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ABSTRACT

Plastic materials have a wide range of uses in the society today. However, large scale
application of plastic materials has resulted into accumulation of wastes with potential toxic
effect to human health and the environment. Plastic materials may contain a variety of toxic
chemicals such as phthalates, heavy metals, BPA, brominated flame retardants, nonylphenol,
polychlorinated biphenyl ethers among others. These compounds are known to induce ill
health effects such as immune system suppression, tetratogenic disorders, fetal developmental
defects and cancer. The goal of this research was to determine the levels of Bisphenol A and
Di-butyl phthalate in water, soil, sediments and sea weeds along the Kenyan coastal Beaches
of Pirate, Mombasa, Kilifi, Malindi and Sabaki estuary. Sampling was done quarterly
between the months of October 2018 and January 2019, covering the short rain and the dry
season respectively. DBP and BPA analytes extraction from water samples was achieved by
liquid-liquid extraction while from soil, sediment and sea weeds was by soxhlet extraction
method using DCM solvent. Sample clean-up was conducted using chromatographic columns
filled with silica gel while analysis of BPA and DBP was done using Agilent 6890 coupled to
5973 Mass Selective Detector. Electrical conductivity was lowest in Sabaki River water
samples, followed by Sabaki Beach compared to other coastal Beaches while Ph was
relatively similar for all the sites. DBP concentrations in water were < 1.29+0.13 ng/mL, soil
(<39.75+£0.91 ng/g), sediments (<3.04+0.38 ng/g) and sea weeds (<1.49+0.25 ng/g). BPA
levels were <2.74+0.57 ng/mL (water), <3.39£0.14 ng/g (soil), 0.10+£0.03-3.76+0.17 ng/g
(sediments) and <11.66+0.94 ng/g (sea weeds). Pirate and Mombasa Beaches registered the
highest levels of BPA and DBP in water samples, while the wet season had higher levels of
pollution than the dry season. BPA levels in soil were higher than in water, sediments and sea
weed samples during dry season as compared to the wet season. Concentrations of DBP and
BPA residue levels in soil from Mombasa sites were higher in the dry season as compared to
the wet season. According to the results, plastic pollution along Kenya's Beaches may be a
factor in the occurrence of DBP and BPA in water, soil, sediments and sea weeds. Therefore,
there is need for prudent management of plastic wastes and regular monitoring of pollution
load along the coastal Beaches to protect human health and wildlife from toxic effects of
ingredients from plastic wastes.

Key words: Kenyan Coastal Beaches, Plastic pollution, BPA and DBP in water, soil,

sediments and sea weeds.
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CHAPTER ONE

1. INTRODUCTION

1.1 Background information

The International Council of Chemical Associations (ICCA) report estimated the contribution of
chemical industry to the global economy amounted to be 5.7 trillion USD to gross domestic
product (GDP) in 2019 (Li et al., 2021). In addition, the chemicals industry also supported 120
million jobs in the same year (Kircher, 2019). Chemical products are widely used in energy,
transport, information & communication technologies (ICT), construction sectors among others
(Pethrick et al., 2013).

Diverse groups of chemicals products include; plastics, fertilizers, pesticides, paints, coatings,
soaps, detergents, pharmaceuticals, personal care products and petrochemical (Sauders, 2012).
These products are known to have a broad influence on the everyday life. For instance, products
like automobile polymers are required to be stronger, lighter, as well as readily recyclable (YYang
et al., 2012). Since polymers are lighter, stronger, and have the ability to save fuel in addition to
generally improving safety and performance, they are used extensively in the aerospace sector.
Manufacture of improved polymers permit the safe delivery of diverse types of foods stuff across
the globe. As noted by Song et al. (2015), packaging materials that are recyclable as well as
degradable are key in reversing the unwanted build-up of various solid waste within
industrialized societies. Regardless of the significance of plastic packaging materials' inability to
degrade, there is a need for new goods that are competitive in the market. (Garretti and Taisch,
2012). Plastics are among the major groups of chemical based products that have captured the

world attention.

Globally, the production of plastics has risen immensely (North and Halden, 2013). The United
Nations Environmental Program (UNEP) predicts a rise in production of plastics to 619 Million
tons by the year 2030 (UN Environment, 2016). Currently, rapid growth in population,
urbanization and industrialization contribute to large scale production of plastic wastes in

marine and terrestrial environment (Andrady and Neal, 2009).



1.2 Application of plastic materials

Plastics are macromolecules formed through the process of polymerization and can be shaped
through the application of a reasonable amount of heat and pressure or alternative forms of
forces (Sukanto et al., 2021). They consist of substances such as carbon, hydrogen, oxygen,
nitrogen, chlorine, and sometimes sulfur (Kumar et al., 2011). There are two classes of plastics

namely; thermoplastics and thermosetting plastics (Sukanto et al., 2021).

Plastics that can be shaped into desired shapes under heat plus pressure and solidify on cooling
are called thermoplastics Sukanto et al. (2021) and examples include polyethylene, polystyrene,
and polyvinylchloride. Thermosetting materials are those that heat cannot be used to soften or
remold into other shapes and include compounds like phenol-formaldehyde as well as Urea-
formaldehyde (Sukanto et al., 2021). Thermoplastics and thermosetting materials form 80% and
20% of total plastics used, respectively (Sukanto et al., 2021). In the environment, thermoplastics
are not readily biodegradable resulting in plastic litters persisting for long in the environment
(Teuten et al., 2009).

Plastic materials are widely preferred because they are cheap, light weight, easily made, strong,
adaptable, economical and requires minimal energy to yield than different materials like glass or
metal (Andrady and Neal, 2009). Platics can be processed to acquire various characteristics in
terms of durability, resistance, corrosion, and thermal & electrical conductivity (North and
Halden, 2013). Global concern about plastic is motivated by the adverse impact of these

materials on the environment and human health.

The benefits accrued from plastics contributed to the production bloom of various plastic
products in the 21% century (North and Halden, 2013). Disposable syringes, intravenous bags,
sterile packaging for medical equipment, joint replacements, and tissue engineering are just a
few examples of the wide range of plastics applications in the field of health. Non medical
applications include in transport, building, agriculture, information technology, packaging

materials for water, food, drink and other goods (Andrady and Neal, 2009).

Tanks used in water supply systems and other forms of storage are frequently made of plastic.

They are also frequently used in cars and airplanes to substitute metals (Fan and Njuguna, 2016).
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Plastic materials are widely applied in protective clothing as well as safety equipment such as
fireproof, helmets, and air bags that ensure people are protected from injury (Andrady and Neal,
2009).

Additionally, a lot of plastic is utilized to make prosthetics, throw away syringes, tubing and
blood bags (Andrady and Neal, 2009; Muncke, 2009). Wide application of plastics in production
of disposable plastic items such as latex gloves, intravenous bags, dialysis tubes has been linked
to their inexpensive nature, safety of patients and time saving by overall elimation of sterilization
process (Muncke, 2009).

1.3 Plastic pollution

The accumulation of plastic materials within the environment is referred to as plastic pollution
and it causes adverse effects on wildlife and human health (Thompson et al., 2009). Plastic
wastes are among the greatest sources of global marine pollution (Rebolledo et al., 2013). When
microplastics wash down the drain, they pollute the environment by spreading far across the
ocean (Alimba and Faggio, 2019). Diverse sources of microplastics include runoffs from
agriculture, aquaculture, cruise ships, dumping in the oceans, storm water, industries such as
shipping and fishing, runoffs from urban centers, as well as general waste management
(Thompson et al., 2009).

Plastic pollution occurs in diverse forms which include littering, marine debris, plastic particles
and plastic netting (Brate et al., 2017). Debris can be explained as waste originating from man
activities that are released into the waterways, sea, ocean or lake (Rebolledo et al., 2013). The
debris forms of plastics wastes that pollute environment are classified into three: micro-, meso-,
and macro debris (Thompson et al., 2009). According to Claessens et al. (2011), plastic debris
undergoes fragmentation at various environmental levels such as sea resulting in the formation of
microscopic particles of plastics that are referred to as ‘microplastics’. The buoyant, as well as
persistent properties of the microplastics, enables them to disperse widely across the marine

environment through hydrodynamic and ocean current processes.



1.4 Health and environmental effects of plastic wastes

Despite the clear usefulness of plastic materials, some ingredients used in the manufacture of the
materials are non-biodegradable, and toxic to human health and environment (Reddy et al., 2014;
North and Halden, 2013). The world is currently grappling with management of large amounts of

wastes in the environment since only a small portion is recycled (Andrady and Neal, 2009).

Plastic materials pose twofold challenges in terms of production and disposal (Thompson et al.,
2009). The growth witnessed in plastic production and consumption globally pose environmental
and health threats especially to developing countries, that often lack adequate plastic
management facilities, leading to dispose of such materials in the open environment (Teuten et
al., 2009). In addition, to the negative impact that plastic production and disposal have on the
environment, there are also several health threats connected to the use of this material
(Thompson et al., 2009). In most instances, plastics are used in a mixture with other products
like resins used as additives for enhancing performance, but enventually contribute to
environmental pollution (Teuten et al., 2009). This happens when plastics release compounds
used in the manufacture of plastic materials (Siddique et al., 2008). Environmental pollution
through the leaching of chemicals from plastic materials into food, beverages, air, soil in addition
to water has currently emerged as an area of concern (Siddique et al., 2008). The greatest health
concern relating to the usage of plastic is the chemical migration that can occur amid plastic
packaging and its content, allowing these toxic additives to leak and contaminate the packaged
products (Muncke, 2009). The leached compounds include BPA and polybrominated diphenyl
ether (Hahladakis et al., 2018). The use of plasticizers as an additive renders the material
flexible, fire resistant and UV stable to prevent degradation when exposed to sunlight
(Hahladakis et al., 2018). Phthalate plasticizers such as 1,2-benzenedioic acid or phthalic acid
are used to enhance plasticity of industrial polymers (Meeker et al., 2009) for industrial and
commercial products. Phthalic esters are key in production of flexible vinyl plastics that are
employed as chemical additives in gel capsules, cosmetics and self-care products (Hahladakis et
al., 2018). Phthalates are also widely found in various medical devices, automobile materials,
materials used in floors of buildings, computer materials, perfumes and cosmetics (Meeker et
al., 2009).



The production of epoxy resins, as well as polycarbonate plastics products uses BPA as the main
chemical agent. The chemical agent is equally used in the production of the water bottle, as
coating for various dental sealants, in food or beverage containers, as well as linings cans used
for food packaging (Mikotajewska et al., 2015). Diverse effects on health like obesity and heart
disease have been linked to exposure to BPA (Muncke, 2009). In general, higher health effects
concerns have been raised in infants and young children exposed to BPA. This has been
associated with their undeveloped body systems to remove toxins from their bodies (Vanderberg
et al., 2007). Barraza (2013) asserts the overall need of developing regulatory actions to protect
the general public health as well as vulnerable individuals such as fetuses, infants, as well as
children from the listed negative outcomes of exposure to BPA.

DBP is a significant chemical additive in special paints as well as in adhesives (Meeker et al.,
2009). DBP is known to be a teratogenic compound to various aquatic organisms (Howdeshell et
al., 2007). The toxic properties of DBP are due to it’s high rate of bioaccumulation that ranges
between 100 and 3000 mg/L in diverse organisms raises more concern (Xu et al., 2008). DBP is
a stable compound within natural environment and it’s half-life time was appraised to be around
twenty years (Du et al., 2015). Studies of biodegradation of DBP within fresh waters, marine
waters, sediments, wastewaters as well as sludge reported reduced degradation rate ranging from
a few days to months (Du et al., 2015). As a result, DBP is discharged into the natural habitat in
the course of production process as well as through disposal causing leaching from the disposed
plastic (Janjua et al., 2007). While these plasticizing agents impact beneficial properties,
leaching of phthalates out of products occurs easily and thus contaminating the external
environment. This is since they aren’t chemically bound to the plastic matrix or different

chemical formulations (Heudorf et al., 2007).

The epoxy resins, polycarbonate plastics production and brominated flame retardants use
Bisphenol A as one of the key compounds (Andrady and Neal, 2009). BPA functions as a
monomer rather than an additive in the manufacture of polycarbonate plastics that are in most
cases good for food as well as beverage contacts and other products (Tsai, 2006). Furthermore,
BPA has wide use in manufacturing transparent and hard polycarbonate plastics as well as strong
epoxy coatings including adhesives. They can be found in the linings of food cans, medical
equipment, compact discs, and packing bottles (Tsai, 2006). The principal human exposure to
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BPA is by mouth through ingestion of plastic packed foods, such as plastic bottles and the lining
of epoxy in metal cans of food and beverages (Le et al., 2008).

Many additives like BPA and phthalates are well-known to be toxic (Vandenberg et al., 2007).
Once the additives are released into the atmosphere, they have the general potential for long-
range transport, thus eventually entering the food chain (Fu and Kawamura, 2010). Their
repeated exposure to the environment has been proved to pose health threats to humans (Kabir et
al., 2015). The European Food Safety Authority (2018) established a Tolerable Daily Intake or
“TDI” for BPA of 4 micrograms per kg/day and a Specific Migration Limit or “SML” of 0.05
mg of BPA per kg of food ( Almeida et al., 2018). BPA compounds have all been detected in
humans and their effect on humans is established as disruption of the endocrine system (Kabir et
al., 2015). Endocrine disruptors are compounds that are known to mimic or antagonize the
activities of normal estrogens (Muncke, 2009). The compounds can alter the hormonal system
that is involved in several biological metabolisms thus producing huge health-related
complications (Kabir et al., 2015). The health problems include early puberty in the females,
reduced sperm levels of males, alteration of reproductive functions, and obesity (Kabir et al.,
2015). Moreover, health issues like alteration on gender behaviors, and increased risks of
acquiring cancers of different types such as breast, ovarian, testicular, and prostate cancers
(Thompson et al., 2009). In women, BPA mimics the hormone estrogen (Almeida et al., 2018).
Children and women who are at the productive age are most vulnerable to the hormone-
disrupting nature of BPA as explained by Vandenberg et al. (2007). The hormone disruption of
these compounds is not limited to humans only but to animals also (Rochman et al., 2013). The
animals affected by this hormonal disruption live within terrestrial, aquatic, and marine habitats
(Canesi and Fabbri, 2015). Once these chemicals enter the body through food packaging
materials or any other kind of plastic objects, they can interfere with the production of hormones
in the body (Gall and Thompson, 2015). Because of the diverse ecological and human health
associated with chemical pollution, countries are required to embrace sound management of
chemical substances. This can be done via Strategic Approach to International Chemicals
Management (SAICM) as well as various activities under Sustainable Development Goals

(SDG) 12 for sustainable production and consumption (Hub, 2019).



1.5 Statement of the problem

Plastic pollution has become global environmental challenge due to associated release of
hazardous compounds into the environment (Kabir et al., 2015; Thompson et al., 2009). The
extensive use of plastics that are disposable in delivering products that are used once like bottled
water, wrappers, and disposable cups has led to environmental pollution due to the leftover of
plastics. Measurable levels of BPA, as well as phthalate, have been recorded in the urine (North
and Halden, 2013). Disposal of plastic wastes is a major cause for environmental concern, with
its potential to release chemical contaminants that are carcinogenic to humans, causing birth
defects, suppression of the immune system, and endocrine disruption (Kabir et al., 2015).
Likewise, whenever plastic materials are dumped into marine environments, several species of
organisms are harmed due to entanglement and ingestion of plastic litter (Nelms et al., 2016).
Consequently, this study seeks to determine concentrations of BPA and DBP in soil, sediment,
sea weeds and water along coastal beaches of Kenya to minimize plastic pollution in our

environment.

1.6 Objectives

1.6.1 Main objective

To determine the impact of plastic pollution on the levels of BPA and DBP along the coastal

Beaches of Kenya.

1.6.2 Specific objectives

1. To determine levels of selected water physical-chemical parameters, pH, EC and
temperature, in the wet and dry seasons from the selected coastal Beaches.

2. To determine the residue levels of DBP in the water, soil, sediment and weeds in wet and
dry seasons from the selected coastal Beaches of Pirate, Mombasa, Kilifi, Malindi, Sabaki,
Sabaki River mouth and Sabaki River.

3. To determine the BPA residue levels in water, soil, sediment and sea weeds in wet and dry
seasons from the selected coastal Beaches.



4. To determine the effects of seasonal changes on the levels of DBP and BPA in water, soil,
sediments and sea weed samples from coastal Beaches.

1.7 Justification of the study

Poor management of plastic wastes lead to unwanted exposure to endocrine-disrupting chemicals
such as Bisphenol A as well as Di-butyl phthalate to humans and the environment (Aurah, 2013).
As such, related concerns regarding health effects of BPA has made several producers substitute
BPA with alternatives like bisphenol S (BPS) as well as diphenyl sulfone. Nonetheless, health
issues regarding the substitutes has equally been brought up (Hahladakis et al., 2018). Major
toxic pollutants are contained within plastic materials thus giving it the potential ability to pollute
the air, water, and land that in the long run affects the food chain (Teuten et al., 2009). Toxic
chemicals such as Phthalates and BPA leaching out of plastics are very harmful to both human
health and wildlife since they are used in food and beverages packaging (Meeker et al., 2009).
Both BPA and DBP can harm human health by changing the endocrine functions as well as other
biological mechanisms (Kabir et al., 2015) hence continuous evaluation of toxicity levels is very
vital. Since plastic materials are rich in these DBP and BPA chemicals, there is a need to know
how much of these chemicals are emanating from plastics into the water, soil, sediment and sea
weeds.

United Nations member SDGs adapted in 2015 recognize ending poverty with strategies that
improve human health, boost economic growth whereas addressing climate change besides
aiming to preserve our oceans together with our environment at large. In addition to Vision 2030,
the African Agenda 2063 recognizes that inclusive growth and sustainable development are
essential to protecting the environment, including the marine and terrestrial resources from

plastic wastes (Kauzya, 2020).

The data acquired from this research gives indicative information on the levels of BPA and DBP
in our Kenyan marine environs and this will educate industries and the public to prioritize sound
environmental management in plastic production, disposal, recycling, and ensuring clean
production for waste minimization. It will also guide the Policy makers to set regular
environmental monitoring programs, mitigating strategies of minimizing the contaminants and

come up with workable adaptation strategies and appropriate policies for sustainability.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Effect of plastic pollution on environment

The major concerns of governments around the world regarding plastic materials are focused on
accumulation of plastic wastes in the environment which causes adverse effects on wildlife and
humans (Reddy et al., 2014). Diverse types of chemicals are in plastic materials depends on the
type of plastic (Hahladakis et al., 2018). Some of the chemicals used in the production of plastic
materials can be absorbed by a human being through the skin (Tsai, 2006). Exposure to plastic
additives such as BPA together with Di-butyl phthalates may alter endocrine activity, disrupt
reproductive system and fetal development through several biological mechanisms (Meeker et
al., 2009). In addition, large marine animals have been found to suffer severe consequences as a
result of contamination from plastic products. (Muncke, 2009), disrupting the food chain for
humans (Reddy et al., 2014). Plastic materials that enter the oceans as waste may leach
Bisphenol A and other toxic compounds into the waters (Rebolledo et al., 2013).

Application of plastic materials has enabled innovation in several other industrial sectors through
development of new materials and products (Andrady and Neal, 2009). This is due to the
versatility, lightweight, flexibility, high tensile strength, and moisture resistance of plastic
materials as well as low costs associated with plastics. Whenever the plastics have been used, the
materials can be easily repaired or reused (Hopewell et al., 2009). However, in the long run, they
form waste which is considered a new resource and needs to be placed in the general life cycle of
plastics again. On the contrary, large quantities of plastic materials such as disposable cups and
packaging materials, and other plastic products are produced for one-time use (Hopewell et al.,
2009). These are thrown away permanently through out the year leading to large scale

accumulation of environmental and health hazards.



2.2 Significant routes via which plastic waste can harm wildlife

The three main ways that wildlife may be harmed by plastic litter are entanglement, ingestion

and interaction.

2.2.1 Entanglement

Entanglement involves entrapping, encircling of animals living within marine environments by
plastic debris (Gall and Thompson, 2015). 344 cases of entanglement of marine animals were
reported in 2016 (Nelms et al., 2016) including the turtles in the marine environs, seal species,
whales and seabirds species. Furthermore, 89 fish species, as well as 92 species of invertebrates,
have also been reported in cases of entanglement (Gall and Thompson, 2015). Plastic ropes and
netting, as well as abandoned finishing gears constitute the majority of entanglement cases.
Entanglement by other plastic types such as packaging plastics have also been reported (Meeker
et al., 2009).

2.2.2 Ingestion

Ingestion of plastic materials has been reported to occur directly through intentional or
unintentional uptake of plastic materials (Rochman et al., 2013). It can also occur indirectly by
ingestion of various species that contain plastic materials. Research has shown that indirect
ingestion has been reported for at least 233 marine species (Rochman et al., 2013). Plastic debris
is known to litter aquatic habitats universally, most of what is defined as microscopic (< 1 mm)

and a wide variety of species consume it (Thompson et al., 2009).

Risks that are associated with such small fragments are known to leach from product itself
besides being sorbed to it from chemical pollutants from the neighborhood (Rochman et al.,
2013). However, hazards that are linked to the plastic compound mixture including concentrated

contaminants are generally unidentified.

Fish fed on virgin polyethylene fragments in studies showed evidence of stress, however the
levels were lower than for fish fed on marine polyethylene fragments (Nelms et al., 2016). The
result provides data that can be used as guides with regard to the bio-accumulation of chemicals
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and associated health problems from fish ingesting plastics. Moreover, future evaluations ought
to assess the general complex mixture of the plastic materials coupled with related chemical
contaminants (Rochman et al., 2013). Effects of ingestion of plastic materials have several
impacts on the health of all organisms that include: obstruction or perforation of the gut, causing
ulcerative lesions, or rapture of the gastric duct thus leading to death thereafter (Nelms et al.,
2016). Biochemical responses to the ingestion of plastic materials have also been observed in
laboratory where oxidative stress, metabolic disruptions, the lowered enzymatic activity and

cellular necrosis were reported (Rochman et al., 2013).

2.2.3 Interaction

The contact with plastic debris excluding entanglement is defined as interaction in view of the
pathway of plastics to the environment (Law, 2017). This includes collisions, obstructions,
abrasions, as well as plastic use as substrates and may result in multiple scenarios which can
have an impact on organisms (Gall and Thompson, 2015). Abrasion has been linked to the use of
fishing gears damaging the coral reef ecosystems upon impact (Reddy et al., 2014). Plastics can
interfere with ecosystem structures through the substrate and plastic interaction. This can further
have an impact on light penetration, availability of organic matter and exchange of oxygen in the

ecosystem (Gall and Thompson, 2015).

2.3 The effects of water pH, electrical conductivity (EC) and temperature on ecosystem

In general, physical-chemical indicators offer information on various issues that impact the
ecosystem. For instance, specific factors that affect dissolved oxygen include organic waste and
some types of toxicants (Patil et al., 2012). Several parameters such as pH, EC and temperature
analysis are important and each of their obtained values should be compared with the set
standard guidelines by the World Health Organization (WHO, 2006), United States
Environmental Protection Agency (USEPA, 2006) and the Government of Kenya (GoK, 2006) to

determine whether the water quality meets the safe limits.

The base ten negative logarithm of the hydrogen ion concentration is used to express the pH
(Talling, 2010). It indicates the strength of a solution that is acidic or basic. Water's pH level
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indicates how acidic or basic it is. In water, pH is used as a significant measurement in the
general determination of water quality. As reported by Marion et al. (2011), the pH of any given
water body does affect the life of an organism that lives in the said water. For instance, a change
in pH within a stream can thus indicate a general increase in pollution or some other diverse

environmental factors.

To be more specific, acidic water has more hydrogen ions (H*), whereas basic water contains
more hydroxyl (OH ) ions (Sérensen, 2013). The pH of any given solution varies from 0 to 14.
A pH of 7 indicates neutrality; anything below or above that level indicates acidity or basicity,
respectively (Song et al., 2018). While usual rainfall water has a pH of about 5.6, which is
somewhat acidic due to ambient carbon dioxide gas, pure water is known to have a neutral pH of
7.0 at 25 °C (Nafae et al., 2019). The pH range of safe drinking water for residential use and the
requirements of living things is between 6.5 and 8.5 (Islam et al., 2017). Pollution can adjust the
water pH hence harm plants and animals living in water (Bhateria and Jain, 2016). Aquatic
plants and animals in large numbers have adapted to living in water with a specific pH and may
suffer from a small pH adjustment. (Flynn et al., 2012). Low pH levels affect the ability of

organisms to incorporate calcium carbonate (Nafae et al., 2019).

According to Omer (2019), the ability of a solution to carry an electric current by its ions is
known as the electric conductivity (EC) of water. Any given solution’s electric conductivity rises
as its ion concentration does and vice versa. Drinking water has a conductivity of 0 to 1,500
uS/cm, while normal sea water has a conductivity of around 50,000 uS/cm (Omer, 2019).
Temperature influences diverse properties such as palatability, viscosity, solubility, odors as well
as chemical reactions. Subsequently, processes such as sedimentation, chlorination and
biological oxygen demand (BOD) are reliant on temperature (Omer, 2019).

2.3.1 Effects of temperature on DBP
Leaching of phthalates out of products occurs easily and thus contaminating the external

environment. This is because they aren’t bound chemically to the plastic matrix or different

chemical formulations (Heudorf et al., 2007). Certainly, environmental pollution through the
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leaching of chemicals from plastic materials into food, beverages, air, soil in addition to water

has currently emerged as an area of concern.

2.3.2 Effects of temperature on BPA

According to Le et al. (2008), the rate of BPA migration increased by exposure to boiling water
having a temperature of 100 °C. The leaching rate of BPA from plastic materials is increased by
heating, elevated pH and washing repeatedly (Shrinithivihahshini et al., 2014). Due to plastics
use in kitchens and storage facilities for food or beverages, toxic compounds like BPA leaching
that result from plastics are extremely detrimental to both human health and wildlife (Meeker et
al., 2009).

2.3.3 Soil and sediment characterization

Soil and sediments characterization is essential to classify and determine physical-chemical
properties of soil and sediments. According to Jin et al. (2015), different soils and sediments

have different pH, organic matter, micro and macro-nutrients.

Any plant or animal remains that are returned to the soil and undergo the decomposition process
are considered organic matter, a natural source from which plants obtain nutrients (Brevik,
2010). All organic material contains carbon (C), but it also contains other elements such as
nitrogen (N), phosphorous (P), sulphur (S), potassium (K), magnesium (Mg), calcium (Ca), and
other micronutrients like zinc (Zn) and copper (Cu). The physical-chemical characteristics of soil
and its general health are impacted by soil organic matter, which is a byproduct of on-site
biological decomposition (Jin et al., 2015). Organic matter in soil and sediment is influenced by
moisture, temperature, the physical and chemical composition of the soil and sediment, as well

as water leaching.

According to Jin et al. (2015), sorption of BPA and DBP to soil and sediments is highly
dependent on organic matter concentrations. BPA has a pKa of 10.29 which results in increased
sorption at a reduced pH values and greater solubility or desorption at pH values nearer to pKa.
Low pH and high organic matter content with the presence of plastic wastes creates a favorable

environment for BPA release in to the soil.
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Soil degradation presents a major challenge on human wellbeing and the environment
worldwide. A considerable deterioration in soil quality has occurred globally due to negative
changes in soil physical, chemical and biological features and pollution by inorganic and organic
pollutants. Some physical-chemical indicators of a change in soil quality include organic matter,
nutrient availability/retention capacity and pH (Zotica et al., 2020). According to Wu et al.
(2018), increment of organic matter may increase adsorption of DBP/BPA in soils and thus
influence its bio-accumulation and transformation in soils. Presence of microplastics changes the
physical properties of soils like water-holding capacity, soil bulk density as well as soil fertility
(Zhang et al., 2020).

2.4 Bisphenol A

Chemically, BPA is an organic artificial substance having a chemical formulae of
(CH3),C(CgH4OH), as shown by Figure 2.1 below (Krishnan et al., 2019) . BPA is further
classified under bisphenols and derivatives of di-phenylmethane that have two hydroxyphenyl
groups as substituents (Testai et al., 2016). The compound is a solid which is colorless and
soluble in solvents that are organic such as ethanol and alkalis according to Almeida et al.
(2018), while solubility in water is 120-300 mg/L at 25°C (Corrales et al., 2015). The condensed
molecular formulae of BPA is CisHi0, and its IUPAC name is 4,4'-(propane-2,2- diyl)
diphenol. BPA has a molar mass of 228.287 g/mol and melting point of 153 °C (Corrales et al.,
2015).

OH OH

H3C CH3

Figure 2.1: Chemical structure of Bisphenol A
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2.4.1 Uses of Bisphenol A

BPA as a chemical agent has various uses. It’s utilized in the overall manufacturing of epoxy
resins together with polycarbonate plastic products. Moreover, BPA is used to manufacture water
bottles, dental sealants, food or beverage container coatings as well as lining for canned foods
(Le et al., 2008). According to Almeida et al. (2018), BPA is a chemical compound that mimics
the action of the human hormone estrogen and it leaches from polycarbonate plastics. It is used
in most cases as a monomer in manufacturing polycarbonate plastics majorly due to its known
environmental estrogen nature (Kabir et al., 2015). Likewise, it is used as a part of linings in
majority of food and beverage cans as well as dental fillings (Vandenberg et al., 2007). BPA
further functions as an additive in many extensively utilized produce of plastics consumed
worldwide (Geens et al., 2011).

2.4.2 Global production of Bisphenol A

Globally, BPA is among chemicals that are produced in large volumes (Birnbaum et al., 2012).
In 2003, the mass production capacity of BPA was 2,214,000 metric tons which are greater than

6.4 billion representing between six and ten percent demand annually (Birnbaum et al., 2012).

BPA is a chemical compound that is synthesized by condensing acetone and two equals of
phenol, catalyzing the chemical reaction with a strong acid (Figure 2.2), for example, sulfonated
polystyrene resin or hydrochloric acid (Geens et al., 2011). In Industrial processes, excessive
phenol is used in overall manufacture thus ensuring complete condensation; the product mixture
of Bisphenol A and phosgene (COCI, ) may also be used to prepare polycarbonate (Figure 2.3)

as starting material (Hammad, 2015).

HsC.__CHs

H3C CH3 H+
O QL
HO O OH H,0 HO OH

(Shimizu et al., 2010)
Figure 2.2: Synthesis of Bisphenol A from acetone and phenol
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(Hidaka et al., 2009)

Figure 2.3: Reaction of Bisphenol A and phosgene to form polycarbonate

Widespread exposure to BPA among humans has been due to its ester bonds in its polymer
structure having the ability to hydrolyze thus causing leaching (Tsai, 2006). Hydrolysis of the
ester bonds that links the BPA molecules in polycarbonates as well as in resins is accelerated by
heat and contacts of either acidic or basic compounds (Nugroho et al., 2019). This is evident
when cans are repeatedly washed with acidic solutions and heated in order to sterilize them, the
hydrolysis of the ester bond in polycarbonate is accelerated. Consequently, the rate of BPA
molecules leaching has been reported (Vandenberg et al., 2007). The major sinks for BPA are
river and lakes as has been seen in many other chemicals (Canesi and Fabbri, 2015). This
accounts for the high quantity of estrogenic activities that arise from leaching from landfills into

various immediate ecosystems (Birnbaum et al., 2012).

2.4.3 Sources of Bisphenol A

The BPA products come from both pre- and post-consumer sources. Pre-consumers include the
direct release of BPA from plastics containing these compounds and shipping BPA. On the other
hand, Post-consumer leaching is from wastes resulting from ocean dumping, municipal waste
disposal, poorly managed landfills and inadequate waste material recycling techniques
(Birnbaum et al., 2012). The point sources of BPA within the environment are sewage effluents
and leaches from the landfill (Vandenberg et al., 2007). On the other hand, non- point sources
include fragmentation of epoxy resins and debris of polycarbonate plastic products that are
washed through runoffs creating huge challenges (Vandenberg et al., 2007). The leaching of
BPA molecules can occur in the event polycarbonate plastic products are exposed to heat
(Nugroho et al., 2019). Despite the ability of BPA to degrade easily in an environment rich in

microbes, the presence of fragments as polycarbonates guarantee the creation of a non-point
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source of leaching (Le et al., 2008). This ensures the slow leaching of synthetic polymers that
make the majority of debris that are anthropogenic within watersheds as well as in marine

environments (Erni-Cassola et al., 2019).

According to Tsai (2006), consuming contaminated foods and beverages that have come into
touch with epoxy resins or polycarbonate plastics is the main way that humans get exposed to
BPA. A study by Le et al. (2008) analyzing the amount of BPA that migrated into high-quality,
new and used polycarbonate bottles of stored water at various temperatures and throughout
varied periods of bottle-to-water contact discovered that BPA migration increased with sample
temperature. The content of BPA was higher in instances of longer contact time (Le et al., 2008)
and BPA migrated from the polycarbonate bottles at the rates of between 0.20 to 0.79 ng on an
hourly basis, and was independent of bottle used at room temperature (Le et al., 2008). The rate
of BPA migration increased to 55 fold by exposure to boiling water having a temperature of 100
°C (Le et al., 2008).

The entirety of human exposure to BPA is incompletely defined even though people living in
industrialized areas get exposed on daily basis (Geens et al., 2011). However, assessment of
exposure to BPA through bottles made of polycarbonates as well as cans of both food and
beverages made of epoxy resins has been made (Geens et al., 2011). Nevertheless, the exposures
lack sufficient explanations through dietary pathways (Geens et al., 2011).

BPA is used in containers made of plastic as well as epoxy-based linings of canned food
containers (Almeida et al., 2018). However, as reported by Vandenberg et al. (2007), because of
the hazardous effects on the human being, the compound-BPA, is no longer used in baby bottles.
Humans are primarily exposed to BPA through food contamination arising from polycarbonate
bottles as well as cans that are coated with epoxy resins (Le et al., 2008). The compound is still
used in several containers moreso in epoxy-based lining canned foods thus giving protection
from pathogens (Le et al., 2008). Nonetheless, the compound may find its way into food since it
is in direct contact with food thus into the human body (Mustieles et al., 2015). Conversely, a
discrepancy exists between assessments on exposure to human-based on bio-monitoring data and

that based on food or drink concentrations (Hays and Aylward, 2009).
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Several studies reviewed have as well shown significance of non-food sources (Thompson et al.,
2009). Besides the polymerization use of BPA in polycarbonates and epoxy manufacture, BPA
can also be used as an additive that can easily be released (North and Halden, 2013). Scientific
evidence has been provided by several studies showing BPA sources from dermal sealant
absorption (Vandenberg et al., 2007). For example, from BPA thermal receipt papers (Liao and
Kannan, 2011). The application of BPA as a polymer necessitates further investigations to
determine quantities of BPA present including factors that affect its release as well as a possible
epidermic or non-dermic exposures arising from the listed sources (Bach et al., 2013). The
sources of BPA compounds in our environs have not all been established necessitating further
studies to identify the unexpected sources.

BPA is released during the manufacture of polycarbonates or epoxy resins and from several other
products as well as their disposals within the landfills following their use (Vandenberg et al.,
2007). In the process of manufacturing, traces of BPA are continuously released directly into the
receiving water bodies in addition to the atmosphere via various discharges from the facilities of
production (Erni-Cassola et al., 2019). The release of BPA could also occur indirectly in the
process of handling the compound when being used in the manufacture of different commercial
products (Geens et al., 2011).

2.4.4 Health effects of Bisphenol A

BPA is commonly known as an endocrine-disrupting chemical (EDC) (Kabir et al., 2015).
Obesity and heart disease are only a couple of the numerous, diverse adverse health outcomes
linked to BPA exposure (Tsai, 2006). Due to their underdeveloped biological systems for
removing poisons from their bodies, infants and young children are subject to extensive long-
term effects of BPA exposure. (Barraza, 2013). BPA has shown clear roles in the pathogenesis of
several disorders related to the endocrine system (Careghini et al., 2015). These disorders
include infertility for both males and females, tumors reliant on hormones, and other diseases
associated with a metabolism like polycystic ovary syndrome (Vandenberg et al., 2007). Studies
on epidemiology show that exposure to endocrine-disrupting chemicals (EDCs) that are
produced in large volumes such as BPA and DBP are ubiquitous (Fu and Kawamura, 2010).

BPA exposure links towards the development of allergy, asthma as well as dysfunctions have
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been studied in various forms namely Vitro, Vivo, and cohort studies of humans (Robinson and
Miller, 2015).

BPA molecules are known to bind themselves to the cell membrane of estrogen receptors (Kabir
et al., 2015). When in high levels of concentration within humans, BPA interacts with the
thyroid receptor via simulating the androgen receptor (Geens et al., 2009). BPA has been linked
to numerous health issues through studies of both humans and animals. The health issues include
infertility, gaining of weight, changes in behavior, early start of puberty, prostrate as well as
mammary gland cancers, diabetes, and effects related to cardiovascular problems (Birnbaum et
al., 2012).

2.4.5 Studies of BPA conducted globally

Various studies conducted in the world have shown varying levels of contamination by BPA
residues. According to Kabir et al. (2015), there is extensive exposure to BPA in the United
States. The study examined urine samples through the Centers for Disease Control and
Prevention (CDC) and discovered 95% of the analysed samples had measurable BPA levels.
The values had a mean of 1.3 ppb and varied from 0.4 ppb at the 10th percentile to 8 ppb at the
95th percentile. The levels reported in this study are consistent with those found in other
countries (Kabir et al., 2015).

Research done by Somm et al. (2009) on prenatal exposure of BPA on mice showed the diverse
effects on offsprings of mice. These included; enhanced puberty, increase in body weight,
alteration on the mammary gland, alteration on female genital tracts, alteration on structure as

well as the function of the ventral prostate in male mice as outlined by Somm et al. (2009).

Concentrations of unconjugated parent BPA molecule have also been reported in human tissues
and blood to vary from 0.1 to 10 ppb in urine (Vandenberg et al., 2007). Additionally, research
has revealed indications of BPA metabolism. The studies reviewed suggest that a significant
amount of BPA exposure to humans is continuous and through various sources. Studies have
reported the relationship that exists between BPA levels in blood and body fat in women. Low
amounts of BPA exposure have impacted several aspects of development and sexual health

(Vandenberg et al., 2007). Additionally, such exposure affects levels of the hormone in the
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blood, functions of the reproductive organs, fertility as well as immune functions (Robinson and
Miller, 2015). The effect is further extended to enzyme activity, the structure of the brain, the

chemistry of the brain, and general human behavior (Kabir et al., 2015).

Another study was conducted by the Food and Drug Administration (FDA) on BPA in the year
2010 as part of their mandate in exercising regulatory authority for consumer and medical
products that contain BPA (Barraza, 2013). The study supported earlier observations on BPA's
effects on the brain, behavior, and prostate gland of fetuses, newborns and children (FDA, 2012).
Furthermore, FDA found significant ambiguities in the research findings concerning BPA as
well as implications on the health of humans (FDA, 2012). The need for further research in
addressing these uncertainties was asserted by this study. For interim intervention, FDA outlined
the need for reducing human exposures to BPA through the use of reasonable steps, especially
among infants (Barraza, 2013). The European Chemicals Agency recommended after many
completed studies that BPA ought to be placed among substances of high concern to health due

to its endocrine disruption property (Kabir et al., 2015).

Use of BPA in products meant for babies especially bottles was banned in the year 2012 by Food
and Drug Administration (FDA) of the United States (Nugroho et al., 2019). Research conducted
in 2015 established that there are areas of concern on risk factors for endocrine-disrupting
substances plus BPA compounds in our environs (Kabir et al., 2015). The report further asserted
that such substance ought to be assessed continually and be regulated tightly. The Environmental
Protection Agency of the United States in the year 2010 reported more than one million pounds
of BPA residues were emitted into the environment every year (Birnbaum et al., 2012). The
study underscored that pre-consumer leaching mechanisms and post-consumer leaching
mechanisms are the two ways that BPA can be introduced into the environment. Post-consumer
BPA waste is known to occur as a result of the release of effluents from municipal wastewater
treatment facilities (Hahladakis et al., 2018). The wastes can further arise from pipes of irrigation
used in agriculture, trash of plastics born from oceans, indirect leaching from paper and plastics

among others (Erni-Cassola et al., 2019).

The present regulations on BPA have been found not to reach far enough. As such, extra

aggressive regulatory actions are required for the general protection of public health as well as
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individuals that are considered vulnerable like fetuses, infants, as well as children (Barraza,
2013).

2.5 Phthalates

Phthalate plasticizers consist of phthalate ester. In principle, they are defined as phthalate with a
given ester group as outlined by Meeker et al. (2009). Phthalates (Figure 2.4) are di-esters of
phthalic acid (1, 2-benzene dicarboxylic acid) (Guo et al., 2015).

O
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OR

@
Figure 2.4: General structure of phthalate (Hahladakis et al., 2018)

2.5.1 Uses of Di-butyl phthalate

DBP are chemicals that are used broadly in industrial productions such as plastics, personal care
products and solvents (Meeker et al., 2009). DBP is a colorless and odorless liquid produced by
reacting phthalic anhydride with the suitable alcohol. In production of plastics, they are utilized
as plasticizers, commonly known as softeners through addition to polyvinyl chloride (PVC)
products when making them (Arbneshi et al., 2021). Di-alkyl phthalate is broadly applied as
plasticizer in diverse resins, particularly PVC resins. In addition, DBP is a crucial add-on in
special paints and adhesives (Meeker et al., 2009). Likewise, they are added to personal care

products to enable the fragrances to last longer (Meeker et al., 2009).

DBP appears to be a more typical non-associated liquid (Kumar et al., 2017). It is generally
applied as additives to make-ups and skin care products (Guo et al., 2015) due to its oily texture
that makes skin feel soft and their capability to provide flexibility to thin films like in mascara
and nail polish (Guo et al., 2015).
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2.5.2 Plasticizers’ mode of action

Plasticizers are defined as polymer additives that play the role of increasing the flexibility,
elongation as well as easing processing of products. In general, by reducing the cohesive
intermolecular forces along the polymer chains, plasticizers increase the freedom of motion
proportionate to each chain and decrease the stiffness of the polymer (Erni-Cassola et al., 2019).
Plasticizers are known to be inert organic substances with high vapor pressures and boiling
temperatures. Among compounds, esters are frequently employed due to their positive physical
interactions with polymers that have high molecular weight thus forming homogenous physical
units (Carraher and Seymour, 2012). In the present times, di-2-Ethylhexyl phthalate (DEHP) and
DBP are the two common types that are used especially in PVC-related products in several
medical delivery systems as well as in making children toys (Arbneshi et al., 2021).

2.5.3 Global production of phthalates

Phthalates make up 90 percent of the plasticizer market (Yglesias, 2014). This has been a major
source of phthalates exposure for the last 50 years resulting in the general exposure of the world
population (Rajkumar et al., 2017). The majority of individuals are exposed to plasticized
plastics because of their ubiquity (Rodgers et al., 2014). According to USEPA (2006), the

production of phthalates is in high volumes yearly amounting to over 470 million pounds.

2.5.4 Di-butyl phthalate

DBP has a lower molecular weight of 278 g/mol according to Zhang et al. (2021), thus
reasonably soluble in water (Figure 2.5). It is known to be a colorless odorless liquid that is not
generally found in nature (Roy et al., 2017). Precisely, the chemical compound is mostly added
to hard plastics with the general purpose of making them soft. DBP molecular weight is rapidly
converted to Mono-butyl phthalate (MBP) in rat and human (Huang et al., 2018). The mono-

ester metabolite is believed to be a more toxic chemical (Lu et al., 2016).
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Figure 2.5: Chemical structure of DBP

2.5.5 Uses of Di-butyl phthalate

The major uses of DBP as PAEs is its wide use in the production process of plastics together
with cosmetics (Zhou et al., 2011). The compound is commonly used as an additive in cosmetics
as well as in skin care products due to its oily texture. The texture softens and gives them the
ability to add flexibility to thin films like mascara in addition to nail polish (Janjua et al., 2007).
What is more, Di-alkyl phthalates are equally used in a wide manner amongst plasticizers within
diverse resins especially PVC. DBP is equally significant add-on in cases of special paints as
well as adhesives (Ravikumar et al., 2012). It is mostly used in plastic products containing
nitrocellulose, polyvinyl acetate or polyvinyl (Stipek and Daoust, 2012). These plastics are used
to make most of our everyday products like paints, glue, hair spray, nail polish, skin emollient;

fingernail elongators and hair spray (Du et al., 2015).

2.5.6 Health effects of DBP

Functional effects of phthalates on health are different from BPA. Phthalates functions as anti-
androgens while BPA as estrogens ( Fénichel et al., 2019). DBP are known as ubiquitous
contaminants within soil thus largely influence general health of various organisms (Li et al.,
2016). Currently, the consequences of di-butyl phthalate exposure to human health are very
significant (Thompson et al., 2009). According to Swan (2008), the toxicity of DBP to humans is
centered on reproductive and respiratory systems typically asthma and allergies (Robinson and
Miller, 2015). However, the agents can also be involved in carcinogenesis as well as autism

spectrum disorders in humans ( Fénichel et al., 2019).
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The exposure of DBP to humans has also been found to link to several human health and
development problems such as the early start of puberty, interference with both male and female
reproductive tract development (Ahmad et al.,, 2014). Furthermore, the exposure causes
problems such as tampering with the normal functioning of hormonal system, defects in
reproduction including genitals, low testosterone levels and low sperm count issues in
adolescents (Swan, 2008).

In animals, DBP adversely affects the male reproductive system (Zhu et al., 2009). Once
exposed, the DBP are quickly metabolized and then excreted within the urine and faeces (Zhu et
al., 2009). Another key health effect of DBP is the ability to function as an endocrine disruptor
although in a weak manner and androgen blocking (Erkekoglu and Kocer-Gumusel, 2016). Once
absorbed in the body, DBP may mimic or block the female hormones or they can function to

suppress those hormones that are linked with male sexual development (Meeker et al., 2009).

2.5.7 Sources of Di-butyl phthalates

Phthalic acid esters (PAEs), which are important organic compounds, have been utilized in
several plastic polymers due to their ability to increase the plasticity of the said materials (Wang
et al., 2021). The US Environmental Protection Agency (USEPA, 1991) and the China National
Environmental Monitoring Center have already categorized PAESs as prime environmental
contaminants (Wang et al., 2016). DBP is a key compound utilized in the process of production
of plastics as well as cosmetics. The compound is known to a ubiquitous environmental

contaminant because of its occurrence in air, water as well as soil globally (Janjua et al., 2007).

DBP is released into any given natural environment during the process of its manufacture, use,
disposal as well as leaching from various plastic materials (Hahladakis et al., 2018). DBP are
released to the environment easily because it does not persist for long in its parent materials.
Moreover, the compound is known to undergo rapid biodegradation, photo degradation as well
as anaerobic degradation (Net et al., 2015). There are multiples sources of DBP that are being
released into the environment. The sources include releases from industries, disposals resulting

from manufacturing processes, processing as well as industrial waste, municipal solid wastes,
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utilization of sewage sludge on land and DBP release from products that contain them
(Somashekar et al., 2015).

2.5.8 Routes of exposure to DBP

The potential pathways for exposure of plastic waste pollution in the environment are through
ingestion, inhalation among animals and humans, skin absorption since DBP are broadly utilized
in most personal care and consumer products (Weiss et al., 2018). After exposure, DBP undergo
rapid metabolism and are excreted in urine and feaces (Krais et al., 2018).

2.5.9 Di-butyl phthalates studies conducted globally

Eight phthalates are presently under the U.S. Environmental Protection Agency’s (EPA’s)
management plan. These comprise of; Di-butyl phthalate , di-isobutyl phthalate (DIBP), butyl
benzyl phthalate (BBP), di-n-pentyl phthalate (DnPP), di (2-Ethylhexyl) phthalate (DEHP), di-n-
octyl phthalate (DNOP), di-isononyl phthalate (DINP) and di-isodecyl phthalate (DIDP),
grounded on the lethality of phthalates, their ubiquity in the environment, frequent use, and
human exposure (USEPA, 2012). Through numerous research, different amounts of DBP residue
contamination in persons around the world have been reported (Cao, 2010). Studies of Di-butyl
phthalate biodegradation in freshwaters, marine waters, sediments, wastewaters as well as sludge
has been conducted. One such study found a low rate of degradation that might last anywhere
from a few days to a few months in some circumstances (Du et al., 2015). From a study done by
Chen et al. (2008) that examined urinary phthalate metabolites, it was observed that the general
public appears to be exposed to higher quantities of DBP compared to other forms of phthalates.
It has equally been established from research that, in animals like rabbits, low quantities of DBP
interfere with spermatogenesis and can lead to damages in the reproductive system, especially
during the intrauterine period. This is true in cases of frogs, where reduced testosterone levels in
fetal testes are a similarly reported consequence of utero exposure to DBP (Ji et al., 2014). A
study conducted in Mexico investigating the relationship between exposures of Di-butyl
phthalate and preterm births (Meeker et al., 2009) where comparisons were done in the third
trimester experimenting on urinary Di-butyl phthalate metabolite concentrations (Meeker et al.,
2009). The results showed that DBP exposure was relevant among thirty women who delivered
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preterm (Less than thirty-seven weeks of pregnancy) with thirty controls (37 and more weeks of
pregnancy) (Meeker et al., 2009). The study further found out that DBP can be associated with
premature birth (Meeker et al., 2009).

DBP have been found as significant environmental factors in the development of pathogenesis of
asthma from a study conducted in Taiwan (Tsai et al., 2012). Several epidemiological studies
have shown that there is a relationship that exist between phthalate exposure and asthma in
consideration of the last decade (Tsai et al., 2012). However, experimental studies have shown
adjuvant inflammatory responses relating to inflammatory cells that are known to have phthalate

exposure (Tsai et al., 2012).

2.6 Possible solution to plastic pollution

This study shall propose a possible solution that can be used to address plastic pollution geared
by the need to ensure plastics are useful even at the end of their first life thus establishing
sustainable options for managing such plastic waste (Hopewell et al., 2009). The proposed
solutions would thus include; encouraging recycling of plastic wastes, use of energy recovery
methods as complementary options for manufacturing, and ensuring deposits of recoverable
plastic wastes are restricted in landfills. Plasticizers as well as other additives leach from landfills
relative to the extent of diverse conditions like pH as well as organic contents (Thompson et al.,
2009). Nonetheless, there are efficient treatment approaches that have been established in some
countries relative to such contaminants (Teuten et al., 2009). In reducing the quantities of plastic
materials and particularly the plastic packaging materials, the 3R’s waste management approach
has been employed namely; reduce, reuse, as well as recycle (Satsangi, 2020). Opportunities
exist of reducing the usage of such raw materials by reusing them especially in the transportation
of goods on particular industrial crates as well as domestic ones (Thompson et al., 2009).

2.7 Recycling plastics

There are several advantages of recycling plastics due to their non-biodegradability since without
recycling they will pose high risks to both people and the environment. Consequently, recycling

plastics would ensure environmental problems are reduced and thus provide sustainable raw
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materials to the industries that manufacture plastic products (Hopewell et al., 2009). Moreover,
recycling of plastics ensures problems of the landfill are reduced thus minimizing the quantities
of plastics that are being taken in already diminishing sites of the landfill (Moh and Manaf,
2014). The process of recycling plastics makes use of less energy compared to the production of
plastics from original raw materials. The saved energy could be diverted into other energy
requirements of the country thus saving the economy (Ayodele et al., 2018).

In the normal production of plastics, raw materials are costly as well as the process taking much
time compared to the recycling process (Gu et al., 2017). Recycling plastic wastes can be
economically viable if it produces resources that can be used in the production of other products.
In the long run, the recycling of plastics will help in improving the country’s economy while
boosting the general standards of living of the people. This has been applied in various
developed countries because of the establishment of commercial-level resource recoveries

targeting plastic wastes (Kerdlap et al., 2019).

2.8 Gas chromatograph-mass spectrometry and its working principle

Gas chromatographic-mass spectrometric analysis is one of the precise and reproducible methods
for environmental analysis (GC-MS). GC-MS machine uses the (Gas Chromatograph) GC
component to separate chemical mixtures and identify the components at the molecular level
using the MS component. The method is considered one of the most accurate tools that are used
to analyze samples from the environment. The working principles of GC is on separation of
substances into individual components through heat (Maurer, 2013). The solutes in a solution as
well as volatile compounds in a gas are put in a mobile phase and passed over a selected

adsorbent material commonly referred to as the stationary phase.

The initial step in analyzing samples using GC is to provide high-purity gas as necessary. The
carrier gas is then introduced into the injector via the column and enters the detector. The sample
is then introduced into the injector which is prior heated to 150-250 °C. This causes the samples
which are volatile or solute to vaporize. The vaporized samples are then carried to a capillary
column of the GC via the carrier gas while maintaining the oven in a temperature-controlled

manner as explained by Asfaw et al. (2019).
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The solute molecules distribute themselves between the stationary and mobile phases upon
introduction into the column. Those molecules in the mobile phase are transported down along
the column while molecules in the stationary phase become temporarily immobile. In process of
molecules moving down the column, a collision occurs and they reenter the stationary phase.
Likewise, part of the solutes in the stationary phase leave and enter the mobile phase (Asfaw et
al., 2019). The process occurs repeatedly as molecules are transported and introduced into the
column. The molecules traveling through the column travel as sample band that is traveling in

the same rate and appearing as band molecules.

The rate of movement of each sample molecule within sample bands depends upon the structure
of compounds as well as the chemical structure of the stationary phase coupled with the
temperature of the column (Maurer, 2013). The operating condition of the column and its
dimensions affects the width of the column. Moreover, the retention time of molecules is
affected by hydrogen bonding and polarity between the analytes and stationary phase. The
retention time is the length of time it takes a solute to move through a column. This is assigned
mostly to the corresponding peak of solute. It measures the amount of time that a solute has spent
in the column. Principally, it estimates the time the solute molecule spends embedded in the
stationary phase and the time it takes traveling along with the mobile phase. Given compounds
will have the same retention time in the event operating conditions of the column and the column
itself are kept constant (Maurer, 2013). The peak size of molecules and retention times are

crucial in determining the quantity and for qualitative identification of analytes, respectively.

In elution stage of solutes, as they enter the heating detector, an electrical signal is generated and
sent depending on the solute interaction with the detector. Signal range is registered on a given
information system software such as Agilent’s ChemStation. A chromatogram is produced by
plotting the signal against time. The peak area shows the concentration of compound within the
sample. As the chemical concentration in the sample rises, the peak enlarges. However, a
compound's retention duration alone cannot be used to determine its identity. According to
Hermabessiere et al. (2018) retention times and peak areas of known authentic and pure samples

must be determined first through analysis to aid in the identification of related compounds. The
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results are used in comparing unknown compounds to check whether retention times are similar

thus determining identities and quantities through retention times and peak sizes.

Ideal chromatograms are expected to have closely spaced peaks that do not overlap also known
as co-elution. Co-elution does not allow one to measure peak sizes easily. Additionally, it does
not allow easy identification of peaks that have the same retention times. Once the substances are
separated, they flow into the MS. MS uses the mass of the analyte molecules to identify the
compounds. The MS uses a library of compounds that have different spectra masses to identify
the compounds (Stein, 2012).

2.9 Components of gas chromatograph-mass spectrometry

There are two major components of GC-MS namely; the Gas Chromatograph (GC) and a
detector. The detector has a mass spectrometer which is also known as Mass Selective Detector
(MSD). In Figure 2.6 below is a GC-MS component which is composed of carrier gas, injection
port, oven, and column. The carrier gas or mobile phase in Gas Chromatography is an
indispensable part of the machine. However, it is a limiting factor in separations. The means used
to move constituents along the column is carrier gas. The choice of carrier gas used is highly
restricted (McNair et al., 2019). An injection of 1 pL of the solvent containing the sample
molecules mixture is done through the injection port. The sample is further carried through an

inert gas such as helium.

The injection port is thereafter heated to approximately 300 °C thus converting the sample into a
gaseous form. The inlet systems are categorized into two types: Split and splitless injectors
(Stashenko and Martinez, 2014). GC has a specialized oven-like structure in the outer part. The
column is always heated to allow movement of molecules from a typical temperature between 40
°C and 320 °C. This column is well placed inside the oven. It is a thin tube that is made of a
specialized coating of polymer on the inside. The column aids in the traveling of chemical

molecules due to their different volatility.

The molecules with low volatility travel faster in the column (Rahman et al., 2015). Mass

spectrometry on the other hand contains three main components namely; the ion source, filter,
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and detector. The ion source helps in the production of gaseous ions from samples being
analyzed. Once through with GC, chemical pulses proceeds to Mass spectrometry. The samples
of molecules are then bombarded with electrons, which causes them to fragment and become
positively charged particles. This allows the particles to pass through the filter (Stashenko and
Martinez, 2014). The filter is also called the analyzer that is used in resolving ions thus
characterizing then according to mass components that is mass to charge ratio. The ions are
filtered via the movement through the electromagnetic field based on their mass. The filter
continually scans the variety of masses as they flow from the ion source (Vinaixa et al., 2016).
The detector then sums up the number of ions having a specific mass. The information collected
is then transmitted to a computer hence developing mass spectrum. The mass spectrum can be
defined as a chart showing the total number of ions with different masses that have traveled

through the analyzer (Vinaixa et al., 2016).

Lastly, the GC-MS must be connected to a computer. The computer is significant in controlling
the instrument, acquiring, and manipulating as well as compare all the spectra. The data
obtained throughout the analysis is stored on the software installed in the computers (Stashenko
and Martinez, 2014)Analysis of BPA and DBP in water, soil, sediment and sea weeds was
carried out with a gas chromatography (Agilent 6890N) connected to an autosampler (Agilent
7683 Series injector) and an MS detector.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Study design

The study was conducted on the coastal Beaches of Kenya; Pirate, Mombasa, Kilifi, Malindi,
Sabaki, Sabaki river mouth and Sabaki River sites in the wet and dry seasons, respectively, in
October 2018 and January 2019. These sites are from Mombasa County and Kilifi County in
Kenya. Malindi is the largest center in Kilifi County (12,610 km?) and it is located in the
northeast of Mombasa City, with a population of 119,859 people, while the Kilifi as a County
has got a population of 1,453,787 people. Mombasa is the country’s oldest, and 2" largest city
(294.7 km?2), with a population of 3,528,940 people (Kenya National Bureau of Statistics, 2019).
Mombasa is highly industrialized compared to Malindi and Kilifi, leading to higher
environmental impact. Mombasa is known to be one of the warmest regions in Kenya, with the
average daily temperatures of 31 °C. In Kilifi County's coastline region, the yearly mean
temperature ranges from 21 to 30 °C. At the coastal belt, annual average rainfall varies from
1,300 mm in the hinterland to 300 mm. Mombasa experiences a tropical wet and dry climate
where rainfall amount basically depends on the season.

Seven sampling sites; Pirate Beach, Mombasa Beach, Kilifi Beach, Malindi Beach, Sabaki
Beach, Sabaki River mouth (Table 3.1) were chosen along the Kenya coastal beaches and the
Sabaki River (Figure 3.1). A summary of the GPS locations of the sampling locations are given
in Table 3.1.
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Figure 3.1: Map of Kenyan coastal Beaches showing sampling locations
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Table 3.1: The altitude, coordination and human activities near the sampling sites

Site Local Altitude | GIS Position Human activities at the sampling sites

number | name (m)

1 Pirate 50 52°44'8.3256" | Recreational activities, tourism, playing
Beach E 20°13'8.0272" | 9ames, Hotel industries, boat riding

2 Mombasa | 17 52°44'8.3256" | Recreational activities, tourism, playing
Beach E40°13'8.2072" | 9ames, Hotel industries

3 Kilifi 15 53°31'29.802" | Recreational activities, tourism sandy
Beach E39°54'37 224" beaches and beach sporting activities

4 Malindi | 7 53°12'56.808" | Recreational activities, tourism, playing
Beach E40°7'34.4604" | Water sports, Hotel industries

5 Sabaki 200 53°9'57.934" Recreational activities, tourism sandy
Beach £39°8'44.194" beaches and beach sporting activities

6 Sabaki 5 53°9'47.3292" | Recreational activities, tourism sandy
River E40°8'50.046" beaches and beach sporting activities
mouth '

7 Sabaki 5 $3°8'50.892" Recreational activities, Fishing, herding,
River E4OO7'30 7164" farming, wildlife, tourism

3.2 Chemicals and reagents used

General Purpose Grade n-hexane, dichloromethane, acetone and HPLC grade iso-octane were

purchased from SCIELAB LTD, Nairobi. Before use, triple distillation was performed on the

general-purpose grade solvents. Analytical grade Aluminum oxide, anhydrous sodium sulphate,

sodium chloride, Dipotassium hydrogen phosphate, hydrochloric acid, sodium hydroxide and

silica gel were purchased from SCIELAB LTD, Nairobi. High purity nitrogen gas (99.999%)

purchased from Gas labs LTD, Nairobi was used for concentrating the extracted samples. High

purity helium gas (99.999%) N6 and white spot nitrogen were purchased from BOC Kenya LTD.

Distilled water used for solution preparations as well as rinsing glassware was provided by the

Department of Chemistry, University of Nairobi. Di-butyl Phthalate (purity >99%)

and

Bisphenol A (purity >99%) were supplied from Sigma Aldrich, U.S.A.
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3.3 Instruments and apparatus used

Analytical balance type A-160 from Fisher (SHIMADZU model ATX224) was used for all
weight measurements. Gallenkamp oven model OV 160 was used for drying of glassware.

Temperature, pH, TDS and electrical conductivity of samples were measured using; Scientific

HANNA instruments model HI 9812-5 portable pH /EC/TDS/ °C. Samples were preserved in a
refregirator and a deep freezer in the laboratory. Stuart scientific mini orbital shaker SO5 was

used to agitate the samples.

Beakers, glass vials (10 and 30 mL), auto-sampler vials 1.5 mL, conical flasks (25, 100, 250 and
1000) mL, Pasteur pipettes, desiccators, measuring cylinders and syringes for sample injection
(10, 25, 50, 100) puL were among the glasswares utilized in this study.

Agilent Series Gas chromatograph Hewlett Packard GC HP6890 equipped with a mass
spectrophotometer detector MSD 5973 inert and 7683 series injector was used for identification
and quantification of the DBP and BPA.

In this study, the Agilent 6890N's injector and detector temperatures were set at 250 °C and 300
°C, respectively. Helium served as the carrier gas, and the inlet temperature was set at 250 °C.
The injection mode was spit less while 1 mL per minute was the column flow rate. The initial
oven temperature was 80 °C, which was held for 2 minutes before being raised to 120 °C at a
rate of 8 °C/minute in under 5 minutes. This temperature was held for 12 minutes then ramped
up at 275 °C at an increased rate of 8 °C/minute. The column was a high-performance capillary
column with a film thickness of 0.25 m, an internal diameter of 0.25 mm and a length of 30 m.
Data of this experiment was processed using Chem-station software.

Extraction of DBP and BPA from sediment, sea weed and soil samples were done using a
soxhlet extractor while 2.0 L glass separatory funnel was used for DBP and BPA extraction
from water. For the cleanup process, a glass column with a 2 cm internal diameter and a 20 cm
length was used. Sample extracts were concentrated using a rotary evaporator from

LABCONCO, and the solvents were distilled using a fractional distiller.
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3.4 Sampling

3.4.1 Sampling plan

Sampling was done two times in October (2018) and January (2019). Samples collected in
October captured the short rain season, while the samples collected in January represented the
dry season. Using the grab method, water samples were obtained in 2.5 L amber glass bottles.
These amber bottles were pre-cleaned with clean, soapy water before being rinsed with distilled
water and oven dried at 105 °C. 100 g of activated sodium chloride was added to each sample for
preservation. This was followed by sealing of the bottles with activated aluminum foils, corking
and labeling appropriately. Finally, the samples were then transported in cooler boxes packed
with dry ice to laboratory. Once in laboratory, the samples were kept in a freezer at a temperature

of 4 °C prior extraction.

3.4.2 Monitoring plastic litter at the shoreline of the six sampling sites

Shoreline which is the interface between land and sea is important compartment for monitoring
because it’s where marine plastic litter is present in large quantities and closer to land-based
sources. Plastic litter items which included drinking water bottles, disposable caps, soft drink
bottles, bottle tops, straws, plastic papers, plastic plates, shoes, cigarette lighters among others
were collected from three points each measuring 20 m by 20 m at the shoreline where water

samples were collected. All plastic litter items were counted, weighed and recorded.

3.4.3 Collection of sediment samples

Sediment samples were scooped under water by use of a previously cleaned stainless steel scoop
from three points at the sampling sites where water samples were collected from and put on
activated aluminum foil. The compound samples scooped were homogenized extensively using
the stainless steel scoop onto a clean piece of aluminum foil. Thereafter, the 500 g representative
sample of the compound collected were enclosed in an activated aluminum foil, labeled clearly
then placed in zip-lock bags made of polyethylene, stored in an ice box, carried to the laboratory

and preserved in a freezer at -18 °C awaiting extraction.
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3.4.4 Collection of soil samples

Soil samples were scooped at the points adjacent to the same sites where water and sediment
samples were picked up. Soil samples were scooped 15 cm from the surface by use a previously
cleaned stainless steel scoop from three points and put on clean activated aluminum foil. The
compound samples were scooped then homogenized extensively using the scoop on a clean
aluminum foil. Then 500 g of the representative sample of the compound sample was enclosed in
aluminum foil, labeled clearly, placed in zip-lock bags made of polyethylene, stored in an ice

box, carried to the laboratory and preserved in a freezer at -18 °C awaiting extraction.

3.4.5 Collection of sea weed samples

Whole plant of sea weed samples were collected at the shoreline from the same sites where water
and sediment samples were sampled. Sea weed samples were collected using a previously
cleaned stainless steel scoop out of three points and put on the aluminum foil. The compound
samples collected was quartered to obtain a 500 g of the representative sample, wrapped in a
clean aluminum foil, labeled clearly, placed in zip-lock bags made of polyethylene, stored in an

ice box, carried to the laboratory and preserved in a freezer at -18 °C awaiting extraction.

3.5 Physical-chemical parameter determination

3.5.1 Determination of electrical conductivity of the water samples and pH of water, soil and

sediment samples

Utilizing Scientific Hanna apparatus model HI 9812-5 portable pH / EC / TDS / oC, which was
calibrated using buffers of pH 10.0, 7.0, and 4.0 before use, the pH of water samples was
determined. Meter reading was taken after thoroughly rinsing the electrode with distilled water
followed by immersion of the rinsed electrode in the water sample with the tip of the electrode in
water sample for a minute before a reading was recorded. By weighing 10 g of the sediment
sample and adding 25 mL of distilled water to create a 2:5 suspension of sediment and water, the

pH of the sediments was calculated. The combination was then shaken for five minutes in an
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orbital shaker, allowed to settle for thirty minutes and the pH was measured by immersing the

electrode into the suspension. Same procedure was followed for soil’s pH.

Electrical conductivity was measured using Scientific HANNA instruments model HI 9812-5

portable pH /EC/TDS/ °C which was calibrated before and electrode rinsed with distilled water

before every use.

3.5.2 Water temperature measurement

Water temperature measurement was measured in degree Celsius using HANNA portable meter

model HI 9812-5 pH /EC/ °C. Measurements were carried out directly by dipping the probe in

the water sample and temperature recorded.

3.5.3 Determination of organic content of soil and sediment samples

The moisture, ash, and organic matter of organic soils and sediments were measured using the
standard test technique ASTM D2974 in order to account for the presence of water in the soil
and to measure solely organic matter. The ash content and organic material of organic soils was
determined by igniting the oven-dried specimen as obtained from the water content
determination in a furnace at 440 + 40 °C. Sample quartering was done to obtain a representative
sample of about 300 g of soil and representative sample was reduced to obtain the test specimen
by quartering. 50.00 = 10 grams of test specimen was weighed and immediately placed in

separate tightly-sealed.

Mass of a container, M, fitted with a lid or a heavy-duty aluminum foil cover was recorded to
the nearest 0.01. The soil test specimen obtained was placed in the container, crushed with a
spatula to a thickness not exceeding 30 mm. The moist mass of the soil test specimen plus
container fitted with lid/cover, M¢ys was recorded to the nearest 0.01. Then the container was
placed in the oven and dried uncovered for a minimum of 16 hrs at 110+5 °C. It was removed
from the oven, covered tightly, and allowed the test specimen to cool in a desiccator to room
temperature. The mass of the oven-dried test soil specimen plus container with lid/cover, M¢gs

was recorded, to the nearest 0.01 keeping exposure to the room atmosphere to a minimum.
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The lid/cover was removed and placed the container with the test specimen in a furnace while
gradually bringing the temperature in the furnace to 440+40 °C. The specimen was considered
fully ashed once this temperature was attained and the container was left within for at least one
hour, then it was taken out of the furnace, the container's lid or cover was carefully replaced, and
placed in a desiccator. It was allowed to come to room temperature and the mass of the container
with lid/cover plus the ashed specimen, Mcss, was recorded to the nearest 0.01.

Water content, w, as a percentage of oven-dried mass was calculated using Equation (3.1) below:

W= T x100 = 2 T X 100 Equation (3.1)

x cds c

Where, w = water content, nearest 1 %, M,,= mass of water (My, = Mcns—Mcgs), nearest 0.01
grams, Mg = mass of oven-dried specimen (Ms = M¢gs—Mc), nearest 0.01 grams, Mcms = mass of
container with lid plus moist specimen, nearest 0.01 grams, Mg = mass of container with lid
plus oven-dried specimen, nearest 0.01 grams, M. = mass of container plus lid, nearest 0.01
grams.

The ash content was calculated using Equation (3.2) below:

A= % x 100 = Zeas e s 100 e ] Equation (3.2)

s cds c

Where, A.= ash content, nearest 0.1 %, M, = mass of ash (M, = Mg, - M), nearest 0.01 grams,
and Mcg,s = mass of container with lid plus ashed specimen, nearest 0.01 grams. The organic
material was calculated using Equation (3.3) below:

Om = 100 - Ap oo Equation (3.3)

Where, 0,,= organic material, nearest 0.1 % and the same procedure was followed for sediment

samples.

3.6 Preparation of reagents

1kg of anhydrous sodium sulphate (Na,SO,) was activated for 16 hours at 200 °C in a
Gallenkamp oven to eliminate all the impurities. Solvents used were fractionally distilled before
they were applied in the sample preparation. Buffer solution was made by adding 29.6 mL 0.2 M

HCI to 50 mL of 0.2 M dipotassium hydrogen phosphate.
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Preparation of 50 mL of 0.2 M K,;HPO, was done by weighing 1.7418 g of K;HPO, into a 50ml
volumetric flask, 0.2 N HCI in 500 mL was prepared by measuring 8.3 mL HCL into 500mL
volumetric flask, 0.1 N HCI in 500 mL was done by measuring 4.2 mL HCL into 500mL
volumetric flask, while the preparation of 0.1 N NaOH in 500 mL was done by weighing 2
grams NaOH into 500 mL volumetric flask and all were then topped up to the mark with distilled

water.

3.7 Extraction

3.7.1 DBP/BPA extraction from water samples

DBP and BPA analytes extraction from water samples was achieved by liquid-liquid extraction
method. 2.0 L of water sample was transferred into 3.0 L beaker and the pH of the water
samples taken and recorded. 50 mL of 0.2 M dipotassium hydrogen phosphate buffer was added
to the water samples and by putting in few drops of 0.1 M hydrochloric acid or 0.1 M sodium
hydroxide solutions, pH was set to 7. Then the neutral solution was transferred to 2.0 L
separating funnel and treated with 100 g of sodium chloride to salt out the analyte from the
aqueous phase to the organic phase. Shaking thoroughly and adding in 60 mL dichloromethane
followed. Further, the mixture was shaken gently at the same venting to release pressure then let
to stand for 30 minutes to increase separation of the bi-layers. The bottom part of the bi-layers
was then separated into a clean, dried 250 mL conical flask and extraction procedure was
replicated, each time using 60 mL dichloromethane. 2 to 10 grams of anhydrous Na,SO, were
added to the extracted organic layer to dry. 2 mL of isooctane was added as a keeper and
concentrated using rotary evaporator to 2 mL. The concentrated extracts were transferred into 4

mL vials and preserved in a refrigerator at 4 °C awaiting cleanup.

3.7.2 Extraction of DBP/BPA from soil, sediment and sea weed samples

The soil samples were thawed for about 6 hours and mixed thoroughly by grinding in a mortar
and pestle prior to weighing. 20 g triplicate samples were weighed, mixed with anhydrous
sodium sulphate and ground to a fine powder. The mixture was covered up with aluminum foil

and kept all night to dry. The samples were Soxhlet extracted with 200 mL of dichloromethane
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in 250 mL round bottomed flask for 16 hours in a Soxhlet extractor. 2 mL of iso-octane was then
added as a keeper and concentrated to 2 mL using rotary evaporator. The concentrated extracts
was then transfered into vials and preserved in a refrigerator at 4 °C awaiting cleanup process.

Same extraction procedure was employed for both sediment and sea weed samples.

3.7.3 Samples cleanup and fractionation

Cleanup of water, soil, sediments and sea weed samples extracts were conducted using
chromatographic columns filled with silica gel. Chromatographic columns 25 cm x 1.5 cm
diameter were each packed with 1cm Na,SO, (previously activated overnight at 200 °C) as the
bottom layer, 10 g of silica gel (previously activated overnight at 200 °C) followed by 1 cm of
the baked anhydrous Na,SO, at the top. The column was conditioned with 20 mL hexane and
eluent discarded. Each sample extracts was quantitatively introduced to the column and eluted
with 180 mL of n-hexane. Each sample extract was then transferred into a clean 250 mL round
bottomed flask and treated with 2 mL of isooctane as a keeper solvent before rotary evaporation
to 1 mL. Finally each extract was quantitatively transferred separately into a clean 1.5 mL auto-
sampler vial and reconcentrated to 0.5 mL by use of gentle stream of white spot nitrogen.

3.8 Quality assurance and quality control

Quality control and quality assurance involved matrix spiking for determination of recoveries,
analysis of blanks and control samples. Distilled water sample was spiked with target analytes
and extracted to determine extraction efficiency and method recoveries. Field and trip blanks
containing distilled water and anhydrous Na,SO, were integrated in the sampling plan to assist in
tracking transport and storage contamination. All samples were analysed in triplicate to verify
present analytes in the samples. Sample blanks and spiked samples were included in the sample
extraction and clean-up to verify method performance. Calibration of the instrument was done
using reference standards. A multi-level calibration curves were used to determine the

concentration of the analytes.
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3.9 Qualitative characteristics

Reference standards of Di-butyl phthalate and BPA were used in development of calibration
curves and spike recoveries. Working reference standard solutions ranging from 0.05 ppm to 100
ppm were prepared individually for each standard. Each working reference standard was from

the standard stock solution as in Equation (3.4) below.

1000 ppm X V2 - 100ppm x 10 Cm3 ........................................................................... Equation (3.4)

V,=1cm®

The standard curve of each calibration was a straight line correlation coefficient (R?) of above
0.99, which indicated good linearity. The concentration of analytes in the samples were obtained

using the regression.

3.10 Chromatograms

The chromatograms obtained from instrument were used to determine the analytes retention time
and peak areas. Standard calibration curves for BPA and DBP analysed were obtained for
retention time, identification and peak area for quantification. The retention time for BPA was
11.285 minutes while that for DBP was 8.321 minutes.

3.10.1 BPA and Di-butyl phthalate recovery levels

Percentage recovery which is the amount of original substance retained after the completion of
the reaction was calculated using Equation (3.5) below. The recovery of the spiked analyte was

carried out to check the efficiency of the method.

amountof substancerecovered on purification i
%recovery = — x100 ...l Equation (3.5)
Amountof substanceoriginally taken
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Percentage recovery tests for BPA and DBP in water, soil, sediment and weeds samples were
done by spiking with BPA and DBP standard solution for % recoveries.

3.11 Limits of detection and quantification of BPA and DBP

Limit of Detection (LOD) of any given compound is defined as the lowest analyte concentration
that an analytical procedure can dependably detect although not necessarily quantified as an
exact value. It’s the concentration that displays a peak (y) on the equipment which is separate
from the background signal. It is calculated as the analyte concentration giving a signal equal to
the blank signal Yg plus two standard deviations of the blank, Sg. The relationship is expressed
as Y-Yg =3Sg. The LOD of each (DBP and BPA) was computed on the basis of the minimum
concentration of the calibration standards introduced along with the correspondent noise signals
using the relationship adapted from Equation (3.6) below.

3 xNoise peak area xconcentration of standard injected (ng)

LOD =

v veeeen.....EQuation (3.6)

Analyte response in the lowest calibration point

LOQ of a machine does not only refer to the least quantity of analyte that analytical equipment
can constantly and reliably detect and measure but also addresses the point at which some
predefined objectives for imprecision and bias are attained. LOQ was calculated using Equation
(3.7) shown bleow.

LOQ = (LOD X 3) ittt et e e e e e e e e Equation (3.7)

3.12 Data analysis and interpretation

The quantitative data was processed and analyzed by Microsoft Excel and other computer
statistical packages while the Pearson correlations between the levels of DBP, BPA and residue
levels in water, soil, sediment and weed samples during dry and wet seasons were obtained using
Statistical Package for Social Sciences (SPSS 22). The data was analyzed with linear regression
method and external calibration curves. Results obtained were illustrated by the use of text,

graphs and statistical tables.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Water physical-chemical parameters

4.1.1 The pH, EC and temperature in dry and wet seasons from the selected coastal Beaches

pH, conductivity and temperature values of the samples were measured during the wet as well as
dry seasons and results were recorded in Table 4.1. The pH values within the seven sites varied
between 7.62+0.01 and 8.66+0.05 during wet season while that in dry season varied between
7.64+0.01 and 8.67+0.05 as shown in Table 4.1. The Kilifi Beach recorded the highest pH value
both in wet and dry seasons with 8.66+£0.05 and 8.67+0.05, respectively. pH increases with
increase in salinity until the water reaches calcium carbonate saturation. Ocean usually has a
high alkalinity value as a result of carbonate content hence have a greater ability to buffer free
hydrogen ions. Sabaki River recorded the lowest pH value in both wet and dry seasons with
7.62+0.01 and 7.64+0.01 respectively. Sabaki River is the main transporter of sediment to the
study area. Anthropogenic activities causes pH fluctuations related to pollution through
agricultural run-off, industrial run-off among others. This could be the reason for Sabaki river
having lower pH than Kilifi Beach. Kilifi Beach which is a cosmopolitan town has got many
industrial activities in close proximity to Kilifi Beach compared to Sabaki River leading to an
impact on pH levels of Kilifi Beach. The Sabaki River's pH levels were within the range
suggested by the WHO for natural water bodies, which is between 6 and 8.5 for drinking water

intended for household use and between 8 and 9 for estuary and marine water (WHO, 2006).

The electrical conductivity values for the Sabaki River which is used for domestic purposes
during wet and dry seasons (1,460+4.95 and 1,650+4.24) uS/cm respectively,were above the
established EPA drinking water quality standards of 900 uS/cm. This could be due to changes
during high tides which leads to mixing of the river water and the ocean water which is saline.

Electrical conductivity of water is directly related to the concentration of dissolved solids in
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water. lons from dissolved solids in water influences the ability of that water to conduct electric

current.

Table 4.1: Water physical-chemical parameters recorded during wet and dry season from the

selected coastal Beaches.

Site

Local

o pH Conductivity (uS/cm) Temperature (°c)
Season Wet Dry wet Dry wet dry
1 Pirate Beach | 7.92+0.12 | 7.91+0.01 | 11,520+3.53 | 17,450+5.66 | 22+0.10 | 23+0.15
2 'I\B"ezr;?asa 7.91+0.01 |7.96+0.03 | 11,400+6.36 | 16,850+6.36 | 22+0.12 | 24+0.17
3 Kilifi Beach | 8.66+0.05 | 8.67+0.05 | 11,880+5.66 | 19,050+2.83 | 22+0.15 | 23+0.10
4 g"eﬂgr‘]di 8.24+0.03 | 8.25+0.07 | 11,10046.36 | 15,750+3.53 | 22+0.10 | 23+0.12
5 iabati 8.06+0.08 | 8.36+0.08 | 9,36045.66 | 16,450+4.24 | 22+0.12 | 23+0.15
6 2?52:" 7.93+0.03 | 7.9620.05 | 5960+4.95 |6,990+4.24 |22+0.10 | 23+0.10
7 g":‘eg'r" 7.6240.01 | 7.64+0.01 | 1,460+4.95 | 1,650+4.24 |22+0.17 | 24+0.17
<1,000 <1000 ~
(6-8.5) (6-8.5) (drinking | (drinking | gpoye | 22 above
WHO drinking drinking | water) water) the max the max
recommend | water water (5,000- (5,000- ambient ambient
ation (8-9) (8-9) 51,500) 51,500) temp. | €MP-
seawater | seawater | seawater seawater '
\A/atar
Not Not 22 >2 above
KEBS (65-85) |(6.5-8.5) specified specified ahove the max
recommend | drinking drinking (drinking the max ambient
ation water water water) (drinking ambient temp
water) temp
>2 >2 above
(6-8.5) (6-8.5)
US  EPA|drinking | drinking | 200 <900 above | the max
drinking drinking .
recommend | water water water water the max | ambient
ation (8-9) (8-9) .
seawater seawater 23,000 23,000 ambient | temp.
temp.

Source: World Health Organisation (WHO, 2006), Kenya Bureau of Standards (2010) and US
Environmental Protection Agency (USEPA 2006).
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The electrical conductivity values for the rest of the sites during the wet and dry seasons were
within the recommended WHO of between 5,000-51,500 pS/cm. It was ranging from 5,960 -
11,880+5.66 and 6,990-19,050+2.83 pS/cm during the wet and dry season respectively.
Electrical conductivity is dependent on water salinity/TDS. Changes in water level as well as
flow can also contribute to change in conductivity through their impact on salinity. The electrical
conductivity values during the dry season were higher than during the wet season. This could be
due to low water flow and low water level during the dry season leading to high electrical

conductivity.

For the wet and dry seasons, respectively, the temperature of the water samples ranged between
22+0.10 °C and 23to 24 £0.17 °C. This was within WHO recommended value of increase not

more than 2 °C above the maximum ambient temperature.

4.2 Soil and sediment physical-chemical parameters

4.2.1 The pH, % organic content of soil, sediment and quantity of plastic litter in dry and wet

seasons from the selected coastal Beaches

pH and percentage organic content values of the soil and sediment samples were measured
during the wet as well as dry seasons as shown in Table 4.2. The quantity of plastic litter items
at the shoreline of the six sampling sites was also done as shown in the same table.

The pH values for soil samples within the sites varied between 7.52+0.01 and 9.68+1.02 during
wet season, 7.53+1.20 and 9.69+1.01 during dry season while that of sediment samples varied
between 7.54+0.01 and 9.91+0.03 during wet season, 7.54+1.01 and 9.91+1.23 during dry season
as shown in Table 4.1. Pirate beach and Mombasa Beach recorded the lowest pH value both in
soil and sediment samples the during wet as well as in the dry season. Pirate Beach recorded the
highest % organic content of 74.02 in soil samples and 69.65 in sediment samples followed by

Mombasa Beach with 70.41 in soil and 69.66 in sediment samples.

45



Table 4.2: Physical-chemical parameters of soil and sediment samples in wet and dry seasons

SOIL SAMPLES

%

Local Average no. of | Average weight

i name pH organic plastics litter | (kg) of plastics of

Site : !

content items of the | the three points
Season Wet Dry Average Wet Dry Wet Dry
%

1 | Pirate 7.52+0.01 | 7.54+0.41 | 74.02 180 |87 322 103
Beach

2 |Mombasa | 7524021 |7.53+1.20 |70.41 170 |20 297 |0.72
Beach

3 Kilifi 0.44+0.11 | 9.48+0.41 | 26.55 56 14 118 |0.73
Beach

4 | Malindi 8.56+1.56 | 8.56+2.56 | 41.98 36 12 160 |0.69
Beach

5 | Sabaki 9.68+1.02 |9.69+1.01 |31.02 15 16 0.42 10.30
Beach.

6 Sabaki 20 19 0.92 1.08
River 9.64+1.36 | 9.66+1.06 | 28.73
Mouth

7 | Sabaki 9.60+0.02 | 9.61+1.66 |26.71 - - - -
River

SEDIMENT SAMPLES

1 Pirate 180 87 3.22 1.03
Beach 7.66+0.56 | 7.67+0.16 | 69.65

2 Mombas 170 20 2.97 0.72
2 Beach 7.54+0.01 | 7.54+1.01 | 69.66

3 Kilifi 56 14 1.18 0.73
Beach 90.42+1.18 | 9.45+1.18 | 30.55

4 Malindi 36 12 1.60 0.69
Beach 8.33+0.13 | 8.36+0.01 | 54.90

5 Sabaki 15 16 0.42 0.30
Beach 9.76+£1.42 | 9.77+1.22 | 29.63

6 Sabaki
River 9.91+0.03 |9.91+1.23 | 34.34 20 19 0.92 1.08
Mouth

7 Sabaki - - - -
River 8.86+0.48 | 8.87+0.08 | 51.54
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4.3 Calibration curves for BPA and DBP standards

Individual reference standards of DBP and BPA were used in development of calibration curve.
Identification of the analytes was achieved by comparing their individual retention times with
those of the respective standards while quantification was based on external multi-level
calibration curve of standards ensuring high, middle and lower bound limits were catered for.

Concentrated samples were diluted to fit in the calibration window.

4.3.1 Calibration curve for BPA standard
A plot of BPA concentrations against peak area of the standards was obtained (Table 4.3) The

corresponding equation for the linear regression in the form y=mx+c and Correlation

coeffcients, R2 were drawn from the graph (Figure 4.1).

Table 4.3: Concentrations and peak area for BPA standard

Concentration (ng/mL) Peak area
0.01 10

0.05 229

0.1 1,041

0.5 5,076

1 19,004

2 46,127

7 129,085
10 183,380

Calibration curve of BPA standard was a straight line with a correlation coficient R? of 0.997

indicating good linearity. The straight line equation for BPA was y =18430x+398.18.

47



200000
180000
160000
140000
120000
100000
80000
60000
40000
20000

0
0

Peak area

6

Conc. (ng/mL

Figure 4.1: The calibration curve for BPA standard

4.3.2 Calibration curve for DBP standard

y =18430x +398.18
R*=0.997

)

A plot of BPA concentrations against peak area of the standards was obtained (Table 4.4) The

corresponding equation for the linear regression in the form y=mx+c and Correlation

coeffcients, R2 were drawn from the graph (Figure 4.2).

Table 4.4: Concentrations and peak area for DBP standard

Concentration (ng/mL) Peak area
0.05 10
0.01 35

0.5 137

1 275
2.5 1,867
) 1,673
7.5 2,160
10 3,246
50 14,035
100 27,470

Calibration curve of DBP standard was a straight line with a correlation coficient R® of 0.998

indicating good linearity. The straight line equation for DBP y=272.89x+272.63.
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Figure 4.2: Calibration curve for DBP standard

4.4 Limits of detection and quantification of BPA and DBP

Limits of detectionn (LOD) for BisphenoL A and Di-butyl Phthalate and limits of quantifications
(LOQ) are shown in Table 4.5. BPA's limit of detection (LOD) and limit of quantification (LOQ)
were 0.002 ng/mL and 0.005 ng/mL, respectively, while DBP's were 0.5 ng/mL and 1.0 ng/mL.

Table 4.5: The limit of detection and quantification of BPA and DBP

Analyte | LOD LOQ

(ng/mL) (ng/mL)
BPA 0.002 0.005
DBP 0.5 1.0

4.5 Mean percentage recoveries tests for BPA and DBP in water, soil, sediment and sea

weed samples

Mean percentage recovery result for BPA and DBP in water, soil, sediment and sea weed
samples are shown in Table 4.6. The mean percentage recovery for BPA in water, soil, sediment
and sea weed samples ranged between 96.66+5.23% to 99.56+3.89% while that of DBP ranged
between 92.76+9.65% to 101.33+3.44%.
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Table 4.6: Mean percentage recovery tests for BPA and DBP in water, soil, sediment and sea

weed samples

Analyte water soil sediment sea weed
(ng/mL) (ng/g, DW) (ng/g, DW) (ng/g, DW)

BPA 96.70+7.55 99.56+3.89 96.66+5.23 90.98+6.22

DBP 101.33+3.44 94.88+7.06 93.54+4.33 92.76+9.65

Where DW is the weight of the dry mass. The BPA and DBP levels detected were within the

acceptable range of 70-120 %, therefore no correction was done (Socas-Rodriguez et al ., 2017).

4.6 The DBP levels in the coastal Beaches

4.6.1 The DBP levels in water, soil, sediment and sea weed samples in wet and dry season

DBP levels in water, soil, sediment and sea weeds samples in wet and dry season from all sites
are shown in Table 4.7. During wet season, only Pirate and Mombasa Beaches recorded
measurable levels of DBP in water, soil, sediment and sea weeds. Only soil samples from Pirate
and Mombasa Beaches recorded measurable amount of DBP residue level of 39.75+£0.91 ng/g
and 18.53+0.29 ng/g, respectively. The other sites had levels below 0.5 ng/mL in water, sediment
and sea weed samples.
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Table 4.7: DBP levels in water, soil, sediment and sea weed samples in wet and dry seasons

Wet season

Site local name water soil sediments sea weed

(ng/mL) (ng/g) (ng/g) (ng/g)

1 Pirate Beach 1.29+0.13 7.56+0.63 3.04+0.38 1.49+0.25

2 Mombasa 0.79+0.22 4.25+0.89 2.18+0.49 0.53+0.39
Beach

3 Kilifi Beach <05 <05 <05 <05

4 Malindi Beach | < 0.5 <05 <0.5 <05

5 Sabaki Beach | <0.5 <05 <05 <05

6 Sabaki River | <0.5 <05 <05 <05
mouth

7 Sabaki River <05 <05 <05 <05
Dry season

1 Pirate Beach <05 39.75+0.91 <05 <05

2 Mombasa <05 18.53+0.29 <05 <05
Beach

3 Kilifi Beach <05 <0.5 <0.5 <0.5

4 Malindi Beach | < 0.5 <0.5 <0.5 <0.5

5 Sabaki Beach | <0.5 <05 <05 <05

6 Sabaki River | <0.5 <0.5 <0.5 <0.5
mouth

7 Sabaki River <05 <05 <05 <05

4.6.1 DBP levels in water samples collected in wet and dry seasons

DBP levels in water samples collected in wet and dry season is shown in Figure 4.3. DBP levels
at Pirates beach recorded a concentration of 1.29+0.13 ng/mL in wet and < 0.5 ng/mL in dry
seasons (Table 4.7). Mombasa site recorded 0.79+0.22 ng/mL in wet and < 0.5 ng/mL in dry
season while the other sites had < 0.5 ng/mL of DBP (Figure 4.3). Mombasa city has larger
population, leading business centres and a home to Kilindini Harbour. Due to many industrial
activities in Mombasa compared to other sites. This could be the reason why Pirate and
Mombasa Beaches recorded higher levels of DBP in water samples during the wet season from

wastewater and industrial run-off.
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Figure 4.3: DBP levels in water samples in the wet and dry season
4.6.2 DBP levels in soil samples in wet and dry seasons

The DBP residue levels in soil samples collected within the wet and dry season is shown in
Figure 4.4. Pirate and Mombasa Beaches had measurable levels of DBP in soil samples while
Kilifi, Malindi, Sabaki Beaches, Sabaki River mouth and Sabaki River sites had low levels less
of 0.5 ng/g in wet and dry seasons. Soil samples had the highest levels in Pirate Beach of
7.56+0.63 ng/g and 39.75+0.91 ng/g this was followed by Mombasa Beach with 4.25+0.89 ng/g
and 18.53+0.29 ng/g (Table 4.7) in wet and dry seasons, respectively.

Seasonal variation is likely to have an impact on DBP leaching. In the wet season, water leaching
through the soil will transport DBP down the soil profile and into the groundwater while during
the dry season DBP will remain in the soil since there is no transportation down the soil profile.
Increase in temperature, increased the concentration of DBP in the soil. This was attributed to
DBP becoming less bound to the plastic waste materials on the soil hence leaching to the soil at
elevated temperatures (Li and Tang, 2013). Mombasa county being highly populated and highly
industrial, this could be the reason why Pirate and Mombasa Beaches recorded some levels of
DBP.
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Figure 4.4: DBP residue levels in soil samples in the wet and dry seasons

4.6.3 DBP levels in sediment samples in wet and dry seasons

The DBP residue levels in sediment samples in wet and dry seasons is presented in Figure 4.5.
The DBP residue levels in sediments from Pirate beach was 3.04+1.38 ng/g and Mombasa Beach
had 2.18+0.49 ng/ g in wet and levels below 0.5 ng/g in dry season, respectively (Table 4.7 ).
The other sampling sites had probably levels of less than 0.5 ng/g in wet and dry season (Figure
4. 5). In comparison to other sites where DBP levels were less than 0.5 ng/g, the cause for the
levels found at Pirate and Mombasa Beach may be related to the transportation and deposition of

contaminated soil from anthropogenic activities in Mombasa in water-borne sediment.
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Figure 4.5: DBP residue levels in sediment samples in wet and dry season

4.6.4 DBP levels in sea weed samples in wet and dry season

DPB levels in weed samples collected in wet and dry season is shown in Figure 4.6. DBP residue
levels in weed samples from Pirate was 1.49+0.25 ng/g and Mombasa had 0.53+0.39 ng/g in wet
season but had below detetion limits levels of less than 0.5 ng/g in dry season, respectively
(Table 4.7). The other sampling sites had levels of less than 0.5 ng/g in wet and dry season
(Figure 4. 6). Due to many industrial activities around Mombasa and Pirate Beaches as compared
to the other sites, this could be the reason why Pirate and Mombasa beaches each recorded some
amount of DBP in weed samples during the wet season from wastewater run-off/ industrial run-

off which ends up being absorbed by the weeds.
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Figure 4.6: DPB levels in sea weed samples in wet and dry season

4.7 The BPA residue levels in water, soil, sediment and sea weed samples from Kenyan

coastal Beaches

4.7.1 The BPA residue levels in water samples in wet and dry season

Residue levels of BPA in water, soil, sediment and sea weed samples in wet and dry season from
the sampling sites are shown in Table 4.8. During wet and dry seasons, Mombasa Beach had the
maximum level of BPA in water samples at 2.74+0.57 ng/mL and 0.43+0.01 ng/mL,
respectively. Pirate Beach followed with 2.24+0.01 ng/mL and below 0.002 ng/mL during wet
and dry seasons, respectively. Sabaki beach recorded the lowest DBP residue levels of 0.57+0.11

ng/mL in water during the wet season (Table 4.8).
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Table 4.8: BPA residue levels in water, soil, sediment and sea weed samples in wet and dry

season
Wet season
Site water soil sediments sea weeds

(ng/mL) (ng/g) (ng/g) (ng/g)

1 Pirate Beach | 2.24+0.01 <0.002 1.46+1.29 5.91+0.92

2 Mombasa 2.74+0.57 1.55+0.28 2.31+0.58 11.66+0.94
Beach

3 Kilifi Beach | 0.61+0.25 3.39+0.14 1.99+1.08 0.51+0.27

4 Malindi 0.87+0.72 1.66+0.67 3.76+0.17 2.91+0.05
Beach

5 Sabaki Beach | 0.57+0.11 < 0.002 3.53+0.42 < 0.002

6 SabakiRiver | 1.19+0.19 < 0.002 0.60+0.25 < 0.002
mouth

7 Sabaki River | 0.60+0.25 3.26+0.30 1.86+0.38 < 0.002
Dry season

1 Pirate Beach | <0.002 1.34+1.04 0.16+0.05 2.70+0.03

2 Mombasa 0.43+0.01 2.71+0.45 1.36+0.41 0.28+0.24
Beach

3 Kilifi Beach | 0.002+0.10 <0.002 1.29+0.12 0.42+0.11

4 Malindi < 0.002 2.87+0.62 0.41+0.11 0.40+0.00
Beach

5 Sabaki Beach | 0.06+0.01 < 0.002 0.52+0.31 < 0.002

6 Sabaki River | 0.22+0.02 < 0.002 0.10+0.03 < 0.002
Mouth

7 Sabaki River | 0.04+0.01 3.24+1.05 0.50+0.13 < 0.002

The BPA residue levels in water samples in wet and dry season is shown in Figure 4.7. Pirate
and Malindi beaches had BPA levels less than 0.002 ng/mL in dry season. Due to many
industrial activities and agricultural activities in Mombasa as compared to the other sites, this
could be the reason why Pirate and Mombasa Beaches recorded measurable BPA levels of
(2.24£0.01 and 2.74+0.57) ng/mL respectively, from water samples during the wet season from
wastewater and industrial run-off. Levels of BPA were considerably smaller in the dry season

may be because of less agricultural activities taking place.
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Figure 4.7: BPA residue levels in water samples in wet and dry season

4.7.2 BPA residue levels in soil samples in wet and dry season

Soil samples registered utmost levels of BPA in Kilifi Beach at 3.39+0.04 ng/g followed by
Sabaki River at 3.24+1.05 ng/g while Pirate Beach had levels below detection limit in wet season
(Table 4.8). In dry season, Sabaki River was leading having 3.24+1.05 ng/g, Malindi beach with
2.87+0.62 then Mombasa having 2.71+ 0.45 ng/g. Higher temperature in Mombasa Beach during
the dry season could have been the cause of increased levels of BPA in soil samples due to the
BPA becoming less bound to the plastic waste materials on the soil hence leaching to the soil at

elevated temperature.

Kilifi and Sabaki Beaches had BPA levels less than 0.002 ng/g in soil samples in dry season yet
a relatively high amount (similar to Sabaki River) were obtained in wet season (Figure 4.8).
Despite the high rate of leaching during the rainy season, there are several human activities
during this time, which may have resulted in additional unanticipated BPA sources entering the
soil during this time.
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Figure 4.8: BPA residue levels in soil samples in wet and dry season

4.7.3 The BPA residue levels in sediments samples in wet and dry season

BPA residue levels in sediment samples in wet and dry season is presented in Figure 4.9. Wet
season recorded higher levels than the dry period in sediment samples. Malindi beach had the
highest level of 3.76+£0.17 ng/g then Sabaki beach with 3.53+0.42 ng/g. In the dry season,
Mombasa and Kilifi Beaches reported the maximum BPA concentrations at 1.360.41 ng/g and
1.290.12 ng/g, respectively (Table 4.8). All the sampling sites had detectable BPA residue levels
in wet and dry seasons (Figure 4.9) which may have been caused by the increasing
manufacturing of BPA items due to the growing population and demand for these products in
these sampling areas. Improper waste management of these plastics increased the BPA levels in
the environment.
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Figure 4.9: The BPA residue levels in sediment samples in wet and dry season

4.7.4 BPA residue levels in sea weed samples in wet and dry season

BPA residue levels in sea weed samples in wet and dry season is displayed in Figure 4.10. The
amounts of BPA residues were identified in varying quantities with not many sites registering
below detection limit levels. The sea weed samples had the highest levels in the wet season in
Mombasa Beach at 11.66+0.94 ng/g followed by Pirate Beach 5.91+0.92 ng/g while the BPA
concentrations were below detection limits of 0.002 ng/g at Sabaki Beach. Due to many
industrial activities around Mombasa and Pirate Beaches as compared to the other sites, this
could be the reason why Pirate and Mombasa Beaches recorded some levels of BPA in sea weed
samples during the wet season from wastewater run-off which ends up being absorbed by the sea

weeds.
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Figure 4.10: The BPA residue levels in sea weed samples in wet and dry season

4.8 Seasonal variation effects on DBP and BPA residue levels in soil, sediments and sea

weed samples in wet and dry season

4.8.1 The effects of seasonal variation on DBP residue levels in Soil, Sediments and Sea weed

samples in wet and dry season

Seaseonal variation effects on DBP residue levels in soil, sediment and sea weed samples in wet
season is shown in Figure 4.11. Pirates and Mombasa Beaches had DBP residue levels detected
while the rest had below detection limits of 0.5 ng/g for DBP. Pirate Beach had higher DBP
residue levels in soil, sediment and sea weed samples in the order than Mombasa Beach during
the wet season (Figure 4.11).

Considering the obtained result, it is clear that the residue levels of DBP were greater during the
wet season as compared to the dry season except for soil samples. In essence, the rate of leaching
of DBP was higher in wet season. This was in general agreement with the overall expectation of
residue levels of DBP during the wet season. It could have been attributed to the higher flow of
water in the overall wet season. Nonetheless, general effect of the residue levels will be

dependent on ecosystem effects that go beyond the leaching process. Precisely, the levels are
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affected by the concentration of the compound in water as well. Even though the leaching rate
may be elevated in wet season, the resultant absolute concentrations in the receiving waters
could be less in the stated wet season in comparison to the dry season because of higher rates of
dilution. This made the soil during the wet season record higher concentrations despite the
leaching the high flow of rainwater and run-offs to the recipient water lead to water dilution
lowering the concentration of DBP in water. This was followed by DBP residue levels in
sediment samples in wet season which could be as a result of this soil being transported and

deposited in water in form of sediment.
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Figure 4.11: The variation of DBP residue levels in soil, sediment and sea weed samples in the

wet season.

DBP residue levels in soil, sediment and weeds samples in dry season is shown in Figure 4.12.
Pirates and Mombasa Beaches had DBP residue levels detected in soil samples while the other
sites had < 0.5 ng/g in dry season (Figure 4.12). Pirate Beach had more DBP residue levels in
soil samples compared to Mombasa Beach. Leaching of DBP residue was higher during wet
season than in dry. This is due to the higher flow of water during the wet season. Therefore, the
DBP residue level was retained in soil during the dry season since there was no water to do

leaching to underground water or to transport to surface water through run-off. The other sites
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registered below detection limit levels of DBP which could be due to less agricultural activities
during the dry season.
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Figure 4.12: The variation of DBP residue levels in soil, sediment and sea weed samples in dry
season

4.8.2 The effects of seasonal variations on BPA residue levels in soil, sediments and sea weed

samples in wet and dry season

BPA residue levels in soil, sediment and sea weed samples in wet season is shown in Figure
4.13. During the wet season, sea weed samples from Mombasa Beach had the highest BPA
residue levels of 11.66+0.94 ng/g, then Pirate Beach at 5.91+0.92 ng/g. Pirate Beach, Sabaki
Beach and Sabaki River mouth had BPA level of less than 0.002 ng/mL in soil while Sabaki
Beach and Sabaki River mouth only had BPA residue levels in sediments samples in wet season
(Figure 4.13). During the wet season, there is more waste water run-off which transport the
contaminated soil depositing it in water bodies inform of sediment which ends up being absorbed

by sea weeds owing to its high concentration of BPA residue level.
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Figure 4.13: Variation of BPA residue levels in soil, sediment and sea weed samples in wet
season

BPA residue levels in soil, sediment and sea weed samples in dry season is shown in Figure 4.14.
During the dry season, soil samples had high BPA residue levels in Sabaki River, Malindi,
Mombasa and Pirate Beaches at 3.24+1.05 ng/g, 2.87+0.62 ng/g, 2.71+0.45 ng/g and 1.34+1.04
ng/g, sequentially while Sabaki beach and Sabaki River mouth only had BPA sediments (Figure
4.14). Leaching is lower during dry seasons, which could have led to higher BPA residue

concentration in soil samples in most sites during the dry season.
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Figure 4.14: Variation of BPA residue levels in soil, sediment and sea weed samples in the dry

season

4.9 Correlation coefficiency of DBP residue levels in water, soil, sediment and sea weed

samples

Correlations coefficients were obtained using Pearson’s Correlations from SPSS tool (SPSS 22)
to establish relationships between DBP/BPA residue levels in water, soil, sediment and sea weed
samples in wet and dry seasons from the selected seven sites from the coastal beaches. Bivariate
coefficient were established using the Pearson product-moments correlation coefficient R, a
dimensionless index whose value is in the range -1.0 < R< 1.0, which is a linear relationship
between two sets of data was used. The linear correlation strength of the variables is determined
by numerical value of correlation coefficients in that, a correlation coefficient of 0 (zero) means
that there is no relationship between the considered set of data while when a numerical value less
than 0.5 is recorded, the relationship between the set is considered weak while when it is greater
than 0.5 is considered strong and significant whether positive or negative (Hazra and Gogtay,
2016). The positive values imply a direct proportionality of variables while the negative values
indicate existence of inverse variation relationships (Hazra and Gogtay, 2016). The correlation
coefficiency for concentration of DBP residue levels in water, soil, sediment and sea weed

samples in dry and wet season are shown in Table 4.9.
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Table 4.9: Correlations coefficiency of DBP residue levels in water, soil, sediment and sea weed
samples in the wet and dry season

water | water | sea sea sediment | sediment | soil soil
wet dry weed | weed | wet dry wet dry
wet dry
water Pearson 1 839" |.9707 |.837 [.996 961" 9997 |.9927
wet Correlation
Sig. (2-tailed) 018 |.006 |.077 |.000 .001 .000 | .000
N 7 7 5 5 7 7 6 6
water Pearson 839" |1 646 | .9997 | .883" 656 805 |.749
dry Correlation
Sig. (2-tailed) | .018 239 |[.000 |.008 109 053 |.087
N 7 7 5 5 7 7 6 6
sea weed | Pearson 970" | .646 |1 679 |.943 999™ 980" |.994
wet Correlation
Sig. (2-tailed) |.006 | .239 207 | .016 .000 003 |.001
N 5 5 5 5 5 5 5 5
sea weed | Pearson 837 [.9997 | 679 |1 885 641 813 | .755
dry Correlation
Sig. (2-tailed) | .077 |.000 |.207 046 244 094 | .140
N 5 5 5 5 5 5 5 5
sediment | Pearson 996~ |.8837 |.943" |.885 |1 933" 9917 |.976"
wet Correlation
Sig. (2-tailed) |.000 [.008 |.016 |.046 .002 .000 |.001
N 7 7 5 5 7 7 6 6
sediment | Pearson 9617 |.656 |.9997 |.641 |.9337 1 970" |.988"
dry Correlation
Sig. (2-tailed) |.001 [.109 |.000 |.244 |.002 .001 | .000
N 7 7 5 5 7 7 6 6
soil wet Pearson 999" |.805 |.980" |[.813 |.991" 970" 1 996~
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Correlation

Sig. (2-tailed) |.000 [.053 [.003 [.094 |.000 .001 .000

N 6 6 5 5 6 6 6 6
soil dry Pearson 9927 [ 749 | 9947 |.755 | .976 988~ 996 |1

Correlation

Sig. (2-tailed) |.000 [.087 [.001 |.140 |[.001 .000 .000

N 6 6 5 5 6 6 6 6

*, Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).

4.9.1 Correlation coefficiency of DBP residue levels in water and sea weed samples in wet and

dry season

Results in Table 4.9 indicates the Pearson’s correlations coefficiency of DBP concentration
levels in water and weeds samples during wet and dry season. The most significant correlation
cofficiency of 0.999 and 0.970 were obtained between DBP residue levels in water and weeds
samples in dry and wet seasons at five sampling sites respectively, the correlation was
significant at 0.01 level, showing a strong relationship between the DBP residue levels in water
and sea weed samples. DBP residue levels in water and sea weed samples in dry and wet seasons

may lead to high health effects to humans and aquatic animals (Hahladakis et al., 2018).

4.9.2 Correlation coefficiency of DBP residue levels in water and soil samples during dry and

wet season

Table 4.9 indicates the Pearson’s correlations coefficiency of DBP concentration levels in water
and soil samples during the wet and dry seasons. There was no significant correlation
cofficiency of DBP residue levels in water and soil samples recorded in dry season. A significant
correlation cofficiency of 0.999 was obtained between DBP residue levels in water and soil
samples in the wet season at six sampling sites, the correlations was significant at 0.01 levels,

showing a strong relationship between the DBP residue levels in water and soil samples. DBP
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residue levels in soil and water samples in both seasons may have high health effects in human,
animals and environment (LU et al., 2018).

4.9.3 Correlation coefficiency of DBP residue levels in water and sediment samples during dry

and wet season

Table 4.9 indicates the Pearson’s correlations coefficiency of DBP concentration levels in water
and sediments samples during wet and dry season. There was no significant correlation
cofficiency of DBP residue levels in water and sediment samples recorded in dry season. A
correlation cofficiency 0.996 was the most significant obtained between DBP residue levels in
water and sediment samples wet seasons at all the seven sampling sites, the correlation was
significant at 0.01 level. This shows that there was a strong relationship between the DBP
residue levels in water and sediments samples during the wet season. DBP residue levels in water
and sediments samples mostly in wet season may have high health effects in human and aquatic
animals (Hahladakis et al., 2018).

4.9.4 Correlation coefficiency of DBP residue levels in soil and sediment samples in dry and

wet season

Table 4.9 indicates the Pearson’s correlations coefficiency of DBP concentration levels in soil
and sediments samples during wet and dry season. The most significant correlation cofficiency
of 0.988 and 0.991 were obtained between DBP residue levels in soil and sediment samples in
dry and wet season at six sampling sites, respectively. The correlations in both seasons were
significant at 0.01 level. This shows that there was a strong correlation relationship between the
DBP residue levels in soil and sediments samples in the dry and wet season, this may be as a
result of soil being transported and deposited in water inform of sediment. The DBP residue
levels in soil and sediment samples in wet and dry season may have high health effects in human,

organisms living in soil and aquatic animals (Hahladakis et al., 2018).
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4.9.5 Correlation coefficiency of DBP residue levels in sediments and sea weed samples in dry

and wet season

Table 4.9 indicates the Pearson’s correlations coefficiency of DBP concentration levels from
sediment to sea weed samples during the wet and dry seasons. There was no significant
correlation cofficiency of DBP residue levels in sediment and sea weed samples recorded in dry
season.The most significant correlation cofficiency of 0.943 was obtained between DBP residue
levels in sediment and sea weed samples in wet seasons at five sampling sites. The correlations
in the wet was significant at 0.05 level. This shows that there was a strong and significant
correlation relationship between DBP residue levels in sediment and sea weed samples in wet
season which may be as a result of sea weed samples absorbing the DBP residue levels from the
sediment. DBP residue levels in sediment and sea weed samples in wet season may have high
health effects in aquatic animals and environment (Hahladakis et al., 2018).

4.10 Correlation coefficiency of BPA residue levels in water, soil, sediment and sea weed

samples

Correlation coefficiency of BPA residue levels in water, soil, sediment and sea weed samples in
dry and wet season are shown in Table 4.10.

4.10.1 Correlation coefficiency of BPA residue levels in water and sea weed samples in wet

and dry season

Results in Table 4.10 indicates the Pearson’s correlations coefficiency of BPA residue levels in
water and sea weed samples during wet and dry season. The most significant correlation
coefficiency of 0.957 was obtained between BPA residue levels in water and sea weed samples
in wet season at five sampling sites while no significant correlation coefficiency in dry season
was recorded. This shows that there was a strong Correlation and significant relationship
between BPA residue levels in water and sea weed samples at the 0.05 level. The BPA residue
levels in water and sea weed samples in wet season may have high health effects in human,

animals and aquatic environment (Nzediegwu et al., 2019).
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4.10.2 Correlation coefficiency of BPA residue levels in water and soil samples during dry and

wet season

Results in Table 4.10 indicates the Pearson’s correlations coefficiency of BPA residue levels in
water and soil samples during wet and dry season. There was no significant correlation
coefficiency of BPA residue levels in water and soil samples recorded in both the dry and the
wet seasons. BPA residue levels in water and soil samples in wet season varied inversely
(Corrales et al., 2015).

4.10.3 Correlation coefficiency of BPA residue levels in water and sediments samples during

the dry and wet seasons

No significant correlation coefficiency of BPA residue levels was obtained in the wet and dry
seasons at seven sampling sites. BPA residue levels in water and sediment samples in wet season

varied inversely while it had a direct proportionality in the dry season. (Nzediegwu et al., 2019).

4.10.4 Correlation coefficiency of BPA residue levels in soil and sediments samples during dry

and wet season

There was no significant correlation coefficiency of BPA residue levels in soil and sediment
samples in both seasons. BPA residue levels in soil and sediment samples varied inversely in dry
and wet season, where dry season recorded -0.267 and wet -0.149 correlation coefficiency,

respectively.
4.10.5 Correlation coefficiency of BPA residue levels in sediments and sea weed samples

during dry and wet season

There was no significant correlation coefficiency between BPA residue levels in sediment and
sea weed samples during dry and wet seasons, which recorded -0.373 and 0.225 respectively.

BPA residue levels in sediment and sea weed samples in dry season, varied inversely.

69



Table 4.10: Correlations coefficiency of BPA residue levels in water, soil, sediment and sea

weed samples in wet and dry season.

water | water | sea sea sediment | sediment | soil soil
wet dry weed | weed | wet dry wet dry
wet dry

water Pearson 1 .639 957" 466 -.133 267 -574 128
wet Correlation

Sig. (2-tailed) 123 011 429 J77 563 233 .810

N 7 7 5 5 7 7 6 6
water Pearson .639 1 .820 -314 | -.079 515 -.231 121
dry Correlation

Sig. (2-tailed) 123 .089 .607 .866 237 .660 .820

N 7 7 5 5 7 7 6 6
sea weed | Pearson 957" .820 1 219 225 397 -.625 .202
wet Correlation

Sig. (2-tailed) 011 .089 723 716 .508 259 744

N 5 5 5 5 5 5 5 5
sea weed | Pearson 466 -.314 219 1 -.150 -.373 -.809 -.374
dry Correlation

Sig. (2-tailed) 429 .607 123 .810 .536 .097 535

N 5 5 5 5 5 5 5 5
sediment | Pearson -133 | -.079 225 -.150 1 .199 -.149 .088
wet Correlation

Sig. (2-tailed) J77 .866 716 .810 .668 178 .868

N 7 7 5 5 7 7 6 6
sediment | Pearson 267 515 .397 -373 |.199 1 297 -.267
dry Correlation

Sig. (2-tailed) 563 237 .508 .536 .668 .568 .608

N 7 7 5 5 7 7 6 6
soil wet Pearson -574 |-231 |-625 |-809 |-.149 297 1 .261

Correlation

Sig. (2-tailed) 233 .660 259 .097 778 .568 .618

N 6 6 5 5 6 6 6 6
soil Pearson 128 121 .202 -.374 .088 -.267 .261 1
dry Correlation

Sig. (2-tailed) .810 .820 744 535 .868 .608 .618

N 6 6 5 5 6 6 6 6

*. Correlation is significant at the 0.05 level (2-tailed).
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4.11 Correlations coefficiency of plastic weight, number of plastics and % soil organic

carbon in wet and dry season

Results in Table 4.11 indicates the Pearson’s correlations coefficiency of plastic weight, number

of plastics and % soil organic carbon in wet and dry seasons. The most significant correlation

coefficiency of 0.952 was obtained between number of plastics and % soil organic carbon in dry

season while that between plastic weight and soil organic carbon was 0.945 in wet season at p =

0.01 level, showing a strong relationship between the plastic weight and the % soil organic

carbon.

Table 4.11: Correlations coefficiency of plastic weight, number of plastics and % soil organic

carbon in wet and dry season.

wet dry season % soil wet season [ dry Season
season plastic organic |number of [number of
plastic weight carbon |plastic plastic
weight
Pearson o *ox
) 1 .649 .945 725 .962
wet season plastic ~ Correlation
weight Sig. (2-tailed) 115 .001 .065 .001
N 6 6 6 6 6
Pearson
_ ) .649 1 434 .588 515
dry season plastic Correlation
weight Sig. (2-tailed) 115 .330 165 237
N 6 6 6 6 6
Pearson . o
) .945 434 1 723 .952
] ] Correlation
% soil organic carbon )
Sig. (2-tailed) .001 .330 .066 .001
N 6 6 7 6 6
Pearson
wet season number of ) 125 588 123 1 134
] Correlation
plastic ] )
Sig. (2-tailed) .065 .165 .066 .060
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dry season number of Correlation

plastic

N 6 6
Pearson -

962 515
Sig. (2-tailed) 001 237
N 6 6

952

.001

134

.060

*. Correlation is significant at the 0.05 level (2-tailed).

**_ Correlation is significant at the 0.01 level (2-tailed).

4.12 Correlations coefficiency of plastic weight, number of plastics and % sediment organic

carbon in wet and dry season

Table 4.12: Correlations coefficiency of plastic weight, number of plastics and % sediment

organic carbon in wet and dry season

0 sediment  |Number of |Number of [Weightof |Weight of
organic plastic in dry |plastic in plastic in plastic in
carbon season wet season  |wet season  |dry season
% Pearson . -
) 1 .809 611 .889 425
sediment  Correlation
|organic Sig. (2-tailed) .028 145 .007 401
carbon N 7 7 7 7 6
Pearson . .
Number of ) .809 1 734 .962 738
o Correlation
plastic in _ )
Sig. (2-tailed) |.028 .060 .001 .094
dry season
7 7 7 7 6
Pearson
Number of ) 611 734 1 125 .569
o Correlation
[plastic in _ )
Sig. (2-tailed) |.145 .060 .065 239
wet season
7 7 7 7 6
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_ Pearson - -
Weight of ) .889 962 725 1 .758
~ Correlation
[plastic in _ ]
Sig. (2-tailed) |.007 .001 .065 .081
wet season
7 7 7 7 6
Pearson
Weight of ) 425 738 569 .758 1
Correlation
plastic in _ )
Sig. (2-tailed) 401 .094 239 .081
dry season
N 6 6 6 6 6

*. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).

Results in Table 4.12 indicates the Pearson’s coefficiency of plastic weight, number of plastics
and % sediment organic carbon in wet and dry. The most significant correlation coefficiency of
0.889 was obtained between weight of plastics and % sediment organic carbon in wet season at
0.01 level, showing a strong relationship between the weight of plastics and % sediment organic
carbon while that between number of plastics and % sediment organic carbon was 0.809 in dry
season at 0.05 level, showing a strong relationship between the number of plastics and the %

sediment organic carbon.

4.13 Discussion of results

All other sites except Pirate and Mombasa Beaches recorded DBP levels below the detection
limit in soil samples during the wet season. Mombasa being a highly populated County than the
rest could have attributed to this exceptional measurable amounts of DBP in soil samples in the
wet season due to its industrialization and high number of people along these two Beaches.
Bench mark values for BPA according to WHO, (2017) is 0.1 pg/L (100 ng/g) to determine if the
surface water source is impacted by treated sewage effluent known to contain BPA, which is an
oestrogenic EDCs while the TDI is 4 pg/kg of body weight.

BPA was more frequently detected than DBP possibly owing to distinct origination of these

compounds in the seven sampling sites. Variations observed were accredited by the contrast in
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the environmental factors, physical-chemical properties of the pollutants, site location as well
seasonal changes during sampling.

Odera (2019) study to determine BPA in thermal papers, in selected soil samples reported higher
concentrations of BPA residues (1.548x10° ng/g) from Dandora dumpsite in Nairobi, than those
detected in this research study. Chen et al. (2019) recorded a higher residue levels of DBP
(3.47x10* nglg) in a research done on the sources, distribution and environmental risk

assessment of DBP in sediment of a typical Yangtze River Delta City, China.

In a multi-residue determination of 47 organic compounds in water, soil, sediment and fish in
Turia River in Spain, Carmona et al. (2017) recorded 0.041 ng/mL BPA residue levels in water,

which was comparable to concentarations measured during the dry season in the current study.

This study gives information on the levels of DBP as well as BPA in the soil, water, sediments

and sea weeds in different seasons.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Conductivity was lowest in Sabaki River water samples, followed by Sabaki Beach compared to

other coastal Beaches, while pH was relatively similar for all the sites.

The study detected measurable levels of DBP in the water, soil, sediment and sea weeds from the
selected Kenyan coastal beaches which showed that our coastal beaches are polluted by this
pollutant. The maximum levels were measured in samples from Pirate and Mombasa Beaches.
All the sites except Pirate and Mombasa Beaches recorded DBP residue levels less than 0.5
ng/mL in soil, water, sediment and weeds samples during the wet season. In the dry season, only
soil samples from pirate and Mombasa recorded measurable amounts of DBP of (39.75+0.91 and
18.53+0.29) ng/g respectively, while the rest of the sites recorded residue levels less than 0.5
ng/mL. This could be due to no surface run-off during the dry season and all the pollutants are

retained in the soil.

Higher levels of BPA were recorded in soil compared to water, sediments and sea weed samples
during the dry season for most of the sampling sites. The results suggest accumulation of BPA in
soil during dry season compared to wet season. BPA was more frequently detected than DBP
may be due to different sources of these two compounds, environmental factors and physical

chemical properties of the two contaminants.

Levels of DBP and BPA in the soil were higher during the dry season compared to wet season in
Mombasa. This could have been attributed to DBP and BPA compounds becoming less bound
to the plastic waste materials on the soil hence leaching to the soil at elevated temperature. The
seasonal variation is likely to have an impact on DBP and BPA leaching. In the wet season,

leaching will transport DBP and BPA down the soil profile and into the groundwater while

75



during the dry season these pollutants will remain in the soil since there is no transportation
down the soil profile.

5.2 Recommendations

5.2.1 Policy recommendations

1. Existence of BPA and DBP in water, soil, sediment and sea weeds from the selected Kenyan
coastal Beaches suggest environmental pollution by these hazardous chemicals. This raises
concern due to the negative health effects to human and wildlife. Regular awareness creation
should be done to educate industries and general public on the adverse environmental and
human health impacts of these microplastics,to stop rampant disposal of plastic wastes
disposal and embrace environmental sound management of plastic wastes.

2. Policy makers should put in place a regular environmental monitoring program, mitigating
strategies of minimizing the pollutants as well as coming up with workable adaptation
strategies and appropriate policies for sustainability of our marine ecosystem.

3. Steps should be taken to educate the informal sector who are engaged in handling plastics
waste to promote recycling of plastics and industries to ensure clean production for waste

minimization. In addition, pollution from manufacturing facilities needs to be reduced.
5.2.2 Research recommendations

1. Further research should be carried out to determine the point and non-point sources of this
BPA and DBP since several areas of uncertainty remains in risk assessment of these toxic
compounds.

2. Effluent from industries and waste dumpsites around the coastal beaches should be tested to
determine the levels of BPA and DBP.

3. Further research should be carried out on BPA and DBP in air during the dry and wet season

to determine environmental deposition and emissions.
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