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x 2. THET - TRIEE - TRLHERER USRS Z2BERIERE
Table 2. Estimated parameters and coefficient of determination by three models of
different ions, concentrations, and soils.
code model ki ke m n. ns R r?

1 2.337E-05 8.454E-03 1.283 1.230 0.914 314.251  0.987
(1.824E-01)  (7.183E+01) (9.360E+03) (8.283E+03) (2.126E+03) (1.191E+06)

1 2 1.057E-04 3.650E-03 1.115 220.248  0.987
(5.132E-03) (2.062E-02) (3.475) (3,775.754)

3 1.905E-04 7.272E-03 278.573  0.986
(1.048E-03) (2.308E-02) (1,363.982)

1 2.446E-05 2.609E-03 1.169 1.255 1.259 466.530  0.997
(6.981E+00) (7.812E+02) (5.714E+04) (8.044E+04) (1.132E+05) (6.842E+08)

2 2 5.294E-05 3.777E-03 1.146 402.647  0.997
(2.137E-03) (5.177E-03) (2.128) (7,095.288)

3 1.354E-04 7.770E-04 499.211 0.997
(4.891E-04) (8.340E-03) (1,9347.802)

1 2.383E-05 1.767E-02 1.241 1.169 1.137 629.883  0.966
(3.183E-03) (6.399E+00) (9.553E+02)  (9.283E+02) (7.920E+01) (1.414E+05)

3 2 9.144E-06 1.143E-02 1.268 809.722  0.965
(1.346E-03) (7.721E-01) (16.115) (9,492.640)

3 7.148E-04 1.706E-03 165.148  0.967
(2.083E-03) (1.160E-01) (398.084)

1 4.499E-05 9.757E-03 1.109 1.273 1.260 572.896 0.972
(9.441E-03) (5.174E+00)  (2.812E+03) (2.783E+03) (1.227E+02) (1.134E+05)

4 2 3.173E-05 1.259E-02 1.209 669.829 0.972
(4.350E-03) (3.039E-01) (8.993) (26,721.630)

3 9.015E-04 3.932E-04 203.206 0.972
(2.699E-03) (1.247E-01) (464.002)

1 7.932E-01 9.559E-01 0.793 0.956 0.880 2,600.592  0.994
(2.345E-05) (7.718E+04) (2.345E+05) (7.718E+04) (2.236E+03) (4.832E+09)

5 2 2.343E-05 1.370E-02 0.997 3,614.335  0.994
(1.184E-01) (8.023E+00) (1.623E+02) (1.203E+07)

3 2.510E-05 1.415E-02 3,417.317  0.994
(7.152E-03) (9.857E-02) (9.614E+058)

1 4.440E-05 5.95E-03 1.636 1.127 0.852 384.769  0.999
(5.721E-02) (2.467E+02) (1.606E+04) (1.798E+04) (1.181E04) (4.659E+06)

6 2 6.043E-04 5.498E-03 1.004 342.546  0.999
(3.173E-02) (9.854E-02) (5.180) (3,933.652)

3 6.215E-04 5.57T4E-03 341.528  0.999
(3.745E-03) (1.571E-02) (1,398.237)

1 3.958E-06 1.708E-03 1.391 1.316 1.333 834.432  0.945
(6.760E-03) (1.606E-+00) (1.092E+03) (1.092E+03) (2.405E+02) (8.282E+05)

7 2 5.270E-06 1.746E-03 1.329 785.286  0.945
(2.224E-03) (2.495E-01) (35.793) (49,576.706)

3 4.248E-01 1.061E-04 253.034  0.947
(3.292E-04) (8.695E-03) (140.315)

1 2.695E-05 5.748E-03 1.116 1.135 1.202 2,055.433  0.978
(8.533E-01)  (1.507E+402) (1.816E+03) (1.325E+03)  (6.066E+03) (33.819E+07)

8 2 2.406E-50 6.484E-03 1.161 1,738.226  0.978
(8.629E-04) (3.998E-02) (1.633) (28,493.458)

3 1.040E-04 1.499E-02 1,974.827  0.977
(1.090E-03) (1.750E-02) (19,415.566)

( ) :standard error of upper parameter
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£ 3. HELHE - HABEFARBEERSH  LEEEARBZ2BUERIERE
Table 3. Estimated parameters and coefficient of determination by three models of
different ions, but same concentrations, and soils.
code model ki ke m nz ns R r?
1 1.493E—-04 8.938E—02 1.241 1.116 0.230 191.072 0.995
1 (7.174E—04) (1.162E—00) (0.825) (1.930) (4.022) (55.473)
+ 2 5.344E—-10 2.771E—06 2.856 207.832 0.996
3 (1.456E—02) (3.106E—06) (0.125) (15.834)
3 4.865E—04 1.305E—02 223.089 0.995
(4.338E—05) (1.271E—03) (9.299)
1 7.197E—04 2.062E—03 1.293 0.596 1.443 228.838 0.994
2 (4.041E—02) (5.348E—01) (10.742) (0.971) (74.956) (1,011.585)
+ 2 9.807E—11 6.762E—07 3.091 261.476 0.996
4 (1.361E—02) (8.868E—07) (0.151) (22.257)
3 5.837E—04 1.371E—02 280.734 0.994
(5.436E~05) (1.304E—03) (11.012)
1 9.943E~11 2.069E-03 1.685 2.871 1.248 1,463.628 0.972
5 (1.488E—01) (1.175E—-02) (2.219) (3.30D) (2.549) (10,710.641)
+ 2 7.107E—07 7.236E—04 1.554 788.149 0.964
7 (3.138E—-06) (1.774E—03) (0.512) (280.451)
3 2.612E—05 1.210E—02 3,230.308 0.970
(4.281E—05) (1.283E—03) (5,172.054)
1 1.344E—-05 E3.840—03 1.154 1.561 1.181 692.690 0.988
6 (4.010E—04) (4.371E—02) (1.090) (5.477) (2.834) (2,369.031)
+ 2 8.352E—07 1.554E—04 1.777 529.112 0.989
8 (2.288E ~—06) (2.797E—04) (0.351) (40.710)
3 4.588E—04 9.557E—03 547.558 0.988
(5.991E—05) (8.440E—04) (45.241)
() :standard error of upper parameter
* 4 HEAET - THLE - FTRBEEREB A RFERRE O - LEERARBZSBIERRERE

Table 4. Estimated parameters and coefficient of determination by three models of combined
data of same ions, different concentrations, different soil and total data respectively.

code model ki k2 m n: ns R r*
soil 1 soil 2 soil 3 soil 4
1 1 1.448E—13 9.917E—04 3.463 4.709 0.716 212.42 261.99 0.997
+ (7.767TE—02) (4.263E—03) (1.237) (2.610) (1.403) (28.93) (29.93)
_?_ 2 2.208E—10 1.170E—-06  2.989 201.88 260.59 0.997
3 (1.181E—02) (1.201E—06) (0.115) (13.65) (16.97)
+ 3 5.482E—04 1.341E—-02 214.34 285.44 0.990
4 (3.445E—05) (8.788E—04) (5.94) (8.16)
5 1 3.334E—08 4.651E—03 1.136 1.920 1.220 3,604.23 5,395.01  0.977
+ (4.437E—02) (9.236E—03) (0.621) (2.689) (0.684) (34,219.7)  (54,888.6)
_?_ 2 2.219E—06 2.456E—03 1.328 1,488.12 2,754.74  0.977
7 (6.533E—06) (3.930E—03) (0.323) (1,183.88)  (2,305.21)
+ 3 3.022E-05 1,291 E—02 2,943.92 5,757.59  0.969
8 (3.623E—05)  (9.070E—04) (3,408.79)  (6,797.09)
1 1.126E—05 4.644E-03 1.421 1.409 1.141 258.01 338.29 428.93 702.17  0.987
total (3.968E—05) (7.258E—03) (0.410) (0.606) (0.387) (53.16) (61.90) (79.25) (187.31)
2 6.492E—05 5.013E—03  1.200 256.66 343.55 442.27 751.00  0.987
data (1.337E—04)  (6.166E—03) (0.247) (18.26) (25.68) (38.43) (78.37)
3 3.485E—04 1.379E—-02 260.48 350.58 455.12 783.80  0.986
(2.874E—05)  (7.863E—04) (13.28) (18.43) (27.52) (54.37)

(

)

: standard error of upper parameter
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Fig. 1. Combining simiar soil, similar ions, different concentration experimental data and
use Model 1 to simulate concentration of solution changes with time.
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Fig. 2. Combining simiar soil, similar ions, different concentration experimental data and
use Model 2 to simulate concentration of solution changes with time.
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Fig. 3. Combining simiar soil, similar ions, different concentration experimental data and
use Model 3 to simulate concentration of solution changes with time.
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Fig. 4. Combining different concentration of copper ions, different soil experimental data and
using three models to simulate concentration of solution changes with time.
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Fig. 5. Combining different concentration of cadmium ions, different soil experimental data and
using three models to simulate concentration of solution changes with time.
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Fig. 6. Combir.ling different concentration of copper and cadmium ions, different soil experimental data
and using three models to simulate concentration of solution changes with time.
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Application of Non-Linear-regression Method in
the Determination of Parameters of Kinetic
Adsorption Model of Heavy Metal in Soil*

Tsang-Sen Liu®? and Chen-Fang Lin®

Summary

As the nonlinear adsorption model was often quoted in the study of phenomenon about
solute transport and surface chemistry. Statistics and numetrical analysis, involved in the
nonlinear model, were used in this research to inspect and minimize some errors might
hidden in various conventional methods of parameter identification, for effectively regular-
izin greaction behaviors of system. Four kinds of red oxisols (fine, mixed, acid, hyperther-
mic paleusult) , with diverse capacity of adsorption, were mixed with 50 ppm and 100 ppm
Cu*?/Cd** and measured the ion concentrations of Cu*?/Cd*? under inequilibrium state at
different time during the adsorption process. With the aid of numerical analysis software to
obtain the parameters of nonlinear differential eqaution, the required conditions for solu-
tion.of the equation can be investigate, and the meaning of parameters can be identified,
too.

All the curves derived from 3 models were representative and significant (>0.95).
According to the pseudo 2 nd order adsorption reaction, some tests came out the fact that
the maximum amount of adsorption was irrationally smaller than the observed one, it
implied the pseudo 2 nd adsorption can not completely or ideally explain the phenomenon
of adsorption between heavy meatal ions and soil. After the model modified by reaction
order, the irrational situation above was eliminated.

Due to the rather high auto-correlation of data attained at different time under the
same experimental codition, the derived parameters were coincident with the simulated
ones, but the variance caused was too large to acquire the efficient parameters. Hence, to
make the derived parameters meaningful, the maximum amount of adsorption derived
from kinetic adsorption model should base on at least 2 sets of different concentrations, 4
sets of various conditions for reaction order (n) , and more than 8 sets of different of
coditions of reaction rate costants.

Key words : Parameter identification, Differential equation, Model.
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