
Comparison of Three Agricultural Residue-Based Filter Media

for Use In a Denitrifying Bioreactor
Noah SlocumNoah Slocum

Faculty Advisor: Gary Feyereisen, Bioproducts & Biosystems Engineering and USDA-ARS

Introduction Methods Results

Nitrogen (N) is an essential nutrient for plant growth;  

however, unintended nutrient losses from cropping 

After the temperature of the apparatus had been lowered to 2°C, the average post-treatment 

nitrate-N concentration of the wood chip medium was higher than that of both the mixture 

Corn cob, woodchip, and a 50%/50%-by-weight 

mixture of the two were packed in to three 15 x 50 cm PVC however, unintended nutrient losses from cropping 

systems cause environmental concern.  Nitrogen from soil 

organic matter or fertilizers is typically converted in the 

soil to the nitrate ion form (NO3
-), which is dissolved in 

the soil water and then taken up into the plant.  Ions that 

are not transported through the plant roots remain in 

solution and are not held to soil particles, which also have 

a slightly negative electrical charge.  

nitrate-N concentration of the wood chip medium was higher than that of both the mixture 

medium and corn cob medium (Fig. 4). Over a period of 14 weeks, the average post-treatment 

nitrate-N concentration was 49.6 mg/L for the wood chip medium, 48.3 mg/L for the mixture 

medium, and 42.9 mg/L for the corn cob medium, as compared to an average  pre-treatment 

nitrate-N concentration of 51.4 mg/L for each medium. 

mixture of the two were packed in to three 15 x 50 cm PVC 

columns each (Fig. 3) so that there were nine columns 

total. Each column was inoculated with soil samples from 

nearby fields. A solution containing a 50 mg/L 

concentration of nitrate-N was pumped through each 

column at a rate equivalent to a hydraulic residence time of 

12 hours using a peristaltic pump. This was performed 

continuously for a period of 20 weeks. The entire apparatus a slightly negative electrical charge.  

Subsurface tile drainage systems are needed in the 

Midwest to remove excess water that can hinder crop 

production.   These drainage systems not only convey 

excess water but also dissolved nitrate-N, which is a water 

quality concern for both humans and marine animals.  It 

contributes to phenomena like the Gulf of Mexico hypoxic 

continuously for a period of 20 weeks. The entire apparatus 

was held in a cooler so as to keep the ambient temperature 

at a constant 2°C to mimic conditions common to the 

Midwestern US in springtime snowmelt. 

Water samples were taken three times per week from 

each column to measure nitrate-N concentration pre- and 

post-treatment. The flow rate through each column was 

monitored daily. 
contributes to phenomena like the Gulf of Mexico hypoxic 

zone (Fig. 1), where the additional N results in a chain of 

events that causes depleted oxygen levels with 

subsequent negative consequences to marine life.

Denitrifying bioreactors are a promising technology 

to help mitigate the outflow of nitrate-N (Fig. 2).  

Subsurface tile drainage effluent is routed through a filter 

medium, typically a bed of wood chips, where anaerobic 

The corn cob medium was observed to have an average nitrate-N removal rate greater than 

that of the mixture medium or wood chip medium (Fig. 5).  The nitrate-N removal rate for each 

medium was calculated in units of grams of nitrate-N removed per cubic meter of medium per 

day. Over a period of 14 weeks, the average nitrate-N removal rate was 7.81 g/m3/d for the corn 

monitored daily. 
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Figure 5: The average nitrate-N removal rate for each medium over a 

period of 4 weeks. 

Figure 4: The average post-treatment nitrate-N concentration of each 

media over a period of 20 weeks, as compared to the inlet 

concentration. 

Conclusions

medium, typically a bed of wood chips, where anaerobic 

microbes convert the dissolved nitrate-N to innocuous N2

gas.  In this experiment, three agricultural residues were 

tested to determine their comparative effectiveness as 

denitrifying bioreactor filter media. The three residue 

media tested were corn cob, wood chip, and a 50%/50% 

mixture of the two.

day. Over a period of 14 weeks, the average nitrate-N removal rate was 7.81 g/m /d for the corn 

cob medium, 3.03 g/m3/d for the mixture medium, and 1.69 g/m3/d for the wood chip medium. 

Inconsistencies in the patterns described were most likely a result of variations in the nitrate-N 

concentration of the inlet solution. 
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• Nitrate-N removal rates for the tested media, from greatest to least were:  Corn Cobs > 
From Peristaltic Pump

Figure 3: Schematic of a PVC bioreactor column
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• Nitrate-N removal rates for the tested media, from greatest to least were:  Corn Cobs > 

Corn Cob–Wood Chip Mixture > Wood Chips.

• Lowering the ambient temperature to 2° C had a visible effect (reduction) on the 

microbial activity in each medium.

• The mixture medium regularly behaved more like the wood chip medium than the corn 

cob medium, suggesting that microbial activity occurred more frequently with the wood 

chips than the corn cobs, possibly because of the larger amount of surface area 

Figure 3:  Schematic of a PVC bioreactor column
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chips than the corn cobs, possibly because of the larger amount of surface area 

available to host microbial activity per unit volume of woodchip than per unit volume of 

corn cob. 

• Further experimentation could be performed to determine the relationship between 

the amount of surface area per unit volume of a filter medium and the favorability of 

that medium to host microbial activity. 

Figure 1: Water systems contributing to the Gulf of 
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Figure 2: Schematic of a typical denitrifying bioreactor

Figure 1: Water systems contributing to the Gulf of 

Mexico hypoxic  zone


