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     I.1. Aim of the Cruise, Leg-1: 





     Basic aims of this joint venture are:





	1. To determine the in-situ overall kinetic rate constants of the H2S oxidation and/or of its removal processes, and to understand the factors responsible for the observed rate constants and roles of nitrate on it within the sub-oxic layer of the Black Sea.


	


2. To test the hypotheses suggested for the role of the nitrate diffusing from the water masses located at the upper layer of the SOZ (Sub-oxic Zone) into the SOZ on  the removal of hydrogen sulfide.





3. To determine the nitrogen removal rates and factors responsible for the removal (denitrification) of nitrate within different layers of the sub-oxic zone of the Black Sea.  Detailed profiling of the water column for N2/Ar ratio and nitrogen stable isotope measurements at selected stations.








     I.2. List of the Scientists and Researchers





1- Dr. Özden Baştürk, 	:Chief Scientist, Institute of Marine Sciences, Erdemli


2- Dr. James W. Murray 	:Visiting Scientist, Univ. of Washington, USA 


3- Alexander Romanov 	:Visiting Scientist, Marine Hydrophysical Institute, Ukraine


4- Dr. Semal Yemenicioğlu	:Co-Scientist, Institute of Marine Sciences, Erdemli


5- Amy E. Callahan		: Visiting Scientist, Univ. of Washington, USA.


Oğuz Yiğiterhan 		: Ph.D. Student, Chemistry, Institute of Marine


  Sciences, Erdemli


7- Ebru Ünal	 		: MaSc. Student, Biology, Institute of Marine 


  Sciences, Erdemli


8- Serkan Sancak		: MaSc. Student, Physics, Institute of Marine 


  Sciences, Erdemli 


9- Esabil Kakaç 		: Technician, Institute of Marine Sciences, Erdemli 


10- Saim Cebe 		: Technician, Institute of Marine Sciences, Erdemli 


11- Tahir Tutsak		: Technician, Institute of Marine Sciences, Erdemli 


12- Şahin Bulut		: Technician, Institute of Marine Sciences, Erdemli


13- Hasan Uslu		: Technician, Institute of Marine Sciences, Erdemli
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     I.3. Individual Responsibilities and Tasks of the Teams





Dr. Özden Baştürk (Chief Scientist, Institute of Marine Sciences, Erdemli-Turkey):  Responsible for the coordination of the cruise, overall sampling strategy, and to supervise the experiments performed by Oğuz Yiğiterhan (Researcher, Chemistry, Institute of Marine Sciences, Erdemli) for the determination of H2S removal rates within the SOZ of the Black Sea .  





	Dr. James W. Murray (Visiting Scientist, Univ. of Washington, USA):  Responsible for the sampling strategy for denitrification, PON, DON, N2/Ar ratio, 15NO3, 15NH4 and nitrogen removal experiments together with Amy Callahan (Visiting Scientist, Univ. of Washington, USA).





	Alexander Romanov (Visiting scientist, Marine Hydrophysical Institute, Ukraine): Responsible for the determination of H2S by Iodometric Back Titration method, and for detailed analysis of ammonia and silicate by spectrophotometric techniques within the water column, with special emphasis on the SOZ.





	Dr. Semal Yemenicioğlu (Co-Chief Scientist, Institute of Marine Sciences, Erdemli): To assist the Dr. Özden Baştürk, and measure pH.





	Oğuz Yiğiterhan (Ph.D. student, Chemistry, Institute of Marine Sciences, Erdemli): Responsible for the rate experiments related to the removal rate of H2S within different layers of the sub-oxic zone by mixing sulfidic water samples (taken from 16.50 density surface) with water samples from SOZ in the argon gas flushed, closed reactor, and to do time series experiments.  He was also responsible for spectrophotometric determinations of Mn(II), dissolved oxygen and H2S in both reactor samples and seawater samples.





	Ebru Ünal (MSc student, Biology, Institute of Marine Sciences, Erdemli): She was responsible for the spectrophotometric determination of NO2, and to help Oğuz Yiğiterhan in other analyses.





	Serkan Sancak (MSc student, Physical Oceangr. Institute of Marine Sciences, Erdemli): Responsible for the handling of CTD probe, ADCP and sampling by Rosette system.





	Esabil Kakaç (Chemistry Technician, Institute of Marine Sciences, Erdemli): Responsible for the sub-sampling from Niskin bottles, for the determination of dissolved oxygen by Winkler method, and for spectrophotometric determination of H2S in water samples taken throughout the water column, and for all filtrations related with particulate metals. 





	Saim Cebe (Chemistry Technician, Institute of Marine Sciences, Erdemli ): Responsible for the analyses of nutrient elements (NO3, Si, NH4, PO4) by Technicon Autoanalyzer II.





	Tahir Tutsak, Şahin Bulut and Hasan Uslu (Technicians, Institute of Marine Sciences, Erdemli ):Responsible for the Rosette system and other water sampling systems, winch operations.





     I.4. Sampling Strategy





Field studies and measurements given below were performed at total of 29 stations in the 


south western Black Sea. Coordinates of all stations are given in Table I.1.  and their positions in Figure I.1. 
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2. High resolution vertical profiling for H2S, DO, PO4, Si, NO3, NO2, NH4, Mn(II), particulate Mn and Fe, and pH extending from surface down to the 16.50 density surface at the stations where Sub-oxic Zone Rate Experiments were done. 





     Sampling depths at these stations are as follows;





     a-) From surface down to depth of 15.40 density surface for every 10 m .


     b-) From 15.40 surface down to 16.20 surface for every 5 m


     c-) From 16.20 surface down to 16.50 surface, sampling  from the density surfaces of 16.25, 


          16.30, 16.35, 16.40 and 16.50





3. At the stations where only chemical and CTD measurements were performed, vertical profiles of H2S, DO, PO4, Si, NO3, NO2, NH4 and Mn(II) were determined at approximately 24 depths (two full-Rosette casts) in the water column extending from surface down to the 16.50 density surface. 





4. At the rest of stations, which are denoted as CTD-Stations in Figure 1, only CTD casts down to 300 m depth were done. At these stations, nutrient data (NO3, NO2, Si, NH4 and PO4)  for 10 m depth  are available.





     I.5. Summary of Methods and Techniques Used





	Dissolved Oxygen: Both Winkler Method modified for the Sub-oxic oxygen levels (IMS-1995) and Spectrophotometric techniques (Broenkow and Cline, 1969) were applied at the stations where Rate Experiments were performed. Two intercomparison experiments for these two techniques were done at stations M00K45 and L45L15.  All dissolved oxygen concentrations are in units of micromole/liter ((M).





	Hydrogen Sulfide (H2S): Two methods, Spectrophotometric Methylene Blue technique and Iodometric Back Titration were followed in parallel for its analysis in the seawater samples.  All data for hydrogen sulfide are in units of  (M.





	Dissolved Manganese (Mn(II)( : Determined by using the spectrophotometric Formaldoxime method.  Results are given in units of (M.  





	Ammonia (NH4) : Ammonia concentrations of water samples were determined by using two techniques, Spectrophotometric and Autoanalyzer techniques at stations where rate experiments were performed.  Both methods are basically based on the phenol technique.  Results are given in units of (M NH4-N.





	Nitrite (NO2): Analysis of nitrite (NO2) was done immediately after sampling by using the spectrophotometric technique modified by Strickland and Parsons (1968).  Concentrations are given in units of (M NO2-N. 


	


Silicate (SiO2-Si): Analyzed by both methods; Spectrophotometric (Strickland and Parsons, 1968) and by Autoanalyzer.  Concentrations are given in (M SiO2-Si. 





Reactive Phosphate (PO4-P): Measured by using molybdate technique using autoanalyzer.  Concentrations are given in (M PO4-P.
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Particulate Forms of Fe and Mn: Water samples taken from the Deep Fine Particle Layer (DFPL) were filtered through 0.45 (m pore size, acid-washed Membrane filters, and kept frozen till analysis by AAS at the IMS Laboratories in Erdemli.





N2/Ar, 15N2, 15NO3, 15NH4, PO15N, DON:  Water samples spiked with mercuric chloride and 


shipped back to University of Washington for analysis by mass spectrometry. 





     I.6. Field Experiments





     Rate Experiment Series -I: (By Dr. Özden Baştürk and Oğuz Yiğiterhan, IMS -ERDEMLİ)





     Aim: To test the affect of NO3 on the H2S removal rates within different  layers of the SOZ.  This task was performed in a reactor filled with water mixture under argon gas atmosphere.    





     In these rate experiments, contributions of metals in the form of particulate FeS(s), FeS2(s) and MnS(s), and ammonia available in the 16.50 density surface water to the overall rate constant are also taken into account. In order to determine the in-situ , overall oxidation and/or removal rate constants for H2S within different layers of the SOZ,  sample mixtures formed by mixing water samples taken from the selected density surfaces of the SOZ  given below with that taken from the 16.50 density surface waters were  spiked with NO3 in the reactor.  The final concentration of NO3 added to sample mixture was kept at 15 µM level at the beginning of the experiment.  At first, the seawater sample from SOZ was transferred directly from the Niskin bottles into the reaction vessel filled with oxygen free argon gas, and then 16.50 density surface water which contains about 25-30 µM H2S and 15-20 µM NH4 was transferred into the same vessel.  After the injection of NO3, into the reactor through a glass syringe, time-series measurements of H2S, NO2 and Mn(II) by spectrophotometric methods were done.  Measurements were continued for about 8 hours.  





      Density Surfaces For Mixture Experiments: 16.50 density surface water was used as the H2S source (3 liters).  Water sample was mixed with 8.5 liters of





     16.00 density surface water for  Sta. L24M46


     15.80 and 15.90 density surfaces for Sta M00M46


     16.10 density surface water for  Sta. M30M46


     16.19 density surface water for  Sta. M15M15





     Rate Experiment Series - II: (By J. Murray and A. Callahan, Univ. of Washington, USA )





      Aim: To collect water samples from both SOZ and anoxic layer and to spike with either NO3, Mn2+, NH4+ alone or NO3 + Mn2+ or  NO3 + NH4+  together.  Some experiments included bacterial poisoning.  Time-series experiment was  done by following the changes in NO3, NH4+ and Mn2+ concentrations in time. 





     Dr. J. Murray and Amy Callahan (visitor scientists from University of Washington, USA) performed the  following tasks at the stations given in Table I.2.  Water from the 15.95 density surface was sampled into 24 amber glass bottles.  Half of these samples were used for abiological experiments, where water was poisoned with mercuric chloride at the beginning of the experiment. The remaining samples were not poisoned initially.  Samples were spiked with 2 mM NO3-,  2 mM NO3 + 2 mM Mn2+, or 2 mM NO3 + 2 mM NH4.  Experiments were ended with acid and mercuric chloride additions at 0, 6, 12 and 24 hours. 
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     Experiment Series - III:(By Alexander ROMANOV, Marine Hydrophysical Institute (MHI), 


                                         UKRAINE):





      Aim: The main task is to get high resolution vertical profiles of H2S by Iodometric Back Titration method, and detailed NH4+ and SiO2 measurements by spectrophotometry from surface down to the 300 m depth (( 16.50 water density).  





     Chemist Alexander ROMANOV (a visitor scientists from MHI-Sebastopol) performed the  following tasks at the stations given in Table I.3. 








     I.7. Suggested Future Researches





     In future, the following experiments should be performed as a continuation of the rate experiments.  For these experiments we need to sample only two stations; one in Rim Current Frontal Zone and one at an off-shore station located in the interior of cyclonic gyre.  The study area is planned to be Sakarya Canyon region as was in September -1999 cruise.





     Experiment-I:  This experiment is the continuation of the EXP-I (Rate Experiment done during Sept-99 cruise) such that the affects of particulate iron and manganese in the form of sulfide complexes ( like FeS(s), FeS2(s), MnS(s) ( on the overall removal rate constant of H2S through surface activation, will be eliminated by filtration, whereas those of bacteria through poisoning.





     Experiment-II:  Roles of particulate manganese and iron on the oxidation rates of H2S will be tested first separately by adding freshly prepared Mn(IV) oxide and Fe(III) hydroxides as particulates, and then in combination into the sulfide bearing Black Sea waters (sampled from 16.50 density surface).  Time-series measurements of H2S, Mn(II) and F(II) by using spectrophotometric measurement will be done.
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Table I.1. Names and coordinates of the stations for R/V Bilim LEG-1 Cruise








Sta. Name	Longitude	Latitute	File Name	Type of Experiment and data


________________________________________________________________________________    





L18M46	30° 46’ E	41° 18’ N	tk083400	Detailed profile for chemical parameters


			down to 300 m depth 





L24M46	30° 46’ E	41° 24’ N	tk083402	Detailed profile for chemical parameters, 


			H2S Rate exp., 15N2, N2/Ar, DON and 


PO15N measurements within SOZ,


N removal rate experiments


	


L34M46	30° 46’ E 	41° 34’ N	tk083500	Detailed profile for chemical parameters


	


M00M46	30° 46’ E	42° 00’ N	tk083600	Detailed profile for chemical parameters


		H2S Rate exp., 15N2, N2/Ar, DON and 


PO15N measurements within SOZ,


N removal rate experiments





M30M46	30° 46’ E	42° 30’ N	tk083700	Detailed profile for chemical parameters


	H2S Rate exp., 15N2, N2/Ar, DON and 


PO15N measurements within SOZ





M15M15	30° 15’ E	41° 15’ N	tk083800	Detailed profile for chemical parameters


H2S Rate exp., 15N2, N2/Ar, DON and PO15Nmeasurements within SOZ,


N removal rate experiments





L20M00	30° 00’ E	41° 20’ N	tk083909	Detailed profile for chemical parameters





L25M00	30° 00’ E	41° 25’ N	tk083906	Detailed profile for chemical parameters


15NO3, 15N2, N2/Ar exp., N removal rate experiments





L30M00	30° 00’ E	41° 30’ N	tk083904	Detailed profile for chemical parameters





L35M00	30° 00’ E	41° 35’ N	tk083902	Detailed profile for chemical parameters





L40M00	30° 00’ E	41° 40’ N	tk083900	Detailed profile for chemical parameters





L20L45		29° 45’E	41° 20’N	tk084000	Only CTD profile





L30L45		29° 45’E	41° 30’N	tk084001	Detailed profile for chemical parameters





L45L45		29° 45’E	41° 45’N	tk084002	Only CTD profile and 10m nutrients





M00L45	29° 45’E	42° 00’N	tk084004	Detailed profile for chemical parameters





M15L45	29° 45’E	42° 15’N	tk084005	Only CTD Profile
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Table I.1. Continued





Sta. Name	Longitude	Latitude	File Name	Type of Experiment and data


________________________________________________________________________________    





M15L15	29° 15’E	42° 15’N	tk084006	Only CTD Profile





M15K45	28° 45’E	42° 15’N	tk084008	Only CTD profile and 10m nutrients





M00K45	28° 45’E	42° 00’N	tk084009	Detailed profile for chemical parameters





M00K19	28° 19’E	42° 00’N	tk084011	Detailed profile for chemical parameters





L45K15	28° 15’E	41° 45’N	tk084012	Detailed profile for chemical parameters





L30K45	28° 45’E	41° 30’N	tk084013	Detailed profile for chemical parameters





L45K45	28° 45’E	41° 45’N	tk084014	Only CTD Profile and 10m nutrients


	


L45L15		28° 45’E	41° 15’N	tk084015	Only CTD Profile and 10m nutrients





L30L15		28° 30’E	41° 15’N	tk084016	Detailed profile for chemical parameters





L15L15		28° 15’E	41° 15’N	tk084017	Detailed profile for chemical parameters 


________________________________________________________________________________
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Table I.2. Station locations used for denitrification experiments 





Sta. Name	Longitude	Latitude	File No	Type of Experiment and data                     


________________________________________________________________________________





L24M46(1)	30° 46’ E	41° 24’ N 	tk083402	Sampling for 15N2, N2/Ar, DON and 


PO15N measurements between 15.95


and 16.20 surfaces of the SOZ


Rate experiments at 15.95 surface





M00M46(2)	30° 46’ E	42° 00’ N	tk083600	15N2, N2/Ar, DON between15.95-16.40 


surfaces. PO15N sampling between


 	15.94 - 16.41 density surfaces


Rate experiments at 15.95 surface





M30M46(3)	30° 46’ E	42° 30’N	tk083700	15N2, N2/Ar, DON and PO15N from 


surface down to 16.83 density surface, and 15NO3 profile between surface and 16.15 density surface





M15M15(4)	30° 15’ E	41° 152 N 	tk083800	15NH4 between 16.40 - 16.56 surface, 


PO15N between 15.95 - 16.10 surface,


 	rate experiments at 15.95 surface





L50M15(5)	30° 15’ E	41° 50’ N	tk083807	15N2, and N2/Ar between 15.95-16.56 


density surfaces





L25M00(6)	30° 00’ E	41° 25’ N	tk083906	15NO3, 15N2, N2/Ar between 14.50 and 


16.40 density surface, rate 


experiments at 15.95 surface





________________________________________________________________________________


	


(1): Sampling from 16.20, 16.10, 15.95


	(2): Sampling from 16.40, 16.20, 16.10, 16.09, 16.00, 15.95, 15.91


	(3): Sampling from 16.83, 16.70, 16.50, 16.40, 16.20, 16.15, 16.10, 16.05, 15.95,


	       15.90, 15.70, 15.48, 15.00, 14.47, 13.99, 10.10


	(4): Sampling from 16.56, 16.50, 16.40, 16.10, 16.05, 15.95


	(5): Sampling from 16.40, 16.20, 16.10, 15.95


	(6): Sampling from  16.40, 16.20, 16.10, 15.95, 15.50, 14.50
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Table I.3. Station locations where A. Romanov performed detailed H2S, Si and NH4+ 


            	   measurements





Sta. Name	Longitude	Latitude	File Name 	Type of Experiment and Data                     


________________________________________________________________________________          





L18M46	30° 46’ E	41° 18’ N	tk083400	Sampling for H2S, Si and NH4+


measurements between 225 and 0 m 


depths for every 5 meters .  





L24M46	30° 46’ E	41° 24’ N	tk083402	Sampling for H2S, Si and NH4+


measurements between 220 and 30 m 


depths for every 5 meters .  





M00M46	30° 46’ E	42° 00’ N	tk083600	Sampling for H2S, Si and NH4+


measurements between 293 and 0 m 


depths for every 5 meters .  





M30M46	30° 46’ E	42° 30’N	tk083700	Sampling for H2S, Si and NH4+


measurements between 16.83  and 10.4


density surfaces .  





L35M00 	30° 00’ E	41° 35 N 	tk083902	Sampling for H2S and Si measurements 


between 180  and 105 m depths for every 5 meters .  


________________________________________________________________________________













































































L1-9


�












�EMBED Unknown���	Figure I.1.  Station locations for  R/V Bilim Autumn 1999 Cruise, 


         Leg-1 09-17 September 1999





        ( (  ): Stations where rate experiments were done, 


        ( (): Stations hydrochemical measurements were made, 


        ( (): Stations where CTD data and 10 m nutrient data are available.
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