
Nitrates, in small amounts, pose no perceivable effects to the 
average person; however, when present at higher concentrations, 
the effects of nitrates not only prove deleterious for the human 
body, but for the environment and its ecosystems, as well. In such
cases, pregnant women and their unborn children are at a 
particular risk for adverse health effects. As for the environment, 
excess nitrates can result in algal blooms on bodies of water,
which entirely disrupts the ecosystem and is typically detrimental 
to the survival of aquatic life present. This investigation will 
entail the experimentation of multiple soil columns to be used as 
“biowalls” to curb the presence of nitrates in groundwater 
samples. Through the use of four soil columns, each with 
differing component compositions, the most effective blend of 
mulch, soil, and sand will be determined. In addition, the effect 
of the Pseudomonas sp. culture and emulsified vegetable oil 
(EVO) will serve the purpose of determining the most effective 
approach for the removal of nitrate present in groundwater. 
Through this research, it is expected that the composite bioactive 
soil mixture will remove a substantial concentration of nitrates, 
which suggests great potential for groundwater treatment.

ABSTRACT

INTRODUCTION

• Contaminate deionized water with 40 ppm of nitrate 
using Na NO3

-

• Feed onto columns continuously for 6-8 weeks
• Take samples daily for 1-2 weeks
• Analyze absorbance values of samples using HACH DR 

900 spectrophotometer
• Repeat process of taking samples and analyzing 3-times 

a week for approximately 5-7 additional weeks 
following the first week

• Calculate concentrations from absorbance values
• Two separate runs of this experiment were conducted, 

and soil column compositions for each run can be seen 
in Tables 1 & 2

METHODS

RESULTS

DISCUSSION
LIMITATIONS
• Time constraint
• Limited laboratory access
• Inaccuracies with measurement devices
• Limited laboratory space
FUTURE DIRECTIONS
• Bacterial growth on petri dishes
• Continue data collection
• Analyze for sulfate and phosphate

REFERENCES
[1] “Nitrate/Nitrite Toxicity: What Are the Health Effects from Exposure to Nitrates and Nitrites? | Environmental Medicine | ATSDR,” www.atsdr.cdc.gov, Feb. 09, 2021. 
https://www.atsdr.cdc.gov/csem/nitrate-nitrite/health_effects.html

[2] “Methemoglobinemia: Causes, Diagnosis, and Treatment,” Healthline. https://www.healthline.com/health/methemoglobinemia

[3] Water Science School, “Nitrogen and Water | U.S. Geological Survey,” www.usgs.gov, May 21, 2018. https://www.usgs.gov/special-topics/water-science-
school/science/nitrogen-and-water

[4] M. L. Alexander, A. Adeniran, and C. Tovar, “Modeling of water quality downgradient of a mulch biowall,” Remediation Journal, vol. 28, no. 1, pp. 55–61, Dec. 2017, 
doi: https://doi.org/10.1002/rem.21542.

[5] M. Rawat, R. Sen, I. Onyekwelu, T. Wiederstein, and V. Sharda, “Modeling of Groundwater Nitrate Contamination Due to Agricultural Activities—A Systematic 
Review,” Water, vol. 14, no. 24, p. 4008, Dec. 2022, doi: https://doi.org/10.3390/w14244008.
[6] Uriel Garza-Rubalcava, P. B. Hatzinger, D. Schanzle, G. M. Lavorgna, P. O. Hedman, and W. Roy Jackson, “Improved assessment and performance monitoring of a 
biowall at a chlorinated solvent site using high-resolution passive sampling,” Journal of Contaminant Hydrology, vol. 246, pp. 103962–103962, Jan. 2022, doi: 
https://doi.org/10.1016/j.jconhyd.2022.103962.

[7] C. J. Paradis et al., “Sustained Ability of a Natural Microbial Community to Remove Nitrate from Groundwater,” Ground Water, vol. 60, no. 1, pp. 99–111, Jan. 2022, 
doi: https://doi.org/10.1111/gwat.13132.

[8] J. V. Lepore, L. H. Turner, D. S. Kosson, and R. C. Ahlert, “Process development for in situ remediation of a highly contaminated groundwater plume,” Journal of 
Hazardous Materials, vol. 25, no. 3, pp. 289–307, Jan. 1990, doi: https://doi.org/10.1016/0304-3894(90)80025-y.

[9] X. Lu, J. Wilson, Hai Ying Shen, B. I. Henry, and D. H. Kampbell, “Remediation of TCE-contaminated groundwater by a permeable reactive barrier filled with plant 
mulch (Biowall),” Journal Of Environmental Science And Health, Part A, vol. 43, no. 1, pp. 24–35, Dec. 2007, doi: https://doi.org/10.1080/10934520701750421.

[10] Z. Xie, Y. Zhang, Z. Zhang, and J. Huang, “Nitrate removal mechanism in riparian groundwater in an intensified agricultural catchment,” vol. 280, pp. 108223–108223, 
Apr. 2023, doi: https://doi.org/10.1016/j.agwat.2023.108223.

[11] ATCC, “ATCC: The Global Bioresource Center,” Atcc.org, 2019. https://www.atcc.org/

[12] “Nitrate/Nitrite Toxicity: Where Are Nitrates and Nitrites Found? | Environmental Medicine | ATSDR,” www.atsdr.cdc.gov, Feb. 09, 2021. 
https://www.atsdr.cdc.gov/csem/nitrate-nitrite/where_are.html

[13] A. Bombaywala, “Water Quality Downgradient of a Mulch Biowall Investigated by Experiment and Modeling,” Texas A&M University- Kingsville, 2020.

[14] H. Benson, Microbiological Applications: A Laboratory Manual in General Microbiology, 5th ed. William C. Brown, 1991.

[15] “Technology Screening Matrix | Federal Remediation Technologies Roundtable,” www.frtr.gov. https://www.frtr.gov/matrix/Biowalls/

[16] “Community Guide to Permeable Reactive Barriers What Is A Permeable Reactive Barrier?” Available: https://semspub.epa.gov/work/HQ/401613.pdf

[17] “ATSDR Case Studies in Environmental Medicine Nitrate/Nitrite Toxicity.” Accessed: Dec. 14, 2020. [Online]. Available: 
https://www.atsdr.cdc.gov/csem/nitrate_2013/docs/nitrite.pdf

ACKNOWLEDGEMENTS
Dr. Matthew Alexander
TAMUK McNair Scholars Program Staff
Lee Ortegon, CHEN Lab Manager
Department of Chemical & Natural Gas Engineering
Department of Environmental Engineering

• Nitrates (NO3
-) and nitrites (NO2

-) in excess prove to be
undesirable, as they may result in adverse effects:
• Acquired methemoglobinemia
• Birth defects upon exposure to pregnant
individuals
• Numerous studies pointing to the carcinogenic
properties of nitrates

• Sources of excess nitrates:
• Byproduct of the excessive use of fertilizer- both in

residential utilization and commercial farming
• Incomplete municipal wastewater treatment and

runoff from livestock operations
• The significance of this research is to add information to

the current literature regarding the effect of
Pseudomonas denitrificans on the removal of nitrate
from simulated groundwater, using varying carbon
sources for the bacteria.
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Testing Effectiveness of Nitrate-Reduction Through Utilization of 
a Biowall in a Simulated Groundwater Scenario

RESEARCH PURPOSE

CONCLUSIONS

• Determine most effective soil compositions for NO3
-

removal

• See Tables 1 & 2  for specific column 
components and ratios

• Investigate effects of nitrate-reducing bacteria 
(Pseudomonas denitrificans) and its interactions 
with/without an alternate carbon source present (EVO)

Figure 1: Soil Column Apparatus

Table 1: Soil Column Content Ratios, July 2023

• Columns 1 & 2 (July & September)
• Both contain Pseudomonas denitrificans 
• Most consistent decrease in concentration
• Minimal data jumps

• September 2023 Improvements
• Columns washed longer before start of data 

collection, resulting in less data jumps and 
inconsistencies 

• Sterilization of column 4, lower concentration
• More consistency overall

• Denitrifying bacteria showed significant and consistent 
success in nitrate removal over the course of both the 2-
week and the 3-week sessions

Table 3: Nitrate concentrations over 2-week 
period, July 2023

Table 4: Nitrate concentrations over 3-week 
period, September 2023

Table 2: Soil Column Content Ratios, September 2023
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