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LONG-TERM GOALS

To understand the principles of the new spectrofluorometric technique called Excitation Emission Matrix Spectra (3D fluorometry) developed by Paula Coble and its application in qualitative and quantitative studies of Colored Dissolved Organic Matter dynamics in estuaries and coastal ocean. 

OBJECTIVES

1) To discuss with Dr Paula Coble the application of the new method of measurement of CDOM fluorescence called -Excitation Emission Matrix Spectra (EEMS) to track qualitative changes of CDOM composition along the salinity gradient. 

2) To measure EMMS spectra of Baltic Sea samples collected in October 2002 at the Department of Chemistry UNCW and to disseminate my experience in CDOM studies to students and research technicians at CMS UNCW.

3) Attend Ocean Optics XVI Conference, Santa Fe, New Mexico, 18 – 23 November 2002 and to present two conference papers.

4) To discuss the CDOM dynamics in estuaries and coastal ocean.

APPROACH

(a) DR Paula Coble at CMS USF has developed new analytical technique for qualitative and quantitative analysis of CDOM called Excitation Emission Matrix Spectra (EEMS) (Coble, 1996; Coble et al., 1998). The IOPAS in Poland is conducting long term bio-optical program on the Baltic Sea. The part of this program is to characterize and quantify the CDOM absorption in the Baltic Sea and estimates its impact on inherent and apparent optical properties (Kowalczuk, 1999; Kowalczuk et al., 1999; Olszewski et el., 1999; Kowalczuk et al., 2002) The scope for rationalization and sharing of expertise was the main thrust of the visit to CMS USF.

(i) I have met Dr Paula Coble on Monday Nov. 4, 2002. She has took me to USF main campus in Tampa to see a new flow through laser fluorometer system, which has been design at the USF Science Department to acquire high quality fluorescence spectra along the ship track during its motion. The sea water is pumped continuously to through the pipes to the flow cell and the laser induced fluorescence spectra are collected every 10 minutes. This system enable to obtain high spatial resolution data of CDOM fluorescence intensity. The system has been tested before its trial deployment on the ship mission in Vietnam in spring 2003. After meeting at USF main campus in Tampa, I have visited Dr Paula Coble’s Marine Spectrochemistry Laboratory guided by her assistant Mrs. Robyn N. Conmy. She has shown me a spectrofluorometer SPEX Fluorolog 2, and laser fluorometer used for CDOM analysis. She has also explained me the CDOM analysis protocols applied in this laboratory.

(ii)
On Tuesday November 5, 2002, I had a meeting with Dr Coble. I have shown her results of my work, which I have conducted in Center for Marine Sciences, University of North Carolina at Wilmington on CDOM characterization in the Cape Fear River Plume and in the Onslow Bay. I have also presented Dr Coble latest results of the Remote Sensing Laboratory of Institute of Oceanology of Polish Academy of Sciences, Sopot, Poland. The main subject of my discussion with Dr Coble were technical and methodological aspects of the EEMS technique. She has raised the question concerning some features visible on some of my EEM spectra in the UV excitation band and red emission band. These features could be an artifact of second order Raman scattering or coupled effect of second order Raman scattering and secondary Tyrosine emission peak. She has also pointed out the potential problems with the efficiency of peak separation and correction by the Wade Sheldon software especially close to the Raman scattering emission. She has advised me to run some test with standardized compounds to check the software performance. She has also expressed that presented results are publishable, but all methodological questions she has pointed out should carefully revised. Dr Coble has been also interested in the presentation concerning my work on CDOM characterization in the Baltic Sea and impact of the CDOM on the accuracy of the remote sensing algorithms. She has recommended me to have a meeting with Dr Kendall Carder and continue discussion of the CDOM influence on chlorophyll remote sensing algorithms with him. Further discussion has been focused on future collaboration between UNCW, IOPAS and USF with special attention given to the NICOP Program held at the ONRIFO in London. Dr Coble, at this time, has no active research project, where my expertise and experience could be incorporated as the collaborator or subcontractor, therefore we can not fulfill the NICOP requirement to submit proposal. However, Dr Coble is interested very much in creating a common protocols and standards for the EEMS technique and she is very interested in inter-calibration of data between as many as possible laboratories using this analytical technique. I have agreed with Dr Coble with that matter and I have proposed to send some representative samples from the Cape Fear River Plume, Onslow Bay and Baltic Sea for intercalibration. My work on the paper manuscript on CDOM characterization in the South Atlantic Bight would benefit on intercalibration results.

(iii)
 On Wednesday, November 5, 2002, I have a seminar at the College of Marine Science at St. Petersburg, Florida. I have presented a talk entitled “Characterization of CDOM in an Organic Rich River and Surrounding Coastal Ocean. Comparison between South Atlantic Bight and Baltic Sea.” The prints of the presentation slides are included in Appendix 2. After the talk a have met with Dr Kendall Carder and Jennifer P. Cannizzaro. I have presented a talk entitled: “Bio-optical measurements in the Baltic – summary” composed by Dr Sławomir Sagan from IOPAS, with contribution of Remote Sensing Laboratory staff. This presentation summarizes the latest results of the IOPAS’s bio-optical program related to the ocean color model and calibration and validation remote sensing data. I have pointed out the importance of the CDOM absorption its spatial and temporal variability on inherent and apparent optical properties of the Baltic Sea. The presentation also contains the elements of locally validated remote sensing algorithm for retrieval of chlorophyll a concentration and CDOM absorption coefficient. Dr Carder and Mrs. Cannizzaro has expressed interest in presented results. I have left the copy of the manuscript of the latest paper (Kowalczuk et al., 2002), recently submitted to editors of International Journal of Remote Sensing, related to the presented subject.
(b) I am collaborating with the CMS UNCW after accomplishment of my post doc contract. I am working on analysis and utilisation of CORMP program data. The CMS is providing me a lab instrumentation for spectrofluorometric analysis of CDOM collected in Baltic Sea. During my visit at UNCW I have worked in DOM photochemistry laboratory at Department of Chemistry UNCW, with Mrs. Deirdre O’Connell, who has been hired as a new CORMP technician. I have teach her how to run spectrophotometric UV-VIS scans of CDOM samples using Cary-100 dual beam spectrophotometer and how to run spectrofluorometric scans using EEMS technique using SPEX Fluoromax 3 spectrofluorometer. I have also trained her in data processing and post – processing using instruments acquisition software and post processing and editing using the FLToolbox, software developed by Wade Sheldon, University of Georgia. We have used samples collected during three CORMP cruises: one in Onslow Bay, in September 2002, and two in the Cape Fear River Plume in September and October 2002. We have also analysed the 5 Baltic Sea samples. The small number of samples collected in the Pomeranian Bight is result of the extremely adverse weather condition during the cruise. In the 7 days time slot reserved for this cruise, 5 days were stormy with wind speed exceeding 30 knots. Samples were collected during remaining 2 days; 4 samples were collected in the transect in the Pomeranian Bight from the Świna River mouth into the open sea along the German coast, direction north-west. One reference sample was collected in the central part of the Pomeranian Bight. All together 25 samples were analysed in 5 days. Examples of the EEMS spectra of the Baltic Sea samples are presented on figures 1 and 2. The collaboration between CMS, UNCW and IOPAS in CDOM characterisation will continue in 2003. It has been agreed that CDOM samples will be collected during 2 cruises on the Baltic Sea in winter and spring 2003. Collected samples will be shipped to Wilmington for spectrofluorometric analysis. 

(i)
While at the office hours at the Center for Marine Science UNCW, I was working with two DIS students on their projects, which have been focused on analysing temporal variability of CDOM absorption and fluorescence in the Cape Fear River Plume and comparison of fluorescence properties of CDOM collected in various estuaries: Baltic Sea, Europe, Cape Fear River Plume, North America and Ross River Queensland, Australia. I have had also an opportunity to discuss with my collaborators at UNCW the methodological remarks and question raised by Dr Paula Coble. We have agreed to revise the introductory and methodological section of the manuscript of the paper entitled (provisional): “Characterization of CDOM in an organic rich river and surrounding ocean” and include most of Paula Coble’s remarks. The work of those section of the manuscript has been finished during my stay at Wilmington and the manuscript has been sent to co-authors for revision.
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Example of EEMS spectrum of CDOM sample collected in the Batlic Sea on Octber 14, 2002 on station ZP66 (close to the Świna River inlet)
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Example of EEMS spectrum of CDOM sample collected in the Batlic Sea on Octber 14, 2002 on station Krig1 (the reference smaples open Batic Sea, approahces to Danish Straits)

(c) At the Ocean Optics XVI Conference I have given two presentations on the research activities and preliminary results of the CORMP program relevant for the ocean optics community. Conference papers have been published on the Conference CD, which contains extended abstracts ( see: http://www.oceanopticsconference.org/schedule/index.asp). I have also attended many informal meetings with other researchers working on CDOM absorption and fluorescence. I had very interesting meeting with Dr Michael Twardowski from WetLabs on application of in CDOM fluorometers to study the high resolution spatial and temporal changes in CDOM distribution in coastal ocean, as well as in situ observation of CDOM photobleaching effects. Dr Twardowski was very interested in my on-going long term observation of CDOM absorption in the Baltic Sea. I have agreed to compose a summary of my Ph.D. thesis (published in Polish), with the special emphasis on seasonal changes of relationship between CDOM absorption coefficient and CDOM absorption spectrum slope coefficient. I have also met Dr Anthony Vodacek and I have discussed with him the calculation of average cosine in turbid, CDOM dominated waters. The proper values of average cosine is a critical parameter for exact estimation of total absorption in the sea with use of Gershun equation. I have aslo met with Dr Joann Cleveland. I have briefed to her my visit at USF and UNCW as well as I have gave her a talk on my seminar presented at USF. She has collected from me a presentation slides printouts. I have had also meeting with James Acker from DAAC concerning future of SeaWiFS sensor. I have visited exhibition booths of major manufacturers of the marine optical instrumentation: WetLabs, Biospherical Instruments, Satlantic Inc., HOBI Labs, Trios Optical Sensors discussing technical performance of hyperspectral irradiance and radiance sensors for measurements in turbid Case II waters and collecting information packages.

(d) I have met Dr Robert Chen on Monday November 25, 2002. In the morning we have had an introductory conversation with Dr Chen. I have told him about my education background and my research project in Poland and in North Carolina. Dr Chen got very interested when I was describing the sources of CDOM in the Baltic Sea with special attention given to the estuaries and hydrological pattern of riverine discharge. It is considered that main source of CDOM in the Baltic Sea are rivers. The total drainage area of rivers flowing to the Baltic Sea is 10 times greater than the area of the sea itself. There are two major river which drain the territory of Poland: Wisła River and Odra River. These rivers have very similar hydrological regime drainage area and flow volume. The only differences are drainage area geomorphology and rivers estuaries. The Wisła River flows mostly trough the cultivated arable land, however its eastern tributaries flow trought the low land swamp systems. The estuary is transformed by man and most of it consists of arable polders and the flow is controlled by the hydraulical systems, which controls the volume of waters flowing through channels and Wisła Lagoon on the east side of the estuary. 80% of the total flow volume discharges directly to Bay of Gdansk through the jetties constructed in 1890. The Odra River flows trough the arable land, and has no swamp systems at the tributaries. The flow is controlled by the systems of dams. The river flow to the large estuary consisting from the large, and shallow Szczecin Lagoon, which is relatively little altered by the human activity. There are marsh systems at the edges of the lagoon and the water flows from the estuary to the sea by three inlets. 80% of the volume is discharged to Pomeranian Bight through the inlet called Świna River. The statistical analysis of DOM absorption data in my record suggest that CDOM characteristics in Bay of Gdansk and Pomeranian Bight is different. The possible reason for that is photodegradation of CDOM in the Szczecin Lagoon, which acts as photochemical reactor. Dr Chen has replied that it may be possible explanation, however detailed studies of two fresh water end members are need to fully evaluate production and degradation processes in both estuaries. To support this thesis he has presented me his latest results of CDOM dynamics in Mississippi River Plume and Boston Harbour. In the afternoon, during lunch, I had a meeting with other Environmental, Coastal and Ocean Sciences, faculty members. After lunch I had a meeting with Dr Chen students, and we had a panel discussion on CDOM dynamics in the estuaries. In the late afternoon I have presented a seminar.
(i)
The next day in the morning I had a meeting with the research student, who uses the EEMS technique for CDOM characterization of CDOM produced by phyto and zooplankton. I have explained him a principals of the peaks integration method I have used to quantify the CDOM fluorescence intensity in the 3D fluorescence spectra. Later that day, I have visited Dr Robert Chen’s laboratory. He has explained me what kind of instrumentation he uses in laboratory and in situ CDOM investigation. Later in the afternoon we had second meeting. This meeting was mainly on NICOP program held by ONRIFO. Dr Chen has explained me that he is interesting in collaboration in budgeting the CDOM in estuaries, and the two system in the Southern Baltic, which I have described to him, are very interesting as the reference site to his study. At present he has running ONR funded research grants, but it is too late to incorporate my expertise to those programs, to make eligible to apply for NICOP funding. He has promised, that he would try to incorporate my and my colleagues ocean color expertise in his future proposal. We have decided to be in contact.

TRAVEL COMPLETED 

Table 1. Summary of visits conducted under this VSP.

	Person Visited
	Position
	Institution / Conference
	Location
	Scientific / Technical Purpose
	Dates (mm/dd/yy)

	Paula Coble
	Section Head
	CMS USF
	USF St. Petersburg
	CDOM fluorescence
	11/02-06/02

	Robyn Conmy
	Scientist
	CMS USF
	USF St. Petersburg
	CDOM laboratory procedures
	11/02-06/02

	Kendall Carder
	Scientist
	CMS USF
	USF St. Petersburg
	Inherent and Apparent Optical properties/ Remotes sensing
	11/02-06/02

	Jennifer P. Cannizzaro
	Scientist
	CMS USF
	USF St. Petersburg
	Inherent and Apparent Optical properties/ Remotes sensing
	11/02-06/02

	William J. Cooper
	Scientist
	CMS
	UNC Wilmington
	Ecosystems
	11/07-17/02

	Michael J. Durako
	Scientist
	CMS
	UNC Wilmington
	Photochemistry
	11/07-17/02

	Joan Cleveland 
	ONR Officer
	Environmental Optics, Code 322OP
	ONR Arlington
	Conference 
	11/18-22/02

	Robert F Chen 
	Scientist
	ECOS
	UMass. Boston
	Photochemistry/CDOM dynamics in estuaries
	11/23-28/02


RESULTS

Visit to CMS USF at St. Petersburg: (a) presentation of seminar; (b) mutual exchange of experience in CDOM studies in distinctly different environments; (c) a better appreciation and understanding of 3D fluorescence technique; (d) agreement to perform the intercalibration of EEMS measurements; (e)  presentation of recent advances in bio-optical research in the Baltic Sea; (f) shared knowledge bio-optical measurements in optically complex will benefit both groups, future exchange of information agreed.

Visit to CMS UNCW at Wilmington: (a) measurements of fluorescence spectra of Baltic Sea and South Atlantic Bight samples; (b) experience transfer and training of the new CMS research technician; (c) discussion and corrections to the joint scientific paper; (d) agreement in further collaboration between CMS UNCW and IOPAS in CDOM characterisation has been established.

Visit to Ocean Optics XVI conference: (a) presentation of preliminary results of the CORMP program on the ocean optics community forum; (b) , publication of conference paper in the conference proceedings; (c) participation in plenary and poster sessions and many informal meetings with other investigators working on CDOM.

Visit to ECOS UMass, Boston: (a) presentation of the seminar and exploring the possibilities of collaboration.

IMPACT/APPLICATIONS

(a) Closer collaboration on the development, application and standardization of new spectrofluorometric methods and procedures for CDOM characterization stands of to benefit both the US and Polish groups. Exchange of knowledge and experience on CDOM characterisation in coastal and oceanic waters, CDOM dynamics and DOM geochemical cycles will advance science nationally and internationally.

(b) Sharing expertise on CDOM impact on optical measurements for calibration and validation of satellite imagery data will enhance the capabilities of both scientific communities. There exists the potential to integrate expertise to the greater good. US and Polish (and EU) groups are working along similar lines, with the US concentrating at present on CDOM dynamics in the open and coastal ocean whereas the Polish is expanding the capability to understand the complex mutual relationships between major optically active components of sea water in turbid marginal sea (Baltic Sea) and long term CDOM dynamics and cycles. 

TRANSITIONS

(a) Standardization and wide application of fluorescence Excitation Emission Matrix Spectra technique will be of benefit to both naval and civilian communities worldwide. This analytical technique offers a uniqe opportunity to study the structural changes of CDOM in the transition from fresh water to oceanic environment. The fluorescence study links the chemical and physical processes and is a promising tool to use in investigation of this fraction of DOM, the largest carbon pool in the ocean with enhanced resolution in wide range of spatial and temporal scales.

RELATED PROJECTS

Institute of Oceanology Polish Academy of Sciences – Satellite imagery validation calibration program. Program goals:1) A theoretical and empirical research on influence of optically active components of marine waters on a spectral characteristic of a water leaving radiance. 2) Construction and verification of algorithms for retrieving concentration of optically active components of the marine water from remote sensing data. 3) Developing of processing methodology of remote sensing data with use of constructed algorithms, with a special attention being given to a possibility of systematic monitoring of specific marine basins. 4) A use of remote sensing data in observation of temporal and spatial variability of distribution of near-surface concentrations of selected optically active components in marine waters in different scales.

(http://www.iopan.gda.pl/%7Epiotr/prabasat.html)

University of South Florida, College of Marine Science at St. Petersburg

(http://www.marine.usf.edu/)

CORMP – Coastal Ocean Research and Monitoring Program - a research program and observing system in the coastal ocean off the Carolinas designed to: 1) improve weather forecasting, 2) predict climate change and related impacts on coastal populations, 3) improve safety and efficiency of marine operations, and 4) sustain healthy coastal ecosystems.

(http://www.uncwil.edu/cmsr/comp/)

University of Massachusetts, Boston, Environmental, Coastal and Ocean Sciences

(http://www.es.umb.edu/) 
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