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Functional Ecology to Reduce Launchers Impact on Deep Sea (ESA AO 1-8623/16/NL/KML)




Estimation of the behaviour and toxicity of the components of the
launchers in marine conditions

4 )
e Litterature was checked for fate and behaviour of Ariane and
Vega components

* Toxicity experiments were performed for a set of representative
non-metallic components of VEGA and & ARIANE LAUNCHERS

* Metallic corrosion and toxicity in seawater for a set of
representative alloys used for aerospace vessels
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List of LD50, LC50 and EC50 of substances

Componenta

Aluminan

F Mass Mas?t.:]

Substances with known toxicological or ecotoxicological hazards

-~

Color code for mass
classification of launcher
materials (in kg)

1-10
10-70
70-150
150-500
500-1000

Aquatic -speciess

Aluminium=

Ammonium-perchlorate=

Antimony -trioxide-Sb203x

Antimony=

Aramid fibrea

Bentonitex

BeQ-(beryllium-oxide)x

Boron=

Brominex

LD50--(mg/kg)= LC50-{mg/L )= EC50-(mg/L)=
>-5000-(oral, -rat)x >-2 3-(4h, -inhalation, -rat)a >-218 64-(96h, fish)a o
2000-mg/kg-(oral,-ratya o o 1,5-(algae)n
1900-(oral, rat)= o o 2-(bacteria)= d
34600-(oral, -rat)a a >-1,000-(96h, fish)x 1 'Dnojé%?&t}gggag“a)” '
261-(24h,-larvae)|
T-(oral, rat)= bl 4.92-(24h, flea)] o
-206-(72h, -algae)n
7500-(oral,-rat)n o o o
35-(intravenous, rat)= o 19000-(96h, fish)= o
2062-(oral,-mouse)u o o o
650-(oral, -rat)= o o o
2,700~ (inhalation, rat)e n el

2.600-(oral,-rat)n

-10-(daphnia-magna)=

CaCO3-(calcium-carbonate)x

6450-(oral, -rat)=

o

56-000-(48h, fish)a

o

Cadmiurmm

2330-(oral, rat)z

o

0,001-(96h, -fish)=

0.024-(daphnia-magna)+
-0.023-(algae)=

Ceramica

>22 500-(oral, -rat)a

o

>-10-000-(72h, fishja

o

Chlorineo

o

293-ppm-(1h,-inhalation, -

N N14-(96h -fishx

N N19-fdanhnia-mannao
|
|
|



Risk ranking for substances
present in the launchers

Component, for A5

Paint

Chlorine

Copper

Cadmium

Zinc

Xylene

Sulfur

Dicyclopentadiene

Alumina

Ethylbenzene

Nickel

Explosive

Mercury

Phosphorus

Toluene

Molybdenum

Vinyl acetate

Lead

Graphite

Zirconium oxide

Potassium hydroxide

Antimony trioxide Sb203

EPDM rubber

Phenol

Bentonite

Lithium salts

Petroleum naphtha

Lime

Titanium tetrabutanolate

Ceramic

Chromium(lll) oxide

Caco3 (calcium carbonate)

Top 5

Top 10

Top 15

Component, for VEGA

Paint

Cadmium

Copper

Zinc

Chlorine

Phenol

Alumina

Xylene

Mercury

Sulfur

Ethylbenzene

EPDM rubber

Explosive

Nickel

Lead

Phosphorus

Toluene

Vinyl acetate

Lithium salts

Dicyclopentadiene

Molybdenum

Potassium hydroxide

Graphite

Zirconium oxide

Lime

Titanium tetrabutanolate

Antimony trioxide Sb203

Petroleum naphtha

Bentonite

Ceramic

Chromium(lll) oxide

Cacog3 (calcium carbonate)




Substances with limited or no known toxicological or ecotoxicological hazards

No ecocological data

No toxicological data

bp poxy resin - curative - 4,4-00
diaminodiphenylsulfone

Glass fibre

Cobalt
Epoxy resin - curafive - 4 4-DDS

diaminodiphenylsulfone

Glass fibre
Glue Wacker T77

Polyurethane PU

Silica

44

i1

Hydrogen Silica fibre
Hydroxyl-terminatedpolybutadiene
| HTPB

itaniurn
g T e Titanium dioxide

s L Melamine Tungsten

Slica fibre l\Ew)ﬁEL ol

Zine obium reonium

Zirconium oxide Nitrogen tetroxide N204

Color code for mass
classification of launcher
materials (in kg)

1-10
10-70
70-150
150-500
500-1000

/

AU

Aluminium

Phenolic resin




Substances with limited or no known toxicological or ecotoxicological hazards

P

(U

Aluminium

Phenolic resin




Risk ranking for substances
present in the launchers

Component, for A5

Paint

Chlorine

Copper

Cadmium

Zinc

Xylene

Sulfur

Dicyclopentadiene

Alumina

Ethylbenzene

Nickel

Explosive

Mercury

Phosphorus

Toluene

Molybdenum

Vinyl acetate

Lead

Graphite

Zirconium oxide

Potassium hydroxide

Antimony trioxide Sb203

EPDM rubber

Phenol

Bentonite

Lithium salts

Petroleum naphtha

Lime

Titanium tetrabutanolate

Ceramic

Chromium(lll) oxide

Caco3 (calcium carbonate)

Top 5

Top 10

Top 15

Component, for VEGA

Paint

Cadmium

Copper

Zinc

Chlorine

Phenol

Alumina

Xylene

Mercury

Sulfur

Ethylbenzene

EPDM rubber

Explosive

Nickel

Lead

Phosphorus

Toluene

Vinyl acetate

Lithium salts

Dicyclopentadiene

Molybdenum

Potassium hydroxide

Graphite

Zirconium oxide

Lime

-

Titanium tetrabutanolate

Antimony trioxide Sb203

Petroleum naphtha

Bentonite

Ceramic

Chromium(lll) oxide

Cacog3 (calcium carbonate)

A

Aluminium

Phenolic resin




Aluminium may be toxic for ocean life according to
pressure, redox conditions, and essentially pH. Oceanic
acidification due to solubilization of atmospheric CO,
may increase aluminium solubility and toxicity.

For humans, 20% of consumed aluminium ends up in
bones. Aluminum is supposed to play a part in
Alzheimer disease or breast cancer.

Titan alloys are
reported less toxic
than aluminum

/
Metallic Aluminium 2024

compounds

Non metallic

compounds Phenolic resin

0 j phenolic compounds are toxic and eco toxic.
Phenol consumption is lethal (acting
essentially on kidneys) and presents high
toxicity risk due to heat resistance. Diffusion
of phenolic compound derivatives is a risk.




Organic compounds

Litterature check
Behaviour in seawater

Ecotoxicological & Biofouling assessments in laboratory conditions



Organic compounds

-

10 organic substances out of 29 non-metallic degradation products with no quantitative
toxicological information available

15 substances (out of 29) with no quantitative ecological data available

~

P Weselected: [ )

- Phenolic resin @ 2 # concentrations
- Epoxy resin @ 2 # concentrations
- Polyurethan : powder / blocks

N /




Organic compounds

Macrofauna in vitro

Ecotoxicity evaluation

-

Imersed element
(surface area = 20 cm?)

Mytilus edulis

30 x Q

Controls

Phenolic resin
1g/L

Epoxy resin

Epoxy resin + aluminium

Polyurethane pieces




Organic compounds

Macrofauna in vitro

Survival curves for mussels exposed to components

Epoxy resin
[ N Non toxic
q’ LY
'720 Control
3 ) 4
E heat Polyurethan -
o i particles
Q
-g el Epoxy resin & TOXiC
> Phenolic resin Aluminum
(0,1g/1) Polyurethan pieces
L1 Phenolic resin (1g/I)

Exposition time (in days)



Organic compounds

Surface evaluation ~—  Background

attraction

Microcolony
formation (pili IV)

Biofilm growth and
maturation

Inital adherence Biofilm formation

= Use of Vibrio alginolyticus medium



Organic compounds _
Surface evaluation

Polyurethane in Vibrio Epoxy resin in Vibrio

Polyurethane in seawater alginolyticus medium Epoxy resin in seawater alginolyticus medium

for 44 days Bars 10



Metallic compounds

Litterature review
On-site studies in French Guyana

Model experiments in laboratory conditions



Metallic corrosion as a function of depth

-
Very limited relevant bibliography is available for “Biodegradation” or “biofilm allowing corrosion”

e forthe alloys used in the launchers
N

Weight gain as a function of depth for stainless steel

- 6

~ The gain weight indicates the formation of oxide
2000 (protection for the alloy)

Weigh gain (mg/dm*/year

(adapted from Sawant and Wagh, 1990)



Metallic corrosion as a function of depth

Very limited relevant bibliography is available for “Biodegradation” or “biofilm allowing corrosion”

e forthe alloys used in the launchers

N
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Corrosion rate as a function of depth for stainless steel
(adapted from Sawant and Wagh, 1990)

Inverse relationship for the corrosion
rate of aluminium with depth

Corrosion rate (mm/y)

——50°C

—-25"C

pH

Corrosion rate of stainless steel as a function of pH
Prawoto et Al. (2009)



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

Corrosion in seawater estimated from weight in aerobic & anaerobic conditions

0,6
Il aerobic

0,5 ] anaerobic
S
c 04
g
Q
£ 03
S Surface pitting and cracks
<
2 0.2
()
2

0,1

0 [ ] [ ]
X15TN 35NCD16 15CDV6

/

3 different steels




Macrofauna in vitro

Ecotoxicity evaluation

r

Imersed element

(surface area = 20 cm?)

Mytilus edulis

30 x 4‘!‘

Controls

Aluminium thick

Aluminium thin

TiO21 g/L

Aluminium flake




Ecotoxicity evaluation

Macrofauna in vitro

Survival curve for mussels exposed to different metals

Non toxic y
35 | / —— Negative control

30 | ~ Titanium powder (1 mg/ml)
25

20 |
15
10 |

r Toxic ~
~— Aluminium « flakes »

— Epoxy resin & Aluminium

Number of mussels still alive

= Aluminium « thick »

P PP PP A B PP . :
i A6 e ~— Aluminium « thin »
- J

Exposition time (in days)



Surface evaluation

Aluminium surface Vibrio alginolyticus medium 7 days in seawater

Unicellular organism
fixed at the surface

Vibrio alginolyticus aggregates




Conclusions

(

* 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




Perspectives



3962 meters deep




& Perspectives

IN SITU IMPACT STUDIES in French Guyana

L

Savanes de
Karouabo

Crique de ’
Passoura Musée de |Espace @



IN SITU IMPACT STUDIES in French Guyana

Water Qualit :
o Q y A In situ measurements (September 2014)
» Clear waters (low turbidity) 50,0
» pH & conductivity values are low 450
» Physico-chemical characteristics of the 400
environment change according to the season 35,0
\ 7 300 |
25,0 u Karouabo Amont
200 - u Passoura Amont
~— Fish populations \ 150 « Passoura Aval
100
» Sites in good environmental health » ,
» Strong imbalance in local fish population - e e
distribution (Vigouroux & Guillemet, 2006) pH(uph)  T°C  C(uS/cm) 02 mg/l  Turbidité
L ) NTU
~ D ———
The successive launches of Ariane can induce the release of various !‘IYD RECO
products into the environment (including aluminium), with = o ﬂ
potentially a non-negligible impact on fish & other organisms %@L = s
4 J GUYANE




IN SITU IMPACT STUDIES in French Guyana

Sediments

In some locations, aluminium concentrations are high

September 2014
60

u Haut Passoura . Karouabo Amont . Passouraaval

50 Anthropogenic contaminations ?

20 |—
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Comoros
archipelago §

The mangrove as a biofiltering system for domestic wastewaters

Use of sentinel species

(bioindicators) { Physiological biomarkers }

Energy balance
Hydromineral balance

lconservation Physiology’ Redox metabolism ....




Thank you for
your attention !




