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Nitrate Reduction Using Emulsified Vegetable Oil Injection
Bill DiGuiseppi (bill.diguiseppi@aecom.com), Steve Truesdale, and Jim Hatton
(AECOM Environment, Denver, Colorado, USA)
ABSTRACT: AECOM evaluated nitrate reduction using indigenous bacteria stimulated
with emulsified vegetable oil (EVO). Approximately 700 kilograms of EVO were injected into the aquifer and changes to aquifer geochemistry and characteristics were
monitored over a nine-month period. The effective injection radius, based on hydraulic
and chemical data, was about 7 meters (m). Advection appeared to extend the effective
radius down-gradient an additional 7 m over the test period. Indications of strong
(sulfate-reducing to methanogenesis) to moderate (manganese-reducing) reducing conditions were observed in all observation wells where organic carbon concentrations were
elevated. Carbon dioxide levels, measured as alkalinity, were greatly increased. The
geochemical changes observed, especially the production of carbon dioxide, strongly
indicate biological activity is driving the remediation process. Results demonstrated that
nitrate-contaminated groundwater decreased from historically stable nitrate concentrations averaging approximately 400-500 milligrams per liter (mg/L) in the target zone, to
less than 0.05 mg/L where high organic carbon concentrations and strong reducing conditions were observed. Significantly reduced nitrate concentrations were observed in other
observation wells, with denitrification declining as organic carbon concentrations dispersed at the periphery of the injection zone and reducing conditions moderated. Results
indicate that it is necessary to maintain approximately 100 mg/L organic carbon to maintain nitrate levels below detection. Long-term monitoring is on-going; however, data to
date indicate that nitrate was effectively reduced and that EVO is a viable alternative for
full-scale remediation.
INTRODUCTION
AECOM performed a reductive denitrification field pilot test at a 50-year old ammonium-nitrate (AN) formulation facility located in the western United States. This test was
undertaken for "proof of concept" because the State voluntary remediation program staff
was not familiar with this technology. The groundwater beneath the site was impacted
from historical and ongoing operations which had resulted in nitrate plumes above the
state standard of 10 milligrams per liter (mg/L) in multiple aquifers. Both point sources
(e.g., AN tanks) and non-point sources (e.g., unlined surface water trenches) have been
identified at the facility. A groundwater extraction and ex situ treatment (e.g., pump and
treat) system had been operating adequately for 20 years as a hydraulic containment
remedy, but the facility operator was looking for a lower cost, more sustainable remedial
solution to deal with the nitrate plumes, as well as a comingled methyl tertiary butyl ether
(MTBE) plume related to a separate operation. Potential receptors in the area included
agricultural and drinking water wells, however, given the, distance to the nearest well
(> 3 kilometers), these exposures were less critical. A creek crosses the property on the
east side, which has been identified by the regulatory agencies as requiring protection.
The maximum nitrate level in monitoring wells at the site was 14,000 mg/L, well above

background nitrate levels, which were in the 3 to 7 mg/L range. Nitrate has not been
detected in the creek at levels above background, however, due to the presence of the
nitrate plume beneath adjacent land, a segment of the creek has been dammed upstream
of the facility and water is pumped past the facility and re-introduced into the creek at a
downstream location. Figure 1 portrays the facility, the nitrate plume, the potentially
impacted stream, and the study area for this denitrification pilot project.

FIGURE 1. Site features.
Specific pilot project objectives were defined, including:
•
•
•
•
•
•

Create a suitable biotreatment zone with emulsified vegetable oil (EVO)
Demonstrate and document nitrate reduction
Lower nitrate levels to meet standards
Define the radius of influence of injection and of impacts
Determine EVO longevity
Identify impacts on other contaminants of concern (COCs)

Two different processes are involved in managing nitrogen at this site. Ammonium
nitrate contributes both ammonia and nitrate to groundwater. Ammonia is converted to
nitrate by oxidation, typically by bacteria, in a process known as nitrification. The reaction requires adequate oxygen to meet stoichiometric requirements. This occurs in the
aquifer near the source areas. Nitrate can be then be converted to nitrogen gas by reduction, in this case accomplished by adding a biodegradable substrate to remove all oxygen
and provide an energy source for the reaction. This process is known as denitrification.
Together, the processes are often referred to as nitrification-denitrification. It is important

to recognize that the processes must occur separately since oxygen is required for the
former but is a hindrance to the latter.
Several factors affect the rate and efficacy of denitrification, including:
•
•
•
•

Dissolved oxygen (DO) - should be <0.2 milligrams (mg)/L
pH - optimally between 7.0 and 8.5
Carbon source - naturally occurring organic carbon are typically inadequate
Other less critical factors - nitrate levels, temperature, trace metals

The facility is underlain by an upper and a lower aquifer, which are in highly heterogeneous alluvial/fluvial sediments (Figure 2). The upper aquifer is between 6 and
13 meters below ground surface (bgs) and is characterized by locally discontinuous silty
sand units within a dominantly silty clay unit. Impacts to the upper unit are widespread,
with maximum nitrate levels in the 1Os of mg/L range. The lower unit is present from
26 and 99 feet bgs, in similar heterogeneous deposits, but is much less impacted with
maximum concentrations in the 20-40 mg/L range. It is not clear whether deeper impacts
are due to a "leaky" aquitard or from wells drilled into the deeper unit, which may be
acting as conduit wells. An interceptor trench was installed in the past which partially
captures the shallow nitrate plume, but is not located sufficiently deep to intercept all of
the flow.
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FIGURE 2. Geoloeic cross-section.
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MATERIALS AND METHODS
The field pilot test included pre-injection aquifer testing, baseline geochemical characterization, injection of EVO, quarterly groundwater sampling for a 1-year monitoring
period, and post injection aquifer testing. A slug test was performed on the injection well
to assess the pre-injection hydraulic characteristics, and after injection to evaluate
changes resulting from the bio-stimulation. The well is screened in a silty sand material.
Baseline geochemistry was assessed, in all wells including total dissolved solids (TDS),
total organic carbon (TOC), alkalinity, pH, sulfate, ferrous iron, and manganese. Additional groundwater sampling was conducted before the injection program and quarterly
thereafter. Analytes included nitrate, ammonia, urea, and MTBE. The injection well
received approximately 8,000 liters of water, into which approximately 700 kilograms of
EVO were dissolved to yield an approximately 5 to 10 percent solution. This concentration provides a large mass of carbon in the form of emulsifying agents mixed with
50 micron droplets of vegetable oil, but in a low viscosity solution that is readily pumped
into the well. The EVO solution flows into the groundwater easily and has an affinity for
clay in soil, thus coating the injection area and allowing a slow release of carbon for biostimulation.
RESULTS AND DISCUSSION
The preinjection aquifer testing yielded a hydraulic conductivity value of
5.7E-04 cm/s. Following injection, the hydraulic conductivity was measured at 3.lE-04
cm/s, which is slightly lower but the same order of magnitude indicating minimal reduction in permeability as a result of the injection. Field observations related to the injection
well indicated that the well was initially able to accept almost 6 liters per minute, however, after several days of this sustained rate, the liquid level in the well rose abruptly and
thereafter the well could only accept about 2 liters per minute. Because several days is
insufficient to build biomass, it is most likely that the rise is due to filling of higher permeability zones, leaving only low-permeability zones which could not accept the
amendment at the higher flow rates. Very little free oil was observed in the injection well
following injection, which suggests that almost 100 percent complete product injection
was achieved. More than 1 meter of mounding was observed in a well located 2.5 meters
crossgradient from the injection well, suggesting an ROI in the range of 3-4 meters
for this limited volume injection. TOC in the injection well rose from 1-3 mg/L to
>200,000 mg/Land was maintained at better
than
2,000 mg/L for over a year (Figure 3).
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FIGURE 3. Injection well TOC and nitrate.
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TOC and nitrate levels also declined in
the observation wells 3 meters and 13
meters downgradient (Figures 5 and 6),
although not as significantly as in the
mJection well. While nitrate levels
remained low for the duration of the test
period, TOC levels are seen to rise, as the
injected "front" of organic carbon arrives,
then fall as the amendment is consumed or
migrates through that monitored area.
FIGURE 4. Injection well geochemistry.
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FIGURE 5. 3-m observation well results.

FIGURE 6. 13-m observation well results.

CONCLUSIONS
Observations from multiple wells indicate that all nitrate is reduced when TOC is
maintained greater than 50-100 mg/L, which is well above the natural TOC levels of
1-3 mg/L. This one-time injection of EVO was able to maintain elevated TOC levels in
the injection well for 18 months, and greater than 12 months at a location 6-7 meters
downgradient. Geochemical results indicated that chemically reducing conditions were
achieved, and that indicators of bioactivity increased during the injection program. These
results provide multiple lines of evidence that the biostimulation of indigenous bacteria
created chemically reducing conditions, leading to denitrification of nitrate to levels
below state standards in the injection area. The EVO migration was significantly affected
by geologic controls, which included preferential pathways as well as a limited extent of
high permeability units. Increase in biomass attributable to the bio-stimulation reduced
hydraulic conductivity values slightly in the injection well. Long-term treatment options
for the site include full-scale injection, although with continuing sources this option is not
likely, or a limited barrier concept to provide protection to the creek.
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Pilot Study Objectives

• Create a suitable biotreatment zone
with Emulsified Vegetable Oil (EVO)
• Demonstrate and document nitrate
reduction
• Lower nitrate levels to meet standards
• Define the radius of influence of
injection and of impacts
• Determine EVO longevity
• Identify impacts on other COCs

• Facuttative heterotrophic bacteria
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Field Implementation
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of oil with emulsifying agents

Generalized Injection Schematic

Poly Tank

Idealized Injection and Treatment Zones
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Biological Activity Indicators - Injection Well
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Data Evaluation
Hydrogaology
• Post,.injecti<!>n aquifer test (3.1 E-04 cm/s) minimal change

Geo.ohem·s

TBE drop in all wells
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Summary and Recommendations
• Nitrate is reduced when TOC is greater than 50-100 mg/L

• TOC eJava ad for 18+ months at source, and > 12 months at
20 feet tlta·-&.~..,.ce from single small injection event

monstrated viability of approach
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1a11aaon affected by:
Is - preferential pathways, limited sands
,~.;"'"''pi mass - reduced K values slightly
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tment Options:
nJection (not likely)
- -t to protect creek
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Questions?

Contact Information:
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