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Tuesday
- Marine Chemistry at IUEM: an overview of the teaching modules with on-field activities, 

Matthieu Waeles

- Observation & time series in coastal waters, learning the specific instrumentation and the 
standardized methods, Peggy Rimmelin

Wednesday
- Introduction to Marine Chemistry part A, on-field activities, Gauthier Schall, Franck Quéré

- The Seamist project, Matthieu Waeles

Thursday
- Introduction to Marine Chemistry: part B, Lab activities, Ricardo Riso

- Segmented-flow for nutrient analysis, an indispensable tool for our teaching, Jérémy Devesa

- Marine Chemistry for future managers, M. Waeles, J. Devesa and E. Grosstefan

The Program related to marine chemistry

Classroom

On-field

Lab



• Introduction to Marine 
Chemistry

• Functioning of coastal ecosystems

• Introduction to Marine Chemistry
• Observation and time series
• Chemistry of ecosystems
• Field research / Univ. Utrecht (optional)

Teaching modules related to chemistry with on-field activities



The Master's degree « Marine Environmental Chemistry»

Objective : to train young scientists for understanding and responding, in a multidisciplinary
framework, to the major issues and challenges in the field of marine and coastal sciences by 
providing them specific skills in analytical chemistry and marine biogeochemistry

Organisation : 4 semesters

Year 1 (M1) Year 2 (M2)

Sept Jan Mar Jul Sept Jan Jun
Intership 1
(8 weeks)

Intership 2
5 months

Semester 9 Semester 10Semester 7 Semester 8

Introduction to
Marine Chemistry

Observation
& time series

Chemistry of
ecosystems

Fieldresearch
Univ. Utrecht



Introduction to Marine Chemistry
Chemical speciation of elements in seawater (Schema)
Processing and analysis of oceanographic data (Trafic)
Physical Oceanography
Observation and time series
Analytical methods for the environment
Chemometrics
Expression techniques and bibliographic research
English 1

Intership 1
Chemistry of marine ecosystems
Marine Geochemistry
Biogeochemistry and ecology of the polar oceans
Ocean tracers: basics and concepts
Coaching for the professional project
English 2
Field research instruction geochemistry / Seamist (optional)
Floating university (optional)

Ocean-climate interactions
Biogeochesmitry and modeling
Biogeochemistry of upwellings and western edge currents
Organic compounds in the marine environment
Advanced spectrometric methods
Ocean tracers: new approaches
Science and society
Project engineering
Scientific English and critical analysis of the literature

Intership 2

Sem. 9

Sem. 10

Sem. 7

Sem. 8

Fieldwork

Labwork

Digital tools

Analytical Chemistry

Biogeochemistry/
Environmental sciences



BLOCK 1
Observation and 
Experimentation

Use sampling and observation tools for water, sediment and organisms

Master the specificity of analytical techniques dedicated to the marine environment

BLOCK 2
Expertise in marine 
chemistry and 
biogeochemistry

Formalize the fundamental concepts of marine chemistry
to understand the mechanisms that govern the reactivity of chemical elements 

Mobilize the knowledge and skills of related disciplines (physics, biology, geochemistry...)

Embed key biogeochemical processes that regulate the cycles and fluxes in the hydrosphere

BLOCK 3
Development and 
integration of highly 
specialized knowledge

Mobilize highly specialized knowledge to answer a management or research question 

Target the fields of competence of a scientific article and extract the relevant information
by developing a critical approach

Address a problem by mobilizing or developing adapted sampling and analytical 
techniques

Make innovative contributions in high-level exchanges, and in international contexts

Develop a comprehensive and multidisciplinary approach to environmental issues
in the context of global change

Skill blocks  Group A: Disciplinary related



BLOCK 4
Advanced and 
specialized uses of 
digital tools

Identify digital uses in environmental sciences 

Exploit, with quantitative approaches, experimental data
using numerical representation and modeling tools

BLOCK 5
Specialized 
communication for 
knowledge transfer

Identify, select and critically analyze a variety of specialized resources
to synthesize knowledge within a field and document a topic for further use

Communicate a scientifically accomplished work by contextualizing it

BLOCK 6
Support for 
transformation in a 
professional context

Manage a study/project that may involve related expertise (biology, physics, geology)
and require new approaches

Take responsibilities within a team to ensure efficiency on field and in the lab

Initiate a project by mobilizing a range of expertise in the field of marine sciences

Self-evaluate actions to improve practices in a professional context

Design a project within the principles of ethics and deontology

Skill blocks  Group B: Transversal



Introduction to Marine Chemistry
Chemical speciation of elements in seawater (Schema)
Processing and analysis of oceanographic data (Trafic)
Physical Oceanography
Observation and time series
Analytical methods for the environment
Chemometrics
Expression techniques and bibliographic research
English 1

Intership 1
Chemistry of marine ecosystems
Marine Geochemistry
Biogeochemistry and ecology of the polar oceans
Ocean tracers: basics and concepts
Coaching for the professional project
English 2
Field research instruction geochemistry / Seamist (optional)
Floating university (optional)

Ocean-climate interactions
Biogeochesmitry and modeling
Biogeochemistry of upwellings and western edge currents
Organic compounds in the marine environment
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Ocean tracers: new approaches
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Intership 2

Sem. 9
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Sem. 7

Sem. 8

Fieldwork

Labwork

Digital tools

Analytical Chemistry

Biogeochemistry/
Environmental sciences



Introduction to Marine Chemistry (S7) R Riso , JF Maguer and M Waeles

a core course for mastering the sampling and analysis of the chemical parameters

This course presents Marine Chemistry, from the emergence of the discipline in the 17th century
through the evolution of concepts, important definitions and methodological advances.

Current analytical techniques for the determination of key parameters are also taught.

Practical work, at sea and in the laboratory, is an important part of this course.

Theoretical courses: 8h

Fieldwork (on board Albert Lucas): 3h

Labwork: 24 h (6 lab session)



MCE filters

Glass Fiber filters

On-board activities (half-day trip)
Objective: to know how to handle and how to process samples before storage
Each student get back with a set of samples for the following lab courses

In-situ measurements
Seabird CTD profiler
+O2 +fluo +turbidity

Water column sampling

On-board filtration



Tuesday
- Marine Chemistry at IUEM: an overview of the teaching modules with on-field activities, 

Matthieu Waeles

- Observation & time series in coastal waters, learning the specific instrumentation and the 
standardized methods, Peggy Rimmelin

Wednesday
- Introduction to Marine Chemistry part A, on-field activities, Gauthier Schall, Franck Quéré

- The Seamist project, Matthieu Waeles

Thursday
- Introduction to Marine Chemistry: part B, Lab activities, Ricardo Riso

- Segmented-flow for nutrient analysis, an indispensable tool for our teaching, Jérémy Devesa

- Marine Chemistry for future managers, M. Waeles, J. Devesa and E. Grosstefan

The Program related to marine chemistry

On-field



Absolute Salinity
Titration with Ag+ ions

Practical salinity
Conductivity

Dissolved O2

Winkler method

Nitrate, Nitrite
Segmented-flow analysis

Phosphate, Silicate
Colorimetric methods
Strickland & Parsons
Murphy & Riley

pH
m-cresol method
Clayton & Byrne, 1993

Alkalinity - DIC
Gran method,
« CO2 system » software

Ca2+

EDTA titration

Ammonium
indophenol method

Chla & phaeopigments
Fluorimetric Lorenzen’s method

COP
Back tiration with Fe2+ ions
after oxidation

Biogenic Si
Alkaline digestion
De Master
kinetic method

Laboratory activities (over 6 weeks)
Objective: to fully master the analytical methods for the key 
parameters
(methods agreed by the community)
At the end, the students report data and analytical errors, accordance with previously reported 
values, discussion in a broader context

Glass Fiber filters

MCE filters
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- Marine Chemistry at IUEM: an overview of the teaching modules with on-field activities, 

Matthieu Waeles

- Observation & time series in coastal waters, learning the specific instrumentation and the 
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The Program related to marine chemistry

Lab



Introduction to Marine Chemistry
Chemical speciation of elements in seawater (Schema)
Processing and analysis of oceanographic data (Trafic)
Physical Oceanography

Observation and time series
Analytical methods for the environment
Chemometrics
Expression techniques and bibliographic research
English 1
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Advanced spectrometric methods
Ocean tracers: new approaches
Science and society
Project engineering
Scientific English and critical analysis of the literature

Intership 2
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Sem. 10

Sem. 7

Sem. 8

Fieldwork

Labwork

Digital tools

Analytical Chemistry

Biogeochemistry/
Environmental sciences
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Chemistry of marine ecosystems (S8) JF Maguer and R Riso

This course focuses on the functioning conditions of the main types of coastal and oceanic 
ecosystems with a perspective on quantifying fluxes of material

- Case studies (concrete examples from the scientific literature)
- Data collected at sea (estuarine salinity gradients)

Jean-François Maguer, Lemar, UBO
Nitrogen uptake and regeneration in coastal ecosystems: 
relationships with the mixing regime



1. On-field activities (1 day for each group of 5 students)

1.1 Sampling along the whole salinity gradient (RV Hesione) of the main estuaries of the Bay of Brest (Aulne or Elorn) 
Objective: to describe the reactivity of nutrients in the estuaries and assess their impact on nutrient fluxes. 

1.2 Sampling and CTD measurements within a tidal cycle at the estuary mouth (RV Albert Lucas)
Objective: understanding the variation of the water column structure and its control on primary production

Note that all methods all the sampling methods learned in S7 are used more autonomously by the students.

Practical activities 



2. Lab activities

All the samples are analyzed within 2 full days

the students apply in an autonomous way
- all the analytical methods learned in S7
+ some extra methods described in their manual (e.g. phosphate, silicate)

Practical activities 

3. Reports: A global database is created.

Each group of 2 students
- define a specific question to be addressed (which has to be validated with the teacher)
- write a short report by plotting and discussing the appropriate data in a broader context and 

using the relevant literature



Functioning of coastal ecosystems and responses to anthropogenic
inputs
Theoretical courses (18h), content:
- Coastal ecosystems: functioning principle, establishment of food chains
- Disturbed ecosystems
- Conditions of restoration of coastal systems
- Coastal observation networks

Alain Menesguen, Ifremer.
Specialist in the proliferation of green and 
brown algae

Jean-François Maguer, Lemar, UBO
Nitrogen uptake and regeneration in coastal ecosystems: 
relationships with the mixing regime



The EGEL master's degree aims at preparing the future coastal 
actors, with the ability to understand the environmental and societal 
management issues 

- The first year students acquire the scientific bases necessary for a 
good knowledge of coastal and marine environments.

- The second year is more directly oriented towards the student's 
professional or research project

EGEL recruits students from different backgrounds: Biology, Environ. Sciences, Geography, Law, 
Solciology...).

The majority of the students do not have skills in chemistry



Tuesday
- Marine Chemistry at IUEM: an overview of the teaching modules with on-field activities, Matthieu

Waeles

- Observation & time series in coastal waters, learning the specific instrumentation and the 
standardized methods, Peggy Rimmelin

Wednesday
- Introduction to Marine Chemistry part A, on-field activities, Gauthier Schall, Franck Quéré

- The Seamist project, Matthieu Waeles

Thursday
- Introduction to Marine Chemistry: part B, Lab activities, Ricardo Riso

- Segmented-flow for nutrient analysis, an indispensable tool for our teaching, Jérémy Devesa

- Marine Chemistry for future managers, the challenge of teaching in a practical way for students 
who have never practiced in a chemical laboratory, M. Waeles, J. Devesa and E. Grosstefan

The Program related to marine chemistry

Lab



Field and labwork (6 h)

A much lighter program

2 Objectives :
- To give an overview of the equipment to be 

used and the principles of sampling and 
measurement of some important parameters

- Obtain data that can be integrated into a 
broader context or compare to other systems

Bay of Brest
Le Pape et al., 1996
Resistance of a coastal ecosystem
to increasing eutrophic conditions: 
the Bay of Brest, a semi-enclosed
zone

Dissolved O2

Winkler method

Nitrate

Chla & phaeopigments
Fluorimetric Lorenzen’s
method

Glass Fiber filters

In-situ measurements
Seabird CTD profiler
+O2 +fluo +turbidity

Water column sampling

On-board filtration

important for these future managers 
e.g. ordering an impact study

Baltic Sea



Between 1977 and 1993: the flux of nitrate to the Bay of Brest increased by a factor 2:
- Primary production (eutrophication) ??
- Oxygen status ??



Case studies (8h)

Exploring datasets in order to understand: (examples of topics)

- The physical and chemical features of anoxic areas / dead zones
Baltic Sea, SMHI dataset

- Environmental conditions for the development of the toxic 
dinoflagellate Alexandrium minutum

Penzé estuary dataset, Maguer et al. 2004)

- Environmental conditions for the formation of Gyrodinium Aureolum
colored waters

Douarnenez Bay dataset, LeCorre et al., 1992)

- The contamination of coastal sediments by toxic metallic elements
ROCCH network dataset

At the end, each group (3 students)….report (oral communication)



Fieldresearch with Utrecht University



Educational Objectives

- Encourage interactions between students of different nationalities
- Promote exchange of good practices between students of related

disciplines (hydrogeology, environmental chemistry, limnology, 
oceanography…)

- Improve skills (sampling and analytical)
- Develop autonomy in the conduct of a research project

Topic & Scientific questions
Nutrients in the land-sea continuum

- What is the trophic state of rivers, reservoirs/lakes, estuaries and Bay of Brest?
- What processes control the concentrations and fate of nutrients
- How benthic fluxes (removal/release) affect the overlying water?
- What is the effect of invasive species (Spartina and Gracilaria) on pore water chemistry?
- How does the phytoplankton community react on perturbations in nutrient supply?

- About 30 master students from Utrecht and Brest
- Mixed groups (4-6 students)

Involved students



Studied systems

Bay
of Brest

Elorn River

Aulne River

Drennec lakePenfeld
Reservoir

Brézal reservoir

Faou estuary
(invasive species)

IUEM 
(Lab)

Iroise Sea



Program
Daily Organisation

• 9 am: departure to field or lab work

• 5 pm: latest return from field to lab

• 5-7 pm: filtration of samples and preparations for the 
next day

• 7 -8 pm: Meeting with reports from each groups and 
discussion

• 8 pm: Diner

every day one group is off to recover, do the laundry, prepare 
diner food…



Technical and supervising help:
- Jérémy Devesa
- Francien Peters
- Arthur Beusen
- Lauriane Vilmin

Facilities and financial support:
-IUEM/University of Brest (Lab and Sea facilities)

-Utrecht University (Equipment and financial support)

-Isblue (Equipment, accommodation and recreational activities)



The Seamist project: 

involving undergraduate and postgraduate students

in a comprehensive and manageable research project
Nutrients and primary production in the Penfeld estuarine reservoir (Bay of Brest):

Matthieu Waeles,
Emma Kerebel, Kim Rouanet, Clément Lefort, Marie Le Bagousse, Simon Jaffrès, Célestine Morisseau, Pierre Sanlis & Nino 

Pemartin,



1. construction 2. field and lab work 3. data exploitation 4. Preparing a ms 5. post evaluation



1. construction

What about estuaries ?
very few studies have looked at their impact in terms of 
nutrient fluxes or eutrophication

Collaborative construction of the research question



Plan relief of Brest
1811

Reservoir - Recreationnal area 
(upstream)

Military area (downstream)

Kervallon gate



2. field and lab work

14-15 June 2021 after 15 days of gate closure, high irradiance

Fieldwork 2 days

Labwork 4 days

Evening meetings (reporting tasks and results)

Priotitize student autonomy 



3. data exploitation accompagny the students to identify key processes 

High biomass (chl-a up tu 100 µg L-1)

Hypertrophic conditions
NPP: 1.7-1.8 gC m-2 d-1

Strongly stratified
anoxic conditions at the bottom

Important removal of
nutrients



4. Preparing a manuscript

regular meetings over the oct-dec period

- selection of figures and tables

- selection of points to be discussed

- writing

Lack of time (4)
Lack of concern (1)

Difficult to write
collaboratively (5)

Lack of writing
skills (4)

Submitted to LHB hydroscience journal (dec-2021)



Did you sufficiently experienced...

- Constructing a research question

- Defining a sampling strategy

- Planning, running and sharing tasks

- Writing

- Taking into account traceability

- Exploiting data/highlighting processes

neutral rather Yes YesNo rather no

Do you feel now better prepared for...

-2 -1 0 1 2

5. post evaluation
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Tuesday
- Marine Chemistry at IUEM: an overview of the teaching modules with on-field activities, 

Matthieu Waeles

- Observation & time series in coastal waters, learning the specific instrumentation and the 
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On-field
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Between 1977 and 1993: the flux of nitrate to the Bay of Brest increased by a factor 2:
- Primary production (eutrophication) ??
- Oxygen status ??



Nitrate (DIN) concentrations (and salinity) are mainly controlled by the river flow.
Because of the strong mixing, stratification (differences between surface and bottom) occurs
only under high river flow or at estuary mouth

Elorn mouth

Bay of Brest

depth Nitrate (µM)

0 35.3

2 28.5

5 17.3

8 11.4

10 7.7

depth Nitrate (µM)

0 3.5

2 3.6

5 3.8

10 3.5

15 2.9



- Over a large winter period (Oct-March), primary production is limited by light
- First bloom (diatoms) are usually observed in spring (April-May). Note that nutrient

concentrations at the onset of the bloom are relatively low because the river flow (usually high in winter) has 
already decreased and because the high mixing induces important nutrient loss (before the bloom onset).

- Over the spring-summer period, primary production is limited by silicic acid then nitrate

Elorn mouth

Bay of Brest

depth chla (µg/L)

0

2 0.66

5 0.53

8 0.66

10 0.33

depth chla (µg/L)

0 1.12

2 1.1

5 0.82

10 0.91

15 0.9

Oct. 2017



Oxygen concentrations in this well-mixed system are always close to saturation
and are homogeneous across the water column (no difference between surface 
and bottom)

Bay of Brest

Oct. 2017

ml/l %sat

depth O2 O2

0 5.61 96.5

2 5.14 90.1

5 6.2 108.6

10 5.46 95.7

15 5.49 96.2





This paper from Del Amo also also shows 
that :
- the Bay of Brest is a well-mixed system 

(salinity and temperature distributions are 
homogeneous excepting during high river 
flows)

- Oxygen concentrations are also
homogeneous across the water column
and always close to saturation

depth salinity temp.

0 35.1 14.8

2 35.1 14.8

5 35.1 14.8

10 35.1 14.8

15 35.1 14.8

Oct. 2017


