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ABSTRACT

The presence of Algae/Cyanobacteria in different environments such as water and or hard surfaces
(brick pavements) is unwelcome due to either secretion of cyanotoxins and or mucilage. These
secretions may be harmful to humans. The main purpose of this study was to develop a formula for
making clay bricks incorporating banana matrix and coal powder. The objective of this study was to
review the state of knowledge in terms of control of algae/cyanobacteria in general and clay, coal,
and banana chemical composition, controlling the algae/cyanobacteria growth using modified clay
bricks. The bricks' physical properties were examined, including water absorption, compressive
strength, color, impact, efflorescence, dimensional stability, tolerance, and wrappage tests. Banana
peels (Musa sapientum) were gathered from farms and markets, dried by the sun, pounded in a pestle
and mortar, and sieved through (<2 mm) before being subjected to analysis. A jaw crusher, milling
machine, oven, CBR, weighing balance, spectrophotometer, and ICP-OES were utilized. A small
metal brick-box frame, a hand mixing machine, and a measured water jug were used when building
clay bricks. Modified bricks were made of clay soil, coal powder, and banana powder, in different
composition). The modified clay bricks were then submerged in BG 11 liquid media with growing
algae/cyanobacteria suspension for a period of 90 days. The samples' pH, temperature, total
dissolved solids, electrical conductivity, and absorbance levels were all measured. The single factor
ANOVA showed a significant difference between the treated samples B1, B2, B3, B4, B5, B6, and
B7 and the control from day 1 through month 3. The p-values for this difference from day 1 through
month 3 were 0.017, 0.007, 0.011, 0.007, 0.009, 0.001, 0.003, 0.001, 0.015, 0.015, and 0.001 The
single-factor ANOVA found a significant difference between the treated samples CB1, CB2, CB3,
CB4, CB5, CB6, and CB7. The p-value was p<5 from day 1 to week 4, 0.005 to 0.003, 0.005 to
0.003414, 0.004 to 0.002, 0.011 to 0.017, and 0.012 to 0.007. There was no significant difference
in coal in 1 and 2 months. It was found that the absorbance on the untreated and control samples
was not inhibiting the algae. It continued to develop. The untreated samples C1, C2, C3, C4, C5,
C6, and C7 significantly differed, according to the single factor ANOVA. The p-value was p<5 and
within the 95% confidence range from day 1 to month 3, and it was 0.011, 0.004, 0.006, 0.003,
0.023, 0.018, 0.004, 0.003, 0.006, 0.004, and 0.004. According to this study, using banana peel
powder effectively inhibited algae and cyanobacterial species from growing on clay bricks. The
outcomes also demonstrated that using coal + banana powder effectively inhibited cyanobacteria.

Based on the findings, banana powder has been shown to have a high potassium content, which is
iv
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supported by ICP-OES results.

Additionally, modified clay (banana) bricks were analysed and were found to have a higher
potassium concentration than other bricks when compared to other metals (Ni, Na, and Mn). Overall
the modified clay bricks with banana biomass displayed excellent characteristics in inhibiting blue-
green algae/cyanobacteria. They may be applied to an environment where the blue- green

algae/cyanobacteria are proliferating to reduce or eliminate its harmful algal bloom.

Key words: Algae/Cyanobacteria, Clay bricks, Banana biomass, Coal, Potassium
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CHAPTER 1: INTRODUCTION

1.1 Background

The algae are plains of Jane classified in kingdom plantae (Hentati et al., 2015). They do not have
petals, stamens, or bark to prevent them from drying out or wood to keep them upright, channelling
much more energy than the sun to multiply. They are dozens of times more productive than plants
in producing carbohydrates, proteins, vitamins, and oils (Kassinger, 2019). The smallest and oldest
are the internally simple single-celled blue-green algae known as cyanobacteria (Baldwin &
Whitton, 2016).

Clay bricks owe their colour to the abundant growth of algae, which, during the rainy season, are
generated and multiplied rapidly after the onset of the warm season (Fritsch, 2016). The underside
of these is usually reddish or brick-coloured, especially when dry. If this reddish material is
discarded, it was seen to consist of a number around the cells. Bacteria, single-celled algae, and

cyanobacteria (blue-green algae) colonize clay bricks if conditions are suitable (Jayakumar, 2015).

High temperatures and a humid atmosphere are essential for developing a luxurious algae cover.
But these two factors do not explain the abundant growth of blue-green algae and the virtual lack
of subaerial green forms (Fritsch, 2016). The presence of moisture and nutrients, nitrates and
phosphates triggers a proliferation of cyanobacterial growth (Munyai et al., 2019). The latter's
absence is due to the operation of a third factor, light. It is known that chlorophyll in plants is

broken down by light at certain intensities (Ozyigitoglu, 2020).

There are several factors involved in the management and death of cyanobacteria. In algae, iron-
containing catalysts play an important indirect role in cellular metabolism by regulating enzyme
activity, which is essential for the biosynthesis of chlorophyll molecules (Yu et al., 2015).
Manganese is used in plants and algae as an important contributor and coenzyme in photosynthesis,
respiration, and nitrogen assimilation (Kochian et al., 2017). Copper is another essential cofactor
for managing the response to oxidative stress and in coenzymes such as cytochrome oxidases due
to its ability to switch between Cu?* and Cu* (Huertas et al., 2014). However, if ahigh concentration
of copper is used as an algaecide, it kills cyanobacteria (Gumbo and Cloete, 2013). Numerous
clay bricks in the Limpopo province use different methods to make their clay bricks. Munyai et al.

(2019) showed algae colonisation in the brick pavement, resulting in a slippery surface that was
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hazardous to users. This study focused on developing a method to minimize algae/cyanobacteria
species on clay bricks by modifying the chemical composition of clay material used to make bricks.

1.2 Hypothesis and Research Objectives
1.2.1 Hypothesis
This study will hypothesize that the modified bricks with (banana biomass, coal and clay) will

minimize the growth of algae/cyanobacteria levels.

1.2.2 Main objective
The main objective of this research was to develop a method of minimizing algae/cyanobacteria

species using modified clay bricks produced in Limpopo, South Africa.

1.2.3 Specific objectives and chapter outline

To review the state of knowledge regarding control of algae/cyanobacteria in general and clay,
coal, and banana chemical composition-Chapter 2.
e Materials and methods to achieve the specific objectives below-Chapter 3.

e To control the algae/cyanobacteria growth using modified clay bricks (with either banana
biomass and coal and or with coal and or with banana biomass-Chapter 4.

e To investigate the bricks in terms of their physical characteristics (water absorption,
compressive strength, colour test, impact test, efflorescence, dimensional test, tolerance test
and wrappage test)-Chapter 5.

e To analyze the metal content of the modified bricks (with either banana biomass and coal or

with coal and or with banana biomass)-Chapter 6.

© University of Venda
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1.3 Research Questions

e How does the coal, banana biomass control the algae/cyanobacteria on modified clay
bricks?

o What are the physical characteristics of the modified clays bricks?

e What is the metal content of the modified clays that successfully controlled the

algae/cyanobacteria?

1.4 Problem Statement

Algae/cyanobacteria species are dangerous to aquatic life, in human drinking water and on clay
bricks when used for paving (Lin, 2018). Clay soil produces clay bricks that people have made with
pavements exposed to elements such as rain and sun. The presence of moisture, nutrients, nitrates
and phosphates trigger the proliferation of cyanobacterial growth. Clay brick floors become
slippery when made up of cyanobacteria species and are dangerous to people walking on, and can
cause injury. Clay bricks contain high metals that cause algal colonization (Munyai et al., 2019).

1.5 Research Justification

This research came up with new knowledge minimizing the growth of Algae/cyanobacteria
species on clay bricks. Such knowledge helped in improving the current state of technology in
brickmaking and will go a long way in assisting the rural communities which are mining clay
without knowledge and understanding of appropriate procedures to be followed in order to
manufacture clay bricks that does not colonized Algae/cyanobacteria. This research will also be
beneficial to the workers, clay mines management and any individual who are involved in clay
mining.. Future researchers that are to carry out studies which may be related to this topic can use

this research as a guideline.

© University of Venda
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CHAPTER 2: LITERATURE REVIEW

This chapter critically reviews existing literature on the general overview of the
Algae/cyanobacteria. Review current literature on the chemical control of blue-green
algae/cyanobacteria. Also, this study will investigate the physical and chemical properties of clay,

coal, and banana composition.
Abstract

Clay occurs abundantly in all regions but differs in mineralogical, chemical, and physical
properties. Clays used to manufacture bricks include kaolinite, montmorillonite, illite, micas, and
chlorites which contain enough calcium carbonate. The clay bricks are also mixed with coal when
they are manufactured for them to burn fast.Cyanobacteria are categorized in the group of
prokaryotes, which have oxygenic photosynthesis and are amongst the most successful and oldest
life forms present on the planet formed in. Cyanobacteria are common in fishponds and other
bodies of water, but they only pose a concern when they begin to produce toxins. Cyanobacteria,
which affects fish output and water quality. Although some of them have a negative effect on
fishponds and water quality, dinoflagellates such Anabaena, Microcystis aeruginosa,
Cylindrospermopsis, and Microcystis have been detected and biological control has been utilized
in most countries. Cyanobacteria can injure both humans and animals when come into contact with
it, the slippery mucilage produced by the cyanobacteria, Microcystis, puts people's lives in risk
when it develops on clay brick pavement that people used to walk on every day. It also kills animals
when it develops in water because aquatic animals eat it through water plants as food. Humans use
both physical and chemical means to control the growth of algae, such as leaking oil to remove
surface scums and mopping the floor with a broom and water. Banana peels consist of high
potassium, and it helps to inhibit the growth of cyanobacteria. A banana peel's mineral composition
consists mostly of potassium (78.10 mg/g) and manganese 76.20 mg/g, sodium (24.30 mg/qg),
calcium (19.20 mg/qg), and iron (0.61 mg/g) are additional minerals that are found if consumed

orally, the peel's high potassium concentration.

Keywords: Cyanobacteria, Human, Clay, Coal and Banana matrix
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2.1 Blue-green algae/cyanobacteria

Blue-green algae or cyanobacteria are either single or multi-cellular organisms that utilize carbon
dioxide and water with dissolved with nutrients in the presence of sunlight to carry out
photosynthesis process to produce oxygen (Maruyama and Kim, 2020; Blankenship, 2021). Still,
some species are harmful to humans and animals, these produce toxins such as Microcystis of
which they are 180 variants (Blankership, 2021). They produce mucilage which is slippery
(Bhattacharya & Price, 2020). Zhanga et al. (2021) explained that Microcystis is a cyanobacteria
genus that comes in a variety of shapes and sizes.

Microcystis aeruginosa (M. aeruginosa) can produce microcystins (MCs) that are highly toxic to
the human liver. Phosphorus (P) is a standard M. aeruginosa growth limiting factor. Though
various types and concentrations of P are found in natural water, the molecular responses of M.
aeruginosa in terms of growth and MC formation are unknown. In a study by Zhanga et al. 2021, M.
aeruginosa growth was inhibited under low concentrations of dissolved inorganic phosphorus
(DIP) of 0.02 mg P/L but promoted by high concentations of DIP (> 0.2 mg P/L). M. aeruginosa
could not grow in the presence of dissolved organic phosphorus (DOP) at low or high
concentrations (Zhanga et al., 2021). When the concentration of extracellular DOP was high, the
expression of phosphate transporters decreased, and the ability to transport P decreased, resulting in
the inhibition of cell growth (Zhanga et al., 2021). High concentrations of DIP promoted the
production of MCs, whereas the concentration of DOP did not affect MCs production. However,
part of M. aeruginosa died and lysed due to insufficient P uptake at high concentrations of DOP,
resulting in a small amount of release of intracellular MCs to the extracellular membrane (Zhanga
etal., 2021).

2.2 Human involvement with blue-green algae/cyanobacteria

Humans do eat cyanobacteria such Spirulina for thousands of years. In Africa, people in Chad
have been consuming Spirulina as part of their diet (Ramanan et al. 2016), Spirulina can also be
accessed through the intake of the tablet, which is excellent alternative food for providing high
quality protein, beta-carotene, vitamins, and minerals to human beings. People also use Spirulina to
manage weight loss through eating and health benefits related to plant-derived proteins and
polyunsaturated fatty acids. In contrast, the protein source is cholesterol-free and low in calories
(Shao et al., 2019).
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Green tides cyanobacteria species are known to produce toxins that affect humans and animals,
resulting in their deaths (Roberts et al., 2020). Due to the health threats arising from toxic gasses
produced during algae decomposition on the beaches, the consequence of green tides is an
excessive richness of nutrient which causes eutrophication. Algae growth occurs when rivers

discharged nutrients diffuse with non-living things (Zheng et al., 2021).

Red tides are harmful algal blooms (HABs) due to cyanobacteria called dinoflagellate, it occurs
when microscopic algae multiply to higher-than-normal concentrations, often discolouring the
water (Ibrahim, 2017). The microscopic algae it produces toxins that kill fish and make shellfish
dangerous for human to eat (Jipanin et al., 2019). The toxins may also make the surrounding air
difficult to breathe. The bloom of algae often turns the water red. HABs are a national concern
because they affect the health of people and marine ecosystems and local and regional economies
(Anderson et al., 2015). But not all algal blooms are harmful. Most blooms, in fact, are beneficial
because the tiny plants are food for animals in the ocean. In fact, they are the major source of

energy that fuels the ocean food web (Glibert, 2021).

2.3 Physical and Chemical control of blue-green algae/cyanobacteria

When harmful algal blooms exist, steps can be made to slow down phytoplankton growth and
manage them. The typical physical and chemical remedies for cyanobacterial blooms in surface
waters are listed in Table 2.1, with details on how well they work and any potential risks (Ghadage
and Karande, 2019).

© University of Venda
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Physical Control

Water body Description Effectiveness Limitations References
management
Aeration Air is pumped through a diffuser towards the successfully applied to | In deeper water columns, (Asadietal.,
bottom of the waterbody by aerators, which causes | small waterbodies and efficiency often increases. | 2017)
plumes to emerge that rise to the surface and ponds. may potentially | Additionally, greatly
spread outward to form vertical circulation cells. present rival organisms | influenced by the level of
In addition to reducing the availability of nutrients, | with better growing stratification and the
this mixing of the water column prevents conditions. airflow velocity.
cyanobacteria from migrating vertically. Air is
pumped through a diffuser towards the bottom of
the waterbody by aerators, which causes plumes to
emerge that rise to the surface and spread outward
to form vertical circulation cells. In addition to
reducing the availability of nutrients, this mixing
of the water column prevents cyanobacteria from
migrating vertically.
Hydrologic altering the system's water inflow and outflow to Simple to apply in need a large enough (Rollsetal.,
manipulation prevent stratification and manage cyanobacterial regulated systems (i.e., | amount of water and the 2017)

growth

reservoirs, dams,
treatment facilities).

capability to control flow.

It can sometimes be pricey.

There may be unintended
effects on other aquatic
creatures.

Mechanical (mixing

Mechanical mixers are often surface mounted,

Successfully pump

Since individual devices

(van der Boog

circulation) which limits nutrient accessibility while also water from the surface | have a limited range, etal., 2021)
interfering with cyanobacteria's ability to move layer downwards or farther-off regions may
vertically. draw water up fromthe | continue to be stratified
bottom to the surface and provide a suitable
disrupting the bloom. environment for growth.
7
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Reservoir Water levels can be lowered by reservoirs and Simple to apply in can significantly affectthe | (Shaetal.,

drawdown/desiccation | other managed waterbodies to the point that regulated systems (i.e., | system's other aquatic 2020)
cyanobacteria accumulations are visible above the | reservoirs, dams, creatures. is potentially
waterline. Additional to the reinjection of water treatment facilities). expensive and calls for a
into the system, desiccation and/or scraping to large resource investment.
remove the layer of cyanobacteria adhered to silt
or rock are necessary.

Surface Skimming Surface scums are frequently formed by a useful technique for This method can't be used | (EI-Sheek et
cyanobacterial blooms, particularly in their later blooms that are effectively until abloomis | al., 2019)
phases. These surface scums have been cleaned of | advanced and have far into its later phases, by
cyanobacteria using oil-spill skimmers. This surface scums. which time many of its
method is frequently used in conjunction with the negative characteristics
use of a coagulant or flocculant. have already manifested.

requires the right tools
before implementation.

Ultrasound By releasing ultrasonic waves at a specific successfully used in also interferes with how (Carreira-
frequency, an ultrasound device can be utilized to | ponds and other tiny green algae function Casaisetal.,
control HABs by destroying the cyanobacteria's bodies of water. Upto 8 | cellularly. Geometry of the | 2021)
cellular structure by rupturing internal gas vehicles | acres can be covered waterbody and the type of
that are responsible for buoyancy regulation. with a single device. cyanobacteria play a role

Cheap and non- in effectiveness. It is
chemical. necessary to conduct more
method study.

Chemical control

Algaecide Chemical substances known as algaecides are several chemicals have | Risk of toxic releases and | (Shenetal.,
added to a body of water to eradicate the bloom a track record of use. cell lyses. Consequently, is | 2020)
and kill cyanobacteria. Here are a few instances: Well-known and rather | frequently employed in the
algaecide made of copper (copper sulphate, copper | quick approach. early phases of a bloom.

Il alkanolamine, copper citrate, etc.) Compounds' Some algaecides are
-Permanganate of potassium characteristics and poisonous to fish, other
-Chlorine effects are frequently invertebrates, and
-Lime well understood. zooplankton, among other
creatures.
8
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Barley straw Bales made of barley straw are placed all around According to studies, prevents the creation of (Igbal et al.,
the waterbody's edge. When exposed to sunshine decomposing barley new algae but does not 2020)
and oxygen, barley straw creates a chemical that straw prevents the destroy already existing
prevents the growth of algae. Field research points | cyanobacterium algae. The time it takes for
to large agitate effects. Numerous reasons for the | Microcystis sp. from the barley straw to start
effects that have been observed have been put growing. producing active chemicals
forth, however it is unclear how this process works might range from 2 to 8
exactly. weeks. Deoxygenation of

the waterbody brought on
by decomposition has the
potential to Kill fish.

Coagulation The sedimentation of cyanobacteria cells to the Although numerous subject to restrictions on (Ghernaout et
anoxic bottom layer of the water column is aided studies have depth. Over time, al., 2020)
using coagulants. The cells can't get oxygen, light, | demonstrated that cells | coagulated cells experience
or other essential supplies, so they stop growing can be coagulated stress and lyse, releasing
and finally perish. without suffering harm, | toxins into the water body.

more analysis is still
needed. successfully
used at a number of

treatment centers.

Flocculation In order to reduce the amount of nutrients in the successfully applied in | subject to restrictions on (Jinetal.,
waterbody and prevent cyanobacterial growth, bigger ponds and lakes. | depth. 2019)
flocculants are employed to help nutrients settle to
the anoxic bottom layer of the water column.

9
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2.4 Clay occurrence and chemical composition

Clay deposits occur in many parts of the world and are formed due to weathering of parent rock in
situ to form residual clay. This process depends on the interaction between factors such as parent
rock, climate, time, topography, and vegetation which influences the character and the direction of
the movement through alteration zones (Abubakar et al., 2015). However, according to Murray
(2018), the clay depends on vegetation. Therefore, the geological history of clay material and its

properties and behaviour depend on the environment in which it is formed (Perold, 2017).

Clay occurs abundantly in all the regions but differs with its mineralogical, chemical, and physical
properties. Clays used to manufacture clay bricks include kaolinite, montmorillonite, illite, micas,
and chlorites, which contain enough calcium carbonate (Rakhimova, 2020). During the process of
firing, sodium, iron, and magnesium normally found in clays act as fluxes which produce a glassy

phase that can bind the bricks matrix together (Cultrone et al., 2015).

Clays and clay minerals occur under a limited range of geologic conditions. The formation
environments include soil horizons, continental and marine sediments, geothermal fields, volcanic
deposits, and weathering rock formations. Most clay minerals form when rocks are in contact with
water, air, or steam. Examples of these situations include weathering boulders on a hillside,
sediments on sea or lake buried sediments containing pore water, and rocks in contact with water
heated by magma (molten rock) (Philpotts et al., 2022). All these environments may cause the

formation of clay minerals from pre-existing minerals.

2.5 Clay soil and its uses
Clay is the essential raw material needed to produce bricks and other creative ceramics (Babisk et

al., 2020). It can be defined as a group of fine-grained soils, consisting of particles smaller than
silt particles (Cao et al., 2019. According to the Brick Industry Association (2016), clay soil is a
type of soil that exhibits resistance to cutting. Also, depending on the type of clay content in the
soil, there may be dissolved salt changes, some clays can be easily degraded and transported
(Singh, 2016). Clay bricks are one of the oldest building materials and, in fact, the first to be
produced by man (Fernandez & Castro, 2016). These bricks remain popular today as a building
material primarily for their structural properties, easy availability, relatively low cost, and

architectural reasons (Cultrone et al., 2015). Traditionally, clay bricks are a strong and durable
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material in normal weather conditions.

When clay deposits are available, clay bricks can be manufactured locally, making them readily
available relatively cheaply. In addition, clay bricks have a pleasant colour and can be made with
different surface textures that make them more architecturally acceptable (Ahmad et al., 2017).
They are widely used as a building envelope and are often part of the brick-clad wall system
adopted for the facade of buildings (Perold, 2017).

Many building envelope failures are associated with the disintegration of the brick cladding.
Therefore, the quality of the bricks is one of the main requirements to consider in the design and
construction of building envelopes. Failure due to deterioration may be a safety concern. In some
cases, it can involve costly repairs and there is no guarantee that the deterioration will not recur.
Bricks are the basic masonry units used in masonry construction and have the advantage over stone
that is easy to build and requires less labor to lay (Cultrone et al., 2015). The ownership of bricks
depends on the land used to make them, the manufacturing process, and varies from place to place
(Fernandes & Castro, 2016).

2.6 Major characteristics of clay minerals and its level of suitability in making clay bricks

All minerals have great affinity for water, some swell easily and may double in thickness when
wet (Murray et al., 2015). Most can soak up ions from a solution and release the ions later when
conditions change, water molecules are strongly attracted to clay mineral surfaces (Uddin, 2017).
Their small size and large ratio of surface area to volume gives mineral a set of unique properties,
including high cations exchange. There are three types of minerals: Bentonite, Kaolin and lllite
(Table 2.2).
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Table 2.2: characterization of clay minerals (Wang et al., 2020)

Bentonite Kaolin Hlite

Presents strong  colloidal | Odorless white to yellowish or | Contains more water and less
properties and increases its | grayish powder Insoluble in | potassium than true micas.
volume several time when | water. Poorly crystallized.

meeting water, creating a | Develops earthy odor when is | It is a weathering product of
gelatinous  and  viscous | wet. muscovite and alters to
substance. montmorillonites.

Its specific properties include
swelling, water absorption,

viscosity and thixotropy.

The clay mineral, any of a group of important hydrous aluminum silicates with a layer (sheetlike)
structure and very small particle size, they may contain considerable concentrations of iron, alkali
metals, or alkaline earths. Clay mineral is a series of major hydrous aluminum silicates with a layer
(sheetlike) structure and very small particle size (Nkansha et al., 2016). Although iron to variable
degrees substitutes for aluminum and magnesium, and significant amounts of potassium, sodium,
and calcium are frequently found, clay minerals are primarily made up of silica, alumina, or
magnesium, or both, and water. Ideal chemical formulations (such as kaolinite, 2Si02Al.O3, and

2H-0) can be used to describe several clay minerals (Chen et al., 2016).

2.7 Coal occurrence and chemical composition

Coal is defined as a readily combustible organic sedimentary rock containing more than 70% by
volume and 50% by weight of carbonaceous material, formed from compaction of variously altered
plant materials (Dai et al., 2021). Coal is formed because plant remains accumulate in a specialised
deposition environment where such accumulations have been affected by synsedimentary and post-
sedimentary influences to produce coals of diverse degree of structural complexity and rank (Mani
et al, 2015).

The origin of coal has been studied for over a century and a variety of models exist which attempt
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to identify the environment of coal deposition. No single model identified can predict the

occurrence, development and coal type (Mani et al., 2015) in (Table 2.3) below. The traditional

model is the most common coal depositional model used by numerous workers was based on the

‘Cyclothem’, a stratigraphic repetition of chemical and siliceous rocks in the equatorial regions of

Pangean interior (Roark et al., 2016).

Table 2.3: Coal's macerals and descriptions of each maceral group (Mani et al., 2015).

Maceral Group | Maceral Morphology Origin
Vitrinite Telinite Cellular Stems, branches, roots, and
. Composition leaves' cells and walls
(huminite) P
Collinite Structureless Reprecipitation of a gel-like

state of dissolved organic
matter

Vitrodetrinite Broken pieces of | Early humic peat degradation
vitrinite and plant deterioration

Sporinite Type of fossil Mega-microspores

Cutinite Bands with potential | The outer covering of leaves,
appendages shoots, and slender stems is

called the cuticle.
Exinite (liptinite) | Resinite Layers of cell filling | Plant Secretions such as

or distributed Resins, Wax, and Other

Alginite Type of fossil Algae

Liptodetrinite

Exinite pieces

Remnants of degradation

empty or mineral- | charcoal made primarily from
Fusinite filled cellular | oxidized plant material that
structure; typically, | has been burned.
well-preserved cell
structure.
Semifusinite cellular composition. | Plant matter that has partially
oxidized.
Macrinite Undefined cement. oxidized gel substance.

© University of Venda
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Inertinite Inertodetrinite | Fusinite, semi- | Inertinite deposits.
fusinite, or macrinite
in small spots.
Micrinite Round, granular | Macerals degrade during

grains with a | coalification.
diameter of around 1
mm.

Sclerotinite petrified shape. Fungal are mainly what is
left.

Materials were digested in a solution of hydrofluoric, nitric, and perchloric acids. The data were
analyzed using ANOVA, and means were separated at the 95% significance level using Duncan's
multiple range test. In general, all four grades of coal showed significant variations (p 0.05) in the
mean concentration of heavy metals. All coal classes had appreciable differences in the mean Zn,
Cu, Ni, and Pb concentrations (p 0.05) (Tang et al., 2018).

2.8 Brick making using clay and main challenges
After the raw materials, have been extracted and stockpiled; it is prepared by crushing, grinding

and mixing in a variety of ways, and depending on the type of raw material used, the product and
drying and firing method are employed (Charai et al., 2020). Water content is controlled and the
material going on to the shaping process may have moisture contents varying from between 17%
to 30%, depending on the different raw materials used. As soon as the raw material is extracted
(Albitar etal.,2017). Clay is mixed with water to make a dough, the resulting mix characterized by
enough plasticity to facilitate the molding, but not “too plastic”, as it can lead to severe shrinkage
during the drying phase, resulting in warping, twisting, or cracking the quality of the mixture is
checked by squeezing mud in hands, it must not slip through fingers nor be too dry to maintain a
shape (Koroth, 2017).

The presence of the traditional process of brick making is currently challenged by the more modern
industrial brick production (Kolodziejek & Tey, 2016), some concerns have been raised regarding
various environmental and health hazards from the brick making process. On the other hand, as a
production process that has been handed down across generation, the brick making process is
embedded with various ecological values that are attached to the environmental and cultural
context (Coletti et al., 2016).
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2.9 Banana biomass and chemical composition

Musa cavendish (Banana) is a herbaceous annual plant grown on an industrial scale and by local
populations in tropical areas. In 2018, more than 126 million tons of bananas were produced
worldwide (Vu et al.,2018). Banana peel is the outer shell (cover) of the banana fruit. It is a by-
product of home consumption and the processing of bananas. However, there are some concerns
about the effect of tannin in the husks on the animals that consume it. Banana peels are also used
as an ingredient in cooking, water purification, the manufacture of many biochemical products,
and inorganic waste production. Banana peels are sometimes used as feedstock for livestock, goats,
monkeys, poultry, rabbits, fish, zebras, and many other species (Hassan et al., 2018).

The chemical composition analysis of that specific residue (Nagarajaiah et al.,2017) revealed that
their lignin content, though lower compared to woody biomass, was found significant for potential
valorization throughout the different platforms. The mineral composition of banana peel was

phosphorus, iron, calcium, magnesium, and sodium.

A banana peel's mineral composition consists mostly of potassium (78.10 mg/g) and manganese 7
6.20 mg/g, sodium (24.30 mg/g), calcium (19.20 mg/g), and iron (0.61 mg/g) are additional
minerals that are found (Jaishankar et al.,2014). If consumed orally, the peel's high potassium
concentration helps to maintain normal blood pressure. An average banana peel contains 91.50
percent organic nutritional matter, which includes lipids, proteins, crude fiber, and carbs
(Anyakora, 2022). Fiber makes up about 31.70 percent of the total mass, followed by carbohydrates
(59 percent), prot ein (0.9 percent), and lipids (1.7 percent), in that order. Fibre abundance is a

natural laxative (Jaishankar et al., 2014).

The Vhembe district has many different banana cultivars, including Luvhele (MusaABB),
Mabonde (MusaAAA), and Muomva-red (Musa balbisiana) (Anyasi et al.,2015), where we may
locate banana peels. Both nutritious and nonnutritive substances can be found in banana peels,
Banana peels can be used to make a treatment or a poison since they contain ingredients that are

both very helpful and very deadly (Jaishankar et al., 2014).
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2.10  Concluding remarks.

Individual and group activity, user activities and lake entertainment reduce the amount of nutrients
introduced into lakes. Cyanobacteria are common in fishponds and other bodies of water, but they
only pose a concern when they begin to produce toxins. Cyanobacteria, which affects fish output
and water quality, are a problem in most nations. Although some of them hurt fishponds and water
quality, dinoflagellates such Anabaena, Microcystis aeruginosa, Cylindrospermopsis, and

Microcystis have been detected and biological control has been utilized in most countries.

The incidence, classification, and toxicology of algal cyanobacteria blooms are highlighted in this
paper. Chemical compounds must be employed to treat waterborne cyanobacteria. Chemical use
in natural lakes is not permitted because it may result in additional issues. As a result, using
chemicals can impact both species and people because they are hazardous to other forms of life.

By reducing the amount of nutrients in lakes, study may shortly find an appropriate answer.
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CHAPTER 3: MATERIALS AND METHODS

This chapter describes the methods and procedures used in generating data for this research. The
methodology of this research was divided into different stages which is preliminary work that
comprises of desktop study, reconnaissance survey, the fieldwork that involve the field
characterization, description of clay bricks making processes, Laboratory work and minimization

of blue-green algae/cyanobacteria growth species on clay brick. A summary of the methodology
used is illustrated in the flow chart below in (Figure 3.1).

Methodology

. <

Preliminary work

Desktop Reconnaissance
studies survey
\ j
|
Field work

\ 4

Laboratory work

. 2

Crushing, Milling, Sieving and Heating

¥

Data analysis, Data presentation

. 2

Discussion, Conclusions and
Recommendation

Figure 3. 1: Research methodology flow chart.
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3.1 Preliminary Work

The preliminary work is the initial stage of data collection through studying available material
and/or carrying out field observation of the study area (Brynard, 2014). This research was done to
determine if the purpose of this research is clear, the topic indeed researchable, and the suitability
of the data collection methods for this study. The preliminary work was carried out before the

fieldwork, divided into the desktop study and reconnaissance survey bricks.

3.1.1 Desktop Study

Desktop study is a preliminary investigation consisting of the evaluation, collection, analysis, and
integration of the information already available for the preliminary assessment of site conditions
and the appropriateness of the research problems (Asenahabi et al., 2019). It assists in making
research planning easy and enables the selection of the most appropriate analytical techniques. It

can also highlight issues that may require individual or discrete study.

This research used various sources to obtain information about the study area and the current
research topic. The sources such as previous researchers relating to the study were used. Desktop
study was used to generate knowledge on the pavement consisting of blue-green
Algae/Cyanobacteria. It was conducted before the actual fieldwork.

3.1.2 Reconnaissance Survey

This preliminary research was done to correlate revised literature with reality at the site visit. It
involved conducting a general observation of the clay bricks and pavements in the study area
through site visits before the actual field work or detailed field survey on site was conducted. The
main aim of the survey was to gain first-hand information about the study area. The visit to study

area was conducted at the time when brick making process was carried out.
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3.2 Collection of materials

The clay soil (kaolin) was collected at VVhavenda Bricks, Vhembe district, Limpopo. It is located
about 21 km away from Thohoyandou Town. The mine is in the vicinity of Lwamondo Village.
The geographical coordinates of the study area are 23°00° 17 22 S (latitude) and 30°23° 19 88” E
(longitude). The clay material was selected since it was used in pavement making at the University
of Venda (Munyai et al., 2019). The clay material was collected at a random depth of 0 to 20 cm

using a spade.

The banana (Musa sapientum) peels were collected from markets and the farms, then were dried
by the sun, ground by pestle and mortar and sieved by (<2 mm) prior to analyses (Figure 3.2). A
miniature brick-box metal frame, a hand-mixing machine and a measured water jug were used
when making the clay bricks. The dimension of standard brick is 22 cm long x 10 cm wide x 8 cm

high (Mesquita et al., 2018), and the miniature brick is 11 cm long x 5 cm wide and 4 cm high.

Figure 3.2: Process of making modified clay bricks.A-Banana Biomass; B-Brick making process; C-
sundried bricks and (D) miniture bow box mould.
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3.3 Laboratory preparation

The coal samples were crushed by jaw crusher to reduce particle size, each crushed sample was
milled with a sample was ground to about 75 rpm using a Retsch RS 200 tungsten carbide milling
machine for 8 minutes at 750 revolutions per minute (rpm). To reduce sample contamination,
milling pots were first cleaned with quartz. Before milling the actual sample, a tiny amount was
first ground to coat the milling pots. The milled coal samples were then placed in Kraft sample

bags.

The banana biomass, coal and clay soil were weighed by analytical balance (Radwag model WLC
10/A2, made in Poland) according to the ratio that was calculated and placed in the Kraft sample
bags, the four types of bricks were made of (Figure 3.1):

e Coal + clay (control sample)
e Coal +clay + Banana (treated sample)
e Clay +Banana (no coal) (treated sample)

e Clay (no coal, no Banana) (control sample)

Table 3.1: Types of bricks made.

Sample code | Description Composition of material

CB1 Clay, Coal and Banana Clay 505 g, Coal (247.5 g), Banana (247.5 g)
CB2 Clay, Coal and Banana Clay 500,05 g, Coal (249.75 g), Banana (249.75 g)
CB3 Clay, Coal and Banana Clay 550 g, Coal (225 g), Banana (225 g)
CB4 Clay, Coal and Banana Clay 600 g, Coal (200 g), Banana (200 g)
CB5 Clay, Coal and Banana Clay 650 g, Coal (175 g), Banana (175 g)
CB6 Clay, Coal and Banana Clay 700 g, Coal (150 g), Banana (150 g)
CB7 Clay, Coal and Banana Clay 750 g, Coal (125 g), Banana (125 g)

Bl Banana +Clay Clay 999 g, Banana (1 g)

B2 Banana + Clay Clay 990 g, Banana (10 g)

B3 Banana + Clay Clay 900 g, Banana (100 g)

B4 Banana + Clay Clay 800 g, Banana (200 g)

B5 Banana + Clay Clay 700 g, Banana (300 g)

B6 Banana + Clay Clay 600 g, Banana (400 g)
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B7 Banana + Clay Clay 500 g, Banana (500 g)
Cl Coal + Clay Clay 505 g, Coal (495 g)

C2 Coal + Clay Clay 500.05 g, Coal (499.5 g)
C3 Coal + Clay Clay 550 g, Coal (450 g)

C4 Coal + Clay Clay 600 g, Coal (400 g)

C5 Coal + Clay Clay 650 g, Coal (350 g)

C6 Coal + Clay Clay 700 g, Coal (300 g)

C7 Coal + Clay Clay 750 g, Coal (250 g)

The clay soil was collected and mixed with banana biomass based on the given ratio; another clay
soil was not mixed with banana biomass. After mixing clay with or without banana biomass the
water was added to make a dough. The resulting mix characterized by enough plasticity to facilitate
the molding, but not “too plastic”, as it can lead to severe shrinkage during the drying phase,
resulting in warping, twisting, or cracking (Koroth, 2017). The quality of the mixture was checked
by squeezing mud in hands, it must not slip through fingers nor be too dry to maintain a shape. The
bricks were sundried and later weighed using an analytical balance (Radwag model WLC 10/A2,
made in Poland). The medium was autoclaved for one hour at 121 °C (Lab Tech Daihan Labtech
CO., Ltd). Then, under sterile conditions, 1000 ml of modified BG 11 media were put to containers
along with 4 ml of cyanobacteria inoculum, the physical parameter such as pH, TDS, EC,

Temperature was measured by inserting portable pH meter rod in the media.
3.4 Physical Test on the brick

3.4.1 Hardness test

A hardness test was done to check the hardness of brick. This is an indirect test to determine its
compressive strength and how well the brick was kilned. This was tested by using a sharp tool or
fingernail and scratching against the brick surface. If there was no impression of scratch on the
brick surface, the brick was sufficiently hard and fit for use (Innocent, 2018).
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3.4.2 Dimensional tolerance test

The shape and size of the brick were checked using a dimension tolerance test. Four bricks were
arranged in this test, along its width and height. The measurements were contrasted with one
another and with the norm (Hjerm et al., 2020).

3.4.3 Sound test

To ascertain the caliber of the bricks received, a sound test of a brick was conducted in the field.
Two (2) bricks were slammed into one another in this test. When struck together, good-quality

bricks should produce a metallic sound (bell ring) and should not break (Kumar & Sinha,

3.4.4 Impact test

Bricks were dropped onto the ground during this experiment from a height of one meter (not hard
surface). A sturdy brick did not crumble. It is best not to use it for construction if it breaks (Thakur
etal., 2022).

3.4.5 Colour test

A well-kilned (burned) clay brick had a consistent color all its sections and crimson hues. The
black bricks were of poor quality and had been overburnt (Poornima et al., 2022).

3.4.6 Water absorption test

A water absorption test determined how much moisture the brick took in. The brickwork's strength
will decrease if the bricks absorb more water from the cement mortar than 20% of their dry weight.
Hence they shouldn't be utilized for construction. Five sun-dried bricks were picked from the
sample for this test, and their dried weights were recorded. Weights were recorded again after the
bricks had been heated in the oven. Both weights computed water absorptions (Albitar et al., 2017).

22

© University of Venda



o

*. University of Venda
Creating Future Leaders

3.4.7 Compressive strength test

The compressive testing machine was used to determine the strength of a brick by repeatedly
loading the frog face on top until failure. The mortar on the brick frog's face has been poured and
dried for four days. A minimum compressive strength of 3.5 N/mm? is required, per codes. In
building, bricks with compressive strengths lower than 3.5 N/mm? should not be used (Brencich
etal., 2021).

3.4.8 Efflorescence

When masonry dries, a fine, white powdery layer of water-soluble salts is left on the surface.
Soluble salts should not be present in a good brick. The bricks were submerged in water for 24
hours and then allowed to dry fully. If the brick surface has any white or gray areas, this means the
brick contains soluble salts (Nhabih et al., 2020).

3.4.9 Wrappage test

The wrappage test was used to determine the flatness of the brick surface. Wrappage should be
within acceptable limits if the bricks are properly heated and cooled. A convex and concave

wrappage test is performed (Peng et al., 2020).
3.5 Metal content analysis
3.5.1 Sample preparation and digestion

The glass beakers were, washed with deionized water and then dried for about five minutes in an
oven set to 150 °C. The four clay bricks (C5, B5, CB5, and Control) based on the clay bricks
composition and ratio were selected for test, were first crushed in a jaw crusher, and then ground in
a mill. Each milled sample was weighed at 500 g using a Radwag analytical balance and was added
to the decomposition beakers (Kumar and Sinha, 2020). A few drops of deionized water, 45 ml of
HCI, and 15 ml of HNOgz (Nitric acid) were added for moisture (Lian. The beakers were then set on
the hot plate for approximately 90 and 120 min. After decomposition, the samples were left to cool
down at room temperature. The prepared samples were then paper filtered (Whatman No 1), mixed
with deionized water in a 100 ml volumetric flask, shaken, and allowed to settle for two hours in Figure
3.3. It was then prepared for inductively coupled plasma mass spectrometry (ICP-OES) analysis after

placing the decanted sample into the clean centrifuge tube.
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Figure 3.3: Acid digestion of clay. A-preparation of clay, hydrochloric acid and nitric acid B-Hot
stove digestion, C-Filtering of decomposed samples and D- Filtered sample ready for ICP-OES.

3.5.2 The ICP-OES analysis

The metal contents were analyzed by ICP-OES (Optima 8000, Perkin Elmer, Canada) after acid
digestion. Leaching of heavy metals except that the brick pieces were acid-digested and then
analyzed for major and trace metals. Here, we report on a few metals — K, Na, Mn, and Ni in the
results. The 5 standard metal solution, blank and four types of samples which is CB5, B5, C5 and

control, were analyzed.
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Figure 3.4: Metal Analysis. A-ICP-OES. B-Preparation of samples and C-analyzed samples.

The output of ICP-OES was used to calculate mean metal content (mg per liter). The mean and
confidence interval were calculated using the Microsoft Office excel (2019). The final metal

content was express as mg per g as the following expression (1).
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Metal concentration (mg per gram) = x+V equation 1
—t

Where x mg per L is average reading from the ICP-OES instrument, V is volume (L) 0.1 litre (100
ml volumetric flask where the acid digest was added) and m is mass weighed (g) of ground material

was acid-digested.
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3.6 Monitoring growth of cyanobacteria

The modified BG 11 medium was created in the lab using the Kruger and Eloff (1997)
cyanobacteria culture procedure. In addition to adding the trace elements to the flask in Table 3.3,
the medium was created using the mineral composition stated in Table 3.2. 850 ml of deionized
water were put into two 1000 ml Erlenmeyer flasks. The flask also received additions of minerals
and trace elements. The mixtures were stirred and agitated until the minerals were thoroughly

dissolved. Deionized water was added to the Erlenmeyer flask until it held 2000 ml.

The medium was autoclaved for one hour at 121 °C (Lab Tech Daihan Labtech CO., Ltd). Then,
under sterile conditions, 1000 ml of modified BG 11 media were put to containers along with 4 ml

of cyanobacteria inoculum.

The blue-green algae/cyanobacteria inoculum was the transferred to twenty-two 1000 ml closed

containers and then incubated at room temperature at greenhouse facility at the former School of

Agriculture (Figure 3.5).

Figure 3.5: Preparation of cyanobacteria suspension
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Table 3.2: Modified BG 11 mineral composition concentrations

Components Final concentration
NaNO3 1.500 g

K2HPO4 0.040 g

MgSO4.7H.0 0.075¢

CaCl2.2H20 0.036 g

Citric acid 0.006 ¢

Ferric ammonium citrate 0.006 ¢

EDTA (disodium salt) 0.001 g

Na.CO3 0.020 g

Trace metal mix A5 1.0 ml (from Table 3.3)

Table 3.3: Trace metal solution

Component Final concentration
H3BO3 2.860 g

MnCl24H:0 1.180 ¢
ZnS047H;0 0.222 g
NaMo004.2H.0 0.390 ¢
CuS04.5H.0 0.079¢g

Co (NO3)2.6H20 49.40 mg

© University of Venda
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The clay bricks were exposed to an aqueous solution containing a suspension of cyanobacteria in
a transparent enclosure (containers) in (Figure 3.6). This was exposed to continuous light to
stimulate the growth of cyanobacteria. Daily, a visual observation and scrapping was carried out
to check the growth of cyanobacteria on the surface of the bricks. The scrapping involved a sharp

object to remove the cyanobacteria and determine the biomass. The cyanobacteria biomass was

determined by measuring the absorbance at 750 nm wavelength.

Figure 3.6: Cultivation of blue-green Algae/Cyanobacteria in BG11 Medium.

3.7 Measurement of Cyanobacteria Growth

The growth of cyanobacteria was determined through triplicates measurement of absorbance in 22
containers with different bricks. The maximum absorbance was inspected by scanning a sample
between 600 and 800 nm in a Spectrophotometer (ORIOON AQUAMATE 700, VIS spectrometer,
Made in China, and Designed in the USA) (Mouiya et al., 2019). However, sample absorbance
was measured spectrophotometrically at 750 nm for seven days, weekly and monthly to monitor

changes in the growth of cyanobacteria (Janatian et al., 2020).

3.8 Data Analysis

The cyanobacteria growth curve was based on absorbance values versus time (days). The graphs
and mean were made using Microsoft Office excel software (2019) for both treated samples and
control (non-treated) samples. One way ANOVA was used to determine the significance difference
between the treated and control samples clay bricks (Table 3.1) at p < 0.05.
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CHAPTER 4: ASSESSING THE EFFECT MODIFIED CLAY BRICKS ON THE
GROWTH OF CYANOBACTERIA

Abstract
This chapter focuses on the presentation and analyses of the data collected, using the One-way
Anova and turkey mini tab software to analyze the physical parameter (pH, ECS, TDS,
temperature, and absorbance) of modified clay (coal & banana), whereby turkey mini tab was used
to compare all pairs of groups, while controlling the simultaneous confidence level. This group
have mini separation represented by letters whereby single letter means high factor that cannot be
controlled by any treatment . This study used a one-way ANOVA statistical method and identified
banana as having a pure significant value. This was also viewed favorably because the treatment
materials showed excellent inhibitory capacity during the trial period. The banana and coal samples
and the control samples, on the other hand, the findings of the ANOVA analysis showed that from
the first day of the experiment to the last day of the third month, demonstrated substantially
different values of absorbance. Although the absorbance for the treated (banana) samples was
decreasing, the graph for the untreated and control samples was increasing. when compared to
control, other samples of coal, coal + banana, and other samples. The absorbance indicated a
substantial change from days 0 through 1, 3, 4, 5, 6, and 7 of the 24-hour test period, drastically
inhibiting cyanobacteria cell growth. From day 1 through month 3, the single factor ANOVA
revealed a significant difference between the treated samples B1, B2, B3, B4, B5, B6, B7, and the
control. The following values were used to calculate the p value: 0.017,0.007, 0.0119, 0.007, 0.009,
0.001, 0.003, 0.001, 0.015, 0.015, and 0.001. which, from day 1 to month 3, was less than 5% and
had a 95% confidence level. Day 2 p>0.05 indicates a single factor, which non- significant
difference was revealed using ANOVA.The simultaneous confidence level was controlled while
comparing all group pairs using the turkey mini tab. This group has a small degree of separation,
represented by letters, where a single letter denotes a significant component that cannot be treated
like other groups share letters. For the 24-hour test period starting on days 0 through 1, 2, 3, 4, 5,
and 7 and weeks 2 through 4, the absorbance drastically decreased for coal and banana bricks.
From day 1 to week 4, the single factor ANOVA revealed a significant difference between the
treated samples CB1, CB2, CB3, CB4, CB5, CB6, and the CB7. From day 1 to week 4, the p value
ranged from 0.005 to 0.003, 0.005 to 0.003, 0.004 to 0.002, 0.011 to 0.017, 0.012 to 0.008, all of
which were below the 5% threshold. From 2 and 3 month there was no significance difference
because of Coal reducing Banana in the process because of its chemical composition. While the
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algae kept growing, it was discovered that the absorbance on the untreated samples and control
samples was not inhibiting the Cyanobacteria, and the graph for these samples was ascending. A
considerable rise in cyanobacteria cells was seen over a test period of 24 hours starting on days 0,
1,2, 3,4,5,and 7. The absorbance greatly varied during weeks 2, 3, and 4, as well as months 2
and 3. From day 1 to month 3, the single factor ANOVA revealed a significant difference between
the untreated samples C1, C2, C3, C4, C5, C6, and the C7. From day 1 to month 3, the p value was
0.011, 0.003, 0.006, 0.003, 0.023, 0.018, 0.004, 0.003, 0.006, 0.004, and 0.004 was less

than 5% and was within the 95% confidence interval.

Keywords: Cyanobacteria, Banana, Coal, Clay, and ANOVA.

This chapter focuses on the presentation and analyzing of data on how to control the
algae/cyanobacteria growth using modified clay bricks (with either banana biomass and coal and

or with coal and or with banana biomass.

4.1 Evaluation of modified clay (coal & banana) bricks in inhibition of laboratory blue-green

algae/cyanobacteria suspension.
4.1.1 The effect of pH

There was variation in pH for control and treated samples during the study period (Figure 4.1).
The alkaline pH for the control samples showed an upward increase from 7.4 to 9.7. The alkaline
pH for modified bricks (coal and banana composition) showed variation but was consistent
between 7 and 8.5. This pH was expected since algal blooms in alkaline conditions (Vadlamani et
al., 2017).

The single factor ANOVA showed significant differences (p<0.05) between the treated samples
and the control samples (Table A4.1) at Day 3, Day 7, and Week 2, on the other days p was not
significant. This implied that addition of coal and banana powder influenced the water pH at day 2
which p is 0.02195. While according to Akintoye et al. (2014), a pH of 7 indicates neutrality, lower
pH levels indicate rising acidity. Overall, the pH was the same for control and treated samples for
the duration of the study period. Notably, pH level influences other potential toxicants, such as

heavy metal bioavailability (Padhan et al., 2021).
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Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Week Week Week Month Month
2 3 4 2 3

Time (Days)

CBI CB2 CB3 CB4 CB5 CB6 CB7 Control

Figure 4.1: The variation of pH value cultured blue green/cyanobacteria suspension samples.
Whiskers reflect standard error.
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4.1.2 The effect of electrical conductivity

There was variation in the electrical conductivity (EC) for control and treated samples during the
study period (Figure 4.2). The EC for the control samples showed an upward increase, from
(1084.7 pS/cm to 1603.7 pS/cm). The single factor ANOVA showed non-significant differences
(p>0.05) between the treated samples and the control sample (Table A4.2) at Day 1 to Months 3.
The electrical conductivity (EC) shows the many soluble salts in the water. It also displays the
spread of microphytes and the water's nutritional content (Munyai, 2019). The BG11 produced
medium, which contained a high concentration of salts according to the Kruger and Eloff (1977)
preparation process, and the clay brick matrix dissolving in the alkaline solution are likely the

causes of the high results medium.

~
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Q800 i -
—— —
600 ——~ e - —
400 :
P T T TR T S S A
P S N S A
Qb‘ Qb Q‘I‘ Qb‘ Q‘Z‘ Q‘b‘ Q . q\o Q{_&Q ‘:é%ed v‘\Q\'\- wx\o\"\.

Axis Title

—CB1 CB2 CB3 CB4 —(CB5 =—CB6 === CB7 = Control

Figure 4.2: ECS value cultured water samples. Whiskers reflect standard error.

4.1.3 The effect of total dissolved solids

There was variation in total dissolved solids (TDS) for control and treated samples during the study
period (Figure 4.3). The TDS for the control samples showed an upward increase from 1017.3 to
1403.7. The single factor ANOVA showed non-significant differences (p>0.05) between the
treated samples and the control sample (Table A4.3) at day 1 to month 3. The total dissolved solids
(TDS) are a vital factor in determining water quality for drinking and aquatic ecosystems (Naubi
etal., 2016).
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The TDS imparts flavor to the water while lowering its palatability. The mechanical abrasive
impact of suspended particles can lead to biological imbalances in the aquatic environment (Munni
et al., 2015). High loads shorten the life span of aquatic species and degrade the water quality. In
a water media, suspended solids can take the shape of fine, floating and settling materials/particles.
According to department of water affairs standards, the values are within the range recommended
for drinking and are suitable for fish life (Ayandiran et al., 2018). The stated TDS values in fish

culture are acceptable for a variety of fish production.
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o
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(o)) (@]
o o
o o

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Week Week Week Month Month
2 3 4 2 3

Days

w— CBl ===CB2 CB3 CB4 CB5 CB6 CB7 === Control

Figure 4.3: TDS value cultured water samples. Whiskers reflect standard error.

4.1.4 The effect of temperature

There was variation in temperature for control and treated samples during the study period (Figure
4.4). The temperature for the control samples showed an upward increase, from 20.10 °C to 30.20
°C. The temperature for modified clay bricks (coal and banana composition) showed variation but
consistent between 20 °C and 38 °C for the ideal temperature range for freshwater aquaculture is
approximately 25-40°C (Munni et al., 2015). Conclusion: All trials' temperatures were appropriate
for aquatic species to survive. The single-factor ANOVA showed significant differences (p<0.05)
in (Table 4.4) in all samples including treatment and control.
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Figure 4.4: Temperature value cultured water samples. Whiskers reflect standard.

4.1.5 The effect of banana matrix (potassium)

The growth of the algae was found to be decreasing in the treated samples, while it continued to
grow in the control sample (Figure 4.5). Cyanobacteria cells were significantly reduced for a 24-
hour test period beginning on day 0, 1, 2, 3, 4, 5, 6, and 7, and continuing through week 2, week
3, and week 4. From day 1 to week 4, the single factor ANOVA revealed a significant difference
between treated samples CB1, CB2, CB3, CB4, CB5, CB6, and CB7 (Table 4.6). From day 1 to
week 4, the p values were less than 5% with a 95% confidence level (Table A4.7).
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Table 4.6: p-values for modified clay (coal and Banana composition) samples.

Time p-values
Day 1 0.005
Day 2 0.003
Day 3 0.005
Day 4 0.003
Day 5 0.004
Day 6 0.002
Day 7 0.011
Week 2 0.017
Week 3 0.012
Week 4 0.008
Month 2 0.066
Month 3 0.064

At month 2 and 3 there were no significant differences between control and treated samples. with
an increase in gasification temperature, the potassium retention ratio drops, the ability of coal ash
to fix potassium during biomass gasification is astounding, blending coal ash with biomass can

significantly raise the temperature at which it melts (Zhang et al., 2018).
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Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Week Week Week Month Month
2 3 4 2 3

Time (Days)

—CB1 —CB2 CB3 CB4 CB5 CB6 CB7 Control

Figure 4.5: The inhibition of cyanobacteria growth treated modified clay (coal + banana) brick.

The inhibitory effect of modified clay (coal +banana) brick matrix was quite distinct as this showed
a gradual decrease in growth of cyanobacteria, from day 1, to week 4 and month 3 in the study.
The major composition of banana matrix was potassium (Jaishankar et al., 2014). This inbition may

be attributed to the presencnce of potassium.

4.2 Evaluation of modified clay (coal) bricks in inhibition of laboratory blue-green

algae/cyanobacteria suspension

4.2.1 The effect of pH

There was variation in pH for control and treated samples during the study period (Figure 4.6).
The alkaline pH for the control samples showed an upward increase from 9.500 to 9.800. The
alkaline pH for Coal bricks showed a decrease and increase but was consistent between 7 and 8.5.

This alkaline pH is expected since algal blooms in alkaline conditions (Vadlamani et al., 2017).

The single factor ANOVA showed significant differences (p<0.05) between the untreated samples
and the control sample (Table A4.8). on days 3, 7, and 2 of week 2, with p=0.026, p=0.024, and
p=0.023. This could imply that the addition of coal powder in the bricks influenced the pH of the

water (Table 4.9).
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Table 4.9: P-value for coal pH

Period P value

Day 3 0.026
Day 7 0.026
Week 7 0.024

10

9,5

9

L 85

8

75

-

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Week Week Week MonthMonth
2 3 4 2 3

Time (Days)

-—(Cl —C2 C3 C4 C5 C6 Cc7 Control

Figure 4.6: pH value cultured water samples. Whiskers reflect standard error.

4.2.2 The effect of electrical conductivity

There was variation in the electrical conductivity (EC) for control and treated samples during the

study period (Figure 4.7). The EC for the control samples showed an upward increase, from
(1084.7 pS/cm to 1603.7 uS/cm). The single factor ANOVA showed non-significant differences
(p>0.05) between the treated samples and the control sample (Table A4.10) at Day 1 to Months 3.

The electrical conductivity (EC) reflects the number of soluble salts in water. Conductivity reflects

how many soluble salts there are in water.
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Figure 4.7: EC value cultured water samples. Whiskers reflect standard error.

4.2.3 The effect of total dissolved solids

There was variation in total dissolved solids (TDS) for control and treated samples during the study
period (Figure 4.8). The TDS for the control samples showed an upward increase, from 1017.3 to
1403.7. The single factor ANOVA showed non-significant differences (p>0.05) between the
treated samples and the control sample (Table A4.11) at day1 to month 3. The total dissolved solids
(TDS) are a crucial parameter in water quality for drinking purposes and aquatic environments
(Naubi et al., 2016). (Naubi et al., 2016). They give the water flavor while lowering its palatability.
The mechanical abrasive impact of suspended particles can lead to biological imbalances in the
aquatic environment (Munni et al., 2015). The water quality decreases as a result of high TDS

loads.

39

© University of Venda



University of Venda
Creating Future Leaders

@
H

1360

1160

960

TDS (mg/L)

760

560

Time (Days)

—Cl =—C2 3 Ca 5 Cé c7 Control

Figure 4.8: The effect of TDS.
4.2.4 The effect of temperature

There was variation in temperature for control and treated samples during the study period (Figure
4.9). The temperature for the control samples showed an upward increase, from 20.10 to 30.20.
The temperature for modified clay (Coal) bricks showed the decrease and increase but consistent
between 20 and 38°C. The ideal temperature range for freshwater aquaculture is between 25-40°C
(Munni et al., 2015). Conclusion: All trials' temperatures were appropriate for aquatic species to
survive. The single factor ANOVA showed significant differences (p<0.05) (Table A4.12).
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Figure 4.9: Temperature value cultured water samples. Whiskers reflect standard error.

4.2 .5 The effect of Coal

During the study period, the growth of cyanobacteria in both control and treated samples increased
(Figure 4.10). Cyanobacteria cells are significantly increased over a 24-hour period from day 0, 1,
2,3,4,5,6,and 7, week 2, week 3, week 4, month 2 and month 3. From day 1 to month 3, the
single factor ANOVA revealed a significant difference between untreated samples C1, C2, C3,
C4, C5, C6, and C7 (Table A4.13). From day 1 to month 3, the p value was less than 5% with a
95% confidence level (Table 4.14). The control experiment received no chemical treatment, and
the algal blooms in those containers continued to grow. It was discovered that, in addition to
nutrients in the growth media, the coal matrix also contributed nutritionally to the growth of

cyanobacteria.
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Table 4.14: p-values for modified clay (coal) samples.

Time (in days) p-values
Day 1 0.011
Day 2 0.004
Day3 0.006
Day 4 0.003
Day 5 0.002
Day 6 0.023
Day 7 0.017
Week 2 0.004
Week 3 0.003
Week 4 0.006
Month 2 0.004
Month 3 0.004
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m— ] —C2 c3 c4 (65} c6 c7 Control

Figure 4.10: The inhibition of cyanobacteria growth treated with modified clay (Coal) brick.
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4.3 Evaluation of modified clay (banana) bricks in inhibition of laboratory blue-green

algae/cyanobacteria suspension

4.3.1 The effect of pH

There was variation in pH for control and treated samples during the study period (Figure 4.11).
The alkaline pH for the control samples showed an upward increase, from 7.4 to 9.7. The alkaline
pH for Coal and Banana bricks showed the decrease and increase but consistent between 7 and
7.5. This alkaline pH is expected since algal blooms in alkaline conditions (Vadlamani et al.,
2017).

The single factor ANOVA showed significant differences (p<0.05) between the untreated samples
and the control sample (Table A4.15) on day 7. In other days p was non-significant because p>0.05.
A pH level greater than 7 indicates an increasing amount of alkalinity in the solutions. Notably,

pH level influences other potential toxicants, such as heavy metal bioavailability.

10

9,5

0
, \
('
zi'
\\

N
i\..»‘i

65 &

55

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day7 Week2 Week3 Week4 Month2 Month3
—8—B1 =8 B2 B3 B4 =@-IBT5e (DAVS)B6 == B7 =@= Control

Figure 4.11: pH value cultured water samples. Whiskers reflect standard error.
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4.3.2 The effect of electrical conductivity

There was variation in the electrical conductivity (EC) for control and treated samples during the
study period (Figure 4.12). The EC for the control samples showed an upward increase, from
(1084.7 pS/cm to 1603.7 uS/cm). The single factor ANOVA showed non-significant differences
(p>0.05) between the treated samples and the control sample (Table A4.16) at Day 1 to Months 3.
The electrical conductivity (EC) reflects the number of soluble salts in water. Conductivity reflects

how many soluble salts there are in water.

It further displays the water's nutritional composition. In the control samples, high EC values
(1084.7 S/cm to 1603.7 S/cm) have been noted (Figure 4.12). The BG 11 produced medium, which
had a high concentration of salts according to the Kruger and Eloff (1977) preparation process,

and the removal of salts from the clay matrix are likely to blame for the high values.

The single factor ANOVA revealed significant differences (p>0.05), indicating that it was not
statistically significant. In general, the electrical conductivity profiles of the treated and control

samples are similar. Electrical conductivity has no effect.
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Figure 4.12: EC value cultured water samples. Whiskers reflect standard error.
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4.3.3 The effect of total dissolved solids

There was variation in total dissolved solids (TDS) for control and treated samples during the study
period (Figure 4.13). The TDS for the control samples showed an upward increase, from 1017.3
to 1403.7. The single factor ANOVA showed non-significant differences (p>0.05) between the
treated samples and the control sample (Table A4.17) at day 1 to month 3. The TDS for banana
bricks and control was non-significant, and the single factor ANOVA showed significant
differences (p>0.05) (Table A4.15). Overall conclusion, the treated and control samples both have
similar profiles with regard to total dissolved solids. There is no effect of total dissolved solids.
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Figure 4.13: TDS value cultured water samples. Whiskers reflect standard error.

4.3.4 The effect of temperature

There was variation in temperature for control and treated samples during the study period (Figure
4.14). The temperature for the control samples showed an upward increase, from 20.10 °C to
30.20°C. The modified clay (Banana) bricks' temperature showed variation but consistency
between 20 and 38 °C. Temperatures between 25 and 40 °C are ideal for freshwater aquaculture
(Munni et al., 2015). The single factor ANOVA revealed significant differences (p<0.05) in all
samples, including treatment and control (Table A4.18). The temperature for all experiments was
found to be suitable for aquatic organisms to survive on (Pack et al., 2014). In conclusion, the
temperature profiles of the treated and control samples are similar. The temperature has no effect.
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Figure 4.14: Temperature value cultured water samples. Whiskers reflect standard error.

4.3.5 The effect of banana material

There was variation in growth of cyanobacteria for both control and treated samples during the
study period (Figure 4.15). The cyanobacteria cells are significantly decreasing for 24 hours test
period fromday 0, 1, 2, 3, 4, 5, 6 and 7, week 2, week 3, week 4, month 2 and month 3. The single
factor ANOVA showed a significant difference between untreated samples B1, B2, B3, B4, B5,
B6, B7 and control from day 1 to month 3 (Table A4.19). The p value was below 5% and is 95%
confidence level from day 1 to month 3 (Table 4.20). Since no inhibitory substance was used in the
control experiment, the algal blooms in those containers continued to grow unabatedly on the
control samples. This was most likely caused by the container still receiving adequate light. and
had nutrients to enable growth (Beyl, 2018). On the other hand, the modified clay (banana) bricks
had various levels of banana content and these modified clay bricks did inhibit the growth of

cyanobacteria.
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Table 4.20: p-value for Banana samples

Time (days) p-values
Day 1 0.017
Day 3 0.007
Day 4 0.012
Day 5 0.007
Day 6 0.009
Day 7 0.001
Week 2 0.003
Week 3 0.001
Week 4 0.015
Month 2 0.015
Month 3 0.001
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Figure 4.15: The inhibition of cyanobacteria growth treated with modified clay (Banana) bricks.

Overall, the treated and control samples had different profiles in terms of banana (potassium).
Banana (potassium) influenced the growth of cyanobacteria. As a result, while this technology has
the potential to be used to control harmful algal blooms, more research must be conducted using

other potassium-containing materials.

4.3.6 Mineral composition of banana and how potassium inhibits the growth of

cyanobacteria.

The mineral composition of banana peel was phosphorus, iron, calcium, magnesium, and sodium,
zinc, copper, potassium, and manganese. Banana (matrix) did inhibit the growth of cyanobacteria

because it consists of high levels of potassium (Jaishankar et al., 2014).

Potassium came from banana peels which were dried and made into powder and then added to clay
material to form the brick. This brick was then sun-dried, and oven dried. The oven has high
temperatures (180 °C) which ashes the banana matrix in the modified clay brick. The potassium in

this modified clay brick is now available in the water body through dissolution.

The proposed mechanism of potassium in inhibiting the growth of cyanobacteria is as follows,
according to Ni et al. (2023), algae develop, the photosynthetic system, antioxidant enzyme
system, and cell membrane of algae cells Potassium involved in rapid extrusion of sodium from
Microcystis cells leading to disturbance in ion balance and osmoticum which were primarily
destroyed in order to prevent algae growth, according to an investigation on the inhibitory impact,
the appropriate dosage for Microcystis aeruginosa inhibition rate was up to 95%, and the
antioxidant enzymes in algal cells were gradually inactivated by the long-term action of Tea
Polyphenols (TP) which consist of high potassium rate (Shukla &Rai, 2006).

There was an observation of 50% reduction in the 10-day yield of cultured M. aeruginosa in pond
water supplemented with 1 and 3 mM Potassium salt (Parker et al., 1997). Allelochemicals, which
contain potassium have the advantages of being environmentally safe and highly effective at
inhibiting algal growth, have been an innovative and promising method of controlling algae
blooms (Zhu et al., 2021).
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4.2 Conclusion

The modified (coal and banana) bricks showed a gradual inhibition or gradual decrease in the growth of
cyanobacteria from week 1 to month 3. Whereas the modified clay (coal) bricks did not inhibit blue-
green Algae/Cyanobacteria during the same period. The modified clay (Banana) brick had an
inhibitory effect on the growth of cyanobacteria during the same period. The inhibitory action may
be due to presence of potassium in the banana material. As a result, while this technology has the
potential to be used to control harmful algal blooms, more research will be conducted using other
potassium-containing materials. The control experiment received no chemical treatment, and the
algal blooms in those containers continued to grow. This was most likely due to the presence of

light, adequate nutrients, and the absence of an inhibitory agent in the container.
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CHAPTER 5: INVISTEGATION OF PHYSICAL CHARACTERISTIC OF BRICKS

Abstract

This chapter focus on investigating bricks in terms of their physical characteristics (water
absorption, compressive strength, sound test, impact test, efflorescence, dimensional test tolerance
and wrappage). Since none of the bricks' water absorption exceeded 20%, they can all be used for
building because they won't weaken the overall structure of the brickwork by absorbing water from
cement mortar, B5 did not qualify to be used for building because it had a 29.41% rate, which is
more than the required 20%. The Control brick strength was hard to crush compared to the other
bricks, the compressive strength was 22,85 N/mm? to crush the brick, followed by the C5 which
consist of clay and coal and its compressive strength was 22.24 N/mm?, the coal +Banana (CB5)
compressive strength was 20,07 N/mm? The Banana brick (B5) had 11.96 N/mm? and it was easy
to deform. The color changes after firing, before firing, the B5, B6 were Greyish to reddish while
the bats from C4, C5, C6, C7, CB4, CB5, CB6 and CB7 were greyish to blackish due to the
presence of Coal powder. Due to the strength of the bricks and the rate of material they are made
of, CB4 and B4 shattered during the impact test, indicating that it is not recommended to use them
for construction. Bricks used in the efflorescence test control and C4 were undamaged and could
be used in construction. After being immersed in water for 24 hours, bricks were allowed to dry ,
and none of them displayed the surface-coating salts. When placed in the miniature bricking
machine that was used for bricking, banana-containing bricks' width and breath were lowered due
to the banana matrix's tendency to shrink when burned. The coal and banana bricks from CBL1 to
CB7 also showed a diversity of morphologies, some convex and others concave. The control and
coal bricks did not shrink after heating, although some of them showed concavity and others

convexity.

Keywords: Water Absorption, Strength of the brick, Color of the bricks, Impact test and

Efflorescence.
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5.1 Physical Test on Bricks

5.1.1 Water absorption

To find out how much moisture the brick absorb, a water absorption test was performed. The bricks
should not be utilized for building if they absorb more than 20% of the weight of dry brick because
this lowers the strength of the brickwork (Albitar et al.,2017). In this test control, five sun- dried and
oven baked bricks from various samples were taken, their weights were recorded.

Formula

Water absorption=(W21-W)/WX100
Table 5.1: Water Absorption Rate

S W1(g) W(g) %Water Absorption
Bl 220.45 217.77 1.23
B2 193.49 190.82 1.40
B3 198.27 192.24 3.14
B4 169.81 155.03 9.53
B5 157.83 121.96 29.41
CB1 157.38 134.65 16.88
CB2 181.13 158.93 13.97
CB3 165.48 142.86 15.83
CB4 167.38 156.66 6.84
CB5 205.83 201.54 2.13
Cl 228.93 225.95 1.32
C2 225.96 222.09 1.74
C3 233.30 229.58 1.62
C4 235.40 230.94 1.93
C5 230.83 226.72 1.81
C 210.28 203.57 3.29

Since none of the bricks' water absorption exceeded 20%, they can all be used for building because
they won't weaken the overall structure of the brickwork by absorbing water from cement mortar.
B5 did not qualify to be used for building because it had a 29.41% rate, which is more than the
required 20%.
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5.1.2 Compressive strength/ crushing strength.

Compressive strength refers to the ability of a certain material or structural element to withstand
loads that reduce the size of that material, or structural element, when applied (Priyadarshini et al.,
2021). A force was applied to the top and bottom of a test sample, until the sample fractures or is
deformed. Brick is classified as first-class brick, , second, third, sun dried, and fly ash brick
(Priyadarshini et al., 2021).

Compressive Strength of Brick
Types of Brick Strength
First Class Brick 105 kg/cm’
Second Class Brick 70 kg/cm’
Common Building Brick 35 kg/cm’
Sun Dried Brick 15 - 25 kg/cmz_
Fly Ash Brick 90 - 100 kg/cm’

Figure 5.1: Compressive strength of bricks (Priyadarshini et al., 2021).
5.1.3 The implications of load, pressure, and temperature

The bricks' colour and strength are the bricks' most important properties due to the common belief
that red color is an indicator of a good indicator of good quality bricks, the color formed after firing
process is an important quality indicator (Brencich et al., 2021). During the firing process the
occurrence of high temperature the compressive strength and color of the brick changed. The load
of the bricks depends on the material of the brick and the strength of the bricks, the pressure also
depends on the strength of a brick. if the break is weak, less pressure will be applied to fracture a
brick in (Table 5.2).

Compressive strength=Nmm? 1 kg/cm2 = 0.0981 N/mm?

Compressive=max.load at failure (in N)/Area of specimen (in mm?)
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Table 5.2: The load of samples, pressure, and temperature

Sample Load Pressure Temperature
CB5 0.47 0.122 235
B5 0.57 0.251 225
C5 0.62 0.110 24.26
Control 0.64 0.501 25.25

The control brick strength was hard to crush compared to the other bricks, the compressive
strength was 22,85 N/mm? to crush the brick, followed by the C5 which consist of clay and coal
and its compressive strength was 22.24 N/mm?, the coal +banana (CB5) compressive strength was
20,07 N/mm? The Banana brick (B5) had 11.96 N/mm? and was easy to deform (Table 5.3).

Table 5.3: Compressive Strength

Samples Actual size Load(T) Compressive strength
C5 226.72 kg 0.110 22.24 N/mm?
B5 121.96 kg 0.251 11.96 N/mm?
CB5 204.54 kg 0.122 20.07 N/mm?
Control 232.97 kg 0.501 22.85 N/mm?

5.1.3 Color test

Clay brick that had been properly kilned (burnt) was crimson in hues throughout.. but they were
black ones that are well kilned but change to black because they were consisted of coal powder.
The firing temperature greatly impacts the color and shrinkage of clay bricks (Brencich etal., 2021).
Figure 5.2 shows the color changes after firing. Before firing, the B5, B6 were Greyish to reddish
while the bats from C4, C5, C6, C7, CB4, CB5, CB6 and CB7 were greyish to blackish due to the
presence of coal powder. However, all the control, B4, B3, B2, B1, C1, C2, C3, CB1, CB2 and
CB3 had a bright red color after firing and these could be attributed to the fact that all these bricks
had high iron oxide content (Poornima et al., 2022). The bricks that contained lot of banana powder
(B6, B7, CB6 and CB7) were burning and turning in black color and were not of good quality or

strong.
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Figure 5.2: Color of the bricks, A-firing of modified clay brick, B-overheated modified bricks

5.1.4 Impact test

Bricks were dropped onto the ground during this experiment from a height of one meter. The figure
used control, B4, CB4, and C4 for the impact test. CB4 and B4 were broken based on the bricks'
strength and the material rate they contain (Table 5.4), indicating that they are unsuitable for
construction. The control and C4 bricks were not broken and can be used for building/construction
(Thakur et al., 2022).

Table 5.4: Impact of the bricks.

Modified clay brick Impact
C4 =

B4 *

CB4 *
Control foll

Key *broken, **not broken.
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Figure 5.3: Impact test of the bricks (A) before the impact and (B) after the impact
5.1.5 Efflorescence

A fine, white, powdery coating of salts that are soluble in water is left behind on the surface of
brickwork called efflorescence (Nhabih et al., 2020). Soluble salts should not be present in a good
brick. In this experiment, bricks were submerged in water for 24 hours before being given time to
completely dry off and no brick showed the white fine powdery coating of salts on the surface

when dried (Figure 5.4).

Figure 5.4: Efflorescence of clay bricks, A-submerged bricks, B-exposed modified bricks
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Table 5.5: Efflorescence Test.

Modified clay brick Impact
C1 **

Cc7 =

B1 *x

B7 *

CB1 e
CB7 *
Control *x

Key *efflorescence, **no efflorescence

5.1.6-Dimensional tolerance test

The brick's size and shape were examined using a test for dimension tolerance. Four bricks were
placed in an arrangement along its length, width, and height for this test in (Figure 5.5). The
dimensions were contrasted with one another and with the normative dimensions (Hjerm et
al.,2020). Bricks that contain Banana shrink because of Banana matrix when burnt, the width and
the Breath was reduced when placing it to the miniature bricking machine that was used for

bricking.
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Figure 5.5: Size and shapes of the bricks. A-width of modified bricks, B-height, and length of the
modified bricks.

5.1.7 Wrappage test

The results of a wrappage test revealed how level the brick surface was. Wrappage should be
within acceptable bounds if the bricks are fired and cooled properly (Figure 5.6). Concave and
convex wrappage tests are used. The morphologies of the modified clay (banana B1 to B7) bricks
ranged from concave to convex, based on the proportion of bananas in the clay used to make them.
After heating, some other bricks shrink, get smaller, and change shapes and sizes as a result of the
heat. From CB1 to CB7, the coal and banana bricks also displayed a variety of shapes, with some
being convex and others concave. After heating, the coal and control bricks did not contract, but
some of them exhibited concavity and others convexity (Peng et al., 2021).
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Figure 5.6: Wrappage test of the bricks. A-fired modified bricks,B-level of the modified bricks.

5.2 Conclusion

The bricks produced using conventional compaction techniques showed water absorption of less
than 20%, all of the bricks can be used for construction because they won't weaken the overall
structure of the brickwork by absorbing water, with the exception of B5, which did not qualify
because its rate was higher than the required 20% at 29.41%. C5 (22.24 N/mm?), B5 (11.96
N/mm?), CB5 (20.07 N/mm?), and control (28.85 N/mm?) all have compressive strengths. The type
of material used to make the bricks determines their strength. Examination revealed that the bricks'
color had changed because of thermal stress high temperature. Due to the strength of the bricks
and the rate of material they are made of, CB4 and B4 shattered during the impact test, indicating
that it is not recommended to use them for construction. Bricks used in the efflorescence test control
and C4 were undamaged and could be used in construction. After being immersed in water for 24
hours, bricks were allowed to dry , and none of them displayed the surface- coating salts. When
placed in the miniature bricking machine that was used for bricking, banana- containing bricks'
width and breath were lowered due to the banana matrix's tendency to shrink when burned. The
coal and banana bricks from CB1 to CB7 also showed a diversity of morphologies, some convex
and others concave. The control and coal bricks did not shrink after heating, although some of
them showed concavity and others convexity. In future it is important to use a machine to produce

the bricks since in this study the bricks were hand-made.
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CHAPTER 6: THE LEVELS OF SELECTED METALS IN THE MODIFIED CLAY
BRICKS

Abstract

This chapter focuses on analysing the metal content of the modified clays (with either banana
biomass and coal and or with coal and or with banana biomass). In comparison to other bacteria,
cyanobacteria have unusually high metal requirements for optimal growth This is partly because
these bacteria use metal cofactors like cytochromes, plastocyanin, and chlorophyll rings in their
oxygenic photosynthetic electron transfer mechanism. Given that cyanobacteria have greater metal
requirements and are therefore more vulnerable to trace nutrient limitation, an adequate supply of
trace metals is necessary to ensure optimal development, even though there is a large overall supply
of metal, metal shortages frequently happen. Overall supply of metal, metal shortages frequently
happen. The C5, B5, CB5, and control modified clay bricks were chosen because they were of
good quality and contained moderate treatment for algae and cyanobacteria. The metal average
Mg per mg of changed clay bricks was calculated based on an examination using inductively
coupled plasma atomic emission spectroscopy (ICP-OES) and Microsoft Excel (2019). The
findings for potassium demonstrated strong support for the null hypothesis between the modified
bricks, with p = 0.00 indicating a significant difference between the B5 and C5, CB5, and control.
B5 demonstrated a significant potassium (K) metal content followed by CB5 and control had no
content of potassium. The one-way ANOVA statistical analysis for B5, C5. CB5 and control p =
0.02 in Manganese (Mn), there was no difference, manganese level in control bricks was higher
than in other modified bricks. The one-way ANOVA statistical analysis for B5, C5, CB5 and
control p = 0.02, where there is a significant difference between these bricks, the CB5 modified
brick demonstrated that it has a higher Sodium (Na) metal content than other bricks and that it also
has a higher sodium metal content than other bricks. The one-way ANOVA statistical analysis for
B5, C5, CB5 and control p = 0.04, where there is a significant difference between these bricks

Nickel (Ni) metal content was higher in the control bricks than in the other changed bricks.

Keywords: Metal content, Modified clay Bricks, ICP-OES, ANOVA and Cyanobacteria
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6.1 Quantification of heavy metals

The glass beakers were, washed with deionized water and then dried for about five minutes in an
oven set to 150 °C. The four clay bricks (C5, B5, CB5, and Control) based on the clay bricks
composition and ratio were selected for test, were first crushed in a jaw crusher, and then ground in
amill. Each milled sample was weighed at 500 g using a Radwag analytical balance and was added
to the decomposition beakers (Kumar and Sinha, 2020). A few drops of deionized water, 45 ml of
HCI, and 15 ml of HNOs (Nitric acid) were added for moisture (Lian. The beakers were then set on
the hot plate for approximately 90 and 120 min, this is the prepared sample to decompose. After
decomposition, the samples were left to cool down at room temperature. The prepared samples
were then paper filtere, mixed with deionized water in a 100 ml volumetric flask, shaken, and allowed
to settle for two hours.

The metal contents were analyzed by ICP-OES (Optima 8000, Perkin Elmer, Canada) after acid
digestion. Leaching of heavy metals except that the brick pieces were acid-digested and then
analyzed for major and trace metals. Few metals — K, Na, Mn, and Ni in the results which was
replicated. The 5 standard metal solution, blank and four types of samples which is CB5, B5, C5

and control, were analyzed in (A4.21).

The output of ICP-OES was used to calculate mean metal content (mg per liter). The mean and
confidence interval were calculated using the Microsoft Office excel (2019). The final metal
content was express as mg per g as the following expression (1).

Metal concentration (mg per gram) = xm—V equation 1
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Where x mg per L is average reading from the ICP-OES instrument, V is volume (L) 0.1 litre (100
ml volumetric flask where the acid digest was added) and m is mass weighed (g) of ground material

was acid-digested.

6.2 The effect of metals on the growth of cyanobacteria

6.2.1 The role played metals in the growth of Cyanobacteria

The majority of organisms require the elements calcium (Ca), copper (Cu), iron (Fe), potassium
(K), magnesium (Mg), manganese (Mn), molybdenum (Mo), sodium (Na), and zinc (Zn) to
function. Some species just need other elements as barium (Ba), cobalt (Co), nickel (Ni), strontium
(Sr), and vanadium (V). Compared to other bacteria, cyanobacteria have unusually high metal
requirements for optimal growth (Facey et al.,2019). This is partly because these bacteria use metal
cofactors like cytochromes, plastocyanin, and chlorophyll rings in their oxygenic photosynthetic
electron transfer mechanism. Given that cyanobacteria have greater metal requirements and are
therefore more vulnerable to trace nutrient limitation, an adequate supply of trace metals is
necessary to ensure optimal development, even though there is a large overall supply of metal, metal
shortages frequently happen (Parsy et al., 2022).

The metal content of the modified clay (C5, B5, CB5) and control bricks were analysed (Table 6.1).
Based on an examination using inductively coupled plasma atomic emission spectroscopy (ICP-
OES) and Microsoft Excel (2019), the metal average mg per g of the bricks was calculated in
(equation 1).

Table 6.1: p-value and metal average of modified clay bricks

Modified Average mg/g

clay brick K Mn Na Ni

B5 13.0 24 3.1 0.3
C5 8.2 29 3.1 0.3
CB5 12.4 1.7 16.6 1.682
Control -0.0 3.5 29 10.6
P values 0.00 0.02 0.02 0.04
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6.2.2 The statistical analysis of one-way ANOVA

The statistical analysis of one-way ANOVA was done to assess the significance and acceptability
of the null hypothesis for the experiment between B5 and C5, CB5 and control for metal that were
found in the bricks which were potassium, manganese, sodium and Nickel. A cyanobacteria growth
curve graph was drawn based on the average of metal content in (Figure 6.1). The potassium data
demonstrated strong agreement between the B5 and C5, CB5 and control where there was a
significant difference between two variables and p = 0.00, the modified bricks. B5 showed high
metal content of Potasium (K) then followed by CB5, C5 the control did not have potassium
content at all. There was no difference between B5 and CB5 in terms of Manganese (Mn) content.
Secondly, the one-way ANOVA statistical analysis for B5, C5. CB5 and control p = 0.02, where the
distinction between these bricks was significant. Thus, manganese was present in different rate on

clay bricks.

Control bricks was having high content of Manganese than other modified bricks. The one-way
ANOVA statistical analysis for B5, C5, CB5 and control p = 0.02, where the distinction between
these bricks is significant. Thus, sodium (Na) was present in different rate on clay bricks. CB5
modified brick showed that it consists of high metal content of sodium than other bricks. The one-
way ANOVA statistical analysis for B5, C5, CB5 and control p = 0.04, where the distinction
between these bricks is significant. Thus, Nickel (Ni) was present at a different rate in clay bricks

and control showed higher metal content of Nickel than other modified bricks.

6.3 Conclusion

The results for potassium showed strong evidence against the modified bricks as a null hypothesis,
with p = 0.00 suggesting a substantial difference between the B5, C5, CB5, and control. After B5,
CBS5 showed a substantial Potasium (K) metal level, whereas the control had negligible potassium
content. The statistical one-way ANOVA analysis for B5, C5, and D5. In terms of manganese
(Mn), there was no difference between CB5 and control at p = 0.02; the manganese level in control

bricks was higher than that in other modified bricks.
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The one-way ANOVA statistical analysis for B5, C5, CB5 and control p = 0.02, where there is a
significance difference between these bricks, the CB5 modified brick demonstrated that it has a
higher Sodium (Na) metal content than other bricks and that it also has a higher sodium metal
content than other bricks. The one-way ANOVA statistical analysis for B5, C5, CB5 and control
p = 0.04, where there is a significance difference between these bricks Nickel (Ni) metal content

was higher in the control bricks than in the other changed bricks.
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CHAPTER 7: CONCLUSION AND RECOMMENDATIONS

7.1 Conclusion

It is clear from the study's findings that the defined goals were met and that the issues with
algae/cyanobacteria on clay bricks were successfully resolved. The study's physiochemical
parameters, in BG 11 media, the conditions including temperature, pH, TDS, EC, and dissolved
solids were all favorable for blue-green algae growth and survival. Bricks with Banana powder,
coal, coal + banana, and control were placed in containers and monitored for three months. During
the monitoring period, the BG 11 media where the banana powder bricks were placed saw daily
inhibiting the algae/cyanobacteria, Algae/Cyanobacteria in the containers were dying every day,
but in the container containing coal bricks, they were surviving, the control with no inhibiting

agent showed growth.

This study used a one-way ANOVA statistical method and identified banana as having a pure
significant value. This was also viewed favorably because the treatment materials showed
excellent inhibitory capacity during the trial period. The banana and coal samples and the control
samples, on the other hand, the findings of the ANOVA analysis showed that from the first day of
the experiment to the last day of the third month, demonstrated substantially different values of

absorbance.

Although the absorbance for the treated (banana) samples was decreasing, the graph for the
untreated and control samples was increasing when compared to control, other samples of coal,
coal + Banana, and other samples. The absorbance indicated a substantial change from days 0
through 1, 3, 4, 5, 6, and 7 of the 24-hour test period, which drastically inhinbit the number of
cyanobacteria cells. From day 1 through month 3, the single factor ANOVA revealed a significant
difference between the treated samples B1, B2, B3, B4, B5, B6, B7, and the control. The following
values were used to calculate the p value: 0.017, 0.007, 0.012, 0.007, 0.009, 0.001, 0.003, 0.001,
0.015, 0.015, and 0.001. which, from day 1 to month 3, was less than 5% and had a 95% confidence
level. Day 2 p>0.05 indicates a single factor, which non-significant difference was revealed using
ANOVA.

The simultaneous confidence level was controlled while comparing all group pairs using the turkey

mini tab. This group has a small degree of separation, which is represented by letters, where a
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single letter denotes a significant component that cannot be treated like other groups do who share

letters.

For the 24-hour test period starting on days 0 through 1, 2, 3, 4, 5, and 7 and weeks 2 through 4, the
absorbance drastically decreased for coal and banana bricks. From day 1 to week 4, the single
factor ANOVA revealed a significant difference between the treated samples CB1, CB2, CB3,
CB4, CB5, CB6, and the CB7. From day 1 to week 4, the p value ranged from 0.005 to 0.003,
0.005 to 0.003, 0.004 to 0.002, 0.011 to 0.017, 0.012 to

0.008, all of which were below the 5% threshold. From 2 and 3 month there was no significance

difference.

While the algae kept growing, it was discovered that the absorbance on the untreated samples and
control samples was rising, and the graph for these samples was ascending. A considerable growth
in cyanobacteria cells was seen over a test period of 24 hours starting on days 0, 1, 2, 3, 4, 5, and
7. During weeks 2, 3, and 4, as well as months 2 and 3, the absorbance greatly varied. From day 1
to month 3, the single factor ANOVA revealed a significant difference between the untreated
samples C1, C2, C3, C4, C5, C6, and the C7. From day 1 to month 3, the p value was 0.011, 0.004,
0.005, 0.003, 0.023, 0.018, 0.004, 0.003, 0.006, 0.004, and 0.004, less than 5% and within the
95% confidence interval.

According to this study, using modified clay (banana) brick was effectively inhibited the growth
of algae and cyanobacterial species, within one week. The modified (coal + banana) brick had a
gradual inhibition of up to three months. Based on the findings, the modified clay bricks had
variable banana content. The major element in banana was potassium has been shown to have a
high content, which is supported by ICP-OES results. Additionally, banana bricks were discovered
to have a higher potassium concentration than other bricks when compared to other metals (Ni,
Na, and Mn).

Clay bricks' physical characteristics, including their resistance to water absorption, were examined.
The bricks produced using conventional compaction techniques showed water absorption of less
than 20%, all of the bricks can be used for construction because they won't weaken the overall
structure of the brickwork by absorbing water, except for B5, which did not qualify because its
rate was higher than the required 20% at 29.41%.
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C5 (22.24 N/mm?), B5 (11.96 N/mm?), CB5 (20.07 N/mm?), and control (28.85 N/mm?) all have
compressive strengths. The type of material used to make the bricks determines their strength.
Examination revealed that the bricks' color had changed because of thermal stress high

temperature.

Due to the strength of the bricks and the rate of material they are made of, CB4 and B4 shattered
during the impact test, indicating that it is not recommended to use them for construction. Bricks
used in the efflorescence test control and C4 were undamaged and could be used in construction.
After being immersed in water for 24 hours, bricks were allowed to dry fully, and none of them
displayed the surface-coating salts. When placed in the miniature bricking machine that was used
for bricking, banana-containing bricks' width and breath were lowered due to the banana matrix's
tendency to shrink when burned. The coal and banana bricks from CB1 to CB7 also showed a
diversity of morphologies, some convex and others concave. The control and coal bricks did not

shrink after heating, although some of them showed concavity and others convexity.

7.2 Recommendations

According to the study's findings, it is strongly advised to use modified clay bricks B5 because it
has a moderate rate of powder from Banana peels to prevent the growth of algae and cyanobacteria.
The application of modified clay bricks B5 on clay bricks is said to be useful at inhibiting behavior
because the banana raw material is available as the banana fruit trees are grown in Vhembe district.
Further research is required to determine whether the modified clay brick B5 when used to build
the pavement, during the rainy season would the brick surface withstand the rigous of human
use.The modified clay bricks (banana) alone or (coal + banana) bricks may be used in the control
of algae/cyanobacteria blooms in aqueous environment also. The use of modified clay brick B5 in
inhibiting the growth of cyanobacteria, does this result in lysis of the cyanobacteria cells And or

result in release of cyanotoxins, thus further research is required to determine this.
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APPENDIX

Table A4.1: The variation of pH during 3-month study period (Coal and Banana)

| Timeframe
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Freatmen | pay1 | Day2 | Day3 | Day4 | Day5 | Day6 | Day7 | ok | Week | Weeko) IMont  Mont
Control 7.397 | 7623 | 7.773 | 8.183 | 8.173 | 8.423 | 8477 | 8.677 | 9.080 | 9.293 |9.490 | 9.727
CB1 7.157 | 7.510 7.420° | 7.370 7.257 7.300 | 7.633° | 7.500° | 7.610 7.807 8.293 7.993
d
CB2 7.653 | 7.913 | 8.010* | 7.880 | 8.047 | 8.017 | 7.907° | 8.103° | 8.040 | 8.003 | 8.290 | 7.777
CB3 7547 | 7.600 7.263° | 7.743 7.630 7.737 7.630° | 7.530° | 7.420 7.220 | 7.407 7.697
d
CB4 7.527 | 6.953 7.217¢ | 7.060 7.423 7.527 7.463¢ | 7.427° | 7.337 7.267 7.480 7.603
d d
CB5 7.367 | 7.190 7.007¢ | 7.063 7.387 7.363 7.100¢ | 7.420° | 7.390 7.370 | 7.440 7.683
e
CB6 7.310 | 7.607 7.283¢ | 7.220 7.407 7.383 7.273¢ | 7.487° | 7.333 7.227 7.307 1477
d e d
CB7 7.190 | 7.843 7.353° | 8.183 7.450 7.337 7.340¢ | 7.317¢ | 7.310 7.173 7.310 7.627
d
SEM’ 0.0500 | 0.0516 | 0.0391 | 0.0568 | 0.0674 | 0.0506 | 0.0400 | 0.0219 | 0.0635 | 0.0730 | 0.0891 | 0.0878
8 7 0 3 5 3 3 5 0 0 2 7
Significan | Ns Ns * Ns Ns Ns * * Ns Ns Ns Ns
ce

**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, CB1: ###, CB2: ###, CB3: ###
CB4: ###, CB5: ###, CB6: ###, CB7: ### and SEM: Standard Error Mean.

Table A4.2: ECS during 3-month study period.

Timeframe
Treatment Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7 Wgek WEEK Wjek Moznth Month 3
Control 1084.7 | 1126.0 | 1166.7 | 1217.0 | 1266.0 | 1305.3 | 1321.0 | 1343.7 | 1366.3 | 1403.0 | 1558.0 | 1603.7
CB1 600.3 | 6143 | 506.0 | 6357 | 642.7 | 6423 | 6453 |659.3 | 611.0 621.3 634.0 660.7
CB2 499.7 | 4983 |586.0 |519.3 | 499.3 |510.3 | 509.7 | 520.7 | 531.0 540.7 561.3 591.3
CB3 462.0 | 483.3 | 450.7 | 506.3 | 499.3 | 5150 | 524.3 | 530.0 | 542.3 549.3 567.7 629.7
CB4 576.7 | 552.7 | 588.3 | 6023 |519.3 | 608.0 |627.7 | 6323 | 646.0 666.3 681.3 722.3
CB5 684.7 | 690.7 | 701.0 | 666.3 | 707.3 | 738.0 | 720.7 | 7453 | 753.7 767.7 785.3 815.0
CB6 523.0 | 519.0 | 540.7 | 550.7 |560.3 |559.3 |554.0 |574.7 | 587.3 614.7 625.0 659.0
CB7 521.3 | 5220 | 5287 | 5357 |533.0 |530.0 |539.3 |540.0 | 544.7 563.3 571.3 598.7
SEM 2.865 | 5740 | 14.192 | 12.257 | 9.170 | 3.859 | 6.181 | 3.195 | 3.383 4.478 6.852 8.930
Significance | Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns ns

**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, CB1: ###, CB2: ###, CB3: ###

CB4: ###, CBb5: ###, CB6: ###, CB7: ### and SEM: Standard Error Mean
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Timeframe
Treatment Dayl | Day2 | Day3 | Day4 | Day5 Dgy Day7 | Week2 | Week3 | Week4 | Month2 | Month 3
Control 1017.3 | 1132.3 | 974.0 | 1049.0 | 829.3 | 698.7 | 583.3 | 951.3 1146.7 1239.3 914.3 1403.7
CB1 486.7 477.3 502.0 | 508.3 498.3 522.7 | 518.0 528.0 550.3 571.3 603.3 674.7
CB2 359.0 | 336.0 | 360.3 | 366.0 | 364.3 | 359.3 | 3520 | 355.0 358.7 372.7 381.0 407.3
CB3 317.3 344.7 299.7 | 366.7 368.7 370.7 | 371.7 375.7 387.3 415.7 466.7 504.0
CB4 399.0 382.3 4227 | 427.0 397.3 424.3 | 439.7 454.7 461.7 471.7 510.3 550.0
CB5 486.7 477.3 502.0 | 508.3 498.3 522.7 | 518.0 528.0 550.3 571.3 603.3 674.7
CB6 370.3 375.0 372.7 | 382.7 398.7 396.3 | 400.0 407.3 425.3 441.3 504.0 550.7
CB7 367.7 | 371.3 | 3753 | 375.0 | 377.0 | 387.0 | 395.0 | 418.0 421.0 433.3 440.3 465.7
SEM 5.549 7.422 6.033 | 5.437 16.513 | 6.712 | 6.228 11.941 4.417 5.641 121.432 40.860
Significance | Ns Ns Ns ns Ns Ns Ns Ns Ns Ns Ns Ns

**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, CB1: ###, CB2: ###, CB3: ###

CB4: ###, CB5: ###, CB6: ###, CB7: ### and SEM: Standard Error Mean.

Table A4.4: Temperature during 3-month study period.

Treatmen Timeframe
t Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7 | Week2 | Week 3 | Week 4 Mozmh Mogmh
Control | 2010 | 2030 | 20.30 | 2120 | 21.80 | 2000 | 2210 | 2220 | 27.80 | 27.80 | 28.10 | 30.20
CBL 3320 | 37.00 | 2200 | 2050 | 2230 | 2840 | 2010 | 2510 | 3520 | 3700 | 3820 | 27.70
CB2 3330 | 37.80 | 2200 | 2050 | 2230 | 2820 | 2030 | 2620 | 3320 | 37.80 | 38.90 | 3340
CB3 3330 | 38.10 | 2200 | 2030 | 2230 | 2800 | 20.30 | 26.30 | 36.20 | 37.80 | 30.20 | 38.20
CB4 3340 | 3830 | 2190 | 2040 | 2230 | 2810 | 2020 | 2730 | 3650 | 37.70 | 39.20 | 38.20
CB5 3320 | 37.00 | 2100 | 2020 | 2230 | 2880 | 20.10 | 2850 | 3500 | 37.70 | 39.20 | 38.20
CB6 3350 | 37.50 | 2100 | 2020 | 2230 | 2810 | 20.00 | 36.10 | 3410 | 3760 | 39.10 | 38.00
CB7 3420 | 37.60 | 2100 | 2020 | 2240 | 2840 | 2000 | 33.10 | 36.00 | 37.30 | 38.60 | 37.40
SEM 0.0204 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
12 00 00 00 00 00 00 00 00 00 00 00
ce

**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, CB1: ###, CB2: ###, CB3: ###

CB4: ###, CB5: ###, CB6: ###, CB7: ### and SEM: Standard Error Mean

Table A4.7: Absorbance during 3-month study period.

Treatmen Timeframe

t Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 WZEK W?fk WZEK Moznth M03nth

Control 0.8123 0.87400 | 0.8810 0.91000 | 0.9300 0.94300 | 0.9550 0.9633 0.9670 0.9756 0.9863 0.9936
3 a 02 A 02 a 02 Ja 02 7a 3 7

CB1 0.7793 0.76000 | 0.7213 0.70467 | 0.6850 0.60233 | 0.5886 0.5443 0.4876 0.4246 0.3503 0.1943
3b b 3p c ob d 7b 3b 7b 7b 3 3

CB2 0.7026 0.69467 | 0.6720 0.65200 | 0.6373 0.63167 | 0.6160 0.5470 0.5166 0.4176 0.3580 0.2583
7¢ d 0c De 3¢ b ob ob 7b 7b 0 3

CB3 0.7620 0.74233 | 0.7353 0.72633 | 0.6933 0.62833 | 0.5796 0.5420 0.4033 0.4130 0.3510 0.2323
ob c 3b B 3b be 7b Qb 3¢ Qb 0 3
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CB4 0.6820 | 0.66333 | 0.6523 | 0.64433 | 0.6316 | 0.61700 | 0.5990 | 0.5900 | 0.4006 | 0.3513 | 0.2366 | 0.1956
0e e 3 E 7¢ c ob ob 7¢ 3 7 7
CB5 0.5943 | 058533 | 0.5756 | 0.56500 | 0.5496 | 0.51800 | 0.4960 | 0.4006 | 0.3120 | 0.2063 | 0.1853 | 0.2413
3d f 7d F 7d e 0c 7¢ od 3d 3 3
CB6 0.6856 | 0.67867 | 0.6713 | 0.66167 | 0.6473 | 0.62533 | 05953 | 0.5136 | 0.5003 | 0.4066 | 0.2531 | 0.2166
7¢ de 3 D 3 be 3b 7b 3b 7b 3 7
CB7 0.5830 | 0.57500 | 0.5640 | 0.54633 | 0.5313 | 0.51500 | 0.5036 | 0.3946 | 0.2976 | 0.1940 | 0.2106 | 0.0226
od f od 9 3d e 7¢ 7c 7d od 7 7
SEM 0.0052 | 0.00330 | 0.0046 | 0.00341 | 0.0040 | 0.00238 | 0.0105 | 0.0168 | 0.0115 | 0.0076 | 0.0658 | 0.0641
59 2 67 4 10 3 93 98 97 24 32 N
SIgnIfICan *%* *%* ** *%* ** ** * * * ** NS NS
ce
**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, CB1: ###, CB2: ###, CB3: ###
CB4: ###, CBb5: ###, CB6: ###, CB7: ### and SEM: Standard Error Mean.
Table A4.8: PH during 3-month study period (COAL)
T Timeframe
reatment Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day7 | Week?2 | Week 3 | Week4 | Month2 | Month 3
Control 7.397 7623 | 7.773° | 8183 | 8.173 | 8.423 84779 | 8677 | 9.080 | 9.293 | 9.490 9.727
Cl 8.253 8503 | 8.650c | 8.747 | 8.807 | 8.723 8683 | 8850 | 8.753 | 9.353 | 9.457 9.630
C2 9,500 9467 | 9.470° | 9.343 | 9613 | 9.553 9460° | 9.450 | 9.343 | 9.627 | 9.787 9.880
C3 9.420 9320 | 9.373% | 9327 | 9543 | 9.547 9473 | 9453 | 9407 | 9590 | 9.627 9.800
Cét 9.277 9230 | 9.207° | 9.280 | 9670 | 9.370 9293° | 9.333 | 9.297 | 9557 | 9.667 9.890
C5 7.640 7970 | 8.0337 | 8233 | 8400 | 8.287 8.400° | 8477 | 8463 | 8.930 | 9.153 9.657
C6 7.730 7943 | 79479 | 7597 | 8117 | 7.957 7710° | 8067 | 7.870 | 8.790 | 9.003 9.250
c7 7.140 7127 | 7.3000 | 7.613 | 7.457 | 7.630 7633 | 7.667 | 7.760 | 8.240 | 8.690 9.097
SEM 0.3582 | 0.0584 | 0.0264 | 0.0614 | 0.10040 | 0.09097 | 0.0240 | 0.0226 | 0.0675 | 0.0727 | 0.07624 | 0.08183
8 3 2 4 4 7 2
Significance | Ns Ns * Ns Ns Ns * * Ns Ns Ns ns
**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, C1: ###, C2: ###, C3: ### C4.
#itt, C5: ##, C6: ###, C7: ### and SEM: Standard Error Mean.
Table A4.10: ECS during 3-month study period.
Timeframe
Treatment Week
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 2 Week 3 Week4 | Month2 | Month3
Control 1084.7 1126.0 | 1166. | 1217.0 | 1266.0 | 13053 | 1321.0 | 1343. | 13663 | 1403.0 | 1558.0 | 1603.7
7 7
C1 668.7 685.7 693.0 691.7 689.0 701.3 708.7 7233 734.0 746.0 756.0 809.7
Cc2 1302.3 1331.7 1358. 1361.0 1368.0 1374.0 1382.0 1392. 1404.0 1411.7 1435.70 1455.0
7 3 1
Cc3 1319.3 1053.3 1071. 1068.7 1092.7 1103.3 1109.0 1112. 1117.7 1124.3 1143.3 1164.7
7 7
ca 1042.7 1083.3 1087. 1086.3 1100.7 1111.0 1119.3 1125. 1128.3 1136.7 1151.3 1169.3
0 0
[ 7323 7440 | 7580 | 7587 | 760.0 | 804.0 8100 | 820 836.3 855.3 871.0 906.7
[ 518.7 5180 | 5303 | 5247 | 521.0 | 535.0 5433 | 569.0 | 609.3 620.7 642.3 706.0
c7 669.0 668.7 | 653.0 | 681.3 | 5713 | 649.7 6743 | 688.0 | 696.0 7243 734.7 757.3
SEM 13.927 3871 | 6.196 | 2.327 | 10.597 | 3.704 2528 | 3.044 | 2.998 2.850 3.871 3.096
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Significance

Ns

Ns

Ns Ns

Ns

Ns

Ns Ns

Ns

Ns

Ns

ns

**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, C1: ###, C2: ###, C3: ### C4.:
#it#, C5: ###, C6: ###, C7: ### and SEM: Standard Error Mean.

Table A4.11: TDS during 3-month study period.

Timeframe
Treatment Day Day | Day | Week | Week | Week | Mont | Mont
Day1l | Day?2 3 Day 4 | Day5 6 7 5 3 4 h 2 h3
Control 1017. | 1132. | 974. | 1049. | 829.3 | 698. | 583. | 951.3 | 1146. | 1239. | 9143 | 1403.7
3 3 0 0 7 3 7 3

C1 4717 | 484.0 | 490. | 490.3 | 493.7 | 481. | 479. | 4913 |520.0 |638.0 | 7100 | 6423
7 0 0

c2 936.7 | 947.0 | 965. | 963.3 | 960.3 | 965. | 952. | 976.0 | 984.0 | 1010. | 1033.3 | 1048.0
3 7 0 0

C3 9347 | 9470 | 761. | 763.7 | 763.0 | 769. | 787. | 916.7 | 9337 | 937.3 | 956.3 | 970.7
0 0 3

C4 7433 | 5347 | 771. | 7733 | 7743 | 777. | 782. | 806.3 | 8253 | 851.3 | 863.7 | 720.7
7 7 7

C5 364.7 | 406.7 | 540. | 535.7 | 5413 | 548. | 543. | 562.0 | 575.0 | 585.3 | 620.7 | 647.7
3 3 3

C6 365.3 | 368.7 | 376. | 373.0 | 372.7 | 369. | 376. | 408.7 | 437.3 | 446.0 | 461.0 | 482.0
0 3 7

c7 5110 | 559.3 | 501. | 512.7 | 513.7 | 524. | 537. | 5600 |579.0 |5853 |5760 | 616.7
0 7 0

SEM 6.138 | 1944 | 644 | 5335 | 1231 | 668 |811 | 1210 | 1231 | 6.933 | 12.868 | 52.945

0 3 1 6 5 3 1
Significanc | Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns ns Ns
e

**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, C1: ###, C2: ###, C3: ### C4.
#it#, C5: ###, C6: ###, C7: ### and SEM: Standard Error Mean.

Table A4. 12: Temperature during 3-month study period.

Timeframe
Treatment Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day7 | Week2 | Week3 | Week4 | Month2 | Month 3
Control 20.10 20.30 20.30 21.20 21.80 20.00 22.10 22.20 27.80 27.80 28.10 30.20
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C1 33.90 36.30 21.70 20.50 22.30 28.30 20.10 22.50 24.10 25.10 38.50 36.20
C2 34.60 36.60 21.80 20.50 22.30 28.10 20.30 22.50 24.10 24.60 38.50 32.50
C3 34.80 36.70 21.80 20.40 22.30 28.10 20.30 22.50 24.10 24.50 38.60 32.40
C4 35.80 36.00 21.70 20.40 22.40 28.10 20.20 22.60 24.70 26.00 38.30 32.10
C5 35.80 36.10 21.70 20.40 22.40 28.10 20.30 22.60 24.70 26.10 38.20 32.10
C6 35.90 35.60 21.70 20.40 22.40 28.10 20.20 22.80 26.20 28.00 38.10 32.20
C7 35.90 35.90 21.70 20.50 22.50 28.50 20.30 23.50 28.10 29.40 38.10 32.10
SEM 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000

**: P <0.01; *: P <0.05; (ns) not significant: P >0.05.

ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, C1: ###, C2: ###, C3: ### C4.
#it#, C5: ###, C6: ###, C7: ### and SEM: Standard Error Mean.

Table A4.13: Absorbance during 3-month study period.

Treatmen Timeframe

t Dayl | Day2 | Day3 | Day4 | Day5 | Day6 | Day7 W?k Wgek Wff’k Moznth M°3”th

Control | 0.8123 | 0.8740% | 0.8810° | 0.9100% | 0.9300% | 0.9430° | 0.9550° | 0.9633% | 0.9670° | 0.9757% | 0.9863% | 0.9937%

C1 0.6790° | 0.7043° | 0.7250° | 0.7267° | 0.7457" | 0.7577° | 0.8083" | 0.8873" | 0.7960° | 0.8530° | 0.8743" | 0.8873"
C

C2 0.6607° | 0.6570° | 0.6753° | 0.6847° | 0.69607 | 0.7590° | 0.7050° | 0.8223% | 0.7420° | 0.75537 | 0.8033 | 0.8223°

d e d

C3 0.5807¢ | 0.6647° | 0.7037° | 0.7153" | 0.7297¢ | 0.7353" | 0.7480° | 0.8000¢ | 0.7660° | 0.77979 | 0.7853° | 0.8000¢
Cd c d

[ 048779 | 0.5443° | 0.5887° | 0.6023' | 0.6150° | 0.6270° | 0.6533% | 0.7793° | 0.7047" | 0.7213" | 0.7600° | 0.7793"

C5 0.5690° | 0.6107% | 0.6197% | 0.6270° | 0.6477¢ | 0.6807" | 0.7073° | 0.8493% | 0.7223¢ | 0.7313° | 0.8143° | 0.8493°
Cd d f

C6 0.6050° | 0.60909 | 0.62379 | 0.6423" | 0.6463° | 0.6587" | 0.7437° | 0.8570° | 0.8037° | 0.8117° | 0.8340° | 0.8570°
Cd c c

Cc7 0.5697¢ | 0.6003¢ | 0.6053% | 0.6117" | 0.6270" | 0.6433° | 0.6740° | 0.8203¢ | 0.7097° | 0.7350° | 0.8227° | 0.8203°

E D d F f c e
SEM 00110 | 0.0035 | 0.0055 | 0.0030 | 0.0024 | 0.0234 | 0.0177 | 0.0041 | 0.0026 | 0.0058 | 0.0041 | 0.0041
64 16 42 89 86 13 99 58 64 52 58 58
ce
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** P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, C1: ###, C2: ###, C3: ### C4.
###, C5: ###, C6: ###, C7: ### and SEM: Standard Error Mean.

Table A4.15: pH during 3-month study period (BANANA)

Timeframe

Treatment Day 1 Day2 | Day 3 Day 4 Day 5 Dgy Day 7 W?k WEEk Week 4 Mhog t M03nth
Control 7.397 7.623 7.73 8.183 8.173 2.42 8.4772 8.677 9.080 | 9.293 9.490 8.820
Bl 6.083 7.123 | 7.330 | 7.390 7.707 ;.75 7.633¢ | 7.300 | 7.430 | 7.663 7.753 | 7.607
B2 6.437 7.540 | 7.377 7.480 7.707 ;.62 7.633° 7403 | 7.373 | 7.360 7.533 7.787
B3 6.763 7.433 7.323 7.417 7.763 ;.57 7.540° 7.443 | 7.420 | 7.893 7.853 7.907
B4 7.120 7.283 7.093 7.497 7.633 (7).41 7.227¢ 7.043 | 7.080 | 7.833 7.850 7.877
B5 7.040 7.170 | 7.153 7.147 7.283 ;.50 7.323¢ 7.380 | 7.447 7.730 7.817 8.380
B6 6.647 7.947 7.407 7.423 7.473 (7).57 7.380¢ 7.603 | 7.427 8.023 8.300 8.820
B7 6.743 7.573 | 7.680 | 8.133 8.133 873.11 7.887° | 8.193 | 8.150 | 8.333 8.567 | 9.727
SEM 0.07816 | 0.536 | 0.383 | 0.0568 | 0.372 | 842 | 0.0263 | 0.303 | 0.753 | 0.0888 | 0.4915 | 0.0733

2 5 3 9 3 3 5 9 6 1
Significanc | Ns Ns Ns Ns Ns Ns * Ns Ns Ns Ns Ns
e

**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, B1: ###, B2: ###, B3: ### B4:
#it#, B5: ###, B6: ###, B7: ### and SEM: Standard Error Mean.

Table A4.16: ECS during 3-month study period

Timeframe
Treatment Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 | Day7 W(Zek erk Wiek M02r1th Mo;th
Control 1084.7 1126.0 1166.7 1217.0 | 1266.0 | 1305.3 | 1321.0 | 1343.7 | 1366.3 | 1403.0 | 1558.0 | 1603.7
B1 603.3 577.0 564.3 566.3 566.3 552.3 603.3 603.3 612.0 712.0 1004.0 | 1138.3
85
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B2 1505.3 1511.3 1482.7 | 1470.0 | 1430.0 | 1345.3 | 1504.3 | 1512.7 | 1521.3 | 1532.7 | 1553.7 | 1532.3
B3 1490.3 1513.3 1490.3 | 1481.3 | 1463.0 | 1449.0 | 1483.0 | 1481.3 | 1478.0 | 1483.7 | 1490.7 | 1507.3
B4 1171.7 1158.0 1152.3 | 1072.7 | 1160.7 | 1121.3 | 1105.0 | 1090.3 | 1129.7 | 1150.7 | 1162.7 | 1267.7
B5 340.0 338.3 339.0 319.0 | 3440 | 2923 | 327.3 | 3543 | 369.7 | 419.0 | 4417 | 496.3
B6 382.3 381.0 386.3 388.0 | 386.7 | 378.0 | 363.3 | 383.3 | 410.0 | 440.3 | 487.0 | 504.0
B7 383.7 373.7 379.0 378.3 | 365.7 | 368.3 | 355.0 | 386.7 | 410.7 | 4440 | 496.3 | 516.0
SEM 7.145 11.910 11.944 | 17.157 | 12.724 | 31.948 | 15.959 | 16.536 | 12.108 | 8.474 | 9.112 | 17.617
Significance | Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns ns

**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, B1: ###, B2: ###, B3: ### B4
###, B5: ###, B6: ###, B7: ### and SEM: Standard Error Mean

Table A4.17: Observed TDS over a 3-month period.

Timeframe
Treatment Day1 | Day2 | Day3 | Day4 | Day5 | Day 6 | Day7 We;ek W%ek Wiek M02r1th Nr|102t
Control 1017. | 1132. | 974.0 | 1049. | 829.3 | 698.7 | 583.3 | 951.3 | 1146. | 1239. | 914.3 1403.
3 3 0 7 3 7
B1 428.0 | 411.7 | 401.3 | 400.7 | 407.7 | 392.0 | 382.7 | 368.3 | 360.7 | 352.0 | 345.3 308.7
B2 1063. | 1041. | 1051. | 1040. | 1036. | 923.3 | 992.0 | 971.3 | 944.3 | 937.0 | 889.0 756.3
7 3 7 0 0
B3 1056. | 1075. | 1060. | 1052. | 1042. | 1032. | 1032. | 1017. | 969.3 | 955.7 | 945.3 864.0
7 0 0 0 3 7 3 0
B4 828.3 | 869.0 | 817.3 | 702.0 | 826.3 | 795.7 | 808.3 | 703.7 | 776.7 | 814.3 | 844.0 852.3
B5 284.7 | 219.7 | 217.0 | 269.0 | 2347 | 247.7 | 221.3 | 303.7 | 333.0 | 344.7 | 349.7 318.7
B6 261.3 | 275.3 | 280.7 | 275.3 | 221.7 | 283.3 | 284.3 | 282.3 | 244.3 | 245.0 | 250.0 248.0
B7 243.3 | 263.0 | 268.3 | 257.3 | 257.3 | 262.7 | 266.3 | 261.0 | 259.0 | 265.3 | 287.0 292.7
SEM 4862 | 3437 | 3592 | 13.84 | 12.85 | 698.7 | 13.11 | 13.42 | 6.810 | 6.978 | 121.64 | 41.20
9 7 7 9 4 6 8
Significanc | Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns Ns
e

**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, B1: ###, B2: ###, B3: ### B4:
##H, B5: ###, B6: ###, B7: ### and SEM: Standard Error Mean.

Table A4.18: Temperature during 3-month study period.
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Timeframe
Treatment Month
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Week 2 Week 3 Week 4 > Month 3
Control 20.10 20.30 20.30 21.20 21.80 20.00 22.10 22.20 27.80 27.80 28.10 30.20
B1 31.17 39.00 23.20 20.50 22.20 27.20 20.80 25.20 38.00 39.10 38.00 39.10
B2 31.87 39.03 22.10 20.30 23.20 27.70 20.20 25.20 38.00 39.00 38.00 39.00
B3 32.30 39.30 22.10 20.30 22.20 27.80 20.10 25.20 37.70 39.10 37.70 39.10
B4 32.60 39.00 22.20 20.40 22.30 27.80 20.10 27.30 37.70 39.10 37.70 39.10
B5 32.40 39.10 22.10 20.40 22.30 28.10 20.20 27.50 37.70 38.70 37.70 38.70
B6 32.60 38.70 22.20 20.40 23.40 28.20 20.20 28.10 37.20 38.70 37.70 38.70
B7 32.80 38.50 22.10 20.30 23.40 28.40 20.20 29.30 37.30 38.80 37.30 38.70
SEM 0.01178 0.04249 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.000 0.000000
5 2 0 0 0 0 0 0 0 0 000
SlgnlflcanC * * *k *k *% *k *%k *%k *%k *k *k *%k
e
**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, B1: ###, B2: ###, B3: ### B4:
#it#, B5: #it#, B6: ###, B7: ### and SEM: Standard Error Mean
Table A4.19: Observed Absorbance over a 3-month period.
Timeframe
Treatm Month
ent Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Week 2 Week 3 Week 4 5 Month 3
Control | 0.81233 0.874000 0.881000* | 0.91000 0.93000 0.943000* | 0.955000% | 0.963333% | 0.967000% | 0.9756672 | 0.98633 | 0.99366
32 02 02 32 72
B1 0.50100 0.496667 0.432333° | 0.37933 0.28633 0.261000° | 0.202000° | 0.007000° | 0.006000° | 0.003667° | 0.01533 | 0.00300
ocd 3b 3bc C 3b Ob
B2 0.60066 0.544333 0.413000° 0.34766 0.24133 0.251667° 0.221667° 0.005333° 0.005000° | 0.004000° 0.00333 | 0.00200
7b 7bc 3d C 3b Ob
B3 0.49800 0.497667 0.379000° | 0.35000 0.26866 0.225667° | 0.192333¢ | 0.005333° | 0.004667° | 0.003667° | 0.00333 | 0.00233
Ood Obc 7cd C 3b 3b
B4 0.50133 0.492000 0.378000° | 0.32066 0.31233 0.270000° | 0.198000° | 0.005000° | 0.003667° | 0.002333" | 0.00233 | 0.00166
3cd 7¢ 32 C 3b 7b
B5 0.50700 0.441000 0.305333° | 0.20900 0.11666 0.009667°¢ 0.007333° | 0.002667¢ 0.003333° | 0.004000° | 0.00233 | 0.00100
[0 0d 7¢ 3b Qb
B6 0.41966 0.400667 0.311000° | 0.20466 0.10833 0.006000¢ 0.005333¢ | 0.003333° 0.003667° | 0.002333" | 0.00266 | 0.00233
7de 7d 3e 7b 3b
B7 0.35200 0.354000 0.201667° | 0.15933 0.00700 0.005333¢ 0.003667¢ | 0.018000° | 0.003000° | 0.001667° | 0.00266 | 0.00166
0° 3d of 7° 7°
SEM 0.01722 0.496667 0.006680 0.01193 0.00705 0.009384 0.000882 0.002963 0.001161 0.015333 0.01533 | 0.00075
0 3 9 3 5
Slgnlfl * NS *% * *% *% *% *% *% * * *%
cance
**: P <0.01; *: P <0.05; (ns) not significant: P >0.05. ab Column means with different
superscripts differ significantly at P <0.05. Con: Control, B1: ###, B2: ###, B3: ### B4
#it#, B5: ###, B6: ###, B7: ### and SEM: Standard Error Mean.
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Table A4:20
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Anova: Single Factor for Potasium (K)

replicates/sample Contr
ID C5 B5 CB5 ol
1 41.01 62.00 629 0.001
2 41.30 61.16 62.0 0.001
3 4176 69.30 62.3 0.002
SUMMARY
Averag Varianc
Groups Count Sum e E
14503  0.0122
C5 3 4351 33 33
- 0.0083
B5 3 14.685 -4.895 37
ANOVA
Source of Variation SS Df MS F P-value  Fcrit
564.44 53323, 2.11E- 7.7086
Between Groups 564.443 1 3 96 09 47
0.0105
Within Groups 0.042341 4 85
Total 564.4853 5
SUMMARY
Averag Varianc
Groups Count Sum e E
- 0.0089
B5 3 14685 -4.895 37
1.3366 95.723
CB5 3 4.01 67 21
ANOVA
Source of Variation Ss Df MS F P-value  F crit
58.250 1.2169 0.3318 7.7086
Between Groups 58.2505 1 5 48 64 47
47.866
Within Groups 191.4643 4 07
Total 249.7148 5
88
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SUMMARY
Groups Count Sum Average _ Variance

(05) 3 43,51 14.50333 0.012233
B5 3 -14.685 -4.895 0.008937
CB5 3 4,01 1.336667 95.72321
Control 3 -18.672 -6.224 0.001083
ANOVA

Source of

Variation SS df MS F P-value F crit
Between Groups 807.7818 3 269.2606 11.24902 0.003053 4.066181
Within Groups 191.4909 8 23.93636
Total 999.2727 11

Anova: Single Factor sodium (Na)

SUMMARY

Groups Count Sum _ Average _ Variance
c5 3 46.31 15.43667 0.084933
B5 3 4645 1.548333 0.000158
ANOVA

Source of

Variation SS df MS F P-value F crit
Between Groups 289.3287 1 289.3287 6800.4 1.3E-07 7.708647
Within Groups 0.170183 0.042546
Total 289.4989 5
SUMMARY

Groups Count Sum Average  Variance
B5 3 4,645 1.548333 0.000158

© University of Venda
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CB5 3 19.948 6.649333 74.41133
ANOVA
Source of
Variation SS Df MS F P-value F crit
Between Groups  39.0303 1 39.0303 1.04904 0.363626 7.708647
Within Groups 148.823 4 37.20574
Total 187.8533 5
SUMMARY
Groups Count Sum Average Variance
C5 3 46.31 15.43667  0.084933
B5 3 4.645 1.548333  0.000158
CB5 3 19.948 6.649333  74.41133
Control 3 8.473 2.824333 0.00029
ANOVA
Source of Variation SS Df MS F P-value F crit
Between Groups 353.5897 3 117.8632  6.328507 0.016594 4.066181
Within Groups 148.9934 8 18.62418
Total 502.5832 11
replicates/sample
ID B5 CB5 Control
1 1.548 0.891 0.893 1.2
2 1.547 0.883 1.656 1.2
3 1.57 0.897 0.899 1.2
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
C5 4.665 1.555 0.000169
B5 2,671 0.890333  4.93E-05

© University of Venda
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ANOVA

Source of

Variation SS df MS F P-value F crit
Between Groups 0.662673 1 0.662673 6070.284  1.63E-07 7.708647
Within Groups 0.000437 4  0.000109
Total 0.663109 5

© University of Venda
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Anova: Single Factor

SUMMARY

Groups Count Sum  Average Variance
B5 3 2,671 0.890333 4.93E-05
CB5 3 3.448 1.149333 0.192542

¢
@ bt it

ANOVA

Source of

Variation SS df MS F P-value F crit
Between
Groups 0.100622 1 0.100622 1.044921 0.36447 7.708647
Within Groups 0.385183 4 0.096296
Total 0.485805 5
SUMMARY

Groups Count Sum Average Varianc
C5 3 4.665 1.555 0.000169
B5 3 2.671 0.890333 4.93E-05
CB5 3 3.448 1.149333 0.192542
Control 3 3.704  1.234667 3.43E-0
ANOVA

Source of

Variation Ss df MS F P-value F crit
Between Groups  0.676417 3 0.225472 4.677968 0.035993 4.066181
Within Groups 0.38559 8 0.048199
Total 1.062007 11

© University of Venda



Table A:21 ICP-OES RESULTS

Method: Bronie Test Run Page 1 Date: 10/27/2022 1:39:39 PM

Start Time: 10/27/2022 11:04:12 AM
Logged In Analyst: Administrator

Plasma On Time: 10/27/2022 10: QC})
Spectrometer: Optima 8000

Technique: ICP Continuous &)
Autosampler: S10

Sample Information File: C:\Users\Public\PerkinElmer Syngistix\ICP\Data\Sample Information\
Bronies Samples.sifx

Batch ID: Bronies Samples

Results Data Set: Bronies Results

Results Library: C:\Users\Public\PerkinElmer Syngistix\ICP\Data\Results\Results.mdb

Method Name Bronie Test Run
IEC File:

Method Last Saved: 10/27/2022 11:04:09 AM
MSF File: Method Description:

Sequence No.: 1
Sample ID: Blank

Autosampler Location: 1
Date Collected: 10/27/2022 11:04:13 AM

Analyst: Data Type: Original Initial Sample Wt: Initial Sample Vol:
Dilution: Sample Prep Vol: Wash Time:
Replicate Data: Blank
Net Corrected Calib. Analysis
Repl# Analyte Intensity Intensity  Conc. Units  Time
1 K 766.490 -2317.2 -2317.2 [0.00] mg/L  11:05:48 AM
1 P213.617 814.7 8147 [0.00] mg/L  11:06:07 AM
1 S181.975 10879 1087.9 [0.00] mg/L  11:06:38 AM
1 As193.696 1033.3  1033.3  [0.00] mg/L  11:07:15 AM
1 La398.852 486.4  486.4 [0.00] mg/L  11:07:54 AM
1 Li670.784 22831.0 22831.0 [0.00]mg/L  11:08:17 AM
1 Mn 257.610 17181.6 17181.6 [0.00] mg/L  11:08:44 AM
1 Mo 202.031 2809.4 2809.4 [0.00] mg/L  11:09:10 AM
1 Na589.592 -11665.0 -11665.0 [0.00] mg/L  11:09:50 AM
1 Ni231.604 14849 14849  [0.00] mg/L  11:10:17 AM
1 Sc361.383 4526.8 4526.8  [0.00] mg/L  11:10:45 AM
1 Ca 317.933 -131432.3 -131432.3 [0.00] mg/L  11:11:08 AM
2 K 766.490 -2644.7  -2644.7  [0.00] mg/L  11:05:53 AM
2 P213.617 904.1 904.1 [0.00] mg/L  11:06:17 AM
2 S181.975 1091.0 1091.0 [0.00] mg/L  11:06:50 AM
2 As 193.696 1065.7 1065.7  [0.00] mg/L  11:07:27 AM
2 La398.852 602.5 602.5 [0.00] mg/L  11:08:01 AM
2 Li670.784 233709 23370.9 [0.00] mg/L  11:08:25 AM
2 Mn257.610 17162.8 17162.8 [0.00] mg/L ~ 11:08:53 AM
2 Mo 202.031 2861.6 2861.6 [0.00] mg/L  11:09:21 AM
2 Na589.592 -12312.4 -12312.4 [0.00] mg/L  11:09:58 AM
2 Ni231.604 1375.7 1375.7 [0.00] mg/L  11:10:26 AM
2 Sc361.383 44518 44518 [0.00] mg/L  11:10:52 AM o3
2 Ca 317.933 -131042.3 -131042.3 [0.00] mg/L  11:11:15 AM
3 K 766.490 -1700.8 -1700.8 [0.00] mg/L  11:05:58 AM
3 P213.617 860.0  860.0 [0.00] mg/L  11:06:26 AM
3 S181.975 1090.5 10905 [0.00] mg/L  11:07:01 AM 3 As193.696 1093.3
11:07:38 AM
3 La398.852 7635 7635 [0.00] mg/L  11:08:08 AM 3 Li670.784 23748.8 23748.8
11:08:32 AM
3 Mn 257.610 17189.3 17189.3 [0.00] mg/L  11:09:00 AM
3 Mo 202.031 28259 2825.9 [0.00] mg/L  11:09:33 AM
3 Nab589.592 -12576.7 -12576.7 [0.00] mg/L ~ 11:10:05 AM
3 Ni231.604 1365.2 1365.2 [0.00] mg/L  11:10:35 AM
3 Sc361.383 4395.6  4395.6 [0.00] mg/L  11:10:59 AM
3 Ca317.933 -130166.4 -130166.4 [0.00] mg/L

1 (¢ AN | P S S
Mean Data: Blank EFoiVversity of venda

Mean Corrected Calib

Analyte Intensity  Std.Dev. RSD Conc. Units K 766.490 -2220.9 479.26 21.58%
[0.00] mg/L
P 213.617 859.6 4469 5.20% [0.00] mg/L

1093.3

[0.00] mg/L

[0.00] mg/L

= Analysis Begun

= Method Loaded




S 181.975 1089.8 1.68 0.15%  [0.00] mg/L
As 193.696 1064.1 30.06 2.82% [0.00] mg/L
La 398.852 617.4 139.17 22.54% [0.00] mg/L
Li 670.784 23316.9 461.24 1.98%  [0.00] mg/L
Mn 257.610 17177.9 13.62 0.08% [0.00] mg/L
Mo 202.031 2832.3 26.67 0.94%  [0.00] mg/L
Na 589.592 -12184.7 469.07 3.85% [0.00] mg/L
Ni 231.604 1408.6 66.27 4.70% [0.00] mg/L 0
Sc 361.383 4458.1 65.83 1.48% [0.00] mg/L oZ
Ca 317.933 -130880.3  648.29 0.50% [0.00] mg/L oy et
Sequence No.: 2 Autosampler Location: 2
Sample ID: Std 1 Date Collected: 10/27/2022 11:12:06 AM
Analyst: Data Type: Original Initial
Sample Wt: Initial Sample Vol:
Dilution: Sample Prep Vol: Wash Time:
———————— Replicate Data: Std 1
Net Corrected Calib. Analysis
Repl# Analyte Intensity Intensity  Conc. Units  Time
1 K766.490 115066.2 117287.1 [1]mg/L  11:13:43 AM
1 P213.617 17864.3 17004.7 [{]mg/L  11:13:59 AM
1 S181.975 1081.6 -8.2 [L]mg/L  11:14:27 AM
1 As193.696 2512.8  1448.7 [0.2] mg/L  11:15:05 AM
1 La398.852 459358.7 458741.3 [0.2] mg/L 11:15:44 AM
1 Li670.784 947120.0 923803.1 [0.2] mg/L 11:15:57 AM
1 Mn 257.610 1290084.0 1272906.1 [0.2] mg/L 11:16:08 AM
1 Mo 202.031 16476.4 13644.1 [0.2] mg/L 11:16:21 AM
1 Na589.592 47129.8 59314.5 [0.2] mg/L 11:16:57 AM
1 Ni231.604 53782.3 52373.7 [0.2] mg/L 11:17:23 AM
1 Sc361.383 2633885.8 2629427.8  [0.2] mg/L 11:17:47 AM
1 Ca 317.933 -119859.8 11020.5 [0.01] mg/L  11:17:57 AM
2 K 766.490 1416819 143902.8 [1] mg/L 11:13:47 AM
2 P213.617 17739.7 16880.1 [1] mg/L 11:14:08 AM
2 S181.975 1088.8 -1.0 [1] mg/L 11:14:40 AM
2 As 193.696 2462.2  1398.1 [0.2] mg/L  11:15:17 AM
2 La398.852 471292.6 470675.2 [0.2] mg/L  11:15:48 AM
2 Li670.784 1132537.3 1109220.4 [0.2] mg/L  11:16:00 AM
2 Mn 257.610 1276154.6 1258976.7 [0.2] mg/L  11:16:12 AM
2 Mo 202.031 16569.7 13737.4 [0.2] mg/L  11:16:32 AM
2 Na 589.592 -75099.9 -62915.2 [0.2] mg/L  11:17:06 AM  Saturated within auto integration window (code 4)
2 Ni231.604 54169.4 52760.8 [0.2] mg/L  11:17:31 AM
2 Sc361.383 2665729.4 2661271.4  [0.2] mg/L  11:17:50 AM
2 Ca317.933 -119642.4 112379  [0.01] mg/L  11:18:04 AM
3 K 766.490 157068.9 159289.8 [1] mg/L 11:13:51 AM
3 P213.617 176719 16812.3 [1] mg/L 11:14:16 AM
3 S$181.975 1082.8 -7.0 [1] mg/L 11:14:52 AM
3 As 193.696 2422.8  1358.7 [0.2] mg/L  11:15:28 AM
3 La398.852 461077.2 460459.8  [0.2] mg/L  11:15:51 AM
3 Li670.784 1241093.4 12177765 [0.2] mg/L  11:16:02 AM
3 Mn 257.610 1313426.7 1296248.8 [0.2] mg/L  11:16:15 AM
3 Mo 202.031 16467.1 13634.8 [0.2] mg/L  11:16:41 AM o
3 Na589.592 20027.2 322119 [0.2] mg/L  11:17:12 AM  Saturated within auto integration window (code 4)
3 Ni 231.604 54425.4 53016.8 [0.2] mg/L  11:17:38 AM
3 Sc361.383 2677625.0 2673167.0 [0.2] mg/L  11:17:53 AM
3 Ca317.933 -119654.0 11226.3 [0.01] mg/L  11:18:09 AM
e Mean Data: Std 1
Mean Corrected Calib
Analyte Intensity  Std.Dev. RSD Conc. Units K 766.490 140159.9  21250.00 15.16%
[1] mg/L
P 213.617 16899.0 97.59 0.58% [f]mg/L S 181.975 -5.4 3.87 71.47%
Standard intensity and concentration values are not in the same order.
As 193.696 1401.9 45.10 3.22% [0.2] mg/L
La 398.852 463292.1  6451.44 1.39%  [0.2] mg/L
Li 670.784 1083600.0 148651.91 13.72% [0.2] mg/L : :
Mn 257.610 1276043.8 18833.12 1.48% [0.2] mg/L© Universi ty of Venda
Mo 202.031 13672.1 56.73 0.41% [0.2] mg/L
Na 589.592 9537.1 64192.18673.08%  [0.2] mg/L

Saturated within auto integration window (code 4)

Ni 231.604

52717.1

323.77 0.61%

[0.2] mg/L



Sc 361.383
Ca 317.933

2654622.0
11161.6

22615.04 0.85%
122.34 1.10%

[0.2] mg/L
[0.01] mg/L

Sequence No.: 3
Sample ID: Std 2

Autosampler Location: 3
Date Collected: 10/27/2022 11:18:54 AM

Analyst: Data Type: Original Initial
Sample Wit: Initial Sample Vol: Dilution: 0Sample Prep Vol: Wash
Time: ==
&) i
Replicate Data: Std 2
Net Corrected Calib. Analysis
Repl# Analyte Intensity Intensity  Conc. Units  Time
1 K 766.490 2511882.9 2514103.8 [10] mg/L  11:20:31 AM
1 P213.617 151682.0 150822.4 [10] mg/L  11:20:46 AM
1 S181.975 1084.6 -5.2 [10] mg/L  11:21:09 AM 1 As 193.696 15099.5 14035.4 [2] mg/L
11:21:45 AM
1 La398.852 4278414.3 42777969  [2]mg/L  11:22:19 AM
1 Li670.784 20656373.7 20633056.8 [2] mg/L  11:22:30 AM
1 Mn 257.610 11574078.6 11556900.7  [2] mg/L  11:22:45 AM
1 Mo 202.031 130925.4 128093.0 [2] mg/L  11:22:58 AM
1 Na589.592 1055459.2 1067643.9 [2] mg/L  11:23:25 AM
1 Ni231.604 474581.6 473173.0 [2] mg/L  11:23:37 AM
1 Sc361.383 24424284.3 24419826.3 [2] mg/L  11:23:50 AM
1 Ca 317.933 -59733.9  71146.5 [0.1] mg/L 11:24:05 AM
2 K 766.490 5035455.4 5037676.2 [10] mg/L 11:20:35 AM
Saturated within auto integration window (code 4)
2 P213.617 154038.3 153178.7 [10] mg/L 11:20:53 AM
2 S181.975 1090.4 0.6 [10] mg/L 11:21:21 AM
2 As 193.696 14855.9 13791.8 [2] mg/L  11:21:56 AM
2 La398.852 4226149.3 4225531.9 [2] mg/L  11:22:22 AM
2 Li670.784 42220534.6 42197217.7 [2l mg/L  11:22:35 AM  Saturated within auto integration window (code 4)
2 Mn 257.610 11404596.4 113874185 [2] mg/L  11:22:49 AM
2 Mo 202.031 130566.9 127734.5 [2] mg/L  11:23:05 AM
2 Na589.592 1234797.8 1246982.5 [2] mg/L  11:23:28 AM 2 Ni 231.604 474613.2 473204.6 [2] mg/L
11:23:41 AM
2 Sc361.383 24790642.9 24786184.8 [2] mg/L  11:23:55 AM
2 Ca 317.933 -59778.2 711022 [0.1] mg/L  11:24:12 AM
3 K 766.490 4808523.5 4810744.4 [10] mg/L  11:20:38 AM
Saturated within auto integration window (code 4)
3 P213.617 154580.8 153721.2 [10] mg/L  11:20:59 AM
3 S181.975 1086.1 -3.7 [10] mg/L  11:21:32 AM
3 As 193.696 14902.2 13838.1 [2] mg/L  11:22:05 AM
3 La398.852 4184070.1 4183452.7 [2]mg/L  11:22:25 AM
3 Li670.784 40329325.7 40306008.8 [2] mg/L  11:22:38 AM  Saturated within auto integration window (code 4)
3 Mn 257.610 11784723.6 11767545.7 [2] mg/L  11:22:53 AM
3 Mo 202.031 131276.8 1284445  [2]lmg/L  11:23:12 AM
3 Na589.592 1351649.0 1363833.7 [2]mg/L  11:23:30 AM
3 Ni231.604 476347.4 474938.8 [2] mg/L  11:23:44 AM
3 Sc361.383 24839978.1 24835520.0 [2] mg/L  11:23:59 AM
3 Ca317.933 -59336.2 71544.1 [0.1] mg/L  11:24:17 AM
————————— Mean Data: Std 2 95
Mean Corrected Calib
Analyte Intensity  Std.Dev. RSD Conc. Units K 766.490 4120841.5 1396094.20 33.88%
[10] mg/L

Saturated within auto integration window (code 4)
P 213.617 152574.1 1541.04 1.01%

[10] mg/L S 181.975

Standard intensity and concentration values are not in the same order.

As 193.696 13888.4 129.37 0.93% [2] mg/L
La 398.852 4228927.1 47263.66 1.12% [2] mg/L

Li 670.784 34378761.1 11941627.1 34.74%  [2] mg/L

Saturated within auto integration window (code 4)

Mn 257.610 11570621.6 190434.73 1.65%  [2] mg/L
Mo 202.031 128090.7 355.00 0.28% [2] mg/L
Na 589.592 1226153.4  149189.43 12.17% [2] mg/L
Ni 231.604 473772.1  1010.52 0.21% [2] mg/

Sc 361.383 246805104 227102.72 0.92% [2] mg/

Ca 317.933 71264.2 243.37 0.34% [0.1] mg/L

2.8 3.01109.15%  [10] mg/L

© University of Venda

Sequence No.: 4 Autosampler Location

24



Sample ID: Std 3 Date Collected: 10/27/2022 11:25:02 AM

Analyst: Data Type: Original Initial
Sample Wt: Initial Sample Vol:
Dilution: Sample Prep Vol: Wash Time:
Replicate Data: Std 3
Net  Corrected Calib. Analysis
Repl# Analyte Intensity Intensity  Conc. Units  Time 0
1 K766.490 12568825.8 12571046.6 [20] mg/L  11:26:39 AM oZ
1 P213.617 328002.2 327142.6 [20] mg/L  11:26:56 AM &) e
1 S$181.975 1141.6 51.8 [20] mg/L  11:27:10 AM
1 As193.696 30960.6  29896.5 [4lmg/L  11:27:47 AM
1 La398.852 8960930.3 8960312.8 [4] mg/L  11:28:18 AM
1 Li670.784 92474826.3 92451509.4 [4]mg/L  11:28:30 AM
1 Mn 257.610 24633635.0 24616457.1  [4] mg/L  11:28:57 AM
1 Mo 202.031 278271.0 275438.7 [4] mg/L  11:29:15 AM
1 Na589.592 7821672.6 7833857.3 [4] mg/L  11:29:35 AM
1 Ni231.604 983996.4 982587.8 [4] mg/L  11:29:48 AM
1 Sc361.383 54787341.7 54782883.7 [4]mg/L  11:29:59 AM
1 Ca 317.933 21132.2 152012.5 [0.2] mg/L  11:30:24 AM
2 K 766.490 13578747.3 13580968.2  [20] mg/L 11:26:44 AM
2 P213.617 324883.2 324023.6 [20] mg/L  11:27:00 AM
2 S181.975 1120.7 30.9 [20] mg/L  11:27:22 AM
2 As 193.696 30413.2 29349.1 [4] mg/L  11:27:57 AM
2 La398.852 8948401.5 8947784.1 [4] mg/L  11:28:22 AM
2 Li670.784 102197411 102174094 [4] mg/L  11:28:39 AM
2 Mn 257.610 24609271.1 24592093.2 [4] mg/L  11:29:03 AM
2 Mo 202.031 280619.0 277786.6 [4] mg/L  11:29:20 AM
2 Na589.592 8388850.5 8401035.2 [4] mg/L  11:29:39 AM
2 Ni231.604 978050.9 976642.3 [4] mg/L  11:29:52 AM
2 Sc361.383 54940761.2 54936303.2 [4] mg/L  11:30:07 AM
2 Ca 317.933 20122.3 151002.6 [0.2] mg/L  11:30:30 AM
3 K 766.490 14318170.5 14320391.4 [20] mg/L  11:26:48 AM
3 P213.617 332103.7 331244.2 [20] mg/L  11:27:04 AM
3 S181.975 11241 34.3 [20 mg/L  11:27:33 AM
3 As 193.696 30785.9 29721.8 [4] mg/L  11:28:06 AM
3 La398.852 9114812.4 9114194.9 [4]mg/L  11:28:25 AM
3 Li670.784 107073404 107050087 [4] mg/L  11:28:46 AM
3 Mn 257.610 24869391.2 24852213.3 [4] mg/L  11:29:08 AM
3 Mo 202.031 276728.3 273896.0 [4]mg/L  11:29:24 AM
3 Na589.592 8769261.9 8781446.6 [4] mg/L  11:29:41 AM
3 Ni231.604 1008597.4 1007188.8 [4] mg/L  11:29:54 AM
3 Sc361.383 55094891.7 55090433.7 [4] mg/L  11:30:15 AM
3 Ca317.933 19182.8 150063.1 [0.2] mg/L  11:30:35 AM
Mean Data: Std 3
Mean Corrected Calib
Analyte Intensity  Std.Dev. RSD Conc. Units K 766.490 13490802.1 878151.02 6.51%
[20] mg/L
P 213.617 327470.1  3621.38 1.11% [20] mg/L S 181.975 39.0 11.17 28.63% [20] mg/L
Standard intensity and concentration values are not in the same order.
As 193.696 29655.8 279.59 0.94% [4] mg/L
La 398.852 9007430.6 9267257 1.03%  [4] mg/L 96
Li 670.784 100558564 7432164.76 7.39% [4] mg/L
Mn 257.610 24686921.2 143664.61 0.58% [4] mg/L
Mo 202.031 275707.1  1959.18 0.71%  [4] mg/L
Na 589.592 8338779.7 476852.41 5.72% [4] mg/L
Ni 231.604 988806.3 16194.89 1.64% [4] mg/L
Sc 361.383 54936540.2 153775.13 0.28% [4] mg/L
Ca 317.933 151026.1 974.92 0.65% [0.2] mg/L
Sequence No.: 5 Autosampler Location: 5
Sample ID: Std 4 Date Collected: 10/27/2022 11:31:20 AM
Analyst: Data Type: Original Initial
Sample Wit: Initial Sample Vol: Dilution: Sample Prep Vol: Wash
Time: © University of Venda
Replicate Data: Std 4
Net Corrected Calib. Analysis
Repl# Analyte Intensity Intensity  Conc. Units  Time
1 K766.490 46466766.1 46468987.0 [40] mg/L  11:32:58 AM



1 P213.617 690318.9 689459.3 [40] mg/L  11:33:23 AM
1 S181.975 1488.1  398.3 [40] mg/L  11:33:33 AM
1 As193.696 65631.9 64567.8 [8] mg/L  11:34:07 AM
1 La398.852 19501666.8 19501049.3 [8] mg/L  11:34:36 AM 1 Li670.784 Saturated3 Saturated3
11:34:51 AM
Saturated in preshot (code 3)
1 Mn 257.610 53675705.4 53658527.6 [8] mg/L  11:35:17 AM
1 Mo 202.031 586890.1 584057.8 [8] mg/L  11:35:42 AM 0
1 Na589.592 22172416.9 22184601.6 [8] mg/L  11:35:56 AM oz
1 Ni231.604 21174115 2116002.9 [B]mg/L  11:36:16 AM (&) s
1 Sc361.383 118305447 118300989 [8] mg/L  11:36:26 AM
Saturated within auto integration window (code 4)
1 Ca 317.933 183282.8 314163.2 [0.4] mg/L  11:36:51 AM
2 K 766.490 48174048.2 48176269.1 [40] mg/L  11:33:05 AM
2 P213.617 694307.2 693447.7 [40] mg/L  11:33:25 AM
2 S181.975 1420.3 3305 [40] mg/L  11:33:45 AM
2 As 193.696 65418.9 64354.8 [l mg/L  11:34:16 AM
2 La398.852 19313304.2 19312686.8 [8] mg/L  11:34:41 AM
2 Li670.784 50222177.4 50198860.5 [l mg/L  11:34:58 AM
Saturated within survey window (code 5)
2 Mn257.610 53189465.4 53172287.5  [8] mg/L  11:35:25 AM
2 Mo 202.031 576640.7 573808.4 [8] mg/L  11:35:45 AM
2 Nab589.592 29171019.0 29183203.7 [ mg/L  11:36:03 AM
2 Ni231.604 2101380.9 2099972.3 [8] mg/L  11:36:19 AM
2 Sc361.383 117883742 117879284 [8] mg/L  11:36:35 AM
Saturated within auto integration window (code 4)
2 Ca 317.933 184819.7 315700.0 [0.4] mg/L  11:36:56 AM
3 K 766.490 48878999.2 48881220.1 [40] mg/L  11:33:12 AM
3 P213.617 705471.8 704612.3 [40] mg/L  11:33:28 AM
3 S181.975 1390.3  300.5 [40] mg/L  11:33:55 AM
3 As 193.696 64706.2 63642.1 [8] mg/L  11:34:23 AM
3 La398.852 19044372.2 19043754.8  [8] mg/L  11:34:44 AM
3 Li670.784 51608410.1 51585093.2 [8] mg/L  11:35:05 AM
Saturated within survey window (code 5)
3 Mn 257.610 53625055.4 53607877.5 [8] mg/L  11:35:33 AM
3 Mo 202.031 587275.1 584442.7 [8] mg/L  11:35:47 AM
3 Nab589.592 29375673.5 29387858.2  [8] mg/L  11:36:07 AM
3 Ni 231.604 2132700.2 2131291.6 [8] mg/L  11:36:21 AM
3 Sc 361.383 117282716 117278258  [8] mg/L  11:36:42 AM  Saturated within auto integration window (code 4)
3 Ca317.933 189668.0 320548.3 [0.4] mg/L  11:37:00 AM
- Mean Data: Std 4
Mean Corrected Calib
Analyte Intensity  Std.Dev. RSD Conc. Units K 766.490 47842158.7 1240338.42 2.59%
[40] mg/L
P 213.617 695839.7  7854.59 1.13% [40] mg/L S 181.975 343.1 50.11 14.61% [40] mg/L
Standard intensity and concentration values are not in the same order.
As 193.696 64188.2 484.82 0.76% [8] mg/L
La 398.852 19285830.3 229827.18 1.19% [8] mg/L
Li 670.784 Saturated5 [8] mg/L
Mn 257.610 53479564.2 267311.79 0.50% [8] mg/L
Mo 202.031 580769.6  6031.72 1.04%  [8] mg/L
Na 589.592 26918554.5 4101000.30 15.23% [8] mg/L
Ni 231.604 2115755.6  15661.08 0.74%  [8] mg/L 97
Sc 361.383 117819510 513979.17 0.44% [8] mg/L
Saturated within auto integration window (code 4)
Ca 317.933 316803.8  3332.63 1.05% [0.4] mg/L
Sequence No.: 6 Autosampler Location: 6

Sample ID: Std 5

Date Collected: 10/27/2022 11:37:44 AM

Analyst: Data Type: Original Initial Sample Wt: Initial Sample Vol:
Dilution: Sample Prep Vol: Wash
Time:
Replicate Data: Std 5
Net Corrected Calib. Analysis

Repl# Analyte Intensity Intensity  Conc. Units ime | .

1 K 766.490 112718684 112720905 [80] mg/L  1(E3b:2d MMV € Easubdidh vhufin M h@gation window (code 4)

1 P213.617 1364487.8 1363628.2 [80] mg/L  11:39:48 AM

1 S181.975 33959  2306.1 [80] mg/L  11:39:58 AM

1 As193.696 125935.4 124871.3 [16] mg/L  11:40:29 AM

1 La398.852 37970421.8 37969804.4 [16] mg/L  11:40:55 AM
1 Li670.784 Saturated3 Saturated3 11:41:14 AM Saturated in preshot (code 3)



1 Mn 257.610 104779212 104762034 [16] mg/L  11:41:41 AM
1 Mo 202.031 1107859.8 1105027.5  [16] mg/L  11:42:07 AM
1 Na589.592 63811656.7 63823841.3 [16] mg/L  11:42:21 AM
1 Ni231.604 4063869.8 4062461.2 [16] mg/L  11:42:50 AM
1 Sc361.383 Saturated3 Saturated3 11:43:01 AM
1 Ca 317.933 502576.4 633456.7 [0.8] mg/L  11:43:25 AM
2 K 766.490 116976005 116978226 [80] mg/L  11:39:29 AM
Saturated within auto integration window (code 4)
2 P213.617 1355061.7 1354202.1 [80] mg/L  11:39:51 AM
2 S181.975 3085.2 1995.4 [80] mg/L  11:40:08 AM
2 As 193.696 126335.9 125271.8 [16] mg/L  11:40:37 AM
2 La398.852 38001979.1 38001361.6 [16] mg/L  11:41:.01 AM
2 Li670.784 9913914.9 9890597.9 [16] mg/L  11:41:22 AM
Saturated within survey window (code 5)
2 Mn 257.610 103435283 103418105 [16]mg/L  11:41:49 AM
2 Mo 202.031 1136897.3 1134065.0 [16]mg/L  11:42:11 AM
2 Na589.592 74495368.2 74507552.8 [16] mg/L  11:42:31 AM
2 Ni231.604 4140297.3 4138888.7 [16] mg/L  11:42:53 AM
2 Sc361.383 73617280.2 73612822.1 [16] mg/L  11:43:08 AM
Saturated within auto integration window (code 4)
2 Ca 317.933 496394.4 627274.7 [0.8] mg/L  11:43:28 AM
3 K 766.490 118365766 118367987  [80] mg/L  11:39:36 AM
Saturated within auto integration window (code 4)
3 P213.617 1382364.1 1381504.5 [80] mg/L  11:39:53 AM
3 S181.975 2949.9  1860.1 [80] mg/L  11:40:18 AM
3 As 193.696 126399.8 125335.8 [16] mg/L  11:40:44 AM
3 La398.852 38149681.2 38149063.8 [16] mg/L  11:41:07 AM
3 Li670.784 9993849.3 9970532.4 [16] mg/L  11:41:29 AM
Saturated within survey window (code 5)
3 Mn 257.610 104236244 104219066 [16] mg/L  11:41:58 AM
3 Mo 202.031 1101580.3 1098748.0 [16] mg/L  11:42:13 AM
3 Na589.592 74073842.7 74086027.4  [16] mg/L  11:42:38 AM
3 Ni231.604 4093813.3 4092404.7 [16] mg/L  11:42:56 AM
3 Sc361.383 73069137.5 73064679.5 [16] mg/L  11:43:15 AM
3 Ca317.933 510742.0 641622.3 [0.8] mg/L  11:43:31 AM
Mean Corrected Calib
Analyte Intensity  Std.Dev. RSD Conc. Units K 766.490
[80] mg/L

Saturated within auto integration window (code 4)
P 213.617 1366444.9 13867.45 1.01%
S 181.975 2053.9 228.65 11.13%

[80] mg/L
[80] mg/L

Standard intensity and concentration values are not in the same order.

Saturated within auto integration window (code 4)

Saturated in preshot (code 3)

o
S | ) University of Venda

Saturated within auto integration window (code 4)

Saturated within auto integration window (code 4)

Saturated within auto integration window (code 4)

Mean Data: Std 5

116022373 2942384.14 2.54%

As 193.696 125159.6 251.73 0.20%  [16] mg/L

La 398.852 38040076.6  95695.46 0.25% [16] mg/L

Li 670.784 Saturated5 [16] mg/L  Mn 257.610 104133068 676079.14 0.65% [16] mg/L
Saturated within auto integration window (code 4)

Mo 202.031 11126135 18841.00 1.69% [16] mg/L

Na 589.592 70805807.2 6050231.92 8.54% [16] mg/L

Ni 231.604 4097918.2  38510.87 0.94%  [16] mg/L

Sc 361.383 Saturated4 [16] mg/L

Ca 317.933 6341179  7196.63 1.13%  [0.8] mg/L 53 Calibration

Summary

Analyte Stds. Equation Intercept  Slope Curvature Corr. Coef.

Reslope

K 766.490 5 LinThruO 0.0 1354000 0.00000  0.988202

P 213.617 5 LinThru0 0.0 17090 0.00000  0.999861

S 181.975 5 LinThru0 0.0 21.03 0.00000  0.931020

As193.696 5 LinThru0 0.0 7831  0.00000  0.999800

La398.852 5 LinThru0 0.0 2375000 0.00000  0.999844

Li670.784 3 LinThru0 0.0 23510000 0.00000  0.990420

Mn 257.610 5 LinThru0 0.0 6517000 0.00000  0.999797

Mo 202.031 5 LinThru0 0.0 70020 0.00000  0.999806

Na589.592 5 LinThru0 0.0 4070000 0.00000 0.984764

Ni231.604 5 LinThru0 0.0 257000 0.00000©O@ﬁ8p§,e rsi ty of Venda

Sc361.383 4 LinThru0 0.0 14420000 0.00000 *~=0.999117

Ca317.933 5 LinThru0 0.0 789900 0.00000  0.999883

Sequence No.: 7

Autosampler Location: 9



Sample ID: C5 Date Collected: 10/27/2022 11:44:12 AM

Analyst: Data Type: Original Initial
Sample Wt: Initial Sample Vol: Dilution: Sample Prep Vol: Wash
Time:
Replicate Data: C5
Net Corrected Calib. Sample Analysis

Repl# Analyte Intensity Intensity  Conc. Units Conc. Units  Ti

1 K 766.490 55502125.3 55504346.2 41.01 mg/L ~ 41.01 mg/L 5:02:27-A

1 P213.617 213984.9 2131254 1247 mg/L  12.47 mg/L 5:02:55‘%»{?1?::'32'&322“

1 S181.975 17516 6618 31.47 mg/L 31.47mg/L 5:03:07AM 1 As 193.696 -46127.4 -47191.4

6.026 mg/L 5:03:38 AM
1 La398.852 1177151.3 1176533.8  0.495 mg/L 0.495 mg/L 5:03:57 AM

1 Li670.784 6816361.1 6793044.2 0.289 mg/L 0.289 mg/L  5:04:10 AM
1 Mn 257.610 94481478.7 94464300.8 14.49 mg/L 14.49 mg/L 5:04:21 AM
1 Mo 202.031 -358829.9 -361662.2  -5.165 mg/L -5.165 mg/L  5:04:48 AM
1 Na589.592 61475963.2 61488147.9 15.11 mg/L 15.11 mg/L  5:05:00 AM
1 Ni 231.604 399384.4 397975.8 1.548 mg/L 1.548 mg/L 5:05:27 AM
1 Sc 361.383 13012497.0 13008038.9  0.902 mg/L 0.902 mg/L 5:05:40 AM 1
Ca 317.933 Saturated3 Saturated3 5:05:53 AM
Saturated in preshot (code 3)
2 K 766.490 55901984.9 55904205.7 41.30 mg/L 41.30 mg/L  5:02:35 AM
2 P 213.617 217856.2 216996.6 12.70 mg/L 12.70 mg/L  5:02:58 AM
2 S5181.975 1676.8 587.0 27.91 mg/L 2791 mg/L  5:03:17 AM
2 As 193.696 -45729.9 -46794.0 -5976 mg/L -5.976 mg/L  5:03:44 AM
2 La398.852 1165675.2 1165057.8 0.491mg/L  0.491 mg/L  5:04:01 AM
2 Li670.784 6813419.5 6790102.6 0.289 mg/L  0.289 mg/L 5:04:12 AM
2 Mn 257.610 93888099.0 93870921.1 14.40mg/L 1440 mg/L  5:04:30 AM
2 Mo 202.031 -349341.1 -352173.4  -5.030 mg/L -5.030 mg/L  5:04:50 AM
2 Na589.592 63203636.0 63215820.7 1553 mg/L 15.53 mg/L 5:05:09 AM
2 Ni231.604 399005.8 397597.2 1.547 mg/L 1.547 mg/L  5:05:32 AM 2 Sc 361.383 13140613.8 13136155.7

0.911 mg/L 5:05:45 AM 2
Ca 317.933 40335281.1 40466161.4 51.23 mg/L  51.23 mg/L 5:06:01 AM

99

© University of Venda

-6.026 mg/L

0.911 mg/L



Saturated within survey window (code 5)

()
o

*. University of Venda
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3 K 766.490 56522269.5 56524490.3 41.76 mg/L 41.76 mg/L  5:02:43 AM
3 P 213.617 215074.0 2142145 12.54 mg/L 12.54 mg/L 5:03:01 AM
3 S181.975 1662.7 5729 27.24 mg/L 27.24 mg/L  5:03:27 AM
3 As 193.696 -46093.7 -47157.8 -6.022 mg/L -6.022 mg/L  5:03:48 AM
3 La398.852 1171174.8 1170557.4 0.493 mg/L 0.493 mg/L 5:04:04 AM
3 Li670.784 6932894.9 6909578.0 0.294 mg/L 0.294 mg/L 5:04:15 AM
3 Mn 257.610 95280030.4 95262852.5 14.62 mg/L 14.62 mg/L 5:04:38 AM
3 Mo 202.031 -352209.0 -355041.3 -5.071 mg/L -5.071 mg/L 5:04:52 AM
3 Nab589.592 63767672.2 63779856.9 15.67 mg/L 15.67 mg/L 5:05:16 AM
3 Ni 231.604 404957.3  403548.7 1.570 mg/L 1.570 mg/L 5:05:35 AM
3 Sc361.383 12867510.1 12863052.0 0.892 mg/L 0.892 mg/L 5:05:48 AM
3 Ca317.933 40354190.3 40485070.6 51.26 mg/L 51.26 mg/L 5:06:08 AM Saturated within survey window (code 5)
Mean Data: C5
Mean Corrected Calib. Sample
Analyte Intensity  Conc. Units  Std.Dev. Conc. Units  Std.Dev. RSD K 766.490 55977680.8  41.36 mg/L
mg/L 0.380
0.92%
P 213.617 214778.8  12.57 mg/L 0.117  12.57 mg/L 0.117
0.93%
S 181.975 607.2  28.87 mg/L 2.272 28.87 mg/L 2272  71.87%
As 193.696 -47047.8  -6.008 mg/L 0.0281  -6.008 mg/L 0.0281 0.47%
La 398.852 1170716.3  0.493 mg/L 0.0024  0.493 mg/L 0.0024
0.49%
Li 670.784 6830908.3  0.291 mg/L 0.0029  0.291 mg/L 0.0029
1.00%
Mn 257.610 945326915 1451 mg/L  0.107 14.51 mg/L 0.107
0.74%
Mo 202.031 -356292.3  -5.088 mg/L 0.0695 -5.088 mg/L 0.0695 1.37%
Na 589.592 62827941.8  15.44 mg/L 0.293  15.44 mg/L 0.293
1.90%
Ni 231.604 399707.2  1.555 mg/L 0.0130 1.555 mg/L 0.0130
0.83%
Sc 361.383 130024155  0.901 mg/L 0.0095  0.901 mg/L 0.0095 1.05%
Ca 317.933 Saturated5  51.24 mg/L 0.017 51.24 mg/L 0.017
0.03%
Sequence No.: 8 Autosampler Location: 10
Sample ID: B5 Date Collected: 10/27/2022 5:06:55 AM
Analyst: Data Type: Original Initial Sample Wt: Initial Sample Vol:
Dilution: Sample Prep Vol: Wash Time:
Replicate Data: CONTROL 100
Net Corrected Calib. Sample Analysis
Repl# Analyte Intensity Intensity ~ Conc. Units Conc. Units  Time
1 K 766.490 Saturated3 Saturated3 5:08:31 AM  Saturated in preshot (code 3)
1 P213.617 384409.2 383549.7 2245 mg/L 2245 mg/L  5:08:58 AM
1 S181.975 4097.5 3007.7 143.0 mg/L 143.0 mg/L  5:09:10 AM
m
1 As193.696 -45361.5 -46425.6 -5.929 mg/L ©5gzp, TYle rEs'OpfiAylf Venda
1 La398.852 1380874.8 1380257.4 0.581 mg/L 0.581 mg/L 5:09:55 AM

0.380

41.36



Method: Bronie Test Run Page 12 Date: 10/27/2022
1:39:40
PM
1 Li670.784 7254065.7 7230748.8 0.308 mg/L 0.308 mg/L  5:10:07 AM
1 Mn257.610 78920840.9 78903663.0  12.11 mg/L 12.11 mg/L 5:10:18 AM
1 Mo 202.031 -346401.3 -349233.6 -4.988 mg/L -4.988 mg/L  5:10:46 AM
1 Na589.592 63868577.7 63880762.4 15.69 mg/L 15.69 mg/L  5:10:59 AM
1 Ni231.604 395930.5 394521.9 1.535 mg/L 1535 mg/L .911:26 AM
1 Sc 361.383 @%sm:e 12852163.7  0.891 mg/L 0.891 mg/L 5:11:39 AM
1 Ca317.933 Saturated3 Saturated3 5:11:50 AM
Saturated in preshot (code 3)
2 K 766.490 93607754.9 93609975.8  69.16 mg/L 69.16 mg/L  5:08:39 AM  Saturated within auto integration window (code 4)
2 P213.617 385973.2 385113.6  22.54 mg/L 22.54 mg/L  5:09:01 AM
2 S181.975 3947.3 28575  135.9 mg/L 1359 mg/L  5:09:19 AM
2 As 193.696 -44748.2 -45812.2  -5.850 mg/ -5.850 mg/L  5:09:42 AM
2 La398.852 1384795.3 1384177.9  0.583 mg/L 0.583 mg/L  5:09:59 AM
2 Li670.784 7244978.7 7221661.8  0.307 mg/L 0.307 mg/L  5:10:09 AM
2 Mn 257.610 79283517.8 79266339.9  12.16 mg/L 12.16 mg/L 5:10:28 AM
2 Mo 202.031 -340128.4 -342960.7  -4.898 mg/L -4.898 mg/L  5:10:48 AM
2 Nab89.592 63497112.2 63509296.9  15.60 mg/L 15.60 mg/L  5:11:07 AM
2 Ni231.604 399832.7 398424.1  1.550 mg/L 1550 mg/L  5:11:30 AM
2 Sc361.383 12738004.3 12733546.2  0.883 mg/L 0.883mg/L 5:11:42 AM
2 Ca 317.933 52546771.0 52677651.3  66.69 mg/L 66.69 mg/L 5:12:00 AM  Saturated within survey window (code 5)
3 K 766.490 93804457.9 93806678.8 69.30 mg/L 69.30 mg/L  5:08:46 AM  Saturated within auto integration window (code 4)
3 P213.617 383473.2 382613.7 22.39 mg/L 22.39 mg/L  5:09:04 AM
3 S181.975 3891.1 2801.3 133.2 mg/L 133.2mg/L  5:09:27 AM
3 As 193.696 -44475.9 -45540.0  -5.816 mg/L -5.816 mg/L  5:09:47 AM
3 La398.852 1365333.2 1364715.8 0.575mg/L 0.575mg/L 5:10:01 AM
3 Li670.784 7069107.6 7045790.7  0.300 mg/L 0.300 mg/L  5:10:12 AM
3 Mn 257.610 79038831.0 79021653.1 12.13 mg/L 12.13 mg/L  5:10:36 AM
3 Mo 202.031 -333223.5 -336055.8 -4.799 mg/L -4.799 mg/L  5:10:50 AM
3 Nab589.592 63470130.1 63482314.8 15.60 mg/L 15.60 mg/L  5:11:14 AM
3 Ni 231.604 402462.0 401053.4 1.560 mg/L 1.560 mg/L  5:11:33 AM
3 Sc361.383 12948303.3 12943845.3  0.897 mg/L 0.897 mg/L 5:11:45 AM
3 Ca317.933 52401822.2 52532702.5 66.51 mg/L 66.51 mg/L 5:12:07 AM Saturated within survey window (code 5)
Mean Data: B5
Mean Corrected Calib. Sample
Analyte Intensity  Conc. Units  Std.Dev. Conc. Units  Std.Dev. RSD K 766.490 Saturated4  69.23 mg/L 0.103  69.23
mg/L 0.103 0.15%
P 213.617 383759.0  22.46 mg/L 0.074 22.46 mg/L 0.074 0.33%
S 181.975 2888.8  137.4mg/L 5.08 137.4 mg/L 5.08 3.69% As 193.696 -45926.0  -5.865 mg/L 0.0579  -5.865
mg/L 0.0579 0.99%
La 398.852 1376383.7  0.580 mg/L 0.0043  0.580 mg/L 0.0043
0.75%
Li 670.784 7166067.1 0.305 mg/L 0.0044  0.305mg/L 0.0044 1.45%
Mn 257.610 79063885.3  12.13 mg/L 0.028 12.13 mg/L 0.028 0.23%
Mo 202.031 -342750.0 -4.895mg/L  0.0941  -4.895 mg/L 0.0941 1.92%
Na 589.592 63624124.7 15.63 mg/L 0.055 15.63 mg/L 0.055
0.35%
Ni 231.604 397999.8  1.548 mg/L 0.0128  1.548 mg/L 0.0128
0.83% 101
Sc 361.383 12843185.1  0.890 mg/L 0.0073  0.890 mg/L 0.0073
0.82%
PM
Ca 317.933 Saturated5  66.60 mg/L 0.130  66.60 mg/L 0.130 0.19%
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Method: Bronie Test Run Page 13 Date: 10/27/2022
1:39:40
Sequence No.: 9 Autosampler Location: 11
Sample ID: STD 3 Date Collected: 10/27/2022 5:12:56 AM
Analyst: Data Type: Original Initial
Sample Wt: Initial Sample Vol: Dilution:

Sample Prep Vol: Wash Time:

- Replicate Data: STD 3
Net Corrected Calib. Sample Analysis

Repl# Analyte Intensity Intensity  Conc. Units Conc. Units  Time
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Method: Bronie Test Run Page PM
1 K 766.490 30283767.9 30285988.8  22.38 mg/L 22.38 mg/L 5:14:32
AM
1 P213.617 394386.7 393527.2  23.03mg/L 23.03mg/L 5:14:52 AM
1 S$181.975 34739 2384.1 113.4 mg/L 113.4mg/L 5:15:04 AM
1 As193.696 35411.4 34347.3 4.386 mg/L 4.386 mg/L 5:15:32
AM
1 La398.852 10100516.0 10099898.5  4.253 mg/L 4253 mg/L 5:16:01
AM
1 Li670.784 Saturated3 Saturated3 5:16:14
AM
Saturated in preshot (code 3)
1 Mn 257.610 29833749.2 29816571.3 4.575 mg/L 4575 mg/L 5:16:39 AM
1 Mo 202.031 325709.7 322877.4  4.611 mg/L 4.611 mg/L 5:16:59 AM
1 Na589.592 14590480.3 14602665.0 3.588 mg/L 3.588 mg/L 5:17:16 AM
1 Ni231.604 1189388.2 1187979.6  4.622 mg/L 4.622 mg/L  5:17:31 AM
1 Sc361.383 61296276.7 61291818.6  4.249 mg/L 4249 mg/L 5:17:42 AM
1 Ca 317.933 146365.9 277246.2  0.351 mg/L 0.351 mg/L 5:18:06 AM
2 K 766.490 29987378.2 29989599.1 22.16 mg/L 22.16 mg/L 5:14:38 AM
2 P213.617 408552.4 407692.8 23.86 mg/L 23.86 mg/L 5:14:55
AM
2 S181.975 3387.5 22977 109.3 mg/L 109.3mg/L  5:15:14
AM
2 As193.696 35713.4 34649.4 4.425 mg/L 4425 mg/L  5:15:41
AM
2 La398.852 9705633.5 9705016.1 4.087 mg/L 4.087 mg/L 5:16:04
AM
2 Li670.784 122134762 122111445 5.193 mg/L 5.193 mg/L 5:16:21 AM
Saturated within auto integration window (code 4)
2 Mn 257.610 29452360.9 29435183.0  4.517 mg/L 4517 mg/L 5:16:46
AM
2 Mo 202.031 328355.7 325523.3 4.649 mg/L 4649 mg/L 5:17:03 AM
2 Na589.592 14687463.4 14699648.1  3.611 mg/L 3.611mg/L 5:17:20 AM
2 Ni231.604 1195501.0 1194092.4 4.645 mg/L 4.645mg/L  5:17:35
AM
2 Sc 361.383 61234578.8 61230120.8 4.245 mg/L 4.245 mg/L  5:17:50 AM
2 Ca 317.933 1444675 275347.8  0.349 mg/L 0.349 mg/L 5:18:11 AM
3 K 766.490 30313394.7 30315615.6  22.40 mg/L 2240 mg/L 5:14:43 AM
3 P213.617 390596.6 389737.0 22.81 mg/L 22.81 mg/L  5:14:59
AM
3 S181.975 3350.9 2261.1 107.5 mg/L 107.5mg/L 5:15:22 AM
3 As 193.696 35851.8 34787.7 4.442 mg/L 4442 mg/L 5:15:49 AM
3 La398.852 9937148.9 9936531.4 4.184 mg/L 4.184 mg/L 5:16:07 AM
3 Li670.784 123254668 123231351 5.241 mg/L 5241 mg/L 5:16:28 AM  Saturated within auto integration
window (code 4)
3 Mn 257.610 29305327.3 29288149.4  4.494 mg/L 4494 mg/L 5:16:52 AM
3 Mo 202.031 318869.2 316036.8 4.514 mg/L 4514 mg/L 5:17:06 AM
3 Na589.592 14660591.3 14672776.0 3.605 mg/L 3.605mg/L 5:17:24
AM
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3 Ni 231.604 1225239.9 1223831.3  4.761 mg/L 4761 mg/L 5:17:37
AM

3 Sc361.383 61498485.7 61494027.6  4.263 mg/L 4.263mg/L 5:17:57 AM

3 Ca317.933 140254.7 271135.0 0.343 mg/L 0.343mg/L  5:18:14
AM
--Mean Data: STD 3

Mean Corrected Calib. Sample

Analyte Intensity  Conc. Units  Std.Dev.  Conc. Units  Std.Dev.
RSD
K 766.490 30197067.8  22.31 mg/L 0.133  22.31 mg/L 0.133
0.60%
P 213.617 396985.7  23.24 mg/L 0.554  23.24 mg/L 0.554
2.38%
S 181.975 23143  110.0 mg/L 3.00 110.0 mg/L 3.00
2.73%
As 193.696 34594.8  4.418 mg/L 0.0288  4.418 mg/L 0.0288
0.65%
La 398.852 99138153  4.175mg/L 0.0836  4.175 mg/L 0.0836
2.00%
Li 670.784 Saturated4 ~ 5.217 mg/L 0.0337  5.217 mg/L 0.0337
0.65%
Mn 257.610 29513301.2 4529 mg/L  0.0418  4.529 mg/L 0.0418
0.92%
Mo 202.031 321479.2  4.591 mg/L 0.0699  4.591 mg/L 0.0699
1.52%
Na 589.592 14658363.0  3.601 mg/L  0.0123  3.601 mg/L 0.0123
0.34%
Ni 231.604 1201967.7  4.676 mg/L 0.0746  4.676 mg/L 0.0746
1.60%
Sc 361.383 61338655.7  4.253 mg/L 0.0096  4.253 mg/L 0.0096
0.23%
Ca 317.933 274576.4  0.348 mg/L 0.0040  0.348 mg/L 0.0040
1.14%

Sequence No.: 10

Sample ID: CONTROL
Analyst:

Initial Sample Vol: Dilution:

Autosampler Location: 12
Date Collected: 10/27/2022 5:18:57 AM
Data Type: Original Initial Sample Wt:
Sample Prep Vol: Wash Time:

----Replicate Data: CONTROL

Net Corrected Calib. Sample Analysis
Repl# Analyte Intensity Intensity ~ Conc. Units Conc. Units  Time
1 K 766.490 Saturated3 Saturated3 5:20:33
AM
Saturated in preshot (code 3)
1 P213.617 1031684.6 1030825.0  60.33 mg/L 60.33mg/L  5:21:01
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AM
1 S181.975 3062.0 1972.2 93.78 mg/L 93.78 mg/L  5:21:10
AM
1 As 193.696 -77618.0 -78682.1  -10.05 mg/L -10.05 mg/L  5:21:46 AM
1 La398.852 1274421.8 1273804.4 0.536 mg/L 0.536 mg/L  5:22:01 AM
Method: Bronie Test Run Page PM
1 Li670.784 20291106.7 20267789.8 0.862 mg/L 0.862 mg/L 5:22:14
AM

1 Mn 257.610 115662616 115645438  17.74 mg/L  17.74 mg/L 5:22:28 AM
Saturated within auto integration window (code 4)

1 Mo 202.031 -435594.3 -438426.6  -6.261 mg/L -6.261 mg/L  5:22:55 AM
1 Na589.592 Saturated3 Saturated3 5:23:07
AM
Saturated in preshot (code 3)
1 Ni231.604 725085.0 723676.4  2.815 mg/L 2.815mg/L 5:23:35
AM
1 Sc361.383 17713452.5 17708994.4 1.228 mg/L 1.228 mg/L  5:23:45 AM
1 Ca 317.933 Saturated3 Saturated3 5:23:59 AM  Saturated in preshot (code 3)
2 K 766.490 -52826275 -52824054 -39.03 mg/L -39.03 mg/L 5:20:41 AM  Saturated within auto integration
window (code 4)
2 P213.617 1040004.3 1039144.7  60.82 mg/L 60.82 mg/L  5:21:03
AM
2 S181.975 3029.0 1939.3  92.21 mg/L 92.21 mg/L 5:21:22
AM
2 As 193.696 -77144.1 -78208.2 -9.987 mg/L -9.987 mg/L  5:21:51 AM
2 La398.852 1260148.3 1259530.9  0.530 mg/L 0.530 mg/L  5:22:05 AM
2 Li670.784 20291250.1 20267933.2  0.862 mg/L 0.862 mg/L 5:22:18 AM
2 Mn 257.610 115356381 115339203 17.70 mg/L 17.70 mg/L  5:22:37 AM
Saturated within auto integration window (code 4)
2 Mo 202.031 -431124.6 -433956.9  -6.198 mg/L -6.198 mg/L  5:22:57 AM
2 Na589.592 59962161.9 59974346.6  14.73 mg/L 1473 mg/L  5:23:17 AM
Saturated within survey window (code 5)
2 Ni231.604 732343.1 730934.5 2.844 mg/L 2.844 mg/L 5:23:38
AM
2 Sc 361.383 17876508.1 17872050.1  1.239 mg/L 1.239 mg/L  5:23:49 AM
2 Ca 317.933 46988026.5 47118906.8 59.65 mg/L 59.65 mg/L 5:24:07 AM  Saturated within survey window
(code 5)
3 K 766.490 -52922538 -52920317  -39.10 mg/L -39.10 mg/L  5:20:49 AM  Saturated within auto integration
window (code 4)
3 P213.617 1039625.9 1038766.3  60.80 mg/L 60.80 mg/L 5:21:05 AM
3 S181.975 3003.9 1914.1 91.02 mg/L 91.02 mg/L 5:21:33 AM
3 As 193.696 -77338.2 -78402.3 -10.01 mg/L -10.01 mg/L  5:21:54 AM
3 La398.852 1263384.2 1262766.8  0.532 mg/L 0.532 mg/L  5:22:09 AM
3 Li670.784 20330595.4 20307278.4  0.864 mg/L 0.864 mg/L 5:22:21
AM
3 Mn 257.610 115706361 115689183 17.75 mg/L 17.75mg/L  5:22:45 AM
Saturated within auto integration window (code 4)
3 Mo 202.031 -432174.1 -435006.5 -6.213 mg/L -6.213 mg/L  5:22:59 AM
3 Nab589.592 59991280.9 60003465.6 14.74 mg/L 1474 mg/L  5:23:24 AM
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Saturated within survey window (code 5)
3 Ni 231.604 724709.9 723301.3  2.814 mg/L 2.814mg/L 5:23:41
AM
3 Sc361.383 17841324.8 17836866.8  1.237 mg/L 1.237 mg/L  5:23:53 AM
3 Ca317.933 47255259.9 47386140.2  59.99 mg/L 59.99 mg/L 5:24:14 AM Saturated within survey window (code
)
Mean Data: CONTROL

Mean Corrected Calib. Sample
Analyte Intensity  Conc. Units  Std.Dev.  Conc. Units  Std.Dev.
RSD
K 766.490 Saturated4  -39.06 mg/L 0.050  -39.06 mg/L 0.050
0.13%
P 213.617 1036245.3  60.65 mg/L 0.275  60.65 mg/L 0.275 0.45%
S 181.975 1941.8  92.33 mg/L 1.386  92.33 mg/L 1.386
1.50%
As 193.696 -78430.9  -10.02 mg/L 0.030 -10.02 mg/L 0.030
0.30%
La 398.852 1265367.3  0.533 mg/L 0.0032  0.533mg/L 0.0032
0.59%
Li 670.784 20281000.5  0.863 mg/L 0.0010  0.863 mg/L 0.0010
0.11%
Mn 257.610 115557941  17.73mg/L  0.029  17.73 mg/L 0.029 0.17%
Saturated within auto integration window (code 4)
Mo 202.031 -435796.6  -6.224 mg/L 0.0334  -6.224 mg/L 0.0334
0.54%
Na 589.592 Saturated5  14.74 mg/L 0.005  14.74 mg/L 0.005 0.03%
Ni 231.604 725970.8  2.824 mg/L 0.0167  2.824 mg/L 0.0167
0.59%
Sc 361.383 17805970.4  1.234 mg/L 0.0059  1.234 mg/L 0.0059
0.48%
Ca 317.933 Saturated5  59.82 mg/L 0.239  59.82 mg/L 0.239
0.40%
Sequence No.: 11 Autosampler Location: 13
Sample ID: CB5 Date Collected: 10/27/2022 5:25:02 AM
Analyst: Data Type: Original Initial
Sample Wt: Initial Sample Vol:
Dilution: Sample Prep Vol: Wash Time:
e PR e e Replicate Data: CB5
Net Corrected Calib. Sample Analysis
Repl# Analyte Intensity Intensity  Conc. Units Conc. Units  Time
1 K 766.490 85168567.8 85170788.7  62.92 mg/L 62.92 mg/L  5:26:38
AM
1 P213.617 269161.7 268302.1 15.70 mg/L 15.70 mg/L  5:27:07
1 S$181.975 15723.9 14634.1 695.8 mg/L 695.8 mg/L  5:27:19 AM
1 As193.696 -45158.2 -46222.3  -5.903 mg/L -5.903 mg/L  5:27:45 AM
1 La398.852 1489884.2 1489266.7 0.627 mg/L 0.627 mg/L  5:28:03 AM
1 Li670.784 13814867.1 13791550.2 0.587 mg/L 0.587 mg/L 5:28:14
AM
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1 Mn 257.610 82948384.2 82931206.3 12.72 mg/L 12.72 mg/L  5:28:27
AM
Method: Bronie Test Run Page PM
1 Mo 202.031 -301223.5 -304055.8  -4.342 mg/L -4.342 mg/L  5:28:53 AM
1 Na589.592 67575471.1 67587655.8 16.61 mg/L 16.61 mg/L 5:29:07 AM
1 Ni231.604 427129.7 425721.1 1.656 mg/L 1.656 mg/L 5:29:34 AM
1 Sc 361.383 12882322.8 12877864.8  0.893 mg/L 0.893 mg/L 5:29:47 AM
1 Ca 317.933 Saturated3 Saturated3 5:30:00 AM  Saturated in preshot (code 3)
2 K 766.490 84634537.1 84636758.0 62.53 mg/L 62.53 mg/L 5:26:47 AM
2 P213.617 265444.4 264584.8 15.49 mg/L 1549 mg/L 5:27:10
AM
2 S181.975 15508.3 14418.5 685.6 mg/L 685.6 mg/L  5:27:28 AM
2 As 193.696 -44309.6 -45373.7 -5.794 mg/L -5.794 mg/L  5:27:50 AM
2 La398.852 1506281.1 1505663.6 0.634 mg/L 0.634 mg/L 5:28:06
AM
2 Li670.784 13817658.7 13794341.8  0.587 mg/L 0.587 mg/L 5:28:17 AM
2 Mn 257.610 82360822.6 82343644.7 12.63 mg/L 12.63 mg/L 5:28:35
AM
2 Mo 202.031 -298514.9 -301347.2 -4.304 mg/L  -4.304 mg/L 5:28:57 AM
2 Nab589.592 67305200.0 67317384.7 16.54 mg/L 16.54 mg/L  5:29:15
AM
2 Ni 231.604 431213.0 429804.4 672 mg/L 1.672 mg/L  5:29:39
AM
2 Sc 361.383 12968030.0 12963571.9 0.899 mg/L 0.899 mg/L  5:29:51 AM
2 Ca 317.933 67522210.5 67653090.8  85.65 mg/L 85.65 mg/L 5:30:08 AM  Saturated within survey window (code
5)
3 K 766.490 84369018.8 84371239.6 62.33 mg/L 62.33 mg/L  5:26:55 AM
3 P213.617 275960.5 275100.9 16.10 mg/L 16.10 mg/L 5:27:13 AM
3 S$181.975 15480.5 14390.7 684.3 mg/L 684.3 mg/L 5:27:35
AM
3 As 193.696 -44398.7 -45462.8 -5.806 mg/L -5.806 mg/L  5:27:54 AM
3 La398.852 1498817.7 1498200.2 0.631 mg/L 0.631 mg/L 5:28:09 AM
3 Li670.784 13895529.3 13872212.4  0.590 mg/L 0.590 mg/L  5:28:20 AM
3 Mn 257.610 82414256.2 82397078.3 12.64 mg/L 12.64 mg/L 5:28:44
AM
3 Mo 202.031 -297018.0 -299850.3  -4.282 mg/L -4.282 mg/L  5:28:59 AM
3 Na589.592 67543972.8 67556157.5 16.60 mg/L 16.60 mg/L  5:29:23
AM
3 Ni231.604 433649.9 432241.3 1.682 mg/L 1.682 mg/L 5:29:41 AM
3 Sc361.383 12966822.4 12962364.3 0.899 mg/L 0.899 mg/L 5:29:54 AM
3 Ca317.933 67100964.2 67231844.5 85.12 mg/L 85.12mg/L  5:30:15 AM  Saturated within survey window (code 5)
Mean Data: CB5
Mean Corrected Calib. Sample
Analyte Intensity  Conc. Units  Std.Dev. Conc. Units  Std.Dev.
RSD
K 766.490 84726262.1 62.59 mg/L 0.301 62.59 mg/L 0.301
0.48%
P 213.617 269329.3 15.76 mg/L 0.312 15.76 mg/L 0.312
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1.98%

S 181.975 14481.1  688.6 mg/L 6.33 688.6 mg/L 6.33
0.92%

As 193.696 -45686.3  -5.834 mg/L 0.0596 -5.834 mg/L 0.0596
1.02%

La 398.852 1497710.2  0.631 mg/L 0.0035  0.631 mg/L 0.0035
0.55%

Li 670.784 13819368.2  0.588 mg/L 0.0019  0.588 mg/L 0.0019
0.33%

Mn 257.610 82557309.8  12.67mg/L  0.050 12.67 mg/L 0.050
0.39%

Mo 202.031 -301751.1  -4.309 mg/L 0.0304 -4.309 mg/L 0.0304 0.71%
Na 589.592 67487066.0  16.58 mg/L 0.036  16.58 mg/L 0.036
0.22%

Ni 231.604 429255.6  1.670 mg/L 0.0128  1.670 mg/L 0.0128
0.77%

Sc 361.383 12934600.3  0.897 mg/L 0.0034  0.897 mg/L 0.0034
0.38%

Ca 317.933 Saturated5  85.39 mg/L 0.377  85.39 mg/L 0.377
0.44%

Analysis Begun

Start Time: Plasma On Time:

Logged In Analyst: Administrator Technique: ICP Continuous
Spectrometer: Optima 8000, S/N N/A (Offline)  Autosampler: Not Applicable

Sample Information File: C:\Users\Public\PerkinEImer Syngistix\ICP\Data\Sample Information\
Bronies

Samples.sifx

Batch ID: Bronies

Samples

Results Data Set:

Results Library:
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