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Mister Director General,  

Distinguished Ministers,  

Excellencies,  

Ladies and Gentlemen, 

It’s a great honor for me to introduce this Scientific Forum dedicated to nuclear 

applications for a sustainable marine environment. I wish to thank the 

International Atomic Energy Agency for this invitation that gives me an 

opportunity to speak on an important issue for many countries, for France and 

for the CEA: the protection of the environment.  

Transparent 1:  

This plot shows the latest scenarios used by the Intergovernmental Panel on 

Climate Change to force models in order to foresee potential changes in the 

functioning of the planet during this century. They will be officially disclosed in 

very few days. These scenarios allow to quantify the range of possible action to 

deal with such changes in an appropriate way for the sake of the benefit of our 

fellow descendants. We have to know that the atmospheric carbon dioxide 

concentration passes over 400 ppm on this year for the first time since at least 



800 0000 years, in agreement with their modelling. If we go on business as 

usual, the most likely scenario is the RCP 8.5, or even worse.  

We sense that human activities are causing changes in the ocean, both locally 

and globally. On one side, we think that the most efficient way to cope with the 

local issues is to let the locally directly impacted individual nations to work with 

their neighbors. On the other side, the global‐scale issues must be addressed 

by international organizations to understand and mitigate global scale 

phenomena that will affect everyone. Induced changes in the ocean properties 

by the human activities belong to this type of issues and IAEA may pay a key 

role.  

Transparent 2:  

Several IPCC scenarios have recently been used to force a large group of state‐

of‐the art models. Those numerical models are called « Earth System Models ». 

They couple together full descriptions of the climate system and the global 

carbon cycle across the key reservoirs that are: atmosphere, ocean, land, ice. 

These plots show a recent international study, led by a French team of 

scientists. This study will be part of the upcoming IPCC AR5 report. 

With the IPCC scenarios, the study quantifies how much the future ocean will 

become warmer, more acidic, less oxygenated, and less productive. 

Let us now focus on one of these global stressors, ocean acidification, a threat 

we have only recently become aware of. 

Transparent 3:  

As many here know, ocean acidification is simply the increase of ocean’s 

acidity, i.e. the hydrogen ion concentration, caused by its large ability to absorb 



the CO2, around 25% of what we emit every year to the atmosphere. Every day, 

any of us is responsible for an average 4 kg emission of CO2 that is absorbed by 

the ocean.  

CO2 is not only a greenhouse gas, but also an acidic gas. Besides increasing 

hydrogen ion concentration, ocean acidification reduces the concentration of a 

key chemical species, carbonate ion. The carbonate ion is important chemically 

because it allows the ocean to take up much more CO2 than freshwater. 

It is also important biologically. It is used to produce shell and skeletal material 

by many marine organisms. 

This animation shows the average projection from the same models under IPCC 

scenario RCP8.5 for an index of the carbonate ion concentration along the 

years. Red color indicates regions where the waters become corrosive or 

adverse to a key calcium carbonate saturating mineral, known as aragonite. 

When the index is less than 1 (red), shells and corals made out of aragonite are 

expected to dissolve. 

Corrosive waters are already present in the Arctic and expanding rapidly. The 

Southern Ocean (around Antarctica) will become mostly corrosive by the 

middle of this century. With time, corrosive waters extend their reach towards 

the lower latitudes including France, other European countries, and Australia, 

with the Great Barrier Reef. 

Clearly, the world does not want to go down this pathway (RCP8.5 scenario). 

How adverse the chemical conditions might they really be on the ocean 

organisms? 

 



Transparent 4:  

A key marine organism, especially, in the very productive cold waters near the 

poles, are pteropods (also known as sea butterflies). Pteropods are very 

abundant in polar ecosystems. They are eaten by other zooplankton as well as 

salmon, herring, whales, and seabirds. 

The little movie on the top left shows a pteropod swimming in the surface 

ocean. A series of studies, demonstrate that the shells of live pteropods do 

indeed dissolve in the conditions expected in 2100 (under the RCP8.5 scenario). 

The series of 3 images on the right show these future conditions cause a 

pteropod shell to quickly dissolve (from its clear pristine state to a cloudy 

mangled shell within days). These studies leave little hope for pteropods if CO2 

concentrations continue to increase. 

Their disappearance from polar waters would greatly affect those ecosystems. 

Transparent 5 :  
 
Within the frame of such models and experimental studies on living organisms, 

nuclear techniques can be used to improve our understanding on ocean 

acidification in the recent and distant past. An excellent example is the ratio 

between boron-11 and boron-10 because it turns out that this ratio is sensitive 

to pH.  

 

The reason is that inorganic boron in seawater exists in 2 forms (boric acid and 

borate) and that their conversion from one to the other depends on pH with 

slightly different equilibria for each isotope. So this isotopic ratio is measured in 

corals to provide a time series of past changes in pH. The figures in this slide are 



examples of French studies using boron isotopes to decipher recent changes in 

pH, some of them quite abrupt. 

 

Another isotope that is used to study ocean acidification directly is calcium-45, 

a key tool to measure rates of calcification.  The IAEA laboratory in Monaco is a 

specialist in using calcium-45, and French scientists have collaborated with the 

Agency to measure calcification in pteropods and other marine organisms. 

Other isotopes such as radiocarbon and tritium are used to validate ocean 

models used to assess ocean acidification and comparing models to observed 

values. 

 
Transparent 6: 
 

The science of ocean acidification is still in its infancy. The term « ocean 

acidification » only started to be used widely in 2005. Since then, the number of 

publications has grown exponentially. The first and only book so far on the 

subject was published in 2011. The French authors led the first international 

project on ocean acidification, called EPOCA (European Project on Ocean 

Acidification) which operates from 2008 to 2012.  Besides research, EPOCA 

helped producing many outreach documents, some particularly appropriate for 

this audience. You will hear more about EPOCA later in the day, starting with 

the movie « Tipping Point ». 

 

Transparent 7: 
 

Many countries including France participate in the IPCC, a critical international 

effort. So far, the IPCC is focused entirely on synthesizing advances in science 

related to climate change. This year, for the first time, in its soon-to-be released 

report, the IPCC will include an extensive synthesis of research findings on 



ocean acidification.  The Working Group 1 report, focused mostly on physical 

and chemical changes, will be released in just 10 days (following a press 

conference in Stockholm). Then 6 months later, the IPCC will release its Working 

Group 2 report on impacts, adaptation, and vulnerability.  

  
Transparent 8: 

The EPOCA project, conducted within the framework of the EU FP7, promoted 

international collaboration in the field of research on ocean acidification, but it 

ended in 2012, after 4 years of intense work. The international science 

community recognized the critical need to maintain and improve international 

collaboration on related research and outreach. Simultaneously, there has 

been growing concern from countries and international organizations about 

ocean acidification. A group of researchers mobilized the international 

community, calling for an international coordination center to be established. 

The IAEA graciously took up the call. It is the OA-ICC project. You will surely 

hear much more about the OA-ICC later during this Scientific Forum. 

 

I strongly encourage all Member States to take advantage of the information 

provided within this Forum for the sake of marine environment, but also to 

contribute to the success of the international cooperation to preserve a fair 

environment.  

 

Thank you very much for your attention.  


