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5 - Chlorophyll Analysis Lab. 
 
Objectives: To determine the chlorophyll a concentration.  
 
Introduction: Chlorophylls are the essential photosynthetic pigments present in all green 
plants and algae, and allow them to convert sunlight into organic compounds in the 
process of photosynthesis. Structurally, Chlorophylls are cyclic tetrapyrroles containing a 
central magnesium atom and  long hydrocarbon (phytol) "tail." 

 
Fig. 1 The chlorophyll a molecule, consisting of a porphyrin ring, a chelated magnesium molecule in 
the ring, and a long hydrocarbon (phytol) "tail." 
 
Chlorophyll itself is actually not a single molecule but a family of related molecules, 
designated chlorophyll a, b, c, and d.  The relative concentrations within the cell of these 
chlorophylls varies with the species of algae, but chlorophyll a is dominant in all the 
eukaryotic algae and the prokaryotic blue-green algae (Cyanobacteria) and therefore its 
concentration is what is reported during chlorophyll analysis. Chlorophyll d is found only 
in marine red algae, but chlorophylls b and c are common in fresh water. 
Note that; Chlorophyll measurements will not reveal the species composition of the 
phytoplankton community.  
 
Importance of chlorophyll measurements 
• Chlorophyll concentration is a measure of the abundance of algae or phytoplankton, 

which are the base for the pelagic food web. 
Although increasing algae growth tends to support larger fish populations, excessive 
growth often leads to degraded water quality—for example, decreases in water clarity, 
noxious odors, oxygen depletion, and fish kills—and may be linked to harmful algal 
blooms. Excessive algae growth appears to occur as a consequence of increases in 
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nutrient inputs and in response to declines in the abundance of filter-feeding organisms 
like oysters, clams, and mussels. 
• The determination of the chlorophyll-a concentration provides information 

concerning the quantity and potential photosynthetic activity of algae.  
• Chlorophyll a, constitutes approximately 1% to 2% (dry weight) of planktonic algal 

biomass. This feature makes chlorophyll-a a convenient indicator of algal biomass. 
• Chlorophyll-a is an indirect measure of phytoplankton standing stock (crop), and 

represents the mass of phytoplankton per unit volume or area of water and should be 
reported as micrograms per litre (µg.L-1) or milligrams per cubic metre (mg.m−3) or 
per square meter (mg.m-2). 

• The concentration of chlorophyll-a can be used to assess the physiological state of 
algae by examining its degradation products, phaeophytin and phaeophorbide.  

 
 

• The chlorophyll content of a surface water is used for scaling its trophic status. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Apparatus and Equipment 
 

− Spectrophotometer  
− Centrifuge, capable of 4000 rpm. 
− Vortex or Sonicater 
− 0.45 µm pore size nitrocellulose filter OR Glass fiber filters, 47-mm or 25-mm, 

nominal pore size of 0.7 µm.  
− Aluminum foil. 
− Laboratory tissues. 
− Flat-tipped forceps. 
− Vacuum pump or source capable of maintaining a vacuum up to 6 in. Hg. 
− Filtration apparatus. 
− Glass pipets. 
− Graduated cylinders, 500-mL and 1-L. 
− Volumetric flasks, 25-mL, 50-mL, 100-mL and 1-L capacity. 
− Glass rods. 
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Sample collection 
A water sample could be taken by different means, using either some sort of water 
sampling bottle, pump or by simply lowering the sample container over the side of the 
boat. Replicate water samples should be collected from the water column at pre-specified 
depths. The sample volume can range from 100 mL to 4 L. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.     A pump sampling system 

 
Chlorophyll-a samples should placed in a dark cooler and packed in ice at the time of 
collection.  
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Filtration 
1. Under low light conditions (light degrades chlorophyll pigments), set up the 

filtering manifold, seawater trap, and vacuum pump (or aspirator). 
2. Place a 0.45 µm pore size nitrocellulose filter (or 47-mm Whatman GF/F glass-

fibre filter) on filtering funnel. 
3. Shake the samples well before filtration in order to mix thoroughly.  
4. Filter a known volume (measure with a graduated cylinder) of sample (in the 

dark). The amount of sample required depends on phytoplankton volume in the 
water sample. For coastal waters, filter in 50 ml increments. When water flow 
begins to slow, continue to filter small amounts of water until flow almost ceases. 

5. The vacuum on the pump gauge shall not read more than –300 mbar to prevent 
cell damage during filtration (which can lead to underestimation of phytoplankton 
chlorophyll). 

6. Refill the funnel before the filter runs dry. Let the filter run dry at the end of 
filtration. 

7. Record the volume filtered for each sample. 
8. If samples are to be run at a later date, fold the filter in half and wrap in 

prelabeled aluminum foil or opaque tubes (or wrap test tube wrap with black 
plastic bag) and freeze The sample can be kept frozen (–20°C) for up to 3 months 
for later analysis. If samples are to be run immediately, proceed to next step. 

 
Extraction 
All photosynthetic pigments are light and temperature sensitive. Workspace lighting 
should be the minimum that is necessary to read instructions and operate instrumentation. 
 

1. Place the filter containing the concentrated algal sample in a pre-labeled test tube 
2. Add 5 mL of 90% acetone solution (i.e., 900 ml of acetone mixed with 100 ml of 

double distilled or ultrapure water). 
3. Cap tightly, vortex until filter dissolves, and place in the dark at 4°C for 24 hr.  
4. Repeat until the all samples are processed. 
5. Create a blank using 5 ml acetone solution and new filter (with no chlorophyll on 

it). 
6. Wrap test tube rack in black garbage bag and place samples in freezer and allow 

extract to steep overnight (up to 24 hr). 
7. Remove samples from freezer and remember to keep samples covered in low light 

conditions at all times. 
8. Clarify extract by centrifuging samples for 20 minutes at 4,000 rpm.  
9. Remember to balance the centrifuge (i.e., put equal number of samples on each 

side). 
Warning:  
Label all vials and tubes with label tape and ball pen. Do not use marker, because acetone 
might dissolve your labeling if drops are running along the vial or tube surface. 
 
Measurements 

1. Turn on spectrophotometer and allow to warm up while samples are centrifuging. 
2. Remove samples from centrifuge carefully. DO NOT SHAKE! Rewrap test tube 

wrap in black plastic and take samples to spectrophotometer. 
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NOTE: If spectrometric determinations cannot be continued immediately after 
extraction, the cleared extracts can be kept overnight at ≤ 4 °C protected from light.  

3. Fill your chlorophyll extract into the spectrophotometer quartz cuvette so that the 
cuvette is ¾ full. Take care to leave pellet in centrifuge tube.  

4. One cuvette will always serve as blank.  
5. Adjust photometer wavelength to 750 nm. 
6. Place the cuvette with blank in the holding place and adjust the knob to zero the 

absorbency level. (make sure clear sides of cuvettes are facing away from you 
when you place in spec). 

7. Remove the blank cuvette and place sample number one in the holding place. 
Record the absorbency reading. 

8. Be sure you wipe the outside of each cuvette before placing them in the 
spectrophotometer.  

9. Reset the dial for 663nm. Again place the blank cuvette in the spectrophotometer 
and zero the absorbency level.  

10. Place sample one cuvette back in the holding place and record the absorbency 
level for 663nm. 

11. Repeat these steps for wavelengths of 645 nm and 630 nm.  
 

750 nm is used as a correction for any particulate material in your extract; 663, 645, and 
630 nm are the absorption maxima for chlorophyll a, b, and c, respectively.  
 
Calculation 
Chlorophyll a in units of µg l-1 is calculated as: 
             

LV
v(ac) ]E0.08 - E1.54 -E[11.87
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×
××××
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With E663-750 = absorption at 663 nm corrected for absorption at 750 nm (E663-E750), etc; 
V = filtered sample volume [L],  
L = Cuvette path length [cm], (Note that this test assumes use of a 0.5 cm path length) 
v(ac) = Volume of 90% acetone used in the extraction (mL) 

After you have completed your measurements, discard your acetone extract into the 
provided acetone waste bottle. Do not discard your sample into the sink! The acetone 
will damage the plastic plumbing and presents a hazardous waste that is prohibited from 
draining down the sink. 

 

Report your phytoplankton chlorophyll concentration to your notebook. 

………………………………………………………………………………………………

………………………………………………………………………………………………

……………………………………………………………………………………………… 

………………………………………………………………………………………………

……………………………………………………………………………………………… 
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Chlorophyll--live or dead? 
 
In addition to the naturally occurring pigments inside algal cells, a filtered water sample 
will also contain colored degradation products of these pigments. The absorbencies of 
these other pigments are not easily separable spectrophotometrically from their parent 
molecule, producing falsely high absorbencies and subsequent erroneous values for 
chlorophyll a. Pheophytin, a natural degradation product of chlorophyll, has an 
absorption peak in the same spectral region as chlorophyll a. It may be necessary to make 
a correction when pheophytin concentration becomes significantly high. 
This can be achieved by introducing an acidification step and taking readings from the 
extracted sample spectrophotometrically both before and after acidification.  When 
chlorophylls are acidified, the magnesium ion is lost from the porphyrin ring, resulting in 
the production of a phaeophytin. 
An equation is used to calculate an estimate of chlorophyll-a concentration based on the 
ratio of the pre- and post-acidification readings. 
 

Read absorbance at 750nm and 663nm. While the extract in the cuvette, add 2 drops or 
0.1 mL of 0.1 N HCl , mix and  leave 90 sec, read again at 750 and 663nm. 

LV
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With  
(E663-750)b = absorbance at 663 nm before acidification minus absorbance at 750nm 
before acidification. 
(E663-750)a = absorbance at 663 nm before acidification minus absorbance at 750nm after 
acidification. 
V = filtered sample volume [L],  
L = Cuvette path length [cm], (Note that this test assumes use of a 0.5 cm path length) 
v(ac) = Volume of 90% acetone used in the extraction [ml] 
 

To prepare 0.1 N Hydrochloric acid, add 8.3 ml of reagent grade hydrochloric acid and 
dilute to 1000 ml of dist water. 
Rinse cuvette with 90% acetone between samples. 
 
Magnesium carbonate (MgCO3). Some methods suggest the addition of abut 1 ml of 
1% MgCO3 solution to the extract to prevent degradation of chlorophyll during extraction 
and later preservation (if necessary). In this case the suspension can be added either 
before or after sample filtration. While no conclusive data exist to support the value of 
using MgCO3, there is also no indication that it negatively affects the results, so its use 
should be considered in cases where very small algae are known to occur or where waters 
have low pH or low alkalinity. 
 

To prepare 1% Magnesium carbonate suspension add 1.0 g of magnesium carbonate 
powder to 100 ml of dist water. 


