Evidence of dispersed oil droplets using the LISST-100X laser particle analyzer
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Objective 
In response to the Gulf of Mexico oil spill, at the request from US EPA, NOAA, USCG, and BP, scientists from DFO Canada have joined other experts on board vessel R/V Brooks McCall to conduct on site monitoring of dispersed oil in the surrounding area of the exploration platform.  The mission objectives of the team are: (1) to verify the presence and chemical characteristics of dispersed oil at locations identified by predictive trajectory models (NOAA, SINTEF, etc.) and, (2) Conduct transects for the recovery of water column samples at discrete depths to identify and track the subsurface plume of oil released from depth following the Deepwater Horizon blow-out.  
Methodology
Based on our expertises in oil spill chemical dispersion and evaluation of dispersant effectiveness, we have conducted field survey of the dispersed oil droplet size distribution analysis using 2 in situ scattering and transmissometry (LISST-100X, Sequoia Scientific Inc., Seattle, WA). 
One LISST was equipped with a small test chamber (120 ml), and is used to conduct bench top particle size analysis in the Geochemistry lab on board the R/V Brooks McCall.  Grab samples of surface waters were collected by “bucket casts” and 3 different depths in the water column (1m, 275m and 550m) were recovered by Niskin bottles on an autonomous rosette sampler from 18 different stations, including station 1 as a background, stations 2 to 9 (taken on May 9, 2010 before underwater injection of chemical dispersants), stations 10 to 15 (taken on May 10, 2010 after underwater injection of dispersant), and stations 16 to 18 (taken on May 11 the second day after injection of dispersant).  These samples were immediately transferred into the test chamber of LISST-100X to perform particle size distribution analysis every 2 seconds for 40 seconds.  

A 2nd LISST is deployed in water at the end of a transponder boom at approximately 5m depth off the port side of the R/V Brooks McCall for in situ particle size analysis.  The LISST was deployed on May 10, 2010 for approximately 6 hours, and then re-deployed on May 11, 2010 for about 8 hours.

A Shimadzu ultraviolet scanning fluorometer is currently in place at the BP Office at Port Fourchon to provide accurate estimates of the spectral characteristics of dispersed versus non-dispersed oil. This information will hopefully be obtained by analysis of 200 samples on May 12th and the complex spectra reduced to simple ratios of fluorescence emission at 340 nm divided by emission at 445 nm. With these ratios, we will attempt to define if oil collected in the samples is poorly or well dispersed.

Results 

LISST Particle Size Analyzer 
The LISST-100X records 32 particle size intervals logarithmically spaced from 2.5 – 500 um in diameter, with the upper size in each bin 1.18 times the lower.  Dispersed oil droplets of size less than or equal to 60 um are considered more permanently dispersed oil in the water column. For comparison, these dispersed small oil droplets is summed and plotted as a function of time.  In addition, the mean and standard deviation of the 20 measures within 40 minutes was also summarized and presented for each station and depth.

Figure 1 shows the bench-top measurement results of the mean dispersed oil droplets volume concentrations from the samples collected from a background station (station #1), which is approximately 50 miles away from the oil platform.  Duplicate samples were collected from 1 m depth and 550 m depth, respectively.  The average background small particle concentrations was about 0.5 ul/L at 1 m depth, and not significantly different from 0 at 550 m depth. 
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Figure 1: Background particle concentrations measured from station #1, which is of 50 miles distance away from the drilling platform. Columns and error bars indicate mean and one standard deviation of 20 measurements.

Figure 2 summarize the bench-top measurement results of the mean dispersed oil droplets volume concentrations of samples collected in the surrounding area of the oil platform for three days.  These data illustrate that samples collected from surface water (collected by bucket) and 1m depth samples from all stations showed the presence of dispersed oil droplets (i.e. particles <60 um in diameter).  The difference in <60 um particle count between the surface and 1 m samples varies from station to station.  Low concentrations of <60 um particles were observed in the 2 lower depths (275 and 550 m).  
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[image: image3.emf]Small particle (2.5 ~ 60 um) volume concentratioN:  May 10, 2010
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[image: image4.emf]Small particles (2.5 ~ 60 um) volume concentrations:  May 11, 2010
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Figure 2: Dispersed small oil droplets measured with bench-top LISST-100X particle size analyzer: stations 2 to 9 were sampled on May 9 (a), stations 10 to 15 were sampled on May 10, and stations 16-18 were sampled on May 11, 2010 (c). Columns and error bars indicate mean and one standard deviation of 20 measurements.

A second LISST-100X particle counter was deployed at a depth of about 5m on May 10, 2010 and May 11, 2010 from a transponder boom off the port side of the R/V Brooks McCall for continuous monitoring while simultaneously conducting a SMART protocol survey based on oil fluorescence.  The instrument has been recovered for downloading of data.  Data were recovered from the instrument on May 12, 2010, and the raw data were processed. 

Figure 3 illustrates typical dispersed oil droplet distribution profiles that were measured on May 10, 2010 and May 11, 2010, respectively.  This could be attributed to lower concentrations of residual oil on the ocean surface due to the addition of dispersants and/or differences in physical dispersion processes after May 11, 2010.
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Figure 3:  Snapshots of the dispersed oil droplet size distribution measured with LISST-100X particle size analyzer deployed at the flank of the vessel.  Detection window submerged approximately 5 m underwater.  Left panel shows typical droplet size distribution of oil underwater measured on May 10, 2010; Right panel shows the droplet size distribution of oil underwater measured on May 11, 2010.  Dispersant application commenced at 04:50 on May 10, 2010.  NOAA predicted rise times for dispersed oil to take 15+ hours.  Note the lower concentration of dispersed oil in the less than 60um fraction on May 11,2010 due to dilution.
Ultraviolet Fluorescence Analyses

A Shimadzu ultraviolet scanning fluorometer is currently in place at the BP Office at Port Fourchon to provide accurate estimates of the spectral characteristics of dispersed versus non-dispersed oil. This information will hopefully be obtained by analysis of 200 samples on May 12th and the complex spectra reduced to simple ratios of fluorescence emission at 340 nm divided by emission at 445 nm. With these ratios, we will attempt to define if oil collected in the samples is poorly or well dispersed.

When used in conjunction with the data on droplet size that has already been collected using the LISST laser particle counter, the results obtained with the fluorometer should provide a reasonably clear indication of the effect of dispersant.

The possibility of obtaining rapid feedback from fluorescence ratios measured onboard the R/V Brooks McCall awaits delivery of the two fixed wavelength fluorometers requested in the original science plan.

These preliminary results show that we could not detect a sub-surface plume of chemically dispersed oil at these stations.
Our results illustrate the capability of the LISST-100X to resolve particles in the size range expected for both physically and chemically dispersed oil.  
The possibility of obtaining rapid feedback from fluorescence ratios measured onboard the R/V Brooks McCall awaits delivery of the two fixed wavelength fluorometers requested in the original science plan.
