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Introduction 

 As the Mississippi River flows into the Gulf of Mexico, there exists a hypoxic zone that 

can mainly be attributed to the accumulation of nitrate (NO3
-) in upper Midwest waterways 

(David et al, 2010). Nitrate is a naturally occurring compound that can be found in most soils 

because of decaying organic matter; however, the use of nitrogen-based fertilizers on cropland 

has added more nitrate to the groundwater than natural systems can handle (Cooke et al., 2015). 

Decreasing the amount of fertilizer could have damaging effects on the productivity of these 

farmlands, harming global food supply. One proactive measure that has been taken in recent 

times to reduce the amount of nitrate runoff is the installation of denitrifying bioreactors on 

farms (Christianson et al., 2020). These cost-effective bioreactors consist of a bed of carbon-

based material (usually woodchips) that denitrify the tile drainage water and transform the nitrate 

into neutral, gaseous nitrogen (N2) that can be released into the atmosphere without harmful 

effects.  

To test the hydraulic properties of these bioreactor bed media, researchers can construct 

permeameters to monitor the water flow rate through the media (Feyereisen and Christianson, 

2015). For this project, a permeameter was designed and constructed with a specific goal of 

making the entire system as small and easy to transport as possible. The permeameter was 

constructed in the basement of the Biosystems and Agricultural Engineering building using items 

that were purchased at hardware and plumbing supply stores throughout the Twin Cities. I tried 



to use only materials that were easy to find in readily available stores to make replication of this 

permeameter as inclusive as possible.  

 

Results and Reflection 

 After the permeameter was successfully constructed, bioreactor bed media that had 

already been run through another permeameter was analyzed to verify its performance 

capabilities. The results that were returned from the new permeameter were similar to those of its 

predecessor, but not exactly the same. Reasons for the discrepancy could be because of the 

turbulent flow of water through the media chamber. It is also likely that the difference could be 

the result of the fact that this media had already been run through a permeameter, removing the 

fine particles of woodchips and changing the flow path of water through the media.  

 As the main researcher for this project, I am pleased with the results of the permeameter 

and confident that it will be useful for future researchers. The permeameter that was available 

before was much larger and impossible to transport to different locations. This smaller system 

can easily fit in any large vehicle and brought to bioreactors to analyze the media on-site. This 

will greatly improve accessibility of media testing which, in turn, will improve the overall 

performance of bioreactors. Although minor improvements can be made to optimize the device’s 

overall performance (smaller head height for laminar flow), I believe that the permeameter that 

was constructed for this project is a success and will aid in the performance of bioreactors to 

remove nitrate from freshwater.  



 Overall, this research experience was very teaching and I gained many invaluable skills 

over the course of one semester. Having little to no research experience before this, the entire 

process was new to me. Learning how to design a controlled experiment and collect data in a 

consistent manner will be incredibly useful knowledge moving forward. Also, physical skills like 

plumbing and basic welding were a large part of this project. I had no exposure to either before 

this semester and am now confident in my abilities in both. This undergraduate research 

opportunity has helped me gain skills, both physical and mental, that will be carried forward in 

any type of future research or employment.  
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