ZO 419L / 519L Exercise Guide Sheets

Fall 1998


Chlorophyll Concentration
Pigment Extraction
We will measure acetone-extracted chlorophyll-a in Yates Millpond samples. You will recall that the 0.45 m pore filters used to collect phytoplankton from lake water were put in scintillation vials for frozen storage. Yesterday, 10 mL of buffered 90% aqueous acetone were added to each vial and the vials were placed in a refrigerator for extraction of pigments. The 10 mL of acetone that was added to the vial with its dissolved chlorophyll is termed “the extract.”

The instrument we will use to measure chlorophyll concentrations is a Turner Fluorometer  Model 111. Fluorometers work by illuminating a sample with blue light, which induces chlorophyll (and a few other pigments) to fluoresce at a red wavelength. The emitted red light is measured by a wavelength-specific photosensor and photomultiplier tube at right angles to the illumination  light path. A colored filter is placed in front of the illuminator to help exclude wavelengths above the blue range, and another filter is placed between the sample and the red-detecting photosensor to help exclude wavelengths below the red range. This reduces errors from scattered light and stray fluorescence at other wavelengths. The fluorometer can accurately measure the very small amounts of Chl-a in the small sample volumes we collected.

Fluorometer Calibration

With the series of concentrations of pure chlorophyll standards provided by your TA, determine the slopes of the lines relating fluorometer readings to chlorophyll concentrations. Read the fluorescence of at least three standard concentrations at each door setting. Door setting refers to the four differently sized holes in a sliding plate inside the fluorometer (the "door") to increase or decrease the intensity of illumination. The bigger three apertures are approximately 3X, 10X and 30X the size of the smallest (1X). 

Readings in midscale of the fluorometer rotor are more accurate, so adjust the door setting until the sample fluorescence falls into the 15% - 85% range. Be sure to record the door setting with each fluorescence measurement. Dilute the calibration standard stock solution of chlorophyll so that it fluoresces at three different levels for each door setting. The lowest concentration at the10X door setting may also serve as the highest concentration at 3X, etc. Remember to keep track of dilution concentrations (1/10, 1/100, 1/1000, etc., for each standard measurement during calibration.

Plot the three fluorescence readings against calculated chlorophyll concentrations for each of the four door settings, and determine the slope of the best fit straight line by regression with Excel.  If the intercept of a calibration line is very much different form 0, let's look a the data before you begin to use the slope estimates. These slope values will be used to calculate chlorophyll concentrations in the Yates Millpond extracts.
Measuring Sample Fluorescence
The extract should be cleared by centrifuging for 20 min and 5 mL decanted into a small, clean, test tube that serves as a fluorometer cuvette. If the fluorometer reads higher than 85% at the 1X door setting,, transfer 1 mL of the cleared extract into another test tube, add 4 mL of 90% aqueous acetone, and read fluorescence again. If the smallest door opening still reads more than 85, make up a dilution of 0.1 mL of the original chlorophyll extract to 4.9 mL of aqueous acetone and try again. Carefullly record all dilution steps and door settings with the final fluorometer reading.

Phaeophytin Fluorescence
Phaeophytin-a (Phe-a), a pigment produced when the Mg++ ion is lost from Chl-a, also fluoresces red and is included in fluorometer readings. We want to distinguish phaeophytin from chlorophyll fluorescence, not only for accuracy, but also because useful information is provided by the ratio of phaeophytin to chlorophyll concentrations in the original lake sample. A high, recent algal death rate in the pond, as for example due to bloom die-back or heavy grazing pressure, will produce a low ratio of chlorophyll to phaeophytin in samples. Conversely, actively growing algal populations with low death rates, such as occur early in a bloom or when grazers are sparse, will be associated with high ratios of chlorophyll to phaeophytin. Therefore it is important to avoid converting chlorophyll which was sampled from the lake into phaeophytin before samples are analyzed.

Conversion of chlorophyll to phaeophytin can result from careless sample handling, such as leaving the extract exposed to strong light for more than a few seconds. Spontaneous degradation of extracted chlorophyll will also occur quickly if pH falls below 7. Therefore, we buffered the field filters with saturated MgCO3 to keep both pH and magnesium concentrations high.

A given amount of chlorophyll fluoresces more strongly than the same concentration of phaeophytin, and this drop in fluorescence is used to estimate the original ratio between the two pigment forms. By lowering the pH of the extract after an initial reading, we will convert all the chlorophyll to phaeophytin. We immediately read fluorescence again, and the decrease (if any) will be proportional to the ratio of chlorophyll to phaeophytin in the original extract.  The greater the original percentage of chlorophyll, the bigger the drop in fluorescence after acidification.

When you calibrate the fluorometer with standards of known chlorophyll concentration, you will also determine the proportional reduction in fluorescence which occurs when you acidify the standards. We assume that all the pigment in the standard is in the form of chlorophyll. The ratio FB/FA represents the fluorometer’s relative sensitivity to chlorophyll and phaeophytin, and is used in the equation for estimating the original chlorophyll to phaeophytin ratio in the extracts.

Calculating Chlorophyll Concentration in the Pond

We will use a prepared spreadsheet from Dr. Burkholder's lab to do these calculations.  I will add a supplement after studying the steps represented by the spreadsheet so you can see what has been done to the raw data.  For the complete calculation, it is essential to know the pre- and post-acidification fluorescence (for estimation of chlorophyll concentration in the test tubes), the volume of extract and of acetone added to each test tubes, the total volume of the extract in the scintillation vial, and the exact volume of pond water that was drawn through the filter.

Using the Data

These data will provide opportunities for you to test hypotheses that chlorophyll concentration is correlated with nutrient concentrations, that the rate of light attenuation is proportional to phytoplankton biomass, as represented by chlorophyll, or that density of grazing zooplankton is correlated with algal biomass.  It will also allow you to rank Yates Millpond on the state's scale of water quality, based on chlorophyll concentrations.  Greater than 40 g L-1 average during the growing season makes a lake "nutrient-sensitive" and triggers regulatory action to reduce nutrient loading from its catchment.
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