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Abstract;[Objective] This study was aimed to analyze the migration ability of chlorpyrifos in
different kinds of agricultural soil profiles, as well as the corresponding pollution risk of
groundwater. [Methods] The sorption characteristics of chlorpyrifos in different depth of soils
from the north and south agricultural regions, including Changzhou, Shouguang, and Tianjin
cities, were investigated using the batch sorption test. The adsorption kinetic and isotherm data
were fitted by Linear and Freundlich models. The correlation between chlorpyrifos adsorption
ability and physicochemical properties of soils was analyzed using the Spss 13. 0 software. [Re-
sults]JChlorpyrifos sorption by soils with different depth can be described by the pseudo-second-
order ( R® =0.95 ~ 0.99) Kkinetics equation, and the topsoil of Changzhou exhibited lowest
sorption rate towards chlorpyrifos. The sorption process can be well described by the Freundli-
ch model ( R* =0.93~0. 99). All of the topsoil in the three agricultural regions exhibited high-
er sorption capacity for chlorpyrifos than that of
the subsoil. The groundwater pollution risk of

Zgiz:igjz chlorpyrifos was estimated as follows: Chang-

' (19873, ’ zhou™ Shouguang > Tianjin. The results of cor-

) relation analysis showed that soil sorption capac-

% (2013DFG91190) R ity of chlorpyrifos was mainly depended by the
* Kk : (1985—) . . content of soil organic matter and then the min-
+Email : 247156519@qq. com. erals. [ Conclusion] The adsorption behavior of
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chlorpyrifos to soils with depth can be described by two stages: Initial rapid adsorption and
slow equilibrium process. The linear regression equation obtained by correlation analysis can be
used to calculate the parameters such as K,,n and K., which provides a simple and feasible
method for obtaining values of indexes in groundwater pollution risk assessment.
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Table 1 Physical and chemical properties of the soils investigated
CEC Major mineral elements Mechanical
. . H Y Too content(mg « g~ 1) Tw composition( %)
Soil profil b (cmol « .
Ol( CI;;I()) e pH value 12;’0] ) (%) %) Soil type
Fe Al Ca Mg Mn Clay Slit Sand
0~20 6.01 9. 77 1.11 26.19 45.22 3.65 2.67 0.33 7.81 25.16 44,15 30. 69
Changzhou o ¢ 6.76 10. 43 0.47  29.22 53.46 4.00 2.65 0.47 8.98 12.06 52.52 35,42 L-oamyclay
60~100 6. 84 8. 69 0.26  39.65 67.31 5.63 3.21 0.63 11.6 12.57 45.28 42.15
0~20 7.40 7.34 2.11  35.02 80.89 12.91 36.72 0.63 16.1 10.72 51.73 37.55 ity loam
Tianjin 5 _55 7.72 7.14 0.61  39.64 82.19 14.34 37.15 0.67 17.4 12.02 68.64 19.34 .
Silty loam
55~110 7.62 7.40 0.35 35.01 75.91 14.00 35.22 0.62 16.6 14.02 62. 34 23. 64
0~20 7.42 8.99 0.76 24.87 50.80 6.87 7.11 0.48 9.01 10.14 42.79 47.07
Shouguang 4 7.64 9.56 0.42  27.53 51.39 7.03 5.86 0.52 9.23 10.59 41.73  47.68 Loam
40~60 7.61 9. 30 0.46 30.77 57.87 7.40 6.16 0.56 10.3 11.31 47.04 41. 65
60~80 7.51 10. 69 0.42 31.21 58.23 7.70 6.71 0.54 10.4 10.78 46. 09 43.13 .
Silty loam
80~110 7.54 8.88 0.30  28.31 47.60 6.55 5.24 0.45 8.815 13.09 50.80  36.11
pH 1:2.5

Note: The solid-to-liquid ratio was 1 # 2.5 in the pH determination test
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Fig. 1  Adsorption dynamic curves of chlorpyrifos in

Changzhou (a), Tianjin (b) and Shouguang (c) soils with dif-

ferent depth
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Table 2 Simulated results of adsorption dynamic models
Pseudo-first- Pseudo-second-
order equation order equation
Soil profile(em) 5
k1 (h™D R? (g+(mg+ R?
D)
0~20 15.62 0.970 1. 82 0. 989
Changzhou ¢, 5.10 0.923 0.76 0. 964
60~100 0. 34 0. 804 0.17 0.873
0~20 2.53 0.977 0. 20 0.993
Tanjin 5455 434 0.911  0.77  0.951
55~110 3. 04 0.920 0.44 0. 954
0~20 9.18 0.993 1.48 0.996
Shouguang 5, 4 573 0.979  1.20  0.985
40~60 7.96 0.977 1. 40 0.989
60~80 3. 60 0.959 0. 46 0. 980
80~110 2.03 0.959 0. 27 0.970
2.3
3 3
Frendulich
(R*=10.93 ~ 0.99), s
Freundlich K, 15 ~
302 32, n 0.52~1. 58,
5 s n ’
’
K,
« N K/
[11-14] |
b o b
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Sorption isotherm parameters for sorption of chlor-

pyrifos to soils

Linear Freundlich
Linear equation  Freundlich equation

K,
Soil profile(cm) K, ((mg *
a 2 1y o 2
(LeKg ) B ke D n R
(mg *
L))
0~20 152.24 0.596 50.66 0.52  0.926
Changzhou » 29.70  0.872 19.74 0.70  0.951
60~100 31.14  0.954 31.51 1.00 0.954
0~20 81.46 0.937 302.32 1.58  0.979
Tianjin o5 55 23.96 0.963 39.37 1.35 0.991
55~110 21.57  0.991 27.63 1.16  0.996
0~20 82.47 0.929 42.83  0.69  0.990
Shouguang 5, _, 36.27 0.922 20.07 0.65 0.993
10~60 36.32  0.926 24.28 0.77  0.950
60~80 31.69 0.819 15.00 0.56  0.974
80~110 31.13  0.972 28.03 0.94 0.973
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Table 4 Concentration dependent distribution coefficients

(K,.) for sorption of chlorpyrifos to different soil profiles

K,.
Soil profile (ecm) C./S. = C,/S. = C./Se =
0.005 0.05 0.5
0~20 537. 41 179. 60 60. 02
Changzhou ¢ 202. 26 100. 90 50. 34
60~100 117. 40 119. 58 121. 80
0~20 7.09 26.92 102. 46
Tianjin o4 55 10. 49 22.94 52.58
55~110 33.98 48.71 71.00
0~20 281. 04 137.71 67.48
Shouguang 5, 4, 290. 38 130. 88 58.99
20~60 174.07 102. 33 60. 16
60~80 359. 88 129.26 16. 43
80~110 128.73 110. 91 95. 56
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Fig. 2 Linear correlation of adsorption kinetics parame-

ters ( k; and k,) with total organic carbon content (T,.)
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Table 5§ Correlations between sorption parameters and physico

chemical properties of soil

Physical and chemical

Sorption parameters

properties of soil n K,

Toc 0.670** 0.930**

Fe 0.734% 0.223

Al 0.884** 0.495

Ca 0.813** 0.533

Mg 0. 864 % * 0.417

Mn 0.745** 0. 309

* X%

Total mineral content 0. 880 0.437
CEC —0.907** —0.477

pH  pH value 0.326 0.061
Clay percent —0. 247 —0.15

sk ko oKk 0.01 0.05
Note: * * and * represent statistically significant differences at P <C

0.01 and P <C0. 05 level, respectively
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