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Abstract Fluorescence excitation-emission matrix (EEM) spectroscopy was used to

investigate spatial and temporal variability in the optical properties of dissolved

organic matter in the Arcachon Bay and its main tributaries. Seasonal effects and

different trends in composition as well as in size of dissolved organic matter (DOM)

were observed for samples collected from the Arcachon lagoon. We do not observe

such a variability for the samples collected from the nine main tributaries of the

Arcachon Bay. DOM quality was however specific for each tributary site.
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Introduction

Dissolved organic matter (DOM) is a heterogeneous, complex mixture of

compounds with wide-ranging chemical properties and diverse origins. It is well

known to interact with pollutants and to affect their transport and their fate in

aquatic environment and plays a vital role in the global cycling of carbon. The

composition and reactivity of DOM in aquatic ecosystems are still poorly under-

stood; however, various optical techniques are providing new insights from diverse

environments (McKnight et al. 2001; Helms et al. 2008; Stedmon et al. 2011).

This study focused on tracing DOM sources and cycling in an economically

important coastal area: the Arcachon Bay (South Western France).
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Materials and Methods

Surface water samples were quarterly collected from the Arcachon Bay (six stations),

and the nine main tributaries of the Bay were monthly sampled (Fig. 1).

The fluorescence spectra were recorded using a Fluorolog FL3-22 Jobin Yvon

fluorometer equipped with double monochromators for both the excitation and

emission sides. The samples were contained in a 1-cm path-length-fused silica

cell (Hellma), thermostated at 20�C. The fluorescence excitation-emission matrix

(EEM) spectroscopy involved scanning and recording 17 individual emission

spectra (260–700 nm) at sequential 10-nm increments of excitation wavelength

between 250 and 410 nm. The EEM spectra of the samples were corrected by

subtracting the EEM spectra of ultrapure water. The main bands observed for

natural waters are shown on Table 1.

The absorbance spectra of DOM was recorded with a Jasco V-560 spectropho-

tometer equipped with deuterium and tungsten iodine lamps in order to avoid inner

filtering effect before fluorescence analysis (Huguet et al. 2009).

Asymmetric flow field-flow fractionation (AF4) offers new perspectives in the

characterization and separation of biopolymers (Yohannes et al. 2011) and colloidal

macromolecules (Alasonati et al. 2010; Guéguen and Cuss 2011). This technique

allows to separate colloidal material depending on its size. Separation takes place in

a channel without stationary phase. Some samples were analyzed to determine the

size distribution of DOM using a Wyatt Technology Eclipse AF4 system coupled to

a UV detector (Agilent) and a multi-angle laser-light-scattering detector (MALLS-

DAWN TREOS Wyatt Technology).

Results and Discussion

In order to discuss the results of the fluorescence analysis of the different samples,

we considered the fluorescence intensities of the main fluorescence bands (Table 1)

and the ratios of these intensities (Ia’/Ia, Ib/Ia, and Ig/Ia). Fluorescence indices

were also calculated and discussed (HIX – humification index, and BIX – biological

autochthonous input index (Huguet et al. 2009)).

We observed seasonal effects and different trends in composition as well as in

behavior or production of fluorescent DOM. HIX and BIX fluorescence indices

showed spatial and seasonal variations of the quality of fluorescent DOM from the

Arcachon Bay as shown as an example in Fig. 2 for samples collected in 2010.

There was, on the contrary, no marked seasonality for the tributaries; however, a

specific fluorescent DOM type was observed for each tributary site (Fig. 2.).

DOM absorbance measurements were made for all samples. The measured

absorbance at wavelength l was converted to absorption coefficient a (m�1)

according to al ¼ 2.303Al/L (Al: absorbance, L path-length of the optical cell in

meters (here 0.01 m)). The wavelength dependence of absorption coefficient was

parameterized with a nonlinear exponential model according to al ¼ al0e
�S.l. The
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slope parameter S was calculated over the 275–295-nm (S275–290) and 350–400-nm

(S350–400) range, using nonlinear least squares fit procedures. Spectral slope ratio SR
was calculated: SR ¼ S275–290/S350–400.

Spectral slope ratio SR distributions showed seasonal variations for the samples

collected from the Arcachon Bay, as shown, for example, for “Banc d’Arguin”

sample (Fig. 3a), suggesting a great variability of colored DOM molecular weight

(when SR increases, MW decreases).

Table 1 Main fluorescence bands for natural water

Band Excitation wavelength Emission wavelength Compound type

a 330–350 420–480 Humic-like

a0 250–260 380–480 Humic-like and recent organic material

b 310–320 380–420 Material of biological origin

g 270–280 300–320 Protein-like material and bacterial activity

Fig. 1 Map of sampling sites in Arcachon Bay
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Fig. 2 HIX and BIX variations for water samples collected in 2010 from Arcachon Bay sites

Fig. 3 SR variation from 2008 until 2011 for (a) Banc d’Arguin site and (b) La Hume site
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Even though we do not observe such a variability for the samples collected from

the tributaries (“La Hume” sample as an example (Fig. 3b)), DOM was

characterized by specific quality from one tributary site to another (Fig. 2). This

variability in DOM quality is also well illustrated in Fig. 4, showing AF4 DOM

fractionation for four tributary samples.

Conclusion

The analysis of DOM of waters from the Arcachon Bay during a 4-year survey

allowed us to discriminate between various sources of colloidal organic matter and

highlighted spatial and temporal variabilities of their composition and size.
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