[bookmark: _GoBack]Spectrophotometric Protocols for Particulate Absorption Analysis (modified from Roesler 1998)

1. Sample preparation
a. Immediate analysis:  place a Kim wipe in a glass Petri dish and wet with MilliQ water, cover with tin foil. This protects filter from contamination, light and desiccation.
b. Sample storage: label small tissue teks for storage in liquid nitrogen dewar 
i. remove tissue tek from the dewar
ii. Prepare the Petri dish as in step 1a.
iii. Place a drop of MilliQ water on the Petri dish lid (dime sized) and lay sample filter on top of the water. It should soak up most of the water; this serves to both thaw and moisten the sample filter. Place in Petri dish on the wet Kim wipe. Note that 4 reference filters (see below) should also be frozen to be used for baseline and blank filters. 
2. Water sample processing.
a. Pump:  Check the pump pressure, the intake should not exceed 5 mm Hg when blocked, the outtake should not exceed 20 mm Hg when blocked. This minimizes particle breakage.
b. Filter cup: Place a 25 mm glass fiber filter (size GF/F is nominal pore size of 0.7 μm) in each filter holder. Attach the filter cups ensuring that they are correctly seated to prevent water from passing around filter.
c. Sample:  Gently swirl your sample three times in each direction, three times. Allowing sample to settle is one of the other largest sources of error in the analysis. Shaking or vigorous swirling can break particle aggregates.
d. Filter volume:  Spectrophotometric measurements require significant color on the filter compared to fluorometric chlorophyll but not as much as chemical analyses such as CHN. Filter sufficient volume for a dark color without resulting in very slow filtering (which changes the effective pore size) or muddy looking filters (which results in self shading). You should be able to see the fibers of the filter. You are aiming for a sample load sufficient for 0.1 to 0.4 optical density values over the visible portion of the spectrum (400 to 700 nm).
e. Filtering:  Turn the vacuum dial off for each sample as it finishes, preventing air from being drawn through the filter and breaking particles.
f. Reference filters:  Prepare 4 reference filters by filtering a volume of MilliQ water equivalent to the volume you filtered for your samples. This minimizes the difference in filter pad optical properties between samples and references. One filter will be used for the baseline, the other three will be used to assess filter-to-filter variability.
g. Timing:  Samples decay rapidly so stagger filtration so that samples are either frozen or are scanned immediately after filtration. 
h. Do not fold and take care not to scrape material off filter with forceps. 
3. Spectrophotometric configuration
a. Verify that sample compartment configuration is set up for filter pad analysis (i.e. no cuvette holders). Close doors and cover sample doors with black cloth to minimize light leaks.
b. Turn on spectrophotometer; let the lamps and electronics warm up at least 30 minutes.
c. Define set up parameters, click on Setup button on left of screen
i. Wavelength range:  250-900 nm,
ii. Mode Abs:  set optical density range for  -0.01 to 0.01 for zero and blank pad scans; set to -0.01 to 0.5 for baseline and sample scans. 
iii. Scan Controls: average time = 0.1 s, data interval = 1.0 nm, scan rate = 600 nm/min
iv. SBW/Energy:  SBW(slit band width) = 2nm
v. Double Beam mode
1. Source: select UV-Vis, source change over = 350 nm
2. Set for automatic baseline correction ; run a new baseline for each batch run
4. Running samples on a dual beam spectrophotometer 
a. Reference beam:
i. Determine filter pad optical density. First time running QFT. Do not place anything in the reference beam; place one of the moistened reference filters on exit port of sample compartment (the moisture should adhere it to the compartment, if not moist enough, place a drop of MilliQ water on the Petri dish lid and allow filter to take up sufficient water to saturate). Scan the reference filter (with no baseline correction). Determine the average optical density value for the blank reference filter. That will determine which neutral density filter to use for your spectrophotometer. 
ii. Tape the appropriate neutral density filter on the entrance port of the reference beam. If the optical density of the reference filter measure in 4a was 1.0, use a 1.0 neutral density quartz filter (if the optical density was about 4.0, use a 4.0 quartz neutral density filter). This step is critical. It is necessary to balance the energy from both the reference and sample beams to maximize the resolution of the detected energy. Do not use a blank filter pad as the reference because it will be constantly changing in its optical properties as it dries or shifts.
b. Baseline scan: Place one of the reference filter pads on the exit port of the sample window taking care to orient the window exactly in the center of the filter. Press gently on the edges to ensure it is flat, it will be held in place by cohesion of the water. Run the baseline scan. The average value should now be less than about 0.5 because of the quartz neutral density filter in the reference beam.
c. Zero scan: immediate collect a sample run with the baseline filter in  place, without moving it. This scan quantifies the minimum error that can be achieved by your spectrophotometer as no changes have been made since the baseline. Because the baseline scan is removed from each sample scan, and you have not moved the baseline filter, this spectrum should be spectrally flat about zero. You will see greater noise in the near infrared and ultraviolet regions of the spectrum ( 0.005) but it should be much lower in the visible region (0.0005). Never use the automatic zero option for QFT. 
d. Blank scans:  remove baseline filter and replace with one of the three remaining blank reference filters and scan. Repeat with remaining two blank reference filters. These three blank scans will be averaged and the spectral standard deviations computed. The standard deviation spectrum provides quantitation of the filter-to-filter variability and the uncertainties associated with it. If these blank scans exhibit significant variations from the zero, rerun baseline until you get good results. They might exhibit some overall shifts due to variations in thickness but there should not be significant spectral trends.
e. Run sample filter pads in same way.
5. Obtaining non-algal particle absorption, anap, using the Kishino methanol extraction procedure (Kishino et al. 1985. Bull Mar Sci) as modified for phycobilipigments (Roesler and Perry 1995).
a. Place reference and sample filters back into filter cups. 
b. Heat water to boiling point and then pour in a large (~1L) beaker, filling ½ full. Place a Nalgene squirt bottle filled ¼ full of 100% spectral grade methanol, make sure the squirt bottle top is not tightly screwed on or as it warms the pressure will cause the methanol to squirt out! Allow to warm for 5 minutes, replacing hot water as necessary.
c. Gently pour/squirt ~10ml hot methanol down the side of the filter cup so that particles on the filter are not displaced. Allow the methanol to soak the filters from 10 to 30 minutes depending up sample resistance (fresh blooms and cultures appear to extract more easily than late bloom phytoplankton or detrital particles). Gently filter methanol through, add 10 ml fresh hot methanol and filter through, then rinse with 10-20 ml MilliQ water to remove the methanol from the filter. If you anticipate phycobilipigments, add 10 ml hot MilliQ water or phosphate buffer to extract the water soluble pigments (see 5f below).  
d. This step extracts the algal pigments from the cells while leaving the other particulate material behind. It is important to treat the samples gently to prevent dislodging the particles from the filter and more importantly, prevent particle breakage which will result in nap's washing through filter and underestimating non-algal particle absorption and overestimating phytoplankton absorption.
e. Rescan filters in the spectrophotometer as above. The spectra should decay exponentially from blue to red. If there is a residual absorption peak at 676 nm (chlorophyll peak), re-extract with hot methanol and rinse with water until peak is removed. 
f. If the samples are rich in cyanobacteria or other phycobilipigment-containing species, they will have lots of phycobilipigments which do not extract in methanol. These pigments absorb in the 490 to 630 nm range. To remove these pigment, perform an additional extraction  with boiling water (Roesler and Perrry 1995) and rescan  until the exponential absorption is observed (see 5c above).
6. Calculations.
a. calculate absorption from each optical density with the following equation:



where loge(10) converts the log10 optical density to natural log (~2.303), 100 converts cm-1 to m-1, D() is the optical density measured by the spectrophotometer at wavelength , Dnull is the offset observed in the red region of the spectrum (average D over the spectrally flat range from about 750 to 850 nm),  is the pathlength amplification factor. See below for details. Vfilt is the sample volume filtered in ml, and Aeff is the effective area of the filter covered by particulate material (for our filter rig that is =  1.12 cm2).
b. Compute the phytoplankton absorption spectrum from the difference between particulate and non-algal particle absorption, both of which were computed as in 6a


c. 

calculate the mean, , and standard deviation, , optical density spectra from the three blank reference scans, and then compute the standard deviation absorption for each sample:


Note that this will be different for each sample because of the differences in Vfilt. This is used to place spectral error bars on the computed absorption coefficients. The mean optical density spectra for the blank filters is generally negligible because of the way the baseline and reference filters are processed and thus is not subtracted from the sample scans. The variability of the three is used.
7. Pathlength amplification factor:  In these equations the pathlength amplification factor accounts for the difference between the geometric pathlength of photons through the a suspension (which is given by the Vfilt/Aeff ratio, essentially the height of a column of water of diameter equal to the diameter of the effective filter circle and total volume equal to Vfilt) and the optical pathlength of the photons through the filter pad. Because photons are scattered by the filter the opportunity for absorption is increased and must be accounted for. The average cosine of photon paths provides a model for the optical pathlength. Modeling the filter pad as diffuse scattering medium allows the average cosine of the photons to be computed, the value is 0.5, hence a ratio of 1/0.5 or 2.0 for the pathlength amplification (Roesler 1998, Limnol. Oceanogr.) . For filter pads with optimal particle loading, minimizing filter pad variability by treating reference filters similar to sample filters and ensuring adequate moisture, other sources of variation can be minimized and thus those sources are not confounded into the pathlength amplification factor.
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