2008-30 Chlorophyll a and Phaeophytin Analysis.
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a. Fluorometer calibration with Sigma pure Chlorophyll a salt for samples analyzed at IOS

The Turner Designs 10 AU - 005 Field Fluorometer serial # 5152 FRXX was calibrated 30-Dec-2008 with Sigma C6144 – 1mg Chlorophyll a extracted from Anacystis nidulans algae dissolved in 90% acetone (prepared April 23, 2008 by Janet Barwell-Clarke).  Due to the age of the stock, it was scanned using a Cary Spectrophotometer at IOS (room 2416) on 29-Dec-2008.  The concentration of the stock solution was calculated according to JGOFS protocols (1994):


Chl-a (mg/L) = (Amax –A750nm)/(E*l)*1000 mg/g

Where: Amax = abs. Max at 664nm

A750nm = abs @ 750nm


E = extinction coefficient for chl a in 90% acetone (87.67 L g-1 cm-1)


l = quartz cuvette path length (1cm)
The Amax was 0.23896 (average of 3 scans); A750nm was 0.00332 (average of 3 scans).  The concentration of the stock was calculated to be 2.688 mgL-1.  Calculations are summarized in excel file “chla-scan Jan 2009.xls”.


Thirteen secondary standards (ranging from 0-100 gL-1) were prepared.  The fluorometer was calibrated using the 100 gL-1 standard, and then the full set of dilution standards run to generate a calibration curve.
For the ethanol extraction experiment samples, a second stock solution was prepared on 29-Dec-2008 for chlorophyll a dissolved in 96% denatured ethanol in the same manner as the acetone solution.  The concentration of the stock solution was calculated according to JGOFS protocols (1994):


Chl-a (mg/L) = (Amax –A750nm)/(E*l)*1000 mg/g

Where: Amax = abs. Max at 664nm

A750nm = abs @ 750nm


E = extinction coefficient for chl a in 96% ethanol (83 L g-1 cm-1) (HELCOM 2001)


l = quartz cuvette path length (1cm)

The Amax was 0.2127 (average of 3 scans); A750nm was 0.0049 (average of 3 scans).  The concentration of the stock was calculated to be 2.503 mgL-1.

Nine secondary standards (ranging from 0-100 gL-1) were prepared and the full set of dilution standards was run to generate a calibration curve.
Initially the extinction coefficient for 96% ethanol was unknown, so the E for 90% acetone was applied to the ethanol samples run aboard LSSL in the summer 2008.  E is reported in HELCOM (2001) as 83, which was then used to correct the ethanol calibration and applied to the samples.  However, the ethanol used in this study is denatured ethanol which may have a slightly different E than the usual ethanol azeotrope used in other studies (e.g. Wasmund et al. 2006).  It is recommended that non-denatured ethanol be used in future studies.
Calibration data are summarized in separate worksheets in excel file “2008-30 Chl-a.xls”, including the July calibration prepared at sea.  There were problems determining the concentration of the stock on board so an estimate was made and a calibration curve generated in July 2008.  However, the chl a concentration for the samples run at sea were determined using the April 2008 calibration.  A separate worksheet is included that compares the calculated chl-a values from the April and July 2008 calibrations.
b. Sampling

Samples were collected July 2008 during cruise 2008-30 LSSL and filtered immediately onto GF/F filter papers.  The majority of filters were analyzed onboard; however, a subset of filters was stored at -20 °C for analysis at IOS (this summary).  Samples collected as part of the chlorophyll extraction experiment were processed and stored according to their respective treatments (filter vs. extract stored; -20 °C vs. -80 °C storage temp).
c. Extraction

10 mls of 90%acetone/10% double de-ionised water were added to the scintillation vials in groups of 20-30 samples (a ‘batch’).  Samples were inverted and checked to ensure the filters were completely submerged in the solvent and placed in a tray.  Extraction took place in a -20°C freezer for 24 (+/- 2) hours, with the filter kept in the dark (trays kept in black garbage bags).

d. Reading the Extracts


Each batch of samples were removed from the freezer and allowed to equilibrate for 1 hour in the dark and in the same lab as the fluorometer (Lab 1409).


Extracts were transferred to clean borosilicate test tubes, wiped clean on the outside with a Kimwipe and placed in the sample holder making sure the sample cover is in place.  Fo readings were recorded using the “discrete sample averaging” feature on the fluorometer.  Samples were then acidified with 3 drops of 1.5N HCl and Fa was recorded (again using the “discrete sample averaging” function).  If the fluorescence read over the high range calibrated, the samples were diluted with 90% acetone (usually 2ml sample and 8ml acetone), mixed by pouring from graduated cylinder into the test tube and back twice, and then re-read and dilution factor noted.  No filter blanks were analyzed with the samples.


A solid standard (low and high value) was read with each batch of samples (data included in calibration excel file “chla calib 9Jan09.xls”.  In addition, an acetone blank was also read (but not acidified).
e. 2008-30
The amount of chlorophyll and phaeo-pigments were calculated using the following formulas:

Chl (g/L) = Wf*(Tau/(Tau-1))*(Fo-Fa)*(Volext/Volfilt)*dil
Phaeo-pigments (g/L) = Wf*((Tau*Fa)-Fo)*(Volext/Volfilt)*dil
Where: Wf = calibration slope (from either the April 2008 or Jan 2009 calibration, depending on when the sample was run); Tau = average Fo/Fa from calibration; Volext = volume extracted; Volfilt = volume filtered; dil = dilution amount (if any).
Fo and Fa values were corrected by subtracting the acetone blank values before calculating the Chl and Phaeo pigments.
Duplicate samples were used to determine precision:

Sp = 0.018 µg/L Chla, n=8, range; 0.032 – 2.695 (2 discarded)
Sp = 0.024 µg/L Phaeo-pigment, n=9, range; 0.026-1.482 (1 discarded)
Where Sp is standard pool and n is the number of duplicate pairs.

Data are summarized in separate worksheets in excel file “2008-30 Chl-a.xls”.

f. Chlorophyll Extraction Experiment


The remaining filters from the chlorophyll extraction experiment (25-Jul-2008 aboard LSSL, station BL-03) were analysed on January 6, 2009 (total storage time 165 days).  Data are summarized in the excel file “Chla extraction experiment2009.xls”.

The main results were:
a. Although the chl-a recovery from acetone extraction were slightly higher in most cases, there was no difference between 90% acetone and 96% denatured ethanol (Fig. 1). 
b. The highest recovery was obtained when filters were extracted immediately.  For most samples, the recovery declined significantly from day 1 to day 165 when filters were stored at -20°C and -80°C (Fig. 1, Table 1).  The amount of decline was less for samples stored at -80°C than -20°C (Fig. 2).
c. There was no difference between filters and extracts stored at -80°C for 165 days (Table 2).

The results from sample set 313 are not consistent with the other sets, and the replication within the set is poor.  Error may have been introduced by the necessity for dilution during analysis because of the high chl a concentration; therefore, the data are suspect and difficult to interpret.  Sample set 319 had one replicate lost during analysis.  Other replicates for 319 had poor replication (sd up to 0.129 g chla m-3) making comparisons non-significant between treatments (Table 1, 2).  Data for all sample sets (mean and standard deviations) are given in Tables 4-7.
Table 1.  T-test p-values comparing chl a values of filters stored at -20°C or -80°C for 1 and 165 days and then extracted with 90% acetone for sample sets 313-331. Significance assessed at p-values < 0.05 (shown in red). n = 4.

	
	331
	325
	319
	313

	-20°C
	0.011
	0.009
	0.100
	0.017

	-80°C
	0.000
	0.049
	0.116
	0.011


Table 2. T-test p-values comparing chl a values of filters or extracts stored at -80°C for 165 days for sample sets 313-331. Significance assessed at p-values < 0.05 (shown in red). n = 4.

	
	331
	325
	319
	313

	165 days
	0.024
	0.052
	0.172
	0.009
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Figure 1.  Mean (+/- 1 sd) chlorophyll a (g m-3) concentration for filters stored at -20°C over 0 (homogenized and analyzed immediately), 1 (filters immediately immersed in solvent and extracted for 24 hours), 5 and 165 days, and then extracted (24hr) using either 90% acetone or 96% denatured ethanol.
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Figure 2.  Mean (+/- 1 sd) chlorophyll a (g m-3) concentration for filters or extracts stored at -20°C or -80°C and extracted after 165 days (24hr) using either 90% acetone or 96% denatured ethanol.
Table 4. Mean chl a concentrations (g m-3) for filters stored at -20°C over 0-165 days and extracted with either 90% acetone or 96% denatured ethanol.
	Days of storage
	0
	0
	1
	1
	5
	5
	165
	165

	Reagent
	acetone
	ethanol
	acetone
	ethanol
	acetone
	ethanol
	acetone
	ethanol

	331
	0.073
	0.042
	0.049
	0.062
	0.049
	no
	0.038
	0.027

	325
	0.168
	0.108
	0.178
	0.135
	0.165
	samples
	0.113
	0.082

	319
	0.530
	0.431
	0.646
	0.423
	0.534
	
	0.333
	0.322

	313
	0.760
	1.048
	0.613
	0.633
	0.981
	
	1.004
	0.920


Table 5. Standard deviation of means given in Table 4.

	Days of storage
	0
	0
	1
	1
	5
	5
	165
	165

	Reagent
	acetone
	ethanol
	acetone
	ethanol
	acetone
	ethanol
	acetone
	ethanol

	331
	0.041
	0.004
	0.000
	0.029
	0.001
	
	0.001
	0.003

	325
	0.003
	0.008
	0.007
	0.005
	0.001
	
	0.004
	0.027

	319
	0.032
	0.044
	0.015
	
	0.079
	
	0.129
	0.050

	313
	0.156
	0.081
	0.023
	0.054
	0.013
	
	0.053
	0.207


Table 6. Mean chl a concentrations (g m-3) for filters or extracts stored at -80°C for 165 days using either 90% acetone or 96% denatured ethanol.

	
	-80 filter
	-80 extract
	-80 filter
	-80 extract
	-20 filter
	-20 filter

	Reagent
	acetone
	acetone
	ethanol
	ethanol
	acetone
	ethanol

	331
	0.048
	0.050
	0.042
	0.038
	0.038
	0.027

	325
	0.147
	0.135
	0.083
	0.128
	0.113
	0.082

	319
	0.500
	0.486
	0.343
	0.478
	0.333
	0.322

	313
	1.172
	1.261
	0.870
	0.986
	1.004
	0.920


Table 7. Standard deviation of means given in Table 6.

	 
	-80 filter
	-80 extract
	-80 filter
	-80 extract
	-20 filter
	-20 filter

	Reagent
	acetone
	acetone
	ethanol
	ethanol
	acetone
	ethanol

	331
	0.000
	0.003
	0.022
	0.002
	0.001
	0.003

	325
	0.000
	0.001
	0.012
	0.004
	0.004
	0.027

	319
	0.064
	0.045
	0.047
	0.026
	0.129
	0.050

	313
	0.050
	0.158
	0.024
	0.079
	0.053
	0.207


