Particulate Absorption Analysis. 

1. Preparation Steps.

a. if you are not going to run the samples immediately, label small tissue teks for storage in liquid nitrogen dewer

b. if you are going to run the samples immediately, place a kim wipe in a glass Petri dish and wet with MilliQ water, cover with tin foil. This will hold six sample filters plus the reference filters 

2. Water sample processing.

a. 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. Don’t over tighten.

b. Check the level on the filter trap; it should be empty before you begin.

c. Check the pump pressure, the intake should not exceed 5 mm Hg when blocked, the outtake should not exceed 20 when blocked.

d. Gently swirl your sample three times in each direction, three times. Allowing sample to settle is one of the other largest sources of random error in the analysis. Shaking or vigorous swirling can break particle aggregates.

e. Spectrophotometric measurements require significant color on the filter compared to chlorophyll. Filter sufficient volume for dark color without resulting in very slow filtering or muddy looking filters.

f. Turn the vacuum dial off for each sample as it finishes, preventing air from being drawn through the filter.

g. Prepare 3 blank filters by filtering a volume of MilliQ water equivalent to the volume you filtered for your samples 

h. Place filters either in tissue teks or petrie dish in batches of 6. Do not fold and take care not to scrape material off filter with forceps. 

i. If storing, place in liquid nitrogen dewar immediately, otherwise collect 6 samples in petrie dish and begin processing in the spectrophotometer.

3. Reading samples on the Cary 3E Spectrophotometer.

a. Turn on computer

b. Start the scan program wait for it to open to scan window

c. Set sample compartment configuration to appropriate mode (i.e. no cuvette holders for filter pad measurements). Close doors and cover sample doors with black cloth to minimize light leaks.

d. Turn on spectrophotometer; you will hear it going through its set up steps, the computer screen will indicate what it is doing. Let the lamps and electronics warm up at least 15 minutes.

e. Define set up parameters, click on Setup button on left of screen

i. Cary Tab

1. X-Mode: Mode Nanometers, start 900 nm, stop 250 nm

2. Y-Mode: Mode Abs, Ymin = -0.01, Ymax = 0.01 (for zero and blank pad scans; 0, 2.0 for baseline scan; -0.01, 0.5 for sample scans) 

3. Cycle mode: leave unchecked

4. Scan Controls: ave time = 0.1 s, data interval = 1.0 nm, scan rate = 600 nm/min

ii. Options Tab

1. SBW/Energy:  SBW(slit band width) = 2nm, Beam mode = double

2. Signal to Noise: leave unchecked

3. Source: select UV-Vis, source changeover = 350 nm

4. Display options : Overlay data (this doesn’t seem to work anymore)

iii. Baseline Tab

1. Correction:  select Baseline correction, 

2. do not use old baseline file, you will run one for each batch run

iv. Reports Tab

1. I don’t fill any any of this data because I don’t really use the program reports, I keep all info in my lab book.

2. Options:  select all Traces

3. Autoconvert: VERY IMPORTANT to select for ASCII (csv) otherwise you will have to convert each file individually later!

v. Auto Store Tab

1. Storage:  select storage on (prompt at end) this allows you to look at the scan before saving it

vi. Click ok to set settings

vii. File>Save Method As  save in the folder you are working under. You can then recall it next time.

f. If you are working with frozen samples, 

i. remove 6 at a time from the dewar

ii. Prepare the Petri dish as in step 1b.

iii. put a drop of MilliQ water on the Petri dish lid (dime sized) and place a sample filter on the water. It should soak up most of the water, put in Petri dish on the wet kim wipe. Do this for the 3 blank filters and 6 sample filters. They are now ready to run.

g. Tape the 1.0 Optical density quartz filter on the left reference window (back side of chamber).

h. Place one of the blank filters on the right side 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.

i. Click on Baseline button to left of screen. This will collect the baseline scan that will be used for all the samples in this run.

j. When scan is complete, click on run. This will be what we call the zero scan (zero_p).You will be prompted for a sample name at the beginning of the run and you will be prompted for a file name at the end of the run (browse to a folder to store you data). I usually make them the same so I can keep track of where I am. 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). Note that you will never use the automatic zero option (Zero button on left side of screen). We do the zero subtraction later because having a bad zero removed from the data prevents you from retrieving original data.

k. remove baseline filter and replace with one of the blank filters, click on run. This is the first blank filter (blank_p1). It should look very similar to the zero scan. Repeat with the second blank filter (blank_p2). If these blank scans exhibit significant variations from the zero, rerun baseline until you get good results. Check the filter orientations.

l. Run sample filter pads in same way, naming files as appropriate with type as apt for total particulate absorption or replacing the t with the letter code for size fractionation (since we are not doing size fractions you can leave the t off the file names).

4. Methanol extraction procedure (Kishino et al. 1985. Bull Mar Sci)

a. Place filters back in the filtration rig and replace cups. 

b. Gently pour ~10ml hot methanol on each filter. Allow to sit for a few minutes before filtering through. Repeat then rinse with ~20 ml RO water.

c. This step extracts the algal pigments from the cells while leaving the other particulate material behind. Try to minimize dislodging the particles from the filter.

d. Rescan filters in the spectrophotometer as above (the names will now be att where the first t indicates a tripton measurement, short for non-algal particles, nap). 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 leave for 15 minutes. Rinse and re-scan. 

e. If the samples are rich in cyanobacteria they will have lots of phycobilipigments which do not extract in methanol. These pigments absorb in the 490 to 630 nm range. Instead extract with boiling water.

f. dispose of filters unless there is something unusual about them in which case photograph them as a record (usually before extraction).

5. Calculations.

a. Remove files from the computer.

b. calculate absorption from the optical density with the following equation:

ap  or anap (m-1) = loge(10)*100* filt(ml), Aeff(cm2))  EQ \F(OD() – ODnull,b  ) 

where loge(10) converts the log10 optical density to natural log (~2.303), 100 converts cm-1 to m-1, OD() is the optical density measured by the spectrophotometer at wavelength , ODnull is the offset observed in the red region of the spectrum (= average OD from 750 to 850 nm, should be spectrally flat),  is the pathlength amplification factor which accounts for the average distance a photon travels through the filter (=2, Roesler 1998, Limnol. Oceanogr.) , 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).

c. calculate the standard deviation optical density spectrum from the blank and zero scans, OD(), and compute the standard deviation absorption for each sample:

a (m-1) = loge(10)*100* filt(ml), Aeff(cm2))  EQ \F(sOD(l),b  ) 

Note that this will be different for each sample because of the differences in Vfilt. This is used to place error bars on the computed absorption.

References on the quantitative filter pad method:
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References on particulate absorption and separation of phytoplankton and non-algal particle components:
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