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(the	metal	compounds	case)
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The way toward a « circular future »?

Source : Hérgé Editions Castelman 1953



Since  2008  the Marine Strategy Framework Directive ( 2008/56/EC) of the European 
Parliament imposes to preserve and protect the marine environment 

Since 2012, the space sector initiated the Clean Space initiative to investigate Life Cycle of 
Europe’s launch vehicles and missions.

up to now ecotoxicological impacts on marine ecosystems of launching, and particularly, of 
launching residuals were under investigated and oversimplified.



Our objectives were:
• To help ESA to face the increasing concern of its customers, stakeholders and the general 

Public about environmental impact of launching
• To give ESA the possibility to progressively move toward ecodesign – by identifying key 

risk materials and suggesting design/process changes that could possibly reduce 
environmental impact of ESA launchers.
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Source: Comparative analysis with main reported contaminations (from UNESCO data)
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Global IMPACT assessements
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IMPACTS?



Inventory of launcher components
• Data sources: 

• Ariane V and Vega LCA reports
• Documentation from ESA
• Literature review (internet search on chemistry websites, Material data sheets, Chemistry 

Handbook, etc.)
• Assumptions, either on the mass and/or size of certain components, or on the type/composition 

of material used

• The inventory was built in several steps:
• Determination of mass and surface for each component.. 
• Decomposition in chemical elements for complex materials.
• Compilation of physical-chemical characteristics of each 

chemical element and raw material from different data 
sources
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Estimation of total mass  of launching
materials returning to earth



Source: Comparative analysis with main reported contaminations (from UNESCO data)
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:
I-Launcher composition (ARIANE and VEGA) : (Eco) toxicity  of components



Color code for mass 
classification of launcher 

materials (in kg)

<1
1-10

10-70
70-150

150-500
500-1000

1000-2000
2000-8000

>19 000

List of LD50, LC50 and EC50 of substances

Substances with known toxicological or ecotoxicological hazards



(Eco)Toxicity of
launcher components

Our study showed that
• There were 30 substances from the launchers with no quantitative toxicological 

information available. 
• There are 48 substances from the launchers with no quantitative ecotoxicological

information available. 
• There are 26 substances for which there are neither toxicological nor ecological 

quantitative information available
• For the two launchers, the top 5 of the most risk substances were  : paint, chlorine, 

cadmium, copper, zinc
Alumina, mercury, ethylbenzene, nickel, sulphur are also part of the substances that can 
pose the highest risks to the marine environment
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Metallic compounds

Literature review
Model experiments in laboratory conditions

On-site studies in French Guyana



Toxicity of components of launchers in marine conditions 
is function of their composition and behavior

However, previous data were obtained with the hypothesis of 
same substance release and same behavior (in terms of diffusion) 
in the ocean, while:

Diffusion varies according to composition

Diffusion varies according to environmental conditions





Metal corrosion as a function of depth varries with the metal

Weight gain and corrosion rates as a function of depth for various metalic alloys (adapted from Sawant and Wagh, 1990

(adapted from Sawant and Wagh, 1990)

Marine positions

Inverse relationship for the corrosion rate of aluminium 
with depth



Metal (bio) corrosion in sea water =  f ( compounds composition)



Experimental set-up

• metallic corrosion in seawater and toxicity were followed in a range of 
conditions for a set of representative alloys used in aerospace vessels

• Experimental set ups were designed for a set of representative metal
components of VEGA and  & ARIANE LAUNCHERS

• Follow-ups were performed in representative ecosystems (French Guyana)
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Metal corrosion as a function of composition and marine oxygen level

• Corrosion  in seawater estimated from weight in aerobic, anaerobic and mixed 
conditions (our work, unpublished results)



MEB analysis confirmed that
(bio) corrosion depends on conditions



Corrosion  in seawater estimated from weight in aerobic & anaerobic conditions 

Metallic corrosion as a function of metallic composition and seawater oxygen level
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Ecotoxicity evaluation

ControlsImersed element
(surface area = 20 cm2)

Macrofauna in vitro



Metal analysis (after 1 month)
in sea water and mussels

Iron (in ppb)
Sea water: stable mussels : increase

Chromium (in ppb)
Sea water: increase mussels : increase



Ecotoxicity evaluation

Macrofauna in vitro Survival curve for mussels exposed to different metals
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Ecotoxicological ‘in situ’ assessements

Mytilus

Dicentrarchus

Paracentrotus



IN SITU IMPACT STUDIES in French Guyana



Ecotoxicaligal assessments near 
French Guyana first stage falling point



In some locations, aluminum 
concentrations are high

IN SITU IMPACT STUDIES in French Guyana

Sediment status

Anthropogenic contaminations ?

September 2014



Sites in good environmental health
Strong imbalance in local fish population 
distribution  (Vigouroux & Guillemet, 2006)

IN SITU IMPACT STUDIES in French Guyana

Turbidity, Ph & Conductivity values are low 
Clear waters
Physico-chemical characteristics of the 
environment change according to the season

Water Quality

�
�
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However, the successive launches of Ariane can induce the 
release of various products into the environment (including 
aluminum), with potentially a non-negligible impact on fish

Fish populations

�
�

In situ measurements



Conclusions & Perspectives



Conclusions & Perspectives

• Behaviour and toxicity of the different compounds carried out varry
according to the substrate but also to environmental conditions 
(depth oxygen availaibilities)

• Exposure time must be taken into consideration and no ‘rapid’ 
conclusion can be driven from the available litterature

=> experimental approach used during the project

• Longer impacts need to be investigated
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Thank	you	for
your	attention	!


