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ABSTRACT. In France, in the last few years, a lot of ponds have been removed during
operations of river restoration, remobilizing the sediments that had been deposited behind the
dam over the years. Pond sediments are complicated mixtures predominantly consisting of
rocks and soils particles from the watershed, atmospheric dust brought by winds, algae and
organic remains or particles that were produced by processes in the water column, such as
amorphous silica or calcite. Sediments “can be dressed” with chemical elements of various
kinds, including pollutants that settle on the bottom of the ponds. It is therefore important to
understand what types of substances can be found in pond and to understand the effect of
operations of river restoration on water quality. We applied the X-ray fluorescence
spectrometry (XRF), where sample is irradiated with X-rays from a radioactive source, which
excites the elements in the sample and generates secondary fluorescent X-rays. Elements emit
energy of unique wavelengths, which allows their qualitative and quantitative determination.
Commonly, elements from atomic number 11 (Na) to 92 (U) can be detected. Using this
methodology, analyses were made on sediments samples from a pond located in the centre of
France: results show that the pond is relatively free of pollutants. Starting from this reference,
we will think which substances can be remobilized after operations of rivers restoration.
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1. INTRODUCTION

Bodies of water can be considered as settling basins for all particles that are inside
their perimeter and that settle on the bottom. Lake sediments can be of various kinds:
fragments of rock or soil, dust carried by the wind, fragments of organic matter or
particles created in the water column following physical-chemical processes (Cohen,
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2003, Wetzel, 2001). During their journey, they can be covered with chemical
elements of various kinds, including different polluting substances. So, bodies of water
work as a filter that removes substances potentially harmful to aquatic environments.

Since the promulgation of Water Framework Directive 2000 (WFD 2000), many
ponds in France have been suppressed during operations of river restorations. In fact,
they are considered harmful for the aquatic ecosystems, as they would modify the
liquid and solid flows, alter the physical and chemical properties of the watercourses
and the transit of the organisms that live inside (Souchon & Nicolas, 2011). The
removal of the ponds leads to the remobilization of sediments deposited for centuries
and chemical substances potentially harmful to the aquatic environments. It can
cause the risk of serious pollution phenomena.

In the application of WFD 2000, the promulgation of Water and Aquatic
Environment Law (LEMA, 2006), permit to enhance aquatic environment
management in France. This law made common the vision that improvement of
water quality depends on river restoration by dam deletion.

Itis, therefore, necessary to undertake studies on the physico-chemical properties
of sediments deposited on the bottom of the ponds, in order to understand and
prevent the possible risks associated with river restoration. However, this kind of
analysis are often expensive, time-consuming and complicated.

The objective of this article is to understand which substances may be in the
substrate of a body of water, using X-ray fluorescence (XRF) spectroscopy, a
methodology that seems to be effective for this kind study.

2. STUDY SITE AND METHODS

2.1. Study site

The sediment core was taken from the La Fontenille pond, situated in the
municipality of Méry-és-Bois, in the centre of France near the border of the
geographical regions of Sologne and Pays Fort, in the historical province of Berry
(Fig. 1). This pond is located on the Barangeon river, that flows in the south part of
the forest and agricultural region called Sologne. The watershed is characterised by
a geological context composed of sand with flints, sometimes argillaceous.

2.2. Methods

The sediment core was taken with a core drill by the CEDETE Lab from a
rowboat. The retrieved 7cm long core was freeze-dried (using the Telstar LyoAlfa
10 freeze-drier) and cut in seven one centimetre thick samples. The samples were
sub-sampled for thermo-gravimetric (TGA) analysis (Precisa prepASH 340 system)
and X-ray fluorescence (XRF) spectroscopy (PANalytical Epsilon 3-XL XRF
spectrometer, Omnian software).

First of all, the core was freeze-dried (using the Telstar LyoAlfa 10 freeze-drier)
and cut in seven equal parts. The TGA analysis was performed at the Institute of
Ecology, Tallinn University. The content of organic matter and carbonates in
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sediment was estimated using the loss on ignition (LOI) analysis at 550 °C and 950
°C, respectively (Boyle, 2000, 2001; Heiri et al., 2001).

«La Fontenille» Pond
47°34'76.9°N 2°35'57.1°F

France

¥

Cher | Méry-2s-Bois 0 500m

Fig. 1. Location of “La Fontenille” pond

The XRF analysis was performed at the Centre of Excellence in Health Promotion
and Rehabilitation (TERE CC), Haapsalu College, Tallinn University according to
the Boyle (2000) methodology. The sediment samples consisted of 2 g of dried and
homogenized sediments. Analytical performance was calibrated with known
reference standards. Mass attenuation correction used theoretical alpha coefficients,
the calculation taking the organic matter concentration into account. The element
data were presented as concentrations, mg g* or ppm (Boyle et al., 2015).

3. RESULTS

Mean values of the lithological variables (organic matter, mineral matter,
carbonat) for the La Fontenille pond sediments were obtained from the seven
subsamples, as presented in Table 1.

The values for metal and other element concentrations, (in total of 26 elements,
normalized to dry weight), varied in average from 0.01mg/g for As, Br, Ga, Nb, and
Th to 188.7 mg/g for Si (Table 1).
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Table 1. Content in chemical elements in a seven centimeters sedimentary core.

Analysis were performed with ED-XRF (2014, Haapsalu College)

Element Core depth in cm
(%) 0;1 1;2 2;3 3;4 4;5 5;6 6;7 Average

Al 3,493| 3,587| 3,563| 3,466| 3,703| 3,431| 3,493 3,534
As 0| 0,001 0,001| 0,001 0| 0,001| 0,001 0,001
Ba 0,008| 0,008 0,008 0,008 0,009| 0,007| 0,008 0,008
Br 0,001| 0,001| 0,001| 0,001| 0,001| 0,001| 0,001 0,001
Ca 0,773| 0,753| 0,713 0,664| 0,687| 0,654 0,65 0,699
Cr 0,004| 0,004 0,004 0,005/ 0,006| 0,005| 0,005 0,005
Cu 0,001| 0,002 0,001| 0,001| 0,002| 0,002| 0,002 0,002
Fe 2,061| 2,068 2,115| 2,089 2,21 2,07 2321 2,132
Ga 0,001| 0,001| 0,001| 0,001| 0,001| 0,001| 0,001 0,001
K 0,995| 0,978| 1,009 1,009| 1,061| 1,016| 1,009 1,011
Mn 0,042| 0,043 0,049| 0,048 0,05| 0,042 0,038 0,045
Nb 0,001| 0,001 0,001| 0,001| 0,001| 0,001| 0,001 0,001
Nd 0,003| 0,003| 0,004 0,004| 0,003| 0,003 0,003 0,003
Ni 0,003| 0,003 0,003| 0,003| 0,003| 0,003 0,003 0,003
P 0,169| 0,173| 0,176 0,171| 0,175 0,16| 0,188 0,173
Pb 0,004| 0,003 0,003| 0,003| 0,004| 0,003 0,004 0,004
Rb 0,005| 0,005 0,005| 0,005| 0,006/ 0,005| 0,005 0,005
S 0,047| 0,037 0,042
Si 18,581| 17,94| 18,677 | 18,583 | 20,591 | 18,996 | 18,725 18,87
Sr 0,005| 0,005 0,005 0,005| 0,005| 0,005| 0,005 0,005
Th 0,001| 0,001 0,001
Ti 0,381| 0,374| 0,393 0,38| 0,398 0,38| 0,385 0,384
\ 0,004| 0,005| 0,005| 0,005| 0,005| 0,004| 0,005 0,005
Y 0,003| 0,003| 0,003| 0,002| 0,003| 0,003 0,002 0,003
Zn 0,008| 0,008 0,008 0,008 0,008| 0,008| 0,008 0,008
Zr 0,022| 0,023 0,023 0,021| 0,024| 0,021| 0,021 0,022

4. DISCUSSIONS

4.1 Potential and limits of XRF

One of the main advantages of the XRF analysis is minimal sample preparation
and pre-treatment which allows rapid analysis; simultaneous detection of multiple

elements while preserving the sample material for other analyses.

Limitations of the method for natural materials like sediments, arise from spectral
overlap, matrix absorption and enhancement effects, the proportion of organic matter

192




and light elements and sample in homogeneity. All of this can affect the precision,
accuracy, and sensitivity of the method.

XRF method can detect metals with ca. 1 PPM detection limit. Although
other analytical methods have better detection limits and therefore are more
suitable for detecting the elements present at low concentrations, several
studies have been successful in using the XRF to detect changes in the
atmospheric deposition of metals, both natural (De Vleeschouwer et al., 2009)
and industrial (Renberg et al., 2001).

Furthermore, the XRF analysis is not fully automatic and requires suitable
calibrations and matrix corrections that will account for the unmeasured organic
matter component. However, the amount of studies that provide methodological
improvements on how to account for these issues is on the rise (e.g. Boyle, 2000; De
Vleeschouwer et al., 2011; Rydberg, 2014; Rydberg and Martinez-Cortizas, 2014).

Many of the alternative techniques require dissolution procedures that are both
time-consuming and costly in terms of the acids or other reagents required. The
overview of these analytical techniques and the limitations (the sample preparation,
detection limits and work demand) have been in detail presented in reviews, for
example by Boyle (2001) and Boyle et al. (2015).

4.2 Substances in sediments

The samples consist of light and organic-rich matrixes with a relatively similar
composition. The potentially toxic heavy metals (Cu, Zn, Pb, Cr), were detected in
very small quantities, close to the natural background or trace levels of Arsenic.
Although only the first seven centimeters of the sediment column is analyse, the
results show that the pond is free of any type of contamination from pollutants. Total
P content is in average 1.7 mg/g, but is slightly increases in the deeper sediment
layers. Probably, the concentration of this element is attributable to the agricultural
activities that exist in the watershed of the body of water.

5. CONCLUSION

Chemical analysis by Energy Dispersive X-Ray Fluorescence spectrometer
permits to characterize pond conditions in a French representative watershed. This
will permit the use of XRF analysis as a base for comparison of former ponds
removed due to river restoration with still active ponds and also assess chemical
processes caused by sediment remobilization.

Globally, these data can be used as a reference for a pond in the rural context.
These conditions are due to watershed type, mainly covered with forests, farmlands
and sparse population. It can be assumed that ponds located downstream of cities or
industrial sites contain higher percentages of pollutants.

In the context of dam deletion, a study of sediment remobilization, concerning
chemical and suspended matter exportation, will permit to increase our knowledge
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on impacts, as well as on the temporality and chemical behaviour of the water bodies
after dam removal.
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