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1. Introduction

Trace metal and metalloid elements (TMM) are naturally present in rivers as a result of
mechanical erosion processes or chemical alteration of uncontaminated rocks and soils. They
also originate from multiple sources related to anthropogenic activities resulting in the
contamination of rivers to varying degrees of severity (Salomons and Forstner, 1984).

Anthropogenic impacts are sometimes very old and may date back to the Roman era (Elbaz-
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Poulichet et al., 2011), the Bronze Age (Elbaz-Rbet et al., 2020), or even prehistory
(Chiaradia et al., 2003). However, many studiee@ghat the impacts from the last 150
years, since the industrial revolution of westeonrdries, have been much more significant
(Foster and Charlesworth, 1996). Releases of TMNI lma in dissolved and/or particulate
form. Particulate discharges may be transportedh® lower reaches of a watershed
depending on hydraulic conditions, leading to tteragye of these particles in accumulation
areas within rivers, such as reservoirs behind ddinsdplains or ponds (Foster and
Charlesworth, 1996). Using stored sediments, thensruction of temporal trends of metal
contamination within a watershed is possible whba tatter are undisturbed. Stored
sediments with high accumulation rates (e.@.cm y*) are only slightly affected by the early
diagenesis process (Callender, 2000), thus thedieneets can be used to trace temporal
trends of metal contamination. This has been dameséveral large French rivers (e.g.,
Garonne River: Grousset et al., 1999; Audry et28104; Seine River: Le Cloarec et al., 2011,
Ayrault et al., 2012; Loire River: Grosbois et &012; Dhivert et al., 2016).

The Eure River in Normandie, is a major tributafytlee Seine estuary and is part of the
Seine River watershed. This watershed is known dothistory of significant metal
contamination within its fluvial (Le Cloarec et,@011) and estuarine parts (Chiffoleau et al.,
2012; Vrel, 2012).

The objective of this study is to assess and cheniae the anthropogenic impacts within the
Eure River watershed over the last 80 years. Thantffication of current inputs from the
Eure watershed into the Seine estuary was detedmime@ugh TMM concentrations on
suspended particulate matter (SPM), to enable metation of particulate metal flux. The
reconstruction of TMM temporal trends was undemtaksing sediment cores collected in the
lower reaches of the watershed. The determinationatural values of TMM within the

watershed allowed the assessment of current antchpsopogenic impacts. The magnitude
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of the impact could also be traced over time basethe estimation of past theoretical flux.
The sources of the recorded contamination wererdeted by reconstructing the industrial

history of the watershed and using Pb isotopesatio

2. Material and Methods

2.1.Characteristics of the Eure watershed

The Eure River is a tributary of the Seine estuaggulated upstream by the Poses Dam
(Figure 1A). The Eure River watershed (6,017 km3he fourth largest tributary of the Seine
River watershed in terms of surface area. It fé&hind the Yonne, Marne and Oise
watersheds but is the first contributing watersimetthe estuarine section (i.e., the last 150 km
before the mouth to the Channel). It is based chadk formation of the Upper Cretaceous,
covered by Tertiary sandy-clay deposits and momene deposits dating back to the
Quaternary period (Quesnel, 1997; Laignel et a@98). The Eure River waters are
characterised by a conductivity of 568 + 58 cm?, a pH equal to 8.1 + 0.2 and a mean
temperature of 13 £ 5 °C on the period from 19712649 (www.naiades.eaufrance.fr).
Moreover, the Eure River has a mean annual flowe{dof 22.13 + 6.69 rhs'based on the
period from 1971 to 2019 (www.hydro.eaufrance.fr)is the fifth largest tributary of the
Seine watershed in terms of flow and its two majdoutaries are the Avre and Iton rivers

(Figure 1B).

2.2.Field Sampling Methods

2.2.1. Description of core sites and sampling methodology
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Les Damps Pond is upstream of the Eure River spylli{Figure 1C). The pond, with an
average depth of 50 cm and spanning an area lasslttha, continually accumulates SPM
from the Eure watershed (Figure 1D). As the sit@ lem upstream of a spillway (vertical
height: ~3 m), the tides have no noticeable efleatn in the case of a high tidal coefficient.

The Martot Pond, spanning an area of ~7 ha, istédcan the lower reaches of the study
area (Figure 1C). Unlike Les Damps Pond, this peraffected by the Seine estuary during
tidal flows through the Eure River outlet. Howevére impact of the tide is limited and
temporally variable, as its flow persists for ab@h and does not occur every day. In
addition, the Martot Dam, located 200 m downstrezfnthe Martot Pond, prevented tidal
flows for tidal coefficients lower than 70, unti§iremoval in October 2017 (Figure 1E). Thus,
to ensure Martot Pond was not impacted by the SBiner, results from this site were
compared with those from Les Damps Pond. The M&#oh also regulated the water level
in the river, and the river was continuously corieddo the Martot Pond, even during periods
of low flow.

The La Forge Pond, located upstream of the Eurerslatd, is crossed by the Avre River and
is less than 10 km downstream of the headwatetbeoAvre River (Figure 1F). This pond
was constructed in anticipation of iron and stegivaies during the seventeenth century. It is
at the outlet of a watershed spanning less thakn®4where the geology is similar to that of
the entire watershed, i.e., an Upper Cretaceousdion composed of flint clay (Turonian)
and sand (Cenomanian) outcropping near the river.

Sediment cores were extracted using a UWITEC® grasorer and PVC tubes with a
diameter of 90 mm (e.g., Sabatier et al., 2014 Water-sediment interface was preserved
during coring. Coring was carried out in the follagydates and locations:

- January 2015 (DAM15-02 core) and January 2017MRA-02 core) for Les Damps Pond,;
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- January 2015 (MAR15-01 core) and February 2018RW6-02 core) for Martot Pond; and
- June 2017 (FOR17-02 core) for La Forge Pond.

The characteristics of sediment cores are listéichlrie 1.

2.2.2. Measurement of flow and turbidity

Streamflow of the Eure River (@e; m® st) was directly measured using an Argonaut-
SL3000 current meter (Side-Looking Doppler Currbtdters; SonTeck®) installed on the
left bank of the Eure River at the Les Damps dileasurements were taken at 15 min
intervals from 27 January 2017 to 22 May 2018 (FedlLD).

Turbidity (NTU) was measured using a SAMBAT mulaérpmeter probe (with self-cleaning
sensors; NKE Instrumentation®) installed in thercted 90 cm below the surface at the Les
Damps site. Measurements were taken at 15 minvadteduring the same period as that of

streamflow (Figure 1D).

2.2.3. SPM sampling

SPM were collected using an home-made time-intedratass-flux sampler (TIMS), the
design of which was based on Phillips et al. (20@@) Russell et al. (2000) (Figure S1 in
supplementary materials). The central tube (1 ng,lallameter of 10 cm) and the two outer
inlet and outlet pieces are made of PVC. The pgmeadidiameter of 4 mm, allowing water to
enter and exit, is made of nylon. The assembljhefgarts and waterproofing of the central
tube was undertaken using O-rings without glue. THdS were installed on a raft in the
channel 90 cm below the surface at the Les Danips & the same depth as the turbidity

sensor (Figure 1D). All TIMS changeover dates am@w in italics in Figure 2A.

2.3. Analytical Methods and data processing



126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

2.3.1. Grain size analysis

Grain size distribution can influence the behaviofirchemical substances. Short-lived
radionuclides 4%Pb, ¥'Cs, and®*'Am) are preferentially adsorbed to fine particlet (and
Walling, 1996) as metallic and metalloid elemer@al¢mons and Forstner, 1984; Horowitz
and Elrick, 1987; Brugmann, 1995). Thus, grain simgribution can have a considerable
impact on chronology and TMM concentrations in seght cores (He and Walling, 1996).

The grain size distribution of sediment cores wasmasnred by laser diffraction (LS 13320
Particle Size Analyser Beckman Coulter™) acrosarage 0.04-2000m. Measurements

occurred every cm by integrating 1 cm on the DAMEP5and MAR15-01 cores.

2.3.2. Total organic carbon analysis

Total organic carbon (TOC) and the extent of orgamatter (OM) degradation can
influence TMM concentrations as some TMM have arggraffinity to TOC (Tseng et al.,
2001; Audry et al., 2006; Masson et al., 2011;tRetal., 2013; Coynel et al., 2016). As such,
TOC contents are needed to determine whether \argain TMM in the sediment cores are
related to anthropogenic activities.

Sediment Cores were analysed using Rock-Eval 6 \Ri®lysis at the ISTO laboratory,
University of Orléans (“Turbo” model RE6 pyrolyz&finci Technologies), as per the method
described in Copard et al. (2006). TOC and the Qislity were measured on the DAM17-02

and MAR15-01 cores at intervals of 2 and 1 cm, @esypely.

2.3.3. XRF core scanning (XRF-CS)
X-Ray fluorescence spectrometry (XRF) was usecoigjuantitatively determine the major

and trace element variations of sediment depo8tish{er et al., 2006). The XRF core
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scanning data can be used to describe particulsiti®! Tontamination in sediment cores
(Lepland et al., 2010; Hennekam et al., 2019; EPaalichet et al., 2020). The data
presented were normalized by Ti to remove possiai@ations due to detrital inputs (Duan et
al., 2014; Bébek et al., 2015). Ti was considerdaetier “normalizing element” than Al,
which is used in coagulation/flocculation processesastewater treatment plants.

The relative contents of TMM were measured usingAamatech XRF core scanner
(EDYTEM, University of Savoie Mont Blanc). Measurenms were taken every 5 mm for the

MAR15-01 and DAM17-02 cores and every 2 mm forMh&R16-02 core.

2.3.4. Particulate trace metal and metalloid analysis

Microwave-assisted sediment digestion for partieulBMM analyses (for As, Cd, Cu, Cr,
Ni, Mn, Pb, Zn), was performed on samples colledtech the MAR16-02 and DAM17-02
cores. This consisted of 0.5 g of dry, powered hachogenised sediment with aqua regia
(HNOsz: 3 mL TraceMetdM Grade; HCI: 9 mL TraceMet&! Grade, Fisher Scientiffy.
Following pseudo-total mineralization (residual clians containing silica particles being
only partially digested), solutions were dilutedli60 mL Milli-Q® water. Particulate TMM
concentrations were measured using inductively lealpplasma-atomic emission
spectroscopy (ICP-AES, iCAP 6000 Series, Thermoh&B) with external calibration. The
accuracy and precision of measurements were wnfigh a certified reference material
(Trace Element on Fresh Water Sediment CNS301-04-@gma Aldrich) and results
showed recoveries 088% with a precision of ~3.1%.

Total digestions, including residual fractions, v@erformed on selected samples, collected
at different depths for the DAM17-02 core, corragfing to the highest and lowest levels
determined by ICP-AES. They were also conducteslenliiment collected at the bottom of the

FOR17-02 core. Representative samples consistingd®ofmg of dry, powdered and
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homogenized sediment, were digested in closed pmgbyfene (PP) reactors (DigiTUBES®,
SCP SCIENCE) in a heating block (2 h at 115 °C)hwit5 ml HCI (12M Suprapur®,
Merck), 0.75 ml HNQ (14 M Suprapur®, Merck) and 2.5 ml HF (22 Suprapur®, Merck),
as described in previous studies (e.g., Coynel.e2@16). Particulate TMM concentrations
were measured by inductively coupled plasma-masstsyscopy (ICP-MS, X7 Series 2,
THERMO) with external calibration under standaraditions. The accuracy and precision of
measurements were verified with certified referenwgerials (NCS DC 2702, CRM 8704,
BCR 667) and results showed recoveries 88% with a precision of 4% (relatively
standard deviation; RSD). The concentrations (fof\g, Cu, Zn, As, Cd, and Pb) determined
by ICP-MS (total concentrations) were always cdesiswith those determined by ICP-AES
(pseudo-total concentrations) being 1.1 to 1.5 simgher than the latter.

Sediment samples from MAR15-01 (n=6) were analyfad Pb radiogenic isotopes.
Reagents used for digestion and chemical proceduees prepared from sub-boiled distilled
concentrated hydrochloric and nitric acids usin@laanacids® device (Analab, France)
except HCIQ (Suprapur®, Merck) Approximately 100 mg of samplas weighed and
dissolved in savillex® Teflon beakers in a mixtwke HF (24 M, Cleanacids®Analab),
HNOs (14 M, Cleanacids®Analab), and HCI® (12 M, Suprapur®, Merck) for four days at
160 °C on a hot plate. After evaporation to dryneamples were dissolved in aqua regia and
heated for 24 h at 130 °C. Pb fractions were challgiceparated following conventional
column chemistry procedures described in Gale (L99B isotopic compositions analyses
was conducted at the Pole de Spectrométrie Océa@)(fh Brest, France using a multi-
collector ICP-MS (MC-ICPMS, Neptune, Thermo SciBoli Pb isotope ratios were
corrected for instrumental mass fractionation araimme bias using the Tl doping method of
White et al. (2000) and SRM981 Pb standard bracgdbr every three samples. Pb isotope

reproducibility, based on 21 replicate analyseNIST (National Institute of Standards and
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Technology) SRM981 was 0.0018 {2for 2°PbP%Pb and?**’Pb#%Pb and 0.0045 (3 for

208}, PO4pp,

2.3.5. Suspended particulate matter and particulate TMM fletermination
To convert turbidity measurements into SPM conegiains (Gies; mg L'1), an NTU-SPM
calibration line was established from SPM samptdkected monthly at the Les Damps site

(Figure S2). Equation (1) of this calibration lifi? = 0.85) is:

Equation (1)

The monthly SPM flux (Epm: t montht) was then determined according to Equation (2):

Equation (2)
Particulate TMM flux was estimated monthly over gampling period based on the SPM

flux and TMM concentrations determined from thdected SPM.

2.3.6. Enrichment factors calculation

To assess the impact of anthropogenic activitie®dan concentrations in environmental
samples, these concentrations need to be staneldrdss reduce the influence of the
sedimentary matrix (Ackermann, 1980; Daskalakis @x@onnor, 1995). Normalisation is
based on a conservative trace element (i.e., nideimced by oxidation-reduction or
diagenesis processes in sediments). Variationglaracterised in the fine fraction varying
proportionally with background concentrations, véharost TMM are preferentially enriched.
This normalising element should not have anthropmg®puts that alter its distribution. The
element Th is highly insoluble (Van Calsteren dimmas, 2006), and is known to have a
strong negative correlation with particle size, evhallows its effects to be corrected (e.qg.,
Coynel et al., 2007; Larrose et al., 2010; Lanaekdual., 2011a, 2011b; Le Cloarec et al.,
2011). In the literature, enrichment factors (E&® commonly used to estimate the impact

9
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of anthropogenic activities on the natural cyclet@ce elements. EFs were determined

according to Equation (3):

Equation (3)

1" #$%&' ()*+ v #$%& ()H+
TE and RE represent the concentration of TMM studied and réference element (Th)
chosen for a given sampl€Eef. background@Nd REef. backgroundrepresent the natural content of

the studied element and the natural content ofd3pectively.

2.4.Core dating

2.4.1. Short-lived radionuclides

The dating of recent deposits within sediment caed the estimation of sedimentation
rates was carried out using radioelements withtsperiods. The sedimentation rate was
determined from the activity of'%Pb in excess?{®Ph.), by subtracting?®®Ra from the
210Phorar (Goldberg, 1963). Artificial radioelementd’Cs and?*Am were used to identify
nuclear weapons tests to confirm the age modebléesiad from the!Ph results. A peak
was observed in 1963 AD and in 1986 AD when ther@tyl nuclear power plant accident
occurred (Appleby et al., 1991).

The activities 0f1%Phsy, 13'Cs ancf*'Am were determined using gamma spectrometry with a
germanium spectrometer in ultra-low background engisttings at the Laboratoire Souterrain
de Modane (LSM). The age model was computed wibrac R package
(https://github.com/rosalieb/serac, (Bruel and #aha2020)). The MAR15-01 core was

sampled from O to 80 cm at intervals of 2, 4, amin6

2.4.2. C dating

10
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14C dating was conducted at the PozRadiocarbon Laboratory from organic macro
remains collected at the bottom (i.e., 68—69.5 m@rval) of the FOR17-02 core. The
IntCal13 calibration curve (Reimer et al., 2013pwaed fot“C age calibration, and the

sample was determined to be from the period betwédf and 1669 cal AD (Figure S3).

3. Results and interpretation

3.1.Determination of local geochemical background

The beginning of the FOR17-02 core (68-69.5 cm) vealsocarbon dated between 1646
and 1949 (1 sigma) with a maximum probability tiat between 1646-1669 (56%) and
1781-1798 (39%) (Figure S3). The 68—69.5 cm fractvas characterised by a median grain
(Dso) of 20.9 m and a TOC content of 2.77% (dry weight; dw) (&ddal description of the
FOR17-02 core is provided in Figure S4).

The TMM concentrations of this sample are summdrireTable 2. In light of the small
geological variations within the Eure watershed #relsample being dated back to the pre-
industrial revolution period, the TMM concentratsorare indicative of the geochemical
background (GB) of the Eure watershed. The chofcth® GB in this study, differs from
some studies that have used levels measured dioth@m of sediment cores, considered
representative of the GB (e.g., Gascon Diez et28ll,7), or used a regional geochemical
baseline, representing levels measured prior tafgignt additional anthropogenic inputs, but
not corresponding with a regional GB (Larrose et 2010). In other cases, for example for
the Seine watershed (67,500 km?; Le Cloarec eR@l]l), the GB was the combination of
several average levels of TMM in fine sedimentdentéd in forest streams draining a single

rock type (Horowitz et al., 1999; Thévenot et 2007).
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3.2.Current behaviour of the Eure River

3.2.1. Hydro-sedimentary behaviour

The average flow in the Eure River was 22 9ghat the Les Damps site in 2017. There
were no major flood events during this year, with e€xception of the month of March when
streamflow reached 86.7°s?, the highest in 2017. The beginning of 2018 waskethby a
50-year flood during which five flood peaks werearled. Maximum flow values occurred
between late January and early February 2018, stittamflows close to 180%ws?! (Figure
2A).

The monthly SPM flux also followed the same tresdstreamflow. The maximum monthly
flux in 2017 was 4.27 x £@ in March 2017, while the minimum flux was 81 tJuly 2017.
The total flux for 2017 was 10.8 x 4.6 with a specific sediment yield (SSY) of abo@ttl
km? yt. The 2018 flood (January—March) transported 3610%t of SPM, of which more

than half (20.4 x 10t) passed through in January (Figure 2A).

3.2.2. Evolution of TMM concentrations

Figure 2B presents the changes in TMM and Mn camagons over the entire sampling
period at the Les Damps site. According to theeatation matrix, most of the TMM and Mn
did not show any correlation withnf@n SPMneanand dw (for SPM collected by TIMS),
indicating that their concentration variations ace directly related to the hydro-sedimentary
behaviour of the Eure River, nor to the mass of SflNected (Figure S5). Only As showed
positive but low correlations (0.36 < R < 0.56) lwihese three parameters. Overall, TMM
and Mn were positively correlated with each otlied2 < R < 0.99), but some elements such

as V, As and Th showed particularly strong positbegrelations (0.90 < R < 0.99) and

12
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therefore co-variated during the sampling peridusTwas particularly the case during the 50-
year flood from 22 January to 19 February, 2018rim@uthis time, only V, As and Th
reached maximum levels at 55.3, 8.45 and 6.44 g dagpectively (Figure 2B). Chromium,
Co, Ni and Mn had strong correlations between tk@®0 < R < 0.89) and with Th or V for
Cr, Co and Ni (0.73 < R < 0.88). Lead was correlatgth Ag (R = 0.89) and Sb (R = 0.70),
and like Ag, was negatively correlated withndgh SPMnean and dw. This resulted in low
levels of Pb and Ag during the flood with Ag havireached its lowest concentration of 0.75
mg kg (Figure 2B).

The average concentrations of V, As and Th baseth@SPM were close to those of the
GB of the Eure watershed (Table 2). The other TMAM hverage concentrations higher than
those of the GB. Over the entire sampling period, Cd and Pb measured at levels 12, 18,
and 14 times higher than the GB, respectively.

For concentrations of TMM normalised by Th, therage ratios were found to be higher
than those calculated for the GB, with the exceptbV, As and Th. This indicates that the
inputs of As within the watershed were not of aoplmgenic origin. For the other TMM, it is

likely that one or more additional anthropogeniarses releasing TMM into the river or that
old contaminated and stored/trapped sediments/baN® been remobilised. This may be

likely to occur during flood or work periods, amdrsit through the Eure River.

3.2.3. Particulate TMM flux

The total monthly flux of particulate TMM are listén Table 3. In 2017, 50% of TMM flux
was transported between January and May as pewdter flux. It may also have been
transported between January and April for V, As, &g, Sb and Th as per the SPM flux.
Maximum flux occurred in March during the episoflmod. The flood in 2018 had a major

impact on the transport of TMM within the watershéwleed, between January and March,
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the TMM flux was 3.3 times greater on average caegbéo the whole of 2017. Note that this
average ratio was 1.9 times if only the month afuday is considered. Specifically, this
behaviour was more pronounced for V, Co, Ni, Cu, Ak (ratio of 3.5-4.0) and less
pronounced for Ag (ratio of 2.0) and Pb (ratio )2 During the flood event, more than half
(57 £ 1%) of the flux occurred in January, inclwglthe particulate flux for all the TMM. The
TMM with the highest flux was Zn and Pb, followeg Gr and Cu (Table 3).

While variations in TMM contents are independenthad hydro-sedimentary behaviour of
the Eure River, variations in TMM flux, such asre&ses during flood periods, are due to the
increase in hydro-sedimentary inputs. These stileamhcreases are thus indicative of the

increased erosion of soils or sediments storedaniter.

3.3.Past contamination in the Eure River watershed

3.3.1. Sedimentary characteristics

The sediment deposits of the DAM15-02 core (Les pmnPond) had a grain size
distribution mainly centred aroundsé) equal to 29.5 + 6.7m, with a constant TOC content
of 5.36 = 0.47% (Figure 3A). The sediment depositthe MAR15-01 core (Martot Pond),
were characterised by two sedimentary facies cdll2d(77-138 cm) and Ul (0-77 cm)
(Figure 3B). Along U2, the grain size distributismas centred around a lowsdequal to 13.8
+ 7.0 m, and there was a low and constant mean TOC dofitéid + 0.33%). Along U1, the
grain size distribution was also centred arounds@dd 33.9 + 7.8 m, and the mean TOC
content (3.88 + 1.49%) appeared to increase sjighthin U1 towards the interface. There
were particularly high values close to the inteefd©OC = 8.26 + 0.19% between 9 and 12
cm) (Figure 3B). The E and mean TOC content were higher in the MartotdPion U1

compared to U2. However, thesof Ul in the Martot Pond and that of Les DampsdPon
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were comparable, while the mean TOC content wdsehiop Les Damps Pond (Gardes et al.,

2020a).

3.3.2. Age model

The activity of?!%Phs.x was measured up to 80 cm (U1 of MAR15-01 core)wasl found to
decrease almost continuously with depth (Figure #89edimentation rate of 12.73 + 2.2 mm
y! (R2 = 0.60) was estimated using the ‘constant, feonstant sedimentation rate’ (CFCS)
model (Krishnaswamy et al., 1971). THéCs and®*’Am activities peaked at 60 and 58 cm,
respectively, corresponding to the maximum falliwom atmospheric nuclear weapon testing
in 1963 (Robbins and Edgington, 1975). There was alpeak in th&'Cs activity at 40 cm,
potentially related to the Chernobyl accident 88 9Appleby et al., 1991) (Figure 4B). The
first identification of*’Cs activity dated 1955 (Pennington et al., 1973)esponded to a
depth of 71 cm. From the mean sedimentation ratairdn by thé!%Ph., an age model was
constructed that was consistent with the artificggionuclide data (Figure 4C). The transition
between Ul and U2 was dated at 1954 + 10 y. Howéweristory of the study site suggests
that around 1939, the Martot Pond, then connect¢det Seine River, was disconnected from
the Seine River and subsequently connected to tine Eiver in the following years. Thus,
the U2 facies corresponds to sedimentary deposita the Seine watershed while the Ul
facies corresponds to contributions from the Euatevshed since the 1940s (Gardes et al.,
2020a).

As the MAR16-02 and DAM17-02 cores on which the TM¥ére measured (see Section
3.3.3) were not dated, an age model was definegjube MAR15-01 core. This was done by
linking the peaks of the Pb/Ti and Zn/Ti ratiosdtter based on analogy, or using the U1/U2
transition level also visible along the MAR16-02reo(Figure S6). Among the several

parameters useful to correlate sediment cores, XBfa is interesting because of the
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measurements resolution. In addition, Pb and Zeadly showed distinct temporal trends in
the Martot and Les Damps Ponds, using XRF analybetked, high levels of Zn were
obtained in the 1950s-1960s whereas high levelsPlof were obtained in the 1990s,
corresponding to the “middle” of the sediment coaesl approximatively to the top of the
sediment cores, respectively (Gardes et al.,, 2020&e results indicated average
sedimentation rates of 11.3 mm for the MAR16-02 core and 12.2 mrt for the DAM17-

02 core.

3.3.3. Evolution of the TMM concentrations along sedinwares
MAR16-02 core

The TMM concentrations in the MAR16-02 core wereaswged for Ul (0-77 cm),
corresponding to inputs from the Eure River inte Martot Pond, and for the last length of
U2 (77-90 cm), corresponding to inputs from then8driver. Chromium, Mn, Ni, Cu, Zn
and Cd concentrations increased from the transiti@fiJl (Seine Unit/Eure Unit) with a
peak in the late 1950s (Cr = 211 + 1 mgtkgin = 2198 + 9 mg k& Ni = 48.9 + 0.1 mg k&
Cu =399 + 4 mg k§ Zn = 905 + 1 mg k¢ Cd = 42.3 + 0.1 mg kb, and in the mid-1950s
for Mn. Levels of Cr, Mn, Ni, Zn, and Cd remainedjth until the early 1960s and then
declined, in stages, until the late 1980s. From1®®0s onwards, the contents of Cr, Mn, Ni,
Cu, Zn and Cd remained stable (Cr = 56.9 + 0.3 mj Mn = 234 + 1 mg kg Ni = 22.6 +
0.1 mg kgt Cu=94.2+0.5mg kg Zn =311 + 1 mg k¢ Cd = 3.78 + 0.03 mg Ky (Figure
5A). Arsenic concentrations had a peak in the Udefa and then decreased during the
transition from the Seine Unit to Eure Unit witip@ak in the late 1950s of 12.2 + 0.2 mg- kg
Concentrations of As then decreased until the dnithed 1980s, stabilising around a mean
content of 4.12 + 0.23 mg Kgup to the surface (Figure 5A). Pb concentrationseased

significantly from the late 1980s with a peak 0D&63 mg kgt in the mid-2000s. During the
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2010s the Pb concentrations declined rapidly bumareed elevated and above levels

measured prior to the increase in the late 198@sI(& 5A).

DAM17-02 core

The evolution of TMM levels in the Les Damps Pomd similar to those obtained for the
Martot Pond, indicating a global signature of thatevshed within these two ponds, not
impacted by local inputs (e.g., around the ponbfg)eed, the concentrations of Cr, Mn, Ni,
Cu, Zn, Cd were similar with the maxima during fi860s and 1970s (Cr = 171 + 1 mg‘kg
Mn =1283 + 2 mg kd; Ni=75.4 + 0.2 mg k§; Cu =490 + 1 mg k§ Zn = 992 + 3 mg K¢,
Cd = 54.6 + 0.1 mg kY. This was followed by a decrease until the 1998®re stabilising
within the most recent deposits (Cr = 39.0 + 0.9kgé Mn = 140 + 1 mg kg; Ni = 17.0 +
0.1 mg kg'; Cu = 67.2 + 0.2 mg Ky Zn = 279 + 1 mg kg Cd = 3.34 + 0.02 mg Kk
(Figure 6). Chromium, Mn, Ni, Cu, Zn and Cd shaimilsr trends suggesting a common
source for these TMM during the 1960s and 1970s.mAximum As concentration of 22.2 +
0.2 mg kg' was measured at the bottom of the DAM17-02 coosirad 1945. Levels then
gradually decreased and stabilised at 5.26 + 0.@4kgt from the 1990s (Figure 6). Pb
concentrations remained stable until the mid-198@=) reached high concentrations during
the 1990s—-2000 with peaks of 854 + 8 m¢' kg the early 1990s. Pb concentrations then
declined from the mid-2000s and reached conceofrstclose to those measured at the
beginning of the record. However, these were &iijher than the lowest concentrations

obtained in the late 1960s (Figure 6).

3.4. Comparison between geochemical background vabaes,and current concentrations
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The total TMM concentrations measured by ICP-MSthe DAM17-02 core are also listed
in Table 4. Vanadium and Th showed stable levetsutjhout the DAM17-02 core (V = 45.4
+ 5.4 mg kgt and Th = 5.18 + 0.62 mg Ky these were close to the GB values of the Eure
River (V = 43.2 mg kg and Th = 3.96 mg kY Table 2) and also close to the estimated levels
for SPM (Figure 6). The temporal trends of V and dinfirm the absence of additional
anthropogenic inputs within the watershed. Arsesithe only TMM for which the lowest
levels (corresponding to the most recent levelgevatose to the GB value of 6.56 mgkg
(Table 2) and the levels measured on the SPM (EigurThe temporal trends in As confirm
that there are no further anthropogenic additiomalits of As within the watershed. For the
other TMM, the overall estimated concentrationshi@ DAM17-02 core were always higher
than the GB values. Cobalt and Ag had similar tsetodCr, Mn, Ni, Cu, Zn or Cd and more
precisely to Cr and Zn with a peak concentratiothen1970s (Figure 6). The most recent and
oldest Cr, Co, Ni, Ag and Cd concentrations in B¥®M17-02 core were close to those
measured on the SPM. In contrast, for Cu and Zly, i@ most recent concentrations were
close to those measured on the SPM (Figure 6).08bentrations were similar to Pb with a
peak concentration in the early 1990s of 6.62 mg Kihe Pb levels measured in the SPM
were slightly lower than those measured for thetmexsent deposits in the DAM17-02 core.

For all the TMM, the small differences in value Wweén the estimated concentrations in
SPM and those measured in most recent sedimentgpgsids show that sediment cores

collected were representative of SPM transferbenBure River.

3.5.Isotopic signature of Pb contamination

For the Seine Unit, where the Pb/Ti ratio was Ifig(re S6), the values of tREPbF°Pb,

205ppPY%Pp and?*®PbP4Pb ratios were higher than those recorded in tire Bait and lower
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for 2%PpP%%Ph. The 1990s constituted a period of high Pb aumatons, where the
205ppPO7Pp, 209PpPO4PD, 298P pPO%Ph ratios were low while th&®PbP%Ph ratio was higher
than the 1960s. This decrease iniBbFO'Pb,2°PbP*4Pb,2%%PbFPb ratios and increase in
the 2°%PbP%Pb ratio reflects a change in Pb source or inputs fa new source within the
sediment record, contributing to the increased &lels. From the 2000s onwards, the
205pp PP, 298PpPY%Ph and?%®PbPP4Pb ratios increased slightly arf®PbF°%Pb remained
stable. This increase was confirmed for the ratakulated in 2012 + 0.5 y while the
208ppPo%Pp started to decrease (Figure 5B). This increask decrease fof°PbPPb,
corresponds to the decrease in Pb concentrati@esded in the Martot Pond (Figure 5A).
This reflects a reduction in the source contributiof Pb responsible for the elevated
concentrations and the strong modification of g@ape ratios during the 1990s and 2000s.
As such, there is a correlation between the tenhpiead in Pb concentrations and that of Pb

isotopes, the latter reflecting a major source gedor Pb in the sediment record.

4. Discussion

4.1. Evaluation of anthropogenic contribution

The use of EFs to assess the anthropogenic impaontamination requires the selection of
a reference background. In some cases, the retetmukground used was a GB considered
representative of the whole watershed, as for elafmp the Seine watershed (Horowitz et
al., 1999; Thévenot et al., 2007; Le Cloarec et24l11), or the reference background was a
GB measured at the bottom of sediment cores ($e8tih). In other cases, to compensate for
the absence of a local GB, some studies have tum#éte Upper Continental Crust (UCC)

values (Wedepohl, 1995).To assess anthropogeniadi®ipEFs were calculated in our study
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from the DAM17-02 core using two reference backgas) the local GB defined using the
FOR17-02 core and a reference level correspondiriget lowest concentration at the bottom
or top of the DAM17-02 core (Table 5). Although thariations in EFs were similar
regardless of the reference background, the lowEs were those calculated using the
reference level (with the exception of As). Thestest EFs were in the 1960-1970s for Cr,
Co, Ni, Cu, Zn, Ag, Cd.

For Cr, Cu, Zn and Cd, the maximum EFs calculatethfthe GB of the Eure watershed,
were higher than those for the Oise River, a tabubf the Seine River (Le Cloarec et al.,
2011) or the Lot River (with the exception of Za)tributary of the Garonne River, known for
its historical Cd contamination with industrial @n (Audry et al.,, 2004). These EFs were
still lower than those calculated for the loweraless of the Seine River, with the exception of
Cu and Cd (Le Cloarec et al., 2011) but were higinenlose to those obtained for other major
French rivers such as the Rhone (Ferrand et al2)26r Loire rivers (Grosbois et al., 2012;
Dhivert et al.,, 2016). This demonstrates that wilgard to these TMMs, anthropogenic
pressures within the Eure watershed were higher tivase recorded for Oise River, another
tributary of the Seine estuary and of the samestegas those recorded within major French
river watersheds. Conversely, the EFs calculated\$ofrom the reference level were higher
but of the same order of magnitude, than thoseutzkd from the GB on the watershed
(Table 5). Sediments from the Eure River had a mam EF at the beginning of the
sedimentary record (i.e., during the 1940s), whvels lower than the maximum EF calculated
in the Oise River or the lower reaches of the SBiiver (Le Cloarec et al., 2011). In terms of
Sb, the maximum EF (Table 5) was lower than theserded in the Oise River or the lower
reaches of the Seine River (Le Cloarec et al., p@dtereas for Pb, the maximum EF in the
Eure River was higher than most maximum EFs obtiafoe other watersheds including the

Oise (Le Cloarec et al., 2011), Lot (Audry et @004), Rhéne (Ferrand et al., 2012) and
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Loire rivers (Grosbois et al., 2012). This highlighhe high anthropogenic pressures on the
Eure watershed since the 1990s, compared to otkaclk watersheds. Since the 1990s, all of
the TMM (except for Sb and Pb) were stable witlatreely low concentrations (and EFs),
which may result from a significant reduction ohalt in additional discharges during the
1960-1970s period. This is assuming that a strdaAg&responds to strong anthropogenic
pressure. The lowest levels, considered the basefithin the sediment record, remain higher
compared to the GB of the watershed, with the etmepof As. This suggests that
anthropogenic pressures within the watershed arelow but not null (Table 5). Due to the
multiple anthropogenic pressures that a watersheegdenperience, it can be assumed that soil
and sediments quality can only be degraded tormutestrial revolution levels. As such, EF
from the bottom or top of sediment cores, which barconsidered permanent anthropogenic
baseline, may seem more realistic for the evaloatd anthropogenic pressures in a
watershed. This makes it possible to distinguistwbeen periods when anthropogenic
pressure is active via industrial, agriculturaleen urban discharges, and periods when high
levels of TMM (in relation to GB) are solely duettee mechanical erosion of impacted soils
or re-suspension of contaminated sediments stamethe river. The remobilisation of
contaminated soils has already been observed il snm@-growing watersheds (Sabatier et

al., 2014) or those dominated by pastoralism (Blagdral., 2018).

4.2.Current and theoretical past contributions

Over the period 1994-2003, Thévenot et al. (20@T)mated mean annual flux from the
Seine watershed to the Seine estuary for Cr, CuCdrand Pb. Assuming that TMM flux out
of the Seine watershed has not changed since é¢higdp this flux out of the Eure watershed

for 2017 (Table 3) would be representative of 79,810, and 16% of the total inputs (Seine
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River + Eure River) of Cr, Cu, Zn, Cd and Pb irtte Seine estuary, respectively (Figure 7).
It is also interesting to estimate the magnitudeptits from the Eure watershed in the 1990s,
a period when very high Pb concentrations wererdszb Streamflow in the Eure River has
been near constant since 1971 (www.hydro.eaufrifyassuming that 2017 corresponds to a
medium hydrological cycle in terms of hydro-sedinaey inputs. As such, theoretical flux
estimation for previous years using the SPM flux foe year 2017 and annual TMM
concentrations within sediment cores could proweginiful. The average Pb concentration
over 1992-1996 was 846 mgk(Figure 6; Table 3), which equates to an averhgedf 95 t

y1, making the Eure watershed the main contributd®mto the Seine estuary (52%) (Figure
7). This confirms the river's classification as ywéngh contamination by Meybeck et al.
(2004), and that the watershed has recently expmrte major Pb contamination with little

national equivalency.

4.3.Sources of contamination

Similar temporal trends for Cr, Co, Ni, Cu, Zn, Agd (Figures 5A and 6) suggest that a
single anthropogenic source was responsible fohtble levels over the 1960s-1970s. The
presence of Cd, Ni, Zn could be related to thevdiets and discharges of a saline batteries
factory. Within the Eure watershed there was aneahatteries factory (opened in the late
1930s), supplying most of the national market dyrthe 1960s, resulting in very high
localised production. The factory was the subjéciroincreased administrative survey by a
national agency in the early 1970s (Agence Finaaaie Bassin “Seine-Normandie,” 1971).
This survey, coupled with the development of alkalbatteries (manufactured abroad), may
have caused a drop in production, resulting induecgon in concentrations after the 1970s,

until the closure of the industrial site in 1994a(@es et al., 2020a).
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The main source responsible for As release hadb@et defined but may be attributed to
different anthropogenic activities. This includdscthiarge from agricultural activities (e.g.,
wood preservative), industrial activities (glassd aglectronics industry, metal treatment,
ammunition manufacturing, production of dyes anbtbr@mts or metal smelters smelting) or
coal combustion (Reimann et al., 2009). But it musstnoted that arsenical herbicides have
been forbidden in France since 1973; it is probétde it was one of the main sources in the
Eure watershed as the current concentrations, theaGB value, were reached after the
1970s.

Sources responsible for Pb contamination can berigisated from Pb isotopes,
particularly in tri-isotopic diagrams in which tleepotential sources act as end-members (e.qg.,
Cloquet et al., 2015). In the diagr&fiPbF°Pb versug®®Pbl’Pb, the measurement within
the Seine Unit U22P8PbP%%Pb = 2.070 and®PbP°’Pb = 1.193) was close to the points with a
natural (or pre-industrial) signaturé®®Pbf’Pb = 2.053 and®PbP’’Pb = 1.2007, Elbaz-
Poulichet et al., 1986°%PbF’Pb = 2.066 and®PbP’’Pb = 1.197, Monna et al., 1997;
208ppPO%Pp = 2,079 and”PbP°’Pb = 1.200, Ferrand et al., 1999) (Figure 8A). Musg, such
a high?°PbP°’Pb ratio has never been previously recorded irSt#iire watershed (Ayrault et
al., 2012) with the exception of the upstream YorR&er where 2°PbF°Pb was
approximately 1.19 prior to the 1960s and after 2@®0s. This reflects an absence of
anthropogenic Pb contamination (Ayrault et al., @01n terms of the Eure Unit Ul, the
signature measured in 1968°%Pbf%%Pb = 2.097 ef°PbFf°Pb = 1.170) showed a mix
between pre-industrial and industrial poles. passible to assess the relative contribution of
a source using the binary model, described for @@y Komarek et al. (2008). Based on
the 2°PbP°’Pb ratio proposed by Monna et al. (1997) as theaaeesignature of French
industrial Pb °PbfPb = 1.155), the contribution of the unidentifiedlistrial source, was

in the range 60-67%. This is dependent on the vakexl for the pre-industrial source,
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between the Seine Unit from this study, and theiesmlproposed by Elbaz-Poulichet et al.
(1986), Monna et al. (1997) and Ferrand et al. 91.9%his shows that the contribution of
anthropogenic Pb was already significant duringli®@0s in the Eure watershed, whereas Pb
concentrations recorded in sediment cores at time seme were not high and did not exhibit
an increasing trend (Figure 5A). However, the estiom of this contribution does not
consider a possible existing contribution from otb@urces such as coal use (e.g., coal power
plant, coal combustion), which is also a sourc®lof Notably, the isotope signature recorded
in 1965 was close to the isotope signatures ofr@n toal use (Cloquet et al., 2006; Elbaz-
Poulichet et al., 2011). Although it is unlikelyatithere existed only a single source emitting
Pb during the 1960s. This 1960s signature was ¢to#ee European Standard Lead Pollution
(ESLP) line defined by Haack et al. (2002, 200®nfratmospheric Pb deposition across
Europe, confirming the presence of anthropogenic iRPbthis sample. More recent
contamination signatures (1995, 1997, 2002 and R@&E2e located between the industrial
and leaded petrol poles (defined from data from Moat al. (1997), Véron et al. (1999) and
Cloquet et al. (2015)). These were aligned withitigeistrial Pb line also defined by Haack et
al. (2002, 2003) from industrial equipment, exhaqupes and several major ore deposits. As
such, it is possible to envisage a mixture betwbese two poles to understand the signatures
obtained recently in the Eure watershed. FiguresB&ws that these signatures, in particular
that of 1995, were close to a Pb smelting signatiefened in northern France from aerosols
(n = 2;2%PpF%%Ph = 2.1269 + 0.0008 &tPbFO’Pb = 1.1330 + 0.0009 (Véron et al., 1999)),
or dust from a Pb-Zn smelting plant (n =2%Pbf°%Pb = 2.124 + 0.002 &PPbFPb =
1.1289 * 0.0023 (Cloguet et al., 2006)) (not shawhkigure 8B). However, these authors do
not consider contributions from leaded gasolineer&fore, the signature recorded here for
these four points was the result of an anthropag@t input, the partial source of which

could be the same as that recorded by the signatessured in 1965. The difference in
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signature between 1965 and more recent signaturgsalso be attributable to an increase in a
major anthropogenic source not yet identified butelated to coal (indicated by increases in
Pb concentrations as seen in the sediment corbsjeTlis an anthropogenic source of Pb in
the Eure watershed related to industrial activitie® commenced in the 1960s and increased
from the 1990s. Chiffoleau et al. (2012) used amsedt core sampled in the Seine estuary to
demonstrate that there was a single anthropogenica which accounts for the variations in
the 2°PbP°’Pb ratio in the estuary since 1975. Between 19751885 the variations in this
ratio are explained by a mixture between intra@ste phosphogypsum discharges and an
unknown anthropogenic source Post-1985 the vanstimay be attributed to a mixture
between a natural source and this same unknownoguaiipenic source. The isotopic signature
of this source X8PbF%Pb = 2.132 et%PbF°Pb = 1.13) was isolated by Chiffoleau et al.
(2012) and Figure 8B shows that it is close todhéhropogenic signature recorded by the
Eure River sediments, indicating that it is likéiye source comes from the Eure River. Based
on the SPM sampled in the Eure River in March aegt&nber 2009 (and of dissolved Pb
(Phy) measurements), Chiffoleau et al. (2012) estimatéalv 2°PbP°’Pb ratio, in the range
1.12-1.14, consistent with ratios from our studyg(Fe 8B). From a sampling campaign
conducted in September 2011, Chiffoleau et al. 220fbund an increase in Pland a
205ppPY7Pp ratio of about 1.13 downstream of the city ofidr (and £°°PbF°’Pb ratio greater
than 1.14 upstream). Assuming the mixture of namd anthropogenic sources, the authors
estimated that the additional anthropogenic sounzel a 2°PbP°’Pb signature of
approximately 1.12. A cathode-ray tube (CRT) fagtoegan operation in Dreux in 1956 and
a second factory, specialising in the assemblyRT Vs and the manufacture of electrical
circuits, opened in 1974 at the same industrial €hiffoleau et al. (2012) hypothesised that
the CRT factory represented this unknown Pb souEé€l may contain up to 3 kg of Pb

(Tsydenova and Bengtsson, 2011). This factory, alé as the CRT TVs assembly factory,

25



624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

was purchased in the early 1990s to boost the @eprfand thus increase CRT production)
prior to closing in 2006 and 2010 for the CRT fagtand CRT TVs assembly factory,
respectively. In 2001, Pb discharge to water frown industrial site was ranked among the
highest in Europe by the European Environment AggecPRTR, 2006). Increases inPb
within sediment cores since the 1990s, as welsa®pe signatures measured in 1995, 1997
and 2002, reflect the economic recovery initiated this industry. However, the high
concentrations measured from the end of the 200@ka sediment cores, and the isotopic
signature estimated in 2012, demonstrate that @mtigenic Pb inputs are still present in the
Eure watershed despite the cessation of indusitialities. These inputs are sufficiently high
to modify the?°PbP°Pb ratio in the SPM of the Seine estuary as shopv@Hiffoleau et al.

(2012).

5. Conclusions

This study of sediment cores has revealed thabther reaches of the Eure watershed have
been subject to significant anthropogenic presssirese the 1940s, at comparable or higher
levels, than those experienced by other Frenchraletds during the twentieth century. The
temporal trends of TMM concentrations have showongt anthropogenic impacts, mainly of
industrial origin during the 1960s and 1970s. Aggahtrend towards a decrease in impacts
was emerging at the end of the twentieth centusy,imthe majority of French river
watersheds. However, an additional source, potlgnté industrial origin, was responsible
for high Pb discharges that heavily contaminatedinsents of the Eure River. It had a
signature found in sediments of the Seine estuhag,had already been heavily impacted by
inputs from the fluvial part of Seine River, onetloé most anthropized catchments in Europe.

The similarity between the levels of TMM in the moscent sedimentary deposits and on the
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SPM showed that the sedimentary records were repias/e of SPM transfers, and that the
footprint of industrial contamination was still gent despite the cessation of the activities
responsible for the discharges. This footprint ee8 the existence of permanent
anthropogenic baseline within the river, resultirgn the erosion of contaminated soils and
sediments stored in the river and remobilised dufiobods and/or landscaping projects. As a
result, the current flux in TMM to the Seine estugamain significant despite the cessation or
drastic reduction of discharges from anthropogentwities. Based on the estimation of past
theoretical flows, it has been shown in the casPmthat the Eure watershed could exceed
contributions from the Seine watershed, makingfdneer the main contributor of Pb to the

Seine estuary during the 1990s.

Reference data
The dataset is available at https://doi.org/10.1B8MGAEA.912843 (Gardes et al., 2020b)

and at https://doi.org/10.1594/PANGAEA.911102 (Gardt al., 2020c).
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Figure 7. Eure River inputs to the Seine estuary and esitmatf Eure River contributions.

Figure 8. Three isotope diagramd$PbF’Pb versug’PbPh.



Table 1.Characteristics of sediment cores collected in_ta&orge Pond, the Les Damps Pond and the Martot

Pond (WGS 84).

Pond Core ID IGSN Longitude (X) Latitude (Y) Core Length (cm)
DAM15-02 IEM2C0016 1°10'9.05" E 49°18'16.13" N 80
LES DAMPS
DAM17-02 IEM2CO00E 1°10'13.26" E 49°18'15.66" N 90
MAR15-01 IEM2C0001 1°03'1.68" E 49°17'49.68" N 138
MARTOT
MAR16-02 IEM2C0008 1°03'2.60" E 49°17'49.30" N 129
LA FORGE FOR17-02 IEM2C001D 0°37'47.89" E 48°37'51.75" N 69.5

Table 2. Age (A.D.), Do ( m), TOC (%) and TMM (mg kg) at the bottom of the FOR17-02 core.

AGE Dso TOC V Cr Co Ni Cu Zn As Ag Cd Sh Pb Th

1646 -1669 209 2.77 432 325 558 9.78 560 326356 0.19 011 041 106 3.96




Table 3. Flux of particulate TMM (kg month at the Les Damps site.

Sampling Interval \% Cr Mn Co Ni Cu Zn As Ag Cd Sh Pb Th
27-Jan-17 — 31-Jan-17 11.3146 89.2 214 655 159 680 164 036 051 041 36.3 1.28
Feb-17 300 389 237857.1 175 423 1812 43.8 9.73 13.6 11.0 967 34.1
Mar-17 2065 2676 16359 393 1201 2908 12462 301 66.9 93.3 755 6651 235
Apr-17 166 212 1307 334 106 204 980 255 358 6.60 571 523 18.8
May-17 199 261 1830 41.3 135 240 1226 30.6 554 8.65 6.68 669 22.6
Jun-17 - - - - - - - - - - - - -
Jul-17 427 575 402 940 269 532 261 6.37 165 181 154 155 5.16
Aug-17 484 651 4549 106 304 602 2957 722 186 204 175 1751 58.4
Sep-17 497 704 5344 104 314 750 3214 67.5 16.2 24.8 19.2 1800 59.8
Oct-17 328 475 3634 68.8 208 504 2654 449 105 148 126 1190 39.0
Nov-17 745 113 782 16.2 523 134 450 10.6 2.87 2.85 252 266 8.88
Dec-17 843 1147 8165 167 519 1402 5437 120 20.7 40.6 30.1 2646 99.5
2017 5010 6701 44839 999 3047 7236 31521 724 157 228 183 16653 582
Jan-18 10904 13155 90856 2028 5972 14137 58065 1637 187 398 336 26908 1267
Feb-18 3757 4505 28591 698 2058 4926 19793 574 63.4 138 115 9138 436
Mar-18 4332 5390 32852 801 2511 6568 24403 669 66.6 178 144 11131 495
Apr-18 73.4 101 522 139 43.8 116 424 112 195 354 270 240 8.60
01-May-18 — 22-May-18 304 419 2160 57.3 181 481 1755 46.2 8.08 14.7 112 992 35.6
Table 4. TMM concentrations (mg kY in the DAM17-02 core (ICP-MS).
Sampling Depth (cm) \% Cr Co Ni Cu Zn As Ag Cd Sb Pb Th
1 380 544 726 248 671 300 581 123 334 1868 488
7 349 563 739 246 716 281 558 141 324 1886 440
25 448 615 873 322 902 305 7.13 213 361 58383 5.09
29 425 665 832 298 110 339 7.13 240 484 6859 4.01
49 466 211 155 816 377 956 931 4.16 496 1841 1551
51 485 204 143 86.6 451 877 104394 541 153 146 5.60
53 49.7 186 150 955 560 849 115872 569 133 133 571
55 516 178 142 91.0 594 841 13.03.31 531 146 135 5.90
61 482 178 10.7 689 523 821 115322 442 151 161 5.68
89 490 76.6 9.26 317 206 576 257209 225 165 171 4.97




Table 5. Enrichment Factor (EF) based on the referenced fema the DAM17-02 core (Ebav) and the geochemical background of the Eure RiVetershed (Efor).

Depth (cm)
1
7
25
29
49
51
53
55
61

89

Cr Co Ni Cu Zn As Ag Cd Sb Pb
EFoav  EFror | EFoam  EFror | EFoam  EFFor | EFbam  EFror | EFoam  EFror | EFoav  EFror | EFoam  EFror | EFoam  EFFor | EFpam  EFror | EFoam  EFFor
1.0 1.4 1.00 1.1 1.0 2.1 1.0 9.7 1.0 715 1.0 Q.71.0 5.2 1.5 24 1.1 3.6 1.6 21
1.1 1.6 1.1 1.2 1.1 2.3 1.2 12 1.0 7.8 1.1 0.8 3 1. 6.6 1.6 26 1.3 4.0 1.9 24
1.1 15 1.2 1.2 1.2 2.6 1.3 13 1.0 713 1.2 0.8 .7 1 8.7 1.6 25 34 11 4.7 61
1.5 2.0 1.4 1.5 1.5 3.0 2.0 2( 1.4 1p 1.5 11 4 2. 12 2.7 42 5.0 16 6.2 80
34 4.7 1.9 2.0 2.9 6.0 5.0 44 2.8 21 14 10 0 3. 16 20 313 1.0 3.2 0.9 12
3.3 4.4 1.7 1.8 3.0 6.3 5.9 571 25 1D 1.6 11 8 2. 15 21 336 0.8 2.6 0.8 10
29 4.0 1.8 1.9 3.3 6.8 7.1 69 24 18 1.7 12 6 2. 14 22 346 0.7 2.2 0.7 8.7
2.7 3.7 1.6 1.7 3.0 6.2 7.3 71 2.3 1y 1.9 13 2 2. 12 20 312 0.7 24 0.7 8.6
2.8 3.8 1.3 1.3 24 4.9 6.7 64 2.3 18 1.7 12 2 2. 12 17 270 0.8 2.6 0.8 11
1.4 1.9 1.3 1.3 1.3 2.6 3.0 29 19 14 4.4 31 7 1. 9 1.0 16 1.0 3.2 1.0 13









