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Kinetic modeling of total phosphorus removal from farmland drainage with
submerged macrophyte-type ecological purification system
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Abstract: [Objective] The objective of this study is to investigate the dynamic performance of ecological
purification system with submerged macrophytes as pioneer species for treatment of phosphorus pollution in
farmland drainage. [Method] A batch-mode mesocosm experiment was performed to study total phosphorus
(TP) purification efficiency and kinetic parameters of two submerged macrophyte systems: Vallisneria natans
and Ceratophyllum demersum. Four kinetic models including first-order kinetic, Grau second-order kinetic,
Monod kinetic and modified Gompertz model were used to evaluate TP removal efficiency. [Result] At the
end of the experiment (Day 49), there was no significant difference in TP removal efficiency between the two
mesocosm systems (P>0.05), and the TP removal rates were 82.8% for V. natans and 84.0% for C. demersum,
but the difference in TP removal efficiency was uncertain in time scale. Kinetic simulation analysis showed that

except Grau second-order kinetic, first-order kinetic, Monod kinetic and modified Gompertz model were proven
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capable of predicting TP removal process of the two submerged plant systems under experimental conditions,
with R* (coefficient of determination)™> 0.930 and Ryygg (relative root mean square error)<< 0.200. Among
them, Monod kinetic and modified Gompertz model showed a higher fitting degree (R*>>0.970), and a better
agreement between the predicted value and the observed value (Ryysp<< 0.110). [Conclusion] The kinetic
parameters obtained by the three effective model fitting show significant differences at the plant species level
(P<<0.05), and V. natans has higher kinetic parameter of TP removal efficiency compared with C. demersum
(P<<0.05), indicating that TP removal efficiency of V. natans is better than that of C. demersum. [Ch, 5 fig. 2
tab. 35 ref.]
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Figure 1 Total phosphorus removal loading over treatment time in the

submerged plant treatment systems
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Figure 3 Regression of first-order kinetic model for TP removal over time in the submerged plant treatment systems
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Table 1 Fitting result of First-order and Grau second-order kinetic models for total phosphorus removal in the submerged plant treatment systems
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Figure 4 Regression of Monod kinetic model for total phosphorus removal over time in the submerged plant treatment systems
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Table 2  Fitting result of Monod kinetic and modified Gompertz model for total phosphorus removal in the submerged plant treatment systems
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Figure 5 Regression of modified Gompertz model for total phosphorus removal over time in the submerged plant treatment systems
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