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In the Midwest, tile drainage systems have become 
common as a water management practice in agricultural 
fields. These systems, however, result in significant 
amounts of nutrient losses into watersheds. Excess 
nutrients in watersheds could jeopardize water quality 
and trigger the occurrence of harmful algal blooms.

The goal of the project is to develop a circular nutrient 
system in which lost nutrients are captured and recycled 
back into the soils. To achieve this goal, we produced a 
novel designer biochar and applied it into an edge of field 
treatment system to capture lost nutrients, especially 
phosphorus (P), from tile drainage systems.

In this study, we explored the practical application of 
designer biochar for nutrient removal from the 
laboratory to the field. 

Introduction and Goals

Results
Ø In the laboratory, the average dissolved P removal 

rates of the designer biochar increased from 28% 
to 94% when HRTs were increased from 30 
seconds to 3 minutes.

Ø The field experiment showed that there was a 75% 
reduction in NH4 losses and an 83% reduction in 
nitrate/nitrite-N losses when the drainage water 
was subjected to the new nutrient treatment 
system.

Ø Although the bioreactor was successful in reducing 
N losses, the dissolved P load increased over 4 
times after passing through the bioreactor.

Ø There was a significant reduction in excess P 
losses when the drainage water passed through the 
two-stage biochar sorption channel, from 4.08 kg 
of dissolved P to 1.23 kg.

Future Work

Ø Use laboratory data and field study to 
modify and scale up this novel 
bioreactor and biochar-sorption 
system.

Ø Assess ability of spent biochar to 
fertilize crops and recycle captured 
nutrients, thus improving agricultural 
sustainability.

ØA laboratory setup was established using a baffle box as a flow-through 
system to evaluate the effect of hydraulic retention times (HRTs) on P 
removal rates of designer biochar pellets. HRT was controlled by set 
inlet and outlet flow rates of solution with low dissolved P 
concentrations, and effluent P level was monitored over time.

Ø In the field, P concentrations along with nitrate/nitrite-N and 
ammonium (NH4) concentrations were monitored before and after a 
woodchip bioreactor and a two-stage biochar-sorption channel.

Experimental Design

Field Setup Laboratory 
Setup

Results from this study have shown a significant reduction in excess nutrient losses, from 4.08 kg of dissolved P to 1.23 kg,

Ø The laboratory study suggests that the 
HRT of the biochar sorption system 
should be at least 2 minutes to 
efficiently capture dissolved P from 
drainage water (>80% P sorption).

Ø Field trials show that a joint 
bioreactor and biochar-sorption 
channel would be most effective for 
reducing N and P losses in 
agricultural water drainage.

Conclusions
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