Particulate Absorption Measurements

Water samples for measurement of absorption by particulate matter should be taken directly from the carboy (collected using the hand-held Niskin bottle or the CTD – see “Overall sampling procedure”).  If not sampled immediately, mix carboy well by inverting several times and store in dark.  Collect duplicate samples at each station: one to be analysed immediately on board ship, and the other to be stored in liquid nitrogen or the –80oC freezer for later analysis in Canada.

Sample preparation

1) Place 25 mm GF/F filter onto filtration rig. 

2) Filter water samples using a low vacuum (~ 125 mm Hg).

3) Filter a sufficient volume of water to yield an optical density between 0.05 and 0.4 after subtraction of the blank sample (you will get a feel for this after a few samples).  Filtration volumes are typically in the range 0.5 to 4 litres depending on phytoplankton concentration, and filtration times should not exceed about 40 minutes.  It is important to record the exact volume filtered each time, so use a measuring cylinder.  Try to filter as much as possible, especially in open-ocean, Case 1 waters.

4) Do not let the preparations run dry during filtration.  Turn off the vacuum to each sample as it completes filtering. 

5) Prepare a blank GF/F filter by soaking it in ~25 ml of 0.2 m filtered seawater while mounted on the filtration funnel (with valves closed).  Filter through after sample filter has been processed (one blank per day is sufficient).

6) Place one filter (to be analysed immediately) on a drop of 0.2 m filtered seawater in a labelled petri dish in the fridge in the dark.  Place the other filter in a labelled cryovial, taking care not to touch the filter by hand or to crease it (curve it around the inside of the vial), and put immediately into liquid nitrogen.  Label both samples using the pre-numbered labels, ensuring that all samples from one station get the same number.  

7)  Record the diameter of the coloured part of the filter (or the internal diameter of the filtration funnel) and volume of water filtered.

Spectrophotometric Measurement Procedure

1) Turn Cary spectrophotometer on by turning on computer and monitor, go to Start Programs, click on CARY WinUV, then click on Scan.  Warm up the spectrophotometer for 30 minutes.

2) Open Scan method file (File: Open Method – go to JAMSTEC folder, absorption sub-folder and open absorption_method.MSW).  The parameters should be correctly specified, but you can check using the various tabs on the Setup button (see page 4-76 of CARY Operation Manual for details).  We use wavelength range 350-750 nm, Y axis range 0-0.6, scan speed = medium, no baseline correction, enter your name in the reports tab, autoconvert files to ASCII (csv).

3) Mount the blank filter directly onto the mylar sheet (taped to the side of the spectrophotometer close to the detector) with a drop of 0.2 m filtered seawater.  Be careful not to use too much water (sample may wash away) but ensure proper hydration!  Dab filter on Kimwipes if too wet. Ensure there are no bubbles behind filter and place the middle of the filter over the opening to the detector (you can faintly see the opening through the mylar sheet).  Replace mylar sheet if dirty or worn.

4) Click “Zero” then click “Start” (traffic light) and run the blank filter as a sample. The CARY spectrophotometer does not have an integrating sphere attachment (to collect reflected light) so the spectra are a little noisy when measuring filters.  To compensate for this, we will measure each spectrum 10 times.  Save scan as PB followed by ID number (PB = Particulate Blank) followed by the number of the scan (1 to 10).  For example, the third scan from a blank sample with ID number 113678 will be labelled PB113678_3.  Make sure you save the files into the correct Leg of the cruise (there are sub-directories for Legs 1 to 6).  You will have to enter the filename twice (scan run and sample name).  Re-scale Y-axis using the vertical “double arrow” icon on task bar. 

5) Remove blank filter and replace with sample filter ensuring proper hydration.  Measure the sample OD spectrum 10 times and save in a digital file.  Save files as PS plus ID number (PS = Particulate Sample) plus number of scan as before.

Removing Pigments

1) Replace sample and blank filters on the filtration system

2) Add ~10 ml of 100% methanol to filters (sample and blank) by gently pouring down the side of the funnel to minimise re-suspension.  Let stand for 1 min. then filter through.

3) Close valve and add another 10 – 15 ml methanol and let stand for ~1 hour.  Cover funnel with foil to minimise contamination during extraction.

4) Draw methanol and dissolved pigments through.  Rinse sides of funnel with methanol, draw though again, then rinse twice with ~ 20 ml 0.2 m filtered seawater. 

5) Pigment extraction is complete when the 675 nm chl-a absorption peak is not present in OD spectrum.  If present, repeat with successive short (10 min) extractions.

6) Measure OD spectrum of the blank and the de-pigmented samples 10 times each on the spectrophotometer, as before.  Label samples DS plus ID number plus scan number, where DS = Detritus Sample.  The blank samples should have the prefix DB (Detritus Blank).

Backing up data

Approximately twice a week, back up all data files onto a CD-ROM.  See section entitled “How to create a data CD-ROM”.  

Calculation of Absorption Coefficients (for interest)

Unfortunately the CARY spectrophotometer uses a comma instead of a decimal point, so this can cause complications when trying to import the comma separated ASCII files into an Excel spreadsheet (they are actually stored as semi-colon (;) separated ASCII files, with a comma instead of a decimal point).  To obtain the mean of the 10 scans, the files can be opened in WordPad, use edit replace to replace all the commas with a decimal point.   Change the file extension (e.g. to CSV2), then open the file in Excel and define the delimiter (;).  For each sample, calculate the mean of the 10 blanks and subtract it from the mean of the 10 sample readings.  This will give you ODfp.   Repeat for the de-pigmented samples.  

To compute particle absorption ap() in suspension from spectrophotometric ODfp measurements on a filter, it is necessary to adjust the optical pathlength. This includes substituting the geometric optical path length of the particles in suspension, and a scaling factor , to account for pathlength amplification due to scattering by the filter. The geometric absorption pathlength is given by:
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where V is the volume of water filtered (m3) and S is the clearance area of the filter (mm2) calculated from the diameter of the coloured part of the filter containing particles.  

The absorption coefficient of filtered particles must be corrected for pathlength amplification and the equivalent absorption coefficient in m-1 in suspension is computed as:

ap() = 
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where 2.3 is the conversion factor for transforming decimal logarithms to natural logarithms, ODfp() is the measured optical density of the sample filter (mean of 10 measurements), ODbf() is the optical density of the blank filter (mean of 10 measurements), OD750 compensates for baseline offsets and  is a quadratic function used to correct for pathlength increases due to multiple scattering in the filter.  We use the quadratic equation proposed by Hoepffner and Sathyendranath (1992):

 = 0.31[ODpf()]+ 0.57[ODpf()]2
This is suitable for most types of phytoplankton cells, but if high numbers of small cells such as Procholorcoccus sp. are present, the quadratic equation of Moore et al. (1995) should be used ( = 0.291[ODpf()]+ 0.051[ODpf()]2 ).  Some authors use a weighted correction depending on species composition, as determined by the proportion of divinyl chl-a – see Kyewalyanga et al., 1998.

The de-pigmented particle absorption coefficients, 
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(), may be calculated in the same way.  The spectral absorption coefficient for phytoplankton, a (), can then be obtained by subtracting the absorption coefficients of detritus 
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(), from the total particulate absorption spectrum, ap().  

a () = ap() - 
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Pigment specific absorption coefficients of phytoplankton can then be calculated by dividing absorption by chl-a concentration (Turner or HPLC).

Note:  In the literature, you may notice that absorption by algal cells can be designated in a number of different ways e.g. aph (phytoplankton) or aor aa (algal cells).  Similarly, non-pigmented particles can also be designated as an, ad (detritus) or anap (non-algal particles) etc.  

Queries:  Contact Dr. Venetia Stuart,  Bedford Institute of Oceanography, NS, Canada

Email: vstuart@dal.ca
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