CDOM Method

Cruise: IML2010-19
Ship: C.C.G.S. Martha L. Black
Region: St. Lawrence Estuary and Saguenay Fjord
Dates: 19 May – 23 May, 2010

Instrument: Perkin Elmer Lambda 35 UV/Vis Spectrophotometer ; S/N : 101n3121702

Data Processing

1) Introduction
CDOM samples were analyzed using a spectrophotometer belonging to Dr. Huixiang at ISMER-UQAR. Analysis was performed by M. Yayla and S. Çizmeli. The applied protocol is described by Mitchell et al. (2000).

2) Methodology and caculation applied
Absorbance was measured between 200 and 900 nm. CDOM absorption is calculated according to the following formula (Mitchell et al., 2000) : 

ag(λ) =  2.303 / l  . ( [ ODs(λ)  -  ODbs(λ) ]  -   ODnull  ) 			(1)

where l is the cuvette length (0.1 m), ODs(λ)  is the optical density of the filtered sample relative to nanopure water, ODbs(λ) is the optical density of the prepared blank sample on the boat, relative to nanopure water, and ODnull  is the apparent residual optical density in a visible or infrared wavelength, where absorption by dissolved matter is considered zero.

3) Quality control of spectra measurements and selection of the optimal wavelengths for ODnull correction

The instability problem: 
· Sometimes the machine jumps, you have to start the measurement again
· Unstable in wavelengths less than: 260 nm
· Instability for a subset of samples between 555 and 605 nm
· Instability for a subset of samples between 680 and 725 nm
· Instability for a subset of samples between 795 and 830 nm

The quality control of the samples was carried out using “air-to-air”, “sample-to-air”, “reference-to-air” measurements. Apart from these tests, 22 “duplicate” measurements on the machine were used to:
· Perform quality control of the measurements;
· Select the most reliable wavelengths, i.e., the least vulnerable to spectrophotometer instabilities. The variation of absorption values in these wavelengths are more dependent on the natural variation of the samples than on the noise / instability of the device;
· Select the optimal wavelengths to make the ODnull correction. (See the discussion in Mitchell et al., 2000, for the choice of wavelengths used to calculate ODnull).

3.1 Spectral data (raw)

Fig. 1 shows all the spectra measured on the spectrophotometer (samples, blanks, references, baselines, etc. ; all combined). We can see the wavelength intervals where instability can occur. These are the intervals between 555 and 605 nm, 680 and 725 nm, and 795 and 830 nm.
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Fig. 1. Spectra taken on the spectrophotometer.

Comparison between duplicates (raw)

Figures 2 and 4 show the agreement between the duplicates according to the average absorptions over the intervals of 375-385 nm and 405-415 nm.
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Fig. 2. Agreement between duplicates : a) between the means of the interval 375-385 (r2=0.997) and b) between the means of the interval 405-415 (r2=0.995).
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Fig. 3. Agreement between raw data absorption duplicates between 375-385 nm for the Estuary (r2=0.980, n=15) and the Saguenay (r2=0.996, n=7).

The agreement is higher between the duplicate measurement of the samples from the Saguenay, because the absorption values in the Saguenay are higher and therefore less susceptible to the noise of the spectrophotometer.
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Fig. 4. Agreement between raw data absorption duplicates between 405-415 nm for the Estuary (r2=0.975, n=15) and the Saguenay (r2=0.994, n=7).

3.2 Selecting the interval to calculate ODnull

From 610 to 870 nm, the averages of the 20 nm intervals were tested as the values of ODnull. The “corrected spectra” of the duplicates are compared with each other, to check that the choice of ODnull gives good agreement (coefficient of determination and absolute difference) between the duplicates. The results obtained are shown in Figure 5 (for 3 arbitrarily chosen wavelengths), Figure 6 and Table 1.
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Fig. 5. Graphics for the selection of wavelengths to use for ODnull


Table 1. The values of the coefficient of determination between the duplicates, for the different options for selecting the interval for ODnull
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Fig. 6. Statistics for selecting the wavelengths to use for ODnull.

ODnull has lower values when it is defined at high wavelengths (Fig. 5). This is in agreement with the recommendations of Mitchell et al. (2000): as the data come from turbid waters, the absorption is not zero in the wavelengths around 600, or even 700 nm. Absorbance values recorded in wavelengths exceeding 800 nm are mor likely to come from the internal noise of the device (of the spectrophotometer) than from the (actual) physical variation in the color of the water: therefore, they are more consistent to be used for the determination of ODnull.

Figures 5 and 6, as well as Table 1 show that the coefficient of determination undergoes a slight decrease when we define the ODnull on the high wavelengths. This drop is not very significant when comparing the absorption of duplicates between 375 and 550 nm (up to 450 nm, the difference between r2 is less than 0.01).

Finally, Fig. 6 and Table 1 show that the duplicates are in very good agreement with each other (r2>0.99) when the absorption is compared for wavelengths between 250 and 450 nm. Since the wavelengths used in the CDOM study fall within this range, we can safely say that the data quality is good after correcting for ODnull.

We also examine the absolute/percentage difference between the duplicates, depending on the wavelength interval chosen for the ODnull correction. This is done for different wavelength and the conclusions are:

· The difference between the duplicates increases when one chooses the high wavelengths to correct ODnull (This could be related to the performance of the spectrophotometer which becomes unstable at high wavelengths).
· It is important not to use the problematic intervals (555-605 nm, 680-725 nm, and 795-830 nm), where the spectrophotometric measurements are not stable.

We therefore chose to do the test by choosing two wavelengths intervals in the 735-745 and 835-845 nm (two intervals where the spectra are stable and have local minima, Fig. 1).

3.3 ODnull correction
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Fig. 7. The set of spectra after correction for ODnull (average between 735 and 745 nm).
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Fig. 8. The set of spectra after correction for ODnull (average between 835 and 845 nm).

Effect of the choice of the interval on ODnull correction

The effect of choosing the wavelength for ODnull (i.e., 740 or 840 nm) causes a difference of less than 5% for the samples, except for three samples: Blank (#40) where the difference exceeds 50%, duplicate of blank (#30, difference <25%), blank (#35, difference <20%). In all other cases, choosing 740 or 840nm for ODnull has an effect of less than 5% on the corrected value.

3.4 Correction Blanks

Figure 9 shoes the absorption spectra of the blank samples. The measurements of sample #30 obviously have problems related to the instability of the spectrophotometer, and they will not be considered for blank correction.
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Fig. 9. The absorption spectra of the blanks.

When we consider the 5 blanks that remain, we see that the variation is not very important (compared to the variation of the seawater samples (Fig. 10, compared with Figs. 7 and 8, for example for 550 nm). Then we can take the average of all the spectra and accept a “blank” value for the whole mission (Fig. 11).
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Fig. 10. The absorption spectra of the blanks that have been selected.
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Fig. 11. The average blanks spectrum (for ODnull corrected to 740 nm).


4) CDOM data
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Fig. 12. Finalized spectra (for ODnull corrected to 840 nm).
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Fig. 13. Finalized spectra, for short wavelengths  (ODnull corrected to 840 nm).

[image: ]
Fig. 14. Finalized spectra, Saguenay vs Estuary (ODnull = 840 nm)
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Fig. 15. Spectra for Saguenay samples (ODnull = 840 nm)


Data with ODnull = 840 nm have been archived.
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