Lab 3: particle absorption and pigments




5 July 2007

SMS 598:  Application of Remote and In-situ Ocean Optical Measurements to Ocean Biogeochemistry

Station 1

A)  Spectrophotometric measurement of particles in Damariscotta River Estuary water and phytoplankton cultures with bench-top spectrophotometer to determine:

total particulate absorption coefficient (apart()), 

phytoplankton pigment absorption coefficient (aphyt()), and 

non-methanol extractable absorption coefficient (aNAP()).

Total particulate absorption coefficient (apart()) will be compared with similar values measured with ac9 or acs (Station 2, today’s lab).

B)  Spectrophotometric scans of acetone extracts of a phytoplankton culture and particles in Damariscotta River Estuary water. 

C)  Microscope examination of particles and cells in Damariscotta River Estuary water and cultures.

Laboratory Safety Issues – Methanol, 90% acetone and 10% HCl are used in this laboratory.  Open solvent containers ONLY under the hood.  Wear goggles and gloves when handling solvents and acids.  See MSDS sheets for hazardous chemicals. General laboratory safety.

A)  Goals for Particulate Absorption Coefficient Lab – be able to discuss

Blanks:
how variable are blanks?

between/among replicate scans or different filter pads?



does filter orientation make a difference?



does type of water (Milli-Q vs. filtered seawater) make a difference?



does volume of  filtered seawater passed through filter pad change blank?



does the choice of null wavelength to correct baseline make a difference?

Particles:
is Absorbance vs. volume filtered linear?


does volume filtered make a difference?


does wavelength make a difference?


does absolute magnitude of Absorbance make a difference?

Instrument:
is Absorbance the same on all spectrophotometers?

does the integrating sphere change the measured Absorbance?

Methanol:
does hot methanol remove the 676 nm absorption peak?

does the time of extraction matter?

is removal of the peak more complete in the culture or estuary sample?

Calculation:
convert from Absorbance (base 10) to absorption coefficient (base e; (units of m-1)) and account for pathlength

do filter pad measurements of total particulate absorption coefficient (apart()) agree with ac9 measurements?

Introduction

The particulate absorption coefficient can be resolved into a phytoplankton component (phyt; primarily pigments) and a non-pigmented, absorbing particle component (NAP), a term introduced by Babin et al. (2003).   NAP should be considered as absorption of non-methanol extractable materials, because water-soluble pigments such as the phycobilins are not removed from the filter pad by methanol.  Absorption coefficients are additive, hence:

a part ()      =  a phyt ()   +  a NAP ()





. 

NAP particles are composed of suspended inorganic mineral particles (min), organic particles including detrital material and non-phytoplanktonic living organisms (d), and non-methanol extractable pigments such as phycobilins (other, typically assumed to be insignificant):


a NAP()   =  a min ()   + ad ()
 + a other()




.

In practice, is difficult to physically separate these subcomponents; we will not attempt to do so.   (N.B.: in older literature, the term detrital absorption, ad, was commonly used in place of non-algal particles, aNAP, and should not be confused with the ad term above which does include living and non-living detrital organic matter.)

The phytoplankton coefficient can be further resolved into a photosynthetic pigment absorption coefficient (PS) and a photoprotectic pigment absorption coefficient (PP) using a chlorophyll a fluorescence excitation method (which we will not explicitly do):


a phyt()   =  a PS ()   + aPP ()








Quantitative filter technique (qft) 

Divide into three Groups (3 students per group)


Group I and III – Cary 50 with Mary Jane Perry

Group II 
 – Cary 3E with Mike Sauer 

Group I protocol ​–  collect fresh seawater from the dock

1.
Filter seawater through G/FF filter pad.  Filter two replicates for each of three volumes as directed (you will have a total of six filter pads).

2. 
Place the filter pads on moist Kimwipes in a Petri dish; note and record position of filters.  Don’t scrape filtered material off the pad; hold with forceps by the clean edge only.

3.
On Cary 50 spectrophotometer, scan each filter pad and record individual spectrum between 300 and 800nm; if you rotate the filter, does the reading change?

a.  
air

b.  
Milli-Q blanks (3 filter pads) – obtain from Group III

c. 
dock (6 filter pads)

4.  Save one Milli-Q blank and the two filters from one of the volumes filtered for the Kishino methanol extraction:

a. 
put the blank and two filters on filter rack under hood – with no vacuum

b.   add about 15 mL of hot 100% methanol


c.
wait about 10 minutes, turn on vacuum, and rinse filter with filtered seawater, including under filter cup flanges

d.  
carefully remove filter (it will be easy to tear) and rescan.

Group II protocol –  phytoplankton culture, Isochrysis galbana 

1. Filter culture through G/FF filter pad.  Filter two replicates for each of three volumes as directed (you will have a total of six filter pads).

2.  Place the filter pads on moist Kimwipes in a Petri dish; note and record position of filters.

3.  Repeat for an additional set of six filter pads; give second set to Group III.

4.
On Cary 3E spectrophotometer, scan each filter pad and record individual spectrum between 300 and 800nm; if you rotate the filter, does the reading change?

a.  
air

b.  
Milli-Q blanks (3 filter pads) – obtain from Group III

c.
culture (6 filter pads)

5.  Save one Milli-Q blank and the two filters for the Kishino methanol extraction:

a. 
put the blank and two filters on filter rack under hood – with no vacuum

b.   add about 15 mL of hot 100% methanol


c.
wait about 10 minutes, turn on vacuum, and rinse filter with filtered seawater, including under filter cup flanges

d.  
carefully remove filter (it will be easy to tear) and rescan.

Group III protocol – chlorophyll a concentration and preparation of blanks

1. Obtain water from Groups I and II for later analysis of chlorophyll a concentration (in Friday’s lab).  Filter triplicate samples of fresh dock water and culture – volumes as directed (you will have a total of six filter pads).

Place filter in tube with 5 mL of 90% acetone.  

Record tube number.  

Place tube in freezer for 24 hours.

2. Prepare blanks for today’s lab (you will have a total of 9 Milli-Q filter pads and 3 seawater pads):

a. Milli-Q blanks – filter 100 mL Milli-Q water through each of nine filters.

Put three filter pads on moist Kimwipes in a Petri dish and label dish as Milli-Q blanks.  Give a set of blanks to Groups I and II.

b. Filtered seawater blanks – filter 25, 100, and 250 mL of filtered seawater through each of one filter pad.  

3.
On Cary 50 spectrophotometer, scan each filter pad and record individual spectrum between 300 and 800nm; if you rotate the filter, does the reading change?

a.  
air

b.  
Milli-Q blanks (3 filter pads)

c.   filtered seawater blanks (3 filter pads)

d.
culture (6 filter pads) – obtain from Group II

4.  Save one Milli-Q blank and the two filters for the Kishino methanol extraction:

a. 
put the blank and two filters on filter rack under hood – with no vacuum

b.   add about 15 mL of hot 100% methanol


c.
wait about 10 minutes, turn on vacuum, and rinse filter with filtered seawater, including under filter cup flanges

d.  
carefully remove filter (it will be easy to tear) and rescan.

Data analysis for quantitative filter technique 

(QFT, sensu Mitchell, 1990, Pegau et al., 2002, and Roesler, 1998):

The basic equation for calculating a, the absorption coefficient (m-1), from Absorbance measured on the spectrophotometer is:

a part ()     =      2.303 * 100     * { Apad()  - [Ablank()  -  Anull(“”)]}   

           pathlength * 
Absorbance is multiplied by 2.303, as you did for the Tuesday lab to convert from log base10 to natural log, to compute the absorption coefficient.  
A null value – essentially an offset – may need to be applied if the filters vary considerably in water content (hydration) or manufacturing.  See Pegau et al. (2002) for an extensive discussion of “issues” with selecting a null wavelength where theoretically absorption is zero or negligible.  You may take the mean Absorbance between 730 and 750 nm for “” in Anull  (or, you can investigate expanding the range or shifting the range).

The optical pathlength of particles on the filter is equivalent to the pathlength, as if the particles were in suspension: 

pathlength    =       Volume filtered   ( cm3)
 







       Area of the filter   (cm2)

Area is calculated from the diameter of the portion of the filter that actually collects the particles; a high quality caliper is used to measure the diameter. For this equation, the pathlength is in cm, hence, the factor of 100 in the numerator to convert from cm to m. 

As well as collecting particles, the glass fiber filter also provides a highly diffusing environment for the spectrophotometric measurement, and increases the effective or geometric pathlength that photons travel between the source and detector.  The consequence is higher photon absorption (on the order of a factor of two).  The pathlength amplification parameter is termed the correction factor (Mitchell, 1990). At high pad loadings the correction factor approaches 2.0, for theoretical reasons discussed in Roesler (1998).   Cleveland and Weidemann (1993), equations below, determined an Absorbance dependency of the path amplification that they found to be wavelength independent; this relationship replaces the correction factor in the first equation:

A-corrected ()  

= 0.378 {Apad() – [Ablank() – Anull(“”)]} + 0.523 {Apad() – [Ablank() – Anull(“”)]}2
 

a part ()     =      2.303 * 100     *   A-corrected ()  


              pathlength 

a part () – is measured by first collecting particles from seawater on a G/FF (i.e., fine glass fiber filter).

a NAP () –
is measured by removing all methanol-extractable pigments with hot methanol (Kishino et al., 1985); the residual absorption is due to non-pigmented organics, minerals, and non-methanol extractable absorbing organic material.

a phyt () –
is measured by difference between apart ()  and aNAP ().


B)  Goals for spectrophotometric scans of acetone extracts of phytoplankton pigments     – be able to discuss

In extracts, what absorption peaks are common among all spectra?

How do whole cell spectra vary from acetone extracts?

Protocol for all Groups:

Extracts of phytoplankton pigments in 90% acetone have been prepared from cultures and water samples from the Damariscotta River Estuary.

USE GOGGLES and 1-cm cell.

Run 90% acetone blank and store to correct baseline.

Transfer an aliquot of an extract and run scan.

Add drop 10% HCl and rescan.

Rinse cell WELL with acetone to remove acid.

Run remaining extracts.

C) Goals for Microscope demo  –  see the “little Dears”  
When you can, take a look under the microscope at cultures and field samples.

Assignments

Coordinate with the other two groups with whom you simultaneously worked and make sure that the following questions are answered and that data from BOTH the culture and the Damariscotta River Estuary sample are included:

1. Correct blanks by subtracting the null Absorbance. How does the null absorbance vary from sample to sample? Does the choice of null wavelength(s) matter?
2. How variable are the blanks?  What is the SD for the three Milli-Q water blanks within your group.  Combine all data (9 filters); what is the SD for all the Milli-Q blanks ?

3. Are the filtered seawater blanks the same as the Milli-Q blanks?  Is there a trend with volume of seawater filtered?

4. Select a wavelength maximum (e.g., 440 nm) and a wavelength minimum (e.g., 555 nm).  Plot Absorbance vs. volume filtered.  Are the plots linear?  If not, any ideas why not?

5. Compare Absorbance values of culture measured on spectrophotometers with and without the integrating sphere.  Your answer will determine whether, in question #6 below, you apply the  correction factor to data from the integrating sphere.

6. Calculate apart () for the culture and the Damariscotta River Estuary sample using two methods for the  correction factor and consider why they (dis)agree:

a.  2.00, with uncertainty calculation (Roesler, 1998) 
b. with an Absorbance-dependence (Cleveland and Weidemann, 1993); see equation above for A-corrected ().

7. Calculate aphyt ()  and aNAP () for the Damariscotta River Estuary sample. 

8. Calculate aphyt ()  and aNAP () for the culture.   How does apart () compare with aphyt ()? 

9. What is the effect of a 5% error in the measurement of the filter area diameter?  Simulate the calculation; A = r2.

10. Compare aphyt () from the spectrophotometer with aphyt () from the ac9 or acs for the culture and the Damariscotta River Estuary sample.

11. Compare the spectral shapes of the 90% acetone extract of spinach, culture(s) and Damariscotta River Estuary sample.  What are the major differences?  (hint:  normalize the spectra to 676 nm).

12. Compare the spectral shape of the 90% acetone extract of the culture and the Damariscotta River Estuary sample with that of the corresponding  aphyt () by normalizing both spectra to the red peak. How similar and different are they?  Why are they different?

13. How does acid change the spectral shape of the acetone scans? Note the change in absorption at 412 nm and 676 nm.  NB: pheopigments have 54% of chlorophyll a absorption at 676 nm.
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Equipment and supplies

Spectrophotometers:  two Cary 50 and Cary 3E with external integrating sphere 

Samples for particulate absorption: dock water and culture of Isochrysis galbana
2-L bottle for dock water sampling

Filtered seawater for blank, Milli-Q water for blank 

Squirt bottles for filtered seawater 

Three filtration racks, traps, vacushields, pumps

One filtration rack and pump under hood – for Kishino method (use CDOM rack)

50-mL, 100-mL, 250-mL graduate cylinders

G/FF filters, forceps

Petri dish with moistened Kimwipes – 4 for blanks, 3 or 6 for samples

Calipers – need to measure inside diameter of filter funnel 

100% methanol in squirt bottle, beaker for hot water to heat, MSDS sheets, waste bottles

Goggles and gloves for use when handling methanol and acetone

Extracts – spinach, dock water, Isochrysis galbana, other cultures (from Scott)

Other supplies, 1-cm spec cell, transfer pipette, waste beaker, dropper bottle HCl

Chlorophyll a – tubes with 5 mL of 90% acetone (12 total)


Microscopes – equipfluorescence and Normarsky













