
Application of Fluorometry
to a Coastal Oil Spill

“I trust the oil I can see more than the oil I can't see.”

- Attributed to Ken Biglane, USEPA



US Coast Guard (Pacific Strike Team) & EPA Region 9 deploying 
a fluorometer at the Refugio Incident (May 2015)



Problem Statement and Approach

• Marine oil spills often have large dispersed and dissolved oil components that are 
commonly overlooked in response.  These components are important because they 
house the BTEX and polyaromatic hydrocarbon (PAHs) fractions of the source oil.  PAHs 
represent significant aquatic toxicity threats - especially in nearshore sensitive habitats 
such as the kelp bed habitat.

• Fluorometry can be used in oil spill responses to measure naturally dispersed and 
dissolved oil.  In some cases, fluorometry measurements could help account for a large 
amount of the spill volume and spill fate. 

• Measuring the prevalence or absence of dissolved and dispersed oil will aid in response 
decision making.  Dissolved and dispersed oil, below the surface, should be expected to 
follow different migration pathways than surface oil and sheens.  Understanding the fate 
of this oil typically requires costly and often inconclusive sampling and sometimes dive 
surveys. This information could be used to focus response on understanding, predicting 
and preventing ecological exposures unanticipated by oil trajectory modeling. 

• During a response, a combination of fluorometry and nearshore water sampling for 
target compounds and/or toxicity testing, allows for refinement of spill response tactics, 
Fluorometry measurements should result in higher quality spill impact and fate 
assessment.



Introduction to Fluorometry

• Dissolved unsaturated and aromatic hydrocarbons, when 
excited by light waves at 280-320 nm, emit photons 
(fluoresce) at characteristic wavelengths. Aromatic 
hydrocarbons emit at about  340 nm; saturated hydrocarbons 
at about 445 nm. The size of the signal relates to the 
concentration of each fraction.

• Used in NOAA’s SMART protocol to measure dispersant 
effectiveness

• Vessel tows fluorometer outside the oil plume and bisects the 
oil plume to get a baseline.

• Grab samples may be collected from the water stream or by 
Kemmerer at predetermined intervals for post-event 
calibration of the fluorometer using the actual oil spilled



Turner C3 Fluorometer

The C3 (excitation wavelength

of 320 nm and emission wavelength of 400-600 nm)

was towed by boat through suspected dispersed 

or dissolved oil plume at 1-m and 2-m depths 

to make measurements of the

both within the plume and up to

50-m outside the plume. 



Methods

• On 5/26/15, EPA and PST ran 4 transects offshore in the vicinity of 
Refugio beach, Goleta, CA.

• Field Blank Calibration was completed on 5/26 at approximately 0830.

• PST towed the C3 fluorometer behind a power boat and collected 
readings

• Each run represented numerous results, 1 reading per 5 second 
interval, expressed in reflectance units (Oil_RFU)
• Area 1: 11:14 – 11:21am
• Area 2: 11:34 – 11:45am 
• Area 3: 11:56 – 12:06pm
• Area 4: 12:28 – 12:57pm



Turner C3 
Optical Specifications (Crude Oil)

Application MDL Dynamic 
Range

Excitation Emission

Crude Oil 0.2 ppb 0-2700 ppb 325/120 nm 410-600 nm
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Map of all Fluorometer Run Areas



Area 1

Area 2

Pipeline break site



Light surface sheening observed during Area 2 
fluorometer run



View of the oiled shoreline 
at the spill Site

Oil cascaded over cliff face 
Onto the beach



Results
• Fluorometry results (Oil_RFU) were very low compared to anticipated 

results (range of 0 – 46 RFU).  
• Runs were collected approximately 1 week after the spill; however, oil was 

observed in the water.  The affected area was suspected to have spill 
impacts but is also known for natural and anthropogenic oil seeps.

• Data analysis showed a clear distinction in Oil_RFU in one area (Area 2) 
compared to the other 3 areas.

• Data were approximately normal in distribution and outliers were 
identified.

• Removing outliers allowed for a Background Threshold Value (BTV) to be 
established using the 95% Upper Prediction Limit (UPL) for the combined 
data (4 areas), w/non-detects and w/o outliers (Oil_RFU from 0 – 16). 

• BTV with non-detects: 13.4 Oil_RFU



Q-Q Plots of results from 4 areas

Area 2



Q-Q Plot of areas 1, 3 and 4



Results <16 from all areas were combined, represent 
“background”

• Data from combined datasets 
appear normally distributed

• Data above 16 RFU were 
determined to be statistical 
outliers removed and 
populations determined to be 
eligible for combination

• Using the dataset < 16 RFU
• UPL95 = 13.4 with NDs= '0' BTV

• UPL95 = 13.7 without NDs 

Breakpoint

Data are outliers



Transects for Area 1 & 2

Transect for Area 1 Transect for Area 2

Legend:
Orange: exceeds 13.4 Rfu (BTV)
Red: exceeds 20 Rfu

BTV exceedences clearly identified 
throughout area 2



Discussion
• Significant amounts of dissolved or dispersed oil were not detected 

during the fluorometer runs.  Based on this analysis, combined with 
the presence of seeps in the area, investigators could not conclusively 
determine that detections were related to spilled oil from the Refugio 
Incident.  One potential reason for this was the timing of the 
fluorometer deployment.

• The fluorometer runs did detect a significant difference in Oil_RFUs in 
Area 2 (where surface oil was visually observed) compared to all 
other areas (no difference between areas  1,3 & 4).  In addition, a 
data distribution “break-point” was identified and confirmed by 
identifying outlier results, some phenomenon, most likely the 
presence of dissolved or dispersed.  



Discussion and Recommendations 

• Fluorometry can be used in oil spill responses to measure naturally dispersed and 
dissolved oil.  In some cases, fluorometry measurements could help account for a 
large amount of the spill volume and spill fate. 

• Fluorometry results could be used to confirm predictions of fate of dissolved and 
dispersed oil early in a spill.  Once a BTV is established it can be used as a (perhaps 
daily) response specific “alarm” to distinguish dispersed/dissolved oiled areas and 
perhaps sources of oil.  Results above the BTV represent an alternative condition 
(e.g., conclude an impact or spill related impact) to expected background (e.g., 
expected pattern and amount from seeps, confounding biological signals).

• Fluorometry has many useful response applications.  The ability to predict the 
presence and source of submerged oil should be a precursor to sampling and other 
kinds of surveys to provide additional lines of evidence for detections/non-
detections.  Observation of no or little dispersed/dissolved oil might limit the need 
for costly dive surveys and concerns about subsurface impacts including toxicity.  
Positive observations perhaps identify habitats that may be impacted by oil toxicity.
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