
Microbial Biodegradation 
of Used Motor Oil on 
Concrete Surfaces



Pollution
▶ Automobiles leak used 

motor oil

▶ Rainwater runoff carries oil  
into watershed

▶ Pollution affects
▶ Water

▶ Soil

▶ Wildlife

▶ Livestock

▶ Public Health 

Figure 1: Road Films - If you drive your car in the rain your car has road films. (M. 
Phillips, director) Retrieved April 4, 2017, from AutogeekOnline  



How can we prevent used motor oil and 
grease from contaminating the 

watershed?



Microbial Enhanced Oil Recovery

▶  Use of microorganisms in tertiary oil recovery / pollution remediation

▶ Properties of microorganism used to extract oil from environment

 (e.g. sand or soil) 

▶ Used primarily for crude oil so it can be salvaged / reused

▶ Method shows promise for crude oil product (non-renewable)



Pseudomonas aeruginosa

▶ Isolated as a hydrocarbon degrader 
from petroleum contaminated soil

▶ In previous work, shown to biodegrade 
over 95 percent used and unused 
motor oil tested in liquid cultures 1

Figure 2: Pharmaceutical Microbiology. (2016, June 16). Pharmaceutical Microbiology. (T. Sandle, Editor) Retrieved March 19, 2017, from Susceptibility 
of multidrug resistant Pseudomonas aeruginosa to common biocides

1. Obayori, O.S., Salam, L.B., & Ogunwumi, O.S. (2014). Biodegradation of fresh and used engine oils by Pseudomonas aeruginosa LP5. Journal of Bioremediation and 
Biodegradation, 5(1), doi: 10.4172/2155-6199. 1000213



Does Pseudomonas aeruginosa exposure to used motor oil on 
concrete surfaces affect the oil and grease concentration in 

water runoff?



Hypothesis

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.



Methods

▶ Infrared Spectroscopy
▶ Pilot Study
▶ Experimental Analysis (independent 

samples t-test)



Infrared 
Spectroscopy

Figure 3: Thermo ScientificTM Nicolet iSTM10 
FT-IR Spectrometer. 

To determine contents 
of collected used 
motor oil.

Used motor oil 
compared to

● unused motor oil
● unused antifreeze
● unused 

transmission oil



Figure 9: Prestone Concentrate Antifreeze Coolant fluid 
analysis by Infrared Spectroscopy.

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

Figure 11: Mobile ATF D/M Transmission fluid analysis by 
Infrared Spectroscopy.

Figure 12: Unknown used automobile fluid analysis by Infrared 
Spectroscopy.



Pilot Study

To determine optimal exposure time of 
Pseudomonas aeruginosa to dried used motor 

oil on concrete.



Pilot Study

Figure 4: Pilot study concrete bricks stained with used automobile fluid at initial start (LR: Control, 30 hr., 24 
hr., 18 hr., 12 hr., 6 hr.).



Figure 5: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.).

Figure 4: Pilot study concrete bricks stained with used automobile fluid at initial start (LR: Control, 30 hr., 24 hr., 18 hr., 12 hr., 6 hr.).



Experimental Analysis 

▶ Independent samples t-test

▶ To determine if applying  Pseudomonas aeruginosa yields a statistically 

significant difference in oil and grease content in samples. 



Experimental Analysis
Figure 6: Experimental Analysis concrete bricks stained with used automobile fluid at initial start [LL – UR: Blocks (7 – 70 Cases; 
71 – 134 Controls).



Modified EPA Method 1664, Revision A: 
N-Hexane Extractable Material (HEM Oil and 
Grease)

Figure 7: Modified EPA Method 1664, Revision A: N-Hexane Extractable Material (HEM Oil 
and Grease) conducted at CSUCI Aliso Hall 233 Organic Chemistry Laboratory.



N-Hexane Isolation and Extraction

Figure 9: Recovery of extracted oils and 
grease using BÜCHI Rotavapor R-114 
instrument.

Figure 8: Isolation of N-Hexane 
extracted oils and grease using 
separator funnel.



Independent Samples t-test

Figure 11: Histogram of cases Figure 12: Histogram of controls



Figure 10: 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).

Figure 6: Experimental Analysis concrete bricks stained with used automobile fluid at initial start [LL – UR: Blocks (7 – 70 Cases; 
71 – 134 Controls).



Discussion

▶ PPM for the control samples was higher than the P. aeruginosa exposed 
samples. 

▶ Non-statistically significant findings may have been a result of higher 
than normal humidity levels during the analysis. 

▶ Null hypothesis cannot be rejected
▶ Findings still notable



Conclusion

▶ P. aeruginosa exhibited positive environmental implications for removal 
of unwanted automobile fluids.

▶ Small difference detected in the oil and grease in the water runoff will 
be amplified in a major metropolitan setting

▶ Visual oil stain and residue lessened in days following P. aeruginosa 
exposure.



Further Work

▶ Test which components of used oil are digested by the P. 
aeruginosa.

▶ Repeat 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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