S.O.P. # 1
Version 5
1/3/2011
Page 7 of 7

CHLOROPHYLL
S.O.P. # 1

References:

Spectrophotomer Calibration/Verification:



Phlips Laboratory Equipment History & Summaries Binder and drawer near 



Spectrophotometer for service records.







Hitachi High-Technologies Corporation.  2003.  Instruction Manual: Model



U-2810 Spectrophotometer (Maintenance Manual).  Section 4: 1-12.







Pigment Extraction:



Sartory, D.P. and J.U. Grobbelaar. 1984. Extraction of chlorophyll a from 




freshwater phytoplankton for spectrophotometric analysis. Hydrobiologia. 114: 



177-187.

Ethanol vs. Acetone Extraction:

Canfield, D.E., C.D. Brown, R.W. Bachmann, and M.V. Hoyer. 2002. Volunteer lake monitoring: testing the reliability of data collected by the Florida Lakewatch program. Lake and Reservoir Management. 18(1):1-9.

Spectrophotometric Determination of Chlorophyll:
APHA. 2005. Standard Methods for the Examination of Water and Wastewater, 21st Edition. Section 10200 H.2.

Method Detection Limit:
Parsons, T.R., Miata, Y., and Lalli, C.M.  1984.  A Manual of Chemical and Biological Methods for Seawater Analysis.  Pergamon Press, Oxford, pp 173.

General Field, Laboratory, and Quality Control Information:


Phlips Laboratory Quality Manual, See Most Recent Version
QAQC Binder, Volume 1.
Matrix:


Non-potable water

MDL:


See Phlips Laboratory’s Quality Manual, Most Recent Version, Section 3


Scope & Application:
Spectrophotometric determination of chlorophyll a by hot ethanol extraction

Summary:

Photosynthetic pigments are extracted from plankton concentrate with 90% 



ethanol, and the optical density (absorbance) of the extract is determined with a 



spectrophotometer.

Definitions:

optical density = absorbance



DUP = duplicate filter of same sample



MB = method blank (8mls of 90% ethanol only)



QC = quality control sample (pure chlorophyll a from spinach, when available)



SR = spike recovery sample (7 parts ethanol, 1 part standard when available)




Interferences:

Pheophorbide a and pheophytin a, two common degradation products of 




chlorophyll a, can interfere with the determination of chlorophyll a because they 



absorb light and fluoresce in the same region of the spectrum as does chlorophyll 


a.  If these pheopigments are present, significant errors in chlorophyll a values 



will result.  Pheopigments in marine and freshwater environments can be 



effectively measured by spectrophotometry.  The addition of acid to chlorophyll a 



converts it to phaeophytin a.
Safety:


Blue nitrile gloves should be worn when handling reagents.



Good laboratory practices are satisfactory for this procedure.
Procedure for 
Sample Collection,
Preservation,
Shipment, and 

See Phlips Laboratory’s Quality Manual, Most Recent Version,
Storage:

Sections 8 &10






Calibration

See Phlips Laboratory’s Quality Manual, Most Recent Version, 

& Standardization:
Section 11



Because a chlorophyll standard is not readily available and practical to keep on 



hand in the laboratory, this method does not require analysts to prepare and 



analyze QC and SR samples with each run (as is the case for other certified 



analyses).  Instead, analysts must verify the accuracy of the method by 




performing the system checks outlined in this SOP for wavelength accuracy, 



spectrum band width, and baseline flatness.  

Method Performance:
See Phlips Laboratory’s Quality Manual, Most Recent Version,





Section 4




See SOP #1 Initial Demonstration of Capability in QAQC Binder, Volume 3, 



Method Evaluations Section

Data Assessment &
See Phlips Laboratory’s Quality Manual, Most Recent Version, Appendix G
Acceptance Criteria:

Corrective Actions:
See Phlips Laboratory’s Quality Manual, Most Recent Version, Section 12

Contingencies for

Out of Control Data:
See Phlips Laboratory’s Quality Manual, Most Recent Version, Section 12

Procedure for Sample Preparation for Pigment Extraction
Equipment

Hot Water Bath

Plastic Test Tubes and Caps
Tweezers
& Supplies:

Test Tube Rack

Black Plastic Garbage Bag
Pipette and Tip



Paper Towels

Glass Thermometer
Reagents

90% Ethanol ***
& Standards:


Note:
Chlorophyll degrades in light.  Please keep samples wrapped in aluminum foil, sealed in a plastic 

zip-loc bag, and stored in the stand-alone freezer.  Perform analysis in subdued light as much as 
possible.

1. Turn on hot water bath and let it warm up to 79°C.

2. Take samples to be analyzed out of the freezer and let them thaw.

3. Label plastic test tubes #1-n and place them in a rack.
4. Fill out chlorophyll benchsheet with analyzer’s name, project name, dates/times of preparation and run, reagents/standards used, sample numbers, sample IDs (collection date, project initials, station numbers), volume filtered, and volume extracted.
5. Be sure to include a method blank at the beginning and end of each run and after every 10 environmental samples.
6. When thawed, place each filter into appropriate test tube that corresponds to the data sheet.

7. Place 8mls of 90% ethanol into each test tube and cap the tubes.

8. Gently shake the test tubes to help break up the material on the filters and return to rack.
9. Wrap the test tube rack in a black plastic garbage bag and carry to the water bath. 
10. Place the rack of tubes in the water bath that is heated to 79°C and allow the temperature of the bath to stabilize at 78°C (check with glass thermometer and record).  Heat the tubes for 5 minutes at 78°C (Boiling point of ethanol).

11. Remove the rack of tubes from the bath and wrap the rack of tubes in paper towels and a dark plastic bag and leave on counter in lab.  Allow the samples to stand in the dark at room temperature for a minimum of 24 hours, but no longer than 72 hours.
*** 
To make 90% ethanol, measure out 900ml of 200 Proof, Absolute, Anhydrous Ethyl Alcohol in a 
1000ml graduated cylinder and dilute to 1000ml with DI water.  Pour solution into plastic storage 
container, cap, and mix well.
Procedure for Sample Reading
Equipment

Plastic Test Tubes and Caps

Black Plastic Garbage Bag

& Supplies:

Tweezers 



Centrifuge and chambers
    



Pipette and Tip



Scintillation Vials





Spectrophotometer


4cm Cuvets



KimWipes



Waste Bucket



Ethanol Wash Bottle

Reagents

90% ethanol



0.2 N HCl ***
& Standards:



Note:
Chlorophyll degrades in light.  Perform analysis in subdued light as much as possible.

1. Turn on spectrophotometer, printer, and monitor (computer should already be on) to give 
everything 
enough time to warm up and stabilize.

2. Unwrap the test tube rack and individually shake the test tubes to make a homogeneous mixture.
3. Remove filters from test tubes with tweezers and dispose of them.  Replace caps on tubes and 

return them to the rack.  Wrap the rack in black plastic garbage bag and carry to the centrifuge.
4. Load tubes into two centrifuge chambers, being sure that the weight is equally distributed.
5. Centrifuge tubes for 20 minutes at 2000rpm. 
6. Draw off the top 3.2mls of fluid of each tube and place in corresponding scintillation vials.  
7. Read samples on the spectrophotometer without acid first at 664nm and with acid second at 
665nm (see Procedure 
for Spectrophotometer Readings).

*** 
To make 0.2 N Hydrochloric Acid, measure out 16.6 ml of concentrated HCl in a 1000ml volumetric 
flask and dilute to 1000ml with water.  Pour solution into glass storage container with glass stopper.


Procedure for Spectrophotometer Calibration/Verification for Chlorophyll Analysis

Wavelength Accuracy Test:

1.
Open the UV Solutions program and click on the METHOD icon.
2.
Click on the LOAD icon and select LOCAL DISK (C:).

3.
Select the METHODS folder and open WAVELENGTH ACCURACY

4.
Input you name as the Operator and hit OK

5.
Make sure that there is nothing in the cell holders and securely close the compartment lid.

6.
Click on MEASURE and allow the machine to run the test.
7.
When the test is finished, a spectrum is displayed.  Check that the peak value is in the range of 
655.8 to 656.4 nm, which would indicate that the wavelength accuracy is normal.  If the peak 
value is out of this range, see the Instrument’s Maintenance Manual (Section 4, pg. 3).

8.
Select REPORT and PRINT.

Spectrum Band Width Test:
1.
Using the spectrum obtained in the Wavelength Accuracy Test, calculate the wavelength 
width (half peak height value width) of the acquired spectrum at the portion where the peak height is 
½ of the maximum height.  If the width is in a range of 1.0 to 1.5 nm for the Model U-2810, it is 
normal.  If the width is out of the range, see the Instrument’s Maintenance Manual (Section 4, pg. 4).
Baseline Flatness Test:

1.
Open the UV Solutions program and click on the METHOD icon.
2.
Click on the LOAD icon and select LOCAL DISK (C:).

3.
Select the METHODS folder and open BASELINE FLATNESS

4.
Input your name as the Operator and hit OK

5.
Make sure that there is nothing in the cell holders and securely close the compartment lid.

6.
Click on BASELINE first and select USER 1.

7. 
Then click MEASURE and allow the machine to run the test.

8.
When the scan is finished, a spectrum is displayed.  Check that the baseline stays within ±0.002.  
Note that the large disturbance in the vicinity of 340, 390, 600, or 780 nm is caused by a shock at 
switching the light source or filter, so these disturbances should be excluded from the test.  If the 
baseline is out of the specified range, see the Instrument’s Maintenance Manual (Section 4, pg.6)
9.
Select REPORT and PRINT.

Procedure for Spectrophotometer Readings for Chlorophyll
WITHOUT ACID

1. Click on the METHOD icon.
2. Click on the LOAD icon and select LOCAL DISK (C:).
3. Select the METHODS folder and open CHLOROPHYLL – NO ACID

4. Input your name as the Operator and hit OK.
5. Set up equipment blanks.  Fill two 4cm cuvets with approximately 3mls of 90% ethanol.  Wipe off the sides of the cuvets with KimWipes.  Place cuvets in the spectrophotometer and close the compartment lid.
6. Select AUTOZERO and then click on MEASURE.

7. Click on BLANK and then click on OK.

8. After running the equipment blank, begin analyzing samples.

9. Keep ethanol blank in the back cuvet inside the spectrophotometer.  Take out the front cuvet and use to analyze samples.

10. Pour the contents of the corresponding scintillation vial into the cuvet.  Wipe off the sides of the cuvet with KimWipes.  Place cuvet in spectrophotometer and close the compartment lid.
11. Wait till reading stabilizes and press SAMPLE.
12. Remove cuvet from spectrophotometer and pour contents BACK into the corresponding scintillation vial.

13. Rinse the cuvet with 90% ethanol wash bottle.
14. Continue with all the samples until complete.

15. As a quality control measure, run a method blank at the beginning and end of each run and after every 10 environmental samples.  Also, analyze a sample duplicate after at least every 20 environmental samples.  
16. Be sure to measure an equipment blank at least every 10-12 samples in order to AUTOZERO in the same manner described in steps 6 & 7 (except you will not have to click MEASURE, just AUTOZERO and then BLANK).  It is best to do this after each batch of environmental samples and corresponding method blank.
17. Click on END and then select FILE, SAVE AS.

18. Select UV SOLUTIONS folder, then select DATA folder.

19. Name the file “chl.na.dateofanalysis” and click SAVE.

20. Select REPORT and PRINT.

Procedure for Spectrophotometer Readings for Chlorophyll
WITH ACID

1. Click on the METHOD icon.

2. Click on the LOAD icon and select LOCAL DISK (C:)

3. Select the METHODS folder and open CHLOROPHYLL – ACID

4. Input your name as the Operator and hit OK

5. Set up equipment blanks.  Fill two 4cm cuvets with approximately 3mls of 90% ethanol.  Wipe off the sides of the cuvets with KimWipes.  Place cuvets in the spectrophotometer and close the compartment lid.
6. Select AUTOZERO and then click on MEASURE.

7. Click on BLANK and then say OK.

8. After running the equipment blank, begin analyzing samples.

9. Keep ethanol blank in the back cuvet inside the spectrophotometer.  Take out the front cuvet and use to analyze samples with acid.
10. Working with one scintillation vial at a time, spike sample with 0.1ml of 0.2HCl and pour into cuvet.  Wipe off the sides of the cuvet with KimWipes.  Place cuvet in spectrophotometer and close the compartment lid.  Wait 90 seconds and take reading by pressing SAMPLE.

11. Remove cuvet from spectrophotometer and dump contents into ethanol waste bucket.  Rinse the cuvet with 90% ethanol wash bottle.
12. Continue with all the samples until complete.
13. As a quality control measure, run a method blank at the beginning and end of each run and after every 10 environmental samples.  Also, analyze a sample duplicate after at least every 20 environmental samples.  
14. Be sure to measure an equipment blank at least every 10-12 samples in order to AUTOZERO in the same manner described in steps 6 & 7 (except you will not have to click MEASURE, just AUTOZERO and then BLANK).  It is best to do this after each batch of environmental samples and corresponding method blank.

15. Click on END and then select FILE, SAVE AS.

16. Select UV SOLUTIONS folder, then select DATA folder.

17. Name the file “chl.acid.dateofanalysis” and click SAVE.

18. Select REPORT and PRINT.

19. Close out of program.  Turn off monitor, printer, and spectrophotometer.  LEAVE COMPUTER TURNED ON!
Pollution Prevention and Waste Management Guidelines

The contents of the waste bucket from this analysis will be 90% ethanol, 9% DI water, and 1% 0.2N HCl.  The waste bucket should be emptied into the “ETHANOL WASTE” container located in the hazardous waste accumulation storage bins outside of the lab.
When full, the ethanol waste storage container should be handled and disposed of by the lab’s Waste Manager to prevent pollution.

Quality Control Measures
Note:
Each time the chlorophyll analysis is performed, the following quality control steps should be 
followed.
1.
At the beginning of the analysis and after every 10-12 samples, the spectrophotometer should be zeroed and a blank should be measured.  Throughout the run, it is best to do this after each batch of environmental samples and corresponding method blank.
2.
For each project’s chlorophyll analysis, at least one sample duplicate for every 20 samples should be prepared and analyzed in the same manner as the environmental samples.
3.
For each project’s chlorophyll analysis, at least one method blank (using 90% ethanol) should be prepared and analyzed in the same manner as the environmental samples at the beginning and end of the run and after every 10 samples.
4.
If the abs reading at 750 nm is greater than 0.015 ABS, the sample needs to be spun again in the centrifuge.  If this does not correct the ABS reading, then the sample should be filtered again.  Use the filtering apparatus that is stored above the balance in the chemical analysis room.
5.
If the concentration of a sample (before acidification) is greater than 0.400, the sample should be diluted (using 90% ethanol) and measured again as a new sample.

* See Phlips Laboratory Quality Manual (Most Recent Version) for more information.

Chlorophyll Calculations
Understanding the Data Report:

Samp No. / Name = number used to keep track of samples on tubes, benchsheet, and data report = 1 - n

Abs (750.0) = sample absorbance at 750 nm (turbidity)
Abs (664.0) = sample absorbance at 664 nm (before acidification)
Abs (665.0) = sample absorbance at 665 nm (after acidification)

Abs corr = sample absorbance corrected for turbidity (before acidification) = Abs (664.0) – Abs (750.0)
Abs corr = sample absorbance corrected for turbidity (after acidification) = Abs (665.0) – Abs (750.0)

Abs corr (BLK) = blank (90% ethanol) absorbance corrected for turbidity, corresponds to the BLK measured at the beginning of a set of 10-12 samples 
Conc (CHL-A) = sample absorbance corrected for BLK (before acidification) = Abs corr (n) – Abs corr (BLK) 
Conc (CHL-Acid) = sample absorbance corrected for BLK (after acidification) = Abs corr (n) – Abs corr (BLK)

ESTIMATED Chlorophyll a Concentration (without phaeophytin corrections)

EST Chl a g/L =
[ Conc (CHL-A) / 87 L g-1 cm-1 ]  x  [ Vol. Ext. (ml) / (Light Path (cm)  x  Vol. Filt. (ml)) ]
EST Chl a µg/L = Multiply g/L by 1,000,000 to get from g/L to µg/L

Note:
 87 L g-1 cm-1 is the absorption coefficient for 90% ethanol

FUNCTIONAL Chlorophyll a Concentration (with phaeophytin corrections)

Chl a µg/L = 27931 x [ Conc (CHL-A) – Conc (CHL-Acid) ] x  [ Vol. Ext. (ml) / (Light Path (cm)  x  Vol. 


Filt. (ml)) ]

Phaeophytin a µg/L = 27931 x [ 1.72 x Conc (CHL-Acid) – Conc (CHL-A) ] x [ Vol. Ext. (ml) / (Light Path 



(cm)  x  Vol. Filt. (ml)) ]

Note:
27931 is the absorbance correction and equals A x K (x 1,000 to get from mg/L to µg/L)


where,


A = absorbance coefficient for chlorophyll a at 664 nm




K = ratio expressing correction for acidification 
Quality Control (QC) Calculations

1.
Calculate Relative Percent Difference (RPD) for a sample and a duplicate sample.  RPD must be 

≤20%.  If the difference between the sample and the duplicate is below the MDL, the duplicate is 
acceptable.

RPD = __[A-B]__  x 100


(A+B)/2

Where A = measured concentration of the sample

Where B = measured concentration of the duplicate sample

2.
Verify that the method blank (MB) sample(s) are ≤ the MDL.
* See Phlips Laboratory Quality Manual (Most Recent Version) for more information.

Reviewed and Approved for Use by:


____________________________��on _________________________











