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Abstract: The searchable online repository of fluorescence spectra, OpenFluor, is an important resource for 

researchers using fluorescence spectroscopy to study natural organic matter in aquatic milieu. A year after 

release, the database is populated with several hundred spectra and has nearly one hundred registered users. 

Fluorescence spectra in OpenFluor include spectra obtained through mathematical decompositions of excitation 

emission matrices (EEMs), which in this study have been compared with each other and with spectra derived 

from known substances. Relationships between known and modelled spectra illustrate the possibilities for, and 

limitations of, identifying the structural components of natural organic matter using fluorescence spectroscopy.  
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Introduction 

Fluorescence spectroscopy is a popular technique for acquiring sensitive measurements of a 

diverse group of organic compounds. This technology is now widely used to characterise 

naturally-occurring fluorescent organic matter in aquatic environments, which is often used as 

a proxy for studying the total organic carbon pool. In 2014, a searchable repository of 

published organic fluorescence spectra became available online (Murphy et al. 2014). 

OpenFluor filled a critical gap by increasing access to fluorescence spectra, identifying 

quantitatively similar spectra, and linking across studies and systems. 

OpenFluor contains fluorescence spectra derived from dozens of published studies of 

natural organic matter in aquatic environments. Since natural aquatic samples contain 

complex fluorophore mixtures instead of isolated signals, individual fluorescence spectra 

were obtained in those studies by indirect methods, particularly via the mathematical 

decomposition of three dimensional fluorescence excitation emission matrix datasets using 

Parallel Factor Analysis (PARAFAC) (Bro 1997). However, quantitative comparisons 

between PARAFAC spectra and the spectra of pure compounds are largely unavailable. 

In this study, similarities between directly and indirectly acquired fluorescence spectra 

(‘PARAFAC spectra’) are examined. Several consistent trends in the characteristics of 

indirectly acquired spectra are revealed. Comparisons between indirectly and directly 

measured spectra reveal surprising similarities. The opportunities for identifying the structural 

components of natural organic matter using fluorescence spectroscopy are discussed. 

Material and Methods 

Indirectly acquired fluorescence spectra (‘PARAFAC spectra’) submitted to OpenFluor by a 

diverse assemblage of research groups were compared with each other and with a range of 

directly measured spectra derived from known pure substances. The pure substances represent 

a subset of organic compounds considered likely to contribute to the fluorescence signatures 

of natural aquatic samples. Certified pure compounds were purchased and analysed under 

controlled conditions using an AquaLog fluorometer (Horiba Scientific). The statistical 



similarity between fluorescence spectra was quantified using Tucker’s congruence coefficient 

(Tucker 1951), which provides a standardized measure of proportionality of elements in two 

vectors. Fluorescence spectra, consisting of independent excitation and emission spectra, were 

considered similar when Tucker congruence exceeded 0.95 on the excitation and emission 

spectra simultaneously. 

Results and Conclusions 

Many PARAFAC spectra in OpenFluor are very similar, despite the fact that samples were 

collected in a wide range of aquatic environments and measured on a range of instruments by 

a range of research groups, with individual spectra ultimately extracted by indirect methods 

that assume ideal fluorescence behaviour. Figure 1.1 shows comparisons between (A) 

PARAFAC spectra in OpenFluor; and (B) pure sodium salicylate compared with a 

PARAFAC component from a study of a pristine river water shed (Walker et al. 2009). These 

results suggest an important role of PARAFAC and OpenFluor in assisting the interpretation 

of fluorescence datasets. However, sensitivity analyses of PARAFAC models indicate that 

many PARAFAC spectra probably reflect assemblages rather than discrete compounds. 

Furthermore, variability in the electronic environments of molecules, and similarities between 

the spectra of related fluorophores make it difficult to uniquely identify responsible 

substances.  
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Figure 1.1 (A) Spectrally similar PARAFAC spectra in the OpenFluor database, derived from seven 
independent studies involving five research groups; B) a PARAFAC component from a study of the Mackenzie 
River watershed (lines) compared with pure dissolved sodium salicylate (dashes). 
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