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Heavy Metal Adsorption Research on Different Size Fractions of Sediment in the

Baotou Section of the Yellow River by Using Modified Fractal Dimension Model
XUE Hong-xi'» HE Jiang', FAN Qing-yun', LU Chang-wei's, WANG Xia’» LIANG Ying', SUN Ying', SHEN Li-li',
SA Ru-li'

(1. Department of Ecology and Environment Science, Inner Mongolia University> Huhhot 010021, China; 2.Baotou Environmental Monitoring
Center, Baotou 014030, China)

Abstract: The expression of surface fractal dimension (SFD) for size fractions of the Yellow River sediment was deduced. Based on the
expression, the SFD value of different size fractions of the sediment was calculated. The SFD value of the sediment in the Baotou section of the
Yellow River is 1.91; and the SFD value of the sediment smaller than 63 pm is 1.36, indicating strong ablation and separating ability of the
Yellow River water. Using the modified fractal model, Freundlich model and Langmuir model to fit the data of heavy metal (Cu, Pb, Zn and
Cd) adsorption; it is found that the modified fractal model is more available. And the adsorptive thermodynamics is better described by
combining the modified fractal model and metastable equilibrium adsorption (MEAD theory. The variation extents of equilibrium adsorption
capacity influenced by different grain size are ranked as Cu> Pb > Zn= Cd. For each selected heavy metal, the higher initial concentration is,
the stronger variation of adsorption capacity will be. The adsorptions of Cu and Pb are mainly associated with mineral composition of the
sediment, while the adsorptions of Zn and Cd are mainly associated with physical characteristics of the sediment surface.
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Table 1 Physicochemistry characteristics of the surface sediments at the Yellow River of Baotou section
A S5 50 % CEC bk B 6
JiH pH TOC/ % - : - : T = o
PHRA gl BRIRES WA AR ERA A% Jemolckg™' /mieg! 1%
SFEME 8.21 0.215 10.3 7.2 17.4 4.5 15.8 9.6 38.7 2.72 4.656 10.21
P 2 12 17 17 17 17 17 17 17 17 12 12 12
SD 0.25 0.079 3.4 1.7 3.3 2.0 1.2 2.5 5.3 0.18 0.204 1.18
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Fig.1 Kinetics curves of heavy metal adsorption on the

sediments ( <63 pm) of the Baotou section of the Yellow River
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Table 2 Estimated parameters of heavy metal adsorption kinetics

Jite T a b R?
Elovich /5 % Cu 675.89 59.892 0.9376
Ph 2152.9 177.71 0.701 1
g=a+bnt 7n 319.55 18.032 0.9737
Cd 625.20 29.130 0.9827
XU BOH 7 T8 Cu 6.4915 0.1173  0.8086
Ph 7.6349  0.1670  0.4199
Ing=a + blnt 7n 57571 0.0623  0.9559
Cd 6.4316 0.0504  0.9774
Parabolic /7 % Cu 498.44 91.149 0.5472
Ph 1668.1 235.85 0.3111
qg=a+ bt'? Zn 260.47 32.114 0.778 1
Cd 533.25 48.995 0.700 5
— R )R Cu 6.2767 0.0251  0.1995
Ph 7.3570  0.0273  0.0602
Ing=a+ bt 7n 5.6269 0.0182  0.4405
Cd 6.3304 0.0135  0.3780
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Table 3 Granularity distribution and surface fractal dimensions of the sediments

hifz/ . HRR
B e mii D
<4 <8 <16 <32 <63 <125 <250 <500 B R
e R 1.24 4.68 14.04 37.99 82.45 94.77 98.18  100.00 1.09 1.91 0.950
<63 pm R B S PR 1.50 5.68 17.03  46.08 100 — — — 1.64 1.36 0.998
F 4 FRKZTRYNEMAF S U
Table 4  Surface fractal dimension values for different size fractions of the sediments
s j *ﬁﬁé/ym
?j’a*/]?
0~4 4~8 8~16 16~32 32~63 63 ~ 125 125 ~ 250 250 ~ 500
m {6 — 1.92 1.58 1.44 1.14 0.20 0.05 0.03
34t D — 1.08 1.42 1.56 1.86 2.80 2.95 2.97
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Table 5 Simulation results of heavy metal adsorption on different size fractions of the sediments

Tl Ko 7 T BB Freun;ﬂich Langrznuir
bIT, 1n T, R? R R

0~4 0.000 099 2.018 600 0.140 388 0.9819 0.8863 0.9188

4-~8 0.007 061 0.935 566 0.137 890 0.964 1 0.9116 0.970 1

8~16 0.017 027 0.525 341 0.133336 0.9209 0.9519 0.9194

16~ 32 0.205 228 0.079 015 -0.049 10 0.846 1 0.9232 0.8450

Cu 32~63 0.025 892 0.563 298 0.143 291 0.934 1 0.9275 0.9092

63~ 125 0.007333 1.220 400 0.152 556 0.9930 0.8987 0.9762

125 ~ 250 0.081 348 0.354927 0.095 039 0.9693 0.976 6 0.8703

>250 0.055 236 0.557 809 0.117734 0.9927 0.9778 0.9678

<63 0.021 082 0.605 660 0.131045 0.969 6 0.9605 0.8906

0~4 1.51E-09 6.850 700 0.000212 0.982 1 0.8869 0.760 4

4-8 0.000 034 1.128 100 0.000311 0.9967 0.9179 0.9934

8~16 0.000 018 1.317 000 0.000 488 0.9825 0.9323 0.9650

16~ 32 0.000 092 0.973 898 0.000 560 0.968 6 0.9032 0.9676

Ph 32~63 0.001 513 0.745 248 0.000 161 0.9814 0.9598 0.9555

63~ 125 0.000 122 2.424 100 0.000 582 0.966 2 0.8927 0.8383

125 ~ 250 0.002 840 0.464 431 ~0.00071 0.9457 0.9690 0.8905

>250 0.000 069 1.637 600 0.000 167 0.9675 0.9273 0.828 1

<63 0.001 228 0.620 365 0.000 081 0.9956 0.9817 0.9639

0~4 0.017 227 0.115927 ~0.013905 0.8758 0.8424 0.5184

4-8 0.009 991 0.257303 ~0.006 299 0.869 1 0.8741 0.6144

8~16 38.792 10 0.000 045 - 38.78920 0.9852 0.8519 0.548 4

16~ 32 0.040 372 0.048 768 ~0.036 766 0.9333 0.7999 0.4876

Zn 32~63 0.005 821 0.582 062 ~0.001 856 0.9023 0.950 1 0.9231

63~ 125 0.000 934 1.735 000 0.001 928 0.8643 0.9457 0.8350

125 ~ 250 0.001 746 1.325 800 0.001 447 0.9266 0.9636 0.9348

>250 0.001 516 1.333 400 0.001 501 0.9794 0.9563 0.9632

<63 0.007 493 0.388 354 0.004 112 0.9595 0.9630 0.8889

0~4 1.47E-12 11.058 70 0.000771 0.9962 0.856 1 0.4549

4-8 0.000 443 1.400 000 0.001 361 0.9838 0.9640 0.9834

8~16 0.001 030 1.075 100 0.001 51 0.963 4 0.8849 0.9638

16~ 32 0.009 167 0.311214 ~0.005 19 0.8863 0.8875 0.8478

cd 2~63 0.004 304 1.046 000 0.000 096 0.9894 0.9738 0.9896

63~ 125 0.000 028 4.233 600 0.003 869 0.9815 0.9619 0.7879

125 ~ 250 2.43E-03 0.932 260 0.000 466 0.9513 0.9151 0.6650

>250 0.000 047 3.853 500 0.002913 0.995 1 0.9527 0.7676

<63 0.004 009 0.844 655 ~0.000 32 0.9929 0.9705 0.9875
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Fig.2 Heavy metal adsorption capacities with different size fractions
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