Methods for the Collection and Measurement of Chromophoric Dissolved Organic Matter (CDOM): Ultrapath multiple path length liquid waveguide capillary cell 
Samples for determination of CDOM spectral absorption coefficients are stored under refrigeration.  In the laboratory, CDOM samples were warmed to room temperature and filtered through 0.2 µm Whatman Nuclepore polycarbonate filters or Gelman Supor (polyethersulfone) filters prior to analysis (Mitchell et al. 2000).  Filtration of CDOM samples through GF/F filters is necessary for coastal ocean waters due to the high particle load that quickly clog Nuclepore and Supor filters.  Absorption spectra of CDOM were measured using an Ultrapath UPVIS multiple pathlength liquid waveguide capillary cell (LWCC) coupled by fiber optics to a photodiode array-based spectrometer module (TIDAS I; World Precision Instruments) and a DH-2000 Deuterium Halogen Light Source (Microack).  Samples and references were injected into the cell using a peristaltic pump connected to the outlet port of the waveguide to “pull” the samples through the instrument.  Samples were referenced against Ultrapure water and a dark reference was collected to correct for instrument electrical noise.

Salt solutions of NaCl were measured during the analysis with salinities spanning the range of the CDOM sample salinities that were measured (i.e. 30, 35, and 40 ppt NaCl).  The spectra were used to develop a correction curve to account for the offset caused by the salinity of natural samples. The cdom spectra were corrected by selecting the interpolated salt value from the correction curve that would produce a value close to zero at 685 nm when it was subtracted from the CDOM spectra.  This approach is thoroughly described in the latest edition of the IOCCG protocols (Mannino et al. 2019).     

Absorbance spectra were converted to naperian absorption coefficient by the formula a(λ)=a(λo)*2.303/l where a is the decadal absorbance of the sample measured at each wavelength, l is the pathlength (m), and 2.303 converts decadal to natural log scale.

Reference spectra of a water solution comprised of Suwanee River Fulvic Acid Standard 1, IHSS #1S101F (http://www.humicsubstances.org/elements.html) vs ultrapure water at approximately 0.25 mg/l was measured at or near the time of sample analysis, and is converted to specific absorption (m2/mg).   

Repeat scans of seawater subsamples, replicate subsamples, and Niskin versus persistaltic pump samples yielded a coefficient of variation of typically <±5%. The CDOM spectral slope is determined by fitting a single-exponential non-linear curve to the measured curve from 300-600nm [a(λ)=a(λo)e-S(λ- λo), where a(λ) and a(λo) represent the absorption coefficients at wavelength λ and reference wavelength λo].   CDOM absorption coefficients, aCDOM(λ), and the spectral slope coefficient (S), a parameter that quantifies the exponential absorption decrease with increasing wavelength, have been shown to vary with type and source of CDOM.  The CDOM spectral slopes derived from this non-linear curve fit are insensitive to aCDOM from higher wavelengths; i.e., equation affords greater weight to aCDOM values in the ultraviolet and blue spectral regions where signal-to-noise is highest (Twardowski et al. 2004).
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