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Abstract

This thesis explored the dynamics of turbidity in Berendonck Diving Lake, Netherlands, attributed to
both anthropogenic and natural factors affecting water clarity. It contributed to the understanding of
the current state of Lake Berendonk as part of a larger system analysis, which can be used to select
appropriate restoration measures. Additionally, it provided protocols for divers to continuously measure
visibility and turbidity. The study investigated the contributions of resuspension, internal nutrient dy-
namics, and evaluated the efficacy of using coagulants to mitigate high turbidity levels. Incorporating
field measurements and laboratory analyses, the research aimed to understand the complexities of aquatic
turbidity and internal nutrient cycling. By sampling across different lake zones and depths, the research
revealed pronounced variations in water quality indicators such as dissolved oxygen, turbidity, nutrient,
and chlorophyll-a concentrations. Sediment analysis highlighted significant internal phosphorus loading
(Potential releasable P = 1.86 mg P/g DW sediment), emphasising the role of sediment in nutrient cycling
and turbidity. The application of Polyaluminium Chloride (PAC) as a coagulant demonstrated potential
in reducing turbidity levels and indicated a promising approach for water clarity restoration, specially for
higher levels of turbidity, where 4 mg Al/PAC showed a reduction in turbidity levels.



Introduction

The Netherlands, a nation characterised by its vast waterways and intricate canal systems, has a rich history
of water management and land reclamation. Over the centuries, this low-lying country has transformed
marshes, swamps, and even sections of the sea into fertile land and artificial lakes. These man-made water
bodies, numbering in the thousands, serve a myriad of functions [1]. They range from vast reservoirs
used for drinking water supply and flood control, to picturesque urban ponds enhancing the aesthetic
appeal of Dutch cities [2]. Some lakes are designed to support vibrant ecosystems, promoting biodiversity
with a combination of shallow and deep water zones, while others are oriented towards supporting popular
recreational activities such as sailing, swimming, fishing and diving [3]. However, maintaining the ecological
balance and water quality in these artificial lakes presents its own set of challenges. Among these challenges
are nutrient overloading due to runoff from agricultural lands [4], the introduction of invasive species [5],
the proliferation of harmful algal blooms [6] and the rising threat of legacy nutrients from past pollution
events [7]. All of these events contribute to the challenge of rising turbidity in aquatic ecosystems [8].
Rising turbidity levels have become a prominent concern, affecting not only the aquatic life but also the
clarity of water which has direct implications for various recreational activities [9].

Turbidity in aquatic environments primarily originates from suspended particles. These particles
can be categorised into two types: organic and inorganic [10]. The organic fraction mainly includes
phytoplankton, which are microscopic autotrophic organisms like cyanobacteria, and dissolved organic
materials (DOM) that result from the decomposition of terrestrial plants or other biological residues.
These organic compounds not only reduce light penetration but have specific absorption properties. For
instance, substances like chlorophyll absorb light mainly at wavelengths around 600 nm and below [10]. A
concerning trend is the increase in nutrient pollution, triggering harmful cyanobacterial blooms in many
shallow waters, indicative of eutrophication [11, 12]. This process involves excessive nutrients from sources
like agricultural runoff and wastewater discharge, which degrade water quality, disrupt aquatic ecosystems,
and create oxygen-depleted dead zones [13]. As a result, waters that were once clear have become turbid.
These transitions, driven by excess nutrients, negatively impact marine ecosystems and the quality of water
for human consumption and recreational activities [14]. On the other hand, inorganic particles comprise
materials such as clay like montmorillonite and kaolinite, silt, sand, and various mineral ions. Some,
especially clay particles, can alter the light spectrum due to their unique absorption traits. The combined
effects of these organic and inorganic particles lead to varying levels of light scattering and absorption,
ultimately influencing the water’s turbidity and optical properties [10].

Sources of turbidity in aquatic ecosystems include both external and internal factors [15]. Exter-
nal inputs, predominantly from fluvial erosion and inflows, introduce considerable quantities of suspended
matter into aquatic ecosystems. This influx of particulates is especially exacerbated during instances of
precipitation, where the presence of oversaturated mineral phases, such as calcium carbonate precipita-
tion, can further elevate turbidity levels [16]. In areas subjected to deforestation or extensive cultivation,
rainfall events often lead to sediment-laden run-off, amplifying the inherent turbidity of water bodies.
Anthropogenic interventions, especially mining, construction endeavours, boating, and diving activities,
intensify this sedimentary contribution, introducing a wide array of both organic and inorganic particu-
lates [17]. Beyond direct human influence, natural dynamics within water systems, such as strong currents
or wind-induced wave actions, along with the activities of bottom-dwelling species like carp and crayfish,
possess the capacity to resuspend settled particles from aquatic substrates. This reshuffles the turbidity
profile. The foraging behaviour of carp and the digging and burrowing actions of crayfish contribute sig-
nificantly [5]. Sediment resuspension has been shown to influence internal nutrient loading and turbidity
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in lakes [18]. Resuspension events release nutrients from the sediment back into the water column, en-
hancing phosphorus availability for algal blooms and contributing to eutrophication. This process not only
increases sediment nutrient release but also leads to higher turbidity levels, reducing water clarity and
affecting aquatic life. The interplay between resuspension, nutrient release, and turbidity underscores the
need for integrated lake management strategies that consider these dynamic processes [19, 20]. All these
factors, in tandem, shape the complex interplay of turbidity in aquatic environments.

A comprehensive study by The Netherlands Institute for Ecology (NIOO-KNAW) has highlighted
a critical issue affecting smaller water bodies throughout The Netherlands: a stark lack of water clarity
due to eutrophic conditions. Alarmingly, 78% of these waters fail to reach acceptable ecological quality
standards, with turbidity, duckweed, and algal proliferation being key contributors to this problem [3].
This situation is reflective of a broader challenge in the country, as reported by the European Environment
Agency, which indicates that The Netherlands has one of the poorest surface water qualities in the entire
European Union. Specifically, 40% of its lakes are in a moderate ecological status, and a concerning 60%
are classified as having poor or bad ecological status [21]. This not only signifies a nutrient imbalance
but also severely compromises water clarity, impeding recreational use and the ecological integrity of these
habitats.

To effectively tackle the issue of lake turbidity, it’s crucial to target the underlying causes of tur-
bidity as previously discussed. Over the years, a variety of strategies have been employed to mitigate
this issue, each demonstrating different levels of effectiveness [16, 22]. These methods can be classified
as physical, biological and chemical. Among the physical methods, dredging stands out, involving the
removal of accumulated sediments from the lake bed, which not only clears the turbidity-causing particles
but also restores the natural depth and ecosystem balance of the lake [23, 24]. On the biological front,
biomanipulation has been a significant approach, which involves altering the composition of aquatic species,
particularly fish populations, to reduce their impact on lake turbidity and promote a healthier ecosystem
[25, 26]. The selection of appropriate measures should be based on a comprehensive understanding of
each aquatic system. This involves conducting an in-depth assessment of the water and nutrient balance,
identifying the variety of species present, with a particular emphasis on the fish populations, and carrying
out a detailed cost-benefit analysis tailored to the system’s usage [23].

Amongst the chemical strategies is the ”Floc & Loc” method, which involves the addition of sub-
stances that can aggregate and precipitate suspended particles and limit nutrient availability, thereby
clarifying the water. The ”Floc” part of the method refers to the process of flocculation, where compounds
like aluminium salts or iron chloride are added to the water. These chemicals form structures that capture
and clump together fine particulate matter, including phytoplankton and other organic materials, which
are major contributors to turbidity and algal blooms. This aggregation forms larger particles, known as
flocs, that are more easily settled and removed through filtration. In the case that the flocs float instead
of sinking, a ballast can be used to further increase their density ans sink them. The ”Loc” component
stands for ’locking up’ of phosphorus, which is often a key nutrient fuelling algal blooms and further tur-
bidity. Here, substances like lanthanum-modified bentonite (LMB) are used to bind phosphorus in the
water column and sediments, preventing its release back into the water column and thereby limiting the
nutrient availability for algal growth [15]. Besides reducing the nutrients solid compounds such as LMB or
other solid P sorbents (e.g. natural soils) would also work as a ballast, settling the floated biomass [27].
This two-pronged approach effectively reduces turbidity by directly removing particulates and indirectly
reducing the proliferation of algal blooms through nutrient limitation [6, 28].

The dive team De Kaaiman has been actively operating in the Nijmegen area since 1969, boasting
a membership of approximately 200 members. A noteworthy feature of their diving activities is the un-
derwater house, named the ”Aquavilla”, situated in the Berendonck lake, in the municipality of Wijchen
- The Netherlands [29]. The Aquavilla underwater house not only serves as a diving spot but also stands
as a testament to the team’s commitment to advancing underwater exploration and education. This com-
mitment to education has led the diving team to search for remedies to an increasing turbidity issue over
the years as low visibility at higher depths can pose a risk to the safety of newbie divers and diminish the
educational value of the divers. The particular section of the lake frequented by the Kaaiman divers is also
a popular spot for fishermen. These fishermen often fish along the coast and sometimes utilise boats to
enhance their fishing activities. Surrounding the lake is a golf course (see Figure 2.1), which is equipped
with a drainage system. This system includes pipes that channel runoff directly into the diving area of the
lake. Its contribution to water and nutrient balance of the pond is not clear.
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Consequently, to further understand and address the low visibility problem in the Berendonck lake,
the Kaaiman team reached out to the Science Workshop at Wageningen University and Research. The
Science Shop collaborates with non-profit groups in society by organising free research projects that answer
their questions, aiming to empower these groups through scientific engagement and jointly create direct,
positive change. In response, the Science Shop has initiated projects to assist the Kaaiman Diving Team,
and this thesis aims to contribute to those efforts.

Research Questions

In the aquatic system of the Berendonck, various interrelated factors contribute to its overall health and
water clarity. From the influence of recreational activities to natural processes and anthropogenic inter-
ventions, each aspect plays a vital role in shaping the water quality and ecosystem dynamics. While many
aspects can be investigated in this case study, the following thesis will concentrate specifically on the effects
of diver-induced resuspension on water clarity, potential internal nutrient inputs impacting the system,
and evaluate the extent to which sediment contributes to the nutrient levels in the lake. Additionally, it
will explore the feasibility of using flocculants as a solution to alleviate turbidity concerns. The research
questions are:

1. What impact does internal sediment phosphorus loading have on turbidity levels and its direct con-
tribution to water clarity in the Berendonck Diving Lake?
Hypothesis: Internal sediment phosphorus loading directly increases turbidity in the Berendonck
Diving Lake by contributing to elevated chlorophyll levels and promoting algal blooms during warmer
months, which absorb and scatter light within the water column.

2. What are the spatial and temporal variations in turbidity, nutrient concentrations, and visibility
across different horizontal zones and depth profiles in the Berendonck Diving Lake?
Hypothesis: During periods of stratification, turbidity and nutrient levels increase near the water-
sediment interface, resulting in reduced visibility in the Berendonck Diving Lake. Horizontal visibility
may vary due to diver-induced resuspension of sediments.

3. How effective is Poly Aluminium Chloride as a coagulant in reducing turbidity levels in the Beren-
donck Diving Lake when applied to both the water column and the underlying sediment?
Hypothesis: PAC has the potential to reduce turbidity in the water column when applied to water
while maintaining working levels of pH and can reduce resuspension when applied to the sediment,
as well as increase sedimentation rates.
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Methods

2.1 Field Site

Lake Berendonck is a prominent recreational site situated in the municipality of Wijchen, The Netherlands,
forming part of the recreational area near Nijmegen known as Recreatiepark de Berendonck. Spanning an
area of approximately 170 hectares, this vast park offers varied amenities, including a recreational lake for
swimming spots, hiking trails, a golf course, and a smaller lake for diving and fishing activities. The lake
itself, with a surface area of 20,000 m², depicted in Figure 2.1, was formed by sand excavation activities in
the 1970s and consists of three interconnected sections. The two primary sections of interest are labelled
on the map as follows: Section A, referred to as the ”diving lake,” is the smallest of the three, identifiable
by the presence of the ”Aquavilla” house, with its deepest point reaching 17 meters, refer to Appendices
A.1. Section B, is termed the ”reference lake,” as no diving activities take place there, and shares a direct
connection with the diving lake through a shallow and narrow channel. It is also connected to a sluice which
regulates the water level of these three interconnected lakes, ensuring a consistent flow of groundwater from
south to north. Both sections A and B are adjacent to the golf course, with Section A being encircled by
it. Section A is characterised by the presence of the dive team De Kaaiman, which has been diving in the
area for over 30 years [17].

Figure 2.1: Map of Recreatiepark de Berendonck illustrating the diving lake (A), the directly connected reference
lake (B) and the recreational lake (C).

4



2.2 Sampling and Field Measurements

Sampling and field measurements were divided between the members of the AEW chair group and the
Kaaiman divers. The AEW team collected samples that required detailed laboratory evaluations and also
managed the more intricate field assessments. Meanwhile, the divers were responsible for conducting direct
on-site evaluations, with an emphasis on visibility measurements and on-site turbidity experiments.

2.2.1 AEW Team

Sonar measurements of the lake bed’s topography were carried out with a GPS chartplotter (Lowrance
HDS7) onboard a boat that navigated in a zig-zag pattern across the lake. This approach aimed to maximise
coverage and enhance the resolution of the sonar data by traversing the area in narrowly spaced lines. To
analyse the lake bed’s topography, linear interpolation was employed using Python’s SciPy library. This
method was chosen for its computational efficiency and effectiveness in estimating depth values across the
lake’s bottom, providing a detailed bathymetric contour map based on the gathered sonar data.

To assess the extent of deep and shallow regions in the lake, the linear interpolation technique
outlined previously was employed to generate precise contour lines for depths above and below the 4-
meter mark. As there is no general consensus as what constitutes a shallow or deep areas of a lake, a
4-meter mark as chosen because it reflects the depth of location 2. The depth delineation was visually
distinguished by employing two distinct colours to represent areas with a depth of up to 4 meters (light
blue) and those exceeding 4 meters (dark blue). The image was without any background colour. The image
was converted into a numpy array, and each pixel was categorised as either ‘dark_blue‘ or ‘light_blue‘
based on its colour intensity, using a threshold derived from the image’s average grayscale value. Then,
the script computed and presented the proportions of pixels falling into each category, thereby providing
a quantitative assessment of the depth variation (over and under 4 meters) across the lake.

Sampling and filed measurements were conducted across three locations, each selected to represent
different aspects of the lake’s ecosystem: (I) the deepest point near the underwater house, to capture
the primary sediment deposition zone; (II) a shallower area near the connection between the diving lake
and the reference lake, to understand the influence of external water sources; and (III) a representative
spot in the reference lake which has no diving activity, Figure 2.2. To assess the water quality and its
spatial and temporal variability, we carried out water sampling at these designated locations during the
months of November and December of 2023, and January of 2024. In location 1, water samples were
collected at vertical intervals of 2 meters, from the surface down to the sediment interface, using UWITEC
water samplers. Surface water was collected at Location 2 and Location 3. Additionally, Secchi disk
measurements, electrical conductivity (EC) (Hach E1103), and dissolved oxygen (DO) (Hach DO013) were
measured at each location. During the fieldwork done on the 12.12.2023, surface water was collected from
a fourth location - an inflow drainage pipe that was operational during the fieldwork.

To investigate internal nutrient loading, six sediment cores were collected from locations 1 and 2,
and four sediment cores from location 3. Due to sampling error, 2 cores were lost at location 3. Sampling
was done with the use of sediment cores (60 cm height, 6 cm diameter) using a UWITEC gravity corer
once the lake’s water was confirmed to be in a mixed state, ensuring the bottom layer was not anoxic. This
timing ensured that the sediment samples represented typical oxygenated lake conditions. This approach
facilitates clearer comparisons with induced anoxic conditions in the laboratory, aiding the understanding
of oxygen’s impact on sediment nutrient dynamics. Concurrently, one additional sediment core was sampled
from each of the three locations and sliced into three sections; 0 - 5 cm, 5 - 10 cm, 10 - 15 cm.

2.2.2 Diving Team

To assess the impact of re-suspension in the lake, divers from the club De Kaaiman conducted underwater
observations. A protocol was established wherein divers measured both the vertical and horizontal visibility
of the water at various depths and locations using a Secchi disk. Alongside these visibility measurements,
the divers collected water samples for analysis of turbidity using a turbidity meter at the diving site.
Secchi disk measurements were taken before any diving activity to establish a baseline and after divers
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Figure 2.2: Map of Recreatiepark de Berendonck illustrating the locations chosen for sampling. Location I: the
deepest part of the lake, location II: a shallower part with connection to the reference lake, location III: Reference
Lake.

conducted their activities to evaluate the degree of sediment disturbance. By comparing the visibility
measurements pre- and post-diving, it was possible to determine the impact of diver-induced re-suspension
on water clarity. Moreover, the goal was to identify if there are areas of the lake’s sediment that have higher
re-suspension rates. The divers utilised standardised equipment and protocols, Appendices A.1, ensuring
consistency across all measurements.

2.3 Laboratory Analysis

2.3.1 Water

Laboratory analyses of the water samples focused on key water quality indicators including turbidity,
suspended solids, chlorophyll-a concentrations, and both filterable and total nutrients. After collection,
the samples were analysed on the same or the following day and were kept in the fridge at 4 °C until
analysis. The determination of pH was done by a glass electrode (WTW Sentix 41). Electrical conduc-
tivity, indicative of the water’s ionic activity and salinity, was measured using a conductometric electrode
(WTW Tetracon 325), chlorophyll-a was determined through spectrophotometry (WALZ PHYTO-PAM),
and turbidity was measured by a turbidity meter (Hach 2100P). Filtered (GF/F, 0.45 µm) and unfiltered
50 mL subsamples were stored in the freezer at -17°C until nutrient analysis (total nitrogen (TN), ammonia
(NH3), nitrite (NO2

– )/nitrate (NO2
– ), ortho phosphate (PO4) and total phospate (TP)) with a segmented

flow autoanalyser (SFA) (Skalar - SAN++).
Suspended solids (dry and ash weight) were measured by filtering the water samples through a

GF/F filter (0.45 µm), weighing them after drying at a controlled temperature of 105°C overnight to
obtain the dry weight (Mdry), and incinerating at 520°C for 3 hours to measure the ash weight (Mash),
refer to formulas 2.1 and 2.2. The filters were weighted , dried and incinerated on a aluminium dish. The
weight of the filters and aluminium dish was initially determined after drying them at 550°C for 3 hours
to obtain their initial weight (M0). The volume of filtered water depended on the volume that it took to
saturate the filter and it varied by sample, this volume was measured with a measuring cylinder (V).

DW (g/L) =
Mdry −M0

V
(2.1)

AW (g/L) =
Mash −M0

V
(2.2)
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2.3.2 Sediment Cores

Following collection, the sediment core samples were incubated in a controlled laboratory setting; at 4
- 7 °C and darkness. They were stored in a temperature-regulated environment set to reflect the lake’s
average bottom temperature during the warmer months, which is the typical period for anoxia. To mimic
the low-light conditions of the hypolimnion during stratification, which often leads to anoxic conditions,
the cores were kept in complete darkness. Three cores from each location were purged with nitrogen gas
until through a stone diffuser O2 concentration was lower than 0.5 mg/L to create an anoxic atmosphere,
displacing oxygen to cease aerobic processes. This anoxic environment was critical to studying the dynamics
of phosphorus release and its chemical speciation in conditions conducive to eutrophication [30]. If oxygen
levels in the anoxic cores exceeded 0.5 mg O2/L, nitrogen was bubbled to lower the concentration to 0.5
mg O2/L or less. Conversely, another set of three cores from each location was maintained under oxic
conditions.

Once a week, over a period of four weeks, 40 mL samples of supernatant were collected from each core
for analysis. 20 mL of these samples were filtered through a 0.45 µm unit filter for ortho-phosphate (P-PO4)
measurements. Additionally, parameters such as turbidity, pH, oxygen (concentration and saturation),
and electrical conductivity (EC) were monitored in the water column of each core. The analysis of the
supernatant was consistent with the methodology applied to the water sample analysis described earlier
in section 2.3.1. After each sampling event, 40 mL of distilled water was added to the cores to replace the
volume removed. The collected samples were then stored at -17°C in a freezer until nutrient analysis could
be conducted with the SFA (Skalar - SAN++).

To quantify ortho-phosphate (P-PO4) concentrations in water samples from the sediment cores, a
molybdate assay through spectrophotometric method was employed, utilizing a calibration curve estab-
lished with eight phosphate standards of known concentrations. For the preparation of the phosphate
reagent solution, a mixture of Solution A (Ammonium Molybdate and sulfuric acid) and Solution B (An-
timony Potassium Tartrate) was combined with Ascorbic acid. Samples were processed by adding 0.5
ml of the phosphate reagent solution to 4.5 ml of each water sample, followed by thorough mixing. The
absorbance was then measured at 690 nm after a 12-minute incubation but within 40 minutes to ensure
accuracy. The calibration curve, plotted with phosphorus concentration against absorbance, was gener-
ated in Excel, and a linear regression equation derived from this curve was used to calculate the unknown
phosphorus concentrations in the water samples.

To calculate the flux per day (d) per area in meters (a), the difference between mean P-PO4 (ug/core)
of the cores of the last day of the experiment (P2) was subtracted from the mean value of the first day
of the experiment (P1) and divided by the area of the core and the number of days the experiment ran,
Equation ??.

P2− P1

a · d
(2.3)

For Location 1, to calculate the annual P-PO4 release, we assumed that the deep part of the lake is
under oxic conditions for 90 days of the year and under anoxic conditions for 275 days of the year. We also
took into account the analysis of the bathymetric contour map of the lake to determine shallow (under 4
meters depth) and deep parts (over 4 meters depth) of the lake, represented in Equations 2.4.

S = Dmix ×Roxic +Dstrat × (Adeep ×Ranoxic +Ashallow ×Roxic) (2.4)
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S : Total annual sediment release per square meter (µg)
Dmix : Number of days the lake is in a mixed state
Dstrat : Number of days the lake is in a stratified state
Adeep : Proportion of the lake that is deep

Ashallow : Proportion of the lake that is shallow
Roxic : Sediment release rate under oxic conditions (µg/m²/day)

Ranoxic : Sediment release rate under anoxic conditions (µg/m²/day)

2.3.3 Sediment Fractions

To understand the sediment composition and its potential environmental impact, dry weight measurements
were conducted to establish a baseline for the other analyses, allowing for comparisons and calculations
on a uniform basis. The determination of density provided insights into the sediment compaction and its
potential for water and nutrient retention. Loss on drying (LOD) at 105 °C and Loss on Ignition (LOI) at
550 °C was employed to quantify the amount of water and volatile organic matter, which plays a role in
the sediment’s chemical reactions and its influence on water quality. Furthermore, a sequential phosphorus
extraction (according to Psenner procedure was done on a sample from each location at each sediment
fraction to determine the total phosphorus load in the sediment that may potentially be released into the
water as conditions change.

LOI and LOD

Known quantities (aprox. 5g) of the sediment were dried in crucibles at 105 °C for 48 hours, and the mass
loss was calculated as per Equation 2.5, where M0 is the initial mass in grams of the initially weighed
crucibles, and Mdry is the mass after drying. The dried samples were then ignited at 550 °C for 3 hours,
and the mass loss was determined following Equation 2.6, with Mash being the mass after ashing.

LOD(%) =
M0 −Mdry

M0
· 100% (2.5)

LOI(%) =
Mdry −Mash

Mdry
· 100% (2.6)

Density

To accurately measure sediment density, the soil was first thoroughly mixed to ensure consistency through-
out the experiment. A 10 mL syringe, modified by cutting off the narrower end, was used to precisely
determine both the volume and mass of the sediment. The final volume of the syringe after being cut was
9.5 mL. Careful attention was given to filling the syringe to the 9.5 mL mark with sediment, ensuring no air
pockets remained that could skew the results. Once filled, the syringe packed with sediment was weighed
on a digital scale. The mass of the sediment was calculated by subtracting the weight of the empty syringe,
previously recorded, from the weight of the syringe now containing sediment. The density was calculated
by using the formula:

density = mass(g)/9.5mL (2.7)

Sequential Extraction

To investigate soil phosphorus (P) fractions and sorption dynamics, a sequential extraction following AEW
protocol based on the Psenner extraction method [31] was conducted, refer to Appendices A.3 for the full
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procedure. A sub-sample (4g) from each core fraction was treated with solutions of increasing strength,
sequentially releasing P for analysis at each step, detailed in table 2.1. The procedure began with extracting
loosely adsorbed P, followed by redox-sensitive P from Fe-hydroxides and Mn-compounds, and then P
bound to metal oxides. Further steps released inorganic P from carbonates and organic P, with the final
acid digestion yielding total P, including refractory forms.

Table 2.1: Phosphorus Partitioning via Sequential Extraction: Detailing the methodologies used in sequential
phosphorus extraction and their associations with the material’s distinct phosphorus reserves. SRP: soluble reactive
phosphorus and TP: total phosphorus.

Phase Solution P-analysis Corresponding sorbent substrate
1 O2-free distilled water SRP Fe & CaCO3 surfaces; loose
2 O2-free 0.11 M Na2S2O4/NaHCO3 SRP & TP Fe-hydroxides & Mn-compounds
3 0.1 M NaOH SRP & TP Clay-minerals & metal(Al)-oxides, organic P
4 0.5 M HCl SRP & TP Carbonates & P-containing minerals
5 2 M H2SO4 SRP Refractory P

Equation 2.8 was used to calculate the amount of P (TP and P-PO4) in the sediment fractions in
mg P/g sediment). The results from 2.3.3 were used to determined the dry weight (DW) of the sediment.

Psed =
[Pf ]× Vextract

DW
(2.8)

In which Psed = [P] in sediment (mgPg−1DW ), Pf = [P] in fraction (mgPmL−1), Vextract = volume
extractant (mL), DW = dry-weight sediment (g).

The potentially releasable phosphorus (P) from the top 10 cm of the sediment comprised the sum
of the first three phases of the sequential extraction: pore water P, Fe/Mn-bound P, reductively soluble
organic P, and organic P.

2.4 Coagulant Experiment

2.4.1 Water

Water samples, encompassing the observed range of turbidity in the lake, were treated with Poly Aluminium
Chloride (CALDIC - CALFLOCK P-14. 1.33g/cm3, 7.2% Al). The selection of turbidity levels for the
study was based on the lowest and highest readings recorded during the sampling period. The lowest
turbidity, measured in the surface water, was approximately 2.6 Nephelometric Turbidity Units (NTUs).
To replicate higher turbidity conditions, plankton was concentrated using a seston net with a 45 µm mesh,
resulting in a turbidity of 23.4 NTU. This water was then passed through a 125 µm sieve to eliminate
larger particles that quickly settle, ensuring the remaining turbidity more accurately reflected the general
conditions of the water column, which adjusted the turbidity to 13 NTUs. An intermediate turbidity
level, approximately 6 NTUs, was established by mixing samples with turbidities of 2.6 and 13 NTUs.
Consequently, the turbidity levels tested were 2.59, 6.30, and 13.30 NTUs. To evaluate the efficacy of PAC
at these turbidity levels, five concentrations of PAC (0, 1, 2, 4, 8, and 16 mg Al/L) were added in 100 ml of
water sampled using 100 mL glass tubes. Following PAC treatment, the samples were allowed to settle for
1 hour, after which 10 mL samples from the top and from bottom of the tubes were collected and analyzed
for turbidity. Measurements of electrical conductivity (EC) and pH were also performed before and after
the flocculation process, directly within the tubes and followed the same procedure as the water analysis
in section 2.3.1.
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2.4.2 Sediment

To assess the efficacy of PAC directly applied to the sediment, four sediment cores from location 1 were
reserved for this experiment. Two cores were designated to investigate the impact of PAC in the sediment,
and two were employed as controls. A specific concentration of PAC was selected, based on the average
internal phosphorus (P -PO4) loading of location 1, deduced from the sediment core experiment described
in 2.3.2. PAC was added in a molar Al:P ratio of 10:1 ([32]) resulting in 30.56 mg of PAC were added
per core. The introduction of PAC to two cores was performed utilizing a syringe needle connected to a
syringe through a tube. This tube was stabilised with a metal rod to aid in the needle’s penetration into
the sediment. PAC was evenly administered within the first 10 cm of the sediment. Following application,
PAC was allowed to react for 30 minutes. The sediment was subsequently resuspended for one minute by
the bubbling of O2 on the first centimetres of the sediment’s surface. The same flow of O2 was used for
all cores. Turbidity levels were measured prior to the experiment’s initiation, during the resuspension of
the sediment, and at 15 and 30 minutes post-resuspension. pH levels were measured at the end of the
experiment. The methods for turbidity and pH measurements followed that of section 2.3.1.

2.5 Data Analysis

Microsoft Excel was used to clean, analyse, and prepare the data. Python 3 and Latex were used to
visualise the data through graphs and tables and to perform all statistical analysis. Statistical analysis
consisted of simple descriptive and inferential statistics.
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Results

3.1 Lake Profile

The bathymetric survey of the lake, as represented by Figure 3.1, shows a depth gradient with a maximum
measured depth of 16.8 meters. The spatial distribution of depth indicates a central basin, with the
deepest point located towards the northern quadrant. Shallower regions predominantly skirt the southern
and eastern perimeters of the lake, where depth readings rapidly ascend from deep blue to red on the colour
scale. Contour lines are denser around the deep central area, suggesting a steep-sided depression, while
more widely spaced lines towards the edges imply a gentler incline of the lakebed. No significant anomalies
were observed in the peripheral shallows, indicating a consistent slope from the banks towards the central
highest depth point.

Figure 3.1: Bathymetric contour map of the diving lake illustrating depth variations, with the deepest point centrally
located, highlighted by a steep gradient from red (shallow) to blue (deep). Contour lines indicate the topography
of the lakebed, with the colour scale representing depth in meters.

The adjusted depth profile of the diving lake followed by pixel analysis estimated that 67.25% of
the lake’s surface area is comprised of deeper waters, indicated by dark blue colouring, while the remaining
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32.75% constitutes the shallower regions, marked in light blue. This quantitative assessment is based on a
depth threshold of 4 meters, as shown in the contour mapping in Figure 3.2.

Figure 3.2: Adjusted Depth Profile of diving lake, highlighted in light blue colour are the areas with depths up to
4 meters (shallow zones) versus those deeper than 4 meters, in dark blue colour. Dark blue pixels: 67.25%, Light
blue pixels: 32.75%.

3.2 Water

The analysis of water samples taken from Berendonck Lake on November 23, 2023, as presented in appen-
dices Table A.1, revealed that a decrease in dissolved oxygen levels and temperature with increased depth,
with hypoxic conditions observed below 11 meters at Location 1. Concurrently, turbidity levels notably in-
tensified beyond 11 meters, aligning with an increase in chlorophyll-a concentrations at the greatest depths
sampled, Figure 3.3. The pH across the samples remained relatively consistent, ranging from 6.6 at the
surface to 7.15 at a depth of 16 meters. Electrical conductivity showed variations from 382 to 428 µS/cm,
suggesting changes in ionic composition with depth.

The evaluation of aquatic samples obtained on December 12, 2023, demonstrated a more homoge-
neous water column at Location 1, in contrast to the heterogeneity observed in the preceding assessment,
appendices Table A.2. Values for O2, temperature, chl-a pH and EC presented minimal variations with
increasing depth. Turbidity, TSS and VSS were generally low, except for a notable spike at the 16-meter
depth, where values rose sharply. Oxygen levels gently declined from 5.03 mg/L at the surface to 3 mg/L
at 14 meters.

The parameter measurements taken from samples collected on January 25, 2024, at Location 1
showed minor variations with depth, appendices Table A.3. From the surface down to a depth of 16
meters, there was a slight decrease in both temperature and oxygen levels. Specifically, the temperature
dropped from 5 °C to 4.6 °C, and the oxygen concentration decreased from 8.15 mg/L to 7.46 mg/L. pH,
EC, TSS, VSS and chl-a showed no significant variations across depth. Turbidity values peaked at a depth
of 6 meters at 5.59 NTU.

Figure 3.3 displays the variation in temperature and O2 levels at different depths recorded during the
three distinct sampling events. In the first sampling event (continuous line), there is a pronounced reduction
in both temperature and O2 concentrations between the depths of 10m and 12m. For the second event
(dashed line), the temperature remains relatively stable across depths, with a sudden decline around 11
meters, whereas O2 levels decrease steadily after 6 meters. The third event (dash-dot line) shows a gradual
decrease in temperature with increasing depth and a consistent drop in O2 concentrations throughout the
water column.
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Figure 3.3: Temperature (°C) and oxygen concentration (mg/L) profiles at various depths at Location 1 of the
diving lake, recorded on the three different sampling dates.

Figure 3.4 illustrates the profiles of turbidity and chlorophyll-a (chl-a) at different depths during the
three sampling events. During the first sampling event (continuous line), there was a significant peak in
turbidity at around 14 meters depth, with a corresponding peak in chl-a concentration at approximately
the same depth. The second event (dashed line) displayed a slight peak in turbidity at 6m before gradually
decreasing until 14 meters, while chl-a showed a modest increase in values until 11 meters followed by a
sharp decrease from 11 to 14 meters. The third event (dash-dot line) demonstrated similar trends for both
turbidity and chl-a: a gradual decrease in concentrations with increasing depth.

Figure 3.4: Vertical profiles of turbidity (NTU) and chlorophyll-a (µg/L) concentration at Location 1 of the diving
lake, captured on the three different sampling dates.

Total phosphorus (TP) and phosphate (P-PO4) levels remained relatively unchanged throughout
the water column for all three sampling events, with P–PO4 generally below 50 µg/L and TP generally
below 0.1 mg/L, refer to Table A.4, Table A.5 and Table A.6 in the appendices. However, an exception
occurs in the samples from November 23, 2023, where both phosphorus species show a rapid increase after
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12-meter depth, as illustrated in Figure 3.5. P–PO4 levels increase from 24.8 µg/L at 11 meters to 470.52
µg/L at 14 meters and 422.76 µg/L at 16 meters. Similarly, TP levels increase from 0.03 mg/L at 11
meters to 0.48 mg/L at 16 meters. These results coincide with the presence of a thermocline and oxicline
after the 11-meter depth, as shown in Figure 3.3.

Figure 3.5: Vertical profiles of P-PO4 (µg P/L) and TP (mg P/L) concentration at Location 1 of the diving lake,
captured on the three different sampling dates.

Total nitrogen (TN), ammonia (NH3), and nitrite-nitrate (NO2
− − NO3

−) concentrations are pro-
filed from the surface down to a depth of 16 meters, based on three sampling events, Figure 3.6. The
concentration of TN shows an increasing trend from the surface downwards, with the highest levels gener-
ally occurring at greater depths. Notably, on November 23 and December 12, 2023, TN levels rise sharply
after 11 and 14 meters depth respectively. Ammonia concentrations are consistently below 1 mg N/L from
the surface down to 11 meters, after which there is a similar trend to TN rise. With the exception of
the samples from January 25, 2024, nitrite-nitrate levels remain generally below 0.4 mg N/L at all depths,
there was a notable sharp decrease in concentration for samples from December 12, 2023 after the 12-meter
mark.

14



Figure 3.6: Vertical profiles of TN (mg N/L), Ammonia (mg N/L) and Nitrite Nitrate (mg N/L) concentration at
Location 1 of the diving lake, captured on the three different sampling dates.

An ANOVA analysis was conducted across the various water quality parameters (including dissolved
oxygen, pH, and turbidity) across the three locations (Figure A.7) and it showed no statistically significant
differences, with all p-values well above the conventional threshold of 0.05. However, the reliability of
these results may be compromised by the small sample size of only three observations per location, which
limits the statistical power of the tests and the precision of the variance estimates. The results from the
sample collected at the inflow drainage pipe did not show major differences from the other three locations.
However, even if presenting small differences, values of Total P and P-PO4 were about 50% higher when
comparing surface water from Location 1 and the water from the drainage pipe, refer to Table A.5.

Unfortunately, due to the cold weather and the time required to integrate new diving practices, such
as sample collection and Secchi disk measurements, the Kaaiman divers were not able to collect extensive
data. Diving events took place on three dates: March 3, 2024; March 9, 2024; and April 1, 2024 and were
concentrated on locations around the underwater house at Location 1. During the last dive, we learned
more about the adaptations the diver are making to be able to carry out the field measurements in a more
efficient way. As of that date, they had made a support for the collection bottles and another support for
the secchi disk to be attached to their suits, leaving their hands free. None of the measurements were taken
before and after diving activities on the same diving event, so the comparison of those results cannot be
done. Some of the measurements are also incomplete. The available data is presented in Table 3.1. The
recorded horizontal visibility ranged from 1.35 to 3.25 meters, vertical visibility from 2.4 to 3.2 meters,
and turbidity readings from 1.57 NTU to 6.73 NTU. Up to a depth of 4 meters, the average horizontal
visibility was 1.51 meters, the average vertical visibility was 2.60 meters, and the average turbidity was
2.68 NTU. At depths greater than 4 meters, the average horizontal visibility was 2.48 meters, the average
vertical visibility was 2.87 meters, and the average turbidity was 4.00 NTU.
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Table 3.1: Visibility (m) (horizontal and vertical) and turbidity (NTU) measurements taken by the members of the
Kaaiman diving team during the months of March (M) and April (A) of 2024.

Depth (m) Month Horizontal Vis. (m) Vertical Vis. (m) Turbidity (NTU)
1 M - - 1.84
1 M - - 4.8
3 A 1.66 2.6 1.57
4 M 1.35 2.6 2.51
6 M 3.3 2.4 -
6 A 1.7 2.7 3.47
6 A 1.66 2.6 5.76

7.6 M 2.15 3.25 1.71
8 A - - 5.75
9 M 2.35 3.2 2.29
9 A - - 2.2

9.5 M 2.9 2.8 4.1
10 A - - 6.73

3.3 Sediment

Orthophosphate (P − PO4) concentration in cores taken from Location 1 increased each week during the
four weeks of the sediment core experiment. Cores maintained under anoxic conditions exhibited a higher
overall increase in P − PO4 concentration compared to cores kept in oxic conditions, as shown in Figure
3.7. Values from anoxic cores reached P −PO4 averaged concentration levels of 363.65 µg/L (SD = 130.36)
at the end of week 4, compared to 172.65 µg/L (SD = 23.66) for oxic cores during the same period. This
pattern was not observed at Location 2, Figure 3.8, where the concentration of P-PO4 also increased from
week one onwards but exhibited a much lower range of values at the end of week 4, 14.20 µg/L (SD =
12.12) for anoxic cores and 16.32 µg/L (SD = 5.61) for oxic cores. Results from Location 3 showed that
(P-PO4) concentrations rose to 151.08 µg/L (SD = 199.57) in the anoxic cores while levels of (P-PO4) in
the oxic cores remained almost unaltered 19.38 µg/L (SD = 14.52), Figure 3.9.

Figure 3.7: Averaged phosphate concentration (P-PO4 µg/L) in the water column of three anoxic and three oxic
cores from Location 1 over a time of four weeks.The error bars indicate variability within the dataset.
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Figure 3.8: Averaged phosphate concentration (P-PO4 µg/L) in the water column of three anoxic and three oxic
cores from Location 2 over a time of four weeks. The error bars indicate variability within the dataset.

Figure 3.9: Averaged phosphate concentration (P-PO4 µg/L) in the water column of two anoxic and two oxic cores
from Location 3 over a time of four weeks. The error bars indicate variability within the dataset.

In Figure 3.10, the observed fluxes indicate distinctive patterns across the sampled locations. For
Location 1, anoxic conditions yielded a markedly high phosphate flux, surpassing 4000 ug ·m−2 ·d−1, which
starkly contrasts with the lower flux recorded under oxic conditions. Location 2 showed little variation
between oxic and anoxic conditions with values under 80 ug · m−2 · d−1. Meanwhile, Location 3 showed
high values for anoxic conditions around 2000 ug ·m−2 · d−1. The annual P-PO4 release based on values
from the sediment core analysis from Location 1 and Location 2, using Equation 2.4, was calculated to be
0.759 g ·m−2 per year.
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Figure 3.10: Comparative analysis of mean daily phosphate flux (P −PO4 in mg ·m−2 · d−1) across three locations
(LOC1, LOC2, LOC3), contrasting oxic and anoxic environmental conditions, with error bars representing the
standard deviation of the mean.

An analysis of Figure 3.11, Figure 3.12, and Figure 3.13 reveals a consistent trend in the variation of
organic matter content with sediment depth at the three different locations. The data revealed an inverse
relationship between both Loss on Ignition (LOI) and Loss on Drying (LOD) with density. As presented in
Table A.8, a decrease in LOI percentages with increasing depth was evident across all three locations: from
90.27% to 64.10% in Location 1, 82.88% to 76.64% in Location 2, and from 74.06% to 52.32% in Location
3. Concurrently, soil density increased with depth, from 1.06 to 1.21 g/mL in Location 1, 1.09 to 1.22
g/mL in Location 2, and 1.13 to 1.21 g/mL in Location 3, concurrent with a decrease in LOD associated
with greater soil compaction.

Figure 3.11: Left - Dual-axis bar graph showing Loss on Drying (LOD) and Loss on Ignition (LOI) as percentages.
Right - line graph showing sediment density, for three sediment depth fractions at Location 1.

Figure 3.12: Left - Dual-axis bar graph showing Loss on Drying (LOD) and Loss on Ignition (LOI) as percentages.
Right - line graph showing sediment density, for three sediment depth fractions at Location 2.

18



Figure 3.13: Left - Dual-axis bar graph showing Loss on Drying (LOD) and Loss on Ignition (LOI) as percentages.
Right - line graph showing sediment density, for three sediment depth fractions at Location 3.

The potential releasable phosphorus (PRP) from the top 10 cm of sediment from Location 1 (1.853
mg P/g DW sediment) is over three times higher than that from Location 2 (0.592 mg P/g DW sediment)
and almost six times higher than from Location 3 (0.250 mg P/g DW sediment). The difference between
Location 2 in the diving lake and Location 3 in the reference lake becomes more significant when considering
that the depth of the collected sediment was about 5 meters at Location 2 and about 10 meters at Location
3.

Figures 3.14 to Figure 3.16 display the concentrations of six identified forms of phosphorus, each
allocated to a specific phase, across different depths of sediment. These figures can be used to understand
the potential availability of phosphorus for biological processes in the sediment, as some forms are more
readily available than others. Table A.9 in the appendices distinguish the values of these six phases into
the PRP phase and refractory phase.

The highest phosphorus concentrations are consistently found in the top 0-5 cm layer of sediment at
all three locations, with a notable decrease in concentration as depth increases, indicating that phosphorus
is most readily available near the sediment-water interface. At Location 1, PRP is the predominant form
from 0 to 10 cm depth, suggesting that Al and Ca metals may play a crucial role in phosphorus binding in
the sediment, thereby influencing its bio-availability and potential for release. Location 1 has the highest
concentrations of both potentially releasable phosphorus (PRP) and refractory phosphorus, indicating a
greater potential for phosphorus mobility. In contrast, Locations 2 and 3 exhibit lower PRP concentrations,
implying a reduced risk of phosphorus mobilisation from the sediments. Furthermore, Locations 2 and 3
have a larger proportion of Refractory P compared to PRP, indicating that the phosphorus present is
predominantly in a more stable and less bio-available form.

Figure 3.14: Distribution of phosphorus phases across sediment depths (0-5 cm, 5-10 cm, 10-20 cm) from Locations
1. Phase 1 = Pore water, Phase 2 = Fe, Mn bound P, Phase 3 = NRP (Non-reactive phosphorous) NaOH, Organic
P, Phase 4 = SRP (Soluble reactive phosphorous) NaOH Al/Ca bound P, Phase 5 = Carbonates and P-Containing
Minerals, Phase 6 = Refractory P.
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Figure 3.15: Distribution of phosphorus phases across sediment depths (0-5 cm, 5-10 cm, 10-20 cm) from Locations
2. Phase 1 = Pore water, Phase 2 = Fe, Mn bound P, Phase 3 = NRP (Non-reactive phosphorous) NaOH, Organic
P, Phase 4 = SRP (Soluble reactive phosphorous) NaOH Al/Ca bound P, Phase 5 = Carbonates and P-Containing
Minerals, Phase 6 = Refractory P.

Figure 3.16: Distribution of phosphorus phases across sediment depths (0-5 cm, 5-10 cm, 10-20 cm) from Locations
3. Phase 1 = Pore water, Phase 2 = Fe, Mn bound P, Phase 3 = NRP (Non-reactive phosphorous) NaOH, Organic
P, Phase 4 = SRP (Soluble reactive phosphorous) NaOH Al/Ca bound P, Phase 5 = Carbonates and P-Containing
Minerals, Phase 6 = Refractory P.

3.4 Coagulant Experiment

3.4.1 Water

The application of PAC to water is presented in Figures 3.17, 3.18, and 3.19 for initial turbidity concen-
trations of 2.59 NTU, 6.3 NTU, and 13.3 NTU, respectively. The dark grey bars represent the levels of
turbidity at the top of the water column, while the light grey bars represent the levels of turbidity at the
bottom. For the lowest concentration of turbidity (2.59 NTU), PAC only had a significant effect at the
highest dosage of 16 mg Al/L, where the turbidity at the bottom increased to 50.7 NTU, as referred to in
Table A.10 in the appendices. For an initial turbidity level of 6.3 NTU, PAC showed a significant effect
at dosages of 8 and 16 mg/L. It can be observed from Figure 3.19 that, at a turbidity level of 13.3 NTU,
PAC had an effect across all dosage levels. To better visualise these differences, Figures 3.17, 3.18, and
Figure 3.19 were presented with separated y-axis scales in Figures A.2, A.3 and A.4 in the appendices.
From Figure A.4, it becomes clearer that turbidity levels at the top decreased by less than half the initial
value with the application of 1 mg/L of PAC. Variations in pH were similar for all initial turbidity levels,
a decrease in pH due to increasing levels of PAC, with pH rapidly decreasing at concentration of 8 and
16 mg/L (min. pH 6.57). EC values did not vary significantly with PAC concentration and were more
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dependent on the initial turbidity level.

Figure 3.17: Turbidity values at the top (dark grey bars) and bottom (light grey bars) of the water column coupled
with pH levels against varying concentrations of PAC in mg/L for an initial turbidity of 2.59 NTU.

Figure 3.18: Turbidity values at the top (dark grey bars) and bottom (light grey bars) of the water column coupled
with pH levels against varying concentrations of PAC in mg/L for an initial turbidity of 6.3 NTU.
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Figure 3.19: Turbidity values at the top (dark grey bars) and bottom (light grey bars) of the water column coupled
with pH levels against varying concentrations of PAC in mg/L for an initial turbidity of 13.3 NTU.

3.4.2 Sediment

Water samples from cores with sediment treated with PAC (Cores C1 and C3) exhibited lower turbidity
levels both during sediment resuspension (T1) and at the measured intervals of 15 and 30 minutes (T2
and T3), Table A.11. The average turbidity values for cores treated with PAC and those untreated
followed the same trend; however, the treated cores consistently exhibited lower turbidity during and after
sediment resuspension. Notably, the turbidity levels of the treated cores that were allowed to settle for 30
minutes post-resuspension approached the initial pre-treatment and pre-resuspension values. This trend is
illustrated in Figure 3.20.

Figure 3.20: Changes in averaged turbidity levels over time in sediment treatment experiments with PAC and
control samples at Location 1. Error bars indicate the variability in turbidity readings at specific time intervals post-
treatment. T0 = pre-application of PAC, T1 = during resuspension event, T2 = after 15 minutes of resuspension
event, T3 = 30 minutes after resuspension event.
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Discussion

4.1 Water Quality

The results from November 2023 suggest that the lake experiences stratification, likely occurring during the
spring and summer months, continuing until December. A clear stratification is observed beyond a depth
of 11 meters, indicated by the presence of a thermocline and an oxicline [compare with mikes]. During this
period, the lake’s deeper layers see an increase in turbidity due to the absence of mixing in the water column.
This condition of high turbidity could be exacerbated by resuspension events, leading to persistently high
turbidity levels in the hypolimnion layer [17]. Further, the high nutrient levels observed at a depth of 14
meters point to active nutrient cycling within the lake, involving both the water column and the lake’s
sediment. In this environment, colder anoxic waters promote the release of phosphorus and ammonia.
High nutrient levels from internal nutrient loads, combined with high light conditions during spring and
summer, pose a risk that the lake becomes eutrophied, increasing water clarity problems. This potential
for eutrophication is further exacerbated by the fact that warmer temperatures can enhance algal blooms,
which may deplete oxygen in the water, leading to negative impacts on aquatic life and further degradation
of water quality [33, 34]. During the winter, the profiles indicate a trend toward destratification, marked
by more uniform temperature and oxygen saturation levels throughout the water column, indicative of
seasonal mixing.

Possible external nutrient inputs to the lake could only be examined through one discharge pipe that
was operational during the sampling event in December 2023. While water quality parameters from this
sample show similar results to the surface water of Location 1, 2 and 3, it is important to point out that TN
and TP concentration from the discharge pipe were around 3 to 0.5 times higher than that of the surface
water from Location 1. Water quality parameters from surface water did not differ significantly across the
three locations. Secchi disk measurements showed an average value 2.85 meters from the boat (2.7m min.
and 3.10m max.) and an average of horizontal visibility 2.2 meters (min. 1.35 and 3.3 max.). These results
are in agreement with results from the 2002 study ”Duikers in de Mist” [17]. It can be difficult to correlate
visibility to depth throughout the whole year as profiles of turbidity can form depending on the mixing
stage of the lake [17]. A Secchi disk visibility of 3 meters generally indicates good water clarity and quality.
This level of visibility suggests that the water is relatively clear, with lower concentrations of suspended
solids and algae that could otherwise reduce light penetration and visibility [35]. Such conditions are often
suitable for aquatic life. From a recreational point of view, specifically diving, this is very subjective and
it is up to the Kaaiman divers to decide the desired visibility.

4.2 Lake Sediment and Resuspension

The results from the sediment core experiments provide evidence indicating that sediment plays a critical
role in nutrient dynamics within the lake, particularly in relation to phosphorus (P) release from the
sediment to the water column. This finding is further corroborated by the heightened concentrations of
phosphorus observed in the deeper water layers during periods of lake stratification in Location 1 during
the month of November, with P-PO4 values in the lower water layer reaching 470.52 ug P/L. These findings
imply a significant increase in P levels (TP and P-PO4) in comparison to the study done on the lake in
2002 [17]. For example, the highest level of P-PO4 measured was in July of 2002 (0.14 mg P/L), while the
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current study found values of 0.47 mg P/L) in November 2023. Such periods of stratification typically see
reduced water mixing, which allows nutrients from the sediment to accumulate in the lower water columns,
subsequently influencing overall water quality and nutrient availability in the lake ecosystem [36]. The
significant release of phosphorus from the sediment is especially pertinent considering its potential to fuel
primary production [27]. During the summer months, when light penetration and temperatures are higher,
the availability of these nutrients can lead to increased algal blooms and eutrophication. This underscores
the sediment’s role not only as a nutrient reservoir but also as a potential catalyst for ecological imbalance
during warmer periods with potential negative effects to water clarity [14].

The physical characteristics of the sediment highlight the importance of resuspension in levels of
turbidity and nutrient cycling, particularly at Location 1, where the top layer of the sediment has low
density. This low density suggests a high susceptibility to resuspension, which could be easily triggered by
disturbances such as those caused by fish movements or diving activities. Observations during sampling
noted that the upper layers of the sediment were exceptionally fluffy, with more consolidated sediment only
beginning at depths greater than 25-35 cm. This fluffy nature of the top sediment layers implies that even
minimal physical disturbance could lead to significant resuspension, thus releasing more nutrients into the
water column and potentially exacerbating turbidity and nutrient cycling issues [18].

The sediment’s organic matter content was quantitatively assessed using Loss on Ignition (LOI)
analysis, which measures the weight loss of sediment samples upon combustion at high temperatures. The
high LOI values obtained for the top 5 cm of the sediment at Location 1 (19.90%) indicate a significant
presence of organic material within the sediment layer. These high levels of organic matter correlate with
enhanced phosphorus release, particularly noted under anoxic conditions prevalent in the deeper, stratified
layers of the lake during warmer months [33]. Organic matter in aquatic systems, particularly when it
decomposes, contributes significantly to the formation of humic acids, which can influence water turbidity.
Humic acids are complex organic molecules that result from the decomposition of plant and animal residues,
notably lignin and other biopolymers. Due to their large, aromatic structures, humic acids are highly
reactive and inherently colored, often imparting a distinct brownish tint to the water [37]. This coloration
decreases the transparency of the water, effectively increasing turbidity as less light penetrates through the
water column. Humic acids can also form colloidal suspensions in water, which are fine enough to remain
suspended in the water column for extended periods, thus directly contributing to increased turbidity.
These colloids are stabilized by water chemistry variables such as pH and ionic strength, influencing their
ability to remain in suspension. Consequently, the presence of high levels of organic matter, through the
mediation of humic acids, can substantially affect the visual clarity and quality of aquatic environments
by increasing turbidity and altering light dynamics within these ecosystems [37, 38].

4.3 Improving Water Clarity

Simply put, PAC clarifies water by causing suspended particles, which are not dense enough to settle by
themselves, to coagulate and sink. A common reason for the low density of these suspended particles is their
identical electrical charges, which lead to mutual repulsion and prevent aggregation. Consequently, they
remain suspended in the water column. PAC, being a complex of polynuclear aluminum ions, possesses
positively charged sites. These sites serve as a ’glue’, with electrostatic forces between the positive charges
of PAC and the negative charges of the suspended particles facilitating adhesion. Now bonded with PAC,
the newly formed particles — referred to as flocs — gain sufficient mass to overcome buoyancy and settle at
the bottom of the container. It is important to note that while PAC is effective at reducing water turbidity,
the settled particles can be resuspended and an extra treatment step of filtration or dredging is applied
[39].

The experiments conducted during this thesis demonstrated the potential for increasing water clarity
by applying PAC to both the water column and sediment. When applied to water, PAC was more effective
at higher turbidity levels and higher PAC concentrations. Even at the highest applied dosage of 16 mg P/L,
water pH remained stable, avoiding the potential release of toxic aluminium species and staying within the
ideal pH range (pH values under 6), [40]. At concentrations of 16 mg P/L, PAC reduced turbidity by up
to 50% at a turbidity level of 6.33 NTU. This aligns with existing research indicating PAC’s effectiveness
across various aquatic environments [6, 8]. When applied directly to the sediment at a molar ratio of 10:1
PAC:P-PO4, turbidity levels after 30 minutes of sediment resuspension returned to similar levels before
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the suspension events. Direct application to the sediment shows potential advantages in binding more P,
thereby reducing internal nutrient levels [32]. However, direct application to sediment introduces more
complex application systems and thus comes at a higher financial cost [41].

The application of PAC as a standalone chemical treatment has shown to reduce turbidity and to
reduce in lake nutrient cycling by binding itself to P-PO4 species [40, 42]. Combined with a P-binding
agent (e.g. lanthanum-modified bentonite), concentrations of 2 mg P/L of PAC were effective at reducing
turbidity and settling cyanobacteria. This ”Floc and Loc” method reduces not only suspended particles
in the water column but also internal nutrient cycling in the lake [43, 44]. To further facilitate the rapid
sedimentation of these particles, a ballast, such as sand or specialised clay, is added, called the ”Floc and
Sink” method. This addition increases the density of the formed flocs, causing them to sink more quickly
to the bottom of the treatment basin This approach not only clarifies the water but also accelerates the
process and decreases resuspension rates [45].

Future research on this front should focus on combining PAC with a P-binding agent or a ballast
such as soil, which allows for lower concentrations of PAC to be applied with still effective results. Lower
dosages of PAC reduce possible unwanted side effects such as decrease in pH which not only can diminish
its effectiveness but also decrease water quality. The use of a P-binding agent and/or a ballast together
with PAC can also have a longer effect in P binding compared to an application of PAC to the water
column, especially considering how high resuspension rates activities can decrease the longevity of the
effects of coagulants. A meta-analysis indicated that alum treatments improve water quality for an average
of 21 years in deep lakes and 5.7 years in shallow ones, with disturbances from bottom-feeding fish like
carp notably decreasing treatment effectiveness by stirring up sediment and releasing phosphorus [46, 47].
Diver induced resuspension might be enough to increase nutrient cycling and decrease the longevity of the
application of a coagulant without the added positive effect of contributing to mixing of the stratified water
layers as it happens in shallow lakes [46].

In considering the effectiveness of PAC, or another coagulant for that matter, in reducing sediment
resuspension, it is essential to evaluate whether this reduction significantly enhances water clarity, partic-
ularly from the perspective of divers. The hypothesis is that applying PAC to either the sediment or the
water column decreases resuspension rates. However, even with PAC treatment, some sediment resuspen-
sion will inevitably occur during diving activities close to the sediment layer. Therefore, the key question is
whether the decrease in resuspension rates afforded by PAC is sufficient to maintain clear water conditions
that do not negatively impact the visibility for divers during their underwater activities.

A successful restoration strategy for improving water clarity can involve a combination of chemical,
physical, and biological measures [15]. A ’copy-paste’ approach in measures should be avoided as it has
led to the failure of most lake restoration attempts in the Netherlands over the long term [2]. For instance,
should the use of PAC be deemed the appropriate solution for restoring Lake Berendonck, parameters
from this study, such as PRP, provide a basis for calculating the amount of Al that can be utilised in
the lake, depending on the chosen molar mass ratio [47, 48]. Another example is the underwater visibility
measurements done by the divers can provide a more realistic optical quantity that translates more directly
to underwater aesthetics and clarity than turbidity measurements alone [49].
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Conclusion

Analysis of sediment and water samples indicates that internal nutrient release from the sediment can be a
key driver of turbidity and nutrient levels in the lake which in turn affects overall water quality. Effective
management of sediment could potentially reduce internal loading and recycling of nutrients, thereby
improving water clarity and supporting aquatic life. Recognising the significance of sediment dynamics
offers a pathway to mitigating issues of turbidity and nutrient enrichment, thus ensuring the health and
sustainability of aquatic environments.

The results of our preliminary and limited experiments show that PAC, both applied to water and
the sediment, can be a successful remediation strategy. When applied to the water column of the lake, PAC
has the potential to effectively form flocs that settle, reducing turbidity. According to our experiments,
this effect increases at concentrations above 8 mg/L and with waters that have turbidity levels of over 6
NTU. When applied directly to the sediment, PAC decreases sediment resuspension and increase the rate
of sediment resettling. It’s important to understand that while Poly Aluminium Chloride (PAC) helps
in reducing resuspension and turbidity of sediments, it does not completely prevent these occurrences. If
diving activities or other disturbances occur near the sediment layer, resuspension of sediments can still
happen despite the presence of PAC. Further studies should be carried out on the applications of coagulants
in combination with a ballast that has the potential to reduce turbidity even at low turbidity levels and
decrease resuspension rates even further than a standalone coagulant.

I recommend that the Diving team Kaaiman continue taking visibility and turbidity measurements
that will aid the researchers from the Aquatic Ecology and Water Quality Management, will help the
diving team with making measurable goals related to the desired water clarity and in accessing a return
on investment on possible remediation strategies. This study provided a foundation for the continuation
of the project between the Kaaiman Diving Team and the WUR Science Shop. The study underscores
the need for targeted sediment management strategies as part of lake restoration efforts and provides data
that can guide a bespoke solution for the lake Berendonk. The analysis of water and sediment can be used
as part of a larger comprehensive system analysis, the basis to choosing an remediation and intervention
strategy.
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Appendices

A.1 Protocol for Visibility

This protocol outlines a standardised procedure for divers, combining the use of the Secchi disk with
the collection of water samples for turbidity measurements. The Secchi disk, a simple yet powerful tool,
consists of a round, black and white disc that is submerged in water until its contrasting quadrants become
imperceptible to the human eye, providing an assessment of water visibility. Along with these visibility
measurements, divers are instructed to collect water samples, enhancing the protocol’s utility in monitoring
aquatic environments. The specifics of turbidity measurement using a turbidimeter are covered in a separate
document. By adhering to these methods, divers can contribute valuable data, essential for informed
decision-making regarding the aquatic environment’s condition.

Measuring Horizontal and Vertical Visibility

Accurate measurement of water visibility using the Secchi disk is a static process but varies depending
on several environmental and human factors. For example, experienced divers might disturb the water
less compared to novices, which could affect the visibility. Therefore, it is essential to conduct these
measurements under a variety of conditions and by divers of different skill levels. So please try to vary the
factors as much as possible within the reality of the diving activities. Such diverse data collection helps in
creating a more accurate and reliable assessment of the aquatic environment.

Procedure

Materials Needed:

1. Secchi disk - Essential for visibility measurement.

2. Rope or line - Marked for depth and distance measurements.

3. Buoy or float - To mark the surface location and for stability.

4. Diving equipment - Includes wetsuit, fins, mask, snorkel, and SCUBA gear.

5. Writing pad and pen - Waterproof, for recording measurements underwater.

6. Dive computer - To monitor depth, time, and decompression status.

7. Underwater flashlight - For enhanced visibility in low-light conditions.

8. Dive flag - To indicate divers are in the water for surface-level safety.

9. First-aid kit - For handling minor injuries or emergencies.

10. Emergency signalling device - Such as a whistle or surface marker buoy for safety.

11. Water sample containers

12. Labels and waterproof markers - To label each sample with depth, location, and time of collection.
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Preparation

1. Gather all necessary materials: Secchi disk, marked rope or line, buoy or float, diving equipment, wa-
terproof writing pad and pen, dive computer, underwater flashlight, dive flag, first-aid kit, emergency
signalling device, water sample containers, labels, waterproof markers, and gloves.

2. Attach the Secchi disk securely to the rope or line, ensuring it is centered and hangs horizontally.
Check that the markings on the rope or line are clearly visible.

3. Inspect your diving equipment thoroughly, ensuring everything is in optimal working condition. This
includes checking your wetsuit, fins, mask, snorkel, SCUBA gear, and dive computer.

4. Pre-label the water sample containers with relevant details such as date, location, and depth for
efficient and organised sample collection.

5. Test the functionality of your underwater flashlight, especially if you anticipate low-light conditions.

6. Select the specific location in the lake where visibility measurements and water sample collection
will be conducted. The location can be determined by the profile of the lake in the Annex of this
document. The location can be in the Red, Yellow, Green or Blue zone (refer to the profile of the
lake in the Annex). Remember that after the measurement, you will need to point out the location
in the zone that the measurement took place.

7. Review the dive plan, including entry and exit points, dive path, communication signals, and proce-
dures for sample collection. Ensure that all divers are familiar with the plan and safety procedures.

8. Set up the dive flag to alert nearby boats or other watercraft to the presence of divers.

9. Ensure that a designated person on the surface is informed of your dive plan, expected return time,
and sample collection activities.

Vertical Visibility and Water Collection

1. Dive to the desired depth where visibility is to be measured. Ensure that you are at a stable position.

2. Begin to slowly lower the Secchi disk into the water vertically from your position, ensuring it descends
in a straight line. This can be done at various depths, just at the surface.

3. Continue lowering the disk steadily. Observe carefully and mark the point on the rope or line when
the Secchi disk first becomes invisible due to water opacity.

4. After marking this first point, start raising the disk slowly. e the point on the rope or line when the
disk becomes visible again.

5. Calculate the average of the two depths (when the disk disappeared and reappeared) to determine
the vertical visibility at that depth and record the measurement. Mark the level of the diver on a
scale of 1 to 5.

6. After recording the vertical visibility, collect a water sample at the starting depth. Ensure proper
handling to avoid contamination.

7. Securely seal the water sample container and label it with the depth, location, and time of collection.

8. Perform routine diving activities around the same location and repeat the procedure for vertical
visibility and water collection at different depths as needed.

9. In case of resuspension occurring before the first measurement (prior to initiating diver activity), e
it down in the observations part of this protocol.

10. Make sure to e down all of the information needed regarding the measurement in the table included
in this protocol. Also mark the location of the measurement in the image of the profile of the lake
with the date of the measurement. You can extend an arrow from the marking of the location and
write down the date.

ii



Horizontal Visibility

1. Diver and assisting diver must be at the same depth, ensuring they are comfortably stable and the
water around them is undisturbed.

2. Diver A holds the Secchi disk at arm’s length. The disk should be fully extended and perpendicular
to the line of sight towards Diver B.

3. Diver B, holding one end of a marked rope or line, begins to move horizontally away from Diver A.
The movement should be slow and steady to maintain a consistent depth and alignment.

4. Diver B continues moving away until the Secchi disk is no longer visible. At this moment, Diver B
should stop and mark or record the distance on the rope or line. This distance represents the point
of disappearance.

5. Diver B then carefully moves back towards Diver A until the Secchi disk becomes visible again.
Record the distance at the point of reappearance.

6. Calculate the average of the two distances (disappearance and reappearance) to determine the hori-
zontal visibility at that location and record the measurement. Record the depth that the horizontal
visibility measurement was done. Mark the level of the diver on a scale of 1 to 5.

7. Perform routine diving activities around the same location and repeat the procedure for horizontal
visibility.

8. In case of resuspension occurring before the first measurement (prior to initiating diver activity), e
it down in the observations part of this protocol. Make sure to e down all of the information needed
regarding the measurement in the table included in this protocol. Also mark the location of the
measurement in the image of the profile of the lake with the date of the measurement. You can
extend an arrow from the marking of the location and write down the date.

Safety Measures

Prioritize safety in all underwater activities. Adhere to guidelines from diving authorities, ensure equipment
is well-maintained, and practice effective communication. Dive in pairs, plan each dive, stay aware of
surroundings and potential risks, and follow depth and ascent protocols to avoid diving complications.
Document each dive, be prepared for emergencies, and ensure a surface contact is informed of your activities.
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A.2 Depth Profile of the Diving Lake

Figure A.1: Depth profile of the lake using sonar measurements provided by the fisherman association: Hengel-
sportvereniging De Sportvisser.
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A.3 Psenner Methodology

Date: modified 2015/2019 (ML/WB) update: dec. 2022 (WB)
Reference: Modified by Miguel Lurling from Paludan & Jensen 1995, Wetlands 15 365-373 Sequen-

tial Extraction of Phosphorus in Freshwater Wetland and Lake sediments: significance of Humic Acids.

Shaking

1. Use shaker <140 rpm

2. Shake tubes horizontally

Centrifugation

1. 5 minutes at 5000 rpm

Filtration

• 1,2 µm (GF/C)filter, vacuum filtration

First phase: Oxygen-free nanopure water → It aims to release the available P, which is adsorbed
mostly on iron/manganese oxides at Fe and CaCO3 sites.

1. Add 25 mL of oxygen-free nanopure water.

2. Replace air with N2 and close tube.

3. Shake tubes for 30 minutes on shaker.

4. Place the tubes in centrifuge, centrifuge.

5. Decant supernatant carefully into labelled 100 mL PE bottle, save pellet.

6. Repeat extraction with 25 mL oxygen-free water for 5 minutes and centrifuge.

7. Decant and combine supernatant.

8. Filter the supernatant over a GF/C filter and collect 30 mL filtrate in a labelled 50 mL PE bottle.

9. Store in the freezer

10. Measure PO4-P

Second Phase: BD-reagent (bicarbonate-dithionite mixture) → Aim: stronger reductant that will
release the SRP bound mainly to Fe-hydroxides and Mn-compounds.

1. Add 25 mL BD-reagent, oxygen-free, to sediment pellet and close tube.

2. Shake tubes for 30 minutes.

3. Replace air with N2 and close tube.

4. Centrifuge.

5. Decant supernatant into 100 mL PE bottles.
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6. Add 25 mL BD to pellet, replace air with N2.

7. Shake tubes on shaker for 5 minutes.

8. Centrifuge.

9. Decant and combine supernatant. Save pellet.

10. Put sample bottles in aeration-set-up.

11. Aerate for 30 minutes (removal of dithionite; keeps Fe and PO4 in solution).

12. Add 3 mL 2M H2SO4 to the combined supernatants and mix.

13. Filter combined supernatants, collect 30 mL filtrate into 50 mL PE bottle. Label and store at 4 °C.

14. Measure PO4-P and TP (total fraction of the dissolved).

Third Phase: Sodium Hydroxide (NaOH) → It will extract SRP sorbed by clay- and metal-oxides
(Al) at pH > 10.

1. Add 25 mL 0,1 M NaOH to the sediment pellet and close tube.

2. Shake tubes for 30 minutes on shaker.

3. Centrifuge and check pH, if pH > 10 add extra 1 M NaOH till pH is > 10 (ask technician).

4. Decant supernatant into 100 mL PE bottle.

5. Add 25 mL NaOH to sediment pellet.

6. Shake again 30 minutes on shaker and centrifuge.

7. Combine supernatants into 100 mL PE bottle.

8. Add 25 mL of milli-Q water to the sediment and shake for 5 minutes, centrifuge.

9. Decant the third supernatant in the same 100 mL PE bottle.

10. Add 1.5 mL of 2 M H2SO4 in the supernatant and mix.

11. Filter the supernatant and collect 30 mL filtrate into 50 mL bottle.

12. Measure PO4-P and TP (total fraction of the dissolved).

Fourth Phase: Hydrochloric acid → Aim to release P bound to carbonates and residual P. This
is hardly available.

• Add 25 mL 0.5 M HCl and close tube. Shake for 1 hour

• Centrifuge

• Decant supernatant into 100 mL PE bottle

• Add 25 mL Milli-Q water to the sediment, shake for 5 minutes.

• Centrifuge

• Combine supernatants and filter through GF/C. collect 30 mL filtrate and store at 4°C.

• Save pellet

• Measure PO4-P and TP (total fraction of the dissolved).
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Fifth Phase: Finally, the sediment pellet will be extracted using stronger acid and higher temper-
ature. This will give the refractory P.

1. Move the pellet to crucibles using little milli-Q water.

2. Dry crucibles at 105 °C in drying oven, over-night.

3. Ignite pellet at 550 °C for 2 hours.

4. Cool down and ”crumble” pellet in crucible.

5. Add 10 mL 2M H2SO4 and mix.

6. Place crucibles with lid on hot-plate (in fume hood) and boil 10 minutes at 150 °C.

7. Take-up sample by 10 mL syringe, add filter-disc.

8. Filter sample in a labelled 15 mL tube.

9. Measure TP.

Measure PO4-P and TP (total fraction of the dissolved).
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A.4 Data - Water Analysis

Table A.1: Field and laboratory measurements of the lake water collected on 23.11.2023. The Secchi disk measure-
ment was 2.75 meters during a cloudy day. TSS = Total suspended Solids, VSS = Volatile Suspended Solids, chl-a
= Chlorophyll-a.

Location Depth O2 (mg/L) O2 % T (°C) pH EC (uS/cm) Turbidity (NTU) TSS ug/L VSS ug/L chla-a (ug/L)
1 0 5.2 46.4 10.3 6.6 382 1.34 1.00 0.69 1.94
1 2 5.15 46 10.2 6.85 380 1.51 1.50 0.93 1.6
1 4 5.1 45.5 10.1 6.93 380 1.5 1.08 0.17 1.62
1 6 5.05 45.1 10.1 6.95 380 2.51 0.75 0.67 1.59
1 8 5.02 44.9 10.1 7,0 381 1.83 0.50 0.30 1.61
1 10 4.9 43.8 10.1 7.1 380 1.98 0.70 0.40 1.51
1 11 0.3 2.5 7.5 7.16 384 2.09 0.30 0.30 1.43
1 12 0.38 3 9.1 7.16 401 5.28 0.40 0.00 2.05
1 14 0.22 1.8 6.7 7.17 414 18.78 0.50 0.17 4.43
1 16 n/a n/a n/a 7.15 428 36.3 0.33 0.00 5.21
2 0 5.39 48.5 10.4 7.22 380 2.3 1.40 0.40 4.93
3 0 4.98 45.7 10.4 7.31 378 0.9 0.43 0.71 0.37

Table A.2: Field and laboratory measurements of the lake water collected on 12.12.2023. The Secchi disk measure-
ment was 2.70 meters during a sunny day. TSS = Total suspended Solids, VSS = Volatile Suspended Solids, chl-a
= Chlorophyll-a.

Location Depth O2 (mg/L) O2 % T (°C) pH EC (uS/cm) Turbidity (NTU) TSS ug/L VSS ug/L chla-a (ug/L)
1 0 5.03 42.5 7.1 7.45 384 1.18 0.37 0.12 1.99
1 2 4.88 41 6.9 7.55 388 1.58 0.49 0.24 1.59
1 4 4.82 40.4 6.9 7.59 389 1.58 14.25 14.13 1.53
1 6 4.75 39.9 6.9 7.58 388 1.98 0.48 0.36 1.67
1 8 4.13 34.5 6.7 7.59 390 1.46 0.50 0.37 1.45
1 10 3.89 32.5 6.7 7.57 390 1.97 0.71 0.43 1.54
1 11 3.75 31.3 6.7 7.54 390 1.87 0.37 0.12 1.53
1 12 3.56 29.7 6.6 7.58 392 2.88 0.00 0.27 1.58
1 14 3 25 6.6 7.54 390 2.06 0.61 0.61 1.67
1 16 n/a n/a n/a 7.52 406 180.4 2299 11780 0
2 0 4.62 39 7.4 7.53 390 1.54 0.49 0.37 1.5
3 0 3.88 31.6 7.5 7.53 391 1.65 0.62 0.74 1.64

Table A.3: Field and laboratory measurements of the lake water collected on 25.01.2023. The Secchi disk measure-
ment was 3.10 meters during a sunny day. TSS = Total suspended Solids, VSS = Volatile Suspended Solids, chl-a
= Chlorophyll-a.

Location Depth O2 (mg/L) O2 % T (°C) pH EC (uS/cm) Turbidity (NTU) TSS ug/L VSS ug/L chla-a (ug/L)
1 0 8.15 63.4 5 7.44 390 1.68 0.68 0.23 2.07
1 2 8.06 62.6 4.8 7.53 392 2.69 0.93 0.17 2.11
1 4 8.05 62.3 4.8 7.57 389 3.53 0.71 0.29 2.01
1 6 8.03 62.1 4.8 7.6 389 5.59 0.58 0.09 2.19
1 8 7.99 61.8 4.8 7.62 391 2.5 0.47 0.16 2.33
1 10 7.94 61.3 4.7 7.63 392 1.66 0.65 0.28 2.28
1 11 7.85 60.7 4.7 7.61 390 3.13 0.23 0.07 2.34
1 12 7.82 60.3 4.7 7.6 389 2.05 0.47 0.73 1.93
1 14 7.56 58.3 4.6 7.55 391 1.95 0.51 0.10 1.81
1 16 7.46 57.4 4.6 7.45 392 2.08 0.69 0.07 0
2 0 7.89 63.6 4.8 7.5 393 2.12 0.97 1.67 2.64
3 0 7.99 63.8 4.9 7.78 373 0.85 0.56 0.00 2.3
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Table A.4: Nutrient levels from water samples collected on the 23/11/2023: Concentrations of total
nitrogen, ammonia, nitric nitrate, ortho phosphate, and total phosphate measured at various depths across the
three distinct sampling locations. The data exemplifies the variability in nutrient levels within the water column.

Location Depth (m) Total Nitrogen (mg N/L) Ammonia (mg N/L) Nitrite Nitrate (mg N/L) Ortho Phosphate (ug P/L) Total Phospate (mg P/L)
1 0 0.64 0.12 0.06 33.73 0.04
1 2 0.66 0.17 0.05 13.98 0.03
1 4 0.63 0.17 0.06 15.81 0.03
1 6 0.64 0.19 0.06 24 0.03
1 8 0.72 0.19 0.05 14.95 0.03
1 10 0.62 0.19 0.06 15.31 0.02
1 11 0.3 0.21 0.05 34.8 0.03
1 12 0.5 0.51 0.02 127.85 0.13
1 14 1.13 1.2 0.01 470.52 0.44
1 16 1.86 1.28 0.01 422.76 0.48
2 0 0.42 0.11 0.08 5.4 0.04
3 0 0.15 0.21 0.05 50.04 0.01

Table A.5: Nutrient levels from water samples collected on the 12/12/2023: Concentrations of total
nitrogen, ammonia, nitric nitrate, ortho phosphate, and total phosphate measured at various depths across the
three distinct sampling locations. The data exemplifies the variability in nutrient levels within the water column.

Location Depth (m) Total Nitrogen (mg N/L) Ammonia (mg N/L) Nitrite Nitrate (mg N/L) Ortho Phosphate (ug P/L) Total Phospate (mg P/L)
1 0 0.27 0.25 0.13 49.52 0.04
1 2 0.47 0.17 0.18 74.05 0.05
1 4 0.44 0.12 0.21 44.96 0.04
1 6 0.51 0.21 0.2 42.69 0.04
1 8 0.53 0.13 0.18 44.31 0.04
1 10 0.55 0.19 0.23 60.8 0.05
1 11 0.56 0.15 0.24 45.47 0.05
1 12 0.7 0.09 0.28 50.51 0.04
1 14 0.84 0.17 0.23 41.63 0.05
1 16 2.43 1.07 0.01 6.68 0.04
2 0 1.05 0.17 0.21 33.47 0.04
3 0 0.85 0.09 0.2 27.37 0.02
4 0 0.93 0.11 0.26 57.88 0.06

Table A.6: Nutrient levels from water samples collected on the 25/01/2024: Concentrations of total
nitrogen, ammonia, nitric nitrate, ortho phosphate, and total phosphate measured at various depths across the
three distinct sampling locations. The data exemplifies the variability in nutrient levels within the water column.

Location Depth (m) Total Nitrogen (mg N/L) Ammonia (mg N/L) Nitrite Nitrate (mg N/L) Ortho Phosphate (ug P/L) Total Phospate (mg P/L)
1 0 0.9 0.05 0.49 23.8 0.04
1 2 0.93 0.05 0.5 20.29 0.02
1 4 0.69 0.04 0.48 24.19 0.02
1 6 0.61 0.06 0.1 7.4 0.01
1 8 0.83 0.06 0.51 25.6 0.03
1 10 0.76 0.06 0.5 27.71 0.03
1 11 0.88 0.08 0.49 27.63 0.03
1 12 0.94 0.03 0.45 27.6 0.03
1 14 0.91 0.08 0.5 34.69 0.03
1 16 0.95 0.13 0.5 27.58 0.03
2 0 0.84 0.09 0.51 20.57 0.02
3 0 0.55 0.1 0.24 6.33 0.01
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Parameter F-value p-value
O2 (mg/L) 0.058 0.944
O2% 0.073 0.930
Temperature (°C) 0.0018 0.998
pH 0.293 0.756
EC (uS/cm) 0.0078 0.992
Turbidity (NTU) 1.433 0.310
TSS 1.110 0.389
VSS 4.231 0.071
Chlorophyll-a 1.528 0.291

Table A.7: F-value and P-value from the ANOVA results for water quality parameters across different locations.
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A.5 Data - Sediment Analysis

Table A.8: Loss on drying (LOD %), loss on ignition (LOI %), and density (g/mL) measurements for each fraction
of sediment samples from locations 1, 2, and 3.

Location Fraction (cm) LOD (%) LOI (%) Density (g/mL)
1 0 - 5 90.27 19.90 1.06
1 5 - 10 86.30 16.77 1.03
1 10 - 20 64.10 7.05 1.21
2 0 - 5 82.88 17.23 1.14
2 5 - 10 81.06 18.44 1.09
2 10 - 20 76.64 15.21 1.22
3 0 - 5 74.06 9.28 1.13
3 5 - 10 68.24 7.88 1.14
3 10 - 20 52.32 5.10 1.21

Table A.9: Concentration of Refractory P and PRP phases (mg/g sediment) at different sediment depths across
three locations.

Fraction 0-5 cm 5-10 cm 10-20 cm
LOC1

Refractory P 1.687 1.207 0.487
PRP 2.803 2.822 0.668

LOC2
Refractory P 0.994 0.928 0.845

PRP 0.916 0.811 0.516
LOC3

Refractory P 0.784 0.589 0.403
PRP 0.510 0.440 0.282
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A.6 Data - Coagulant Experiment

Figure A.2: Comparison of turbidity levels at the top (in dark grey) and bottom (in black) of the water column at
varying dosages of PAC (0, 1, 2, 4 and 8 mg/L for the left graph and 16 mg/L for the right graph) for an initial
turbidity of 2.59 NTU.

Figure A.3: Comparison of turbidity levels at the top (in dark grey) and bottom (in black) of the water column
at varying dosages of PAC (0, 1, 2 mg/L for the left graph and 4, 8, 16 mg/L for the right graph) for an initial
turbidity of 2.59 NTU.

Figure A.4: Comparison of turbidity levels at the top (in dark grey) and bottom (in black) of the water column
at varying dosages of PAC (0, 1, 2 mg/L for the left graph and 4, 8, 16 mg/L for the right graph) for an initial
turbidity of 2.59 NTU.
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Table A.10: Values of turbidity measured at the top and the bottom of the water column for initial turbidity values of 2.59, 6.3, and 13.3 NTU after the application of
PAC in five different concentrations. pH and EC were measured after the application of PAC.

Ini. Turbidity (NTU) PAC mg/L Samplie Location Turbidity (NTU) EC (uS/cm) pH Ini. Turbidity (NTU) PAC mg/L Samplie Location Turbidity (NTU) EC (uS/cm) pH Ini. Turbidity (NTU) PAC mg/L Samplie Location Turbidity (NTU) EC (uS/cm) pH
2.59 0 T 3.47 394 7.35 6.3 0 T 4.23 344 7.31 13.3 0 T 12.7 368 7.4
2.59 0 B 3.8 6.3 0 B 6.87 13.3 0 B 17.3
2.59 1 T 3.12 335 7.23 6.3 1 T 3.88 354 7.28 13.3 1 T 2.58 410 7.3
2.59 1 B 3.13 6.3 1 B 5.96 13.3 1 B 26.6
2.59 2 T 3.48 336 7.26 6.3 2 T 3.09 360 7.38 13.3 2 T 2.3 413 7.2
2.59 2 B 3.76 6.3 2 B 4.96 13.3 2 B 38.4
2.59 4 T 3.13 384 7.2 6.3 4 T 4.01 364 7.35 13.3 4 T 2.3 416 7.1
2.59 4 B 6.72 6.3 4 B 12.8 13.3 4 B 67.1
2.59 8 T 3.53 386 6.8 6.3 8 T 4.33 365 7.03 13.3 8 T 3.74 418 6.9
2.59 8 B 6.72 6.3 8 B 41.4 13.3 8 B 85.2
2.59 16 T 2.61 390 6.6 6.3 16 T 3.17 367 6.54 13.3 16 T 4.13 413 6.57
2.59 16 B 50.7 6.3 16 B 88.3 13.3 16 B 113

xiii



Table A.11: Levels of turbidity for for PAC applied to the sediment of fours cores from location 1, and controls,
across time intervals. T0: Before resuspension or application of PAC, T1: During resuspension after the application
of PAC, T2: After 15 minutes of resuspension event, T3: After 30 minutes of resuspension event.

Core Treatment Turb. (NTU) - T0 Turb. (NTU) - T1 Turb. (NTU) - T2 Turb. (NTU) - T3
C1 PAC 6.7 356 10.4 6.42
C3 PAC 4.5 336 19.3 10.6
C2 Control 2.18 590 146 79.8
C5 Control 14.7 566 128 109
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