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Field observations to establish the impact of fluvial flooding on
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Abstract

Inundation of river water during flooding deposits contaminated sediments onto floodplain topsoil.
Historically, floodplains were considered an important sink for potentially toxic elements (PTEs). With
increasing flood frequency and duration, due to climate change and land use change, it is important
to understand the impact that further flooding may have on this legacy contamination. In this study a
field-based approach was taken, extracting soil pore waters by centrifugation of soils sampled on
multiple occasions from multiple locations across a floodplain site, which lies adjacent to the River
Loddon in southeast England. Flooding generally decreased pore water PTE concentrations and
significantly lower pore water concentrations of Cd, Cu, and Cr were found post-flood compared to
pre-flood. The dominant process responsible for this observation was precipitation with sulphides
resulting in PTE removal from the pore water post-flood. The changes in pH were found to be
associated with the decreased pore water concentration of Cu, which suggests the pH rise may have
aided adsorption mechanisms or precipitation with phosphates. The impact of flooding on the release
and retention of PTEs in floodplain soils is the net effect of several key processes occurring
concurrently. It is important to understand the dominant processes that drive mobility of individual
PTEs on specific floodplains so that site-specific predictions can determine the impact of future floods

on the environmental fate of legacy contaminants.

Keywords; Fluvial flood, Groundwater flood, Legacy contaminants, Mobilisation, Pore water, Hazard

1. Introduction

Floodplain soils are often contaminated with potentially toxic elements (PTEs) such as arsenic (As),
cadmium (Cd), cobalt, (Co), copper (Cu), chromium (Cr), nickel (Ni), lead (Pb), and zinc (Zn). These are
generally released into the environment from anthropogenic sources (Alvarez-Ayuso et al., 2012;
Forstner, 2004; Prabakaran et al., 2019; Rennert et al., 2017). Floodplains located in urban catchment
areas are contaminated from sources including wastewater/sewage treatment plants, factories using
alloys, metal mining, landfills, and road surface runoff from tyre and brake emissions into the river

(Hurley et al., 2017; Rowland et al., 2011; Stuart and Lapworth, 2011). Soils have the ability to retain
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PTEs and their mobility is affected by pH, their concentration in the soil, cation exchange capacity,
organic matter and inorganic interfaces, e.g. clays, metal oxides, metal carbonates and metal
phosphates (Bradl, 2004; Stietiya, 2010). The mobilisation of PTEs in floodplain soils, even when at
relatively low concentrations, may cause adverse ecological impacts for soil microorganisms, plants,
and both terrestrial and aquatic fauna; affecting the function of their endocrine, nervous, and
respiratory systems (He et al., 2019; Ortiz Colon, 2016; Tack, 2010; Téth et al., 2016). A decrease in
the mobility of essential PTEs (e.g. Cu, Mn, Zn and Fe) that are also important micronutrients for
plants, could result in deficiencies that impair plant function and reduce yields, as well as reduce soil
productivity by altering the microbial community (Alloway, 2013; Cornu et al., 2017; Palansooriya et

al., 2020).

Climate and land management changes are contributory factors to current and predicted increases in
flooding, largely because the effects of a greater intensity and duration of rainfall is exacerbated by
urbanisation-driven land use and agricultural practices (O’Connell et al., 2007; Schober et al., 2020;
Sparovek et al., 2002). Floodplains are important areas for flood risk management. However, these
areas are also a potential environmental risk if flooding results in the remobilisation of legacy
contamination from the soils (Ponting et al., 2021; Schober et al., 2020). When floodplain soils undergo
inundation, PTE mobility can increase, or decrease, depending on the element (Abgottspon et al.,
2015; Beesley et al., 2010; Rinklebe et al., 2016), the floodplain topography (Ciszewski and Grygar,
2016; Du Laing et al., 2009) and the duration of flooding (Ciszewski and Grygar, 2016; Indraratne and
Kumaragamage, 2017; Kelly et al., 2020; Shaheen and Rinklebe, 2014). Concentrations of dissolved
PTEs may decrease during a flooding event, as a result of a ‘dilution effect’; when an increased volume
of water is present, and therefore a lower concentration of PTEs is observed. This increase in water
volume and subsequent dilution, is not expected to affect the solubility of PTEs. Alternatively, PTE
mobility can increase during a flooding event due to flushing of contaminated soil/sediment and
subsequent mechanisms for release into solution (Resongles et al., 2015). A review of the literature
on this topic concluded that the mobility of PTEs in floodplain soils change during and after inundation
due to the net effect of five key processes (Ponting et al., 2021): 1) soil redox potential for which
decreases can directly alter the speciation, and hence mobility, of redox sensitive PTEs (e.g. As and
Cr), 2) soil pH for which an increase usually reduces the mobility, through increased chelation of metal
cations (e.g. Cd**, Cu?, Ni¥, Pb%), 3) dissolved organic matter which can mobilise PTEs that are
strongly bound to soil particles, 4) iron and manganese hydroxides undergoing reductive dissolution,
thereby releasing adsorbed and co-precipitated PTEs, and 5) reduction of sulphate, which immobilises

PTEs due to the precipitation of metal sulphides.
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Much of the understanding about the influence of flooding on PTE mobility in floodplains has come
from laboratory experiments undertaken in mesocosms. These studies report an increase in PTEs
mobility, however, often involve short-exposure time and static temperature and soil water conditions
(Frohne et al.,, 2011; Ponting et al., 2021; Rinklebe and Du Laing, 2011). The extrapolation of
laboratory-based findings to field situations can be difficult; although this has been done in studies on
mine impacted soils (Cadmus et al., 2016; Gonzélez-Alcaraz and van Gestel, 2015; Hooda, 2010; Lynch

et al., 2014; O’Connell et al., 2007; Simms et al., 2000; Small et al., 2015).

The aim of this study was to investigate the impact of flooding on the mobility of PTEs from floodplain
soil downstream from an urban catchment by identifying changes to pore water PTEs concentrations
pre-flood, during a flood event and post-flood. The objective was to observe and understand the

mechanisms by which PTEs are mobilised or immobilised during a flooding event and post-flood.

2. Methodology

2.1. Site

The Loddon Meadow site used in this study is a floodplain downstream of a lowland urban catchment
in England and is part of the Loddon Floodplain Monitoring and Modelling Platform. The Loddon
Meadow is located adjacent to the River Loddon, a tributary of the River Thames, to the south of
Reading, in southeast England, United Kingdom (Figure 1A and B; 51224’47.6” N, 0255’10.6” W). The
Loddon Catchment contains sub-urban, agricultural and semi-natural grassland areas. The dominant
land covers (34,030 ha) are arable land and improved grassland (The Wildlife Trusts Hamshire & Isle
of Wight, 2003). The underlying geology is predominantly clay, silt, sand, and gravel sediments, with
chalk in the upper reaches. The soil texture at the Loddon Meadow site have been previously classified
as silty loam using laser granulometry method (Kelly et al., 2020). Under the original Soil Survey of
England and Wales classification the soils were classified as argillic gley soil (soil series 0841b, Hurst),
(Cranfield University, 2021). The Soil Survey of England and Wales classifications have been correlated
and reclassified using the World Reference Base, 2006 Tier 1 Version as a Gleysols. Indeed, the soils
on the site are classified as being influenced by surface water/groundwater and categorised as
Floodzone 3 (high probability of flooding; Figure SI-1). The Loddon Meadow is a floodplain that
generally floods annually with the extent and frequency of flooding depending on interrelated

environmental conditions (i.e. precipitation, river and groundwater levels, and soil moisture stores).

There are multiple current and historic sources of contamination to the river from within the
catchment, including effluents from wastewater sewage treatment plants, chrome alloy plating
industries, landfills situated on previous gravel extraction sites, contaminated runoff from urbanised

areas, and military establishments (Kelly et al., 2020). The Loddon Meadow floods intermittently
3
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during the winter and occasionally during the summer. Flooding prior to this study was likely to have
occurred in April 2018 (Figure SI-2). The extent of flooding is closely linked to the microtopography(soil
surface level variation) and elevation of different parts of the floodplain (Figure 1C) (Moser et al.,
2007; Schumann et al., 2019; Szabd et al., 2020). The characteristics of the Loddon Meadow soils are
provided in Table 1, including pH, organic matter and (pseudo) total concentrations (further detailed

in Table SI-1).

Table 1: Soil properties averaged across the Loddon Meadow floodplain site, number of
measurements (n) is provided and the +/- standard deviation.

Soil properties Average on Loddon Meadow floodplain
pH (n=132) 6.53 +/- 0.51
OM (%) (n=120) 16.8 +/- 3.89
Total As (mg/kg) (n=12) 13.5+/-3.73
Total Cd (mg/kg) (n=12) 0.56 +/- 0.28
Total Co (mg/kg) (n=12) 13.5+/-2.41
Total Cu (mg/kg) (n=12) 25.9 +/-8.73
Total Cr (mg/kg) (n=12) 35.9+/-12.49
Total Ni (mg/kg) (n=12) 21.4 +/-4.57
Total Pb (mg/kg) (n=12) 67.0 +/- 31.05
Total Zn (mg/kg) (n=12) 137 +/-40.16
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Figure 1; Map of the study site and sampling locations; A) the Loddon Floodplain
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Monitoring and

Modelling platform (LFMMP) showing the regional context (south of Reading in southern England) and
the position within the Loddon catchment, B) the local context of the Loddon Meadow site along the
northern margin of a section of the River Loddon, with ‘X’ depicting the location where river water

samples were taken upstream from the floodplain, C) a digital elevation model created using Lidar data
from Digimap EDINA and hillshade processing in ArcGIS showing the microtopography of the study site.

The sampling points P1-14 are shown alongside two boreholes; BH1 and BH2 where groundwater was
sampled, and D) a table of sampling points, elevation (metres above ordnance datum) and classification
of the locations into ‘high’, ‘medium’ and ‘low’ elevation.
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2.2. Sampling

The data used in this paper was collected through the period of December 2018 to March 2019; pre-
flood, during the flood, and post-flood. The flood event occurred due to high groundwater levels and
overbanking of the River Loddon. There were 5 sampling visits before the flood (pre-flood), one visit
during the flood (towards the end of approximately a one-week flood) and 5 sampling visits after the
flood (post-flood). Soil properties pre-flood, during the flood and post-flood are presented in Table SI-
2. All equipment used for soil sampling, storage of pore water samples, and subsequent analysis of
samples was acid washed in 3% HCI overnight prior to use, to prevent contamination from the

equipment to the pore water samples.

2.2.1 Soil samples
The 12 sampling locations used throughout the sampling regime (Figure 1C) were selected by creating
a Fishnet grid (5m x 5m) in ArcGIS and taking the centre of the grid as the sampling point. The
coordinates were put into a Garmin eTrex 10 handheld GPS logger to ensure that the same sampling
locations were used during repeat visits. The elevation was determined by creating a digital elevation
model using LIDAR data from Digimap and hillshade processing in ArcGIS showing the
microtopography of the study site (Figure 1C). These sampling locations represent varying elevations

in metres above ordnance datum (Figure 1D).

At each sampling location, 5 soil samples were collected from an approximately 1m? area using a
stainless-steel auger to consistently sample the top 30cm of floodplain soil. These 5 samples were
combined into 1 composite sample and stored in a cool box before return to the laboratory.
Homogenised (~100 g) samples were placed into a Sorvall RC6+ Thermo Scientific (Waltham,
Massachusetts, USA) centrifuge at 5,000 rpm (RCF 3830 x g) for 1 hour to extract pore water samples
(Di Bonito et al., 2008; Sizmur et al., 2011). Soil pore waters were extracted to determine the free ion
concentrations as these are considered the bioavailable metal pools (Hooda, 2010). Analyses
conducted on the pore water samples included elements using Inductively Coupled Plasma Mass
Spectrometry (ICP-MS), anions using lon Chromatography (IC), and dissolved organic carbon using the
Non-Purgeable Dissolved Organic Carbon (NPOC) method. Details of these analyses are provided

below.

2.2.2 Environmental conditions
Daily measurements of river levels are monitored by the Environment Agency at Arborfield Bridge,
approximately 1.2 km upstream of the Loddon Meadow floodplain site. These data were accessed

remotely  (https://riverlevels.uk/loddon-arborfield-and-newland-arborfield-bridge#.X7udX2j7SUk).

This information, combined with the knowledge that the Loddon Meadow site has an elevation of

6
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between 38 and 40 m above ordnance datum, was used to plan sample collections around the flood
event (Figure 2A). When the river level is around 41.19 m or higher, flooding is likely to occur. On the
6™ sampling trip (11/02/2019) the floodplain was inundated. This was the only observed flooding

event during the sampling period of this study.

River water samples were collected with a Nalgene bottle on a pole from a bridge located upstream
of the floodplain (Figure 1B) at two time points (8 am and noon) on each sampling day during the
period between November 2018 and March 2019. The water samples collected were transported in a
cool box back to the laboratory and then were filtered using a 0.45 um cellulose nitrate syringe filter
and acidified prior to storage in the fridge and further analyses for elements (ICP-MS), anions (IC) and

dissolved organic carbon (NPOC), as described below.

There are two boreholes located on the Loddon Meadow Floodplain (Figure 1C). Borehole 1 (BH1) is
located closest to the River Loddon and borehole 2 (BH2) is located in the ‘low’ elevation centre of the
floodplain (Figure 1C). Daily measurements of the groundwater levels were monitored remotely using
an IMPRESS submersible water pressure transmitter sensor installed in BH1, connected to an Isodaq
Technology (Hydro International, Clevedon, UK) Frog RXi-L GPRS-8-channel data logger. The data was
accessed via Timeview Telemetry (© 2017 Isodaq Technology, Hydro International), whereas an In-
Situ (Fort Collins, Colorado, USA) BaroTROLL sensor was installed in BH2, that required manual
downloading and processing. Furthermore, the groundwater levels in the boreholes were regularly
‘dipped’ manually to allow for correction of the automatically recorded groundwater levels, where
required. A BaroTROLL stored in the housing of the ‘Frog’ datalogger measured atmospheric
pressures. These data were also regularly downloaded to correct the BaroTroll data obtained in BH2.
This barometric correction was not necessary for the IMPRESS sensor. The groundwater levels were
above the ground level on two occasions during this sampling (between the 2" and 3™ sampling visit
and during the 6 sampling visit) and the groundwater levels were within the top 30 cm of the soil

profile during the 9™ and 10" sampling visits (Figure 2B).

Groundwater samples were collected from BH1 and BH2 on each sampling day during the period
between December 2018 and March 2019. An acid-washed 1 m plastic tube with 60 ml syringe was
used to create a vacuum to draw water up from the borehole. The first sample drawn up was used to
wash the 500 ml Nalgene sample bottle and then discarded. The groundwater samples collected were
transported back to the laboratory in a cool box and then were filtered using a 0.45 um cellulose
nitrate syringe filter. Groundwater samples were then analysed for elements (ICP-MS), anions (IC) and

dissolved organic carbon (NPOC), as described below.
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Figure 2; A) Hydrograph showing River Loddon level (m above ordnance datum, where stage datum is
40m) at Arborfield Bridge river level station upstream from the Loddon Meadow floodplain,; during the
sampling period, B) Groundwater level (m relative to soil surface) averaged from the boreholes on the
floodplain. The dot and line green arrows show five sampling dates pre-flood, the dashed line black
arrow shows the one sampling date during the flood and the dotted line red arrows show the five
sampling dates post-flood.

2.3. Analysis
2.3.1 Laboratory analysis
2.3.1.1 Soil samples

Moisture and organic matter were determined by mass loss after overnight heating to 105 °C and loss

on ignition at 500 °C, respectively.

The (pseudo) total concentrations of PTEs in soil samples collected from the floodplain were found

through soil digestion by reverse aqua regia method using the CEM Corporation (Matthews, North
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Carolina, USA) MARS 6 microwave digestion system followed by ICP (OES and MS) analysis (Sizmur et
al., 2019). A limitation of this method is that it can often lead to an underestimation of the total
concentrations because aqua regia is unable to dissolve silicates and aluminium and iron oxides to
which some elements may be bound (Santoro et al., 2017). Each batch of 30 samples was run alongside
a replicate of an in-house reference material (SS 51) that is traceable to a Channel sediment certified
reference material (BCR 320 R). We obtained the following recovery rates for As (64%), Cd (81%), Co
(106%), Cu (97%), Cr (86%), Ni (86%), Pb (86%), and Zn (92%).

2.3.1.2 Soil porewater, river water, and groundwater

The soil pH, and redox potential were determined immediately following sampling using a Hanna
(Woonsocket, Rhode Island, USA) 9125 pH/ORP meter. For the pH reading, two buffer solutions (pH 4
& 7) were used to calibrate the probe and to check for drift, after every 10 samples. For the redox
potential, the probe was checked using a redox check solution before measurements on the samples

were taken. Measurements were only taken when the redox check solution reading was +476 mV.

Electrical conductivity (EC) is a measure of the proportion of anions and cations in the solution (De
Vivo et al., 2008). In addition to EC being part of the experimental data, it was also used to help identify
the correct dilutions required for lon Chromatography (IC) analysis. The samples were allowed to
equilibrate to approximately room temperature prior to taking this measurement. For the
conductivity, a check solution was made using KCL 0.746 gin 1L. This solution has a known conductivity

(1411 pS) and so was used to check the probe prior to measurement on the samples.

All samples were frozen after pH, redox and EC analysis, and then shipped in batches to the British
Geological Survey (BGS), Keyworth via courier for further laboratory analysis. The dissolved organic
carbon (DOC) content was measured with a Shimadzu (Kyoto, Japan) TOC-L series TOC analyzer using
the NPOC method. The groundwater and river water samples were analysed without dilution as there
was a greater sample volume than that collected for the pore waters. All samples were acidified to
remove inorganic carbon prior to measurement of DOC with a non-dispersive infrared gas analyser.
The limit of detection for the Shimadzu TOC-L and NPOC instrument was 0.5 mg/L. A blank check was
run before any samples to avoid contamination within the machine. Standards were made from
potassium hydrogen phthalate (total carbon) and sodium hydrogen carbonate and sodium carbonate

(inorganic carbon) and DOC calculated as the difference between these measurements.

The concentrations of nitrate (NO3’) and sulphate (504%) were measured in 200 pl sub-samples by lon
Chromatography (IC) on a Dionex (Sunnyvale, California, USA) AS-AP. Low sample volumes meant

dilution was necessary, the dilution was based on the conductivity reading (i.e. twofold dilution for

9
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samples with a conductivity 200-500 uSand fivefold dilution for samples with a conductivity 500-800
uS).

The concentrations of PTEs and other elements (As, Cd, Co, Cu, Cr, Ni, Pb, Zn, Mn, Fe, Al, P, S, Ca, and
Mg) were analysed via an Agilent (Santa Clara, California, USA) 8900 Inductively coupled plasma mass
spectrometer (ICP-MS). All of the samples were acidified with 1% HNOs and 0.5% HCI prior to analysis.
The detection limits for the PTEs (As, Cd, Co, Cu, Cr, Ni, Pb, and Zn) are shown in Table SI-3.

2.3.2 Statistical analyses

Data analysis was performed using Microsoft Excel 2019 (descriptive statistics) and SAS software
version 9.4 (Linear Mixed effects Mode; LMM). The LMM takes into account the repeated sampling
temporally (specific pattern) and spatially (the spatial scatter chosen at random). All of the response
(dependent) variable values were log-transformed due to the fact that pore water PTE concentrations
followed log-normal distributions. The model also included explanatory factors as model effects;
elevation, distance to river, treatment (pre-flood, during the flood or post-flood), soil moisture (proxy
for flooding/groundwater level), organic matter, soil pH, redox, conductivity, DOC, as well as pore
water concentrations of Fe, Mn, Al, Ca, K, NOs, P and S. The p-values indicate the significance value,

any p-values higher than 0.05 are not stated in the results section text, as the trends were not evident.

The percentage change in concentration of each PTE and explanatory factors during (equation 5.1)

or post-flood (equation 5.2), compared to pre-flood, was calculated as follows:

Cap —C
%ACyr =~ % 100
Cof (5.1)

Caf — Cpr
————= %100
C

bf

% ACqr =
(5.2)
Where:

Cqf = concentration during the flood

Cyr = concentration before the flood (pre-flood)

Cqf = concentration after the flood (post-flood)

Principal Component Analysis (PCA) using PRIMER-e (Massey University, Auckland, New Zealand)
version 7 was undertaken with the data classified by the position on the floodplain (sampling position
P1-14) as well as by elevation (‘high’ (39.50 m - 39.21 m), ‘medium’ (39.18 m — 39.14 m), and ‘low’
(39.09 m — 38.90 m) which was classified prior to analysis (Figure 1D) and by time (‘pre-flood’, ‘flood’

and ‘post-flood’). The data was normalised in PRIMER-e prior to the PCA and the output visualises the

10



261
262
263
264
265
266
267

268

269

270
271
272
273
274

275
276
277
278
279
280
281
282
283

284

285

dataset and allows subsequent interpretation of correlations found between variables in the dataset.
A one-way ANOVA (ANOSIM) was used to test spatial and temporal differences in the dataset by
comparing the treatment levels (pre-flood, flood, and post-flood), elevation (high, medium, and low)
and the treatment and elevation combined. ANOSIM generates an R value between -1 and 1, where
zero represents the null hypothesis, a negative value indicates greater variability within the treatment
than between different treatments, and a positive value indicates the amount by which the

treatments differ.

3. Results

3.1. Porewater concentrations

The Loddon Meadow floodplain is not heavily polluted (Table 1, Table SI-1) with concentrations
ranging within natural levels (Rawlins et al., 2012). Therefore, this study investigates whether a
flooding event on a typical floodplain downstream of an urban catchment could alter the
concentrations of PTEs in soil pore waters. The (pseudo) total concentrations of the PTEs are

geospatially mapped across the Loddon Meadow (Figures SI-3 to SI-10).

During the flood, mean pore water concentrations of As, Cu, Cr, Ni and Zn were lower than pre-flood
concentrations, whereas the mean concentrations of Cd, Co and Pb increased during the flood,
compared to pre-flood concentrations, calculated using equation 5.1 (Figure 3A). However, none of
the PTE concentrations in pore waters were statistically significantly different during the flood,
compared to pre-flood (p>0.05). When looking at the explanatory variables (Figure 3B), a higher mean
pore water concentration of Mn and lower mean pore water concentrations of Fe, Al, S, NOs3’, Ca, Mg
and pH were found during the flood, compared to pre-flood. However, none of these were statistically
significant. The pore water concentrations of DOC and P were significantly lower during the flood

compared to pre-flood (p<0.01).

11
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Figure 3; % change in pore water concentration during flood for A) PTEs and B) key explanatory variables.
The % change increase or decrease is in relation to the averaged concentration (N=12) found pre-flood.
Box and whisker plots show the distribution of data into quartiles (box) and variability outside of the
upper and lower quartiles (whiskers). The ‘outlier’ results (outside of the normal range of values i.e. 1.5
times the inter-quartile range below the 1% quartile of 1.5 times above the 3 quartile) are represented

as dots. The x’ denotes the mean value and the line across the box is the median value. The * denotes
significant differences in concentration (p<0.05).
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Post-flood mean pore water concentrations of As, Cd (p<0.01), Cu (p<0.05), Cr (p<0.01), Pb and Zn
were lower than pre-flood concentrations, whereas the post-flood mean concentrations of Co and Ni
were greater than pre-flood concentrations, calculated using equation 5.2 (Figure 4A). However, none
of the PTE concentrations in pore waters were statistically significantly different during the flood,
compared to pre-flood (p>0.05). When looking at the explanatory variables (Figure 4B), the mean Mn
pore water concentrations were found to have remained higher (not significantly) when the
floodwater had receded post-flood, compared to concentrations pre-flood. The soil pH slightly
increased, meaning that the H* ion concentrations decreased, post-flood, compared to pre-flood. The
mean pore water concentrations of Fe and Al, were lower post-flood compared to concentrations
pre-flood (not significantly) as were the concentrations of DOC (p<0.05), P (p<0.1), S (p<0.05), NOs
(p<0.01), Ca (p<0.05), Mg (p<0.05). .
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Figure 4; % change in pore water concentration after flooding (post-flood) for A) PTEs B) key explanatory
variables. The % change increase or decrease is in relation to the averaged concentration (N=12) found
pre-flood. Box and whisker plots show the distribution of data into quartiles (box) and variability outside
of the upper and lower quartiles (whiskers). The ‘outlier’ results (outside of the normal range of values
i.e. 1.5 times the inter-quartile range below the 1° quartile of 1.5 times above the 3™ quartile) are
represented as dots. The x’ denotes the mean value and the line across the box is the median value. The
* denotes significant differences in concentration (p<0.05).
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Temporal (pre-flood, during the flood, post-flood) and spatial (high, medium, low elevation) factors
influenced the pore water chemistry on the floodplain (Table SI-4 Analysis of Similarities (ANOSIM)).
When the temporal and spatial treatments were combined and the influence on pore water chemistry
considered, the flooding event (during the flood) appeared to remove the differences in pore water
chemistry seen across the three elevations. These factors were considered in greater detail in the
Principal Component Analysis (PCA; Figure 5). Pore water samples collected pre-flood tended to have
a positive loading on PC1 (x axis of Figure 5), while samples collected during or post-flood have a
negative loading. Pore water samples collected from low elevation locations tended to have a negative
loading on PC2 (y axis of Figure 5), while pore water samples collected from medium and high
elevation locations tended to have a positive loading. Therefore, it is concluded from the biplot (Figure
5) that time (pre-flood, flood and post-flood) is represented on PC1 and location/elevation (high,
medium and low) is represented on PC2. These two principal components (PC1 and PC2), combined,
explain 35% of the variability in the dataset. The PCA also identified organic matter, pH, redox and

conductivity as important factors explaining the variability in the pore water chemistry.
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332  Figure 5; Principal Component Analysis (PCA) biplot, reflecting correlation between PTEs and other
333  explanatory variables at three time points (pre-flood, during flooding and post-flood) and at three
334  elevations on the floodplain (high, medium and low).

335

336  The results of Linear Mixed effects Modelling (LMM) are shown in Table 2. The explanatory variables
337  contributing the influence of flooding on each individual PTE are discussed below element by element
338  using a combination of the % changes in pore water concentrations and PCA and LMM statistical

339  outputs to help determine the key process(es) involved in the mobility of each PTE.
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340 Table 2; Results of mixed model (LMM) analysis. The numbers reported here are the fixed effects ‘estimate’” which means that for every 1 unit increase in an
341 explanatory variable there is either a positive or negative change in PTE concentration in ug/L. The effect size significance (p value) is indicated by * denoting
342  <0.05, ** denoting <0.01 and *** denoting <0.001.

343
Response | During flood Post-flood Explanatory variables (fixed effects ‘estimate’) & effect size
variable concentration | concentration
(PTE) compared to compared to
pre-flood pre-flood Elevation | Soil oM pH Redox | Conductivity | DOC Fe Mn Al Ca K P S NO.
3
moisture
Arsenic Decrease Decrease 0.05 0.002 0.02 -0.001 | -0.001 0.00003 0.01 0.00002 0.001 0.0004 -0.006 0.00002 0.37 0.004 0.002
Cadmium Increase Decrease 0.47 0.0001 0.03 -0.125 | 0.0003 0.00035 -0.008 1.909 0.002 0.00003 | -0.00009 0.009 1.29 - 0.003
*kk *k%k 00005
Cobalt Increase Increase -0.04 0.009 -0.009 | 0.049 | 0.0015 0.0006 0.011 | 0.00006 0.004 0.0006 | -0.00571 -0.008 -0.22 -0.004 | -0.004
* *kk *kk *kk * **
Copper Decrease Decrease -0.08 0.0003 0.035 | -0.296 - 0.0012 0.012 | 0.00029 | -0.002 | 0.00026 | 0.00224 0.0528 | -0.346 - -0.006
* 0.0056 * * ok 0.0133 *
Chromium | Decrease Decrease 0.046 -0.0103 | 0.048 | -0.091 - -0.0011 0.009 | 0.00008 0.002 0.0007 0.00097 | -0.0083 | 0.115 - 0.003
*kk *kk 00061 * * *kk *k% 00023 *
*kk
Nickel Decrease Increase -1.4153 -0.0132 | 0.021 | -0.017 - 0.0003 0.008 - 0.00004 | 0.0005 0.0043 -0.0201 | 0.0421 | 0.0011 | 0.409
* 0.0003 0.00006 *
Lead Increase Decrease -0.2305 0.0107 | 0.0051 | -0.299 | 0.0024 0.00005 - 0.00019 | 0.00142 | 0.00103 | -0.0124 0.0029 | 1.1025 | 0.0119 | 0.003
*kk *k%k 00008 * *k% *kk *k%k
Zinc Decrease Decrease 0.8387 -0.0019 | 0.0037 | -0.079 | 0.0001 0.00136 - 0.00017 - - 0.0128 0.0149 | 0.1624 | -0.008 | -0.003
0.0074 0.00052 | 0.00024
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3.1.1. Arsenic

The mean pore water concentrations of As were found to decrease (albeit not statistically significantly)
both during the flood and post-flood (Table SI-5). A significant positive correlation was found between
As and DOC, this could be due to pH having a similar effect on both As and DOC solubility (both
decreased during and post-flood). Alternatively As concentrations could have been affected by the

reduction of As(V) to As(lll) during anoxic conditions.

A positive correlation was found between As and P pore water concentrations. However, rather than
this being an explanatory variable it is likely that these elements are affected by the same processes
(DOC complexation and reductive dissolution of Fe oxides), since phosphate is chemically very

similar to arsenate (Strawn, 2018).

3.1.2. Cadmium

The mean Cd pore water concentrations were found to increase during the flooding and subsequently
decreased (significantly) post-flood (Table SI-5). There is a strong positive correlation between Cd and
Mn, and this is a significant variable in the LMM (Figure 5, Table 2). They both have a positive loading
on PC1 (pre-flood, during the flood, post-flood; Figure 5), reflecting greater pore water concentrations

pre-flood.

A significant positive correlation was found between Cd and P concentrations in pore water. They both
have a positive loading on PC2, reflecting greater pore water concentrations at high elevation (Figure
5) and they both decreased post-flood (Table SI-5 and SI-6). This relationship may suggest an that Cd
is being immobilised by the phosphate. However, phosphate fertilisers also contain trace amounts of
Cd, so rather than this being an explanatory variable, the positive correlation we found may just infer

the existence of a source of Cd in this floodplain soil from agricultural land in the catchment.

3.1.3. Cobalt

The Co pore water concentrations were found to increase (albeit not significantly) during the flood
and post-flood (Table SI-4). The mobility appears to be strongly linked to that of Mn (Table SI-6), as Co
has a high affinity for Mn oxides. Cobalt and Mn concentrations in pore waters significantly positively
correlate with each other (LMM; Table 2). They both have a positive loading on PC1 (pre-flood, during
the flood, post-flood) and negative loading on PC2 (elevation; Figure 5). Therefore, when Mn oxides
were reductively dissolved the concentrations of both Mn and Co increased in pore water (Figure 3
and 4), particularly in the low elevation sampling points pre-flood (Figure SI-5), likely influenced by the

high groundwater levels (Figure 2B).
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3.1.4. Copper

The Cu pore water concentrations were found to decrease both during the flood and (significantly)
post-flood (Table SI-5). The LMM identified pH as a significant explanatory variable influencing Cu
mobility, with a negative correlation found (Table 2). The pH did increase slightly post-flood (albeit not
significantly) and this may have increased the Cu sorption, resulting in low concentrations in the pore

water.

There was a significant positive correlation between Cu and Fe (LMM; Table 2) and these are both
positively loaded on PC1 and PC2 (Figure 5) meaning greater pore water concentrations pre-flood and
at high elevation. The Cu may have been adsorbed to Fe oxides and a release of Cu pre-flood (Figure
SI-6) may be explained by an increase in Fe in solution resulting in reductive dissolution when the

ground water levels were high (within the top 30 cm of soil; Figure 2B).

3.1.5. Chromium
The Cr pore water concentrations were found to decrease both during the flood and (significantly)
post-flood (Table SI-5). During flooding the soil moisture increased and this was found to have a

significant negative correlation with Cr (LMM; Table 2), possibly linked to reducing conditions.

There was a positive correlation between Cr and DOC and this was a significant positive variable in the
LMM (Table 2). They both have a positive loading on PC1 (pre-flood, during the flood, post-flood;
Figure 5) meaning greater concentrations were found pre-flood. The concentration of Cr and DOC
were both decreased during the flood and post-flood, meaning that Cr may have been reduced in the
presence of fresh DOC during flooding and removed from the pore water solution due to the reduction

in DOC.

Despite the overall Cr pore water concentrations being found to decrease, a significant positive
correlation between Cr and Mn concentrations (LMM; Table 2) may explain why there were high Cr
concentrations in the pore waters collected pre-flood (Figure SI-7), as they both had a positive loading
on PC1 (Figure 5). Therefore, reductive dissolution of Mn oxides may have released Cr into the pore

waters.

3.1.6. Nickel

The Ni pore water concentrations decreased during the flood and then increased post-flood (Table SI-
5). However, the LMM does not provide strong evidence for why we observed changes in Ni mobility.
Spatial and temporal variations did not appear to explain the changes in Ni concentrations found

(Figure SI-8). It is possible that Ni was released during reductive dissolution of oxides, however there
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were insufficient sulphides formed to precipitate it to a significant degree. The precipitation of Cu and
Zn with sulphides would be preferential to the Ni sulphide formation. Therefore, the Ni mobility
remained high post-flood, before Fe and Mn oxides reform. In soil solution, Ni generally occurs as the
free ion (Ni?*) which is stable and forms strong associations to redox sensitive species and dissolved

organic ligands (e.g. carboxylic acids, amino acids and fulvic acids) (Rinklebe and Shaheen, 2017).

3.1.7. Lead

The Pb pore water concentrations were found to slightly increase during flooding and subsequently
decreased (albeit not significantly) post-flood (Table SI-5). There was a positive correlation between
Pb pore water concentrations and soil organic matter. The Pb mobility was likely controlled by
desorption and dissolution processes during the flood, with adsorption and removal from the solution
post-flood due to the slight increase in pH. There was a significant positive correlation between Pb
and Mn concentrations (LMM; Table 2) and these have a positive loading on PC1 (pre-flood, during
the flood, post-flood; Figure 5), so reductive dissolution could explain the increased pore water

concentrations pre-flood (Figure SI-9).

There was also a significant positive correlation between Pb and P. They both had a positive loading
on PC2 (elevation; Figure 5) so there may have been immobilisation of Pb from pore waters due to
precipitation of Pb phosphates, a stable mineral substance, removing it from pore water solution

post-flood (Andrunik et al., 2020).

3.1.8.Zinc

The Zn pore water concentrations decreased (albeit not significantly) during the flood and post-flood
(Table SI-5). However, the LMM does not provide evidence for why we observed this, with no
significant correlations with explanatory variables. The Zn and Cu pore water concentrations appear
to correlate and therefore the mechanisms controlling the mobility of Cu may also explain the mobility
of Zn (Shaheen et al., 2014). For example, the influence of pH on sorption and complexation with DOC.
Zn pore water concentrations were found to increase on one sampling occasion pre-flood and one
sampling occasion post-flood, across the whole floodplain (Figure SI-10) which suggests there are
mechanisms to release Zn into the pore water that have not been established through the explanatory

variables measured in the study.

3.2. Concentrations in the river and ground water
The PTE concentrations in the river water (Table SI-7) and groundwater (Table SI-8) were generally
orders of magnitude lower than the pore water PTE concentrations from the floodplain soil. Most of

the PTE concentrations did not significantly change over time in the river water (Figure 6A) or
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groundwater (Figure 6B). However, in the river water samples higher mean concentrations were found
during the flood and decreased concentrations post-flood for Cd (p=0.003), Co (p=0.001), Cr (p=0.041)
and Pb (p<0.01), which may provide some evidence against the dilution effect (increased volumes of
river water resulting in a lower concentration of PTEs through dilution) in the river during the flood
event (Figure 2A). In the groundwater samples higher mean concentrations of Co (p=0.052) were
found during the flood and post-flood compared to pre-flood. There were also high groundwater
levels post-flood (within the top 30 cm of the soil; Figure 2B). This would have caused (near-) saturated
conditions in the surface soil, partly due to the capillary fringe being of a significant size in this soil,
due to the soils relatively high clay content and related pore-size distribution. Therefore, the
groundwater levels may have influenced the soil pore water concentrations through reduction
processes, despite there being no observable flooding above the ground. The high groundwater levels
may have caused a release of Co from the floodplain soil into the pore waters with subsequent

leaching downwards into the groundwater.

From this analysis, it was concluded that PTEs in the river and groundwater were not at high enough
concentrations to have significantly increased the concentrations we observed in floodplain soil pore
waters. An increase in the concentrations of PTEs observed in the pore water samples during the
flooding event or post-flood were more likely due to release from the floodplain soil than brought in
during the inundation of river water or via rising groundwater levels. The low concentrations
combined with the increased water volume during the flooding might result in dilution of the soil pore

water PTE concentrations, explaining the decreased concentrations found during flooding.
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4. Discussion

This study has provided field-based evidence of the effect of flooding on the mobility of PTEs from
floodplain soils, and the results suggest that there were no significant increases in PTEs mobility during
the flooding, and therefore no evidence to support the idea that floodplains become a source for PTEs
due to flooding events. This is an interesting result because evidence from laboratory mesocosm
studies have suggested there is potential for mobilisation of PTEs as a result of flooding (Frohne et al.,
2011; lzquierdo et al., 2017; Rinklebe et al., 2010; Weber et al., 2009). The overall concentrations of
PTEs decreased during the flooding and this may be due to dilution effect from river water inundation
and high groundwater levels (Balaban et al., 2019). The temporal comparisons (pre-flood, during the
flood, and post-flood) provides evidence to suggest that the influence of a flooding event on PTE

mobility continues after the floodwaters recede.

Overall, there were higher concentrations of PTEs found in the pore waters collected at low elevation
than at the medium or high elevations, so it was inferred that the microtopography (a proxy for flood
duration) is an important factor influencing the mobility of PTEs. The entire floodplain sampled for
this study was inundated during the flooding event and we found that this meant the differences in
PTE pore water concentrations due to elevation (microtopography) were not observed at this time
point, likely due to mixing in the floodwater. The changes in concentrations of individual PTEs over
time and across the floodplain may be explained due to a net effect of five key processes: redox
potential, soil pH, complexation with dissolved organic matter, Fe/Mn reductive dissolution and
sulphate reduction (Ponting et al., 2021). The contribution of each of these will be discussed in turn in

the sections below.

4.1. Soil redox potential

The soil redox potential is directly affected by flooding because water fills the pore space, reducing
the concentration of dissolved oxygen, which is exhausted by organisms. Pore water Cr concentrations
decreased during the flood and post-flood, and were found to be linked to redox potential. This
observation was expected as Cr is a redox sensitive element (Frohne et al., 2015; Lee et al., 2005;
Trebien et al., 2011). Reducing conditions can also immobilise and sequester Cr through reductive
precipitation mechanisms (Matern and Mansfeldt, 2016). However, speciation analysis to see whether
Cr (1) or Cr (VI) was present in the pore water samples was not conducted, Cr (lll) is the more stable
form and tends to occur in soils with high OM. A separate study on the same floodplain site found that
pore water samples contained only Cr (1) (Kelly et al., 2020). Furthermore, DOC may act as electron

donor to reduce Cr (VI) to Cr (lll) (Maranguit et al., 2017; Zhang et al., 2017) and DOC was generally
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high at all sampling points, across the floodplain. Arsenic, Fe and Mn are also redox sensitive elements,

these concentrations may have also been influenced by the reducing conditions and DOC.

4.2. Soil pH

During flooding the pH is known to increase due to H* ions being consumed (Mohamed and
Paleologos, 2018). This study found the pH increased slightly after the floodwater recedes post-flood.
The pH increase might be due to the amount of exchangeable Ca, Mg and K (Wood et al., 2004). The
size of the increases in pH may be dependent on flood duration (Kashem and Singh, 2001) and
therefore the slight increase that we observed may suggest that the flooding had not been long
enough to significantly alter pH. If the pH had increased to very alkaline conditions, this could have
increased the mobility for most of the PTEs (Krdl et al., 2020). During flooding events, H* ions are
available for consumption in processes such as the reduction of Fe and Mn. The concentrations of H*
were lower post-flood (increase pH) which suggests that these processes took place in this study. The
changes in pH were found to be significantly associated with the decreased pore water concentrations
of Cu and Pb, which suggests the pH rise may have aided adsorption mechanisms, resulting in strong
binding to soil mineral and organic matter surfaces, or precipitation with P (Andrunik et al., 2020;
Cirelli et al., 2009; Koupai et al., 2020; Zia-ur-Rehman et al., 2015). Significant associations of As, Cd
and Pb were found with P. Therefore these PTEs may have precipitated as metal phosphates resulting
in decreased bioavailability (Andrunik et al., 2020; Van Groeningen et al., 2020; Zia-ur-Rehman et al.,
2015). In weakly acidic to neutral pH soils, as sampled on the Loddon Meadow (average 6.53; Table 1;
Table SI-2), clay minerals and Fe(lll)/Mn(ll) oxides are also important mineral sorbent phases for PTEs
e.g. Cd; its divalent form is soluble but can form complexes with organics and oxides (Mulligan et al.,
2001; Van Groeningen et al., 2020). The concentrations of Cd in the soil were low (Table 1, Table SI-1)

and therefore adsorption processes were likely controlling (im)mobility (Van Groeningen et al., 2020).

4.3. Dissolved Organic Matter

Organic matter is an important site of PTE retention in soils. However, due to complexation by soluble
organic matter, the addition of dissolved organic matter in soil solution can also act as a chelating
agent and therefore be associated with mobilisation of PTEs (Beck et al., 2008; Grybos et al., 2009;
Newsome et al., 2020; Sherene, 2010). The higher the concentration of DOC in the soil solution, the
greater the pore water concentration of PTEs that bind with DOC in solution. The composition of DOC
is complex due to microbial decomposition/degradation processes of organic substances (e.g. root
exudates) in soil (Antoniadis and Alloway, 2002). As concentrations, which decreased both during the
flood and post-flood, were found to be strongly correlated with DOC. This observation supports the

notion that arsenate (As(V)) was the dominant form in the floodplain pore waters because it has a
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greater affinity for sorption to soil minerals (Indraratne and Kumaragamage, 2017; Williams et al.,
2011). A significant association between As pore water concentrations and redox potential was not
found, so this flooding event might not have been long enough for reduction from As(V) to As(lll) to
occur and subsequently increase the mobility of As in the floodplain soils. Cr concentrations decreased
both during the flood and post-flood, which was correlated with soil organic matter and DOC. As DOC
will change over time, but soil organic matter does not (in the timescale of this sampling), the
correlation with DOC is likely to relate to temporal changes whereas the correlation with soil organic
matter is likely to relate to spatial differences. This finding suggests that as there was less DOC in
solution the equilibrium between the solid and liquid phase for Cr shifts towards the solid phase (i.e.
the pore water has less capacity to contain Cr because there is less DOC in solution) (Di Bonito et al.,

2008; Icopini and Long, 2002; Wuana et al., 2011).

4.4. Reductive dissolution (Fe/Mn)

An increase in concentrations of Fe and Mn were found in the soil pore water during flooding,
comparable to the increases reported in studies across a range of soil types (Amarawansha et al.,
2015; Du Laing et al., 2007; Indraratne and Kumaragamage, 2017; Stafford et al., 2018). It was found
that the increase in concentration was much higher for Mn than for Fe, as was also found by Indraratne
and Kumaragemage (2017). Reductive dissolution appears to be a predominant process for the
mobilisation of PTEs in this study, releasing adsorbed As, Cd, Co, and Pb into the pore waters,
particularly at the low elevation sampling points (Figure SI-3, SI-4, SI-5 and SI-9 respectively), even if
the net effect of multiple mechanisms during the flood or post-flood was to reduce the pore water
concentrations of these elements. The process of reductive dissolution is bacterially-induced and has
been reported to have an effect on As mobilisation, releasing the mobile form of As during a flood but
also immobilising it due to co-precipitation post-flood when oxic conditions return (Chowdhury et al.,
2018; Frohne et al., 2011). The Cd and Pb concentrations during the flooding were also likely controlled
by desorption and dissolution processes, influenced by the reducing conditions of the flood and

association with Mn oxides (Frohne et al., 2011; Furman et al., 2007; Stafford et al., 2018).

In flooded soils Mn(ll) is often the major cation in the soil solution and has therefore been expected
to compete with PTE cations (e.g. Cd(ll) and Zn(ll)) for adsorption to mineral surfaces (Van Groeningen
et al., 2020). Post-flood, during aeration of the soil, Fe(ll) is oxidised by O, much more rapidly than
Mn(Il); this means that Mn can persist for prolonged periods and continue to act as a competing cation
with PTEs, or form new Mn-containing solid phases that leads to a net increase in the sorption of PTEs
e.g. Cd (Van Groeningen et al., 2020). Dissolution of Co has been closely linked to that of Mn (Beck et
al., 2010; Newsome et al., 2020); when Mn oxides are reductively dissolved, Co is released into the
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solution (Cornu et al., 2009; Shaheen et al., 2016). There has been an evaluation of the effect that
competition with Co for ion exchange sites has on Cr. It is thought that increasing Co concentrations,
coupled with a decreasing availability of surface area for precipitation as the dissolution of Mn occurs,
results in lower Cr(lll) adsorption to Mn oxides. This subsequently results in lower Cr(VI) formation
which would have increased the Cr mobility (Shaheen et al., 2016; Trebien et al., 2011). Studies on
PTEs are commonly focused on a single metal, but they occur simultaneously in the environment and

so an understanding of interactions is an important consideration (Aprile et al., 2019).

4.5. Precipitation of metal sulphides

Flooded soils can result in immobilisation of PTEs through precipitation with insoluble sulphides
(Bunquin et al., 2017; Du Laing et al., 2009; Indraratne and Kumaragamage, 2017; Lair et al., 2009).
The concentration of S in the pore water (all total S was found to be sulphate when compared using
regression analysis (R>=98.08%, p<0.01)) decreased during the flood and (significantly) post-flood,
suggesting that there was sulphate reduction to sulphide occurring during this study. The S
concentrations negatively correlated with Cd, Cu and Cr (albeit not significantly; Table 2). These PTEs
significantly decreased post-flood and therefore it is possible that they have precipitated with
sulphides during the flood and removed from the pore water post-flood. When aerobic conditions
return, sulphides can be oxidised by microbes resulting in soluble PTEs (e.g. Cd and Zn) being released
(Emerson et al., 2017; Lynch et al., 2014). This may explain some increased concentrations of these
elements in the pore waters in the lower elevation a number of weeks after the floodwater recedes
post-flood (Figure SI-4 and SI-10), but not enough to prevent the overall finding that PTE

concentrations decreased post-flood, compared to during the flood.

4.6. River water and Groundwater concentrations

The concentrations of PTEs in the river water were measured and found to be orders of magnitude
lower than in the pore water samples. Although these samples are a snapshot of the concentrations
in the river at the time of sampling, they suggest that the concentrations of PTEs that were found in
the pore waters were most likely concentrations originating from the floodplain soil, rather than being
deposited onto the floodplain during the flood event. The top 30 cm of soil was sampled for this study
and the groundwater levels (Figure 2B) were within the top 30 cm during pre-flood (2nd sampling visit
before flooding) and post-flood (3rd sampling visit after flooding) at the location of boreholes.
Therefore, reduction mechanisms may have taken place in the soil prior to flooding or continued after

the water aboveground recedes particularly at lower elevation areas of the field.
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There were greater concentrations of Pb, Ni and Cr measured in the groundwater during the flood and
greater concentrations of Co post-flood, compared to pre-flood. Therefore, the Loddon Meadow
floodplain may have released contaminants into the groundwater, which is an environmentally
sensitive media (Kotuby-Amacher and Gambrell, 1989), especially because river water and
groundwaters are highly connected in floodplain areas. The PTE concentrations will depend strongly
on the flow between the river and groundwater. At times the river is feeding the groundwater and

other times it is the other way around.

5. Conclusions

Floodplain soils have long been considered a sink for contamination discharged into rivers through
sedimentation during flooding events (Frohne et al., 2011; Izquierdo et al., 2017; Rinklebe et al., 2010;
Weber et al., 2009)(Balaban et al., 2019). This study demonstrates that the influence of a flooding
event on PTE mobility continues after the floodwaters recede post-flood. A significant reduction in
mobility of Cd, Cu and Cr was found post-flood and this was due to an increase in pH, a reduction in
DOC, and the precipitation of metal sulphides. There were differences in the concentrations of PTEs
in soil pore waters observed across the floodplain, suggesting that a number of different processes
influencing mobility are acting at the same time across a spatial area. This study highlights the need
for more field-based studies to monitor soil pore waters from floodplains pre-flood, during the flood,
and post-flood because the impact of flooding on mobility of PTEs may not be as clear-cut and
consistent as laboratory studies have previously indicated. The impact of flooding on PTE mobility is
likely to be the result of a net effect of multiple processes occurring simultaneously, so while we have
observed some increases to PTEs mobility, the overall net effect was found to be a decrease in
concentrations because immobilising processes were dominant (i.e. precipitation and adsorption).
Further field monitoring of different soil types on floodplains is required to support modelling

exercises that would improve predictive capabilities.
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Figure SI-1: Environment Agency Flood Map for the Loddon Meadow

Figure SI-2: Levels from 1% January 2018 to 1% April 2019 to show river and ground water levels
Table SI-1: Soil pseudo-total (aqua regia) concentrations for the sampling points across the Loddon
Meadow floodplain site.

Table SI-2: Soil properties; moisture organic matter and pH across the Loddon Meadow floodplain
pre-flood (averaged 5 sampling visits), during the flood and post-flood (averaged 5 sampling visits).
Table SI-3: Detection limits for PTEs using ICP-MS

Table SI-4: Analysis of similarities (ANOSIM) a one-way ANOVA testing 1) the treatment levels (pre-
flood, flood and post-flood) and 2) elevation and 3) treatment with elevation from Principal
Component Analysis (PCA).

Table SI-5: Summary statistics for the concentrations of PTEs (ug I'!) found in the floodplain soil pore
water during the sampling regime

Table SI-6: Summary statistics for the concentrations of explanatory variables (ug I!) found in the
floodplain soil pore water during the sampling regime

Table SI-7: Summary statistics for the concentrations of PTEs (ug I'!) found in the river water

Table SI-8: Summary statistics for the concentrations of PTEs (ug I'!) found in the ground water
Figure SI-3: Arsenic concentrations map series, total soil concentrations, pre-flood, during the flood
and post flood

Figure SI-4: Cadmium concentrations map series, total soil concentrations, pre-flood, during the
flood and post flood

Figure SI-5: Cobalt concentrations map series, total soil concentrations, pre-flood, during the flood
and post flood

Figure SI-6: Copper concentrations map series, total soil concentrations, pre-flood, during the flood
and post flood

Figure SI-7: Chromium concentrations map series, total soil concentrations, pre-flood, during the
flood and post flood

Figure SI-8: Nickel concentrations map series, total soil concentrations, pre-flood, during the flood
and post flood

Figure SI-9: Lead concentrations map series, total soil concentrations, pre-flood, during the flood and
post flood

Figure SI-10: Zinc concentrations map series, total soil concentrations, pre-flood, during the flood
and post flood
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