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A Model Predicting the Diffusion Process of Aging of Copper in Soils Using
Complementary Error Function

Zeng, Saiqi” Li, Jumei” Wei, Dongpu* Ma, Yibing**
(“ Institute of Agricultural Resources and Regional Planning, CAAS, Beijing 100081)
(® School of Resources and Environment, University of Jinan, Jinan 250022)

Abstract Aging of copper added to soils refers to the process by which the bioavailability and/or toxicity, isotopic ex-
changeability and extractability of added copper decline with time. This process also termed as natural attenuation or fixation.
Although aging of extraneous copper added to soils is a key process in the risk assessment and soil restoration and manage-
ment that need to be well-considered, it has not been studied in details yet. When water-soluble copper added to soils, the
lability of copper decreases rapidly at first, especially in soil samples with relatively high pH value (pH>6 in this article),
followed by further decreases at slower rate, and finally become stable. The cause of the rapid decrease of copper lability may
be the precipitation/nucleation process, while the long-term decrease of copper lability is due to the diffusion of copper into
the micropores/mesopores in soils and cavity entrapment. In previous studies, Ma et al. developed two semi-mechanistic
models to predict the short-term and long-term aging of copper added to soils separately. In the short-term model, the diffu-
sion process is linear related to square root of time and in the long-term model the diffusion process is linear related to natural
logarithm of time. As those two models have different description of diffusion process, both of them fail to predict the short-
and long-term aging continuously. By combining and analyzing two models developed by Ma et al. and study the duffusion
equation in Crank’s book, we found that both short- and long-term behaviors of diffusion process of aging can be well de-
scribed using complementary error function. Thus, the new model we developed in this paper (erfc model) could predict the
both short-term and long-term aging of added copper in soils continuously. In the erfc model, the precipitation/nucleation and
diffusion processes were considered, as well as occlusion of Cu within organic matter. But the estimated results indicate that
the occlusion process plays an insignificant role in aging and can be ignored. The erfc model we developed in this paper
showed better results compared with Ma et al.’s previous models, and was validated by testing it against 19 soil samples from
different European countries in Ma et al.’s previous paper with wide range of physiochemical properties, and was success-
fully predict the isotopic exchangeability of copper added to soils.

Keywords copper; aging; semi-mechanistic model; pH
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Table 1 The parameters in the model when pK® is fixed at 7.7 in two
effective concentrations

Cu added B C F G R* RMSE
EC10 0.85 0.95 0.00051 1.09x107 0.85 0.08
EC90 0.79 4.32 0.00041 9.89x10° 0.87 0.08

EC10 and EC90 0.82 2.81 0.00046 1.05x107 0.85 0.09
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Table 2 The parameters in the model after Y5 was ignored

Cu added B C F R’ RMSE
EC10 0.86 0.95 0.00051 0.85 0.08
EC90 0.79 431 0.00041 0.87 0.08

EC10 and EC90 0.81 2.82 0.00046 0.85 0.09

© 2016 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 1 Average Cu labile pool (£ value as fraction of total added Cu)
of soil samples under different pH conditions of different aging process of
added Cu as a function of incubation time
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Figure 2 Average labile pool of Cu added to soils (£ value as fraction
of total added Cu) in soil samples (pH<<6 and pH>6 separately) with
two effective concentration (EC10 and EC90) as a function of incubation
time. Vertical lines represent the standard errors
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Table 3 The parameters in Ma et al.’s model

Xt —F XIn ¢ )

Cu added B C F R

EC10 86.7 0.1 5.19 0.75
EC90 98.8 1 459 0.79
EC10 and EC90 89.9 1 492 0.76

EC90

1.0

B3 BROARRERE FECI0 Fl EC90)TZIME E (M (Ew 5P
TN E A (E,) 1% &
Figure 3 The measured £ value of added Cu (E,) in the EC10 and
EC90 treated soils versus the predicting E value (E;) estimated by the
semi-mechanistic model
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Table 4 The value of £, in Ma et al.’s long-term model (Int model) and
in erfc model in this paper separately versus E,, in Day 21

Int model erfc model
EC10 E,=0.907XE,, R*=0.780

EC90 E,=1.065XE,, R*=0.862

E,=0.983XE,, R*=0.797
En,=0.978 XE,, R*=0.910
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