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Abstract

The HZ student run garden faces the issue of lead contamination and the need to become
future proof. Lead being toxic to humans generates a sense of urgency which sparked the
need for this research. Research shows that both problems can be solved by changing the
approach for the garden. The need for a solution that caters to these issues brought the
research question to life: How can the HZ garden become regenerative? This was not the only
concern however, follow up questions about the garden also rose to inquire: how can the
quality of the garden soil be renewed using regenerative practices and materials? how can the
renewed health of the garden ecosystem be maintained after the solution is implemented?
And how can stakeholders be involved with implementing the plan to make the HZ garden
regenerative?

To collect the data needed to inform the answers to these questions, interviews, literature
reviews and observations were conducted and utilized for their ability to provide extensive
qualitative research. Within the results came very applicable options such as using biochar to
absorb the heavy metal from the soil while also stabilizing soil conditions. This is the
keystone solution. To bolster this solution, supporting methods of regenerative gardening
were chosen to be implemented alongside the biochar remediation. Some of these included
organic composting, biodiversity of plant species, and the prohibition of harmful chemicals
within the garden. There is an emphasis on getting the garden to a point where it can be selt-
sufficient in as many ways as possible with the guidance and stewardship of green office
members. These sub solutions will provide soil fertility, ideal soil conditions as well as health
and abundance of the garden and its components above ground.



Key concepts and definitions

Heavy metals

These are metals which have high atomic weights and densities, these aspects make them
durable and non-biodegradable. This results in them being persistent in the environment, they
accumulate in spaces and even different organisms over time being transferred from one to
another through various methods.

Lead contamination

Lead is a heavy metal (Pb). This makes it persistent and allows for it to accumulate in the soil.
The presence of it in the soil is a form of contamination as it is not naturally occurring there
and makes the soil toxic since it is harmful for humans to ingest. This is especially the case for
children and women who are or plan to be pregnant as it creates development issues for them
as they grow up. (Sharma et al., 2019)

Soil regeneration/restoration

This refers to the process of using the chosen remedies — whatever they may be, to restore the
health of the soil to where it may have been before it was contaminated. For regeneration to
truly have been attained, the soil needs to be fully rid of its harmful toxin levels.
Bioavailability

The ability for a substance to be absorbed by the body or by other biological destinations and
have an effect. A key point for soil remediation is that there is no need to remove all the lead
that exists within the soil. Only the soil that is bioavailable to humans and the produce which
is the only state in which is presents a threat to our health (Ogawa et al., 2018).

Regenerative practices

Implementing the solutions with the intentional use of regenerative soil practices means there
will be only beneficial effects to the other aspects of the environment. Rather than the processes
only improving the state of one level but also helping on various levels. This can be for
instance, removal of other harmful substances besides just lead, minimising emissions during
implementation, supporting biodiversity and adding nutrients for plant health (EPA, 2020).
Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES)

This instrument is an analytical technique and is used to determine the quantity of a certain
element existing within a sample. This works by running an extremely hot plasma through the
sample, this heat excites the atoms and ions of the sample element which causes them to emit
light. Based on the frequency of the light emitted from the electron of each element, the
instrument is able to determine which element it is (Paul & Saikia, 2021).
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Introduction

The project for this minor involves working with the green office of HZ University of
Applied sciences. The green office’s mission is to help the HZ become greener and more
sustainable minded in as many ways as possible. One of those methods includes having a
garden that provides some fresh food and ingredients for the school. During the past year, it
was discovered that the HZ Garden is contaminated with a lead amount that is over the
threshold and for human consumption. The contamination exists below the first 10 cm of the
soil. This means, any food crop that has a root system which reaches past this depth will be
susceptible to lead absorption. The initial drive of this project is to conceive feasible solutions
which will be used to decontaminate the soil from which the garden grows to ensure only safe
produce comes from it. Alongside the need to remediate the soil, the entire garden should be
approached with the idea of regeneration at the forefront to maintain the high standard of
quality once achieved. Everyone in collaboration with the developments of this research for
the garden includes HZ experts such as lab technicians, research experts, Eva van Gameren a
gardening coach from Instituut voor Natuureducatie (IVN), the green office coordinator,
Ingrid de Vries, as well as fellow minor/ internship students and other garden experts. All of
whom are eager to find solutions and make progress so that the garden can provide safe food
regeneratively.

Lead is a naturally occurring metal from the Earth’s crust and due to the rise of
industrialisation, it has been spread more through neighbourhoods and cities like Vlissingen
(Thompson, 2000). What makes lead contamination an urgent issue is the fact that it does not
break down when in soil because it is a heavy metal so this buildup can come from the era
where lead was still used in automobile fuel and house paint in the early 1900’s. The
multipurposed ability of lead enabled an overuse of the metal for decades and gave it time to
cycle through our environment. Today, much of the world knows of the harm lead causes and
its use is currently banned in many countries. However, its durable nature prevents its
decomposition and allows for it to still be present in our soils, water, air and bodies where it
can accumulate over time.

With the presence of broken-down lead in the garden soil, it can be absorbed by the roots of
the produce and enter the bodies of those who consume it. Lead harms the human body in
multiple ways. These include damage of the nervous system, increased risk of high blood
pressure, cardiovascular illnesses, reduced cognitive function, kidney damage, fertility issues
and can even cause birth defects for women who are or have yet to be pregnant (Koula,
2024). Throughout this report, the urgency of the state of the garden soil will be explicitly
explained as well as what can be done to regenerate its ecosystem.

It would be ideal to achieve this outcome by using environmentally conscious and
regenerative methods. Not having to use chemical-based treatments or replacing the soil
completely with new soil for instance. It is imperative that the problem be solved using
natural methods that benefit the environment in more ways than one.



During the research phase, it was determined that a much different approach than
what was intended needed to be explored. The research had to evolve from only solving the
issue of lead contamination in the soil to becoming a wider ranging solution that will provide
a future where the garden in all aspects can thrive.

Considering the change in this research approach, the purpose became geared more towards
creating a framework for regenerative gardening that can be built around the main solution
used to decontaminate the soil. According to Newton etal. (2020), “Regenerative agriculture
is an alternative means of producing food that, its advocates claim, may have lower—or even
net positive—environmental and/or social impacts”. The purpose of using this approach is to
bolster the effectiveness of the chosen solution by ensuring all other aspects of the garden are
considered and catered to using regenerative methods. This future for the garden is not
achievable alone, the solutions provided by this report will require a team effort from the
green office students of future years to be implemented. Regeneration within the HZ garden
will allow the garden as an ecosystem to thrive and produce quality food in high yield once
done efficiently. The report explores how this can be achieved in a way that aspiring green
office gardeners can take initiative to dive even deeper into research or spark movements in
the garden to bring the results to life.

The main question that will guide the research is: How can the HZ garden be regenerative?

To support the answer to this question and provide a wholesome result, other sub questions
must be posed and considered, which are:

e How can the quality of the garden soil be renewed using regenerative practices and
materials?

e How can the renewed health of the garden ecosystem be maintained after the solution
is implemented?

e How can stakeholders be involved with implementing the plan to make the HZ garden
regenerative?

Much consideration will go into determining how the HZ garden can become regenerative
and have its soil health restored. The chosen solution is ultimately expected to fulfil this goal
while taking all components of the garden into account, aiming for the most impactful results
in a relatively short timeframe and developing an understanding of what it will take to
maintain this regenerative nature in the garden. The feasibility and applicability of the final
solution will be determined through extensive data analysis.



Theoretical framework

In this section, technical background on the research topics will be explored. This
gives context on how the potential solutions work and why having them implemented is an
urgent matter. This will allow for the entire report to be more relatable to readers. There will
also be an explanation of the report layout, this is to provide an understanding of how the
research process developed and evolved overtime.

Wide scale research has already been conducted and implemented in the field of soil
decontamination so there are multiple possibilities to be explored. Some of these include
mixing fish bones into the soil to draw out the bio available lead from the soil. Fish bones
contain high amounts of apatite - Ca5(PO4)3. This is a phosphate mineral which readily fuses
with lead to form the crystalline mineral pyromorphite - Pb5(PO4)3Cl. This and other
phosphate-rich compounds are being utilised in the recovery of lead from soil because once
chemically bonded, the lead is then no longer bioavailable for humans (Freeman, 2012).

Secondly, applying a layer of activated charcoal has been shown to absorb lead
content within the soil. Like the fish bones method, they bond chemically with the lead and
make it less bioavailable and harder for plants and produce to absorb due to it being less
prevalent (Thakur et al., 2014).

To form a concrete decision, a multi criteria analysis was conducted to break these
ideas down based on their ability to satisfy every criterion that should be met. This allowed
for a detailed analysis which highlights the strengths of both solutions based on how well
they can deliver effective solutions. The MCA allows each solution to be graded using a point
system. Points are rewarded based on the ability for the solutions to meet each criterion. The
solution which tallies the most points will become the keystone solution.

Current regenerative efforts:

Removing the topsoil (first 10 cm) and covering the contaminated soil with a thick layer
of clean soil and organic matter like manure and mulch is also useful. This allows for the
contaminated soil to now be out of reach of the plants’ roots preventing lead absorption
completely (EPA, 2020). It provides a barrier from contamination but also could be quite a
costly and labour-intensive solution. This method is recommended by experts to be the quickest
and most guaranteed fix. It has been used in the garden for roughly three years; this secures the
topsoil layer from being polluted. The efforts being made now will be to remediate the soil on
deeper levels. This will prevent the cross contamination from lower soil to upper soil and ensure
the health of plants with deeper root systems.

Why is lead in the soil?

Lead can become present in soil content by paedogenic and anthropogenic processes.
Paedogenic refers to processes taking place within the soil, anthropogenic means any effects
that are originating from human activities (Hao-wang et al., 2021). Due to the industrial nature
of the city (Vlissingen), it is expected that the source of the soil contamination is almost entirely
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anthropogenic. The contamination could be coming from the nearby factories where plume and
exhaust can travel far distances, nearby waters of the harbour where boat parts, grease, ballast
water and exhaust which also can contain traces of lead. These particles can travel on the wind
far from their source and get trapped in soil in various ways.

Lead (Pb) can end up being retained in the soil by processes like adsorption, ion exchange and
precipitation. Adsorption, meaning the Pb ions adhere themselves to the surfaces of soil
particles, which results in reduced mobility of the lead. Once attached to soil particles in this
way, the lead can remain in the soil for as much as 1000+ years (Brzozowski, 2022). lon
exchange refers to Pb replacing the positively charged ions of the soil particles. This reaction
binds them together and creates the same immobilising effect and keeps them within the soil
layers in forms that are insoluble. Thirdly, precipitation involves Pb reacting with components
in the soil content to form insoluble compounds such as lead carbonate or lead phosphate. They
also help to prevent lead from entering groundwater by leeching. The effectiveness of these
processes is dependent on soil properties like pH levels, organic matter content and mineral
content.

Nontoxic soil is ideal for the health of the garden because it is when the lead compounds are
least toxic and bioavailable. It is when the Pb is unbound (not having been molecularly
combined with another element to create an insoluble compound), free flowing and soluble
which is undesirable for safe crop cultivation and safe for contact. This is the state where the
lead is dissolvable and can be transmitted to humans, negatively affecting our health. (Zeng et
al., 2017)

Equations:

3Pb* + 2P0, — Pb;(PO.), - this equation depicts the reaction that combines lead with
phosphate to form lead phosphate. This can happen in the soil when phosphate is added and
make the lead become no longer dissolvable.

Pb + CaCO; — PbCO;+ Ca — this is the equation showing what happens when calcium
carbonate (lime/limestone) is added to lead contaminated soil. It influences the soil making it
less acidic as well as combining with Pb to form lead carbonate and calcium. Calcium is a
byproduct of this reaction which strengthens cell walls of roots, promotes shoot development
and enhances pest and disease resistance (Gary et al., 1999). So, this is a multi-purposed
method of reducing lead.

These reactions are just a few of many that can prove beneficial for the reduction of lead levels
in soil. They will give context to the remediation strategies that were in consideration.

How do we contract lead contamination?

The ability for lead to enter the body differs between that of children and adults. Lead can enter
the body from the soil through ingestion, inhalation and dermally. When ingested by adults, 3
— 10% of the lead is absorbed into the body while the rest is released through the body via
defecation. For young children and infants, the absorption of lead is much higher, reaching 40-
50% (WHO, 2021). They absorb lead more efficiently in the gastrointestinal tract because of
multiple biological vulnerabilities such as deficiencies in iron and calcium which occur in most
children, immature liver detoxification and underdeveloped biological protective barriers from
the nervous system (Adelsohn et al., 2010). This lead can be made available for injection by
being on the produce, which is why washing your produce is an important step to safely
ingesting it.

The second likely way for lead to enter our system in through inhalation, this mainly impacts
those who work in and with the soil like the University grounds keepers and green office
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members who participate in garden sessions (UK gov, 2024). Lead particles that are inhaled
are absorbed in the respiratory system, with smaller particles finding their way to the lower
respiratory tract and the bigger particles settling in the upper tract. The small particles in the
lower tract are 100% absorbed and the larger particles are transferred by peristalsis and mucus
into the gastrointestinal tract where it is then ingested.

Based on the tests ran by MCG Zuidwest, the lead levels from six samples came back
with varying results. Three of these tests returned positive (marked green and labelled <LN).
This means they are under or at the limit of concern. Two other test samples returned labelled
as living (marked yellow). Here it’s referring to the lead levels being at amounts expected in
moderately developed areas, which is the level of development Vlissingen currently is. The
resulting values of these tests are 84 mg/kg ds and 110 mg/kg ds. In the final test sample, the
measured lead level was found to be 227.53 mg/kg ds, this value (marked amber) was labelled
as industrial which explains that this is a level of lead expected in an industrial region. The
upper limits of lead presence in soil for the EU is 50-300 mg/kg ds (Nag & Cummins, 2021).

It is clear that some areas of the garden are not stricken by high level of lead while some
are of concern. These concerns are not dire in regard to governmental standards. However, the
green office wants to take these results seriously and try to reduce the concerning values to be
under or at the limit of concern (marked green and labelled <LN). These test results can all be
found in appendix 6.

The ability to absorb lead from soil differs in different plant species. Fruits trees, for
instance, are less likely to absorb lead from the soil. This is not the case for leafy or root
vegetables. They are quite susceptible to lead absorption and have greater chance of
transferring this absorbed lead to those who consume it. Because of this range, the idea is to
ensure efforts are taken to make the soil generally healthier (Jia et al., 2022)

Effects of over exposure to lead contamination on the body

There are some significantly harmful effects of lead contamination on the renal system, this
includes impairing the ability for the kidneys to reabsorb essential nutrients like phosphate or
glucose. This limits the body from producing energy and creating new cells. After prolonged
exposure and contamination, the body may be put at risk of hypertension and gradual loss of
kidney function (Elinder & Evans, 2015).

Additionally, the reproductive system is also put at very concerning risk. Lead exposure has
been linked to reduced male and female fertility. More specifically, reducing sperm mobility,
count and disrupting their morphology. For women, prolonged exposure may disrupt menstrual
cycles, increase the risk of miscarriage and hinder proper foetal development. (Santana et al.,
2023)

Moreover, the impact of lead on the cardiovascular system is quite glaring and includes a
number of issues. These include hypertension (high blood pressure), which has a major impact
on the ability to get heart disease or stroke. It also negatively affects circulation by disrupting
calcium regulation by mimicking calcium ions due to their similar chemical structure. This
allows them to be able to enter the cells and displace much needed calcium in the process. It
also interferes with the function of nitric oxide in the blood which is a molecule that allows
blood vessels to relax. For these and other reasons, the presence of lead in the circulatory
system affects vascular health in general and poses a serious threat to those who are exposed
to it for prolonged periods (Liu et al., 2023).

Lastly, the most referenced and discussed implications of lead absorption on human health has
to do with the nervous system, particularly the effects it has on children and their neurological
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development. To be more descriptive, the presence of lead in the body hinders with the function
of neurotransmitters. This results in a disruption of calcium dependent signalling which allows
for the brain respond to cues and grow. This ends up creating cognitive deficits, behaviours
and attention disorders as wells as reduced 1Q. This not only can happen to children from their
own experiences with absorption but also can be absorbed through their mothers during
gestation period (Chen et al., 2012). Adults are also affected by lead absorption in the nervous
system, which can increase the risk of memory issues and mood regulation disorders (Stewart
& Shwartz, 2007).

It is not expected that students and staff spend an extremely long time working in the green
office garden to contract chronic side effects and health issues. However, for anyone who will
spend prolonged periods interacting with the garden soil and its produce as well as the students
who do spend time there, the accumulation of lead in the body will only increase every time
contact is made with contaminated soil and the objective is to completely eliminate this
possibility as being a step in that process of accumulation for anyone involved.

Scientific Foundations of the Initial Two Remediation Methods

Solution A: Fish Bone Amendment (Phosphate Immobilization Theory)

The chemical make up of fish bones contain a specific type of calcium phosphate

known as hydroxyapatite (Cas(PO,);OH). When mixed into lead contaminated soil, a reaction
between hydroxyapatite and the soluble lead creates the compound pyromorphite (Pbs(PO.);Cl)
(Eliades, 2023). This is a very stable mineral which is also insoluble. This is a reaction known
as phosphate-induced immobilization (Referred to in the equations above). This specific
phosphate induced immobilization significantly reduces lead bioavailability without having it
removed from the soil, instead, it draws the dissolvable lead to it and creates a compound of
crystalline structure (Xu & Schwartz, 1994).
This method is a relatively passive means of remediation; there is no direct human action that
can be done to remove the lead from the soil. Rather, the remedies must be implemented and
from there patience is needed to measure the effectiveness. The soil conditions, however, also
need to be managed to ensure effectiveness. This is because phosphate tends to bind more
willingly to iron or aluminium when the soil is very acidic. Therefore, a pH that is slightly
acidic to neutral is required for max efficiency as now the lead will be more willing to bind
with the lead in the soil.

Implementation of this method would involve depositing the bones into holes made in
the soil that reach beneath the top layer of soil. To make this an easier process, they can be
ground into finer pieces as well, this however, is not necessary.

Solution B: Charcoal Amendment (Utilising Biochar/Sorption theory)

Charcoal in the form of biochar is a porous carbon-rich material produced by placing
organic matter under pyrolysis with little to no presence of oxygen. Like a sponge there are
many holes and pores in the biochar which means the surface is quite high. This excessive
surface area allows for a lot of opportunities for absorption of heavy metals like lead. The
surface of biochar has various chemical groups such as Carboxyl (-COOH), Hydroxyl (-OH)
and Carbonyl (-C=0), these chemical groups bond with the lead in the soil via electrostatic
attraction, exchange of ions and creating stable bonds (Guo et al., 2020).

Biochar is also used also to increase the pH of the soil (making it less acidic/more
alkaline) due to its naturally neutral pH value. This aids in also making the lead less
bioavailable. Biochar also replaces its own positive cations like Ca?* and Mg> with those of
lead Pb*" and other toxic ones. Biochar also tends to contain silica, phosphates and carbonates
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(similar to the fish bones) which are able to bind and react with the lead in the soil and make it
immobile (Nguyen et al., 2023).

A recent study was done to compare the absorption efficiency between rice straw
biochar and sewage sludge biochar. Results showed that a dosage of 12g/kg (12 grams of
biochar for every 1 kilogram of soil) of rice straw biochar can reduce lead bioavailability by
up to 38.7% and for sewage sludge biochar the reduction rate can be up to 34.5%. This shows
clearly the ability for biochar to provide significant remediation of lead bioavailability.
Different versions of biochar may produce varying absorption efficiencies; however, a
significant reduction will always come from the application (Newton et al., 2020).

MCA Overview

An MCA was used to determine the ideal solution between the two. The criteria chosen were
effectiveness, timeframe, sustainability, material cost, maintenance and workload. They were
all weighted differently based on importance and influence on the final result. The criteria were
chosen using aspects of a project that would guarantee success on multiple levels. These aspects
include how well the problem becomes solved from the solution. Also, how possible it is to
implement the solution within a specific timeframe and budget using the resources available to
do the work. The winning solution of the MCA was Solution B: biochar amendment.

A full extent analysis of why Solution B won can be found in Appendix 1. To
summarize, biochar is beneficial to the soil in many ways apart from absorbing lead. It
sequesters carbon, balances pH, fertilizes the soil and promotes biodiversity. Fishbone
amendments address less issues than this.

The method of implementing biochar in the soil is predicted to be an easier experience
that of fishbones. This is due to how they will both be retrieved and the ease with which they
can be handled. The processes vary quite a bit where workload is concerned with biochar being
dropped in holes in the soil and fishbones needing to be mixed into the soil.

There are more possible chemical reactions between biochar and lead than fishbones
and lead. This makes the remediation process take less time for B than it would for A.
Sustainability is higher for biochar because it absorbs carbon from the air in and around the
soil whereas the decomposition of the fishbones releases carbon. Biochar is made through a
process called pyrolysis. This process burns the organic material at such a high temperature
that most of the atmospheric carbon that would come from the material is turned into solid
form. This prevents the emissions and allows this carbon to be put into the ground where it will
be sequestered for centuries, essentially removing it from the earth’s carbon cycle (Afshar &
Mofatteh, 2024). These are the results that propelled biochar as the winner of the two solutions.

Evolution of the solution

Further research proved that more would be needed to bolster the solution that was
chosen. This is the best way to ensure that the chosen solution is layered and can address a
most of the issues that can occur in the garden. The idea was no longer solely on soil health,
now it had grown to address the overall health of the garden. An emphasis will be on choosing
supporting regenerative solutions that will complement the biochar remediation. The end result
should be an informative outline of methods that could be used to make the HZ garden
regenerative. Regenerative gardening is the strategy of using natural processes to secure the
general health of a garden (Khangura et al., 2023). The decision to take the research in an
alternative direction was made concrete during an interview with the lab technician of HZ
University of Applied Sciences. In this meeting, some aspects of the methodology were found
to be impossible in achieving the desired outcome. Therefore, the logical next step was to
broaden the scope of the research, enabling a more well-rounded solution as well as much more
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followable concepts and plans for readers and garden keepers in the future. The interview can
be found in Appendix 2 as it can provide more insight into how this current decision came to
be. This framework can also build and be used as a foundation for further research which can
optimize the solutions’ strengths and help direct HZ green office gardeners in the future.

The solution evolved to become a framework to making the HZ garden regenerative using a
hybrid method which focuses on three different points of emphasis. These are:

1. Regeneration using nutrients
2. Regeneration using biodiversity
3. Regeneration using proper practices

Regeneration using nutrients

Within this phase of regeneration, the biochar will be implemented into the garden soil. This
will be the focal point and foundation of regenerating the garden. To be thorough in considering
the different components of the garden ecosystem, various layers/systems within the garden
will be addressed. This allows for deeper understanding of how the solutions affect the systems
within the garden and makes it easier to pinpoint what is needed to secure the health of the
entire garden. A description of these layers and how they’ll all be influenced by the
regeneration methods will be made clear in the methodology and results (Chen et al., 2023).

Mulching

Mulching and organic composting will also be used within this phase of using nutrients to
regenerate the garden. They will be used to support each other by addressing the various
requirements for garden health and come together to achieve a sense of total well-being.
Mulching is the act of covering soil with organic material (Bogunovi¢ & Filipovi¢, 2023). This
organic material can be in the form of wood clippings, leaves, grass, twigs or straw. The
presence of this organic cover provides a porous top layer for the soil, one which has pores of
varying shapes and sizes. The pores allow for water to infiltrate less harshly; surface runoff is
drastically reduced due to this and guarantees better soil structure (Thakur & Kumar, 2020).
As the mulch decomposes, the organic matter within the soil increases and works as a kind of
binder that holds the soil together. This is a very effective protective measure against soil
erosion.

The decomposition of mulch (organic matter) creates nutrients for many soil organisms, these
organisms in turn recycles these nutrients and increases soil fertility. Mulch provides a thick
cover over the soil which creates a moist environment underneath and enhances temperature
regulation. This is due to its ability to mitigate the harsh external effects like evaporation, which
is reduced due to the presence of the mulch barrier making the exchange of water between air
and soil much less frequent. Also, it prevents the weather and climate induced temperature
change from having a direct effect on the temperature flux within the soil — also due to its role
as a barrier against the harsh elements (TECA, 2020).
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Organic composting

Composting is the process of collecting biodegradable food scraps and organic matter allowing
them to decompose and get broken down. The broken-down organic matter that comes from
this can then be used as fertiliser when mixed into soil. The byproducts of the chemical
reactions that take place within composting are nutritious for the growth of plants and for the
ecosystem of the soil. Soil organisms like earthworms, fungi and bacteria thrive off this
decaying matter and return good health to the soil which in turn also feeds the plants (Ho et al.,
2022).

Whether this compost is externally sourced or developed on site, it needs to be properly curated.
This means it went through the four phases of the composting process and includes no
impurities such as plastics which are not organic or biodegradable. The four phases as
mentioned ensure the compost reaches its optimal ability to provide nutrients to the soil. These
are mesophilic, thermophilic, cooling and maturation phases. Compost that is acquired from a
company or another external source, must go through this sort of curative process. If not, it is
also possible to collect food scraps for the garden and occasionally add them to the soil, this
will also increase bioactivity in the soil, releasing nutrients, increase moisture content and
providing good soil structure. Not only is this good for the soil health and fertility but it also
improves the health and quality of the plants which grow in the garden (Ho et al., 2022).

Lastly, having a balanced C:N ratio allows organic matter to decompose efficiently in the
soil. Including compost or food scraps in the garden soil ensures that this balance is kept. As
the organic matter in compost is broken down carbon and nitrogen are both released at a
controlled rates that will not overwhelm the plants. It acts as a slow, natural fertiliser because
carbon acts as a crucial energy source for microorganisms living in the soil and nitrogen is
needed to provide proteins necessary for plant growth (Brust, 2019). Phosphorous is equally
important for the soil health as it is considered as deeply necessary for the germination of
seeds and their early growth phases (Malhotra et al., 2018).

Regeneration using Biodiversity

Having a biodiverse garden has an array of positive benefits for production and health. There
can be biodiversity in both flora and fauna around the garden.

Firstly, biodiversity in the garden’s flora (plant species) is highly important to it’s
overall health. According to HZ garden expert Eva van Gameren, including a variety of plant
species provides resistance against plagues and diseases. Their ability to spread from one plant
to another is limited because not all plants will be as susceptible to the disease as others. This
method is polyculture, and it benefits more than just plant health. It improves soil health as
well because of their different root types improving soil structure as well as the ability for
plants to recycle nutrients in the soil in different ways. Polyculture also provides a diverse food
source for a larger variety of pollinators, other insects and even microorganisms. Which leads
into the next point.

The inclusion of varying fauna in the garden will bolster the health of soil and crop
yield. Below ground there are many kinds of beneficial bacteria which feed on decaying plant
matter and contribute heavily to nutrient cycling in the soil. Earthworms as well help in
breaking down organic matter and converting it into the necessary nutrients needed for plant
growth, they also help in soil aeration and bringing organic matter from the surface into subsoil
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layers. This enhances the health of the soil in areas gardeners cannot reach, making their
presence very necessary. Above ground, there are two categories for beneficial species:
pollinators and predators. Pollinators such as bees, beetles and even small birds promote
fertilization and cross pollination within the garden. Predators like ladybirds and spiders protect
the garden from harmful insects that destroy produce and bring diseases to the crops (Sweetser,
2025).

Parasitoids have the same protective effect by laying eggs on other harmful insects
which end up killing them. Enabling these insects to be live freely in the garden will increase
overall crop yield during harvest time (Wood, 2023).

Regeneration using proper practices

One crucial point of attention for regenerating the garden’s ecosystem is the use of no
chemicals. Nonchemical use promotes soil health and supports biodiversity by removing
harmful pollutants like synthetic fertilizers, pesticides and herbicides which disrupt the health
of important soil organisms. These include earthworms and bacteria; their jobs, as mentioned
before, result in the maintenance of soil fertility and structure. When these harmful chemicals
are used, and these organisms reduce in numbers, the need for more artificial inputs increase
even more (Beaumelle et al., 2023). This cycle causes the eventual degradation of the garden,
pushing the soil closer to a state of barrenness and infertility. Chemical use in gardens also
harms pollinators like bees, butterflies and other insects by weakening or even killing them in
some cases. They can also alter or remove the scent of the flowers which changes how well
they are able to be detected by pollinators (FWF, 2024). For these major reasons is why
refraining entirely from the use of chemicals is necessary in maintaining the health of the HZ
garden

Having standards that are upheld in the way the garden is cultivated and treated makes it less

likely that harmful or degenerative practices and substances are not used in the garden. This
secures its health.
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Methodology

The type of research was shifted during the process out of necessity to accommodate
for time and effectiveness. This led to the methodology being mostly geared to qualitative data
and information that would inform the solutions.

Initially, the plan was to conduct lab tests to evaluate the reduction of lead and
contaminant levels before and after the implementation of biochar. It turned out that it wasn’t
possible to retrieve the instruments needed to complete the test in mind. Based on this, the plan
was changed to develop a much more wholesome solution for the garden. To achieve this, data
was collected from researching the idea by reading multiple literature reviews, interviewing
garden experts and a lab technician at the university.

The data collection for this project took place during an allocated research phase held
between April and July. This data was collected and formulated to target students and staff in
the green office specifically. This allows for the report to be used as a guide and teaching tool
which informs the green office on the proper practices to carryout as a caretaker of the garden.
It was also important that the methods are introduced and explained in a way that can act as a
basis for new research to be done in the garden by future green office students. The intention
was also to make this a welcoming study/learning tool to readers outside of the green office
who may also be interested in gardening or farming. Students of the green office were chosen
as the main target group because the garden is student lead with the guidance of garden experts.
Green office students can use their ability to propose and initiate plans to implement these new
regenerative practices into the garden. From personal experience as a research minor student
at the green office, it was discovered how helpful it could be to have a foundation from which
a deeper research report can be made.

To make the data collection phase be more seamless, it was important to determine
what would be the data sources for this research. For instance, ideas of the various methods
that could be used in the garden was found by interviewing garden experts. Through these
interviews, new ideas were introduced based on their experience working in and caring for
gardens. The literature reviews provided researched scientific insights into the regenerative
solutions while suggesting new ones in the process. They were necessary in proving the
effectiveness of these solutions and ensuring their ability to be implemented into the HZ
garden. Interviews and observations were also carried out with experts within the school. They
were able to further corroborate the feasibility of certain solutions and allowed for decisions to
be made on whether they should be researched further. To structure the research properly, it
was important to indicate layout of the general concept which was being written about. To do
this, the general idea of regenerating the HZ garden on all levels was further segmented into
the three different methods of achieving garden regeneration: via nutrients, biodiversity and
proper practices. Within each of these there are gardening methods which were proposed
during interviews and found in literature reviews which informed the topics and subtopics
(regenerative solutions) that would be explored.

To analyse the range of literature sources which address regenerative gardening
practices, Grounded Theory methodology was chosen. By using this approach, the data was
examined inductively. This means theories were developed from the collected data as opposed
to deductive examination which retrieves data from theories. This was chosen because theories
and conclusions on what methods and practices would be used in the garden had to be made
from data collected on those methods and practices. The reviewed literature provided a
variation of strategies — these include organic composting, biochar application for the
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remediation of the garden soil, mulching, fostering biodiversity of flora and fauna, and
avoiding chemical use of any sort.

Open and axial coding was used to categorise the practices based on their ability to
provide regeneration to the garden ecosystem. Open and axial coding were highly necessary
steps in the analysis of this qualitative data. In open coding, the data was broken down into
discrete parts, for example, literature on the effects of composting would be under regenerative
garden practices. This was done to label them as methods that would contribute significantly
to regeneration. To do this, the data was carefully read through without any expectations of
what it’s saying. Allowing the data to speak for itself in this way gives it a chance to be
interpreted in its truest form. It also can be done by asking open questions in interviews that
allow for the interviewees to think of their own solutions and suggest their own methods. This
is opposed to asking leading questions that allow for answers to be only given on a specific
idea or topic. Similarly, reading research on topics that address regenerative gardening methods
can allow for fresh ideas to be introduced rather than starting off by researching specific topics.
From this very raw and broad data, labels can be made when recognising patterns and common
appearances. These recognised patterns lay out the steps that should be taken as further research
is done. It became clear which topics are worth exploring further and which did not help the
current research question to be answered.

In the axial coding phase, similarities in the different open codes were noted and then
used to create subcategories within the context of the main idea. An example of this could be
how biochar, organic composting and mulching were all allocated in the subcategory,
regeneration using nutrients while, biodiversity in flora and fauna were given their own
subcategory. This was done because they are different ways how the garden can be improved
by using these practices and to keep them organised, those with similar approaches were
grouped together (ContentSquare, 2024). Data saturation was reached as the interconnected
aspects of each method were highlighted consistently throughout the data collection process.

Regenerative gardening was defined in the theoretical framework as a strategy which involves
using only natural processes to improve the health of a garden according to Khagura et al.,
(2023). There are multiple approaches that can be taken to achieve garden regeneration such
as increasing nutrient content in the soil, utilising only natural/regenerative garden practices,
planting and accommodating the diversity of species in and around the garden.

To be sure that the research instrument would be robust theoretically, the concept of
regenerative gardening was operationalised into observable sub concepts. These include,
regeneration using nutrients, biodiversity and proper practices. Every sub concept was
subsequently divided into indicators; these indicators were possible to find after conducting
preliminary research and interviews.

The interviews were curated in a way that would allow the interviewee to speak freely on the
ideas that come to them, they were able to express which methods meant the most to them in
terms of garden regeneration. This was the ideal design due to the ability for raw information
to be clearly express and later reflected in writing. If the interview questions were more closed
and specific like ‘define biochar remediation’ or ‘how to regenerate the garden using nutrients’,
it would be expected that the answers would be bottle necked in nature rather allowing a range
of new topics and suggestions to be presented.

The three sub concepts, although robust, needed to be operationalized further to help in giving
a direction to doing deeper research. Without that guidance, the developed plan would be
unclear and less defined. The exact broken-down structure of each concept can be found in
table form in Appendix 3.
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Ethics

To be intentional with protecting the identity of respondents and interviewees, an effort
was made to refrain from using the names of these individuals. It was deemed necessary only
to mention the role of the respondents to give context to the reason why their opinion was
identified as useful and relevant to the research topics. For instance, interviews and discussions
took place with the HZ lab technician for their expertise on what tests can be ran to give
supporting data to be researched. Similarly, a fellow student at HZ who studies Chemistry was
also consulted about the feasibility of using experiments to retrieve useful data. The HZ Garden
experts were involved in interviews and discussions because of their understanding of garden
health and cultivation which provided much needed ideas for strategies to be used in the garden.
This is the form of research used to give the research more form in the earlier stages. With the
help of the above-mentioned individuals, the initial data was given the direction in which it
should continue forward. This led to them being divided and operationalized in the way they
were.

Validity

The validity of the research is determined by appropriateness of the research method
used to find the data. It is a measure of how effective the means is at retrieving the data that
will help in creating a relevant result (Taherdoost, 2016). The validity of the data was
confirmed using the different types of research validity tests. The first of these is face validity.
This is the weakest of the tests as it is a subjective method for proving how valid the data is.
The test is conducted by reading the information and discerning on a personal level whether
what is read matches tonally with the themes that are to be discussed throughout the report. It
works to ensure data will appear relevant to the reader. Secondly, content validity was assessed
to determine the usefulness of the data being gathered. This can be determined by allowing for
individuals with expert backgrounds on the specific topic to read through and corroborate with
what is being written. This is a form of proof reading which gives the research a stamp of
approval from experts in the field who agree that the work is truthful and accurate. Without
these approvals, the work may reduce in credibility as it can’t yet pass as universally true or
accurate research. This was not fully possible during this research, however, the data which
informs this report comes mostly from accredited sources which were formerly peer reviewed.
Being that this report exists as a regenerative gardening framework rather than a report which
uses values which require an expert’s approval, it is protected — to an extent from containing
an oversaturation of incorrect data and misinformative research. This, however, does not mean
this report is safe from uncertainties. To mitigate these uncertainties, the developments of the
report were often made known to the experts and discerning figures who were present. Garden
experts, green office coordinators and research coach were all external opinions which were
considered in the writing of new material as well as correcting existing material. By utilising
the expertise of others, the work outcome of the research became more seamless, robust and
relevant to the garden itself along with those who will benefit from it. Unnecessary and
unusable data was removed and replaced with solutions that would provide the most impactful
results in the garden and that is due to the presence and involvement of the experts who were
present.

Within content validity it is also important to ensure that your research methods (if
including questionnaires or interviews) contain questions which sound like they are gathering
the intended information. This will prevent the experience of receiving answers irrelevant to
the topic. Based on the answers that were received during the interview process, it was
concluded that these questions were indeed useful in inquiring the right information from the
interviewees.
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Persistent observation was also used to provide validity to the data. It is a validity test
which works by having the researcher be present in the field of research for a prolonged period
where they can become well acquainted with the subject of research. This is useful because
rather than writing about an environment based 100% on external bias and information, the
researcher is now able to write from the perspective of the subject and give voice to aspects
that would not have been considered if work was totally done from the outside. Being involved
with the HZ garden guided the point of view of this report to be from the perspective of what
the garden needs. For instance, by working in the garden on a weekly basis observations were
made on the quality of compost being used currently. It was clear that it was not fully organic,
this is a sentiment shared with the entire garden group and experts as there were signs of plastic
contamination within it (Scopetani et al., 2022). Noticing this gave further confirmation that
implementing actual approved organic compost into the soil was a necessity, whether it be
sourced or made on site as a project by future green office researchers. Another instance
demonstrating the usefulness of persistent observation was witnessing the importance of
mulching on soil health. The fluctuation in weather conditions can have a profound effect on
the soil; by adding mulch, the garden was able to be resistant to the effects of a fluctuating
weather system. Mulching kept the moisture content, temperature and structure of the soil
steady even when faced with harsh dry/sunny weather, freezing temperatures or heavy rain.
This was noticed when working in the garden and realising that the texture and feel of the soil
that is always relatively the same, despite what the external conditions may be (Igbal et al.,
2020).

Reliability

(Loh, 2015) state that the demonstration of the validity of qualitative research is what
confirms the reliability of said qualitative research. Due to this entire research containing only
qualitative research, the reliability should have already been proven throughout the explanation
of its validity. On the other hand, there are some theories which require the reliability of the
research to be tested separately from validity. Considering these very mixed views on whether
reliability of qualitative research should be tested, a dependability audit was chosen as the most
effective and necessary method. This was developed also by Lincoln and Guba in 1985, it was
their way of giving attention to the need for some level of reliability to be established for
qualitative research, especially peers in the same field. In this case the dependability will be
examined by assessing how the data was collected, how it was kept and the accuracy of said
data.

The data was collected in several ways, these included interviews, literature review and
persistent observation (see Appendix 7). The interview questions can be found in the Appendix
4. They were used to ask for suggestions of new ideas and methods from the garden experts,
green office coordinator and lab technician. The interview with the garden expert took place
on April 10th and lasted 10 minutes. The interview with the lab technician was held on May
19th, lasted 15 minutes and included myself, the lab tech, my research coach and a fellow
student. Several research papers on the many involved topics were read and analysed, this
method was used to do in-depth research of the ideas which came from conducting the
interviews. It was then possible to provide accredited data which could support all the solutions
that were planned for the regeneration of the HZ garden. Without this data, there would be no
way to demonstrate why these solutions are applicable to the research area and if they are
beneficial. Lastly, persistent observation was of major benefit to understand the research
subject. Without building that connection with what you are researching, without seeing it in
person and being active in the physical sense, it is hard to then know what to write about it that
is reflects commitment to solving the research question. Being present provided an
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understanding of what to advocate for. In this case and as previously mentioned, working in
the garden allowed for the nuances of this garden’s ecosystem to be noted and included within
any plan which was made. It allowed for the needs of this garden to be met with intention and
not by default by implementing any random garden practices. This way the garden can have a
solution curated specifically for its needs.

The data was carefully kept ensuring that the ideas and information remain how they
were when initially discovered. Interview answers were written down along with additional
notes for context. By doing this it’s easier to remember exactly what was being said when
interpreting. This helps to prevent the possibility of forgetting completely why and what was
said when conducting the interviews. Notes and images were taken during weekly garden
sessions to keep track of the state of the garden over the research period. Useful data and
information found in literature were promptly archived for later use and interpretation for this
report.

The intention has always been to retrieve most data from peer reviewed research papers,
especially when it comes to sources which are meant to support the key points of the solution.
Concepts can be retrieved from a wider variety of sources so long as they are from trusted
organisational websites. There is no complete avoidance of uncertainties, however, retrieving
data carefully from accredited sources was of most importance to uphold a standard of
dependable data.

Methodological limitations

Retrieving this data did not go as smoothly as desired. There were multiple instances
and circumstances that prevented the process from being seamless. First of these were the lack
of external experts. Having the approval of experts who have done research on the topics within
the research subject would have been an effective way to validate the work being done for this
report. It would have been ideal for this data to be analysed and critiqued by fresh perspectives,
however, no responses from any external experts were received. Up to 6 emails were sent out
to experts who wrote the reports that were sourced in this report, there was hope any respondent
would be able to give significant guidance and advice on the methods that this report
implements. It would also have been beneficial to have another discerning eye for what is/is
not necessary. The lack of responses could have been for multiple reasons: possible language
barrier, position change of the authors (completion of dissertation, no longer with research
company) or even inexperience with reaching out to researchers at different institutions. Some
of these initial inquiries can be found in Appendix 5.

There was approximately 5 months given to complete this research report, in that time
enough data was gathered to create a robust solution to the research question. If there was more
time to undertake this research, more could have been done to find support for key points and
to ensure the data was validated more than it currently is. Perhaps there would be more time to
revisit requesting the expertise of more external researchers and experts.

Lastly, with the lack of access to equipment, it was not possible to run soil tests
dedicated to this research. This could have provided the opportunity to include some level of
quantitative research rather than containing only qualitative research. To overcome the lack of
equipment that could be used to complete the methodology that was planned initially, it was
decided to rely more on qualitative research. Also, the decision was made to create a framework
for regenerative gardening in the HZ garden rather than providing a solution to a single issue
in the garden. Not only did this encourage more dependence on the available experts and
literature but it helped to transform this report into a learning tool that can be expanded on by
future students.
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Results

The research methods used in the methodology were effective in gathering a substantial
amount of data which was used to inform the solutions. The topic of this report is regenerative
gardening; this is the general strategy that will be implemented in the garden. To achieve it, it
was divided into three concepts and each of those concepts were divided into sub concepts.
The analysis of the collected data revealed the following topics, regeneration using nutrients,
biodiversity and proper practices. These topics along with their corresponding subtopics
provide an insight into a wholesome approach to garden regeneration and cultivation. These
topics were retrieved from the raw collected data by using grounded theory, and open and axial
coding as a method of analysis.

Topic 1: Regeneration using nutrients

Regeneration using nutrients addresses the regeneration of a garden’s ecosystem above
and below ground by ensuring the soil has the right amount of nutrients. The ability for soil to
provide all the nutrients a plant needs to grow and fruit is referred to as the soil’s fertility
(McGrath et al., 2014). The need to secure an ideal level of soil fertility was frequently
suggested from literature research. It soon became evident that it is a requirement for healthy
garden soil and without it, would leave the soil barren and incapable of accommodating crops.
One instance of this being stressed as a requirement says

Soil nutrients are critical elements for plant growth and productivity. The
bioavailability of nutrients in the soil solution may determine root growth, root proliferation
and specific functional responses. Nitrogen (N), phosphorus (P), iron (Fe) and sulphur (S) are
among the nutrients that have been reported to alter post-embryonic root developmental
processes (Lopez-Bucio et al., 2003 and p.285).

This makes it quite clear how important nutrients are for garden health and what
specific nutrients are especially needed to be within the soil ecosystem.

Nutrition can come in various forms; this was also discovered through research of
regenerative practices. These different approaches were then linked due to their similar effects
and became subtopics under the decided main topic of regeneration using nutrients.

Subtopic 1.1: Biochar remediation is a regenerative method of providing making a
garden fertile and providing nutrients. It is done by adding biochar into the soil, biochar is made
by using pyrolysis of organic matter. This process is where organic matter is combusted at
temperatures between 600 and 700 degrees without the presence of oxygen. Burning at these
high temperatures allow for the material not to turn to ash. What is left behind is the non-
combustible mineral content of the organic matter. This happens because the higher the
pyrolysis temperature, the more surface area the byproduct will have (as can be seen in the
graph below).
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The surface area becomes a defining aspect for the biochar due to its ability to remove
impurities from its environment. The high porosity of the surface area acts as a sponge which
helps to reduce the presence of heavy metals like lead and other micropollutants within the soil.
This is the benefit of biochar which made it a compelling solution to use in the garden as the
origin of this research was to find a feasible solution to reduce the lead levels within the soil.
With the issue of soil pollution being solved by biochar remediation, a variety of supporting
practices can be used alongside it to ensure other aspects of garden health are considered and
taken care of.

In a research paper by Z. Hossain (2020), the importance of biochar on nutrient
dynamics on soil and plants is described. He says, “biochar also increases soil pH and, thus,
influences nutrient availability for plants. Biochar also alters soil biological properties by
increasing microbial populations, enzyme activity, soil respiration, and microbial biomass”.
The power to improve the chemical balance and physical structure of the soil is the reason why
biochar remediation was chosen as the main gardening principle to spark the regeneration of
the HZ garden. (Hossain et al., 2020)

Subtopic 1.2: Organic composting is another method that can be implemented to

regenerate the HZ garden. “Composting is a traditional organic waste treatment technology
that can convert organic waste into high-quality organic biofertilizers” (Yin et al., 2023).
This method was chosen to act as the main fertilizer for the garden. By keeping regeneration
as a core principle, all chosen methods and materials must comply with what it means to be
regenerative. Composting fits this well because it allows for organic waste to be reused as
fertiliser rather than being disposed of with other municipal waste. This reduces the amount of
waste produced and finds a natural way for it to be ‘disposed’ of by allowing decomposition to
turn it into plant and soil nutrients. Not only is it a natural source of nutrients but it fosters ideal
soil conditions for the garden as well. Adding organic compost regulates soil temperature,
reduces the potential of soil erosion, improves soil moisture content and provides aeration.
Organic composting was chosen because it fits seamlessly within the framework of creating a
regenerative garden.
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Subtopic 1.3: Mulching is the third and final subtopic under regeneration using
nutrients. It was chosen for its many benefits, including those which create a positive balance
of water content for the soil, these are: minimising water runoff, enhancing soil infiltration
capacity and regulating evapotranspiration by acting as a barrier. A flat surface provides a
perfect runway for water to flow in what-ever direction the floor may follow; by flowing away,
water is not able to infiltrate the soil. However, when mulch is present, there is no longer as
smooth of a path for water to travel on, instead, it acts as a funnel which controls the amount
of water reaching the soil surface and reduces flow to point where the water is hitting the
surface as slow as it needs to infiltrate the soil in that position. This allows for water able to
infiltrate the soil to increase. The same also takes place in the opposite direction, with the mulch
acting as a protective barrier, much less moisture leaves the soil through evapotranspiration.
Lastly, mulching protects the soil from the harsh elements above; by blanketing the soil, the
ground is less susceptible to extreme temperature change during extreme weather conditions.
Using mulching was discovered during the gardening sessions at HZ University which were
led by the garden expert. When asked about the use of mulching, the response given was
“mulching is used to secure ideal soil health on multiple levels. It creates a subsoil environment
that allows plants to thrive and doubles as a fertiliser if you use organic materials.”

Topic 2: Regeneration using biodiversity

“Biodiversity is an attribute of an area and specifically refers to the variety within and
among living organisms, assemblages of living organisms, biotic communities, and biotic
processes, whether naturally occurring or modified by humans” (Swingland, 2013).

The garden must be treated like the complex ecosystem it is. Biodiversity ensures the
health of an ecosystem by making sure resources, nutrients and structure all stay balanced and
at the levels needed for the collective to thrive in the environment. Every organism has
something unique to offer an ecosystem, the more variation there is of unique benefits, needs
will be met and taken care of. This is why it is important to include a level of diversity within
the garden. The following subtopics will be addressing how this can be achieved in HZ’s
garden.

Subtopic 2.1: Biodiversity of flora, this refers to having a variety of plant species in the
area. Having more plant species within the garden supports more species of taxa like birds,
butterflies and other pollinators, allows for different species to perform their own niche
functions which increase soil health like nitrogen fixing or providing nutrient rich mulch
(Limareva, 2014). Including plants of different structure within the garden like trees, shrubs
and low-lying plants allow for a number of benefits as well, these include cooling (heat
protection), improved habitat quality, promotes seed dispersal and increased pest control
(Nighswander et al., 2021). During an interview with a garden expert, the following
recommendation was made and stressed, “Try to avoid any sort of monoculture, having only
one plant or too many of one plant attracts plagues to your garden. Therefore, it is important
that different species are planted to help prevent plant diseases from spreading”. This was
proven through research about the link between biodiversity and plague prevention. When
plants of the same species are planted together in large amounts, they compete for nutrients,
light, space and water. This reduces the yield at harvest as they had less ability to thrive in their
space, it also depletes the soil of its nutrients as they all require the same type of nutrition from
the soil. When planting a higher number of species, you minimise competition and promote
cooperation between the plants as they all provide their own niche benefits to the soil health
(Limareva, 2014).
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Subtopic 2.2: Biodiversity of fauna is the inclusion of a variety of animal species within
a specified area. There are different types of fauna that can be present in a garden ecosystem.
There’s subsoil fauna, these include earthworms, larvae and mites, also worth mentioning are
beneficial bacteria and fungi. Their jobs are to aerate the soil as well as break down organic
material and convert it to nutrients. They aerate the soil by moving around throughout the soil
in search of food, mates and to form habitats. This activity creates pockets of air inside the soil;
this is a preventative measure against compacted soil which hinders root growth and mobility.
As the subsoil organisms assist in decomposition by eating decaying plant and organic matter,
allowing for them to be transferred into nutrients like carbon, nitrogen, phosphorus and other
minerals. Plants thrive off these nutrients by using them to build cell matter, to produce
chlorophyll and for the process of photosynthesis. With the presence of more nutrients in the
soil, greater yield can be expected at harvest and plant health will increase as well.
Above ground are insects, small mammals and birds. They help maintain soil health by
aerating, providing natural fertiliser and they assist plants by dispersing seeds, pollinating and
controlling pest populations (WWF, 2023). They disperse seeds when consuming plants, fruits
and seeds and releasing it as waste around the garden, birds can also carry seeds in their feathers
unintentionally and place them in other spots of the garden. Similarly, pollination occurs when
these animals interact with flowers like bees and birds, they carry pollen from flower to flower
within the garden and fertilise other flowers by adding external pollen to their flowers (Cronk
& Ojeda, 2008). Pest control is also a necessary job of these surface-dwelling animals as those
who are predators tend to keep pest populations in check by eating them (Dinesh et al., 2022).
It’s clear to see how biodiversity is a key determining factor of how healthy an ecosystem will
be. The healthiest ecosystems tend to have many systems and connections in play. This is
closest to how natural ecosystems are and is the reason why they are successful and highly
resilient.

Topic 3: Regeneration using proper practices

Subtopic 3.1: Anti-chemical organic gardening is the final method of gardening to be
used. This is intended to be the practice of gardening without using any harmful chemical
fertilisers, pesticides, fungicides etc. The importance of utilising this method is to prevent the
many negative (short and long term) effects that chemical gardening has on the area of use, the
land around it and the health of plant and animal populations within the garden. In a recent
study by Zhou etal. (2025), a clear overview was given about the negative impacts of chemical
use in gardens:

Pesticides significantly accumulate in soil, disrupting its physicochemical and
biological characteristics, which in turn, harms flora and fauna and undermines soil health
crucial for crop quality and ecosystem services. The contamination extends to water bodies,
with agricultural, runoff and industrial effluent introducing these chemicals into rivers
and groundwater, thus impairing water quality and posing risks to human health through

exposure and the food chain. (p.3)

Apart from these effects, the presence of these chemicals in the environment also
disrupts the quality of aquatic life when leeching takes these harmful chemicals from
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agricultural lands to the sea. Fishes and microorganisms both suffer in the presence of these
chemicals as it reduces water quality by affecting oxygen levels and contributing to algae
blooms which, in themselves, have several negative impacts to the environment. By adding
harmful chemicals to the garden, crucial soil processes like nitrogen fixation, nutrient
decomposition and nutrient cycling are significantly impaired. This is due to microorganisms
and microbes that perform these tasks experiencing complications like decrease in quantity,
biomass and enzyme activity (Zhou et al., 2025).

It is also highly important that the effects of pesticides, organophosphorus and
insecticides on human health are well understood. Pesticide poisoning accounts for around
11000 — 150000 fatalities per year. This comes in the form of ingestion, inhalation or topical
exposure. As this accumulates in the body, diseases and illnesses can become present over
time; some of these include cancers, diabetes, neurological disorders, issues in foetal
development, respiratory disorders, fertility issues and organ failure (Eddleston, 2024).

Results: Summary of findings

By analysing the data, three main themes were discovered and given their own
respective subthemes. These include:

e Regeneration using nutrients (Biochar remediation, Organic Composting,

Mulching)

e Regeneration using biodiversity (biodiversity of flora, biodiversity of fauna)

e Regeneration using proper practices (Anti-chemical organic gardening)
The keystone method for the regeneration of the garden was chosen to be biochar
remediation. This was selected for its ability to address the initial problem that generated
cause for research which is the presence of a toxic level of lead in the soil. Biochar would
also be implemented as a natural solution to secure good soil fertility by acting as a fertilizer
as well as encouraging enzyme activity, increasing soil pH, providing a rich environment for
microbial health etc.

By adding other solutions which can be implemented alongside the biochar
remediation, the garden can be one of high yield and good health because of the different
efforts made to secure the wellbeing of the various aspects it involves. Organic composting
and mulching address the need for ideal soil conditions (temperature regulation, water
retention, nutrient availability) and resilience in the face of extreme weather conditions. The
ideal soil conditions can also be achieved through having a diverse set of fauna included in
the garden’s ecosystem. They do work gardeners can’t do like decomposing and frequent
cross pollination, underground they also make the air more breathable and less compacted
and provide waste which adds as a fertilizer. Biodiversity of flora provides much needed
resistance to plagues, provides nutrients and balance to the soil and accommodates the much-
needed fauna species.

Lastly, by not using harmful chemicals in the garden, contact pollution to adjacent lands
will be prevented. The multifaceted nature of this solution as well as the others are what made
them ideal choices to achieve regeneration. They succeed in achieving this because they are
beneficial to more than just the issue they’re serving. They are not serving one aspect of the
environment as well as negatively impacting another. Instead, their use and implementation in
the garden generate no concerning effects on the climate and environment.
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Discussion

With the results having been collected, the questions that directed this research can
begin to be answered. These answers will come through the creation of solid solutions based
on each proposed method. The solutions will act as clear plans for implementation in the garden
and transform the once abstract data into tangible instructions that can be applied.

This discussion will address the theories of the solutions and their applicability to the
garden in real life. Understanding this will allow for a very practical opportunity for the ideas
and principles of regeneration to blossom on the campus.

The results indicate that it is indeed possible to achieve regeneration within the HZ
Garden. This can be done by implementing methods that not only cater to the issues they were
meant to solve but are also beneficial and provide no harm to the environment in the short or
long term. By thinking of the garden as a system with many parts, much more concerns within
the garden can be taken care of or even prevented. It was deduced that no aspect of the garden’s
ecosystem is completely isolated. Every component within the garden is connected to or will
directly affect another. When any of the methods are implemented, a chain reaction of benefits
take place in other areas. This further proves the essence of the regeneration, leaving no action
to be able to negatively effect others. It is important to provide solutions that can only be
beneficial in multiple ways and not negative, striving for only the most impactful, cohesive
actions to be taken.

Every solution addresses regeneration as well as their respective issues. For instance,
biochar remediation is meant to mitigate the issue of concerning lead levels. To provide this
treatment, locally sourced biochar needs to be used. There is also the possibility of creating the
biochar using the laboratory equipment at HZ. Once the biochar is brought to the garden, the
application of it within the soil can begin. This process entails digging holes in the soil that
reach below the non-contaminated topsoil (first 10cm). In those holes, biochar pieces or powder
can be deposited thoroughly mixed in with the soil allowing biochar to span the length of the
hole up to the bottom of the topsoil layer. Not only will the lead then be absorbed making there
be much less bioavailable lead in the soil, but it also helps the atmosphere by sequestering
carbon. It also provides much needed fertiliser for the plants as well.

Organic composting delivers rich nutrients and minerals into soil, without it, plants
would not have enough nutrition to build themselves and conduct their processes. Outside of
this, compost is made from waste materials, this means the use of it aids in reducing municipal
waste. It also provides the ideal conditions for soil fertility. The benefits of composting also
extend to the other solutions, this being ‘biodiversity of fauna’, subsoil organisms thrive off
compost. They are key contributors to the cycle of nutrients in the soil and rely heavily on the
success and inclusion of one another. This compost can be locally sourced or created at HZ in
the garden by students. Currently there are compost piles located in the garden. The compost
piles provide an opportunity for further research to be done by green office students on how to
efficiently curate organic compost that can be used in the garden soil. Mulching is very
necessary for the garden as it protects the soil from the harsh weather and temperature while
maintaining ideal soil conditions. Mulch is also easily sourced from the HZ garden in the form
of dried weeds. The unwanted weeds that are removed from the beds of the garden can be dried
and recycled as an organic mulch material for the garden. This recycling keeps the garden self
sufficient, and the gardeners involved conducting this process.

The absence of harmful chemicals in the soil allows for a healthy environment on many
levels. Below soil, natural chemical processes are not disrupted and allowed to take their
natural course. The ecosystem can be guided by green office gardeners to balance itself; this
can be done by allowing biodiversity of flora (plant species) within the garden. The garden
already contains a diverse set of flowering species. Herb like mint and basil can be found there
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alongside fruits such as strawberries and tomatoes, leafy greens including kale and multiple
lettuce species as well as tubers like potatoes, carrots and radishes. Rather than depleting the
soil’s nutrients in competition with one another, they work in unison to provide a balanced
ecosystem. These different plant species also accommodate for more fauna species who can
find much more of their food and shelter preferences in a bigger selection of plant species. The
garden has a multitude of insects, some of which are ladybugs, beetles, worms, bees and
butterflies. Since they are already present in strong numbers, the focus should be more on
accommodating them, allowing them to stay near and feel attracted to the garden. Efforts like
building insect hotels and maintaining the other practices guarantee this. Regenerative
gardening is achieved here because the garden is guided to a point where it can take care of a
lot of its own processes naturally and with much less need for human intervention. By not using
chemicals, the garden’s environmental footprint can remain low and no harm.

The data has been clear in describing what the garden needs to be successfully
regenerative. The HZ Garden should be approached as one organism, one that is in many ways
self sufficient. This self sufficiency must be stewarded by green office garden session member
with much care and consideration for the interconnectedness within the garden’s ecosystem.
No plant, animal, process, material or method used within the garden is isolated. Once
implemented within the ecosystem, it will react positively or negatively with many other
components. It is the responsibility of the gardeners to determine what are the best and most
beneficial applications for the HZ garden as it is ushered into its regenerative and more resilient
future. The solutions provided (based on research) were all found to be regarded as beneficial
for the garden and the environment. Existing theories tend to be in support of these solutions
which is why they were ultimately chosen.

There were limitations present in the collection of this data. As mentioned before, the
report being written as a framework was not the initial intention. There was a notable shift in
the research approach which reduced the available time to realise this report as it is now.
Perhaps more time would allow for the report to be supported with more compatible research
methods and sources. Some methods like biochar remediation and the effect of unnatural
garden chemicals on the environment are still being researched by experts and have results
which are still evolving rapidly.

The sources used to collect the data were literature reviews, interviews and observation.
To analyse this data grounded theory and open and axial coding were used. They were chosen
due to their compatibility with qualitative data. Since there was no quantitative data, analysis
methods that would truly challenge the data to get as much impact from it as possible was a
necessary choice. They were also relevant methods of analysis based on the type of data
collecting methods. This allowed for as much to be interpreted from the data as possible and
assisted in the way the report was laid out. It was expected initially that an extensive single
solution to solve the issue of lead contamination in the soil would be found. Instead, it became
a broader, informative framework on the ways the entire garden can become healthy and
regenerative rather than just the soil. This outcome was quite unexpected and different from
what the initial plan was, however, it still carries a very impactful and usable message.

The data results were successfully used to provide answers to the sub questions as well.
The soil quality’s renewal comes from the application of biochar remediation along side
supporting solutions like organic composting and biodiversity of fauna. Although these
solutions are of clear significant impact, most of the proposed solutions contribute to the soil’s
overall health. This renewed quality of the soil and health of the garden can come from the
students taking the responsibility to provide garden maintenance at least weekly at the garden
sessions. Upholding the methods and practices over time in the garden guarantees the
ecosystem’s longevity. By implementing the methods from this research green office members
and guests to the garden sessions can provide a more regenerative future for the garden. The
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report was written to invite readers to understand the methods and their backgrounds.
Understanding why they were chosen, what effects will become present and how they can be
implemented will allow for the garden session members to bring these solutions to life out of
their own interests or to provide deeper research on any of the topics addressed.

Conclusion

To conclude, this research report aimed to determine how the HZ garden could become
regenerative. Based on extensive qualitative data research and analysis, it can be deduced that
regeneration can be achieved by using a hybrid solution where soil regenerative methods can
be executed in the garden sessions. Hybrid solution will be consisting of multiple courses of
action all varying in nature, focus and results. This is opposed to having a singular course of
action which would provide more a more limited overall result. The significance of the solution
being a hybrid is to ensure that as many aspects of the garden as possible are considered and
catered to through the implementation of these methods. The results show that gardening can
be done regeneratively in various ways. There is no one way to be regenerative because
regeneration can be applied in all actions we take. The chosen approaches were as follows:

- Regeneration using nutrients

- Regeneration using biodiversity

- Regeneration using proper practices
The main takeaway from the research results is that no component of the garden is singular in
nature, to truly understand how to take good care of the garden, it must be thought of as one
whole. Everything which resides in the garden is linked within the intricate web that is the
entire garden’s ecosystem. Treating the entire garden’s ecosystem as one organism means that
the effects of any solution that is implemented needs to be of benefit to or at least neutral toward
every link it has within the ecosystem. With this understanding every decision for the garden
needs to be made with consideration for the overall health of its ecosystem.

This research report explains in depth what can be done to make the garden
regenerative but also raises the question of how they can be done. Much data was found and
used to form the report into an informative framework. The next step would expectedly be to
bring those ideas to life. This may not have been the purpose of this research, but it gives a
wide range of opportunities to not only conduct research on how to make these changes tangible
and implemented in the real world. Any further action on this report can be toward developing
plans of action and maintenance plans. The creation of these plans will allow for the HZ
gardeners follow the progress of the solutions and intervein when necessary.

Creating a framework for regeneration required an understanding of where the world
currently is and is currently ready for. Sustainability is now behind us and it is imperative that
we look to the future to understand what comes next. Regeneration in our daily lives means to
look to the future rather than the present. Preparing resources like gardens as fuel sources that
are resilient and self reliant which is a regeneration of the natural world and its capability to
provide food and fertile soil for our use. What follows this research should be an initiative to
start implementing tangible change using the solutions proposed. It will not be a quick process,
but the healing of nature will always happen in its own time.
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Appendix

Appendix 1: MCA Analysis

To determine what solution is more ideal based on their specific attributes an multi criteria
analysis will be carried out. This will allow for both solutions’ key elements to be highlighted
and compared to determine which one works best. Based on each criterion, both solutions will
compete for the best score out of 5, with each criterion being of a different weight due to
importance, the scores will have varying effect on the overall result. Nevertheless, the solution
with the higher overall score at the end will ultimately be chosen for implementation.

Criteria: 100% Solution A: Fish bones Solution B: Biochar
Effectiveness 20%
Timeframe 20%
Sustainability 20%
Material cost 5%
Maintenance 15%
'Workload 20%
Total score:

IS SIS
I NENEEEIRIEIE

Solution B ended up becoming the winning solution due to resiliently scoring high for the
criteria. To give more context, B has the potential and is expected to be more effective than A
due to it’s multipurpose nature. As seen in the description above, biochar is a solution that
benefits soil health in multiple ways and combat the issue of lead contamination in different
manners. Not only is the issue of lead contamination being addressed but studies have also
revealed the capability for biochar to do much more such as increasing biodiversity, reducing
pH levels of the soil and even carbon sequestering. This is opposed to solution A which
provided 1 sure method of remediating the soil was the reason why solution B is thought to be
more effective in helping to solve the issue.

In terms of timeframe and workload, solution B was shows the capability of being easier and
less time consuming. The insertion of biochar into the contaminated soil layers will be done by
making holes in various locations throughout the garden to drop them in. This of course will
be preceded by controlled sample testing which can help to determine whether the solution is
working well. What makes this process different from that of solution A is the need to mix the
fish bones more throughout the soil layers, not only this but ensuring there is not much flesh
being buried under the garden, this can cause an unpleasant smell in the environment and
welcome pests to the garden in search of the possible food producing that stench. The multiple
ways with which biochar is able to immobilise lead in the soil means that it will be much more
readily able to bond, enhancing the overall productivity and reducing the time it takes.
Solution B is considered to be more sustainable than A because of there being no releasing of
carbon as any of the organic matter connected to the fish bones decomposes. Instead, the
biochar will work in reverse and sequester carbon from the environment and atmosphere
around it. Not only this but instead of burning it (which creates emissions), it is being used as
a fertilising agent for the garden soil.

The cost of fish bones are expected to be low to basically negligible, while there will be a cost
for biochar to be attained. This is what makes solution A score more that B. At the end of the
implementation process, an MCA will be redone to highlight stakeholder perspectives. It will

33



include scores chosen by the garden expert, garden/green office coordinator and a fellow
student in the green office minor. They will have all seen how the process took place over time
in the garden and will be able to give varying perspectives on what they thought about it.

Appendix 2: Lab technician interview script excerpt

Researcher - Is there the possibility to use the ICPOES machine from the lab?
Lab tech — It can be used to test samples, these samples will have to be treated with a special
solution to be prepared for testing. What are you testing the samples to find?

Researcher — the intention is to test the difference in soil sample after biochar has been
implemented over a period of time, is this possible?

Lab tech — if the purpose of testing for lead levels is to determine how much lead will be present
in the soil are biochar implementation, the ICPOES will not show this result. In the eyes of this
machine, the same amount of lead will be found as there is not difference to the machine what
state it is in. So, although it may become less bioavailable, the same amount of lead will be
detected.

Appendix 3

Regenerative gardeningb... v [@

Overarching concept v  Main decision groups v Subconcepts (actual solutions) v

Regeneration

Using nutrients

Biochar remediation

Organic composting
Mulching
Using biodiversity
Diveristy in flora
Diveristy in flauna
Using proper practices

Non-chemical use

Image depicting the operationalisation table

Appendix 4

Researcher — How would you like to see the HZ garden become regenerative?
Garden expert — by using herbs and other plants that enrich the soil. Making sure not to
unnecessarily disturb the soil. This can cause damage the root systems underneath the soil

What practices would you suggest to me as a researcher, based on your background
knowledge?

Mulching, organic composting where you ensure the compost comes from a reliable source,
attracting worms and beneficial insects to make the garden and its soil more fertile.
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What kind of gardening practices would you suggest me staying away from using?
Refrain from monoculture, here only one crop is planted in an area which strips the land bare
of its nutrients.

What materials would you like to have implemented in the garden?
Firstly, refrain from the use of chemicals in the garden as their long and short term benefits
no small garden owners in anyway.

Appendix 5

Hello,

My name is Sidney Williams and I'm a research minor student from HZ University of
Applied Sciences. I recently read your website which explains how your company addresses
soil health for agriculture. I’'m currently doing a research report on soil remediation using
biochar at my university. I would love to get to know more about soil treatment from your
perspective as I feel like your expertise can be very valuable to helping me regenerate the soil
on my campus to be free of pollutants and functional for small-scale agriculture. Would you
be willing to have a discussion where I ask you some questions about this topic. This can be
done in whichever way you prefer; via email where I send you the questions or via call where
I ask you the questions in real time.

Please do inform me if you’d be willing to help, I’d greatly appreciate it.

Kind regards,

Sidney Williams
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Appendix 6

Table 3: Composition values and testing for T101

SZMLG

ZUIDWEST

~

e 20241
code
‘Date 22-11-2024
Trajectory (cm-mv) 50-1000.7
“Humus (% ds) 1=
tutum {%ds) 2024
-Date of assessment
Soil-class sample =
Class
GSSD T101
OTHER
Organic matter (h <0.7 9% % % m/m
Lutum 4.2 % (m/m) ds
"Dry matter 9371 931
"Glow residae 99
"METAL
Barium <20 <43 mg/kg ds --(6)
Cadmium <0.20 <0.23 mg/kg ds
Cobalt <30 <6.0 mg’kg ds
Copper <50 <6.7 mg/kg ds
Wercury <0.050 <‘\3(‘”9 mgrkg ds
Mm‘u’“ < ' s “i.a “vm ds
. <69
Lead ;5‘6° 22753 mo/
"OTHER (ORGANIC) COMPOUNDS
Mineral oil C10 - C40 <35 <123 mg/kg ds
"Mineral ol C10-C12 230 105 ma/kg ds --(6)
Mineral ol CT2-CT6 <50 R FA mg/kg ds BN (5]
"Mineral oil CT16 - C21 <50 175 mg/kg ds BN (9]
Mineratoit C21-C30 <10 35— mgrkyds =15
-Mineratoit€30-€35 <50 Y7 mgrkg—ds =<6y
Minerat ort €35 - C40 7 245 markg ds )
CHLORINATED HYDROCARBONS PCB28
PCBS2 PCB101 <0.0010 _ [<0.0035 ma/kg ds
PCBITE PCB138 <0.0010 <0.0035 mg/kg ds
"PCB(SUM 7) <0.0010 200035 ma/kg ds
PACK <0.0010 <0:0035 'mgrkg—ds
Naphthalene  Phenanthrene <0.0010 <0:005 mgfkg-ds
"Anthracene Fluoranthene <0.0010 ;5:0258 035 '"g“'q ‘:S
s ——— . ane
“Chrysene
Benzotkifiuoranthene
. e 005 <0035 markg ds
-Benzolg.h.ijpery <0.050 <0.035 mg/kg ds
[ <0.050 20035 ma7kg dS
PAK10 VROM AR o mg/kg ds
0.058 —0.058 markg—ds
0057 0057 markg ds
<0.050 0 vatkg s
0055 0.055— L matkg—ds
<0050 <0035 — mg/kg-ds
<0.050 <0.0358 mg/kg ds
0.49 mg/kg ds
< :less than the detection
F limit :Agriculture/nature
:Living
Industry
Moderately polluted
‘Heavily contaminated
:Has no standard value
# sincreased reporting limit :Standardized
GSSD measurement value
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Table 1: Composition and assessment of the soil quality intervention value (land soil) (T.130)
MM1
Certificate code 2024133279
Date 22-11-2024
Trajectory (cm-mv) 10-602858
"HUMUS (% d3) 29-11-2024
“tutum (% ds)
-Dateof assessment
-Soit-class-sampie
Complies with
Intervention value
GSSD o
OTHER
Organic matter (humus) 2.8 9% % % m/m
Lutum 5.8 % (m/m)ds
Dry matter 87.3 873
Glow residue 97
"METAL
Barium 28 74 mag/kg ds ---(5)
Cadmium 0.32 0.50 mg/kg ds
Cobait 45 T2 mg/kg ds
Copper 20 36 mg/kg ds
Mercury o 015 ‘mg/kg ds
MG BEENUTT <tS <t mgrkg—ds
Nicket 1376 29
Lead 78 110 m
_Ziu:_- 153
“OTHER (ORGANIC) COMPOUNDS
WMineral oi C10-C40 <3 <8 mg/ky ds ew o
"Mineral oil C10-C12 <30 75 mg/kg ds ---(5)
‘Mineral ol CT2-CT6 <50 125 mg/kg ds )
"Mineral oil CT16-C21 <50 125 mg/kg ds -5
“Mineral 6il C21-C30 11 39 mg/kg dS =m)
Mineratott C30-C35 69< 246 mgrkg—ds ===
~Mineratoit€35-€40 70 e mgrkgds —==%)
CHLORINATED HYDROCARBONS PCB28
PCBS2 PCB101 <0.0010 <0.0025 mg/kg ds
PCB118 PCB138 <0.0010 <0.0025 mg/kg ds
PCBIS3 PCB180 <0.0010 <0.0025 mag/kg ds
PCBEUM 7) <0.0010 <0.0025 mg/kg ds
PACK 0.0032 00121 ma/kg ds
Naphthalene  Phenanthrene 0.0036 VU9 mgrkg—ds
“Anthracene Fluoranthene 0.0024——10.0086 mgfkg—ds
R —— I |
Chrysene
Benzotk)fiuoranthene
[Benealipyrens <0.050 <0.035 mo/kg ds
MM‘-MMW 0.14 0.14 ma/kg gg
0.10 0.10 mg/kg ds
_PAK 10 VROM 031 031 e ds
019 019 markg—ds
o:t O:1 mgtkg—ds
0.18 0.1 mgtkg—ds
013 0413 maikg—ds
0.13 013 ma/kg-ds
1.49 mglkg ds
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Table 1: Composition values and testing for T101
e oo
code
‘Date 22-11-2024
“Trajectory (cm-mv) 10-60 28
“Humus (% ds) 582911
“tutum(%-ds) 2024
“Date of assessment
-Soit class sample
Class industry
Measure GSSD T101
OTHER
Organic matter (humus) 28 9% % % m/m
Lutum 5.8 % (m/m) ds
Dry matter 873 87.3
"Glow rezidue 97
"METAL
Barium 28 74 mg/kg ds
Cadmium 0.32 0.50 mg/kg ds
Cobalt 45 W2 mg/kg ds
Copper U 36 mg/kg dS
— o1t 0:15 mgrkg—ds
~NtotytETTamnY <t5 <t mgrkg—ds
~Nicket 1376 20- mgrkg—ds
Lead 78 110 markg ds
Zinc 153 markg ds
~OTHER (ORGANIC) COMPOUNDS
Mineral oil C10-C40 <3 T8 mgikg G5 oo —
Mineral oll C10-C12 <30 75 mg/kg ds
Mineraloil C12-CT6 <50 125 mg/kg ds ---(6)
"Mineral ol C16 - C21 <50 125 mg/kg ds (6
"Mineral il C2T-C30 Lh 39 mag/kg ds —®
“Minerat ot C30-C35 69< 1246 mgrkgds
-Mineratoit €35=€40- 70 175 mgrkgds
CHLORINATED HYDROCARBONS PCB28
PCBS52 PCB101 <0.0010 <0.0025 mg/kg ds
PCB118 PCB138 <0.0010 <0.0025 mag/kg ds
PCBIS3 PCB180 <0.0010 <0.0025 mg/kg ds
PCBEGM 7) 20,0070 20.0025 mg/kg ds
PACK 0.0034 00127 mgrkg ds
Naphthalene  Phenanthrene 0.0026 0:0129 mgrkg-ds
"Anthracene Fluoranthene 0:0024—10:0086 mgfkg—ds
—— e pe—
Chrysene
Benzotk)fiuoranthene
et <0.050 <0.035 ma/kg ds
M‘W g i 0.14 0.14 mg/kg g§
0.10 0.10 mg/kg ds
_PAK 10 VROM 031 031 mafa—ds
0:19 0:19 markg—ds
0:18 018 mgrkg ds
0099 0.099 matkgds
0:18—0:18 mgtkg—ds
0.13 0.13 maikg ds
013 013 mg/kg—ds
1.49 mg/kg ds.

38



l

\2MCG

% ZUIDWEST

Table 3: Composition and assessment of the soil quality intervention value (land soil) (T.130)

MM4
Certificate code 2024133279
‘Date 22-11-2024
Trajectory (cm-mv) 50-1000.7
"HUMUS (% d3) 422911
“tutunm (% ds) 2024
-Date of assessment
-Soil class sample
Complies with
Intervention value
I3
prov GSSD S
OTHER
Organic matter (humus) <0.7 % % % m/m
Lutum 4.2 % (m/m) ds
Dry matter 931 931
Glow residue 99
"METAL
Barium <20 <43
Cadmium <020 <0.23
Cobalt <30 <6.0
Copper <50 <b.7
= <0.050 =i
e <15 —
Horres <40 oy
“OTHER (ORGANIC) COMPOUNDS o
Mineral oil C10 - C40 <35 <123 mg/kg_ds
"Mineral oil C10-C12 <an 10.5 ma/kg ds ---(5)
‘Mineral oil C12-C16 <50 175 mg/kg ds ---(5)
"Mineral oil C16-C21 <Ef 175 mg/kg ds P ()
"Mineraloil C21-C30 <10 35~ mg/kg ds =15
“Mineratoft C30-C35 <50 17:5 mgrkg—ds ===15)
-Mineratoit€35=€C40 <70 245 mgrkgds ===(9)
CHLORINATED HYDROCARBONS PCB28
PCBS2 PCB101 <0.0010 <0.0035 mg/kg ds
PCB118 PCB138 <0.0010 <0.0035 mg/kg_ds
PCB1S3 PCB180 <0.0010 <0.0035 mg/kg ds
"PCBsum 7) <0.0010 <0.0035 mg/kg ds
PACK <0.0010 <0.0035 mg/kg ds
Naphthalene  Phenanthrene < 0.0010 B mgrkg ds
“Anthracene Fluoranthene <0.0010 <0:0035—mgfkg—ds
[E———— M
“Chrysene
~Benzotkjfiuoranthene
[EEE s —,— <0.050 <0.035 ma/kg_ds
e - —y
<0 <0 mg/kg ds
R o1t o1t mg/kg ds
0.058 0.058 migrkg ds
0.057 < 0057 mgrkg ds
0.050 035 mgrkg-ds
0055< 0055  matkg ds
0.050< <0035  mgikg ds
0.050—|<0.035 a/kg—ds
0.49 mglkg ds B —
< :less than detection limit :less than or
equal to intervention value :greater than
> W intervention value
# {IW missing: duty of care

GSSD applies :increased reporting limit
Standardized measurement value
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Table 2: Composition values and testing for T101
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sample M2
'%::: code 2024133279
‘Date 22-11-2024
“Trajectory (cm-mv) 1050 39
THUMUS (% d3) 6.1 2911
“tutom (9% ds) 2024
Date of assessment
‘Soil class sample —
Class industry
Measure GSSD T101
OTHER
Organic matter (humus) 39 % % % m/m
Lutum 6.1 % (m/m) ds
Dry matter 86.2 86.2
"Giow rezidue 96
"METAL
Barium 35 90 mg/kg ds ---(6)
Cadmium 043 0.64 mg/kg ds
“Cobalt 6.0 146 mg/kg ds
Copper 27 456 mag/kg ds
Wercary 035 046 mag/kg ds
MG BEEAUM <1S <1t mygrkg ds
Nicket 1759 37 mgrkg—ds
Lead 89 84 mgfkg—ds
Zinc 168 markg ds
-OTHER (ORGANIC) COMPOUNDS
wo
Mineral oil C10 - C40 36 < 92 mg/kg_ds Mo
Mineral oil C10-C12 3.0< 5.4 mag/kg ds
"Mineral oil C12-C16 50< .0 mg/kg ds <[N
"Minéral 6il C16 - C21 5.0 9.0 mg/kg ds Py 5]
"Mineratoit C21-C30 1612 4 mgrkgds - (0)
‘Minerat ot €30 - €35 <7.0 31 mgrkg—ds 1
Minerat o €35 - C40 126 mgfkgds =6y
===y
CHLORINATED HYDROCARBONS PCB28 i
PCBS2 PCB101 0.0052 0.0133 ma/kg ds
PCBI18 PCBI138 0.0050 0.0128 ma/kg ds
PCBTS3 PCBT80 0.012 0.031 mg/kg ds
PCBEUM 7) 0.0035 0.0090 ma/kg ds
"PACK 0014 0.036 mygrkg—ds
Naphthalene _Phenanthrene 0.017 0.044 myrkgds
“Anthracene Fluoranthene 0:0085 0:0218 mgtkg—ds
“Chrysene
~Benzotk)fluoranthene
-Benzofajpyrene
;1 S <0.050 <0.035 mg/kg_ds
Indeno{1,2.3-c.d)pyrene o o St
0. 0. ma/kg ds
AR I0Mmon 023 023 mg/kg ds
0:20 0:20 mygrkgds
018—10:18 mgrkg—ds
0.12 12 mgfkg—ds
0.20 0.20 matkg - ds
0.15 0.15 malkg ds
015 0.15 mg/kg—ds
1.44 mg/kg ds
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Table 2: Composition and assessment of the soil quality intervention value (land soil) (T.130)
sample M2
%m& 2024133279
‘Date 22-11-2024
"Yrajectory (cm-mv) 10-50396.1
“Humus (% ds) 29-11-2024
~tutum-{%-ds)
-Date of assessment
-Soil-class-sampile
Complies with
Intervention value
I3
Measure GSSD sk
OTHER
Organic matter (humus) 39 % % % m/m
Lutum 6.1 % (m/m) ds
Dry matter 86.2 86.2
"Giow rezidue 96
"METAL
Barium 35 90
Cadmium 043 0.64
"Cobalt 6.0 1456
Topper 27 46
I 035 046
FNSHSEENUY <15 <ttt
“Nicket 1759 37
Lead 89 84
-Zinc 168
-OTHER (ORGANIC) COMPOUNDS
Mineral oil C10 - C40 36 < 92
Mineral oil C10-C12 30< 54
"Mineral oil C12-CT6 5.0< 9.0 mg/kg ds ---5)
"Mineralrei cTe - C21 5.0 90 mg/kg ds =15
“Mineratoft C21-C30 1612 41 mygkgds ===19)
‘Mmerat o €30 - €35 <70 3t markg ds S5y
“Minerat ot €35 - C40 126 markg ds 15
CHLORINATED HYDROCARBONS PCB28
PCBS52 PCB101 0.0052 0.0133 mg/kg ds
PCBI1E PCB138 0.0050 [0.0128 mg/kg ds
PCBTS3 PCBT80 0.012 0.037 mg/kg ds
"PCBSUM 7) 0.0035 0.0090 mag/kg ds
PACK 0.012 0.036 ma/kg ds
Naphthalene  Phenanthrene el 0.044 mgrkg ds
“Anthracene Fluoranthene — [0:0085—0.:0218—mg/kg-ds
ety e
"Chrysene
8enzofkifivoranthene
[SnatSgene= <0.050 <0.035 ma/kg ds
Indeno{1,2,3-c.d)pyrene (9h)pacy 0.089 0.089 mg/kg ds
0.082 0.082 mg/kg ds
—— 023 023 mg/kg dS
0:20 020 mgkg ds
0:18 o:1 mgrkg—ds
92— 012 mgkg ds
0.20 0.20 g/xg-ds
0.15 0.15 g/kg—ds
0.15 0.15 a/kgds
1.44 mglkg ds
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Appendix 7

RN

Image showing beetle larvae, earthworm and flatworm species living in the on the garden soil
aiding in fauna biodiversity

RN

Image showing efficiency of wool mulch in maintaining soil moisture despite external
conditions (this is less than a minute after removing mulch from the garden bed)
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Image showing example of flora biodiversity within the garden
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Reflection from intervention update 2

What I did well — Did deep research which provided useful information. Found results
that are very applicable to the HZ garden and explained them in a way that green office
students and member can relate to and use. Adapting the research approach after a necessary
change, allowing for a wider ranging result.

What could've been done better — Writing with less grammatical errors could have
been achieved by using a spell checker, this would’ve allowed for an easier reading
experience. The discussion could have been less repetitive, using that space to compare the
theory from the data with the practicality of implementing it in the garden. Adding more
evidence in the appendix is needed to give stronger support to claims made in the report.

Give more background into how the MCA was developed. How were these criteria
decided on and why. Justify the urgency for biochar remediation more accurately by
explaining how dangerous it is based on regulations and be clear on how much was found.
This is important to help the reader understand how dangerous it truly is and what are the
real-life risks posed by the HZ garden.

Give more evidence on how I collected research, pictures and observational notes as
well as interview times and location.

What improvements I made in response — fixed all the suggested grammatical errors
and ran the report through a spell checker. I gave more context to the amount of lead found in
the garden to ensure the report is does not allow the reader to think it is more dangerous than
the results show. I agreed with the importance of adding more evidence of my observations as
[ hadn’t included it before.
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Logbook

Logbook |
[individual hours: | 397
Date Time (hrs)  Garage Activities
2/4/2025 8 Introduction to Applied h
6/2/2025 7 Working on getting to know assignment and Mapstell
712/2025 8 Working on getting to know assignment
10/2/2025 6 Getting to know assignment, coach meeting
12/2/2025 8 Working on getthing to know assignment
13/2/2025 2 Working on getting to know assignment and Mapstell
14/2/2025 9 Mapstell workshop, individual update
24/2/2025 6 Working on individual update
27/2/2025 5 Working on research report and proposal
28/2/2025 2 Carnaval Party
11/3/2025 5 Working on research proposal
12/3/2025 8 Update ing, typing of prop
13/3/2025 5 Working on research proposal
25/3/2025 8 Working on Essay
28/3/2025 8 Working Essay
29/3/2025 0.5 Update meeting
714/2025 9 Working on research proposal
8/4/2025 7 Working on research proposal
9/4/2025 6 Working on research proposal
10/4/2025 5 Working on research proposal
Update ing, g on up g proposal and
11/4/2025 1 plan for the minor based on coach's advice
11/4/2025 8 Working on Contribution to collaboration resit
17/4/2025 8 Working on Milestone Package
22/4/2025 8 Working on Milestone Package
23/4/2025 1 Update meeting

Date

5/2/2025

6/2/2025

11/2/2025
12/2/2025
13/2/2025
19/2/2025

20/2/2025
21/2/2025
28/2/2025
11/3/2025
12/3/2025
13/3/2025
17/3/2025
18/3/2025
19/3/2025
20/3/2025
21/3/2025
22/3/2025
23/3/2025
28/3/2025

3/4/2025
8/4/2025
9/4/2025
10/4/2025
11/4/2025

Total hours done:

257.5 654.5

Green Office/Research Activities
First call with green office, making initial
8 plan for the minor

4 Gardening session
Meeting with research coach, initial work
8 on research report topic
2 Green office call
8 Gardening session
1.5 Green office call
8 Garden session
7 Researching project topic at green office
6 Gardening session
0.5 Nature 3 days intake session
2 Update meeting - Waste embassadors
7 Gardening session
9 Biobased battle
9 Biobased battle
9 Biobased battle
9 Biobased battle
10 Nature 3 days
24 Nature 3 days
16 Nature 3 days
6 Gardening session

6 Gardening session
4 Garden maintenance
3 Artpi ion: yin yang di
5 Garden session
1.5 MCG Zuidwest meeting
Discussing potential lab testing with
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24/4/2025
25/4/2025

29/4/2025
1/5/2025

6/5/2025
8/5/2025
9/5/2025
12/5/2025
13/5/2025
14/5/2025
14/5/2025

16/5/2025

20/5/2025

21/5/2025

23/5/2025

271512025
28/5/2025

29/5/2025
30/5/2025
2/6/2025
2/6/2025
4/6/2025
5/6/2025
6/6/2025
9/6/2025
10/6/2025
11/6/2025
13/6/2025
16/6/2025
17/6/2025
18/6/2025
19/6/2025
19/6/2025
19/6/2025
23/6/2025
24/6/2025

25/4/2025

4 Working on Milestone Package
6 Working on Milestone Package

6 Working on Milestone Package
6 Working on Milestone Package

6 Working on Milestone Package
2 Working on h report and prop
6 Working on research report and data collection
4 Working on research report and data collection
4 Working on research report and data collection
1 update meeting
Time management course on linkedin learning for
4 personal development

4 Working on research report and data collection

1 update meeting

4 Working on research report and data collection
Time management course on linkedin learning for
4 personal development

6 Working on research report and data collection
5 Working on research report and data collection

6 Working on research report and data collection

6 Working on research report and data collection
Time management course on linkedin learning for
4 personal development

6 Literature research for report
7 Literature research for report
4 Literature research for report
Writing research for project report (due to approaching
12 deadline)
Writing research for project report (due to approaching
12 deadline)
Writing research for project report (due to approaching
12 deadline)
Writing research for project report (due to approaching
12 deadline)
Writing research for project report (due to approaching
12 deadline)
12 Writing collaboration portfolio
12 Writing Individual showcase
12 Writing collaboration portfolio & individual showcase
5 Finalizing poster presentation
0.5 Progress update meeting
5 Poster presentation and project market
Writing collaboration portfolio 2 (due to approaching

12 deadline)

Writing collaboration portfolio 2 (due to approaching
12 deadline)

Writing collab portfolio 2 (due to approaching
12 deadline)

11/4/2025
17/4/2025

23/4/2025
23/412025

24/412025
24/4/2025
25/4/2025
7/5/2025
8/5/2025
14/5/2025
15/5/2025

16/5/2025

19/5/2025

19/5/2025

22/5/2025

23/5/2025
28/5/2025

28/5/2025
3/6/2025
4/6/2025

5/6/2025
5/6/2025
12/6/2025

12/6/2025

20/6/2025

Discussing potential lab testing with
1 chemistry colleague
6 Garden Session
Contacting chemistry colleague and MCG
4 Zuidwest about project progress
1 Green office meeting

4 Waste ambassador meeting with gemeente
6 Garden Session
Working
1 Green office meeting
6 Garden Session
1 Green office meeting

5 Garden session
Meeting with lab tech to discuss feasability
2 of methodology
Waste ambassador meeting with gemeente
and UCR- discussing plans for waste
2 management event
Working on advertisement poster for the
4 waste management event

6 Garden session
Finalizing and reviewing poster for waste
3 management event
1 Green office meeting
Sticking up posters for the waste
1 management event
Literature research for report at green
8 office

1 Green office meeting
4 Garden Session
1 Progress discussion with coach
2 Garden session

6 Writing for project report at green office

8 Writing for project report at green office
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Research Coach feedback

180 and 360 degree feedback for the Garage “Minor Students”

Feedback for — Sidney Williams )/
Feedback given by- Ingrid de Vries on 25 June 2025 \l,, /
/
i/
/ /
Communication
Never  Rarely Occasionally  Often  Always No
Opportunity
to observe
Actively collects
feedbacks [
Actively listen to =
others
[ |

Provides positive
feedbacks

How can they improve in this area?

Sindney is silent, but still engages in a good way. With a lot of attention, Sidney listens to advice and incorporates

it. Whenever he is needed, he also makes sure to be there.

I was able to grow as an individual in knowing when to speak up. It’s important

that [ remember my quietness may not always be beneficial, especially when there is
something that I need to know or to be communicative with my peers and my coaches.
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Motivation

Never  Rarely Occasionally  Often Always No

Opportunity
to observe

Consistently puts in

effort and strives to O

improve

Handle setbacks

)

and obstacles

Enthusiastic to their

work and )
committed to

achieving their

goals

How can they improve in this area?

Sidney was still dealing this semester with other courses and had to juggle between classes and minor work. He
still managed to do that in a good way. Sidney had to change his research approach and actually did that in such
a way that it turned out even better than his original research approach.

It has indeed been a difficult experience juggling my responsibilities, I’'m
thankful for the opportunity I had because I learn a lot about myself. One of my biggest
weaknesses is time management and I plan to work on this to have it become a strength of
mine.
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Team-building

Never  Rarely Occasionally

Demonstrate a
willingness to listen
to and consider the
perspectives and
ideas of otherson
the team

Contribute to
building a positive
and supportive
team culture

Resolve conflicts
and address issues
within the team

How can they improve in this area?

Always No
Opportunity
to observe

|

green office in general and contributing to a better world.

Sidney is lovely to have on board. Not only is he enthusiastic about the minor, he also likes to contribute to the

I’ve been able to see the importance of being present and being a part of a team
this semester. I hope to join many more teams like the green office where I am allowed room

to grow and be involved with activities that are linked with helping the world become more

regenerative.
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Strategic mindset
Never  Rarely Occasionally  Often Always No
Opportunity
to observe

Develop well
defined plans to 8
attain objective

Developing and @
executing strategic
plans

Effectively plan and
organize meetings o
and appointments

How can they improve in this area?

Sidney is thoughtful and really thinks well before he acts. Very good. What he needs to improve is his time
management.

I noticed where I can be more vocal as a leader and that can be my next

developmental step in becoming an even better team member. By thinking of and coming up
with activities on my own I can become more or a person who leads change making activities

and initiatives.
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Personal Leadership

Never  Rarely Occasionally ~ Often Always No
Opportunity
to observe

Rather convince
than directs 5

Treats colleagues
with respect, even
in tense situations

Creates an

environment where @
everyone can

succeed

How can they improve in this area?

Sidney is very polite and respectful towards others, students, experts and teachers. And leaves room for others to
thrive. With his work, he also likes to contribute and create value for others. Whenever he brings in an idea he also
clarifies his argumentation.

I’ve grown to understand through experiences like waste ambassadors the need
for everyone to feel heard and involved in a team/group setting. This creates a stronger bond
between members as everyone can freely be themselves. I find it important to make sure I can
provide that environment to help everyone I work have enough space to be.
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Result and Orientation

Never  Rarely  Occasionally  Often

Takes swift decision

Proactively seek out
opportunities to
improve processes
or system that
contribute

Focus on achieving
results that are
aligned

How can they improve in this area?

Always

No
Opportunity
to observe

See also my previous comments. Sidney wants to achieve and contribute.

Research coach signature:
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Poster

egenerating the

L e T T T T e

: : Key Solutions
Negative effects: Research Question :
Current Situation:
Unsafe levels of Lead
and Pfas in the soil

Causes for this pollution:

Solutions: Key solutions :
Regeneration using nutrients Biochar

« Biochar remediation

¢ Organic composting

¢ Mulching

Regeneration using biodiversity
« Variation in Flora species
* Variation in Fauna species

-
Organic Composting \\
Regeneration using good practices é_ \5 A
« No use of chemicals @

* No use of polluting practices

Organic composting
AT

'-S).I b ;)

e s

Biodiversity in fauna

Image showing poster for individual showcase
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Reflection of poster presentation feedback

‘Student name(s)

o e —

Researchunitname

Wty

Fupgpend

Signature {by research cosgh) T WU TilA

| o=

Par aspect of she Postar select a criterion that sppliss mast, and matvae yor seléctian.

O very gaod O Sulicient O insufficient
+ Objective and research auestion  + Obyec 5
lev: ot intelevant

. sopeopriste o p———
« Stakeholder anpagament » Stakenolder ongogemant clearly + Stasholder engagement invalid or 3

meaninglol described * Evaluation ncidentally of not part of
. i e - the process

‘well-mativated thoraughly

Mativation, feedback and feed forward:

CUL°' Saat et {Qc\ni wils

e e

) vary good W sutficient ) insufficiant
« Reguits thoroughly analysed and o Resuhts sotfactory anatred * Resuts pravide raw data onty.
waldated . .
» Conclusions adequate and obwious easential ey
 Recommendatons reaching too close or
ot ing aciong

mtial tuation and impact of
rosults] strong redlisic and
comancing

Motivation, feedback and feed forward:

‘o %e\..uad pak i lereihiog dis
waj on Bt absur ke
prv\‘ec)*

Fod

Research unit name ‘ :
| Name project I
o —
thies) I |
Date I |
Signature (by research coach) | I
{can be digital] |
|
|
Per aspect of the Poster select 3 enteion That 3pplies Most, and motvate your seiectian
O verygsod 2 sufficient O insulficient
o rretevant
« Stakehotder engagement = Stakeholdar engagement clearly » Stakeholder engagement imvald or 3
meaningful sescrived « Esluation mcudentally of ot part of
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I made it very important to me to articulate my presentation as well as I could,
I’ve learned this from my many poster presentations in my civil engineering course. Naturally
I am soft spoken so I must ensure [ am projecting my voice at a volume that my audience can
listen to comfortably. In presentations knowing or not knowing the answers to the follow up
questions can make or break your performance and the perspective on the audience of how
much work you did. I’'m glad I was able to show I put in a lot of work to obtain the results I
had by answering the questions presented to me with confidence. During the presentation
however, I could have made my thought process clearer to the audience. My reasoning for all
the choices I made and presented were not fully communicated to some and left them rather
confused on what the purpose was for choosing the presented solutions. This could have been
better if [ had completed my report earlier or had been further along in my research. With the
report not being finished at that time, I had to explain what I planned to put in it rather than
what had been done. Changes like those could have given my script much more support. My
poster design and format drew some criticism as well; I will ensure to show my poster draft
to my coaches before submission dates. This will give me time to ensure — from different
perspectives — that the poster is aesthetically pleasing to more people than just myself.
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