 
Mitchell Lab/Scripps Photobiology Group (SPG) Particulate Absorption (ap) Protocol
QFT Measurement of Particulate and Detrital Absorption (ap)(ad)
The “Quantitative Filter Technique” (QFT) is designed to measure the spectral absorption by aquatic particulates.  Particles are first collected by filtration on to the surface of a glass-fiber filter.  The absorbance by all particles (= ap) is determined by measuring the sample filters within a standard laboratory spectrophotometer.  After measurement, the sample filters are extracted in methanol to remove phytoplankton pigments (“Kishino” method), and then re-measured in the spectrophotometer.  This yields the “detrital” (actually non-pigmented) absorption component (=ad).  The phytoplankton-specific absorption coefficient (aph) is then calculated as the difference ap – ad.
Further details relating to the method can be found in the following references:
Kishino, M. N. Takahashi, N. Okami and S. Ichimura.  1985.  Estimation of the spectral absorption coefficients of phytoplankton in the sea.  Bull. Mar. Sci. 37: 634-642.
Mitchell, B. G. 1990.  Algorithms for determining the absorption coefficient of aquatic particulates using the quantitative filter technique (QFT).  In: Ocean Optics X., R. Spinrad (ed.).  SPIE.  Bellingham, Washington.  pp. 113-118.
Bricaud, A. and D. Stramski.  1990.  Spectral absorption coefficients of living phytoplankton and non-algal biogenous matter: A comparison between the Peru upwelling area and the Sargasso Sea.  Limnol. Oceanogr. 35: 562-582.
 
Ap Sample Preparation
Materials and supplies
	25mm Filtration setup
	Forceps
	GF/F filters (25 mm)
	pasteur pipets

	Eyedroppers
	Filtered Seawater (FSW)
	100% MeOH (for ad extraction)
	Labeling tape

	Petri dishes (for running fresh)
	Histopreps (for freezing)
	Sharpies or pencils
	 


Procedure
· Collect water samples, maintain in the dark.
· For each sample, place a GF/F filter onto the filtration rig. If you will be running the samples fresh, also prepare two blank GF/F filters by soaking them in FSW during the sample filtration.  One method is to put two blank filters on the filtration rack and add 25 +/- ml of FSW, and keep the valves closed while your samples filter.  When the samples are done, open valves to let water pass through the blanks.  [see Note #1 below]
· Filter samples on to GF/F filters under low vacuum (~5 in. Hg) in dim light.  Filter enough material so that the color of the GF/F is light to moderate green/brown, the actual amount required will depend on the concentration of your sample [see Note #1 below].  Be certain to keep track of the volume filtered for each sample!
· Do not let the preps run dry on the filter rig.  Turn off the vacuum to each position as it completes filtering.  If you are busy with other samples, turn off the valve just before it goes dry, and then when ready to remove the prep, re-open the valve and complete filtration.
· After filtration, place samples in the appropriate container depending on how they will be stored.
Storage
· FRESH:  If you will be running the samples fresh (within 24 hrs), store each filter in a labeled petri dish.  First put a small drop of FSW into each petri dish (too little water and the sample dries out, too much and the sample smears the perfect amount of water will leave a small drop in petri dish when you pick up filter.), then place the filter on top.  Wrap samples with aluminum foil to keep dark, and store in refrigerator (~4 deg. C) until analysis.
· LONG-TERM: If you will be running the samples at a later date, sample filters may be placed in histopreps and frozen in liquid nitrogen.  Label histopreps with all relevant information (e.g. cruise, station, sequence #, SPG bottle #, volume filtered) and put into a liquid nitrogen dewar.  In this case, you do not need to prepare blanks every time you prepare samples; just soak and freeze 1 pair of blank filters for each sample date.  Samples can be stored in liquid nitrogen for at least 1 year.
Kishino Method for Obtaining Detrital Absorption
· Only do this procedure AFTER the ap filters have already been scanned and saved on the spectrophotometer!  After preparing an ap sample with standard procedure (Sec. 12.2) and analyzing it on the spectrophotometer (Sec. 12.4):
· Place sample and blank filters back onto a 25 mm Gelman filtration tower.  Treat blank filters exactly as if they were sample filters.
· Add 5-10 ml (or fill to the level of the bottom rim of the Gelman filtration tower) of 100% methanol to each filter by gently pouring it down the sides of the filter funnel so as not to re-suspend any of the sample.
· Filter methanol through, close valves, add 5-10 ml methanol.
· Allow sample to extract in methanol for 1 hour.  [see Note #3]  Do not allow the methanol to go dry during the extraction period. 
· After extraction, turn on the vacuum and draw the methanol through the filter.  Rinse the sides of the filter tower twice with small amounts of methanol.  Last, rinse the sides of the filter tower two times with ~20 ml of filtered seawater.  When rinsing, be careful not to re-suspend the particles.
 
Notes: #1. If you are working with concentrated samples (e.g. lab cultures) and will be filtering only small amounts (e.g. 250 mls or less), then you should pre-soak both your blanks and sample GF/F filters before using them for ~ 1hr. in FSW to guarantee that the filters become saturated with water.
· Ideally, enough sample should be filtered so that the blue absorption peak will yield an optical density of  ~ 0.3 in the spectrophotometer.  For typical field samples collected in the upper 100-150 m, this will require filtering volumes in the range of 500 ml (near-shore) to 3000 ml (offshore).  For laboratory cultures, you will need much less (typically 5-50 mls).  As a rough approximation, the amount of volume to filter (Vf, liters) can be estimated if you know the Chl a concentration (Chl, ug/l) of your sample from the equation Vf = 0.5 [Chl]-0.7 .
· As an alternative to 1 hr. extraction, 3 successive ten minute extractions can be used.  At the end of each 10 min. extraction, filter through the methanol, turn off the vacuum, and add another layer of fresh methanol.  Do all rinses at the end of the third 10 min. extraction.  I have found this procedure often yields better extraction efficiency than the standard 1 hr. method, so if your samples still appear to have significant pigment absorption after extraction try this method.
· It is imperative to rinse sample and blank with FSW after methanol extraction because methanol extracted filters that are not rinsed dehydrate rapidly and cause baseline artifacts.
Ap/Ad Sample Analysis
After preparation, the sample filters are scanned in a spectrophotometer.  The following procedure is written generically for any (double-beam) spectrophotometer, for details of operating particular SPG instrumentation, specifically the Perkin Elmer Lambda-6 or the Varian Cary 1E/100, see SPG instruments protocol for software and instrument operation.
Materials needed
	Samples and Blanks GF/F filters
	FSW
	Spectrophotometer

	Pasteur pipets
	Petri dishes
	Labeling tape

	Forceps
	Ethanol
	 

	Filter mounting plates w/ quartz windows
	 
	 


Procedure
· Warm up spectrophotometer at least 10 min. (preferably 1 hr.) before running samples.
· If using frozen samples, remove filters from histopreps and place into pre-labeled individual petri dishes that contain a drop of FSW.  Allow to thaw (~5 min.) and store in refrigerator until analysis.  If you do not have frozen blank filters, prepare 2 blanks as outlined above in sec. 12.2.2.
· Clean the quartz face plates of the mounting device with ethanol.
· Set the appropriate instrument parameters.
Nominally, we use the following settings:
-          Instrument mode:  Absorbance                - ± .01 to start
-          Scan range:  300 to 800 nm
-          Scan resolution, (data interval): 1 nm
-          Scan rate (nm/min.):  600.000
-          Spectral bandwidth (SBW): 4 nm
-          Beam mode:  Double
-          Source:  UV-Vis
-          Source changeover (nm):  350.00
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Baseline and blank standardization for ap
· air vs air instrument baseline (nothing in sample compartment).  Press “baseline”.  Store sample as “air vs air instrument baseline”.  This is basically to make sure the instrument is working and that the air vs air scan looks
· air vs air sample baseline (nothing in sample compartment but run as sample).  Press “start” Store sample as “air vs air sample baseline”
· saturated gff blank vs gff blank instrument baseline...save this file as “gff vs gff inst. baseline”  Run instrument baseline (background) correction using the two blanks.  (Display - move - baseline)  This stores the baseline into memory, and it will be automatically subtracted from subsequent scans.  Immediately after baseline correction is finished and without touching the filters, run the two blanks as a sample scan to get a measure of the ‘true’ baseline.  This spectrum should be almost flat spectrally, and the magnitude should be less than (should be 0.0 +/- 0.005 or better (e.g. the gff method has noisier baseline than as).
· saturated gff blank vs gff blank sample baseline.  Mount two blank filters (one for sample beam, one for reference beam).  First, place a small drop of FSW on the center of quartz window, then slowly place the blank filter directly onto the drop.  Make sure no air bubbles are trapped between the filter and the window.  Place mounts into the spectrophotometer and press “start”  Store this file as “gff vs gff sample baseline”
Running Ap samples
· Remove the blank filter from the sample mount, and replace it with a sample filter (again, use a drop of FSW on the quartz plate to moisten the filter and hold it in place.  Run it as a sample scan, and save the file.  Keep track of which computer files correspond to which sample.  Repeat this
 
Notes:  It is important to keep your sample and referenced filter moist with filtered seawater.  The test for proper saturation is to lift the filter and confirm that there is a drop of FSW left on the mounting plate.  Upon placing the filter on the mounting plate, there should be a sheen on the surface of the sample, and a very slight “halo” of water around the edges of the filter.  Be careful not to have too much water, as the sample may wash away.  Saturated, but not swimming!
· No bubbles should be between the filter and the glass on the sample holder.  Test by examining the back of the filter on the mounting plate.  There should be a uniform layer of water between the filter and quartz mounting plate.  Bubbles will be obvious.  If they are present, pick up the filter with forceps, and place back on the plate with a slight dragging of filter across mount and FSW drop.  Check again.  Repeat until no bubbles.
· The blank reference filter will dry out over time, and needs to be regularly re-wetted with drops of FSW.  If your absorption signal deviates significantly (> ± 0.02 absorbance) zero in the infrared (750-800 nm), this often indicates a dry reference or sample filter.  Get into the habit of checking the reference filter after every 5-6 scans, and moistening it as needed.  Note that ad samples/blanks tend to dry out more quickly because of the MeOH treatment.
· How files are stored and named differs between instruments (for example, all Cary scans are numbered sequentially).  Just keep track of which files corresponds to which sample, and in comments line put as much information as possible.  For cruises, we have a specific naming scheme which needs to be followed to allow convenient processing: for Cary Spec, make sure to save as CSV file, name as: WSID_CruiseID_sampleNumber_replicationID.csv (e.g.: ap_ACE0103_1_a.csv)
· After running ap samples the filters can then be extracted with methanol to determine detrital absorption (see sec. 12.3.3).
· Filtered seawater rinse after methanol extraction is essential.
· Blank filters used for ap should be "extracted" with methanol on the filter rigs and rinsed exactly the same as samples.
 
Data Processing Procedure
Instrument Ap data is processed to a “Level 2” product using C# code which follows the logic shown below.
ap_ad_Calculate_Absorption_Coeff
/* This will calculate ad/ad for the given spectrum
* It will calc OD(Null) from the last 10nm (average).
* (if 790-800 value, otherwise 740-750/valid pts)
* Then switch to the algorithm desired for B correction.
*  Currently Mitchell90 is set as default.
*
 * ad/ap [m-1] = 100/log10(e) * A/B/V * [OD(lambda) - OD(Null)]
*
 * 100 - unit conversion from mL to m
* A - area of filter in cm2 from log
* V - volume of filered water in mL from WS_Detail_Log
*
 * B = [C1 + C2[OD(lambda) - OD(Null)]]^-1
*    C1 = 0.392  C2 = 0.655
 */
      B = 1.0 / (0.392 + 0.655*(OD - OD_Null));
      coeff = 100.0/Math.Log10(Math.Exp(1)) * Filter_Area_cm2 / Volume_mL;
      L2 = = coeff / B * (OD - OD_Null);
 
     
Level 2 data is then smoothed for a Level 3 product using a 16 point Savitzky-Golay noise (Numerical Recipes) filter.
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