Microbial Biodegradation of Used Motor Oil on Concrete Surfaces
Purpose: To evaluate the abilities of Pseudomonas aeruginosa to biodegrade used motor oil on concrete surfaces to aid environmental protection.
Introduction

Abstract

It is common knowledge that automobiles leak fluids.
These fluids on parking lots and roadways is an
environmental hazard. If left unattended, rainwater
runoff contaminated with oil and grease from these
surfaces will pollute freshwater supplies, fertile soil,
and ocean environments. This poses risks to wildlife,
livestock, and public health [1].

When left unaddressed, used motor oil on roadways has potential to pollute freshwater supplies, fertile soil, and ocean environments, posing risks to wildlife, livestock, and
public health. In this study, the ability of Pseudomonas aeruginosa to biodegrade used motor oil on concrete surfaces was evaluated. A blend of used automobile fluids;
motor oil, transmission oil, and other automobile fluids was applied onto concrete pavers. Rainfall was simulated on all samples, and runoff was collected and analyzed for
oil and grease content using modified EPA Method 1664, Revision A: N-Hexane Extractable Material (HEM Oil and Grease).

The metabolic properties of Microbial Enhanced Oil
Recovery (MEOR) capable microorganisms have
shown potential to resolve environmental threats
posed by crude oil products, such as the fluid expelled
by automobiles. Pseudomonas aeruginosa is a known
MEOR microorganism. This microorganism has been
isolated as a hydrocarbon degrader from petroleum
contaminated soil. Further, when inoculated in liquid
cultures of both fresh and used motor oil,
Pseudomonas aeruginosa was shown to degrade over
ninety-percent of all types of oil tested [2].

Research Question: Does Pseudomonas aeruginosa exposure to used motor oil on concrete surfaces affect the oil and grease concentration in water runoff?
Null Hypothesis: The Pseudomonas aeruginosa exposure to used motor oil on concrete surfaces will not affect the oil and grease concentration in water runoff.
Alternative Hypothesis: The Pseudomonas aeruginosa exposure to used motor oil on concrete surfaces will affect the oil and grease concentration in water runoff.

The current study investigated the effectiveness of P.
aeruginosa to reduce oil and grease content in
contaminated water runoff from concrete surfaces.
This research will contribute to the efforts in removing
the burden of used automobile motor oil pollution
biochemically.

Hypothesis

Experimental analysis

Materials
•
•
•
•
•
•
•
•
•
•
•
•

Used motor oil from Conejo Union 76 station
134 6 x 6 in. concrete pavers from Home Depot
Pseudomonas aeruginosa
250 ml water bottles from Target
N-Hexane, 95% from Fisher Scientific
Tryptic soy broth
Pennzoil 10W-40
Prestone concentrate antifreeze/coolant
Mobil ATF D/M
Sodium sulfate
HCL 6 mol
Digital Photography

•
•
•
•
•

128 concrete pavers: 64 Controls, 64 Cases
Oil drying time: 6-7 hrs.
P. aeruginosa exposure time 48 hrs.
200 ml water rinse of oil stain, collect and analyze
Modified EPA Method 1664, Revision A: N-Hexane Extractable Material
(HEM Oil and Grease)

Fig. 3: Colorized scanning electron
microscope image of Pseudomonas
aeruginosa [3].
Fig. 10: Modified EPA Method 1664, Revision A: N-Hexane Extractable Material (HEM
Oil and Grease) conducted at CSUCI Aliso Hall 233 Organic Chemistry Laboratory.

Infrared Spectroscopy
Infrared Spectroscopy of unknown used automobile fluid with
comparison to new motor oil, new radiator fluid, and new transmission
fluid using Thermo Scientific™ Nicolet iS™10 FT-IR Spectrometer.

During inclement weather, used oil and grease on
roadways and parking lots will lift off and flow
with rain runoff into the watershed. Some of this
rain runoff will find its way to the ocean and other
large bodies of water. While soaps and detergents
can be used to clean the concrete surfaces, this
process is labor intensive and can add additional
chemicals to the watershed and water runoff.

Problem Statement
Used motor and grease continue to contaminate
the watershed because there is no natural,
biological, and easy method for removing these
contaminants from the environment.

Fig. 11: Experimental Analysis concrete bricks
stained with used automobile fluid at initial start
[LL – UR: Blocks (7 – 70 Cases; 71 – 134 Controls).

Fig. 12: Experimental Analysis concrete bricks stained
with used automobile fluid five days following P.
aeruginosa exposure and water rinse[LL – UR: Blocks
(7 – 70 Cases; 71 – 134 Controls).

Results

Fig. 2: Recovery of extracted oils
and grease using BÜCHI
Rotovapor R-114 instrument.
Fig. 4: Unknown used automobile fluid
analysis by Infrared Spectroscopy.

Fig. 6: Prestone Concentrate Antifreeze
Coolant fluid analysis by Infrared Spectroscopy.

Fig. 5: Pennzoil 10W-40 Motor oil analysis by
Infrared Spectroscopy.

Fig. 7: Mobile ATF D/M Transmission fluid
analysis by Infrared Spectroscopy.

Pilot study

•
•
•
•
•
•

Determine optimal microbial exposure time to used motor oil on pavers
6 concrete pavers: 1 Control and 5 Cases
Oil drying time: 6 hrs
Pseudomonas aeruginosa Exposure time: 6hrs, 12 hrs, 18 hrs, 24 hrs, 30 hrs.
200 ml water rinse of oil stain, collect and analyze
Modified EPA Method 1664, Revision A: N-Hexane Extractable Material
(HEM Oil and Grease)

Fig. 8: Pilot study concrete bricks stained with
used automobile fluid at initial start (LR:
Control, 30 hr., 24 hr., 18 hr., 12 hr., 6 hr.).

P. aeruginosa has shown to have positive environmental
implications for removal of unwanted automobile fluids.
The small difference detected in the oil and grease in the
water runoff will be amplified in a major metropolitan
setting. Additionally, the visual oil stain and residue was
lessened in the days following P. aeruginosa exposure.
These findings may be of significant interest to
environmental scientists.

Further work

Three components: Infrared Spectroscopy, Pilot Study, and Experimental Analysis

Environmental Impact

Even though the results of the independent samples t-test
were not statistically significant; the results are notable. The
PPM for the control samples was higher than the P.
aeruginosa exposed samples. The non-statistically
significant findings may have been a result of higher than
normal humidity levels during the analysis. Of the original
[N = 128] samples; n = 37 samples were removed from the
calculations due to a negative final weight difference. This
reduced the final sample size to n = 91 [Control = 49 and
Exposed = 42].

Conclusions

Methods

Fig. 1: Isolation of N-Hexane
extracted oils and grease using
separator funnel.

Discussion

Fig. 9: Pilot study concrete bricks stained with
used automobile fluid five days following P.
aeruginosa exposure and water rinse (LR:
Control, 30 hr., 24 hr., 18 hr., 12 hr., 6 hr.).

• Results of the Infrared Spectroscopy show overlap of the inverted peaks
of the known automobile fluids to the unknown automobile fluid;
qualitatively indicating its composition.
• Results of the Pilot Study indicated exposure to P. aeruginosa to used
motor oil on concrete surfaces will affect the oil and grease concentration
in water runoff. Additionally, the P. aeruginosa exposure time was
determined to be no less than 30 hrs. for Experimental Analysis.
• Results of the Experimental Analysis (Independent samples t-test)
showed that the mean PPM of oil and grease content in water for the
Control [No Exposure to P. aeruginosa] samples [M = 205.36, SD = 168.75,
n = 49] to be higher than that for the Cases [48 hrs. Exposure to P.
aeruginosa] samples [M = 201.90, SD = 160.64, n = 42]. However, these
findings were not statistically significant at the .05 level of significance
[t(89) = .100, df = 89, p > .05]. On average, the PPM of oil and grease
content in water between the No Exposure samples and Exposure
samples was [MD = 3.46, SED = 34.70, 95% C.I. (-65.50, 72.42)]. These
findings were validated by bootstrap. The null hypothesis which
suggested that there was no significant difference in the mean PPM of oil
and grease content in water between the No Exposure samples and
Exposure samples cannot be rejected.

The quantitative and qualitative findings of this study
warrant further investigation. The next steps in this
investigation is to explore which molecular components of
the used oil and grease are digested by the P. aeruginosa.
This process can be repeated with other MEOR capable
organisms. Combinations of MEOR organisms may then be
applied as a cocktail to lessen the burden of used oil and
grease in metropolitan and rural environments.
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