FICHE META_INFORMATION_PARAMETRES

(à remplir par le responsable du paramètre)

1. PARAMETRES CONCERNES  


Dimethylsulfide (DMS) pseudo first order rate constant for photolysis: DMS-PFORC


2. OPERATION & CAMPAGNE / OPERATION & CAMPAIN
UVECO

3. PROJET  ETUDE / PROJECT TITLE

UVECO : Induction of microbial community responses and dissolved organic matter transformations by UltraViolet radiation in marine ECOsystems 
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email address
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5. BREVE DESCRIPTION DU PROJET / BRIEF DESCRIPTION OF PROJECT

Le projet UVECO  2003-2006 a eu pour objectif d'étudier l'impact du rayonnement UV sur les compartiments bactériens et phytoplanctoniques ainsi que sur les transformations photochimiques de la matière organique dissoute (DOM). Les 5 principaux objectifs étaient :

Objectif 1 : Étudier les réponses cellulaires et moléculaires des populations microbiennes au stress UV, en considérant des modèles de picocyanobactéries et des modèles de bactéries marine hétérotrophes.

Objectif 2 : Étudier de l’impact des rayonnements UV (A et B) et PAR sur la structure moléculaire de la matière organique dissoute et sur les capacités minéralisatrices des bactéries hétérotrophes.

Objectif 3 : Étudier l'impact in situ du rayonnement UV sur les flux de carbone à la surface de l'océan concernant compartiments MOD / bactéries / phytoplancton.

Objectif 4 : Étudier les processus de photolyse du DMS

Objectif 5 : Préciser la profondeur de pénétration du rayonnement UV en Mer Méditerranée par des mesures de rayonnement in situ à l'aide d’un radiomètre en relation avec les concentrations de COD, de CDOM, de chlorophylle a et de MES.

6. DESCRIPTION DES PARAMETRES /  PARAMETERS DESCRIPTION
6.1. Ce qui a été mesuré et comment / What did you measure and how did you do it (include references for analytical methods)?
Dimethylsulfide pseudo first order rate constant for photolysis (DMS-PFORC) was measured for the first time concomitantly with photoproduction of the hydroxyl radical (P-OH, see Tedetti et al. in UVECO database) under natural or artificial light sources. Experiments were performed in coastal waters of the Northwestern Mediterranean Sea off Banyuls-sur-Mer (France, June 2004) and in the Indian Sector of the Southern Ocean above the Kerguelen Plateau and at a typical High-Nutrient-Low-Chlorophyll site (January-February 2005).
In the northwestern Mediterranean Sea, sampling was done at the Station SOLA, a shallow (maximum depth, ~ 26 m) coastal station located ~ 500 m offshore of Banyuls-sur-Mer, France (42°29’N, 03°08’E, Fig. 1). Samples were collected with a Niskin bottle at 5-m depth in the afternoon (3:00 pm). Salinity and temperature were measured with a Seabird CTD. Salinity of the water samples was 37.5. Water was transported to the laboratory in 20-L acid washed Nalgene carboys. The samples were prefiltered onto precombusted (450°C, 4h) Whatman GF/A glass fiber filters (142 mm, Whatman), and then filtered through pre-rinsed 0.2-µm pore-size Nuclepore membranes (142 mm). The 0.2 µm filtered water was stored at 4°C in the dark for ~ 10h.

For the experiments performed under natural sunlight, filtered seawater amended separately with sodium benzoate and DMS (see below), was exposed in situ at two depth layers (2.6 m and 10.5 m) and to surface radiation using a recirculation water bath (0.1-m depth) maintained at in situ temperature (19°C ± 1°C). Light and dark incubations were done in duplicate or in triplicate 60-ml ultraclean quartz and Pyrex tubes that were sealed with clean screw caps with PTFE/Silicone liners. For dark treatments, the Pyrex tubes were covered with aluminum foil. For the in situ incubation, the tubes were attached randomly on metal frames (112 cm x 72 cm x 10 cm) that were deployed independently at known depths. Each metal frame was fixed at the sediment by a ballast and attached to a buoy. Temperature of the water column measured at midday during the in situ deployments varied from 18.7°C at the surface to 16.5°C at 15 m depth. The in situ deployments started at 10:00 am and lasted for 7h. For samples exposed to surface solar radiation, experiments started at 07:30 am and lasted for 10h.

For the experiments performed under artificial light, tubes containing 0.2-µm filtered seawater amended with similar amounts of sodium benzoate and DMS were exposed for 12 h to solar simulated irradiation using a UV/visible solar simulator equipped with a 1,000-W xenon lamp (Oriel Corporation, Stratford, Conn.). The tubes were placed in a recirculating water bath maintained at 18°C ± 0.5°C, at a distance of 50-cm from the collimating lense. The solar simulator was equipped with an AM0 and an AM1 air mass filter to allow the simulation of solar radiation at the earth surface.

In the Indian sector of the Southern Ocean, sampling was done during the KErguelen Ocean and Plateau compared Study (KEOPS), that took place from 19 January to 13 February 2005. We carried out a survey inside and outside the south-eastern part of the Kerguelen Plateau. A large bloom of diatoms was observed only above the Plateau. For the KEOPS DMS photodegradation experiments, seawater was collected at 35 m and 400 m (Stations A3 and B5, inside the bloom), and at 35 m at Station C11 using GO-FLO bottles mounted on a Kevlar line. Sampling was usually done late at night in order to start the incubations at dawn. Seawater was immediately filtered through clean Sartroban cartridges (0.2 µm with 0.4 µm prefilter, Sartorius) and subsequently treated as follows.
Analytical procedures.

To determine the DMS-PFORC we added DMS from a freshly prepared aqueous DMS (Sigma-Aldrich) stock solution to a bottle containing natural or amended (with nitrate or CDOM or both) filtered seawater, to a final concentration of 10-20 nM. After DMS addition, the bottle was rotated by hand at least 20 times and its content was poured slowly in the tubes with very small headspace. The sulfur analytical system consisted of a Varian 3800 gas chromatograph with a pulsed flame photometric detector and a Poraplot Q capillary column (Chrompack). DMS was pre-concentrated using a purge and cryogenic-trap technique following the procedures of Belviso et al. (2003), except that DMS was trapped without Tenax GC but directly onto the walls of an empty FEP-Teflon loop. The DMS-PFORC was determined by linear regression between the natural logarithm of the final DMS concentration in the dark treatment and the final DMS concentration in the light treatment, both measured in duplicates or triplicates. During the KEOPS cruise, we used an Innowax capillary column (Hewlett Packard) for sulfur analysis. DMS-PFORC was calculated as in Hatton (2002).
References:

Belviso, S., Sciandra, A., Copin-Montégut, C., 2003. Mesoscale features of surface water DMSP and DMS concentrations in the Atlantic Ocean off Morocco and in the Mediterranean Sea. Deep-Sea Research I 50, 543-555.

Hatton, A.D., 2002. Influence of photochemistry on the marine biogeochemical cycle of dimethylsulphide in the northern North Sea. Deep-Sea Research II 49, 3039-3052.
7. FICHIERS / FILES

7.1. Nom de fichier de données / file name
uveco_belviso_DMS-PFORC_basedonnees_.doc
7.2. Explication des têtes de colonne, des unités et des abréviations utilisées dans le fichier de données / data file structure

8. RESULTATS PRELIMINAIRES  / RESULTS
Above the Kerguelen Plateau, the DMS-PFORC of surface and deep waters was determined twice at station A3 (24 January and 13 February) and once at station B5 (4 February). Samples were incubated at almost similar UV-B and UV-A irradiance conditions (9.0 ± 1.2 kJ m-2 at 340 nm, 0.6 ± 0.1 kJ m-2 at 305 nm). DMS-PFORC were in all three experiments significantly higher at 400 m (0.30 ± 0.09 h-1 (n=3)) than at 35 m (0.10 ± 0.03 h-1 (n=3), P = 0.01). The highest DMS-PFORC measured in surface and deep waters were 0.12 h-1 (4 Feb.) and 0.4 h-1 (13 Feb.), respectively (Fig. 1). Deep waters of the Kerguelen Plateau were enriched (by about a factor of two) in CDOM and nitrates than surface waters (e.g. 21.5 µM and 0.3 QSU at 35 m depth, and 38.1 µM and 0.6 QSU at 400 m depth, station A3, 24 January 2005).

UV-B and UV-A doses experienced in HNLC waters on 28 January (station C11, 3.3 kJ m-2 at 340 nm, 0.15 kJ m-2 at 305 nm) were about a third of that above the Plateau. Nitrate concentration and DMS-PFORC in the water sample taken at 35 m were equal to 27.8 µM and 0.016 h-1, respectively.
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Figure 1: Histogram showing three independent determinations of the DMS pseudo first order rate coefficient for photodegradation (DMS-PFORC) in surface (white bar) and deep water (dark bar) samples of the Kerguelen plateau.
In surface waters with low P-OH (< 1 nM    h-1), DMS-PFORC was, on average, 0.045 ± 0.022 h-1 (n=7, Fig. 2). DMS-PFORC responded systematically positively to stimulation of P-OH (up to 6-7 nM h-1) from additions of either nitrate, or nitrite, or chromophoric DOM (CDOM) of phytoplanktonic origin, or mixtures of these compounds, but the amplitude of the response was highly variable. It is in the nitrate, CDOM and iron-rich but cold deep waters of the Kerguelen Plateau that the DMS-PFORC culminated (0.22 h-1) at intermediate P-OH (2.1 nM h-1, Fig. 2). 
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Figure 2: Pseudo first order rate constant for DMS photolysis (DMS-PFORC) as a function of OH radical photoproduction rate (P-OH). Med. Sea: Mediterranean Sea. S. Ocean: Southern Ocean. The solid line denotes the best-fit employing linear regression analysis (Med. Sea samples incubated 16 June 2005: r2 = 0.98, slope= 0.019 nM OH-1, y-intercept = 0.02 h-1). A dashed line connects data sets each made of two data points. The slope and the y-intercept of the line connecting the S. Ocean deep water sample to the raw water surface sample are 0.093 nM OH-1 and 0.02 h-1, respectively. Raw surface water samples exhibiting OH production rates lower than 1 nM h-1 and pseudo first order rate constants for DMS photolysis lower than 0.08 h-1 (dashed rectangle).
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