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The Eure River Watershed Location

+* The Seine River Watershed

Key Figures:
(Seine Normandie Water Agency)

~ 95,000 km? (18 % of France territory)
30 % of French population (18.3 M)

40 % of National Industry

o O 0O O

25 % of French Agricultural Land
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The Eure River Watershed Location

+» The Eure River Watershed in Normandie

Le Havre
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The Eure River Watershed

0 Main tributary of the Seine River downstream
(Seine River downstream: Dam of Poses — Le Havre ; 170 km)

*Dam of Poses: physical limit of the tidal flow

L Area:6,017 km?
= ~70 %: Agricultural Land
= ~ 1 million People

0 228.7 km long

] Tributaries: Iton and Avre Rivers




Study Area in the Eure River Watershed

s The Eure River downstream

Downstream (Rouen)

o

Seine River |
Upstream (Dam of Poses)

v
Eure River
Eure River Spillway
........... : 0 0.5 1 9 3 4
. > Seine / Eure Rivers Confluence BN N
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Study Area in the Eure River Watershed

s Sedimentary cores Sampling
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Study Area in the Eure River Watershed

s S.P.M. Sampling & Monitoring
S.PM. Sampling:

m

4mm o ; . ﬂ 4 o O TIMS Sampler (Time-Integrated Mass flux Sampler)
I j‘__' =  Philips et al., 2000 ; Russel et al., 2000 ; Ankers et al., 2003 ;
Lefrancois et al., 2005 ; Hatfield and Maher, 2008 ; Smith and

I |
! [ Owens, 2010 ; Martilla et al., 2013 ; Perks et al., 2014
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| dexion uprights

Direction of Flow
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= Sampling non-stop ~ 1 month

=  Coupling with S.P.M. fluxes
o Turbidity measurement (time step:15 min)
o River flow measurement (time step: 15 min)

AR

» T.M.E or Organic compounds fluxes (t month)

Seine River

, =

| Upstream (Dam of Poses)
S ———p

Eure River

Sampling Site: Les Damps
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Sedimentary filling in the Martot Pond

MAR15-01
MAR1S-01 Grain Size (um)
DEPTH (cm) LITHOLOGY ELEMENTS COLOUR

1 10 100 1000

0 —

Sedimentary Parameters:

(J Bottom to ~ 80 cm:
" Dy ~20 pm

» Changes at ~ 80 cm

Depth (cm)

12 O 80 cm to the top:
" Dy~30pum

> Two sedimentary facies

75 —

» In the whole hydraulic annex.
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Sedimentary filling in the Martot Pond

*» Sedimentary core dating

A MAR15-01 A #%Pbe, (MBq g ) B ¥Cs (mBag ) c Years (A.D)
DEPTH (em)  LITHOLOGY ELEMENTS  COLOUR 1 10 100 0 10 20 30 2020 2000 1980 1960 1940 1920
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— f— 8 i} > S\e\dimentation rate:l1cmy?!
I I R . s | i
-  [FFACE _ T T T 1 .
S B - 0 1 2 3 4 » Facies change: ~ 1940
L “'Am (mBgg )
] 210 .
— - D Pbex' D 137Cs & 241Am:
— - = Linear decrease
ros | L "= Peaksat~60cm
— » Nuclear Tests during the 1960s
B r ] =  Chernobyl accident is not recorded
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Link between Seine River historical works and Sedimentary Archives

+ Seine River inputs...

DEPTH {cm) COLOUR

) —

MAR15-01

Actual Situation

’,9

-
=g

de  Quélre.- Ages
Red line = actual Seine River c

hannel/"x;

,_EI 1864. Dam of Martot building
M " Seine River inputs storing started behind the dam

il Lo

EI Eure Rlver outlet 10 km upstream

First Dam of Martot

"=V
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Link between Seine River historical works and Sedimentary Archives

% ... Follow by Eure River inputs from 1942

MAR15-01
DEPTH(cm]  COLOUR
T A

\ -

0 1931-1941: Seine River is dredged and channelized
= Two distinct channels are formed with dredging
sediments
* The Dam of Martot is mostly removed (only the
left part is preserved)
= The Martot Pond was formed and disconnected
from the Seine River

L 1942: The Martot Pond is connected to the Eure River

> ver RRUESClagEE Stored -+

= IVCT

Thomas Gardes

~ 1942
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etk Multi - Contamination recorded in Sedimentary Archives
R ‘\TfHac(e Metal Elements: As, Cd, Cr, Cu, Mn, Pb, Zn and Hg < Organic Compounds: PAHs and PCBs
\ Ue) el Lag
g 0.I75 1.:50 2.I25 3.00 PAH (mg kg—1) PCB (mg kg—‘l)
D : o 0 10 20 30 40 0.0 0.3 1.0 55 2.0
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S Multi - Contamination recorded in Sedimentary Archives
"»ws\»" \Trace Metal Elements: As, Cd, Cr, Cu, Mn, Pb, Zn and Hg
x> \

Variables factor map (PCA)

£
A PILE DE LONGUE DURE

Dim 1 (71.86%)
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e \iéad Contamination recorded in Sedimentary Archives

,;; ] Seine River to Eure River transition =

—
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S \iead Contamination recorded in Sedimentary Archives

% Pb Quantification

~ MAR15.01
ngﬁ‘{ﬁn} COLOUR
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Lead Contamination recorded in Sedimentary Archives
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= Pb Quantification |
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Philips Electronique Grand Public

— — e

= 2-3kg-Pb/TV
(Tsydenova and Bengtsson, 2011)

~ Colour picture tube

- S—— d phosphorcoating red  green |
L R onbackofglass  beam beam |

1

——

5 e — >

red, green, and blue
electron guns

© 2001 Encyolopadia Britannic, Inc.
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S \iead Contamination recorded in Sedimentary Archives

~ MAR15.01
ngﬁ‘{ﬁn} COLOUR




N \iead Contamination recorded in Sedimentary Archives
% Pb Quantification &

MAR15-01 Pb {mg kg ) ‘.

DEPTH (cm)  COLOUR \ 0
SR e o7l
o |

Bk Release in Water :

. 2001:3540kg

i «A
7 :: ;
W q
3
{

2003 : 1900 kg
=

: 2004 : 1500 kg

~ (Chiffoleau et al., 2012)
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S \iéad Contamination recorded in Sedimentary Archives
206;20?Pb

S | 1.12 1.14 1.16 1.18 1.20
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N Lead Contamination recorded in Sedimentary Archives

'- ':’ 209/207Pb Ratio s Seine River sediments:

y ‘ 1.12 1.14 1.16 1.18 1.20 0 206/207pp ratio is close to:

' ' E— | = Regional geochemical background
» Seine River geochemical background = 1.2007 + 0,0011
(Elbaz-Poulichet et al., 1986 ; Ayrault et al., 2012)

MAR15-01 L D
DEPTH{em]  COLOUR 3

= « Natural Pb » (206/207pp = 1,195-1.233) according to Ferrand
et aI 1999 Chlffoleau etal., 2012

Natural Pb
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206 207
(Ferrand et al., 1999 ; Komdrek et al 2008) Pb/ Pb
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N ‘Lead Contamination recorded in Sedimentary Archives

A e 7061 : 206/207 : :

SRS 2061207Pp Ratio Pb Eure River sediments:
< S R 0 206/207pp ratio at 63 cm is close to:

= Rio Tinto signature = 1.1633 - 1.1635

' (Marcoux, 1998, Ayrault et al., 2012)
MARISOL = BN - R ot T | SR A - A
G N (T SRSy - a4 S ¥ * « Industrial Pb » (296/207pp = 1,155) according to Monna et h
o e g S ‘ = e - al 1997 Chlffoleau et al 2012
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Lead Contamina

\K,‘r

tion recorded in Sedimentary Archives

“‘J .

206/207
Pb

s 2061207Ph Ratio

1.16

Q

Eure River sediments:

206/207ph ratios at 0-30 cm: Mixing between industrial and leaded
gasoline

« Industrial Pb » (206/207pp = 1,155) according to Monna et
al., 1997 ; Chiffoleau et al., 2012

| mmurmj""f * = « Pb Gasoline » (206/207pp = 1,10-1.11) according to Monna et h
B e R = al., 1997 ; Chiffoleau et al., 2012

: = : ¥ 206pb/207pb _1 1276 i : > PhIIIpS Factfry lmpacts-53+4/ e =

b1 — A : 1 1‘271 == . ° -.—if

Y g |-t - Leaded Gasoline Industrial Pb  Natural Pb =

220

218
o 216

214

& 212 -

PRilfps

208

2.06

Mixing AR

Factory signature ?

L 2
A 100
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1.20

T T ) T T
1.10 " [P 1 14 261716
Cppy/ Pb

1.08 1.18

(Ferrand et al., 1999 ; Komdrek et al 2008)
GOLDSCHMIDT Boston 2018 -

v.,~‘




tion recorded in Sedimentary Archives

. : N\ ) ; *f-. .
ead Contamina
% 2o7pp Ratio
-\ ”\ e
gk e ‘f%“-f-"“ AR L Q,é )

o industry tower
‘:\%‘gt nee r!IlrEre.-r{:nsr.-c:nlsr, “q‘%""
e, . 1.18- / historical 2003 1(5# 2003

5 N Paris B2/M1 __'I_ - S

\ Rlﬂ -I_Intﬂ r/‘_ '/{ .19—"n .IJ l-" TR’L’I" ——

1.06 r y
0.00 0.01 0.02

(Ayrault et al., 2012) 1{Ph (g/1g)
- i,<.v‘- > ."’Iv”

' > Philips Factory impacts: 53 + 4 %

Eure River sediments:

O 206/207pp patios at 0-30 cm: Mixing between industrial and leaded
gasoline
=  « Industrial Pb » (206/207ph = 1,155) according to Monna et
al., 1997 ; Chiffoleau et al., 2012
* « Pb Gasoline » (296/207pp = 1,10-1.11) according to Monna et
al., 1997 ; Chiffoleau et al., 2012
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u
|

0.01 0.02 0.03
1/Pb (kg mg )
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Lead Contamination recorded in Suspended Particles Matter

~ 1 km downstream the Eure/Seine Rivers confluence

1.20 100 &
B 1.18 =
5 63 A
r o 116 -
'3 a
= Seine 8_‘__ 1.14 ‘.--
m affluents 2 Lo N
Dp .
o~ 1.10 —
0 ] vovos 0.;)1 o,c;15 0,62 0,(525 0,233 o.(;as 0.104 1.08
= 1/Pb (kgmg™) 106 : : :
(Chiffoleau et al., 2012) 0.00 0.01 0.02 _1 0.03 0.04
] 1/Pb (kg mg™ )
|
1 This study
206ph /207Ph jn S.P.M from Eure River ~ 1.13 - 1.14
(Chiffoleau et al., 2012)
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Lead Contamination recorded in Suspended Particles Matter

a

Pb (mg kg1) at Les Damps (Eure River) in 2017:

Pb, crage = 140,94 + 1,00 mg kg* (January 2017 - January
2018)
= < top of sedimentary archives

Pb fluxes at Les Damps (Eure River)in 2017:

0 Sum=7.73 tan!(January 2017 — January 2018)
= ~ 8% Pb fluxes in the Seine River (1994-2003)
at Poses (Thévenot et al., 2007)

Flux Pb (t)

1T10I111dS> adiues auLuoLniviivi - buswil Zulo

- 200

150
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Lead Contamination in the Eure River Watershed

Summary

0 Past and Actual contamination: Philips factory

O Philips Factory impacts: Downward trend ?
=  Pb concentration decreasing

» Eure River impact N

BUT...
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Lead Contamination in the Eure River: “Back to the future” after dam removal ?

Summary

0 Past and Actual contamination: Philips factory

O Philips Factory impacts: Downward trend ?
=  Pb concentration decreasing

» Eure River impact \

BUT...

........................*

October 2017
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Lead Contamination in the Eure River: “Back to the future” after dam removal ?

Summary

0 Past and Actual contamination: Philips factory

O Philips Factory impacts: Downward trend ?
=  Pb concentration decreasing

» Eure River impact N

BUT...
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=N

mination in the Eure River: “Back to the future”s“afg

» Impact on Seine River will increase

=
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