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EXECUTIVE SUMMARY:  
The threat of water scarcity worldwide is one of the biggest challenges of the twentieth century 
exacerbated by climate change. Over 70 percent of the global water resources are applied to 
agriculture irrigation. To reduce the pressures on potable water resources whilst meeting the 
irrigation regulations for agriculture irrigation, the use of alternative water supplies is increas-
ingly advocated. Stormwater harvested, recycled and reused for irrigation is an important step 
towards sustainable water resource management. One of the main human health concerns asso-
ciated with stormwater reuse in agriculture is the microbial quality of water, specifically enteric 
bacteria that exhibit resistance to most or, in some instances, all currently available antibiotics. 
According to the World Health Organization, the emergence and spread of antibiotic resistance 
is a human health crisis that threatens the very core of modern medicine and may become the 
leading cause of death by 2050.  

Recent studies on stormwater microbial quality have reported that in addition to high levels 
of pathogenic bacteria, stormwater contains high concentrations of antibiotic-resistant bacteria 
and genes. Currently, there is limited research on the reduction of antibiotic resistance in storm-
water for agricultural reuse. There is, therefore, a critical need to develop effective treatment pro-
cesses to reduce antibiotic-resistant bacteria in captured stormwater for agriculture reuse. In the 
absence of such knowledge, inadequate treatment of irrigation water will continue to add to the 
disease burden of emerging antibiotic resistance. 

Biochar has the potential to be a cost-effective solution for the removal of antibiotic-re-
sistant bacteria and genes from stormwater. Biochar is an inexpensive and long-lasting carbon-
rich porous adsorbent that is generally used as soil amendment in agriculture because it increases 
soil nutrient retention, soil fertility, and agricultural productivity. Biochar is produced from waste 
biomass (e.g., wood chips) under thermochemical processes including pyrolysis, gasification, and 
hydrothermal carbonization. Because of the high surface-area-to-volume ratio, biochar acts as 
an effective sorbent and can remove a wide range of contaminants such as antibiotics, pharma-
ceuticals, and heavy metals from soil, water, and wastewater. Additionally, unlike other absor-
bents, biochar also has shown promising results in removing bacterial contaminants in soil and 
water environments.  

The recent literature has demonstrated that biochar soil amendments can reduce, but 
not eliminate, the presence of antibiotic-resistant bacteria on food crops. This may be due to 



direct contact with contaminated irrigation water spray and insufficient biochar concentrations 
in the soil for complete removal. Additionally, while biochar may temporarily immobilize bacte-
ria, it does not inactive them. In fact, biochar is often used to provide habitats for microbial 
growth due to its extremely high surface area. Thus, biochar soil amendments may act as long-
term reservoirs for antibiotic-resistant bacteria. Biochar treatment columns could be a better 
alternative to direct soil amendment. Biochar treatment columns may also act as a reservoir for 
antibiotic-resistant bacteria, but their physical separation from the field makes it more feasible 
to periodically replace the columns before significant colonization and bacterial release from the 
biochar onto the crops can occur. 

The overall objective for this application is to determine if pretreating stormwater with 
biochar before irrigation is more effective at reducing the levels of antibiotic-resistant bacteria 
present on food crops compared to directly amending field soils with biochar. The central hy-
pothesis underlying this research effort is that the physical separation of treatment by biochar 
columns and crop growth will reduce the colonization of antibiotic-resistant bacteria on food 
crops compared to biochar field amendments where treatment and crop growth occur simulta-
neously in the same space. 
 
OBJECTIVES: 

1) Determine the antibiotic-resistant bacterial removal capacity from contaminated 
stormwater of infiltration columns filled with 1) biochar, 2) biochar amended soil, and 3) 
unamended soil. 

2) Determine the potential for antibacterial growth and release from the treatment columns. 

3) Determine the impact of biochar pretreatment and biochar soil amendments on the 
colonization of antibiotic-resistant bacteria on carrots irrigated with stormwater. 

 
PROCEDURES:  
Biochar was crushed using a mortar and pestle. It was sifted between a 710-micron and a 500-
micron sieve. The appropriately sized biochar was washed with nanopure water three times and 
dried at 103°C overnight. MM 840 soil was provided by the OSU Greenhouse Operations. The soil 
was sifted to the same size as the biochar. Soil and biochar were autoclaved three times at 121°C 
for one hour. The biochar and soil column medium were made by adding 0.3% biochar by weight 
to soil in a whirlpack bag once both media had been autoclaved appropriately. The bag was 
shaken for one minute to mix the media. 

To build the columns, a small square of insulation was placed in the bottom and top caps 
of the column. The bottom cap was glued onto the clear PVC column using silicone. The appro-
priate media was added to each column, and the top cap was glued on as well. Clear PVC tubing 
ran from the influent water through a peristaltic pump in an upflow configuration through the 
column at a rate of 1 liter per column per day. 

Stormwater was collected from the OSU-Benton County Green Stormwater Infrastructure 
Research Facility. It was filtered to reduce the amount of sediment in the water, and it was inoc-



ulated with an E. coli broth (ATCC 25922) and an ampicillin-resistant strain of E. coli. It was refrig-
erated for one day and left at room temperature on a stir plate for one day to stabilize bacteria 
growth before being fed into the columns. 

Autoclaved, deionized water was run 
through each column to saturate the media for one 
day. For the next month, a new batch of inoculated 
stormwater ran through the columns every day. 
The influent water and effluent water from each 
column were tested to track the removal of E. coli. 
Spread plating and filtration were used to quantify 
E. coli on mTEC agar. Both unsupplemented mTEC 
and mTEC supplemented with ampicillin plates 
were used. Replicates in the form of dilutions were 
present for each sample. Removal was quantified 
by subtracting the effluent concentration from the 
influent concentration. 

After the columns began to show less than one-log removal of the target bacteria, we 
used autoclaved, filtered stormwater without inoculation as influent flow to our columns. The 
effluent flow were tested for E. coli count as described before. 
 
SIGNIFICANT ACCOMPLISHMENTS TO DATE: 

Results from the first trial showed the ripening effect is potentially present in all the col-
umns. Biofilms likely grew for approximately the first five days, and this increased the removal 
capacity of all of the columns. They all were able to remove four logs of E. coli colony forming 
units per mL of influent flow. In the next step, we tested the removal capacity with respect to 
antibiotic-resistant E. coli and increased the amount of biochar in the soil and biochar column. 
Biochar columns removed less E. coli than the columns containing soil. Similar amounts of total 
and ampicillin-resistant E. coli were removed by each column. This trial is still running to track 
the release of total and ampicillin-resistant E. coli. 

 
 

Figure 1. Schematic of lab columns 

Figure 2. On the left: Percentage removal of E. coli from each column (effluent concentration/influent concentration). 
On the right: E. coli concentration in influent and effluent from each column. 



ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: 
None. 
 
FUTURE FUNDING POSSIBILITIES:  
USDA Agriculture and Food Research Initiative  


