Antonio Gianguzza - Ezio Pelizzetti
Silvio Sammartano (Eds.)

Chemical Processes
in Marine
Environments




Introduction - Environmental Analytical Chemistry as a Tool
for Studying Chemical Processes in Marine Environments
Introduction

Biogeochemical Cycles

Metals and Organometallic Compounds

References

Part | Biogeochemical Cycles

1

11
1.2
1.3
1.4

The Carbonate System in Marine Environments
Introduction

Equilibria of Carbonate Species

Parameters of the CO, System in Sea Water
Distribution of Carbonate Species

1.4.1

CaCOj; Dissolution in Sea Water
Calculating the Penetration of Anthropogenic CO, into the Oceans
1.6.1 Time Series Method
1.6.2 Calculation by Correcting for Dissolution of CaCO;
and Oxidation of Plant Material
Acknowledgements
References
Appendix - Thermodynamic Equations for the Carbonic Acid System
in Sea Water
Solubility of CO, (Weiss 1974)
Carbonic Acid (Millero 1995)
Boric Acid (Dickson 1990b)
Water (Millero 1995)
HSO, (Dickson 1990a)
HF (Dickson and Riley 1979)
Solubility of CaCO; (Mucci 1983)
Relationships for the Various pH Scales (Millero 1995)




Contents

Effect of Temperature and Pressure on the pH of Sea Water

(Millero 1979, 1995)
References for Appendix

Marine Organic Geochemistry: A General Overview
Introduction

2.11  Organic Carbon Cycle

2.1.2 Nitrogen Cycle

Molecular Constituents of Organic Matter in the Ocean
2.2.1

2.2.2 Amino Acids and Proteins

2.2.3 Carbohydrates

2.2.4 Lignin and Other CuO-Oxidation Products

2.2.5 Uncharacterized Organic Material

2.2.6 Dissolved Organic Matter

Acknowledgements

References

Photooxidation of Dissolved Organic Matter: Role for
Carbon Bioavailability and for the Penetration Depth
of Solar UV-Radiation

Introduction

Absorption of Sunlight by CDOM

Photooxidation of CDOM: Role for Carbon Bioavailability

Experimental Study on the Roles of Iron in CDOM Oxidation in

Irradiated Aqueous Systems (Voelker et al. 1997)

3.4.1 Photooxidation of SRFA by Fe(III)

Roles of Ligands in the Redox-Cycling of Iron in the Euphotic Zone

of Surface Waters

3.5.1  Roles of Ligands in the Oxidation of Iron(Il) in the Euphotic
Zone of Surface Waters

Conclusions

References

Redox Processes in Anoxic Waters

Introduction

Cariaco Trench

Framvaren Fjord

The Kinetics Oxidation of Hydrogen Sulfide in Natural Waters
References

Part Il Organic Matter in Marine Environments

5

5.1

Organic Matter Preservation in the Ocean:
Lipid Behavior from Plankton to Sediments
Introduction

Lipids as Tracers of Organic Carbon




Contents

5.3 Lipid Fluxes to the Deep Sea
5.4 Seasonal Variations in Lipid Flux
5.5 Fate of Lipid Biomarkers
5.6 Summary
Acknowledgements
References

Organic Chemical Reaction Rates in the Ocean: Molecular

Approaches to Studying Extracellular Biochemical Processes

Introduction

Oxidative Deamination of Amino Acids in Sea Water by

Cell Surface Deaminases

6.2.1 Synthesis of a Fluorescent Analog of L-lysine as Substrate
for Amino Acid Oxidases in the Ocean

6.2.2 LYA-lysine as Substrate for Cell Surface Deaminases in Sea Water ....

Extracellular Hydrolysis of Peptides in Sea Water and Sediments

6.3.1 Experimental Approaches to Studying Degradation of
Proteinaceous Material in the Ocean

6.3.2 Rate Measurements

Acknowledgements

References

Vapour-Particle Phase Interactions of Some Selected Persistent
Organic Pollutants in the Marine Atmosphere

Introduction

Theory of Gas-Particle Interactions

7.21 Gas-Solid Interactions

7.2.2 Gas-Liquid Interactions

Practical Applications of Partitioning Theory

7.3.1

y i

73.3 Dry Deposition

7.3.4 Wet Deposition

73.5 Gas Phase Exchange Processes

7.3.6 Determination of the Air Phase Transfer Velocity (k,) through
Measurement of r,

7.3.7 Determination of the Water Phase Transfer Velocity (k,,)

Conclusions

References

Part lll Metals and Organometallic Compounds in Marine Environments ...

8 Determination of Organic Complexation

8.1 Introduction

8.2 Metal Species in Solution

8.3 Determination of Organic Complexation Using ASV

8.4 Principle of Adsorptive Cathodic Stripping Voltammetry




Contents

Principle of Ligand Competition

Determination of Labile Metal Concentrations Using CSV
Calculation of OhvuL

Calibration of @a1

Determination of Ligand Concentrations and Conditional Stability
Constants Using CSV with Ligand Competition

How to Evaluate the Ligand Titrations: van den Berg/Ruzic Plots
8.10.1 Example of a Ligand Titration with Copper

Effects of the Detection Window

Acknowledgements

References

Organic Complexation of Metals in Sea Water
Introduction

Distributions of Organic Metal Complexing Ligands
9.2.1 Competition between Copper and Zinc
9.2.2 Iron Complexing Ligands

Sources of Ligands

Composition of Ligands

Calculation of Metal Complexation by the Ligands
9.5.1 At High Natural Ligand Concentrations
9.5.2 At Low Ligand Concentrations
Acknowledgements

References

Occurence, Pathways and Bioaccumulation of Organometallic
Compounds in Marine Environments

Introduction

Organotin Compounds: Environmental Chemical Aspects

High Performance Liquid Chromatography — Hydride Generation -
Inductively-Coupled Plasma Atomic Emission Spectrometry
(HPLC-HG-ICP/AES) Hyphenated System to Organotin Analysis
An Example of a “Field Study”: The Butyltin Distribution in the
Genoa Oil Port

References

Hydrolysis Processes of Organotin(lV) Compounds in Sea Water
Introduction

Aqueous Solution Chemistry of Organotin(IV) Compounds .. ... ommnind
1.2 Trialkyltin Compounds

11.2.2 Dialkyltin Compounds

11.2.3 Monoalkyltin Compounds

Salt Effect on the Hydrolysis Process

Dependence on Ionic Strength of Hydrolysis Constants

Dependence on Temperature of Hydrolysis Constants

Hydrolysis of Organotin(IV) Compounds in Sea Water

Conclusions




XII Contents

15 Redox Processes of Chromium in Sea Water
15.1 Introduction
15.2 Speciation of Cr(III) and Cr(VI)
15.3 Environmental Concentrations
15.4 Kinetic Studies
15.4.1 Oxidation Processes
15.4.2 Reduction Processes
The Chromium Cycle in Sea Water
Acknowledgements
References

Part IV Analytical Methodologies and Chemometrics for Sea Water

16 Oceanic DOC Measurements

16.1 Introduction

16.2 DOC Measurement Techniques
16.2.1 Sample Collection and Storage
16.2.2 Pretreatment and Removal of DIC
16.2.3 The Oxidation of DOC
16.2.4 The Detection and Quantitation Step
16.2.5 Comparative Performance of the Different Techniques
New Concepts for DOC Determination
Acknowledgements
References

Characterization of Marine Toxins by Means of Liquid
Chromatography - Electrospray lonization - Mass Spectrometry
Introduction

Dinophysistoxins and Related Toxins

Brevetoxins

Saxitoxins

Ciguatoxins and Maitotoxins

Polypeptidic Toxins: Conotoxins

Conclusions

Acknowledgements

References

Metals Analysis by High Performance Liquid Chromatography
Introduction

Retention Mechanisms in Liquid Chromatography
18.2.1 Normal Phase Chromatography

18.2.2 Reversed-Phase Chromatography

18.2.3 Ion Chromatography

18.2.4 Chelation Ion Chromatography

Procedures for Metal Separation

18.3.1 Normal Phase Chromatography




Contents

18.3.2 Reversed Phase Chromatography

18.3.3 Ion Chromatography

18.3.4 Ion Interaction Chromatography

18.3.5 Chelation Ion Chromatography

18.3.6 Multimode and Multidimensional Liquid Chromatography
18.3.7 Preconcentration

Analytical Applications

Detection and Hyphenated Techniques

References

PIXE Analysis for Trace Elements in Marine Environments
Introduction

The PIXE Technique and the Experimental Set-up

Sensitivity and Detection Limits of the Technique

The PIXE Targets from Environmental Samples

The Proton Microbeam and its Applications

PIXE Application in the Study of Pollutant Enrichment in
Marine Aerosols

The Study of the Venice Lagoon Ecosystem by Means of the
PIXE Technique

19.71 The Fate of Pollutants Discharged into the Lagoon
19.7.2 Trace Element Distribution in Surface Bottom Sediment
19.7.3 The Vertical Profile of Trace Elements in Pore Water
19.7.4 Trace Elements in Surface Water and the Effect of

Fresh and Salt Water Mixing
References

Potentiometry for the Study of Acid-Base Properties of Sediments
Introduction

SRR WAL 18 T e i e G e i a e b e e g e S e s o e T AT 372
The Solid-Water Interface

Titration Procedure

Elaboration of the Potentiometric Data

Results of the Potentiometric Approach

References

Chemometrics for Sampling and Analysis:
Theory and Environmental Applications
Introduction
The Fundamental Tools of Chemometrics
21.2.1 Data Pretreatments
(The Importance of Data Knowledge and of Problem)
21.2.2 Similarity and Clustering
21.2.3 Principal Components
21.2.4 Class-Modelling Techniques
21.2.5 Regression Techniques, Responses and Predictors
21.2.6 Regression Techniques, Biased and Unbiased Techniques




Contents

Applications

21.3.1 Example 1 - Rain Chemistry

21.3.2 Example 2 - Polycyclic Aromatic Hydrocarbons (PAHs)
21.3.3 Example 3 — Toxicity

Conclusions

References

Chemometric Applications to Seawater Analysis

Introduction

22.1.1 The Sea: A Very Complex Ecosystem

22.1.2 Chemometrics: A Helpful Tool in the Investigation of the
Marine Ecosystem

Chemometric Applications to Marine Samples

22.2.1 Classification Techniques

22.2.2 Optimization Methods

References




