0.774 0.958 0.924 0.984 0.996
Freundlich Ke/(mg-g ™) — 0.53 2.54 2.65 1.85 2.09 1.24 1.63
. n — 1.22 5.11 3.97 5.28 4.28 5.54 3.94
R — 0.713 0.927 0.842 0.899 0.975 0.963 0.984
gu/(mgrgh) — 258.51 10.15 15.67 6.82 10.38 4.01 8.89
DR i k/(mol*kJ %) — 0.0092 0.0019 0.0023 0.0017 0.0020 0.0014 0.0021
E/(kJ-mol ™) — -7.37 -16.38 -14.64 -17.25 -15.71 -18.70 -15.43
R — 0.649 0.951 0.775 0.947 0.944 0.983 1.000
£33 ZRARFWMARLED CAIRIZFRRMISE
Table 5 Predicted isothermal parameters for competitive adsorption of Cd(I) on loess
BH FIKE=2 g/L +KEH=10 g/L +K =20 g/L +IK =40 g/L
Pb(Il) Cu(D) Pb(Il) Cu(D) Pb(ID) Cu(D) Pb(ID) Cu(D)
Langmuir Q/(mg'g::) 5.08 3.34 9.23 0.06 5.27 6.85 2.96
R b/(L'mg ") 0.003 0.033 0.020 -0.012 0.041 0.004 0.421
R 0.654 0.770 0.988 0.624 0.984 0.489 0.959
Freundlich Ki/(mg'gh 0.00 0.13 1.00 0.92 0.22 0.77 0.07 0.50
P n 0.74 1.95 5.07 2.35 1.90 2.71 1.37 2.68
R 0.915 0.902 0.454 0.896 0.653 0.881 0.802 0.798
gm/(mg-g™") 332.04 9.15 6.86 28.20 15.37 14.48 24.13 9.70
D-R K k/(molz'kJ:IZ) 0.0161 0.0062 0.0030 0.0047 0.0058 0.0039 0.0081 0.0040
E/(kJ'mol ") -5.58 -8.96 -12.99 -10.33 -9.27 -11.26 -7.83 -11.16

R 0.945 0.868 0.823 0.872 0.681 0.880 0.825 0.837
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Table 4 Comparison between single adsorption and competitive
adsorption for Pb(II), Cu(Il) and Cd(1II) on loess (25°C)
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Fig. 4 Removal efficiency of Pb(Il) and Cu(Il') under different

solid-liquid ratios
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Fig. 5 Adsorption amount of Pb( 1)) and Cu( Il Jon loess under
different solid-liquid ratios
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Fig. 6 Removal efficiency of Pb(Il) and Cd(II') under different

solid-liquid ratios
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Fig. 7 Adsorption amount of Pb( 1)) and Cd(II) on loess under

different solid-liquid ratios
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i bpnk, A LUK TS, oot
(8 1 22 BR AR S AR S K A TR E Ha
I HIGR S TR BRI Br T Cd(1T)
Ab, TR Po(ID) Cu( )R AL b B B A LK LE
(KO8 iy AR, T PR LRI ZE M3 X Cd( 1)
PR B % PR A K B R B I L S8 1 RS /)
. [F, EWRPIHIREEOR, 3 Fies 15
R B et B2 39 O o DRI A 52 o 2 P B AR A 2

AN TR H 4 B W) Se e X BUAE SRR . 3%
Pb(I1). Cu(Il). Cd(IT )W FHIE SN B Pb(IT)>
Cu(I)>Cd(11).

AL WP, 35 A B 1 IR B 7 B YA
AFIFEE T R WP EROR, 3 71
BT B A R R Bt B 2 8 K R PR R ) 5
&I K LG AT B iy T I BRI . B R B
PEREDL R HUOM 7 (8 HANASAR B, A JLAE A By b b
Rys K AL BEATRLEAT ) R O AT 5% o

SE K-

[1] SARADA B, PRASAD M K, KUMAR K K, et al. Potential
use of leaf biomass, araucaria heterophylla for removal of
Pb*’[J]. International Journal of Phytoremediation, 2013,
15(8): 756 - 773.

[2] DIXIT S, SINGH D P. Phycoremediation of lead and
cadmium by employing nostoc muscorum as biosorbent and
optimization of its biosorption potential[J]. International
Journal of Phytoremediation, 2013, 15(8): 801 - 813.

[3] CERINO-CORDOVA F J, DIAZ-FLORES P E,
GARCIA-REYES R B, et al. Biosorption of Cu(II) and Pb(II)
from aqueous solutions by chemically modified spent coffee
grains[J]. International Journal of Environmental Science and
Technology, 2013, 10(3): 611 - 622.

[4] SHAHBAZI A, YOUNESI H, BADIEI A. Batch and
fixed-bed column adsorption of Cu(Il), Pb(Il) and Cd(II)
from aqueous solution onto functionalised SBA-15

silica[J].
Engineering, 2013, 91(4): 739 - 750.

[5] CHEN G Q, GUAN S, ZENG G M, et al. Cadmium removal

mesoporous Canadian Journal of Chemical

and 2, 4-dichlorophenol degradation by immobilized
Phanerochaete chrysosporium loaded with nitrogen-doped
TiO2  nanoparticles[J].
Biotechnology, 2013, 97(7): 3149 - 3157.

[6] GB3838—2002 Hh&K/KIFEL i ARAE[S]. 2002. (GB3838
—2002 Environmental quality standard for surface water[S].

2002. (in Chinese))

Applied  Microbiology  and



52 3

X fhdn, 25 Pb(D). Cu(Il). CA(N)AF#E 1 b I35 SR B4 AT 5T 333

[7]1 GB8978—1996 V5/KZEGHEBARUE[S]. 1996. (GB8978—
1996 Integrated water discharge standard[S]. 1996. (in
Chinese))

[8] 3B V8, FRWA, 2% 4. H)EHX 7 PGB+ =
HBE BT T[], EARA KFIK H, 2009(10): 112 -
114. (GUO Hong, LUO Ya-sheng, LI Guang-dong.
Experimental research on triaxial seepage test of saturated
loess based on regional differences[J]. China Rural Water and
Hydropower, 2009(10): 112 - 114. (in Chinese))

[9] LIZ Z, TANG X W, CHEN Y M, et al. Sorption behavior and
mechanism of Pb(I) on Chinese loess[J]. Journal of
Environmental Engineering-ASCE, 2009, 135(1): 58 - 67.

[10] TANG X W, LI Z Z, CHEN Y M, et al. Removal of Zn(II)
from aqueous solution with natural Chinese loess: behaviors
and affecting factors[J]. Desalination, 2009, 249(1): 49 - 57.

[11] TANG X W, LI Z Z, CHEN Y M, et al. Removal of Cu(Il)
from aqueous solution by adsorption on Chinese quaternary
loess: kinetics and equilibrium studies[J]. Journal of
Environmental Science and Health Part A, 2008, 43(7): 1 -
13.

[12] WANG Y, TANG X W, CHEN Y M, et al. Adsorption
behavior and mechanism of Cd(I) on loess soil from
Chinal[J]. Journal of Hazardous Materials, 2009, 172(1): 30 -
37.

(131 £ #, fwel, £1H5, % ESE Mo(D/ER - EH
MR BRI PERE T[], o T RER, 2011, 3344 T 1):
369 - 373. (WANG Yan, TANG Xiao-wu, WANG Heng-yu,
et al. Sorption and desorption behaviors of heavy metal Mn(II)

on loess soil[J]. Chinese Journal of Geotechnical Engineering,

2011, 33(S1): 369 - 373. (in Chinese))

(14] £, e, X8 ah, 5. S0 Bl e 1 (1 W PR AR
KHUBERFFT[T]. A& TR, 2012, 34(12): 2292 - 2298.
(WANG Yan, TANG Xiao-wu, LIU lJing-jing, et al.
Adsorption behavior and mechanism of loess soil towards

ions[J]. Chinese Journal of Geotechnical

Engineering, 2012, 34(12): 2292 - 2298. (in Chinese))

[15] GILES C H, SMITH D, HUITSON A. A general treatment

manganese

and classification of the solute sorption isotherms. I
Theoretical[J]. Journal of Colloid and Interface Science, 1974,
47(3): 755 - 765.

[16] DO D D. Adsorption analysis: equilibria and kinetics[M].
London: Imperical College Press, 1998.

[17] OZCAN A, ONCU E M, OZCAN A S. Kinetics, isotherm
and thermodynamic studies of adsorption of Acid Blue 193
from aqueous solutions onto natural sepiolite[J]. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 2006,
277(1/2/3): 90 - 97.

[18] COVELO E F, ANDRADE M L, VEGA F A. Heavy metal
adsorption by humic umbrisols: selectivity sequences and
competitive sorption kinetics[J]. Journal of Colloid and
Interface Science, 2004, 280(1): 1 - 8.

[19] DUKSTRA J J, MEEUSSEN J C L, COMANS R N .
Leaching of heavy metals from contaminated soils: An
experimental and modeling study[J]. Environmental Science
and Technology, 2004, 38(16): 4390 - 4395.

[20] VIDAL M, SANTOS M J, ABRAO T, et al. Modeling
competitive metal sorption in a mineral soil[J]. Geoderma,

2009, 149(3/4): 189 - 198.



