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Abstract: Floc size distribution and settling velocities are crucial parameters for charac-
terising cohesive sediments, as they influence how these sediments behave in various
environmental settings. The accurate measurement of these properties is essential, with dif-
ferent methods available depending on the scope of the study. For long-term monitoring, in
situ techniques based on laser diffraction are commonly used, while video microscopy tech-
niques are preferred for shorter studies due to their ability to provide detailed information
on individual particles. This study compares two high-magnification digital video camera
setups, LabSFLOC-2 and FLOCCAM, to investigate the impact of particle concentration
on settling velocity in flocculated sediments. Flocculated clay was introduced into settling
columns, where both the size and settling velocities of the flocs were measured. The results
obtained from both setups are in line with each other, even though the FLOCCAM was
slightly more efficient at capturing images of small particles (of size less than 50 microns)
and LabsFLOC-2 was better at detecting large size fraction particles (having a low contrast
due to the presence of organic matter). Floc size and settling velocity measurements from
both setups however exhibit mostly similar trends as a function of clay concentration and
the same order of magnitudes for the recorded settling velocities.

Keywords: flocculation; settling velocities; particle size; cohesive sediment

1. Introduction
Estuarine mud, commonly referred to as “cohesive sediment”, exhibits a unique

tendency to flocculate in response to environmental changes, particularly variations in
hydrodynamics, salinity, and organic matter abundance [1–5]. The floc populations which
are formed play a crucial role in aquatic ecosystems, acting as dynamic reservoirs for
contaminants and nutrients, thereby influencing water quality and biota distribution [6].
Consequently, accurately predicting the transport of flocculated particles is essential for
effective environmental management and ecosystem protection.

Natural mud comprises sediment minerals and an organic matter fraction. Clay
minerals such as kaolinite, illite, chlorite, smectite, and bentonite are the most common
components of cohesive sediments [5]. The organic matter fraction consists of two main
components: “dead” organic matter (including exopolymers produced by microorgan-
isms) and “living” organic matter (microorganisms). Organic matter—in particular the
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extra-cellular polymeric substances excreted by microorganisms [7–9]—significantly influ-
ences the cohesiveness, flocculation ability, deposition, consolidation, and erodibility of
sediment [10–14].

Salinity also plays a crucial role in sediment flocculation. Flocculation is enhanced
in saline environments [15], as observed at the transition between fresh and seawater in
estuaries [16]. Flocs are significantly larger and settle at a faster rate than individual mineral
particles, but they typically have a lower density [17,18]. The effective density of flocs
decreases with increasing size [19–22]. In situ, flocs exhibit a wide range of structures,
from individual clay particles to centimetre-long string-type flocs [13].

Additionally, flocs show a significant spread in settling velocity (and hence in density)
for flocs in the range of 50–150 micrometres [13,21,23]. The settling velocity of solid,
unaggregated silt and sand is straightforwardly determined by grain size using the Stokes
settling velocity equation. However, the settling velocity of flocs is influenced by their size,
effective density, shape, and porosity, all of which can rapidly change in response to local
variations in the water column [24].

For long-term monitoring, continuous in situ laser-based diffraction techniques are em-
ployed, such as the Sequoia Scientific Laser In-situ Scattering and Transmissometry (LISST)
100× and 200×, which assess particle size and volume concentration [25]. These data can
be used to estimate particle density and settling fluxes based on Stokes’ law [26]. However,
when flocs exhibit heterogeneous composition and non-spherical structures, LISST mea-
surements should be interpreted with caution [13,27,28]. Additionally, in salinity-driven
pycnoclines where the Schlieren effect distorts particle size measurements, LISSTs may
provide unreliable data [29,30]. To address these limitations, supplementary monitoring
campaigns are typically conducted episodically throughout the long-term measurement
series. These campaigns involve sampling particles directly from the water column and
characterising the properties of the suspended material using low-intrusive, high-resolution,
video microscopy-based techniques [31–34].

These techniques involve carefully transferring a small quantity of the collected sample
into a settling column using a proven modified pipetting technique (e.g., [35–37]. The par-
ticles are then recorded while settling, and their size, shape, and settling velocity are
determined. The first objective of the research presented in this article is to study the
dependency of the observed settling velocities on the concentration of particles by using
two video microscopy devices. While neighboring particles can strongly affect a particle’s
settling velocity [19,38,39], it is still unclear if moderate changes in particle concentration
significantly impact collective settling velocities. Another question is whether these changes
can be detected using video microscopy. Finally, the results obtained from two different
video microscopy setups and their associated softwares are analysed and compared.

In the present study, illite mineral clay is flocculated using an anionic polyacrylamide
flocculant, and the settling velocities and sizes are determined using the two camera-based
setups. The samples for a given clay differ only in particle concentration, but the flocculant
to clay ratio is identical. Additional measurements are also made using a laboratory particle
sizer (based on laser diffraction), similar to the LISST equipment used in situ.

The article is organised as follows: Section 2 provides an overview of the materials
used and the experimental setups. Section 3 presents the relevant results and discussion.
Finally, conclusions are given in Section 4.

2. Material and Methods
2.1. Clay

The experiments were performed using illite clay (100% illite) procured in dry powder
form from Argiletz Laboratories. The median particle size (D50) of the illite was determined
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to be approximately 5 µm (see Supplementary Figure S1), measured using the Malvern
Mastersizer 2000 (made by Malvern Panalytical, Malvern, Worcestershire, UK), which
employs static light scattering for particle size analysis (Figure S2).

Four different clay concentrations (0.5, 1.0, 1.5, and 2.0 g L−1) were used and floccu-
lated by the addition of flocculant, keeping the ratio of flocculant concentration to clay
concentration constant. All suspensions were flocculated in a jar for 1 h at a shear rate of
50 s−1, which ensured that the flocculation reached a steady state.

2.2. Flocculant

Zetag 4110, an anionic polyacrylamide (produced by BTC Europe GmbH, Monheim
am Rhein, Germany) with a medium anionic charge and a high molecular weight, was used
as the flocculant in this study. A 2.5 mg g−1 flocculant to clay ratio was used for flocculation
for all samples, which is close to the optimum dosage for this flocculant [40].

2.3. Water

All suspensions were prepared using tap water sourced from Evides, the local drinking
water company. The composition of the tap water utilised during the experimental days is
detailed in Table S1 of the Supplementary Material.

2.4. Floc Size and Settling Analysis
2.4.1. The LabSFLOC-2

The LabSFLOC-2 system (Figure 1), developed by Manning et al. [35,36,41–44], is
based on a modified version of the in situ INSSEV instrument [45,46]. It utilises a high-
magnification 2.0 MP Grasshopper monochrome digital video camera [42] to observe
individual flocs as they settle within a 350 mm high by 100 mm square Perspex settling
column. Positioned approximately 75 mm above the base of the column, the camera
captures particles passing through a 1 mm depth of field in the centre of the column,
45 mm from a Sill TZM 1560 Telecentric lens. This lens, with 0.66 magnification (1:1.5),
F4 aperture, and a maximum pixel distortion of 0.6%, is mounted behind a 5 mm-thick
glass faceplate to ensure high-precision imaging. The LabSFLOC-2 can measure floc sizes
(individual particles) nominally as small as 6 µm in diameter and settling velocities as high
as 45 mm s−1, allowing it to measure both pure mud and mud–sand mixed sediment floc
dynamics. The floc porosity, fractal dimensions, floc dry mass, and mass settling flux of a
floc population can be calculated by applying image analysis methods in MATLAB. During
sampling, a modified pipette is used to carefully extract a sub-sample of the flocs. This
sample is filled to create a fluid head of 50 mm in the pipette, resulting in a video control
sample volume of approximately 400 mm3 (with an image depth of 1 mm, a video image
width of 8 mm, and a 50 mm-high suspension). This controlled volume allows the floc
mass calculated by LabSFLOC-2 to be directly compared and calibrated against ambient
suspended sediment concentrations (SSC) derived from filtered gravimetric analysis.

Figure 1. (A) Schematic representation of the LabSFLOC-2 setup [34] and (B) the FLOCCAM
setup [47,48]. For physical pictures, see Figure S3.
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Once extracted, the pipette sub-sample is immediately transferred to the LabSFLOC-2
settling chamber. The pipette’s aperture is brought into contact with the water surface in the
settling column, allowing the flocs to transfer naturally and settle under gravity without any
external assistance. As the flocs settle, they become naturally segregated, with the fastest-
settling aggregates being observed first due to differential settling. The settling flocs are
visualised as silhouettes, reducing image smearing. This is achieved using a CCS LDL-TP-
43/35-BL blue (470 nm) LED backlight panel, which provides homogeneous illumination
from behind the settling column. The video footage is recorded in real-time as AVI files at a
frame rate of 7.5 Hz (one frame every 0.04 s) with a resolution of 1600 × 1200 pixels, where
each pixel corresponds to approximately 5 µm, as confirmed by independent calibration.
The AVI files remain uncompressed to allow for detailed analysis using MATLAB routines.
In post-processing, the HR Wallingford Ltd DigiFloc software (version 1.0) [35,43] is used
to semi-automatically analyze the video recordings, producing floc size distributions and
settling velocity spectra.

2.4.2. FLOCCAM

The second video-based setup used is called FLOCCAM, which is inspired by
LabSFLOC-2. The FLOCCAM device is designed to estimate particle size distributions (PSDs)
larger than 20 µm, as well as the settling velocities of floc samples [10,19,40,47,49–51]. Figure 1
provides a schematic overview of the equipment setup. The FLOCCAM setup is made of
several parts. The rectangular settling column of dimensions 10 cm × 10 cm × 30 cm has
glass front and rear panels, while its sides are made of dark plastic. A 5 MP CMOS camera
(model: iDS UI-3180CP-M-GL Rev.2.1, AB02546) with a resolution of 2592 × 2048 pixels and a
pixel size of 4.8 µm is used to capture the settling process.

The camera is equipped with a Global Shutter for high-precision imaging. Paired with
the camera is an S5VPJ2898 telecentric lens from Sill Optics GmbH and Co. KG, Wendelstein,
Germany, featuring adjustable working distances and a C-mount, yielding an effective pixel
size of approximately 8.6 mm. To ensure optimal lighting conditions during the experiments,
a Flat Lights TH2 Series Red LED light panel (dimensions: 63 mm × 60 mm) is employed.
This light source, renowned for its high directivity, is controlled by a CCS Inc. DC 24V
Input Controller (model: PB-2430-1). Data recording and analysis are conducted using a
Dell Inspiron-15-7590 laptop, which interfaces with the camera and software. Additionally,
the experimental setup includes a conical plastic feed that is well designed to guide the flocs
into the settling column. The feed well has a rectangular outlet measuring 2 mm × 10 mm.
A pipette is used to carefully extract floc samples, which are then observed as they settle
approximately 30 cm below the injection point, where their settling velocities are measured
and recorded.

The PSD, shape, and settling velocity of the flocs are calculated from the recorded
videos using a Python-based software package called Safas [47,52]. Safas, which stands for
Sedimentation and Floc Analysis Software, is a specialised Python module developed for
processing and analysing images and videos of flocs. This software enables users to directly
extract and analyze key data from these images, providing measurements of size, morphology,
and settling velocity in an intuitive, user-friendly format. As an open-source tool, Safas
allows users to access and customise its image processing capabilities. The built-in filters,
carefully designed and thoroughly tested, are optimised for segmenting and quantifying floc
images. These filters employ a variety of functions to deliver precise, reliable analysis, making
the software highly adaptable for both research and practical applications. The parameters
described below were derived from video observations of the flocs:
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2.4.3. Mean Diameter

Following the methodology adopted by several authors ([50,53]), the mean diameter (dm)
in micrometres (µm) was calculated as the geometric mean of the major axis diameter (dmajor)
and the minor axis diameter (dminor) of the observed objects in the images:

dm =
√(

dmajor × dminor
)

(1)

Further discussions regarding the mean floc size (particularly in organic matter-rich
flocs), floc structure, anisotropy, and uncertainties associated with 2D floc measurements can
be found in ([13,54]).

2.4.4. Aspect Ratio

The aspect ratio (AR) of the flocs was determined using their major axis diameter (dmajor)
and minor axis diameter (dminor) through the following relationship:

AR =
dmajor

dminor
(2)

2.4.5. Effective Floc Density

The effective floc density (ρ f ) was estimated under the assumption of Stokes’
law validity:

ρ f = ρw +
9ηv

2gR2
f

(3)

Here, ρw denotes the density of water, η represents the dynamic viscosity of water, v is
the settling velocity of the floc, g stands for gravitational acceleration, and R f corresponds to
the floc radius. The mean floc density was determined by averaging density values across
different floc sizes.

2.4.6. Fractal Dimension

When considering flocs as fractal entities composed of primary particles of size a, the vol-
ume fraction of solids (ϕs) within a floc is expressed as follows:

ϕs =
N.a3

R3
f

=

(R f

a

)D−3

(4)

where N is the number of solid particles in a floc, and D represents the fractal dimension. The
density of the flocs can be related to the solid volume fraction through the following:

(ρ f − ρw)

ρs
=

ϕs(ρs − ρw)

ρs
(5)

Combining the solid (clay) density (ρs) with Equations (4) and (5), the resulting expression
becomes the following:

(ρ f − ρw) = (ρs − ρw)

(R f

a

)D−3

(6)

The fractal dimension D can be derived by fitting ρ f − ρw as a function of R f , as demon-
strated by [55,56]. However, natural flocs are not true fractals. Therefore, the term “pseudo-
fractal dimension”, as suggested by [1,7], is more appropriate.
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3. Results and Discussion
Figure 2 illustrates the particle size distribution (PSD) of flocs as measured by the Malvern

Mastersizer for the different clay concentrations. As shown in Figure 2A, the median floc size
is as large as 1 mm for the highest clay concentrations. For 0.5 g L−1, the median floc size is
about 300 microns. This is due to the slow flocculation kinetics at this low clay concentration.
It was observed, for the shear rate used during the one-hour flocculation, that particles settled
at the bottom of the jar (which was not observed for the other concentrations), similarly to
what was observed in Ali et al. [19]. Figure 2B,C present the PSD based on volume and
number percentages, respectively. The peaks observed for the 1.5 g L−1 concentration in
Figure 2C differ from those of other concentrations due to the absence of particles within the
0.01–100 micron size range at this concentration. The comparison between volume-based and
particle-based statistics illustrates well the challenges faced when comparing the results of
laser diffraction methods (such as the Malvern particle sizer in the lab or the LISST in situ),
which rely on volume-based averages and video microscopy methods (such as LabsFLOC-2
or FLOCCAM), which in turn rely on number-based averages. Even though laser diffraction
enables to assess particles as small as 10 nm, it is often observed, as illustrated here, when
the data for 1.5 g L−1 are compared with the data for 1 or 2 g L−1, that the large particles
“overshadow” the smaller ones. The largest particles peak in this case with a size close to
1 mm, which might also not be representative for the correct particle size distribution of the
large-size particles, as the size peak is “smoothened” by the software [57].

Figure 2. Flocculated illite clay at different clay concentration. (A) Median floc size obtained with
Malvern ParticleSizer. (B) Volume-based particle size distribution obtained from the ParticleSizer.
(C) Number-based particle size distribution recalculated from the data displayed in (B).

Figure 3 presents the particle size and settling velocity results for flocculated illite at a
concentration of 0.5 g L−1, measured using FLOCCAM and LabSFLOC-2. In Figure 3A,D,
the FLOCCAM videos were processed with the Safas software package, while LabSFLOC-2
videos were analyzed using an image analysis tool in MATLAB. The results indicate that
the floc sizes and settling velocities are consistent between the two methods. However,
a difference in the number of flocs measured by each setup is noted, as it is clear that more
smaller flocs are recorded using the FLOCCAM. Figure 3B,E display the particle sizes and
settling velocities found from the FLOCCAM video data analyzed using both Safas and
MATLAB. The comparison between the results is in good agreement, even though the number
of smallest particles detected is higher using the Safas software. In Figure 3C,F, the LabSFLOC-
2 video is analysed using both Safas and MATLAB. The number of flocs detected is low when
using both softwares. The differences in the number of flocs recorded using either FLOCCAM
or LabsFLOC-2 is mainly due to the quality of the videos. The camera system of FLOCCAM is
of better quality than the one of LabsFLOC-2 (which is of an older generation). It is, however,
not excluded that some differences also come from variations in the number of flocs pipetted
for each video recording. We emphasise that the full lengths of the videos were analyzed for
all samples analysed (i.e., every settling floc present in each sample was measured).
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Figure 3. Comparison of floc sizes and settling velocities for flocculated illite clay at 0.5 g L−1 clay
concentration using different setups (LabsFLOC-2 and FLOCCAM) and software (Matlab and Safas).
Panels (A,D): videos obtained from LabsFLOC-2 and FLOCCAM and analysed with their respective
softwares (Matlab, Safas). Panels (B,E): video obtained from FLOCCAM analysed using the two
softwares. Panels (C,F): video obtained from LabsFLOC-2 analysed using the two softwares. Upper
panels: diagonal dashed lines representing effective density iso-lines calculated by using Stokes equation
(from left to right: 1600, 160, 16 (kg m−3)). Bottom panels: bars indicate sizes and black curves indicate
settling velocities.

The software analysis comparison shows that the flocs detected do not completely match:
with the Safas software, more small particles are detected. This results in a mismatch in
bin sizes for the [0–100] micron-size particles. The recorded settling velocities are overall
in excellent agreement. The mean settling velocity for the [0–100] micron-size particles is
higher when evaluated by Safas, confirming that the Safas video can be used to track small
mineral-rich (unflocculated or poorly flocculated) particles (usually of size close to 20 microns—
i.e., the threshold of the software). A large amount of small particles were also found using
the Malvern particle sizer (see Figure 2C. On the other hand, it appears that the MATLAB
software can better track the large particles (see Figure 3C,F). Flocs of large sizes have a large
amount of organic matter, which is optically (semi-)transparent and makes it complicated for
the software to detect flocs containing large amounts of organic matter.

The results for 2.0 g L−1 concentration are shown in Figure 4. The results are consistent
with 0.5 g L−1; however, there is an overall slight increase in floc size and settling velocities
compared to the 0.5 g L−1 case. The observations at 0.5 g L−1 (see Figure 3B,C,E,F) indicate that
the MATLAB software is more effective in tracking larger particles, while the Safas software
excels at tracking smaller particles. The settling velocity (as was the case of the 0.5 g L−1 case)
displays a slight increasing trend as function of increasing size, but it is clear that the settling
velocity cannot be approximated by a Stokes equation (which is a function of the square of
the particle size). Note that, as for the 0.5 g L−1, flocs of a larger size (above 300 microns)
roughly follow an iso-density line with a density in the range [16–160] kg m−3, corresponding
to flocculant-rich particles. This would tend to suggest that the largest flocs have a constant
density and that therefore these flocs always encapsulate the same amount of flocculant and
clay particles. Small flocs, on the other hand, have a large spread in settling velocities and
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follow no trend. The fact that flocs of very different sizes have the same settling velocity is
likely due to the collective effects as discussed in [10].

Figure 4. Comparison of floc sizes and settling velocities for flocculated illite clay at 2.0 g L−1 clay
concentration using different setups (LabsFLOC-2 and FLOCCAM) and software (Matlab and Safas).
Panels (A,D): videos obtained from LabsFLOC-2 and FLOCCAM and analysed with their respective
softwares (Matlab, Safas). Panels (B,E): video obtained from FLOCCAM analysed using the two
softwares. Panels (C,F): video obtained from LabsFLOC-2 analysed using the two softwares. Upper
panels: diagonal dashed lines representing effective density iso-lines calculated by using Stokes equation
(from left to right: 1600, 160, 16 (kg m−3)). Bottom panels: bars indicate sizes and black curves indicate
settling velocities.

The results for other concentrations are provided in Supplementary Figures S3 and S4.
The data obtained for all concentrations are summarised in Figure 5. In that figure, floc
sizes and settling velocities are obtained using the two different setups and the different
softwares. The assessment revealed, in line with the observations made above, that the Safas
software can track the smaller particles more efficiently, and the MATLAB-based approach
was more effective for the larger floc size fractions. The largest number of particles is found
for sizes below 100 microns for the FLOCCAM setup, whereas the largest amount of particles
is observed at around 300 microns for the LabsFLOC-2 setup (the particles of this size are
seen as outliers in Safas). Both setups show an increase in average settling velocity as a
function of increasing clay concentration, whereas floc sizes do not vary much over the range
of concentrations. All floc samples were created in the same way, as detailed in Section 2.
In particular, the illite clay and flocculant was mixed in all cases for one hour, allowing floc
sizes to reach a steady-state. Over time, as already studied in [58,59], flocs tend to become
denser as the strands of organic matter coil onto the clay platelets. At 2.0 g L−1, the flocculation
kinetics are the fastest and therefore flocs formed at 2.0 g L−1 clay can become denser than
flocs formed at a lower clay concentration. This implies that, for the same sizes, particles
settle faster. For flocs of smaller sizes (in the range [0–100] microns), it was already noted that
collective settling may be present. The mean settling velocity, for example, of 20 micron flocs
made of clay material, should be in the range of 0.5 mm s−1, according to the Stokes equation.
From the data for all concentrations, it can be seen that many flocs of this size settle as fast
as 10 mm s−1, which does not correspond to any realistic density. The observed collective
settling could also be partially attributed to the duration that the pipette is held in contact
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with the settling column fluid and thus the nominal number of flocs released into the clear
water of the column, relative to the ambient SSC from the suspension where the flocs were
originally created and extracted from.

It is also observed that the mean settling velocity of flocs in the [0–100] microns size
range increases with concentration when the FLOCCAM videos are analysed with Safas.
The average settling velocities are found to be 2.3, 3.7, 4.6, and 14 mm s−1 for 0.5, 1, 1.5, and
2.0 g L−1, respectively. One could argue that this increase in settling velocity is due to the
increase in density difference between the water (devoid of flocs) and the portion of fluid
containing the flocs. However, as explained above, it was also found that the settling velocities
of large flocs increases with concentration, and this is certainly also a factor to account for.

Figure 5. Comparison of floc sizes and settling velocities for different concentrations. Panels (A,D):
videos obtained from LabsFLOC-2 and FLOCCAM and analysed with their respective softwares (Matlab,
Safas). Panels (B,E): video obtained from FLOCCAM analysed using the two softwares. Panels (C,F):
video obtained from LabsFLOC-2 analysed using the two softwares.

4. Conclusions
In this work, we compare two video microscopy setups, LabSFLOC-2 and FLOCCAM,

and study floc sizes and settling velocities for four different samples made with different illite
clay concentrations but the same flocculant to clay ratio. The flocs size and settling velocities
obtained with the help of LabSFLOC-2 and FLOCCAM compare quite well with each other.
Overall, it is found that LabsFLOC-2 can better track the larger particles (because its related
software can better accommodate the low-contrast organic matter-rich flocs), and FLOCCAM
can better track the smallest ones (because the lens and camera are of better quality). By study-
ing the two floc analysis softwares more in-depth in the future, we hope to improve the floc
tracking of Safas.

In this study, we also wanted to verify whether reasonable changes in particle concen-
tration would influence the collective settling of flocs. It was found that this question could
not be well answered due to the dynamic nature of flocs and the large spread in both settling
velocity and size. However, we postulate that aspects of the collective settling effect could be
partly attributed to being a function of the duration that the flocs are initially released and
introduced into the settling column from the modified pipette for different SSCs, and slight
adjustments in this procedure could reduce collective settling. It was found that the settling
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velocity of flocs increased with clay concentration, but that the average size of flocs barely
increased. Even though all the samples were created using the same protocol, the reason
was attributed to the difference in the coiling of the organic matter that composes the flocs.
This coiling is faster when the clay concentration is higher (as the collision frequency is then
higher), and this implies that after one hour of flocculation, the flocs created with 2.0 g L−1

clay concentration were denser than the flocs created with 0.5 g L−1 of clay. For this reason,
flocs would settle faster at high clay concentrations. At the same time, the density difference
between water (devoid of flocs) and the portion of fluid containing flocs that is analysed is
increasing with clay concentration. This would also lead to an increase in settling velocity.
At this stage, it is not possible to conclude which factor is predominant, and the experiments
should be repeated with flocs of the same size and densities, at different floc concentrations.

Using an image-based device to observe suspended sediment characteristics provides a
unique opportunity to visualise and characterise the particles that comprise a certain particle
population. When compared to non-optical particle sizing instruments, particle sizing with
an image-based device like the LabSFLOC-2 and FLOCCAM provides useful information
required for the characterisation of cohesive sediment. Therefore, it is possible to determine
floc population characteristics directly without the need for extra observations or assumptions
that would be required for laser diffraction-based particle sizing devices.
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Comparison of floc size and settling velocities for 1 g/L illite clay suspension flocculated using 2.5 mg/g
anionic polyacrylamide; Figure S4: Comparison of floc size and settling velocities for 1.5 g/L illite clay
suspension flocculated using 2.5 mg/g anionic polyacrylamide; Table S1: Tap water specifications.
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