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ABSTRACT

LANDUSE AND MICROPLASTIC TRANSPORT IN KARST GROUNDWATER OF
SOUTH-CENTRAL KENTUCKY

Groundwater in karst areas is susceptible to contamination from various sources of
pollution. Microplastics are a prevalent source of pollution entering groundwater. This study
examines karst groundwater in three areas of investigation. One point of interest is an area that is
impacted by urban activities, the Lost River Groundwater Basin, which includes water drainage
from the City of Bowling Green, Kentucky. Another study location is Great Onyx (GO) Spring,
which is a part of the Great Onyx Groundwater Basin located in Mammoth Cave National Park,
Kentucky, and that is relatively unimpacted by urban activities. The third point of interest is Biz
Falls, which is located within Great Onyx Cave upstream from the spring representing a
relatively pristine area in comparison to urban areas. This research sought to understand the
distribution and characterization of microplastics in karst groundwater. This study utilized water
grab sampling to collect two liters from each site each month from September 2023 through
February 2024. Discharge, pH, water temperature, and specific conductance measurements were
also conducted during sampling. This study quantified and described microplastic contamination
at each site. In total Lost River Rise had a total of 278 microplastic fragments detected, whereas
GO Spring and Biz Falls had a total of 286 and 260 microplastics, respectively. These results
indicate that the sampled karst areas, including within a relatively pristine part of Mammoth
Cave National Park, are vulnerable to microplastic pollution. Results of this study of three areas
demonstrates the apparent ease with which microplastics can be transported through the

environment via surface water and groundwater in karst regions.

Keywords: microplastics, karst, hydrology, transportation, pollution, landuse, contaminants
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Chapter 1: Introduction
Approximately 71% of the Earth is covered by water (USGS, 2019). Water is a critical

resource that is severely impacted by pollution. It is important to understand water quality
because most times a body of water cannot be assessed without examining water quality. Water
quality can be impacted by many factors, such as geology, vegetation, precipitation rates, land
use and human impacts. As society continues to grow and develop, the desire and necessity for
producing goods and services has increased. As a result, this has required more water
consumption and has led to increased water pollution (Boyd, 2005). Water quality is important
for domestic, agricultural, and industrial water suppies, as well as ecosystem and human health
(Boyd, 2005). Plastics are a pollutant that are rapidly entering the waterways, which could have a

major impact on water quality.

Picturing a world without plastic seems impossible; however, this was the case roughly
70 years ago (Law, 2017). Plastics have risen in popularity due to their versatility and low cost.
Plastic’s ability to resist degradation and durability are the same reasons that make it nearly
impossible for the environment to break down (Geyer et al., 2017). Large-scale production and
use of plastics did not begin until around the 1950s, and now plastic waste is generated at a rate
approaching 400 million metric tons per year (Geyer et al., 2017; Chamas et al., 2020). Geyer et
al., (2017) reported from 1950 through 2015 the total amount of resins and fibers manufactured
was 7,800 million metric tons, with half of that value being produced in the most recent 13 years
of that period. The researchers noted that if production and waste management trends continue,
by 2050 roughly 12,000 million metric tons of plastic waste will end up in landfills or the natural

environment. This does not take into consideration the impact COVID-19 has had on plastic
1



production or waste, as single-use personal protection equipment was essential during this time.
Since the pandemic the amount of plastic waste generated worldwide is estimated to be 1.6
million tons per day (Benson et al., 2021). Globally, roughly 129 billion face masks and 65
billion plastic gloves are used and disposed of monthly (Aragaw and Mekonnen, 2021).

The most commonly used plastics are not biodegradable, resulting in their accumulation
either in landfills or the natural environment (Geyer et al., 2017). With the number of plastics
entering landfills and the environment, the Great Wall of China, spanning 6000 km, by
comparison could be rebuilt every 12 months in terms of volume (Chamas et al., 2020). Much of
the plastic-waste pollution can be attributed to the absence of effective waste-management
infrastructures. It is important to note that many developing countries are unable to afford safe
disposal options or wide scale trash cleanups (Schweitzer and Noblet, 2018). A major concern is
the amount of plastic waste entering the oceans. Nearly 700 species have had contact with plastic
debris, 17% being threatened or near threatened species (Gall and Thompson, 2015). There is a
gap in literature examining much of the specifics regarding plastic waste, such as degradation
time/pathways, scale/impact of plastic debris on marine ecosystem, and most importantly long-
term effects that plastic waste will have on humans, ecosystems, and the environment in general.

A “small” (but significant) implication of plastic waste is microplastics (MP).
Microplastics were first observed in 1972; however, they did not receive a name until 2004 (Mai
et al., 2018). Microplastics are plastic particles smaller than 5.0 mm (Masura et al., 2015).
Depending on their origin, microplastics are divided into two separate categories: primary and
secondary microplastics. Primary microplastics are commonly created from industrial and
domestic products (Betts, 2008; Moore, 2008). Secondary microplastics are tiny plastic

fragments resulting from the breakdown of larger plastic debris (Thompson et al., 2004). Another
2



form of microplastics originates from cloth fibers, especially from ‘fast fashion’ brands.
Microplastics can be observed and documented virtually everywhere from the Arctic to the
Antarctic, from freshwater to oceans, from soils to sediments, and from the atmosphere to
humans (Prata et al., 2019). Microplastics have been found in national parks, federally protected
areas, and remote areas. Microplastics can also escape wastewater treatment plants, entering
aquatic bodies of water (Sun et al., 2018). As microplastics continue to spread it is important to
note that these particles are only going to get smaller unless they are removed. This is significant
because through further degradation and fragmentation, microplastics can break down into
smaller particles known as nanoplastics (Galloway et al., 2017). There is a wide range of
processes that contribute to microplastic pollution into aquatic environments such as domestic
and industrial drainage, maritime activities, agricultural runoff, and wastewater treatment plants

(Figure 1) (Karbalaei et al., 2018).
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Figure 1: Sources of microplastic contamination in the environment (Source: Karbalaei et al.,
2018).

Addressing the growing concentrations of microplastics is important, because they pose a
health risk to organisms and humans. While the health risks are still being observed and
investigated, there have been several noted effects that are a reason for concern. Microplastics
can be ingested through water filtration, deposit feeding activity (organisms feeding on materials
deposited in sediment such as mussels), and consumption of prey (Barboza et., al 2018). The
health risks associated with microplastic consumption include ingestion of the material, as well
as its ability to absorb contaminants and transfer them through food chains (Guzzetti et al.,
2018). Specific characteristics such as toxic chemical components, an ability to transfer

contaminants, and physical damage can negatively impact human health (Yang et al., 2022).
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Another concern is microplastic presence in marine species that are consumed by humans,
especially in countries with high consumption of seafood.

Overall, there is a lack of knowledge pertaining to many questions regarding
microplastics. Researchers are currently pushing to expand the knowledge and depth pertaining
to microplastics, their effects on the environment, and variables that affect microplastic
concentrations. There is also a need to increase the amount of data available for microplastics,
especially in smaller bodies of water and karst areas. As microplastic concentrations will not
likely be decreasing any time soon, it is important to understand just how microplastics will
reshape our environment. This study examines microplastic concentrations in karst groundwater,
draining two southcentral Kentucky landscapes.

The term karst landscape describes an area of land that is underlain by soluble bedrock,
containing caves, sinkholes, and sinking streams (Ford and Williams, 2007). Karst landscapes
are extremely important, as karst aquifers make up about a 9.2% of the world’s drinking water,
accounting for approximately 678 million people (Stevanovi¢, 2019). It is important to
understand the degree of microplastic contamination in karst environments, since karst regions
are extremely vulnerable to pollution. This study aims to address the knowledge gap of
microplastic presence in karst regions, specifically karst regions with varying land use.

By sampling karst groundwater for microplastics, the purpose of this study is to answer
the following questions:

e Are microplastics present in the karst groundwater emerging from the Lost River
Rise, the outlet of the Lost River Groundwater basin?

o What are the characteristics of microplastics found at Lost River Rise?



e Does groundwater within the relatively pristine Great Onyx Groundwater Basin,
located in Mammoth Cave National Park, contain microplastics?
o If present, what are the characteristics of microplastics within the Great

Onyx Groundwater Basin?



Chapter 2: Literature Review

2.1 Water Pollution

As long as humans exist on earth, there will always be pollution. As global population
increases, develops, and expands, maintaining good water quality is essential to all life. Even
though most of Earth’s surface is covered with water, only approximately 2.53% of the total
volume is fresh water, with 1.74% being stored in Antarctic and Arctic ice sheets as well as
mountain glaciers (Shiklomanov and Rodda, 2003) (Table 1).

Table 1: Water content in the hydrosphere (Source: Shiklomanov and Rodda, 2003).

Type of Water Fraction of total volume of hydrosphere (%)

World Ocean 96.5

Ground water (gravity and capillary) | 1.7

Predominantly fresh ground water 0.76

Soil moisture 0.001

Glaciers and permanent snow cover 1.74

Ground ice of permafrost zone 0.022
Water in lakes 0.013
Swamp water 0.0008
River stream water 0.0002
Biological water 0.0001
Water in the air 0.001
Total volume of the hydrosphere 100
Fresh water 2.53




Not only is there a limited amount of water available for human consumption, but water
is vulnerable to contamination. Water quality is dependent on a wide range of factors including,
but not limited to, vegetation, flow conditions, climate, precipitation, soil type, geology, and
anthropogenic impact (Florescu et al., 2010; Chaudhry and Malik, 2017). Urban development,
mining, oil drilling, and agriculture can also have significant impacts on water quality (Florescu
et al., 2010). Water becomes polluted once it becomes impaired by a chemical, physical, or
biological component that negatively interferes with the use of water or its natural function
(Schweitzer and Noblet, 2018). Poor water quality has a variety of negative impacts on
ecosystems and humans. As of 2021, over two billion people lived in water-stressed countries, a
number expected to increase due to population growth and climate change (World Health
Organization, 2023). In 2022, 2.2 billion people lacked safely managed water, which can lead to
the transmission of diseases such as diarrhea, cholera, and dysentery, to name a few (World
Health Organization, 2023). Trying to reduce pollution is key to maintaining water quality and
overall quality of all life.

2.1.1 Types of Pollution

One of the greatest threats to water quality is from anthropogenic pollutants. Pollution is
divided into two categories: point and non-point sources (Wu and Chen, 2013; Chaudhry and
Malik, 2017; Schweitzer and Noblet, 2018; Arif et al., 2020). Point-source pollution has an
identifiable source (Chaudhry and Malik, 2017; Schweitzer and Noblet, 2018; Arif et al., 2020).
Examples of point source pollution are storm drains, sewage-treatment plants, power plants,

refineries, and factories (Chaudhry and Malik, 2017; Schweitzer and Noblet, 2018; Arif et al.,



2020). On the contrary, non-point source pollution (Figure 2) does not come from one
identifiable source (Ongley et al., 2009; Wu and Chen, 2013; Chaudhry and Malik, 2017;
Schweitzer and Noblet, 2018; Arif et al., 2020). Examples of non-point source pollution include
pesticides, fertilizers, industrial waste, mobile sources (ie: trains, buses, cars), and atmospheric
pollutants (Wu and Chen, 2013; Chaudhry and Malik, 2017; Schweitzer and Noblet, 2018; Arif

et al., 2020).
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Figure 2: Examples of non-point source pollution (Source: NOAA, n.d.).

Whereas point-source pollution is quite impactful to ecosystems, non-point source
pollution nonetheless is the leading cause of water pollution in America (EPA, 2003).
Agricultural non-point source pollution is a major concern for water quality, especially in the
United States (EPA, 2003; Ongley et al., 2009). The primary agricultural non-point source
pollutants are pesticides, fertilizers, and animal wastes (EPA, 2003). Nitrogen and phosphorus
are two major nutrients primarily used in agricultural that impact water quality (EPA, 2003). Not
only does agricultural runoff transport these pollutants into waterways, but overloading of
nitrogen and phosphorus can result in eutrophication resulting in intense plant growth and death

of organisms (EPA, 2003).



In urban areas, urban storm-water runoff is a major non-point source pollutant, tying into
groundwater pollution. Urban storm water runoff occurs when precipitation does not soak into
the ground due to much of the area being covered in impervious surfaces resulting in pollutants
such as oil, salts, lawn fertilizers, and chemicals to be carried into waterways (Chaudhry and
Malik, 2017). Urban runoff pollutants can harm wildlife populations, contaminate drinking
water, and make recreational areas unsuitable for use (EPA, 2023). Additionally, industrial
facilities emit pollutants into the atmosphere, which can lead to the pollutants being washed out
of atmosphere in the form of precipitation (NOAA, n.d.). A more recent type of pollution that is

entering waterways at an alarming rate is plastic waste.

2.2 Plastics in the Environment
2.2.1 Introduction

A growing source of pollution is a result of trash, specifically plastic, being discarded and
entering the waterways. As more research is conducted, it is evident that plastic pollution has a
multitude of negative associations. “Plastics” gets its name from the Greek word “plastikos” and
“plastos”, which mean “fit for moulding” and “moulded” respectively (Millet et al., 2018). While
the first plastic was discovered in 1862, what society recognizes as modern plastic was
developed around the early 1900s (Millet et al., 2018). Commercial production of plastics began
around 1950 after World War Il and the material’s versatility (Millet et al., 2018; Aragaw and
Mekonnen, 2021). Plastics are in high demand because of their low production costs, and ability
to be made into a variety of shapes through the molding process.

2.2.2 Types of Plastic
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Plastics can be molded into a variety of shapes such as film, fibers, tubes, bottles, and
plates with virtually any shape (Millet et al., 2018). Plastics are present in a wide array of items
utilized every day, such as packing materials, cars, beauty products, kitchen products and
clothing. Plastics can be grouped into two main polymer families: thermoplastics and thermosets.
Thermoplastics melt when heated and harden when cooled, giving such material the ability to be
reheated or reshaped (Millet et al., 2018). Thermoplastics represent almost 80% of plastics in
demand (Millet et al., 2018). Thermosets are synthetic materials that undergo a chemical change
when treated, meaning that they cannot be reformed or remolded (Millet et al., 2018). Plastic can
be further divided into different categories based on their use such as polyethylene (PE),
polypropylene (PP), polyvinyl chloride (PVC), polystyrene (PS), polyurethane (PU) and
phenolic resins (Chen et al., 20200). Standard plastics, such as low-density polyethlene (LDPE),
linear low-density polyethylene (LLDPE), high-density polyethylene (HDPE), polypropylene
(PP), (PS), expanded polystyrene (EPS), polyethylene terephthalate (PET), are most widely used
plastics accounting for more than 85% of thermoplastic demand (Millet et al., 2018) (Table 2).
PP and PE polymers are used most in disposable products, such as disposable water bottles and

plastic packaging (Giacovelli et al., 2018).
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Table 2: Most common standard plastics, including their characteristics and applications (Source:

Millet et al., 2018).

Type of Standard Plastic

Characteristics

Examples of applications

LDPE

Type of polyolefins,
produced from oil and natural
gas. Very versatile, resulting
in a wide variety of

Cling film, carrier bags,
agricultural films, milk carton
coatings, electrical cable
coatings, heavy duty

of ethylene terephthalate
monomers.

applications. industrial bags

LLDPE Type of polyolefins, Stretch film, industrial
produced from oil and natural | packaging film, thin-walled
gases. Very versatile, containers,
resulting in a wide variety of | small/medium/heavy-duty
applications. bags

HDPE Type of polyolefins, Crates, boxes bottles (Food,
produced from oil and natural | detergent and cosmetic), food
gases. Very versatile, containers, toys, petrol tanks,
resulting in a wide variety of | industrial wrapping and film,
applications. pipes, houseware

PP Type of polyolefins, Food packaging, snack/sweet
produced from oil and natural | wrappers, microwave-proof
gases. Very versatile, containers, carpet fibers,
resulting in a wide variety of | garden furniture, medical
applications. packaging/appliances,

luggage, kitchen appliances,
pipes

PS Can be solid or foamed, made | Packaging, cosmetic packs,
from monomer styrene. toys, refrigerator trays

EPS Solid foam that is light Thermal insulation board in
weight, durable, has buildings, in packaging,
insulating properties and is cushioning of valuable goods,
very processable. food packing

PET Consists of polymerized units | Clothing fibers,

food/beverage containers

2.2.3 Plastic Production

From 1950 to 2015, global production of resins and fibers increased from two million

metric tons to 380 million metric tons per year, with a compound annual growth rate (CAGR) of

8.4% (Figure 3). This CAGR was roughly 2.5 times higher than the CAGR of global gross
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domestic products during that time frame (Geyer et al., 2017; Plastics Europe, 2017). China is a
major producer of plastics, accounting for 28% of global resin and 68% of global PP&A fiber
production (Geyer et al., 2017). PP&A fibers are acrylic fibers (Geyer at el., 2017), commonly
used in the textile industry. There are biodegradable plastics, however these plastics currently
have a global production capacity of four million metric tons (Geyer et al., 2017). Furthermore,
these plastics also have much higher associated costs to produce. Globally, there has been a shift
from production of durable plastics to single-use plastics (including packaging) (Geyer et al.,
2017). Single-use plastics are designed to be used once before being discarded, often referred to
as disposable plastics (Giacovelli, 2018). Single-use plastic products include grocery bags, water
bottles, straws, cutlery, and food packaging materials (Figure 4).

In 2017, Geyer et al., conducted the first-ever global assessment of mass-produced
plastics, finding that manufacturers have produced 8,300 million metric tons of virgin plastics,
creating 6,300 million metric tons of plastic waste, with only 9% recycled, 12% incinerated, and
the remaining 79% ending up in landfills or the environment (Geyer at al., 2017) (Figure 3).
None of these mass-produced plastics can biodegrade in a meaningful way. If plastic production
continues this trend, then by the end of 2050, humans will have produced 26,000 million tons of
resin, 6,000 million metric tons of PP&A fibers, and 2,000 million metric tons of additives
(Geyer at al., 2017). Assuming the continuance of the same trends previously described, 9,000
million metric tons of plastic waste will have been recycled, 12,000 million metric tons
incinerated, and 12,000 million metric tons discarded into landfills or the natural environment

(Geyer et al., 2017) (Figure 4).
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Figure 3: Global production, use, and fate for plastics (in million metric tons) (Source: Geyer et
al., 2017).
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Figure 4: Cumulative plastic waste generation and disposal. Solid lines show historical data
(1950-2015), and dashed lines show projected trends (to 2050) (Source: Geyer et al., 2017).
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Additionally, the coronavirus disease of 2019 (COVID-19) had a major impact on plastic
production levels due to the demand of single-use personal protection equipment needed.
Globally, approximately 129 billion face masks and 65 billion plastic gloves are disposed of
monthly (Aragaw and Mekonnen, 2021). Additionally, both the face masks and gloves are only
used once before being discarded. Medical face masks are already being identified as a potential
source for micro-plastic pollution in waterways (Aragaw 2020). The use and mismanagement of
COVID-19 attributed medical waste is having a major contribution to plastic contamination and
could exist in the environment for decades to come (Aragaw and Mekonnen, 2021).

2.2.4 Plastic Waste in the Environment

Discarded plastic contaminates a wide variety of habitats ranging from terrestrial,
(including freshwater environments), to marine habitats (Thompson et al., 2009) (Figure 5).
Discarded plastic has the largest effect on marine environments due to the sheer quantity entering
the waterways and their effects on these ecosystems (Thompson et al., 2009). Plastic debris in
the marine environment has been documented extensively, however, the quantity of plastic
entering the ocean is less well known. Land-based sources of plastic debris account for 80% of
the plastic debris in the marine environment (Li et al., 2016). Jambeck et al., (2015), used global
solid waste, population density, and economic status to estimate the mass of land-based plastic
waste entering the ocean. They found that in 2010, of 275 million metric tons of plastic waste,
from 192 coastal countries, 4.8 to 12.2 million metric tons entered the ocean. If waste-

management infrastructure does not improve by 2025, the cumulative quantity of plastic waste
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available to enter marine environments from the land is predicted to increase by an order of a

magnitude (Jambeck et al., 2015).
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Figure 5: The 2015 global plastic-carbon cycle. Black areas demonstrate fluxes of plastics
between compartments. Blue fluxes represent ways that plastics are removed (i.e. incineration to
carbon dioxide or photodegradation to oligomers). Question marks represent plastic-carbon cycle

terms without published estimates. Plastic mass values are the numbers shown in parentheses
(Source: Stubbins et al., 2021).

Millions of tons of plastics in the ocean get concentrated into giant gyres that rotate in
circular patterns because of winds and the Coriolis Effect (Schweitzer and Noblet, 2018).
Currently, there are five main garbage patches located in the North Pacific, South Pacific, North
Atlantic, South Atlantic, and Indian Oceans. One of the most notable such gyres is the Great
Pacific Garbage Patch (Figure 6), stretching from California to Japan in the gyre of the North
Pacific Subtropics Convergence Zone (Schweitzer and Noblet, 2018). As of 2018, the Great

Pacific Garbage Patch is estimated to have at least 79 thousand tons of plastic floating inside an
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area of 1.6 million km? (Lebreton et al., 2018). This quantity is four to sixteen times larger than
previously reported. Within the Great Pacific Garbage Patch, microplastics accounted for 8% of
the total mass, but 94% of the approximately 1.8 trillion pieces floating in the sea (Lebreton et

al., 2018).
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Figure 6: Great Pacific Garbage trash, Pacific Ocean gyre. (Source: Schweitzer and Noblet
2018).

2.3 Microplastics
2.3.1 Introduction

While plastic particles have been observed since 1972 (Carpenter and Smith, 1972; Mai
et al., 2018), gaining the name of “microplastics” in 2004, becoming the focus for important
research activity (Thompson et al., 2004). As plastic production increases and plastic waste
enters the environment at an alarming rate, there is an increased interest in understanding the

impacts of MPs, as the impacts remain poorly understood (Thomson et al., 2004). Despite there
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being no agreed-on standard size range/classification for MPs, they are most commonly defined
as plastic particles measuring smaller than 5 mm in length (Betts, 2008; Arthur et al., 2009;
Fendall and Sewell, 2009; Cole et al., 2011; Hidalgo-Ruiz et al., 2012; Rillig, 2012; Masura et
al., 2015; Duis and Coors, 2016; GESAMP, 2016; Mai et al., 2018; Schopel and Stamminger,
2019) (Figure 7). There is not an agreeable lower bound value for size requirements (Arthur et
al., 2009). MPs can come in the form of a wide variety of shapes including pellets, microbeads,

fragments, fibers, films, and foams (Crawford and Quinn, 2017).
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Figure 7: Size ranges for microplastic particles from (a) sediment, (b) sea surface, (c), water
column studies. Note: only studies that provided lower and upper limits of microplastics and
plastic pellet studies were excluded (Source: Hidalgo-Ruz et al., 2012).
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2.3.2 Types of Microplastics

Potential sources of MPs have been well documented and separated into two categories:
primary and secondary sources (Arthur et al., 2009; Cole et al., 2011; Hidalgo-Ruz et al., 2012;
Rillig, 2012; Brate et al., 2014; Masura et al., 2015; Duis and Coors, 2016; GESAMP, 2016; Li
et al., 2016; Crawford and Quinn, 2017; de Sa et al., 2018; Mai et al., 2018; Prata et al., 2018;
Schopel and Stamminger, 2019; ) (Figures 8 and 9). Primary MPs are manufactured to be
microscopic in size (Cole et al., 2011). Primary MPs are commonly created from industrial and
domestic products (Betts, 2008; Moore, 2008), and used in facial cleansers and cosmetics (Zitko
and Hanlon, 1991), medicine drug vectors or linking plastic intracellularly with drugs (Patel et
al., 2009), and air-blasting media (Gregory, 1996). Air-blasting involves blasting acrylic,
melamine, or polyester microplastic scrubbers to remove rust and paint on machinery, boat hulls,
or engines (Gregory, 1996). One of the most discussed primary MPs consists of scrubbers, used
in facial scrubs and exfoliating hand cleansers (Li et al., 2016). Microplastic scrubbers replaced
traditionally used natural ingredients, such as ground almonds, oatmeal, and pumice (Derraik,
2002). Other influential primary MPs include fibers from synthetic clothing and rope (Thompson
et al., 2004; Browne et al., 2007). Browne et al., (2011) discovered that one of the most
significant sources of MPs in the marine environment was fibers from washing clothes being
distributed by sewage.

Secondary MPs are tiny plastic fragments resulting from the breakdown of larger plastic
debris occurring both at sea and on land (Thompson et al., 2004). Fragmentation is a result of
physical, biological, and chemical processes that reduce the structural integrity of the plastic over

time (Browne et al., 2007). Over time, exposure to sunlight can result in photo-degradation of
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plastics (Cole et al., 2011). Ultraviolet (UV) radiation in sunlight causes oxidation of the
polymer matrix, resulting in the bonds to split (Browne et al., 2007; Rios et al., 2007; Moore,
2008; Barnes et al., 2009; Andrady, 2011). This can also result in additives, leaching out of the
plastics, which are supposed to increase durability and corrosion resistance (Talsness et al.,
2009). Photooxidation is not as likely in the marine environment, but in contrast, beaches have
high oxygen availability and direct exposure to sunlight resulting in plastic debris to degrade
rapidly (Moore, 2008; Barnes et al., 2009; Andrady, 2011). When plastics lose their structural
integrity, they are increasingly susceptible to fragmentation, resulting from abrasion, wave action
and turbulence (Browne et al., 2007; Barnes et al., 2009). This process is ongoing, with
fragments becoming smaller and smaller over time until they become MPs (Fendall and Sewell,
2009; Ryan et al., 2009). MPs can further degrade in size into nanoplastics, which is likely to

have increasing significance in future years (Cole et al., 2011).
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Figure 8: Primary microplastics example, on the left, from a personal care product. Secondary
microplastics example, on the right, breakdown of larger plastic debris (Source: Brate et al.,
2014).
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Even though biodegradable plastics are perhaps marketed as being a worthy replacement
for traditional plastics, they can also result in MPs (Thompson et al., 2004; Cole et al., 2011).
Biodegradable plastics usually consist of synthetic polymers and starch, vegetable oils or
specialized chemicals that have the purpose of accelerating degradation times (Derraik, 2002;
Thompson et al., 2004; Ryan et al., 2009). Biodegradable plastics will decompose if disposed of

properly, in industrial composting plants under hot, humid, well-aerated conditions (Thompson,
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2009; Moore, 2008). This decomposition is only partial, however, with the starch components
decomposing, but an abundance of synthetic polymers being left behind (Thompson et al., 2004;
Andrady, 2011). Meaning that these products are not truly biodegradable in the way that they are
marketed. With the absence of terrestrial microbes in relatively cold marine environments,
decomposition times of the degradable components are prolonged, resulting in an increased
probability of the plastic being fouled and reducing UV permeation which the degradation
process relies on (Moore 2008; Andrady, 2011). This still results in MPs being released into the
marine environment once decomposition finally occurs.
2.3.3 Microplastic Sources

There is a wide range of potential sources for MPs entering the marine environment
(Figure 10). Plastic debris originating from land-based sources accounts for 80% of the plastic
debris in the marine environment (Andrady, 2011). These plastics can be attributed to impurely
disposed user plastics occuring in cosmetics and air-blasting and plastic leachates from refuse
sites (Cole et al., 2011). Industrial or densely populated areas are a main source due to littering,
plastic-bag usage, and solid-waste disposal (Derraik, 2002). Other land-based sources include
plastics being transported by river systems and wastewater-treatment plants to the marine
environment (Browne et al., 2010; Cole et al., 2011). Extreme weather events, such as hurricanes
or flooding, increase movement of land-based debris to the sea (Barnes et al., 2009). Globally,
the entire fishing fleet uses plastic gear, inevitably some being lost or discarded, with 18% of
marine plastic debris being attributed to the fishing industry (Watson et al., 2006; Andrady et al.,
2011). Another source of plastic debris occurs from the manufacture of plastic products that use

granules and small resin pellets (Cole et al., 2011). These materials can enter the marine
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environment from accidental spillage during transport, inappropriate use as packing materials,

and direct outflow from processing plants (Cole et al., 2011).

Sources of microplastics k b " N

‘ Textiles -

TN of tebes proctaced tday
Ve GaITTes of MiT TR

o toal moaplastas v

Fishing, Aquaculture v e

and Shipping S
Micraglestics e relesved by shign’ epmater Fiowing L -
VL 15 e e degrmdalin £\t it Jear et ) &

e parmy g Ere-ete plastic wadle hom o~ v
g and a9, P L .
gt A
'y s,
& Agriculture @ Road Transport @ —

A ia oty agpritiasd sauaren cordrade b dnger vy Tyve weat ot martings end reed atwasken dccoun & Plastic

micTophastics st the romd f1e €xaTTR TTDU e 129 mare I 38N O 42 mareplashcs wwane b0 the g“ *  Manufacturing m Tourism

wOrsresd une of catvaton timy, yelon poes. anvrarereet Tyte wew sune Qe cwnr 13 mibien T

Tutent pitn. seed coatag and vewage shalge Hom Soremes Of mucroplastics 1 Earcge wach s acyclng” Pollets are wighs on secycled plastic beads used o2 o PO et 3 aaeried by lourtets wasty oo
wastewater bestment plasts used as sol hertioer. Wi ol et tpren @ St prtieTat an Mer e 1t ethicw maleriaty 1 ManAacti ity Due Patc PUEKIL Mowew tocal wate muanajerent aysterms, e e
haf of w1 wudge m Eureoe e 12 e th 4 & sonty. spOrtY GEEIRS &1 3CI00 prEPETINGS Erectly plastic pulet, fakes and powder boss scriirs 80 dlong the. wastenate SChes orud Bhe MatIAW e OF inge
woeas prowm e MESpAC) ko the wosmeet AR PrOduchon, HIago ! enc scychog uie S ne Pt O and packaging

Figure 10: Microplastic sources into the ecosystem (Source: Seas at Risk, 2022).

2.3.4. Abundance of MPs

MPs have been detected in virtually all environments. The occurrence of MPs has mostly
been investigated in the marine environment due to the detection of unexpectedly high levels in
oceanic convergence zones (Duis and Coors, 2016). Globally, MP abundance is estimated to be
anywhere between five and fifty trillion particles, with a mass between 32,000 to 236,000 metric
tons (van Sebille et al., 2015). High concentrations of MPs are observable near industrial centers,
metropolitan areas, and enclosed/semi-enclosed seas and in gyres (Duis and Coors, 2016). MPs

have also been documented in what are considered some of the most remote marine
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environments (GESAMP, 2016), such as the Arctic (Lusher et al., 2015), in Arctic Sea ice
(Obbard et al., 2014) and in the Southern Ocean (Barnes et al., 2010). About half of floating MPs
in the open ocean are in the subtropical gyres of North and South Atlantic, North and South
Pacific, and the Indian Ocean, with concentrations having the potential to be a million times
higher in comparison to other regions. There is a lesser understanding of how MPs occur below
the ocean surface (GESAMP, 2016).
2.3.5 Degradation Times

Plastic debris typically degrades in two ways: biodegradation and photodegradation (L.i et
al., 2016). Degradation occurs at a slow rate depending on the availability of bacteria, light, and
oxygen (Koelmans et al., 2022). There is little information available on specific fragmentation
and degradation rates of MPs (Duis and Coors, 2016). Extrapolated persistence data (Figure 11)
has been used to estimate half-lives of plastics, which ranges from 58 years for bottles to 12,000
years for pipes (Chamas et al., 2020). Using calibration of experimental weathering data and
modeling of fragmentation, fragments at the ocean surface and beaches have an average 176-year
lifespan. The production of plastic only began around 70 years ago, implying the formation of
MPs is quite rapid (Koelmans et al., 2022). In 2016, Koelman et al., calculated that in the ocean,
approximately 50% of plastics had been there for more than 13 years, 80% more than 4 years,
and 90% more than 2 years. As a result, it can be inferred that present-day plastics are still in the
early stages of degradation based off estimated half-lives and timescales of 100 to 1,000 years

(Koelmans et al., 2022).
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Figure 11: Predicted degradation profiles for HDPE and SSDR (pieces with the same mass and
density), but different shapes (film, fiber, bead). The dashed lines represent extrapolations
assuming constant surface area, while the solid lines represent a shrinking radius model (surface
area decreasing over time) (Source: Chamas et al., 2020).

2.3.6 Implications of Microplastic Contamination

Even though MPs are widespread globally, the impact MPs have on organisms in the
marine environment have only recently emerged (Cole et al., 2011) (Figure 12). MP’s small size
make them a threat to a wide range of marine organisms (Derraik, 2002; Thompson et al., 2004;
Barnes et al., 2009; Fendall and Sewall, 2009). If ingested, MPs can pose a physical hazard to
organisms (Fendall and Sewell, 2009), such as blockage of the intestinal tract, inhibition of
gastric enzyme secretion, reduced feeding stimuli, decreased steroid hormone levels, delays in
ovulation, and failure to reproduce (Azzarello and Vleet, 1987; Ryan, 1988; Spears et al., 1995;
McCauley and Bjorndal, 1999; Derraik, 2002; Wright et al., 2013). Seabirds are extremely
vulnerable to plastic ingestion as they rarely regurgitate undigested hard material, meaning that
MPs are a new and increasing problem associated with plastic ingestion (Li et al., 2016).

A review by Li et al., (2016) found that MP particles have been detected in fish species
originating in the Mediterranean Sea (Romeo et al., 2015), North Pacific Ocean (Boerger et al.,
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2010; Jantz et al., 2013), South Atlantic Ocean (Possatto et al., 2011; Dantas et al., 2012), and
North Sea. Predation activities are a common way fish ingest plastic (Li et al., 2016). Tuna chase
or find their prey in shallow waters, hence ingesting plastic particles during feeding since these
waters have abundant buoyant plastic debris (Romeo et al., 2015; Li et al., 2016). Other species
affected by ingestion include sea turtles and at least 48 cetacean species (i.e. whales and
dolphins) (Li et al., 2016). Once ingested, MPs can be transported through the digestive tract
until excretion, and accumulate in the gut, digestive gland, gills, or the liver (Lu et al., 2016;

Riberio et al., 2017; Koelmans et al., 2022).

Industrial activities

Fishing
Seabirds activities

Marine

Primary I I

microplastics

> Secondary
microplastics

Fragmentation

g —
Plastic Microplastics & _
entanglement , Degradation
Fishes
Plastic debris e Sinking
<\ YN\ due to
& S biofouling
i ey - g
; . N Defouling il
. ¢ Marine
Sea turtles mammals
+
I
: Sea
I
Fishes ‘ L Sedimentation
A
]
: Marine invertebrates
N .
W O
I. Ay
Land

Figure 12: Potential pathways of plastic debris and biological interactions. Dotted arrows
represent plastic ingestion, while solid arrows represent transportation (Source: Li et al., 2016).
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In addition to physical impacts, ingestion can also have chemical effects (Li et al., 2016).
A review by Li et al., (2016) indicated multiple studies have found plastic debris to be a vector
for the absorption or transportation of waterborne chemical pollutants from invertebrates to
higher trophic levels (Gregory, 1996; Teuten et al., 2009), including polychlorinated biphenyls
(PCBs) (Zarfl and Matthies, 2010), polycyclic aromatic hydrocarbons (PAHSs) (Teuten et al.,
2009), and organochlorine pesticides such as DDT (Ivar do Sul and Costa, 2014). These
pollutants are persistent organic pollutants (POPs), which remain persistent in the environment
for extended time, bioaccumulative, toxic, hydrophobic, and have a long-range transport
potential (Zarfl and Matthies, 2010). MPs have such an affinity for carrying POPs due to plastics
being composed of highly hydrophobic materials (Ivar do Sul and Costa, 2014). Concentrations
of PCBs held by MPs are one million-fold higher than PCB concentrations in surrounding water
(Betts, 2008). Multiple studies have correlated a positive relationship between quantity of
plastics ingested and concentration of PCBs (L.i et al., 2016). A high concentration of POPs (i.e.
PCBs) can cause endocrine disruption, teratogenicity and toxicity of the liver and kidney (Yogui
and Sericano, 2009; Muirhead et al., 2016).

Low concentrations of plastic additives, such as brominated flame retardants, phthalates,
and the constituent monomer bisphenol A, can have harmful effects on mollusks, crustaceans,
fish and amphibians (Oehlmann et al., 2009; Li et al., 2016). The purpose of plastic additives is
to reduce the chemical affinity between molecules or used as monomers in polycarbonate plastic,
but they are unstable in plastic resulting in leaching into the environment (Staples et al., 1997; Li
et al., 2016). Plastic additives have been found in the bodies of organisms, released once
ingested, resulting in a high concentration of additives to be able to disrupt biological processes

(Lithner et al., 2011; Engler, 2012; Li et al., 2016). Plastic additive studies primarily were
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conducted on fish, with little research on how plastic additives affect marine seabirds or
mammals (Li et al., 2016).

The presence of MPs in marine species for human consumption should be of concern in
regard to the potential effects of MPs on human health, especially in countries with high intake
of seafood (Barboza et al., 2018). Information on occurrence of MPs in seafood products,
exposure levels, and potential health effects for humans is largely unknown and still being
studied (Barboza et al., 2018). Although MPs in the human body are being studied initially, MPs
have been seen in the human stool (Schwabl et al., 2019) and the placenta (Ragusa et al., 2020).

In addition to health implications, MPs can also contribute to the dispersal of invasive
species, species that cause harmful algal blooms, microorganisms, and pathogens (Duis and
Coors, 2016). MPs have the potential to be a more effective invasive species dispersal
mechanism than ship hulls or ballast water (Barnes, 2005). MPs have been implicated in the
northward range extension of the large barnacle Perforatus perforates (Rees and Southward,
2008) and provide substrate for bryozoans, barnacles, polychaete worms, hydroids, and mollusks
(Moore, 2008). Additionally, once MPs are present in marine environments, it is virtually
impossible to remove them without also disrupting ecosystem function by removing planktonic
biomass (Brate et al., 2014).

2.3.7 MP Water-Sampling Methods

There is no standard sampling method for MPs in water or sediment. For water samples,
there is no standard or specific depth required for sampling. The medium chosen for collecting
water depends on the size of the body and amount of water to be collected. A large portion of
studies and reviews focus on sampling large bodies of water or beaches. MP distribution in the

water column is dependent on a multitude of properties including shape, density, size, and
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environmental conditions. Quantity and quality of MPs are highly dependent on sampling
location and depth. Distribution of MPs in the water column can change depending on fresh or
salt water, typically MPs will be deeper in the water column in freshwater (Prata et al., 2019).

There are a several ways to sample MPs by using nets, sieves, pumps, or glass containers
(Mai et al., 2018; Prata et al., 2019). One of the most common methods for sampling the sea is
using a neuston tow (Barrows et al., 2017). Neuston plankton nets sample a large volume of
water by collecting plastic pieces as they sieve through the water (Barrows et al., 2017). Using
glass bottles and metal sieves are ideal to reduce the chance of contamination but are commonly
associated with being able to collect limited amounts of water (Prata et al., 2019). MPs must be
separated from water samples in order to be analyzed which can occur in two ways: 1) a
reduction step that allows one to reduce sample volume (i.e. use of nets during collection) or 2) a
separation step typically through filtration and/or density separation (Prata et al., 2019). Water
samples contain biological materials, and a digestion step, usually hydrogen peroxide (H20) is
used to remove organic material and is highly recommended but not required (Prata et al., 2019).
Visual inspection is conducted for identification and quantification of MPs, and this is followed
by chemical characterization. A stereoscope or a microscope can be used for visual inspection,
allowing MPs to be classified by size, color, and shape. Chemical characterization of MPs by
Fourier transform infrared spectroscopy (FTIR), Raman spectroscopy, or a Scanning electron
microscope (SEM) is highly recommended to confirm MPs (Prata et al., 2019).
2.4 Karst

Karst landscapes are areas of land that are underlain by soluble bedrock, containing
caves, sink holes, and sinking steams. Karst is produced when rock solubility is combined with

rock structure and lithology (Ford and Williams, 2007). Karst regions can be observed on every
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continent except Antarctica, and account for 15.2% of the world’s ice-free land surfaces
(Goldscheider et al., 2020). Karst regions are significant as karst aquifers hold fresh water and
are home to underground ecosystems. Karst landscape appearances vary, with prominence of
features being dependent on the local hydrogeological factors (Veni et al., 2001). Subsurface
karst features include caves and conduits where bedrock has dissolved away (Palmer, 2012).
Above ground, on the surface, karst features include sinkholes and sinking streams (Veni et al.,
2001). Karst areas are very fragile environments that have been impacted by human activities
since the industrial revolution (Parise et al., 2008). Globally, 1.18 billion people (16.5% of the
global population) live on karst, making it important to understand (Goldscheider et al., 2019).
2.4.1 Water Pollution in Karst

Karst landscapes are extremely important, as 678 million people, 9.2% of the global
population, rely on aquifers for drinking water (Stevanovi¢, 2019). The largest consumer of karst
aquifers is China with approximately 150 million citizens relying on such aquifers (Zektser and
Everett, 2004), followed by approximately 50 million people in the USA in rural areas (Karst
Water Institute, 2016). Karst aquifers act as a reservoir of water, able to transport water to
springs or wells underground via natural dissolution processes that result in fractures (Veni et al.,
2001). Karst aquifers allow for large volumes of water to be stored underground, which is
advantageous in arid climates due to high evaporation rates (Veni et al., 2001).

Karst landscapes are extremely vulnerable to hazards and pollution. Karst regions are
especially vulnerable to the rapid rate and ease with which contaminants enter the aquifer.
Contamination is common for karst aquifers in both rural and urban areas. Urban contamination
includes oil, grease, solid trash, human wastes, chemical waste, septic tank effluent, and other

forms of runoff (Veni et al., 2001). In rural areas, fertilizers, pesticides, and herbicides
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contaminate karst aquifers (Veni et al., 2001). In rural karst areas contamination of wells or
springs is especially dangerous due to health risks associated with drinking untreated water.
2.4.2 Microplastics in Karst

Karst caves are extremely fragile ecosystems with a significant scientific value in fauna
and speleothems (Balestra and Bellopede, 2021). As previously described, karst aquifers are an
important source of drinking water. MP pollution in caves and karst aquifers is poorly
understood (Panno et al., 2019; Balestra and Bellopede, 2021). It is important to understand how
MP impacts caves and karst aquifers, as both are easily impacted by anthropogenic factors.
2.4.3 Literature Gap

As MP contamination increases, there are many information gaps that need to be
examined. There needs to be a standardized method for sampling and analyzing MPs, to allow
for a comparison of results between studies. Current methods likely result in bias and
underestimating of smaller MPs. There are also no methods to characterize MP by source
location, however using FT-IR is a promising method to characterize MPs by polymer type.
More research needs to be conducted on MP interactions within food chains, and their effects on
organisms. There is little information on leaching rates of plastics in water. There is also limited
information on MP contamination in caves and karst aquifers. The aim of this study is to
examine MP contamination in karst regions, characterize MP particles, and to aid in

understanding MP detection.
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Chapter 3: Study Area

3.1 Introduction

There are three areas of interest within southern Kentucky: Lost River Rise, GO Spring,
and Biz Falls. An important location to study is Bowling Green, Kentucky. Bowling Green
(Figure 13) is a city in south-central Kentucky that is rapidly developing. In 2010, Bowling
Green had a population of 58,067 and as of 2020 the population grew to 72,294 (U.S.A. Census,
2020). Bowling Green is the fastest growing, and third largest, city in Kentucky, following
Louisville and Lexington. It is home to Western Kentucky University, the National Corvette
Museum, and multiple major manufacturing plants, such as Fruit of the Loom and General
Motors. Bowling Green covers about 103.6 km? (U.S.A. Census, 2020). On average, Bowling
Green receives 127.3 centimeters (cm) of precipitation per year and has an average temperature
of 15.1 °C. Land use within the city of Bowling Green is mostly urban, developed space, with
residential and commercial use. Bowling Green is underlain by a karst landscape, which is
extremely vulnerable to water pollution. This area is important to study due to the karst
landscape’s ability to allow for the fast movement of water within karst systems and the storage
of water in aquifers. Bowling Green also represents an urbanized area that theoretically should

have MPs present in the groundwater.
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Figure 13: Map of Bowling Green, Warren County, Kentucky (Source: Created by Author).

3.2 Lost River Groundwater Basin

Bowling Green, Kentucky is built over the Lost River Cave System. Lost River Cave
represents the primary drainage system for the Lost River Groundwater Basin (Figure 14). The
headwaters of Lost River originate about 19 km south of the Bowling Green city limits, near
Woodburn, composed of several surface streams that converge into a single river system
(Jackson, 2017). As the stream reaches Bowling Green, it reemerges at the surface four times at
multiple blue holes within the Lost River Valley, before disappearing into Lost River Cave
(Jackson, 2017). At Blue Hole #4, Lost River emerges on the surface and flows for
approximately 120 meters before draining into Lost River Cave. Roughly 61 meters from the
entrance of Lost River Cave is a three-meter-high epikarst-fed waterfall that drains directly to the
water table (Jackson, 2017). This waterfall is accessible year-round, functioning as a tourist site.
The stream continues northward until it resurges at Lost River Rise in Lampkin Park. The final
discharge point, the Lost River Rise, represents roughly 152 km? of urban and agricultural

landscape runoff (Jackson, 2017).
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The annual average discharge at the Lost River Rise is approximately 0.35 m3/s. The Lost
River Basin lies within the Pennyroyal Sinkhole Plain, which is composed of Mississippian-aged
St. Louis and Ste. Genevieve limestones, as well as Girkin Limestone (Crawford, 1989). This
groundwater basin has a multitude of karst features such as sinkholes, sinking streams, springs
and caves. Both formations are thick-bedded and can look very similar to one another. An
important distinction is that the Ste. Genevieve limestone is largely oolitic, while the St. Louis is
not (Creech, 2019). Even though Bowling Green comprises a large portion of the Lost River
Groundwater Basin, over 50% of the basin is agricultural, but the main portion of the cave is

under the urbanized part of the city itself (Lawler, 2023).
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Figure 14: Lost River Groundwater Basin Map (Source: Lawler, 2023).

3.3 Great Onyx Groundwater Basin

Great Onyx Cave is within part of Mammoth Cave National Park (MACA) located in
south-central Kentucky. MACA is home to 52,830 acres of karst terrain, including the world’s
most extensive known cave system (Soto and Pate, 2016; Groves et al., 2021). MACA has been
designated as a World Heritage Site and an International Biosphere Reserve by the United

Nations, due to the unique karst landscape (Bledsoe et al., 2021). MACA lies within the central
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Kentucky karst limestone belt, including St. Louis Limestone, Ste. Genevieve Formation, and the
Girkin Formation, all Mississippian age limestone (Palmer, 1995, 2017).

The Great Onyx Groundwater Basin is the main sampling location for the study area.
Several dye traces have been conducted to delineate the Great Onyx Groundwater Basin (Soto
and Pate, 2016). Great Onyx Spring is the main discharge point of the basin, flowing into the
Green River through a spring run. Great Onyx Spring has a recharge area of approximately four-
square kilometers (Figure 15) (Williams, 2021). Great Onyx Groundwater Basin has an average
annual temperature of 14.6°C and an average annual rainfall of 130 centimeters (Climate-

Data.org, n.d.).
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Figure 15: Inferred groundwater flow paths within Great Onyx Groundwater basin determined by

dye traces. Map modified from National Park Service Map by Rick Toomey (Source: Bledsoe,
2023).

Great Onyx Groundwater Basin essentially serves as a relatively pristine landscape, the
last direct land use in 1961 before the park acquired ownership of the cave and property
(Duckeck, 2021). Prior to when MACA began protecting the land, there were two small tourist
hotels and scattered farmsteads that occupied the land. The road leading into the basin is secured
by gated access, requiring a key and permit to enter. The cave itself, approximately three
kilometers from the gate, requires a National Park Service (NPS) permit to enter during times
other than tours. There is a tour route that does run through 1.6 km of the cave, with a maximum
of 38 tickets available for each tour, plus one to two NPS Rangers (National Park Service, 2024).
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Since 2014, there have been about 35,000 Great Onyx tours, resulting in approximately a ten-
year average of approximately 3,500 people per year (Merideth, 2024).
3.4 Great Onyx Cave - Biz Falls

Great Onyx Cave is located within the Great Onyx Groundwater Basin (Figure 14),
composed of approximately 7.4 kilometers of passages. Edwards and Cox Avenues are the two
main, nearly horizontal upper-level passages formed in the Girkin and Ste. Genevieve limestones
in Great Onyx Cave (Raines, 2023) (Figure 16). Cascade River flows through these upper levels,
up and over a large waterfall, then falling approximately 25 meters to the lower-level cave. At
this point, the stream merges with another to form the Lucykovah River which flows to Great

Onyx Spring, and flows to the Green River (Williams, 2021).
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Figure 16: Edwards and Cox Avenue: mapped passages of Great Onyx Cave. Red lines
demonstrate inferred water pathways from dye-tracing, showing the connection of Biz Falls to
Cascade River to Great Onyx Spring. Map modified from Cave Research Foundation, NPS
(Source: Williams, 2021).
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Biz Falls, the focus of this study site, is a small waterfall where Cascade River begins at
the base of the waterfall. This site is composed of a small waterfall that sinks into a rocky
streambed. This site is home to a plastic barrel used for conducting discharge method; all
sampling was done upstream from this barrel. Above this point in the cave is remote, wooded
area, without any direct anthropogenic use. The tour route does not run through this passage of

the cave.
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Chapter 4: Methodology

4.1 Overview

The purpose of this study was to examine and categorize MPs in the Lost River
Groundwater Basin, Bowling Green Kentucky and Great Onyx Groundwater Basin, Mammoth
Cave National Park, Kentucky. Under an approved NPS research permit, field techniques
utilized collecting grab samples and discharge measurements. Laboratory procedures consisted
of filtering using a Buchner funnel and vacuum flask, organic digestion step, and visual analysis
of MPs. Methodology was adapted from an extensive literature review, with significant influence
from Balestra and Bellopede, (2021) and Panno et al., (2019), as studies specifically dealt with
karst regions.

When designing this study determining site selection was a key step. The goal of this
study was to examine microplastic concentrations in karst groundwater with varying land use.
Lost River Rise was selected because it is the final discharge point for the Lost River
Groundwater Basin. Lost River Rise represents roughly 152 km? of urban and agricultural
landscape runoff (Jackson 2017). Since it represents such a large area of runoff and is heavily
impacted by anthropogenic use, Lost River Rise is likely impacted by microplastic
contamination. Great Onyx Groundwater Basin was selected because it is inside Mammoth Cave
National Park, specifically a relatively undeveloped area. Great Onyx Spring is the main
discharge point of the basin, which is important because it could show the potential impact that
tours and research use have on an otherwise pristine area. In addition, to MPs being deposited via
precipitation into the cave system, anthropogenic use can deposit MPs as well. Biz Falls was

selected for two reasons 1) in-cave it is off the tour route, upstream from Great Onyx Spring.
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This means that the only way microplastics would enter this point in the cave is from research
use or rainfall above the cave. 2) the land area above Biz Falls is undeveloped, remote,
backcountry forest, assumed to be not impacted by any anthropogenic use. These sites represent
groundwater that is heavily impacted by anthropogenic use and groundwater that should not be
relatively impacted by anthropogenic use.
4.2 Sample Collection
4.2.1 Grab Sampling

Grab sampling was conducted monthly from September 2023 through February 2024,
with an additional sample collected representing a precipitation event. For each sampling event,
the same clothes were worn almost each time and recorded to examine any potential cross-
contamination. Monthly sampling events did not occur on the same day of every month but were
selected based on convenience. Grab sampling was conducted at each site on the same day for all
sites to ensure similar atmospheric conditions. One liter (L) glass bottles were pre-rinsed before
being taken into the field using acetone. The acetone was originally in a plastic bottle before
being transferred to a glass jar for storage. Before collecting samples, the glass bottles were triple
rinsed in situ with sample water. The bottles were then filled and capped underwater with no air
space, when conditions permitted, to prevent atmospheric contamination. Two liters in total were
collected at each site. At Biz Falls a plastic barrel is used for measuring discharge so to ensure no
risk of contamination from the barrel, samples were collected upstream from a small waterfall
resulting in the inability to cap the samples underwater. Samples were transported back to the
laboratory and were kept out of sunlight until analysis. A field blank was conducted at Lost
River Rise at every sampling event, using distilled water created in the laboratory (distilled water

filtration apparatus was all glass and metal) to assess for any potential contamination. Assuming
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safe, accessible flow conditions, samples were collected at the same spot every month. General
water quality measures including pH, water temperature (°C), and specific conductivity (SpC)
(uS/cm) were also collected during grab sampling using a YSI Pro 1030 handheld meter. The
YSI Pro 1030 was calibrated prior to each sampling for pH and SpC using 4.01, 7.00, and 10.00
buffer solutions and 1,000 uS/cm standard for SpC in accordance with the manufacturer's
manual (YSI, 2009).
4.3 Laboratory Process

All surfaces and materials were rinsed with distilled water prior to use. Before working
with any samples, a QAQC air blank, a 47 mm Whatman gridded filter was placed into an
aluminum weigh dish, to record any potential atmospheric contamination. Total processing time
and individual sample processing time were recorded, to note exposure time per sample. Type of
clothing worn during laboratory process were also recorded.

A vacuum filtration process (Figure 17) was utilized to separate MPs from the sample
water collected. The filtration apparatus was set up consisting of a filter flask, a filter funnel, 47
mm Whatman gridded filter, and a vacuum pump. A rubber stopper is inserted into a 2,000 mL
flask, before the Buchner funnel is placed into the hole in the center of the rubber stopper. A 250
mL glass funnel is clamped to the Buchner funnel, which can be removed easily to change the 47
mm Whatman gridded filter that sits on top of the Buchner Funnel. Rubber tubing connected to
the vacuum pump is then connected to the side nozzle of the flask (Figure 18). The rubber
stopper and tubing were below the filter paper and did not come into contact with sample water.
A petri dish was constantly covering the funnel when not actively pouring a sample to reduce

possible atmospheric contamination.

43



Each sample bottle was given a unique lab name to correspond to the filter(s) associated
with it. Samples were inverted several times before filtration to equally distribute/suspend any
potential MPs throughout the sample. To ensure a proper seal, a small amount of sample water
was placed into the funnel and the vacuum pump started. Once the seal was established, a
known, recorded amount was poured into the funnel, repeating this step until all the sample had
been filtered. For turbid or slow-filtering samples, samples were to be split across multiple
filters. On occasions where there was no change observed in sample volume after 1-2 hours,
filtration was stopped, and filters were swapped according to standard practices used in
membrane filtration for concentrations of bacteria (Source Molecular Corporation, 2019).
Equipment was triple rinsed between samples with 50 ml of distilled water. A lab blank, totaling
2L of distilled water, was processed every filtration day to account for any potential

contamination.
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Figure 17: Vacuum filtration process (Source: Hawach Scientific, n.d.).
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After filtration was complete, the funnel was unclamped and, placed onto a paper towel,
before moving the filter paper into an aluminum dish. This step was completed as fast as
possible, without tearing the filter paper. The aluminum dish was immediately covered with an
aluminum cover and labeled with the corresponding lab identification. Samples were placed into
the oven to dry at 50°C for 40 minutes. This drying time resulted in filters being able to properly
dry but did not result in the filter papers curling up from being in the oven too long. Once

samples were dry, organic matter was removed through the application of 0.5 ml of 15%
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hydrogen peroxide and left to react for 30 minutes before being dried again for 40 minutes at
50°C. A portion of samples were treated with 30% hydrogen peroxide prior to availability of
15% hydrogen peroxide. No differences were observed, however, using 30% can cause MPs to
break down into smaller particles. The organic digestion step is not a required standardized step,
with most studies using either 15% or 30% hydrogen peroxide. Samples were stored until visual
analysis.
4.4 Laboratory Analysis

Before analysis a QA/QC air blank, as previously described, was placed on the work
bench to account for any potential atmospheric contamination. Filters were examined at 45X and
100X magnification under a Nikon Eclipse E200 compound microscope (Figure 19). Filters were
uncovered during examination due to the objective lens almost touching the filter due to the
stage height required for focus. Visual identification was used to count MPs according to strict
criteria: no cellular or organic structures present and filters had equal thickness throughout
(Hidalgo-Ruz et al., 2012; Crawford and Quinn, 2016; Balestra and Bellopede, 2022). Each
particle was examined under 100x to confirm MP identification. Using an iPad, a picture of each
filter was taken, and the locations of MPs were recorded on the squares of their respective filter.
Each MP was photographed for future reference and to double-check identification. All counted
MPs were described using a standardized size and color sorting system (SCS) for categorizing
MPs (Crawford and Quinn, 2016) (Figure 20). Questionable particles were subject to the hot
needle test (Barrows et al., 2017), if the composition was still questionable, the piece was not

considered plastic to avoid misidentification.
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Figure 19: Microscope used for identification (Source: Author).
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STANDARDISED
SIZE AND COLOUR SORTING
(SCS)
Macroplastic (MAP) SYSTEM Mesoplastic (MEP)
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Jd ? .
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(<5 mm -1 mm) (<1 mm-1 pm) (<1 pm)
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A & Bronze (BZ)
Charcoal (CH)
Fragment (FR) Microfragment (MFR) Clear (CL)
N . Dark (DK)
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Film (F1) Microfilm (MF1) ::L"'B (‘33;
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Speckled (SP)
“-‘ J “ Tan (TN)
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= 1 -1 L+]
(<5 mm -1 mm) (=1 mm pm) White WT)
Yellow (YL)
Any piece of plastic

Figure 20: Standardized size and color sorting system used for MP identification (Source:
Crawford and Quinn, 2016).

4.5 LRR Rain Event

On October 19, 2023, 0.58 inches of rain was recorded at Lost River Rise. An additional
sampling event took place the next day with goal of capturing how rain could affect microplastic
concentrations. This sampling event was done in addition to the monthly sampling event.

4.6 Field Blanks
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Field blanks were conducted at Lost River Rise, to examine potential contamination
during the sample processing event, by pouring one liter of distilled water into a clean jar. This
process was done twice, for a total of two liters. The distilled water apparatus used to make the
distilled water used in the field blanks was found to not be free of microplastics. However, since
the sample water itself does not come into contact with distilled water, these microplastic values
were not subtracted out from the sample. Instead, a separate graph and analysis was conducted
detailing the characteristics and abundance of microplastics in the distilled water used for field
blanks.

4.7 QA/QC Blank Subtraction

While collecting grab samples, a 47 mm Whatman gridded filter was placed into an
aluminum weigh dish, to account for any atmospheric contamination, and covered once sampling
was complete. The identified MPs from air blanks were subtracted from the corresponding
sample total based on color, shape, and size.

4.8 Data Processing

All data were compiled and maintained in Excel and organized by site/date. In each
site/date Excel sheet microplastics were then noted based on their size, shape, and color.
Quantitative analysis to sum the counts of shape, size, color, and overall amount was performed
using Excel. All tables were made using Excel. All graphs were made using Origin software.
4.9 Contamination Avoidance

Many steps were taken in an attempt to reduce contamination. One step taken was to
always record clothing worn when sampling or processing samples. When possible, the same
clothes were worn during every monthly sampling event. A white laboratory coat was worn

when filtering samples or examining filters under a microscope. Bottles were pre-rinsed with
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acetone to try to eliminate microplastics that could have been in the bottle. When sampling,
filtering samples, or examining filters under a microscope, a weigh tray with a filter was exposed
to account for any atmospheric contamination. When filtering samples, a Petri dish was placed
over the funnel to prevent atmospheric exposure. Filters were kept covered until being placed
under a microscope. Due to the stage height of the microscope, filters could not be covered while
using 100x. A filter to account for atmospheric contamination was left to capture atmospheric
contamination. The time of atmospheric exposure per filter was recorded. Of all filters analyzed,
on average, the atmospheric exposure time per filter resulted in less than one particle per hour.
Therefore, this value was not subtracted from samples and was deemed to be insignificant. Any
time a sample was not being processed or examined, it was immediately covered and stored in a

drawer.
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Chapter 5: Results

5.1 Overview

Microplastics were detected at all sites, during every sampling event. In total LRR had a
total of 278 MPs detected, while GO Spring and Biz Falls had a total of 286 and 260 MPs,
respectively. Shapes identified included: fibers (Figure 21), fragments (Figure 22), films (Figure
23), and pellets (Figure 24). Across all sites the most prominent shape seen were fibers. Lost
River Rise had a total of 238 fibers, Great Onyx Spring and Biz Falls had 261 fibers and 234
fibers, respectively. Clear and blue were the dominant colors for all sites. Clear and blue MPs
accounted for 83.45% of all MPs at LRR, 84.97% at GO Spring, and 88.08% at Biz Falls. Size of
MPs was split into two categories: MPs and Mini-MPs. The size classification for MPs was < 5
mm to 1 mm. The size classification for Mini-MPs was 1 mm to 1 um. Mini-MPs (MMPs) had a
higher occurrence at all sites in comparison to MPs. Lost River Rise, GO Spring, and Biz Falls

had a total of 249, 256, and 241 mini-MPs, respectively.
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Figure 21: Examples of fibers (Source: created by Author).
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Figure 22: Examples of fragments (Source: created by Author).
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Figure 23: Examples of films (Source: created by Author).
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Figure 24: Examples of pellets (Source: created by Author).
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5.2 Lost River Rise MP

MPs detected for the LRR are provided in Figure 25 and Tables 3-6. Shapes identified
included fibers (FB), films (FI), fragments (FR), and pellets (PT). Colors identified included:
clear (CL), blue (BL), pink (PK), red (RD), green (GN), grey (GY), black (BK), purple (PR), and
multicolor (MC). Microplastics identified fell within the mini-MP and MP size range. Monthly
differences are displayed in Figure 15 based on shape, color and size.

September had the highest number of MPs detected with 90 total particles detected. In
September fibers and fragments accounted for 97.78% of MPs detected. Clear and blue particles
accounted for 78.89% of MPs, followed by black and pink particles accounting for 13.33%. Mini
MPs accounted for 92.22% of the sample. More specifically, out of the 80 fibers identified clear
fibers accounted for 50%, followed by blue accounting for 30%. Out of the eight fragments
identified, blue fragments made up 62.50% of the sample. 83 mini-MPs were identified, with
87.95% being fibers, 9.65% fragments, and 2.41% being films. Moreover, clear and blue
accounted for 77.11% of mini-MPs. For the seven identified MPs, five were clear.

October had a total of 57 MPs identified. Fibers were the main shape detected during this
sampling month, accounting for 91.23%. Clear and blue were the main colors identified,
accounting for 87.72%. Mini MPs account for almost all MPs seen, accounting for 98.25%. Out
of the 52 fibers identified 75% were clear, with the next most identified color being blue
accounting for 13.46%. Out of the three fragments identified, two were blue and one was red.

Out of the 52 fibers identified 51 fell within the mini-MP size range.
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November had the lowest number of MPs detected with 20 particles detected. Out of the
20 particles detected, 13 were fibers, five were fragments, one was a film, and one was a pellet.
Clear and blue accounted for 90% of MPs detected. 17 of the 20 particles fell into the mini-MPs
size range, while three were in the MPs size range. Out of the 13 fibers, eight were clear, four
were blue and one was multi-color. Out of the five fragments, four were blue. 10 of the 13 fibers
fell within the mini-MP size range. For all mini-MPs, 47.06% were blue, while 41.18% were
clear.

December had a total of 42 MPs identified. Out of the 42 MPs identified, 36 were fibers
and 6 were fragments. Blue and clear accounted for 80.95% of all MPs, with the next most
common color being multi-colored accounting for 11.90%. Out of the 42 MPs identified, 76.19%
fell within the mini-MP size range and 23.81% fell within the MP size range. More specifically,
out of the 36 fibers the most predominant color identified was clear, followed by blue and multi-
color. For fragments identified, five out of six identified were blue. Out of the 32 MMP
identified 26 were fibers and six were fragments. The most identified color in relation to mini-
MPs was clear followed by blue. The 10 MPs that fell into the MP size range were all fibers. The
most predominant color in relation to the MP size range was clear, then multi-color and blue.

January had a total of 32 MPs identified. Fibers made up 24 of the 32 identified MPs,
while fragments made up the remaining eight. Clear was the leading color accounting for
46.88%, followed by blue (34.38%), green (6.25%), black (6.25%), grey (3.13%), and multi-
color (3.13%). Mini-MPs were the predominant size range, identified 31 times, while the MP
size range was identified once. Of the fibers identified, 15 were clear, five were blue, two were
black, one was multi-colored, and one was grey. For the fragments identified six were blue and 2

were green. For the MMP size range, 23 identified MMPs were fibers, while eight were
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fragments. The one MP identified was a fiber. The predominant color in the MMP size range was
clear (48.39%), followed by blue (32.26), green (6.45%), black (6.45%), multi-color (3.23%),
grey (3.23). The one MP was blue.

February had a total of 37 MPs identified, 33 of which were fibers and four were
fragments. The most frequent color identified was clear (67.57%), followed by blue (21.62%),
multi-color (5.41%), black (2.70%), and purple (2.70%). Particles falling into the mini-MPs size
range were identified more than the MP size range, with 30 MMPs being identified and 7 MPs.
Out of the 33 fibers identified, 25 were clear, five were blue, one was multi-colored, one was
black, and one was purple. For the 4 four fragments identified, three were blue and one was
multi-colored. Among the 30 MMPs identified, 26 were fibers and four were fragments. All 7
MPs identified were fibers. The predominant color for particles falling within the MMP size
range were clear (66.67%), blue (20%), multi-color (6.67%), black (3.33%), purple (3.33%). The
most frequent color for MPs was clear accounting for 71.43%, followed by blue accounting for
28.57%.

In total, LRR had a total of 278 MPs identified, 238 being fibers, 34 being fragments,
four being films, and two being pellets. Clear was the most prominent color accounting for
56.47% of MPs identified, followed by blue (26.98%), multi-color (5.76%), black (3.96%), pink
(2.16%), red (1.80%), green (1.80%), purple (0.72%), and grey (0.36%). Mini-MPs were the
predominant size range accounting for 89.57%, while MP accounted for 10.43%. Out of the 238
fibers identified, 151 were clear, 50 were blue, 14 were multi-colored, 11 were black, six were
pink, four were red, one was grey, and one was pink. Out of the 34 fragments identified, 25 were
blue, five were green, two were multi-colored, one was purple, and one was red. All four films

identified were clear. Both pellets identified were clear. Out of the 249 mini-MPs observed, 209
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were fibers, 34 were fragments, four were films, and two were pellets. Out of the 29 MPs
identified, all 29 were fibers. The most dominant color in the MMP size range was clear
(54.62%), followed by blue (27.71%), multi-color (5.62%), black (4.42%), pink (2.41%), red
(2.01%), green (2.01%), purple (0.80%), and grey (0.40%). The most frequent color identified in

the MP size range was clear (68.97%), followed by blue (20.69%), then multi-colored (10.34%).
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Figure 25: Lost River Rise monthly MPs differences grouped by shape, color, and size (Source: created by Author).
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Table 3: Total MP Results from Lost River Rise. All results are per two liters (Source: Created by Author).

Multi- | Mini

Site/Date Fiber | Film | Fragment | Pellet | Clear | Blue | Pink | Red | Green | Grey | Black | Purple | color | MP MP Total
LRR 9/27/23 80 2 8 0 42 29 5 1 2 0 7 0 4 83 7 90
LRR 9/27/23 % 88.89 | 2.22 8.89 0.00 | 46.67 | 32.22 | 5.56 | 1.11 222 | 0.00| 7.78 0.00 | 4.44 | 92.22 7.78

LRR 10/23/23 52 1 3 1 41 9 0 3 0 0 1 0 3 56 1 57
LRR10/23/23% | 91.23 | 1.75 5.26 1.75]71.93 | 15.79 | 0.00 | 5.26 0.00 | 0.00 | 1.75 0.00 5.26 | 98.25 1.75

LRR 11/29/23 13 1 5 1 10 8 0 0 1 0 0 0 1 17 3 20
LRR11/29/23% | 65.00 | 5.00 25.00 5.00 | 50.00 | 40.00 | 0.00 | 0.00 5.00 | 0.00 | 0.00 0.00 5.00 | 85.00 | 15.00

LRR 12/12/23 36 0 6 0 24 10 1 1 0 0 0 1 5 32 10 42
LRR 12/12/23% | 85.71 | 0.00 14.29 0.00 | 57.14 | 23.81 | 2.38 | 2.38 0.00 | 0.00 | 0.00 2.38 | 11.90 | 76.19 | 23.81

LRR 1/26/24 24 0 8 0 15 11 0 0 2 1 2 0 1 31 1 32
LRR 1/26/24 % 75.00 | 0.00 25.00 0.00 | 46.88 | 34.38 | 0.00 | 0.00 6.25 | 3.13 | 6.25 0.00 3.13 | 96.88 3.13

LRR 2/9/24 33 0 4 0 25 8 0 0 0 0 1 1 2 30 7 37
LRR 2/9/24 % 89.19 | 0.00 10.81 0.00 | 67.57 | 21.62 | 0.00 | 0.00 0.00 | 0.00 | 2.70 2.70 541 | 81.08 | 18.92
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Table 4: Breakdown of color and shape for Lost River Rise. All results are per two liters (Source: Created by Author).

Site/Date CLFB | MCFB | BLFB | BKFB | PKFB | RDFB | GYFB | PRFB | BLFR | MCFR | RDFR | GNFR | PRFR | CLFI CLPT | Total
LRR 9/27/23 40 3 24 7 5 1 0 0 5 1 0 2 0 2 0 90
LRR 9/27/23 % 50 3.75 30| 8.75| 6.25 1.25 0 0| 62.50 | 12.50 0.00 | 25.00 | 0.00 100 0
LRR 10/23/23 39 3 7 1 0 2 0 0 2 0 1 0 0 1 1 57
LRR 10/23/23 % | 75.00 5771346 | 192| 0.00| 3.85| 0.00| 0.00 | 66.67 0.00 | 33.33 0.00 | 0.00 | 100.00 | 100.00
LRR 11/29/23 8 1 4 0 0 0 0 0 4 0 0 1 0 1 1 20
LRR 11/29/23 % | 61.54 7.69 | 30.77 | 0.00| 0.00 0.00 | 0.00| 0.00 | 80.00 0.00 0.00 | 20.00 | 0.00 | 100.00 | 100.00
LRR 12/12/23 24 5 5 0 1 1 0 0 5 0 0 0 1 0 0 42
LRR12/12/23% | 66.67 | 13.89 | 13.89 | 0.00| 2.78| 278 | 0.00| 0.00 | 83.33 0.00 0.00 0.00 | 16.67 0.00 0
LRR 1/26/24 15 1 5 2 0 0 1 0 6 0 0 2 0 0 0 32
LRR 1/26/24 % 62.50 4.17 | 20.83 | 8.33| 0.00 0.00| 4.17| 0.00| 75.00 0.00 0.00 | 25.00 | 0.00 0.00 0
LRR 2/9/24 25 1 5 1 0 0 0 1 3 1 0 0 0 0 0 37
LRR 2/9/24 % 75.76 3.03 | 15.15| 3.03| 0.00 0.00| 0.00| 3.03| 75.00 | 25.00 0.00 0.00 | 0.00 0 0
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Table 5: Breakdown of shape and size for Lost River Rise. All results are per two liters (Source: Created by Author).

Site/Date FB MMP FR MMP FI MMP PT MMP FB MP Total

LRR 9/27/23 73 8 2 0 7 90
LRR 9/27/23 % 87.95 9.64 241 0.00 100.00

LRR 10/23/23 51 3 1 1 1 57
LRR 10/23/23 % 91.07 5.36 1.79 1.79 100.00

LRR 11/29/23 10 5 1 1 3 20
LRR 11/29/23 % 58.82 29.41 5.88 5.88 100.00

LRR 12/12/23 26 6 0 0 10 42
LRR 12/12/23 % 81.25 18.75 0.00 0.00 100.00

LRR 1/26/24 23 8 0 0 1 32
LRR 1/26/24 % 74.19 25.81 0.00 0.00 100.00

LRR 2/9/24 26 4 0 0 7 37
LRR 2/9/24 % 86.67 13.33 0.00 0.00 100.00
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Table 6: Breakdown of color and size for Lost River Rise. All results are per two liters (Source: Created by Author).

Site/Date CLMMP | MC MMP | BLMMP | PKMMP | RD MMP | GN MMP | BKMMP | GY MMP | PRMMP | CLMP | MCMP | BLMP | Total
LRR 9/27/23 36 4 28 5 1 2 7 0 0 5 1 1 90
LRR 9/27/23 % 43.37 4.82 33.73 6.02 1.20 241 8.43 0.00 0.00| 7143 | 14.29| 14.29

LRR 10/23/23 40 3 9 0 3 0 1 0 0 1 0 0 57
LRR 10/23/23 % 71.43 5.36 16.07 0.00 5.36 0.00 1.79 0.00 0.00 | 100.00 0.00 0.00

LRR 11/29/23 7 1 8 0 0 1 0 0 0 3 0 0 20
LRR 11/29/23 % 41.18 5.88 47.06 0.00 0.00 5.88 0.00 0.00 0.00 | 100.00 0.00 0.00

LRR 12/12/23 18 3 8 1 1 0 0 0 1 6 2 2 42
LRR 12/12/23 % 56.25 9.38 25.00 3.13 3.13 0.00 0.00 0.00 3.13 | 60.00 | 20.00 | 20.00

LRR 1/26/24 15 1 10 0 0 2 2 1 0 0 0 1 32
LRR 1/26/24 % 48.39 3.23 32.26 0.00 0.00 6.45 6.45 3.23 0.00 0.00 0.00 | 100.00

LRR 2/9/24 20 2 6 0 0 0 1 0 1 5 0 2 37
LRR 2/9/24 % 66.67 6.67 20.00 0.00 0.00 0.00 3.33 0.00 3.33 | 71.43 0.00 | 28.57
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5.2.1 Lost River Rise Rain Event

MPs detected for the LRR rain event are provided in Tables 7-10. Shapes identified
included: fibers, films, and fragments. Colors identified included: clear, blue, red, green, grey,
black, and multicolor. Microplastics identified fell within the mini-MP and MP size range. MP
characteristics are displayed in Figure 26 grouped by shape, color and size. In total 53 particles
were identified, with 42 being fibers, five being films, and six being fragments. The most
frequent color identified was clear, followed by black, green, multi-color, grey, blue, and red.
Out of the 53 particles identified. 49 fell into the mini-MP size range, and four fell within the MP
size range. Of the fibers identified 34 were clear, five were black, two were multi-color, and one
was red. Out of the 6 fragments identified, 4 were green, one was grey, and one was blue. All
five films identified were clear. Of the mini-MPs identified 39 were fibers, six were fragments,
and four were films. All particles falling within the MP size ranger were fibers. The most
common color of mini-MP sized particles was clear accounting for 75.51%, followed by green
(8.16%), black (8.16%), multi-color (4.08%), blue (2.04%), and grey (2.04%). The most
identified color for MP sized particles was clear accounting for 50%, followed by red (25%) and

black (25%).
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Figure 26: Lost River Rise rain event MPs characteristics differences grouped by shape, color, and size (Source: created by author).
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Table 7: Total MP Results from Lost River Rise Rain Event. All results are per two liters (Source: Created by Author).

Site/Date Fiber | Film | Fragment | Clear | Blue | Red | Green | Grey | Black | Multi-color | MiniMP | MP | Total

LRR 10/20/24 42 5 6 39 1 1 4 1 5 2 49 4 53

LRR10/20% | 79.25 | 9.43 11.32 | 73.58 | 1.89 | 1.89 7.55 | 1.89 | 9.43 3.77 92.45 | 7.55

Table 8: Breakdown of color and shape for Lost River Rise Rain Event. All results are per two liters (Source: Created by Author).

Site/Date CLFB | MCFB | BKFB | RDFB | BLFR | GNFR | GYFR | CLFI | Total

LRR 10/20/24 34 2 5 1 1 4 1 5 53

LRR10/20% | 80.95 476 | 11.90 | 2.38 | 16.67 | 66.67 | 16.67 | 100.00

Table 9: Breakdown of shape and size for Lost River Rise Rain Event. All results are per two liters (Source: Created by Author).

Site/Date FB MMP FR MMP FI MMP FB MP Total
LRR 10/20/24 39 6 4 4 53
LRR 10/20 % 79.59 12.24 8.16 100.00
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Table 10: Breakdown of color and size for Lost River Rise Rain Event. All results are per two liters (Source: Created by Author).

Site/Date CLMMP | MC MMP | BLMMP | GNMMP | BKMMP | GY MMP | CLMP | RD MP | BKMP | Total

LRR 10/20/24 37 2 1 4 4 1 2 1 1 53

LRR 10/20 % 75.51 4.08 2.04 8.16 8.16 2.04 | 50.00 | 25.00 | 25.00
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5.3 Great Onyx Spring MP

MPs detected for GO Spring are provided in Tables 11-14. Shapes identified included:
fibers, films, fragments, and pellets. Colors identified: clear, blue, pink, red, green, grey, black,
orange, and multi-color. MPs identified fell within the MMP and MP size range. Monthly
differences are displayed in Figure 27 based on shape, color, and size.

September had a total of 48 MPs, including 44 fibers, three fragments, and one pellet.
Colors identified blue, red, grey, and black. Of the 48 MPs identified, 44 fell within the MMP
size range, and four fell within the MP size range. Out of the 44 fibers identified, the most
predominant color identified was clear accounting for 72.72%, followed by blue (15.91%), black
(4.55%), red (4.55%), grey (2.27%). Three fibers were identified, with two being blue, and one
being clear. The one pellet seen was clear. The predominant shapes for the mini-MP size range
were fibers (90.91%), fragments (6.82%), pellets (2.27%). All particles in the MP size range
were fibers. The most frequent color identified in the MMP size range was clear (70.45%), blue
(20.45%), black (4.55%), grey (2.27%), red (2.27%). The highest frequency of color in the MMP
size range was clear (75%), followed by red (25%).

October had a total of 54 MP detected, of these, 47 were fibers, three fragments, and four
films. Colors observed were clear, blue, green, black, orange, and multi-color. Of the 54 MPs
detected, 49 fell within the mini-MP size range and the remaining five fell within the MP size
range. Moreover, the most frequent fiber color observed was clear (61.7%), followed by green
(14.89%), blue (12.77%), multi-color (6.38%), black (2.13%), and orange (2.13%). Green
accounted for two fragments identified, with the other being blue. All four films identified were

clear. Out of the 49 MMPs identified, fibers comprised of 85.71%, fragments representing
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6.12%, and films representing 8.16%. All five MPs identified were fibers. The most frequent
color seen in the MMP size range was clear representing 63.27%, followed by green (18.37),
blue (12.24%), multi-color (2.04%), black (2.04%), and orange (2.04%). The most frequent MP
color was clear and multi-color, both representing 40%, followed by blue representing 20%.

November had a total of 52 MPs detected, 49 of which were fibers, and three were
fragments. Colors identified included clear, blue, grey, and black. 49 particles fell within the
mini-MP size range and three fell within the MP size range. The most common color identified
for fibers was clear (83.67%), followed by blue (12.24%), back (2.04%), and grey (2.04%).
There were two blue and one clear fragment identified. 46 of the 49 fibers fell within the MMP
size range, as well as three fibers. All three particles within the MP size range were fibers. The
predominant color identified in the mini-MP size range was clear (81.63%), then blue (14.29%),
grey (2.04%), and black (2.04%). The most common color identified in the MP size range was
clear (66.67), followed by blue (33.33).

December had a total of 20 MPs identified, 18 being fibers and two being fragments.
Colors identified included clear, blue, and multi-color. All particles identified were in the mini-
MP size range. Of the 18 fibers observed 14 were clear, 3 blue, and one multi-color. Both
fragments were blue. As previously stated, all fibers and fragments identified were in the mini-
MP size range.

January had a total of 58 MPs identified, 49 being fibers and nine being fragments.
Colors identified included clear, blue, pink, red, black, and multi-color. Of the 58 MPs identified,
46 fell within the MMP size range and 12 within the MP size range. The most frequently
identified color in relation to fibers was clear (48.98%), followed by blue (30.61%), multi-color

(8.16%), pink (6.12%), black (4.08%), and red (2.04%). The most predominant color observed in
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relation to fragments was blue (88.89%), followed by red (11.11%). Fibers represented 82.61%
of particles in the MMP size range, while fragments represented 17.39%. All particles in the MP
size range were fibers. The predominant color associated with particles in the MMP size range
was clear (45.65%), followed by blue (36.96%), multi-color (6.52%), pink (4.35%), red (4.35%),
and black (2.17%). Blue was the predominant color seen associated with particles in the MP size
range representing 50%, followed by clear (33.33%), pink (8.33%), and black (8.33%).

February had a total of 57 particles identified, all of which were fibers. Colors identified
included clear, blue, pink, black, and multi-color. Out of the 57 particles identified, 51 fell within
the MMP size range, and six fell within the MP size range. Clear was the most frequent color
identified representing 64.91%, followed by blue (17.54%), pink (12.28%), multi-color (3.51%),
and black (1.75%). In relation to particles falling within the MMP size range, clear was the most
frequent color representing 68.63%, followed by blue (15.69%), pink (11.76%), and multi-
colored (3.92%). Clear and blue were the predominant colors seen in the MP size range, both
accounting for 33.33%, followed by pink and black both representing 16.67%.

Overall, Great Onyx Spring had a total of 286 particles identified, composed of 261
fibers, four films, 20 fragments, and one pellet. Colors observed were clear, blue, pink, red,
green, grey, black, orange, and multi-color. Clear was the most identified color representing
64.34%, followed by blue (20.63%), pink (3.50%), multi-color (3.50%), green (3.15%), black
(2.45%), red (1.40%), grey (0.70%), and orange (0.35%). Out of the 286 particles identified, 256
fell within the MMP size range, and 30 fell within the MP size range. Of the fibers identified.
clear was the most frequent color identified accounting for 67.82%, followed by blue (16.86%),
pink (3.83%), multi-color (3.83%), black (2.68%), green (2.68%), red (1.15%), grey (0.77%),

and orange (0.38%). Blue was the most identified color in relation to fragments representing
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75%, followed by clear (10.0%), green (10.0%), and red (5.0%). All films and pellets identified
were clear. Of the particles identified in the mini-MP size range 90.63% were fibers, 7.42% were
fragments, 1.56% were films, and 0.39% were pellets. All particles identified in the MP size
range were fibers. The most frequent color identified in relation to particles identified in the
MMP size range were clear (67.19%), followed by blue (19.14%), green (3.52%), pink (3.13%),
multi-color (2.73%), black (1.95%), red (1.17%), grey (0.78%), and orange (0.39%). The
predominant color identified in relation to particles identified in the MP size range was clear
(43.33%), followed by blue (33.33%), multi-color (6.67%), pink (6.67%), black (6.67%), and red

(3.33%).
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Figure 27: Great Onyx Spring MPs characteristics differences grouped by shape, color, and size (Source: created by Author).
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Table 11: Total MP Results from GO Spring. All results are per two liters (Source: Created by Author).
Site/Date Fiber Film | Fragment | Pellet | Clear | Blue | Pink | Red | Green | Grey | Black | Orange | Multi-color | Mini MP | MP Total
G0 9/27/2023 41 0 3 1 34 6 0 2 0 1 2 0 0 41 4 45
G09/27/23 % 91.11 | 0.00 6.67 2.22 | 75.56 | 13.33 | 0.00 | 4.44 0.00 | 2.22 | 4.44 0.00 0.00 91.11 | 8.89
GO 10/23/23 47 4 3 0 33 7 0 0 9 0 1 1 3 49 5 54
G0 10/23/23% | 87.04 | 7.41 5.56 0.00 | 61.11 | 1296 | 0.00 | 0.00 | 16.67 | 0.00 | 1.85 1.85 5.56 90.74 | 9.26
GO 11/29/23 49 0 3 0 42 8 0 0 0 1 1 0 0 49 3 52
GO 11/29/23% | 94.23 | 0.00 5.77 0.00 | 80.77 | 15.38 | 0.00 | 0.00 0.00 | 1.92 | 1.92 0.00 0.00 94.23 | 5.77
GO 12/12/23 18 0 2 0 14 5 0 0 0 0 0 0 1 20 0 20
G0 12/12/23% | 90.00 | 0.00 10.00 | 0.00 | 70.00 | 25.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00 0.00 5.00 | 100.00 | 0.00
GO 1/26/24 49 0 9 0 24 23 3 2 0 0 2 0 4 46 12 58
GO 1/26/24 % 84.48 | 0.00 15.52 0.00 | 41.38 | 39.66 | 5.17 | 3.45 0.00 | 0.00 | 3.45 0.00 6.90 79.31 | 20.69
GO 2/9/24 57 0 0 0 37 10 7 0 0 0 1 0 2 51 6 57
GO 2/9/24 % 100.00 | 0.00 0.00 0.00 | 64.91 | 17.54 | 12.28 | 0.00 0.00 | 0.00 | 1.75 0.00 3.51 89.47 | 10.53
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Table 12: Breakdown of color and shape for GO Spring. All results are per two liters (Source: Created by Author).

Site/Date CLFB | BLFB | BKFB | PKFB | RDFB | MCFB | GYFB | GNFB | ORFB | CLFR | BLFR | RDFR | GNFR | CLFI | PTCL | Total
G0 9/27/2023 32 4 2 0 2 0 1 0 0 1 2 0 0 0 1 45
G09/27/23% | 78.05| 9.76 | 4.88 | 0.00 | 4.88 0.00| 2.44| 0.00| 0.00|33.33| 66.67| 0.00 0.00 0 | 100.0

G0 10/23/23 29 6 1 0 0 3 0 7 1 0 1 0 2 4 0 54
G010/23/23% | 61.70 | 12.77 | 2.13 | 0.00 | 0.00 6.38| 0.00| 1489 | 2.13| 0.00| 33.33| 0.00| 66.67 | 100.0 0.0

GO0 11/29/23 41 6 1 0 0 0 1 0 0 1 2 0 0 0 0 52
G0 11/29/23% | 83.67 | 12.24 | 2.04 | 0.00 | 0.00 0.00| 2.04| 0.00| 0.00|33.33| 66.67| 0.00 0.00 | 0.00 | 0.00

GO0 12/12/23 14 3 0 0 0 1 0 0 0 0 2 0 0 0 0 20
G0 12/12/23% | 77.78 | 16.67 | 0.00 | 0.00 | 0.00 5.56 | 0.00 0.00 | 0.00| 0.00 | 100.00 | 0.00 0.00 | 0.00 | 0.00

GO0 1/26/24 24 15 2 3 1 4 0 0 0 0 8 1 0 0 0 58
G0 1/26/24% | 48.98 | 30.61 | 4.08 | 6.12 | 2.04 8.16 | 0.00 0.00| 0.00| 0.00| 88.89 | 11.11 0.00 | 0.00 | 0.00

GO 2/9/24 37 10 1 7 0 2 0 0 0 0 0 0 0 0 0 57
GO0 2/9/24 % 64.91 | 1754 | 1.75| 12.28 | 0.00 3.51| 0.00 0.00| 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00 | 0.00
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Table 13: Breakdown of shape and size for GO Spring. All results are per two liters (Source: Created by Author).

Site/Date FB MMP FR MMP FI MMP PT MMP FB MP Total

G0 9/27/2023 37 3 0 1 4 45
G0 9/27/23 % 90.24 7.32 0.00 2.44 100.00

G0 10/23/23 42 3 4 0 5 54
G0 10/23/23 % 85.71 6.12 8.16 0.00 100.00

GO 11/29/23 46 3 0 0 3 52
GO0 11/29/23 % 93.88 6.12 0.00 0.00 100.00

GO0 12/12/23 18 2 0 0 0 20
GO0 12/12/23 % 90.00 10.00 0.00 0.00 0.00

GO0 1/26/24 38 8 0 0 12 58
GO0 1/26/24 % 82.61 17.39 0.00 0.00 100.00

GO 2/9/24 51 0 0 0 6 57
GO0 2/9/24 % 100.00 0.00 0.00 0.00 100.00




Table 14: Breakdown of color and size for GO Spring. All results per two liters (Source: Created by Author).

CL MC BL GY PK RD BK GN OR CL RD BL MC PK BK

Site/Date MMP MMP MMP | MMP MMP MMP MMP MMP MMP | MP MP MP MP MP MP Total
G0 9/27/2024 31 0 6 1 0 1 2 0 0 3 1 0 0 0 0 45
G0 9/27 % 75.61 0.00 | 14.63 2.44 0.00 2.44 4.88 0.00 0.00 | 75.00 | 25.00 | 0.00 0.00 | 0.00| 0.00

GO0 10/23/24 31 1 6 0 0 0 1 9 1 2 0 1 2 0 0 54
G0 10/23 % 63.27 2.04 | 12.24 0.00 0.00 0.00 2.04 18.37 2.04 | 40.00 | 0.00 | 20.00 | 40.00 | 0.00 | 0.00

GO 11/29 40 0 7 1 0 0 1 0 0 2 0 1 0 0 0 52
G0 11/29% 81.63 0.00 | 14.29 2.04 0.00 0.00 2.04 0.00 0.00 | 66.67 | 0.00 | 33.33 0.00 | 0.00| 0.00

GO 12/12 14 1 5 0 0 0 0 0 0 0 0 0 0 0 0 20
G0 12/12% 70.00 5.00 | 25.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00| 0.00| 0.00 0.00 | 0.00 | 0.00

GO 1/26 21 3 17 0 2 2 1 0 0 4 0 6 0 1 1 58
GO 1/26% 45.65 6.52 | 36.96 0.00 4.35 4.35 2.17 0.00 0.00 | 33.33 | 0.00 | 50.00 0.00 | 8.33| 8.33

GO 2/9 35 2 8 0 6 0 0 0 0 2 0 2 0 1 1 57
GO 2/9% 68.63 3.92 | 15.69 0.00 11.76 0.00 0.00 0.00 0.00 | 33.33 | 0.00 | 33.33 0.00 | 16.67 | 16.67
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5.4 Biz Falls MP

MPs detected for Biz Falls are provided in Tables 15-18. Shapes identified included:
fibers, films, and fragments. Colors identified: clear, blue, pink, red, green, brown, grey, black,
and multi-color. MPs identified fell within the mini-MP and MP size range. Monthly differences
are displayed in Figure 28 based on shape, color, and size.

September had a total of 58 particles identified, 57 being fibers and one being a fragment.
The most frequent color identified was clear representing 79.31% of particles, followed by blue
(10.34%), black (5.17%), pink (3.45%), and brown (1.72%). Of the 58 particles identified, 56
fell into the MMP size range and two fell within the MP size range. Of the fibers identified, clear
was the predominant color (80.70%), followed by blue (10.53%), black (5.26%), pink (1.75%),
and brown (1.75%). The one fragment identified was pink. Out of the 56 particles that fell within
the MMP size range 55 were fibers and 1 was a fragment. Both particles within the MP size
range were fibers. For particles that fell within the MMP size range, the most frequent color
identified was clear (78.57%), followed by blue (10.71%), black (5.36%), pink (3.57%), and
brown (1.79%). Both particles within the MP size range were clear.

October had a total of 51 particles identified, composed of 48 fibers, one film, and two
fragments. The most abundant color observed was clear (72.55%), followed by blue (19.61%),
pink (1.96%), red (1.96%), black (1.96%), and multi-color (1.96%). Of the 51 particles identified
48 were in the MMP size range and three were in the MP size range. Of the fibers identified,
clear was the predominant color representing 77.08%, followed by blue (18.75%), black
(2.08%), and pink (2.08%). Blue and red were the colors of the two fragments detected. The film

observed was multi-color. Of the particles within the MMP size range, 93.75% were fibers,
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4.17% were fragments, and 2.08% were films. All particles that fell within the MP size range
were fibers. The predominant color seen in particles within the MMP size range was clear
(70.83%), followed by blue (20.83%), multi-color (2.08%), black (2.08%), pink (2.08), and red
(2.08%). The three particles within the MP size range were clear.

November had a total of 34 particles identified, of which 26 were fibers and eight were
fragments. The predominant color observed was clear representing 50%, followed by blue
(35.29%), grey (8.82%), red (2.94%), and multi-color (2.94%). Of the 34 particles identified, 32
fell within the mini-MP size range and two fell within the MP size range. Of the fibers identified,
clear (61.54%) was the most observed color, followed by blue (26.92%), grey (7.69%), and
multi-color (3.85%). For fragments detected, blue (62.50%) was the most observed color,
followed by clear (12.50%), red (12.50%), and grey (12.50%). Of the 32 particles within the
mini-MP size range, 24 were fibers and eight were fibers. Both particles that fell within the MP
size range were fibers. Of the 32 particles within the mini-MP size range, the predominant color
was clear (56.25%), followed by blue (34.38%), and grey (9.38%). Blue and red represented the
two particles observed within the MP size range.

December had a total of 16 particles identified, composed of 15 fibers and one fragment.
Clear was the predominant color observed accounting for 87.50% of the sample, followed by red
(6.25%), and black (6.25%). All particles identified fell within the MMP size range. Of the fibers
identified clear was the most abundant color representing 93.33%, followed by black (6.67%).
The one fragment identified was red.

January had a total of 45 particles identified, composed of 40 fibers and five fragments.
Clear was the predominant color seen accounting for 66.67% of all particles, followed by blue

(22.22%), pink (6.67%), green (2.22%), and black (2.22%). Of the 45 particles identified, 40 fell
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within the MMP size range, five fell within the MP size range. Of the fibers observed, clear was
the most frequent color seen accounting for 75%, followed by blue (15%), pink (7.5%), and
black (2.5%). Of the fragments identified 80% were blue and 20% were green. For the particles
falling within the MMP size range 87.50% were fibers and 12.5% fragments. All particles within
the MP size range were fibers. Of the particles within the mini-MP size range, the most frequent
color was clear (65.0%), followed by blue (25.0%), pink (5.0%), black (2.5%), and green (2.5%).
The most frequent color observed within the MP size range was clear (80.0%), followed by pink
(20.0%).

February had 56 particles identified, of which 48 were fibers and 8 were fragments. The
most frequent color identified was clear (64.29%), followed by blue (19.64%), multi-color
(7.14), green (3.57%), black (3.57%), and grey (1.79%). Of the 56 particles identified, 49 fell
within the MMP size range and 7 fell within the MP size range. Of the fibers identified, the most
frequent color was clear (68.75%), blue (18.75%), black (4.17%), multi-color (4.17%), green
(2.08%), and grey (2.08%). Of the fragments identified, clear was the most abundant accounting
for 37.5%, followed by blue (25.0%), multi-color (25.0%), and green (12.50%). Of the particles
within the MMP size range, 83.67% were fibers, while 16.33% were fragments. All the particles
within the MP size range were fibers. Within the mini-MP size range, clear was the most
frequent color observed accounting for 63.27%, followed by blue (20.41%), multi-color (6.12%),
black (4.08%), green (4.08%), and grey (2.04%). Within the MP size range, clear was the most
abundant color observed representing 71.43%, followed by blue (14.29%), and multi-color
(14.29%).

Overall, 260 particles were observed, of which 234 were fibers, 25 were fragments, and

one was a film. Colors identified included clear, blue, pink, red, green, brown, grey, black, and
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multi-color. Of all particles identified, clear was the most abundant color accounting for 69.23%,
followed by blue (18.85%), black (3.08%), pink (2.31%), multi-color (2.31%), grey (1.54%), red
(1.15%), green (1.15%), and brown (0.38%). Of the 260 particles identified, 92.69% fell within
the MMP size range and 7.31% within the MP size range. Of all fibers identified, clear (75.21%)
was the most abundant color seen, followed by blue (15.81), black (3.42%), pink (2.14%), grey
(1.28%), multi-color (1.28%), green (0.43%), and brown (0.43%). Of all fragments identified,
blue (48.0%), was the most abundant color observed, followed by clear (16.0%), red (12.0%),
multi-color (8.0%), green (8.0%), grey (4.0%), and pink (4.0%). The one film identified was
multi-color. Of all particles falling within the MMP size range, 89.21% were fibers, 10.37%
were fragments, and 0.41% were films. All particles within the MP size range were fibers.
Within the MMP size range the most abundant color observed was clear (69.29%), followed by
blue (19.50%), black (3.32%), pink (2.07%), multi-color (1.66%), grey (1.66%), green (1.24%),
red (0.83%), and brown (0.41%). Within the MP size range, the most observed color was clear

(73.68%), blue (10.53%), pink (10.53%), and multi-color (5.26%).
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Figure 29: Biz Falls rain event MPs characteristics differences grouped by shape, color, and size (Source: created by author).
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Table 15: Total MP Results from Biz Falls. All results are per two liters (Source: Created by Author).

Site/Date Fiber | Film | Fragment | Clear | Blue | Pink | Red | Green | Brown | Grey | Black | Multi-color | Mini MP | MP Total
BZF 9/27/2023 57 0 1 46 6 2 0 0 1 0 3 0 56 2 58
BZF 9/27/23% | 98.28 | 0.00 1.72 | 79.31 | 10.34 | 3.45 | 0.00 0.00 1.72 | 0.00 | 5.17 0.00 96.55 | 3.45
BZF 10/23/23 48 1 2 37 10 1 1 0 0 0 1 1 48 3 51
BZF 10/23/23% | 94.12 | 1.96 3.92 | 72.55 | 19.61 | 1.96 | 1.96 0.00 0.00 | 0.00 | 1.96 1.96 94.12 | 5.88
BZF 11/29/23 26 0 8 17 12 0 1 0 0 3 0 1 32 2 34
BZF 11/29/23 % | 76.47 | 0.00 23.53 | 50.00 | 35.29 | 0.00 | 2.94 0.00 0.00 | 882 | 0.00 2.94 94.12 | 5.88
BZF 12/12/23 15 0 1 14 0 0 1 0 0 0 1 0 16 0 16
BZF 12/12/23 % | 93.75 | 0.00 6.25 | 87.50 | 0.00 | 0.00 | 6.25 0.00 0.00 | 0.00 | 6.25 0.00 | 100.00 | 0.00
BZF 1/26/24 40 0 5 30 10 3 0 1 0 0 1 0 40 5 45
BZF 1/26/24% | 88.89 | 0.00 11.11 | 66.67 | 22.22 | 6.67 | 0.00 2.22 0.00 | 0.00 | 2.22 0.00 88.89 | 11.11
BZF 2/9/24 48 0 8 36 11 0 0 2 0 1 2 4 49 7 56
BZF 2/9/24 % 85.71 | 0.00 14.29 | 64.29 | 19.64 | 0.00 | 0.00 3.57 0.00 | 1.79 | 3.57 7.14 87.50 | 12.50
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Table 16: Breakdown of color and shape for Biz Falls. All results are per two liters (Source: Created by Author).

Site/Date CLFB | BLFB | BKFB | PKFB | RDFB | GNFB | GYFB | BNFB | MCFB | CLFR | BLFR | MCFR | RDFR | GNFR | GYFR | PKFR | MCFI

BZF 9/27/2023 46 6 3 1 0 0 0 1 0 0 0 0 0 0 0 1 0
BZF 9/27/23% | 80.70 | 10.53 | 5.26 | 1.75| 0.00 0.00| 0.00| 1.75 0.00 | 0.00 | 0.00 0.00 0.00 0.00 | 0.00 | 100.00 0.00
BZF 10/23/23 37 9 1 1 0 0 0 0 0 0 1 0 1 0 0 0 1
BZF 10/23/23% | 77.08 | 18.75 | 2.08 | 2.08 | 0.00 0.00 | 0.00| 0.00 0.00 | 0.00 | 50.00 0.00 | 50.00 0.00 | 0.00 0.00 | 100.00
BZF 11/29/23 16 7 0 0 0 0 2 0 1 1 5 0 1 0 1 0 0
BZF 11/29/23% | 61.54 | 26.92 | 0.00 | 0.00 | 0.00 0.00| 7.69| 0.00 3.85 | 12.50 | 62.50 0.00 | 12.50 0.00 | 12.50 0.00 0
BZF 12/12/23 14 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0
BZF 12/12/23% | 93.33 | 0.00 | 6.67 | 0.00 | 0.00 0.00 | 0.00| 0.00 0.00 | 0.00 | 0.00 0.00 | 100.00 0.00 | 0.00 0.00 0
BZF 1/26/24 30 6 1 3 0 0 0 0 0 0 4 0 0 1 0 0 0
BZF 1/26/24% | 75.00 | 15.00 | 2.50 | 7.50 | 0.00 0.00 | 0.00| 0.00 0.00 | 0.00 | 80.00 0.00 0.00 | 20.00 | 0.00 0.00 0.00
BZF 2/9/24 33 9 2 0 0 1 1 0 2 3 2 2 0 1 0 0 0
BZF 2/9/24 % 68.75| 18.75 | 4.17| 0.00 | 0.00 2.08| 2.08| 0.00 4.17 | 37.50 | 25.00 | 25.00 0.00 | 1250 | 0.00 0.00 0
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Table 17: Breakdown of shape and size for Biz Falls. All results are per two liters (Source: Created by Author).

Site/Date FB MMP FR MMP FI MMP FB MP

BZF 9/27/2023 55 1 0 2
BZF 9/27/23 % 98.21 1.79 0.00 100.00
BZF 10/23/23 45 2 1 3
BZF 10/23/23 % 93.75 4.17 2.08 100.00
BZF 11/29/23 24 8 0 2
BZF 11/29/23 % 75.00 25.00 0.00 100.00
BZF 12/12/23 15 1 0 0
BZF 12/12/23 % 93.75 6.25 0.00 0.00
BZF 1/26/24 35 5 0 5
BZF 1/26/24 % 87.50 12.50 0.00 100.00
BZF 2/9/24 41 8 0 7
BZF 2/9/24 % 83.67 16.33 0.00 100.00
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Table 18: Breakdown of color and size for Biz Falls. All results are per two liters (Source: Created by Author).

Site/Date CLMMP | MC MMP | BLMMP | BKMMP | PKMMP | RD MMP | BN MMP | GN MMP | GYMMP | CLMP | BLMP | PKMP | MC MP
BZF 9/27/2023 44 0 6 3 2 0 1 0 0 2 0 0 0
BZF 9/27/23 % 78.57 0.00 10.71 5.36 3.57 0.00 1.79 0.00 0.00 | 100.00 0.00 0.00 0.00
BZF 10/23/23 34 1 10 1 1 1 0 0 0 3 0 0 0
BZF 10/23/23 % 70.83 2.08 20.83 2.08 2.08 2.08 0.00 0.00 0.00 | 100.00 0.00 0.00 0.00
BZF 11/29/23 18 0 11 0 0 0 0 0 3 0 1 1 0
BZF 11/29/23 % 56.25 0.00 34.38 0.00 0.00 0.00 0.00 0.00 9.38 0.00 | 50.00 | 50.00 0.00
BZF 12/12/23 14 0 0 1 0 1 0 0 0 0 0 0 0
BZF 12/12/23 % 87.50 0.00 0.00 6.25 0.00 6.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BZF 1/26/24 26 0 10 1 2 0 0 1 0 4 0 1 0
BZF 1/26/24 % 65.00 0.00 25.00 2.50 5.00 0.00 0.00 2.50 0.00 | 80.00 0.00 | 20.00 0.00
BZF 2/9/24 31 3 10 2 0 0 0 2 1 5 1 0 1
BZF 2/9/24 % 63.27 6.12 20.41 4.08 0.00 0.00 0.00 4.08 2.04| 7143 | 14.29 0.00 | 14.29
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5.5 Field Blanks MP
MPs detected for field blanks are provided in Tables 19-22. Shapes identified included:

fibers, films, and fragments. Colors identified: clear, blue, pink, red, green, grey, black, purple,
and multi-color. MPs identified fell within the MMP and MP size range. Monthly differences are
displayed in Figure 30 based on shape, color, and size.

September had a total of 41 particles identified, composed of 36 fibers, 4 fragments, and
1 film. The predominant color observed was clear (46.34%), followed by blue (24.39%), multi-
color (12.20%), black (9.76%), red (2.44%), green (2.44%), grey (2.44%). Of the particles
identified, 85.37% fell within the MMP size range and 14.63% fell within the MP size range. Of
the fibers observed, 47.22% were clear, 27.78% were blue, 11.11% were black, 11.11% were
multi-color, 2.78% were grey. Of the 4 fragments identified, one was red, one was multi-color,
one was clear, and one was green. The film identified was clear. Of the particles within the MMP
size range 85.71% were fibers, 11.43% were fragments, and 2.86% were films. All particles
within the MP size range were fibers. The most abundant color within the MMP size range was
clear (40.0%), blue (28.57%), multi-color (11.43%), black (11.43%), red (2.86%), grey (2.86%),
and green (2.86%). The predominant color seen in the MP size range was clear (83.33%),
followed by multi-color (16.67%).

October 20" had a total of 25 particles identified, of which 24 were fibers, and one was a
film. The most frequent color identified was clear (56.0%), followed by blue (28.0%), multi-
color (8.0%) grey (4.0%), and black (4.0%). Of the particles identified 72.0% fell within the
MMP size range and 28.0% fell within the MP size range. Of the fibers identified, the most

common color observed was clear (58.33%), blue (25.0%), multi-color (8.33%), black (4.17%),
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grey (4.17%). The one film identified was clear. Within the MMP size range 94.44% were fibers,
and 5.56% were films. All particles within the MP size range were fibers. Within the MMP size
range, the most abundant color observed was clear (66.67%), blue (11.11%), multi-color
(11.11%), black (5.56%), and grey (5.56%). Within the MP size range, the most frequent color
identified was blue (71.43%) and clear (28.57%).

October 23™ had a total of 13 particles identified, composing of 12 fibers and one
fragment. The predominant color identified was blue (46.15%), followed by clear (15.38%), red
(15.38%), pink (7.69%), black (7.69%), and multi-color (7.69%). For the particles identified,
76.92% fell within the MMP size range and 23.08% fell within the MP size range. Of the fibers
observed, the most frequent color identified was blue (50.0%), clear (16.67%), black (8.33%),
multi-color (8.33%), pink (8.33%), and red (8.33%). The one fragment identified was red.
Within the MMP size range, fibers accounted for 90.0% and fragments accounted for 10.0%. All
particles within the MP size range were fibers. Within the MMP size range, the most identified
color was blue (40.0%), followed by red (20.0%), clear (10.0%), multi-color (10.0%), pink
(10.0%), and black (10.0%). The most frequently identified color within the MP size range was
blue (66.67%), followed by clear (33.33%).

November had a total of 31 particles identified, composed of 28 fibers and 3 fragments.
The most frequent color identified was blue (48.39%), followed by clear (29.03%), multi-color
(6.45%), pink (3.23%), red (3.23%), grey (3.23%), black (3.23%), and purple (3.23%). Of the 31
particles identified, 80.65% fell within the MMP size range and 19.35% fell within the MP size
range. Of the fibers detected, the most frequent color identified was blue (42.86%), followed by
clear (32.14%), multi-color (7.14%), black (3.57%), grey (3.57%), pink (3.57%), red (3.57%),

and purple (3.57%). All the fragments identified were blue. Of all particles within the MMP size
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range, 88.0% were fibers and 12.0% were fragments. All particles within the MP size range were
fibers. Within the MMP size range, the most abundant color seen was blue (44.0%), followed by
clear (32.0%), multi-color (8.0%), pink (4.0%), black (4.0%), red (4.0%), and purple (4.0%).
Within the MP size range, blue (66.67%) was the most frequent color seen, followed by clear
(16.67%), and grey (16.67%).

December had a total of 11 particles identified, of which 10 were fibers and one was a
fragment. The most frequent color seen was blue (36.36%), followed by clear (18.18%), pink
(18.18%), multi-color (18.18%), and red (9.09%). Of the 11 particles identified, 90.91% fell
within the MMP size range and 9.09% fell within the MP size range. Of the fibers identified,
blue was the most frequent color identified accounting for 40.0%, followed by clear (20.0%),
multi-color (20.0%), and pink (20.0%). The one fragment identified was red. Within the MMP
size range, 90.0% of particles were fibers and 10.0% were fragments. All particles within the MP
size range were fibers. Within the MMP size range, the most abundant color seen was blue
(30.0%), clear (20.0%), multi-color (20.0%), pink (20.0%), and red (10.0%). The one MP
particle was blue.

January had a total of 19 particles identified, composed of 17 fibers and two fragments.
The predominant color observed was clear (52.63%), blue (21.05%), pink (10.53%), red
(5.26%), black (5.26%), multi-color (5.26%). Of the particles identified, 89.47% fell within the
MMP size range and 10.53% fell within the MP size range. Within the fibers identified, clear
was the most frequent color observed accounting for 58.82%, followed by blue (17.65%), pink
(11.76%), black (5.88%), and multi-color (5.88%). Of the two fragments identified, one was
blue, and one was red. Within the MMP size range, 88.24% were fibers and 11.76% were

fragments. All particles within the MP size range were fibers. Within the MMP size range, the
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most frequent color identified was clear (52.94%), followed by blue (23.53%), multi-color
(5.88%), pink (5.88%), black (5.88%), and red (5.88%). The two particles within the MP size
range were clear and pink.

February had a total of 28 particles identified, of which 27 were fibers and one was a
fragment. The most frequent color identified was clear (50.0%), followed by blue (25.0%), pink
(7.14%), purple (7.14%), red (3.57%), green (3.57%), and black (3.57%). Of the 28 particles
identified, 75.0% fell within the MMP size range and 25.0% fell within the MP size range. Of
the fibers identified, the most abundant color observed was clear (51.85%), followed by blue
(25.93%), pink (7.41%), purple (7.41%), black (3.70%), red (3.70%). The one fragment
identified was green. Within the MMP size range, 95.24% were fibers and 4.76% were
fragments. All seven particles within the MP size range were fibers. Within the MMP size range,
61.90% were clear, 14.29% were blue, 9.52% were pink, 4.76% were black, 4.76% were green,
and 4.76% were purple. Within the MP size range, the predominant color identified was blue
(57.14%), followed by clear (14.29%), red (14.29%), and purple (14.29%).

Overall, a total of 168 particles were identified, of which 154 were fibers, 12 were
fragments, and 2 were films. The predominant color seen was clear (41.67%), followed by blue
(31.55%), multi-color (7.74%), black (5.36%), pink (4.76%), red (4.17%), grey (1.79%), purple
(1.76%), and green (1.19%). Of the 168 particles identified, 80.95% fell within the MMP size
range and 19.05% fell within the MP size range. Of the fibers identified, the most frequent color
seen was clear (44.16%), followed by blue (31.17%), multi-color (7.79%), black (5.84%), pink
(5.19%), grey (1.95%), red (1.95%), and purple (1.95%). Blue and red were the most frequent
colors seen within fibers, each accounting for 33.33%, followed by green (16.67%), multi-color

(8.33%), and clear (8.33%). Both films identified were clear. Within the MMP size range,
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89.71% were fibers, followed by 8.82% being fragments, and 1.47% being films. All 32 particles
within the MP size range were fibers. Within the MMP size range the most frequent color
observed was clear (43.38%), followed by blue (27.21%), multi-color (8.82%), black (6.62%),
pink (5.15%), red (4.41%), grey (1.47%), green (1.47%), and purple (1.47%). The most frequent
color seen within the MP size range was blue (50.0%), clear (34.38%), multi-color (3.13%), grey

(3.13%), pink (3.13%), red (3.13%), and purple (3.13%).
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Figure 30: Field Blank MPs characteristics differences grouped by shape, color, and size (Source: created by Author).
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Table 19: Total MP Results from Field Blanks. All results are per two liters (Source: Created by Author).

Site/Date Fiber | Film | Fragment | Clear | Blue | Pink | Red Green | Grey | Black | Purple | Multi-color | MiniMP | MP Total
FB 9/27/23 36 1 4 19 10 0 1 1 1 4 0 5 B85 6 41
FB 9/27/23 % 87.80 | 2.44 9.76 | 46.34 | 24.39 | 0.00 | 2.44 244 | 2.44 | 9.76 0.00 12.20 85.37 | 14.63
FB 10/20/23 24 1 0 14 7 0 0 0 1 1 0 2 18 7 25
FB 10/20/23 % | 96.00 | 4.00 0.00 | 56.00 | 28.00 | 0.00 | 0.00 0.00 | 4.00| 4.00 0.00 8.00 72.00 | 28.00
FB 10/23/23 12 0 1 2 6 1 2 0 0 1 0 1 10 3 13
FB 10/23/23% | 92.31 | 0.00 7.69 | 15.38 | 46.15| 7.69 | 15.38 0.00 | 0.00 | 7.69 0.00 7.69 76.92 | 23.08
FB 11/29/23 28 0 3 9 15 1 1 0 1 1 1 2 25 6 31
FB 11/29/23 % | 90.32 | 0.00 9.68 | 29.03 | 48.39 | 3.23| 3.23 0.00 | 3.23| 3.23 3.23 6.45 80.65 | 19.35
FB 12/12/23 10 0 1 2 4 2 1 0 0 0 0 2 10 1 11
FB 12/12/23% | 90.91 | 0.00 9.09 | 18.18 | 36.36 | 18.18 | 9.09 0.00 | 0.00| 0.00 0.00 18.18 90.91 | 9.09
FB 1/26/24 17 0 2 10 4 2 1 0 0 1 0 1 17 2 19
FB 1/26/24 % 89.47 | 0.00 10.53 | 52.63 | 21.05 | 10.53 | 5.26 0.00 | 0.00 | 5.26 0.00 5.26 89.47 | 10.53
FB 2/9/24 27 0 1 14 7 2 1 1 0 1 2 0 21 7 28
FB 2/9/24 % 96.43 | 0.00 3.57 | 50.00 | 25.00 | 7.14| 3.57 3.57| 0.00| 3.57 7.14 0.00 75.00 | 25.00
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Table 20: Breakdown of color and shape for Field Blanks. All results are per two liters (Source

: Created by Author).

Site/Date CLFB | BLFB | BKFB | GYFB | BNFB | MCFB | PKFB | RDFB | PRFB | BLFR | RDFR | MCFR | CLFR | GNFR | CLFI

FB 9/27/23 17 10 4 1 0 4 0 0 0 0 1 1 1 1 1
FB 9/27/23 % 47.22 | 27.78 | 11.11| 2.78 0.00 | 11.11| 0.00 0.00 | 0.00 0.00 | 25.00 | 25.00 | 25.00 | 25.00 | 100.00
FB 10/20/23 14 6 1 1 0 2 0 0 0 0 0 0 0 0 1
FB 10/20/23% | 58.33 | 25.00 | 4.17 | 4.17 0.00 8.33 | 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 0.00 | 100.00
FB 10/23/23 2 6 1 0 0 1 1 1 0 0 1 0 0 0 0
FB10/23/23% | 16.67 | 50.00 | 8.33 | 0.00 0.00 8.33| 8.33| 8.33| 0.00 0.00 | 100.00 0.00 | 0.00 0.00 0.00
FB 11/29/23 9 12 1 1 0 2 1 1 1 3 0 0 0 0 0
FB11/29/23% | 32.14 | 42.86 | 3.57| 3.57 0.00 7.14 | 3.57| 3.57| 3.57 | 100.00 0.00 0.00 | 0.00 0.00 0
FB 12/12/23 2 4 0 0 0 2 2 0 0 0 1 0 0 0 0
FB 12/12/23% | 20.00 | 40.00 | 0.00 | 0.00 0.00 | 20.00 | 20.00 0.00 | 0.00 0.00 | 100.00 0.00 | 0.00 0.00 0
FB 1/26/24 10 3 1 0 0 1 2 0 0 1 1 0 0 0 0
FB 1/26/24 % 58.82 | 1765 | 5.88| 0.00 0.00 5.88 | 11.76 | 0.00 | 0.00 | 50.00| 50.00 0.00 | 0.00 0.00 0
FB 2/9/24 14 7 1 0 0 0 2 1 2 0 0 0 0 1 0
FB 2/9/24 % 51.85| 2593 | 3.70| 0.00 0.00 0.00| 7.41 3.70 | 741 0.00 0.00 0.00 | 0.00 | 100.00 0
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Table 21: Breakdown of shape and size for Field Blanks. All results are per two liters (Source: Created by Author).

Site/Date FB MMP FR MMP FI MMP FB MP

FB 9/27/23 30 4 1 6
FB 9/27/23 % 85.71 11.43 2.86 100.00
FB 10/20/23 17 0 1 7
FB 10/20/23 % 94.44 0.00 5.56 100.00
FB 10/23/23 9 1 0 3
FB 10/23/23 % 90.00 10.00 0.00 100.00
FB 11/29/23 22 3 0 6
FB 11/29/23 % 88.00 12.00 0.00 100.00
FB 12/12/23 9 1 0 1
FB 12/12/23 % 90.00 10.00 0.00 100.00
FB 1/26/24 15 2 0 2
FB 1/26/24 % 88.24 11.76 0.00 100.00
FB 2/9/24 20 1 0 7
FB 2/9/24 % 95.24 4.76 0.00 100.00

96



Table 22:

Breakdown of color and size for Field Blanks. All results are per two liters (Source: Created by Author).

CL MC BL PK BK RD GY GN PR MC GY PK RD PR
Site/Date | MMP | MMP MMP | MMP | MMP | MMP | MMP | MMP | MMP | CLMP | MP BLMP | MP MP MP MP
FB 9/27/23 14 4 10 0 4 1 1 1 0 5 1 0 0 0 0 0
FB 9/27/23
% 40.00 | 11.43 | 28.57 0.00 | 11.43 2.86 2.86 2.86 0.00 | 83.33 | 16.67 0.00| 0.00| 0.00| 0.00| 0.00
FB
10/20/23 12 2 2 0 1 0 1 0 0 2 0 5 0 0 0 0
FB
10/20/23
% 66.67 | 11.11| 11.11 0.00 5.56 0.00 5.56 0.00 0.00 | 28.57 0.00 | 7143 | 0.00| 0.00| 0.00 | 0.00
FB
10/23/23 1 1 4 1 1 2 0 0 0 1 0 2 0 0 0 0
FB
10/23/23
% 10.00 | 10.00 | 40.00 | 10.00 | 10.00 | 20.00 0.00 0.00 0.00 | 33.33 0.00 | 66.67| 0.00| 0.00| 0.00 | 0.00
FB
11/29/23 8 2 11 1 1 1 0 0 1 1 0 4 1 0 0 0
FB
11/29/23
% 32.00 8.00 | 44.00 4.00 4.00 4.00 0.00 0.00 4.00 | 16.67 0.00 | 66.67 | 16.67 | 0.00 | 0.00 | 0.00
FB
12/12/23 2 2 3 2 0 1 0 0 0 0 0 1 0 0 0 0
FB
12/12/23
% 20.00 | 20.00 | 30.00 | 20.00 0.00 | 10.00 0.00 0.00 0.00 0.00 0.00 | 100.00 | 0.00| 0.00| 0.00 | 0.00
FB 1/26/24 9 1 4 1 1 1 0 0 0 1 0 0 0 1 0 0
FB 1/26/24
% 52.94 5.88 | 23.53 5.88 5.88 5.88 0.00 0.00 0.00 | 50.00 0.00 0.00 | 0.00 | 50.00 | 0.00 | 0.00
FB 2/9/24 13 0 3 2 1 0 0 1 1 1 0 4 0 0 1 1
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5.6 Combined Results

Total MPs concentrations detected for all sites are provided in Tables 23-26. Shapes
identified included: fibers, films, fragments, and pellets. Colors identified: clear, blue, pink, red,
green, brown, grey, black, purple, orange, and multi-color. MPs identified fell within the MMP
and MP size range. Monthly differences are displayed in Figure 26 based on shape, color, and
size.

In total, across all sites, there were a total of 824 particles identified, composed of 733
fibers, 9 films, 79 fragments, and 3 pellets. The predominant color observed was clear (63.23%),
followed by blue (22.21%), multi-color (3.88%), black (3.16%), pink (2.67%), green (2.06%),
red (1.46%), grey (0.85%), purple (0.24%), brown (0.12%), and orange (0.12%). Of the 824
particles identified, 90.53% fell within the MMP size range and 9.47% fell within the MP size
range. Among all the fibers identified, the most identified color was clear (68.76%), followed by
blue (17.87%), multi-color (3.68%), black (3.55%), pink (2.86%), green (1.09%), red (0.95%),
grey (0.82%), brown (0.14%), purple (0.14%), and orange (0.14%). Of all the fragments
detected, the predominant color seen was blue (65.82%), followed by green (11.39%), clear
(7.59%), red (6.33%), multi-color (5.06%), pink (1.27%), grey (1.27%), and purple (1.27%). Of
the films identified, 88.89% were clear and 11.11% were multi-color. All pellets seen were clear.

Of the particles identified within the MMP size range, the predominant shape seen was
fibers (87.94%), followed by fragments (10.46%), films (1.21%), and pellets (0.40%). All
particles within the MP size range were fibers. The predominant color documented within the
MMP size range was clear (63.67%), followed by blue (22.12%), multi-color (3.35%), black

(3.22%), pink (2.55%), green (2.28%), red (1.34%), grey (0.94%), purple (0.27%), brown
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(0.13%), and orange (0.13%). Among particles identified within the MP size range, the most
frequently identified color was clear (60.26%), followed by blue (23.08%), multi-color (7.69%),

pink (5.13%), black (2.56%), and red (1.28%).
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Figure 30: Total combined MPs concentrations characteristics differences grouped by shape, color, and size (Source: created by
Author).
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Table 23: Total MP results combined from all sites. All results are per two liters (Source: Created by Author).
Site FB Fl FR PT CL BL PK RD GN BN | GY | BK PR |[OR | MC MMP MP Total
LRR 238.00 | 4.00 | 34.00 | 2.00 | 157.00 | 75.00 | 6.00 | 5.00 | 5.00 | 0.00 | 1.00 | 11.00 | 2.00 | 0.00 | 16.00 | 249.00 | 29.00 | 278.00
85.61 | 1.44 | 12.23 | 0.72 | 56.47 | 26.98 | 2.16| 1.80| 1.80 | 0.00 [ 0.36 | 3.96 | 0.72 | 0.00 | 5.76 | 89.57 | 10.43
GO Spr | 261.00 | 4.00 | 20.00 | 1.00 | 184.00 | 59.00 | 10.00 | 4.00 | 9.00 | 0.00 | 2.00 | 7.00 | 0.00 | 1.00 | 10.00 | 256.00 | 30.00 | 286.00
91.26 | 1.40 | 6.99 | 0.35| 64.34| 20.63 | 3.50| 1.40 | 3.15|0.00|0.70 | 2.45|0.00 | 0.35 | 3.50 | 89.51 | 10.49
Bz Falls | 234.00 | 1.00 | 25.00 | 0.00 | 180.00 | 49.00 | 6.00 | 3.00 | 3.00 | 1.00 | 4.00 | 8.00 | 0.00 | 0.00 | 6.00 | 241.00 | 19.00 | 260.00
90.00 | 0.38 | 9.62 | 0.00 | 69.23| 18.85| 2.31| 1.15| 1.15|0.38 | 1.54 | 3.08 | 0.00 | 0.00 | 2.31| 9269 | 7.31
Totals | 733.00 | 9.00 | 79.00 | 3.00 | 521.00 | 183.00 | 22.00 | 12.00 | 17.00 | 1.00 | 7.00 | 26.00 | 2.00 | 1.00 | 32.00 | 746.00 | 78.00 | 824.00
Total% | 88.96 | 1.09 | 9.59 | 0.36 | 63.23 | 2221 | 2.67| 1.46| 2.06|0.12|0.85| 3.16 | 0.24 | 0.12 | 3.88 | 90.53 | 9.47
Table 24: Breakdown of color and fibers for combined results. All results are per two liters (Source: Created by Author).
Site CLFB BLFB BK FB PK FB RD FB GNFB BN FB GYFB PRFB ORFB MC FB Total
LRR 151.00 50.00 11.00 6.00 4.00 0.00 0.00 1.00 1.00 0.00 14.00 278.00
63.45 21.01 4.62 2.52 1.68 0.00 0.00 0.42 0.42 0.00 5.88
GO Spr 177.00 44.00 7.00 10.00 3.00 7.00 0.00 2.00 0.00 1.00 10.00 286.00
67.82 16.86 2.68 3.83 1.15 2.68 0.00 0.77 0.00 0.38 3.83
Bz Falls 176.00 37.00 8.00 5.00 0.00 1.00 1.00 3.00 0.00 0.00 3.00 260.00
75.21 15.81 3.42 2.14 0.00 0.43 0.43 1.28 0.00 0.00 1.28
Totals 504.00 131.00 26.00 21.00 7.00 8.00 1.00 6.00 1.00 1.00 27.00 824.00
Total % 68.76 17.87 3.55 2.86 0.95 1.09 0.14 0.82 0.14 0.14 3.68
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Table 25: Breakdown of color and fragments, pellets, and films for combined results. All results are per two liters (Source: Created by

Author).
Site CLFR BLFR PKFR RD FR GN FR GYFR PRFR MCFR CLFI MCFI CLPT Total
LRR 0.00 25.00 0.00 1.00 5.00 0.00 1.00 2.00 4.00 0.00 2.00 278.00
0.00 73.53 0.00 2.94 14.71 0.00 2.94 5.88 100.00 0.00 100.00
GO Spr 2.00 15.00 0.00 1.00 2.00 0.00 0.00 0.00 4.00 0.00 1.00 286.00
10.00 75.00 0.00 5.00 10.00 0.00 0.00 0.00 100.00 0.00 100.00
Bz Falls 4.00 12.00 1.00 3.00 2.00 1.00 0.00 2.00 0.00 1.00 0.00 260.00
16.00 48.00 4.00 12.00 8.00 4.00 0.00 8.00 0.00 100.00 0.00
Totals 6.00 52.00 1.00 5.00 9.00 1.00 1.00 4.00 8.00 1.00 3.00 824.00
Total % 7.59 65.82 1.27 6.33 11.39 1.27 1.27 5.06 88.89 11.11 100.00

Table 26: Breakdown of shape and size for combined results. All results are per two liters (Source: Created by Author).

Site FB MMP FRMMP | FIMMP PTMMP | FB MP Total

LRR 209.00 34.00 4.00 2.00 29.00 | 278.00
83.94 13.65 1.61 0.80 | 100.00

GO Spr 232.00 19.00 4.00 1.00 30.00 | 286.00
90.63 7.42 1.56 0.39 | 100.00

Bz Falls 215.00 25.00 1.00 0.00 19.00 | 260.00
89.21 10.37 0.41 0.00 | 100.00

Totals 656.00 78.00 9.00 3.00 78.00 | 824.00

Total % 87.94 10.46 1.21 0.40 | 100.00
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Table 27: Breakdown of color and size for combined results. All results are per two liters (Source: Created by Author).

CL BL BK PK RD GN BN GY PR OR MC CL BL BK PK RD MC
Site MMP MMP MMP | MMP | MMP | MMP | MMP | MMP | MMP | MMP | MMP | MP MP MP MP MP MP Total
LRR 136.00 | 69.00 | 11.00 | 6.00 | 5.00| 5.00| 0.00| 1.00| 2.00| 0.00| 14.00 | 20.00 | 6.00 | 0.00| 0.00| 0.00 | 3.00 | 278.00
5462 | 27.71| 442 | 241| 2.01| 2.01| 000| 040| 0.80| 0.00| 562 | 6897 | 2069 | 0.00| 0.00| 0.00 | 10.34
GOSpr | 172.00 | 49.00| 5.00| 8.00| 3.00f 9.00| 0.00| 2.00| 0.00| 1.00| 7.00| 13.00 | 10.00| 2.00| 2.00| 1.00| 2.00 | 286.00
67.19| 1914 | 195| 3.13| 1.17| 3.52| 000| 0.78| 0.00| 0.39| 273 | 43.33| 33.33| 6.67| 6.67| 3.33| 6.67
BzFalls | 167.00 | 47.00| 800| 5.00| 200| 3.00| 1.00| 4.00| 0.00| 0.00| 4.00| 1400| 2.00| 0.00| 2.00| 0.00| 1.00 | 260.00
69.29 | 1950 | 332| 207| 0.83| 124| 041| 166| 0.00| 0.00| 166 | 73.68 | 10.53 | 0.00| 10.53| 0.00 | 5.26
Totals 475.00 | 165.00 | 24.00 | 19.00 | 10.00 | 17.00 | 1.00| 7.00| 2.00| 1.00 | 25.00 | 47.00 | 18.00 | 2.00 | 4.00 | 1.00| 6.00 | 824.00
Total % 63.67 | 2212 | 322 | 255| 134| 228| 013| 094 | 0.27| 0.13| 3.35| 60.26 | 23.08| 2.56| 5.13| 128 | 7.69
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5.7 Air QA/QC

When sampling in the field, filters were left out to capture any potential air
contamination. Any contamination was then subtracted out from the corresponding sample date.
All three sampling locations had contamination on one or more sampling dates.

Lost River Rise air QA/QC concentrations are provided in Tables 28-331. October 20,
2023, sampling event had a total of seven fibers identified, of which four were blue, one clear,
one pink, and one red. All seven fibers identified fell within the MMP size range. October 23
2023, sampling event had a total of three particles identified, of which two were fibers and one
was a fragment. One of the fibers was blue while the other was clear. The fragment identified
was blue. All three particles fell within the MMP size range. November 29", 2023, had a one
fiber identified, that was clear falling within the MMP size range. February 9", 2024, had a total
of two fibers identified, one being clear and the other multi-color. The clear fiber fell within the
MMP size range, while the multi-color fiber fell within the MP size range.

Table 28: Total MP Results from LRR air contamination. All results are per two liters (Source:
Created by Author).

Site/Date Fiber Fragment | Clear | Blue | Pink | Red Multi-color | MMP MP Totals
LRR 10.20 7.00 0.00 1.00 | 4.00| 1.00| 1.00 0.00 7.00 | 0.00 7.00
LRR10.20% | 100.00 0.00 | 14.29 | 57.14 | 14.29 | 14.29 0.00 | 100.00 | 0.00
LRR 10.23 2.00 1.00 1.00 | 2.00| 0.00| 0.00 0.00 3.00 | 0.00 3.00
LRR 10.23 % 66.67 33.33| 33.33|66.67| 0.00| 0.00 0.00 | 100.00 | 0.00
LRR 11.29 1.00 0.00 1.00 | 0.00 | 0.00| 0.00 0.00 1.00 | 0.00 1.00
LRR11.29% | 100.00 0.00 | 100.00 | 0.00 | 0.00 | 0.00 0.00 | 100.00 | 0.00
LRR 2.9 2.00 0.00 1.00 | 0.00 | 0.00| 0.00 1.00 1.00 | 1.00 2.00
LRR 2.9% 100.00 0.00 | 50.00| 0.00| 0.00| 0.00 50.00 | 50.00 | 50.00
LRR TOTAL 12.00 1.00 4.00| 6.00| 1.00| 1.00 1.00 | 12.00| 1.00| 13.00
LRRTOTAL% | 92.31 7.69| 30.77|46.15| 7.69| 7.69 7.69 | 9231| 7.69
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Table 29: Breakdown of color and shape for LRR air contamination. All results are per two liters
(Source: Created by Author).

Site/Date CLFB | BLFB | PKFB | RDFB | MCFB | BLFR

LRR 10.20 1.00 | 4.00 1.00 1.00 0.00 0.00
LRR 10.20 % 1429 | 57.14 | 14.29 | 14.29 0.00 0.00
LRR 10.23 1.00 | 1.00 | 0.00 0.00 0.00 0.00
LRR 10.23 % 50.00 | 50.00 | 0.00 0.00 0.00 0.00
LRR 11.29 1.00 | 0.00 | 0.00 0.00 0.00 0.00
LRR11.29 % 100.00 | 0.00 | 0.00 0.00 0.00 0.00
LRR 2.9 1.00 | 0.00 | 0.00 0.00 0.00 0.00
LRR 2.9% 50.00 | 0.00 | 0.00 0.00 0.00 0.00
LRR TOTAL 4.00 | 5.00 1.00 1.00 0.00 1.00
LRR TOTAL % 33.33 | 4167 | 8.33 8.33 8.33 | 100.00

Table 30: Breakdown of shape and size for LRR air contamination. All results are per two liters
(Source: Created by Author).

Site/Date FB MMP FR MMP FB MP

LRR 10.20 7.00 0.00 0.00
LRR 10.20 % 100.00 0.00 0.00
LRR 10.23 2.00 1.00 0.00
LRR 10.23 % 66.67 33.33 0.00
LRR 11.29 1.00 0.00 0.00
LRR11.29 % 100.00 0.00 0.00
LRR 2.9 1.00 0.00 1.00
LRR 2.9% 100.00 0.00 100.00
LRR TOTAL 11.00 1.00 1.00
LRRTOTAL % 91.67 8.33 100.00
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Table 31: Breakdown of color and size for LRR air contamination. All results are per two liters
(Source: Created by Author).

Site/Date CLMMP | BLMMP | PKMMP | RDMMP | MCMP | CLMP | RD MP
LRR 10.20 1.00 4.00 1.00 1.00 0.00 0.00 0.00
LRR 10.20 % 14.29 57.14 14.29 14.29 0.00 0.00 0.00
LRR 10.23 1.00 0.00 2.00 0.00 0.00 0.00 0.00
LRR 10.23 % 33.33 0.00 66.67 0.00 0.00 0.00 0.00
LRR 11.29 1.00 0.00 0.00 0.00 0.00 0.00 0.00
LRR 11.29 % 100.00 0.00 0.00 0.00 0.00 0.00 0.00
LRR 2.9 1.00 0.00 0.00 0.00 1.00 0.00 0.00
LRR 2.9% 100.00 0.00 0.00 0.00 | 100.00 0.00 0.00
LRR TOTAL 4.00 4.00 3.00 1.00 1.00 0.00 0.00
LRR TOTAL % 33.33 33.33 25.00 8.33 | 100.00 0.00 0.00

GO Spring air QA/QC concentrations are provided in Tables 32-35. September 27", 2023

had a total of three fibers identified, all being blue, and all being in the MMP size range.

November 29", 2023, had a total of three fibers identified, two of which were pink and one was

clear. All three fibers were in the MMP size range. December 12", 2023 had a total of two fibers

identified, of which one was clear and the other was red, both in the MP size range.

Table 32: Total MP Results from GO Spring air contamination. All results are per two liters

(Source: Created by Author).

Site/Date Fiber Fragment | Clear | Blue Pink | Red Multi-color | MMP MP Totals
GO SPR9.27 3.00 0.00 | 0.00 3.00 | 0.00 | 0.00 0.00 3.00 0.00 3.00
GO SPR9.27% 100.00 0.00 | 0.00 | 100.00 | 0.00 | 0.00 0.00 | 100.00 0.00
GO SPR11.29 3.00 0.00 | 1.00 0.00 | 2.00 | 0.00 0.00 3.00 0.00 3.00
GOSPR11.29% | 100.00 0.00 | 33.33 0.00 | 66.67 | 0.00 0.00 | 100.00 0.00
GO SPR12.12 2.00 0.00 | 1.00 0.00 | 0.00 | 1.00 0.00 0.00 2.00 2.00
GOSPR12.12% | 100.00 0.00 | 50.00 0.00 | 0.00 | 50.00 0.00 0.00 | 100.00
GO SPRTOTAL 8.00 0.00 | 2.00 3.00| 2.00| 1.00 0.00 6.00 2.00 8.00
GO SPRTOTAL % | 100.00 0.00 | 25.00 | 37.50 | 25.00 | 12.50 0.00 | 75.00 | 25.00
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Table 33: Breakdown of color and shape for GO Spring air contamination. All results are per two
liters (Source: Created by Author).

Site/Date CLFB BLFB PKFB RD FB MCFB BLFR

GO SPR9.27 0.00 3.00 0.00 0.00 0.00 0.00
GO SPR9.27% 0.00 100.00 0.00 0.00 0.00 0.00
GO SPR11.29 1.00 0.00 2.00 0.00 0.00 0.00
GO SPR11.29 % 33.33 0.00 66.67 0.00 0.00 0.00
GO SPR12.12 1.00 0.00 0.00 1.00 0.00 0.00
GO SPR12.12% 50.00 0.00 0.00 50.00 0.00 0.00
GO SPRTOTAL 2.00 3.00 2.00 1.00 0.00 0.00
GO SPRTOTAL % 25.00 37.50 25.00 12.50 0.00 0.00

Table 34: Breakdown of shape and size for GO Spring air contamination. All results are per two
liters (Source: Created by Author).

Site/Date FB MMP | FRMMP | FB MP
GO SPR9.27 3.00 0.00 0.00
GO SPR9.27% 100.00 0.00 0.00
GO SPR11.29 3.00 0.00 0.00
GO SPR11.29 % 100.00 0.00 0.00
GO SPR12.12 0.00 0.00 2.00
GO SPR12.12 % 0.00 0.00 | 100.00
GO SPRTOTAL 6.00 0.00 2.00
GO SPRTOTAL% | 100.00 0.00 | 100.00

Table 35: Breakdown of color and size for GO Spring air contamination. All results are per two
liters (Source: Created by Author).

Site/Date CLMMP | BLMMP | PKMMP | CL MP RD MP
GO SPR9.27 0.00 3.00 0.00 0.00 0.00
GO SPR9.27% 0.00 | 100.00 0.00 0.00 0.00
GO SPR11.29 1.00 0.00 2.00 0.00 0.00
GO SPR11.29

% 33.33 0.00 66.67 0.00 0.00
GO SPR12.12 0.00 0.00 0.00 1.00 1.00
GO SPR12.12

% 0.00 0.00 0.00 50.00 50.00
GO SPRTOTAL 1.00 3.00 3.00 1.00 1.00
GO SPRTOTAL

% 16.67 50.00 50.00 50.00 50.00
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Biz Falls air QA/QC concentrations are provided in Tables 36-39. September 27", 2023,
had a total of two fibers identified, one being clear and the other being multi-colored. Both fibers
fell within the MMP size range. October 23", 2023, had one fiber identified, that was clear and
fell within the MMP size range. November 29", had a total of six fibers identified, of which two
were clear, one was blue, two were pink, and one was red. All six fibers fell within the MMP
size range. December 12", 2023, had one fiber identified, which was clear, falling within the
MMP size range. January 26", 2024, had one fiber was identified, which was clear and falling

within the MMP size range.

Table 36: Total MP Results from Biz Falls air contamination. All results are per two liters
(Source: Created by Author).

Site/Date Fiber Fragment | Clear | Blue | Pink | Red Multi-color | MMP MP | Totals
BZ FALLS 9.27 2.00 0.00 1.00 | 0.00| 0.00 | 0.00 1.00 2.00 | 0.00 2.00
BZ FALLS 9.27 % 100.00 0.00 | 50.00| 0.00| 0.00| 0.00 50.00 | 100.00 | 0.00
BZ FALLS 10.23 1.00 0.00 1.00 | 0.00| 0.00 | 0.00 0.00 1.00 | 0.00 1.00
BZ FALLS 10.23% | 100.00 0.00 | 100.00 | 0.00 | 0.00 | 0.00 0.00 | 100.00 | 0.00
BZ FALLS 11.29 6.00 0.00 2.00| 1.00| 2.00| 1.00 0.00 6.00 | 0.00 8.00
BZ FALLS 11.29% | 100.00 0.00 | 33.33 | 16.67 | 16.67 | 33.33 0.00 | 100.00 | 0.00
BZ FALLS 12.12 1.00 0.00 1.00 | 0.00| 0.00 | 0.00 0.00 1.00 | 0.00 1.00
BZ FALLS 12.12% | 100.00 0.00 | 100.00 | 0.00 | 0.00 | 0.00 0.00 | 100.00 | 0.00
BZ FALLS 1.26 1.00 0.00 1.00 | 0.00| 0.00 | 0.00 0.00 1.00 | 0.00 1.00
BZ FALLS 1.26 % 100.00 0.00 | 100.00 | 0.00 | 0.00 | 0.00 0.00 | 100.00 | 0.00
BZ FALLS TOTAL 11.00 0.00 6.00 | 1.00| 2.00| 1.00 1.00 | 11.00 | 0.00 | 11.00
BZ FALLS TOTAL % | 100.00 0.00 | 54.55| 9.09 | 18.18 | 9.09 9.09 | 100.00 | 0.00
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Table 37: Breakdown of color and shape for Biz Falls air contamination. All results are per two
liters (Source: Created by Author).

Site/Date CLFB | BLFB | PKFB | RDFB | MCFB | BLFR
BZ FALLS 9.27 1.00 | 0.00 0.00 0.00 1.00 | 0.00
BZ FALLS 9.27 % 50.00 | 0.00 0.00 0.00 | 50.00 | 0.00
BZ FALLS 10.23 1.00 | 0.00 0.00 0.00 0.00 | 0.00
BZ FALLS 10.23 % 100.00 | 0.00 0.00 0.00 0.00 | 0.00
BZ FALLS 11.29 2.00 1.00 | 2.00 1.00 0.00 | 0.00
BZ FALLS 11.29 % 33.33 | 16.67 | 33.33 | 16.67 0.00 | 0.00
BZ FALLS 12.12 1.00 | 0.00 0.00 0.00 0.00 | 0.00
BZ FALLS 12.12 % 100.00 | 0.00 0.00 0.00 0.00 | 0.00
BZ FALLS 1.26 1.00 | 0.00 0.00 0.00 0.00 | 0.00
BZ FALLS 1.26 % 100.00 | 0.00 0.00 0.00 0.00 | 0.00
BZ FALLS TOTAL 6.00 1.00 | 2.00 1.00 1.00 | 0.00
BZ FALLS TOTAL % 5455 | 9.09| 18.18 9.09 9.09 | 0.00

Table 38: Breakdown of shape and size for Biz Falls air contamination. All results are per two
liters (Source: Created by Author).

Site/Date FB MMP | FRMMP | FB MP
BZ FALLS 9.27 2.00 0.00 | 0.00
BZ FALLS 9.27 % 100.00 0.00 | 0.00
BZ FALLS 10.23 1.00 0.00 | 0.00
BZ FALLS 10.23 % 100.00 0.00 | 0.00
BZ FALLS 11.29 6.00 0.00 | 0.00
BZ FALLS 11.29 % 100.00 0.00 | 0.00
BZ FALLS 12.12 1.00 0.00 | 0.00
BZ FALLS 12.12 % 100.00 0.00 | 0.00
BZ FALLS 1.26 1.00 0.00 | 0.00
BZ FALLS 1.26 % 100.00 0.00 | 0.00
BZ FALLS TOTAL 11.00 0.00 | 0.00
BZ FALLSTOTAL% | 100.00 0.00 | 0.00
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Table 39: Breakdown of color and size for Biz Falls air contamination. All results are per two
liters (Source: Created by Author).

Site/Date CLMMP | BLMMP | PKMMP | RDMMP | MCMP | CLMP | RD MP
BZ FALLS 9.27 1.00 0.00 0.00 0.00 1.00 0.00 0.00
BZ FALLS 9.27 % 50.00 0.00 0.00 0.00 | 50.00 0.00 0.00
BZ FALLS 10.23 1.00 0.00 0.00 0.00 0.00 0.00 0.00
BZ FALLS 10.23 % 100.00 0.00 0.00 0.00 0.00 0.00 0.00
BZ FALLS 11.29 2.00 1.00 2.00 1.00 0.00 0.00 0.00
BZ FALLS 11.29 % 33.33 16.67 33.33 16.67 0.00 0.00 0.00
BZ FALLS 12.12 1.00 0.00 0.00 0.00 0.00 0.00 0.00
BZ FALLS 12.12 % 100.00 0.00 0.00 0.00 0.00 0.00 0.00
BZ FALLS 1.26 1.00 0.00 0.00 0.00 0.00 0.00 0.00
BZ FALLS 1.26 % 100.00 0.00 0.00 0.00 0.00 0.00 0.00
BZ FALLS TOTAL 6.00 1.00 2.00 1.00 1.00 0.00 0.00
BZ FALLS TOTAL % 54.55 9.09 18.18 9.09 9.09 0.00 0.00
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Chapter 6: Discussion and Conclusion

6.1 Discussion

Microplastics were documented monthly at every site indicating that they are a pervasive,
ubiquitous contaminant in karst groundwater. Table 40 represents a summary of results found. It
IS important for monitoring to be maintained to understand how these concentrations fluctuate.

Table 40: Summary of results found (Source: Created by Author).

Lost River Rise GO Spring Biz Falls
Predominant Color Clear Clear Clear
Predominant Shape Fibers Fibers Fibers
Predominant Size MMP MMP MMP
Highest Month September January September
Lowest Month November December December
Total Detected 278 286 260

It is evident that certain MMP characteristics are dominant across all sampling locations.
These characteristics are important when evaluating potential sources of MP contamination.
When examining Lost River Rise, the area is heavily impacted by urban land use. Sources of
MPs in urban areas include surface runoff (Werbowski et al., 2021), wastewater discharge (Sun
et al., 2018), personal care products (Brate et al., 2014), tire wear (Werbowski et al., 2021), and
microfibers from textiles (Thompson et al., 2004; Browne et al., 2007), to name a few. Fibers
found within Lost River Rise could be attributed to surface runoff, wastewater discharge, or
textiles. An example of fibers entering via wastewater discharge is a result of washing clothing.

There are also several clothing manufacturing plants that could potentially contribute to fibers
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entering the waterway. Fragments, especially blue, could be a result of various personal care
products, such as scrubbers used in face wash. Fibers could also be more prevalent since there
are often not large pieces of plastic (small scale plastic islands) accumulating in this waterway.
This means that there are likely not as many secondary MPs breaking down and entering the
waterway.

Great Onyx Groundwater Basin lies within an undeveloped portion of Mammoth Cave
National Park. GO Spring runs downstream of the tour that takes place within GO Cave. The
tour likely contributes to fibers detected within GO Groundwater Basin. It is interesting to note
that main color observed was clear. Clear fibers are typically made from materials such as
polyester, nylon, and acrylic. In additional to chemical analysis of the fibers, a short survey
regarding clothing worn could be conducted prior to the tours occurring. The small fiber sizes
also point to fibers shed from clothing that travel through the cave system then into the spring.
Fragments found in the spring could result from shoe wear or other accessories made from
plastic that enter the cave.

Biz Falls lies upstream of the tour route and the above ground surface is remote, void of
human use. Theoretically, this should be the most likely sampling location to have very low, if
any, microplastic contamination. However, this was not the case, as Biz Falls had very similar
results to GO Spring. A couple potential sources of MP contamination could be 1) through air
currents in the cave 2) from rainwater that enters the system as groundwater. MPs can transport
through the atmosphere (Shao et al., 2022). Additional studies should be conducted at Biz Falls,
both in-cave and above ground, to determine to what extent MPs are being transported airborne.

A way to examine potential impact of the tour would be to set up various filters along both
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avenues of the cave to examine atmospheric transport. Additional sampling should be taken both
in and out of the cave during various rain events to examine potential MP contamination.

Identifying sources of microplastics is key in effective prevention and mitigation. Once
MPs are in the environment, it is extremely hard to remove them due to their size. Rather than
removing MPs once present, researchers and policy makers should focus on prevention.
Knowing the source allows for targeted strategies and specific regulations for large corporations
and industries to reduce MP elimination. For instance, locally, if it is observed that wastewater
treatment is a main contributor to MP pollution, new regulations could perhaps be created to
enhance wastewater-treatment processing. Identifying the source can also provide knowledge
regarding degradation times and toxicity. Not all MPs degrade the same and different types of
MPs can leach different types of toxic chemicals. A main key to identifying source of MPs is to
be able to hold industries and large corporations accountable. Large corporations and industries
produce MP pollution to a much higher degree compared to household sources. People often do
not have the choice or financial means to choose the most environmentally friendly product.
Identifying sources of MPs raises public awareness and addresses the need for change.

MPs were found in karst groundwater regardless of land use. This is important because
9.2% of the global population relies on aquifers for drinking water (Stevanovi¢, 2019). There are
many communities near these study areas that use karst aquifers for drinking water. It is likely
that MPs are widespread throughout karst aquifers, as MPs were seen in an undeveloped
groundwater basin. As MP pollution has a variety of implications, karst aquifers should be
monitored for microplastics.

Sampling was conducted during later summer, fall and winter months. It is interesting to

note that for both GO Spring and Biz Falls December had the lowest MPs detected. This could
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be due to reduced tours in the winter months. Additionally for all sites, November and December
could have also been the lowest months due to lack of precipitation resulting in decreased runoff.
The highest detection was seen during September for Lost River Rise which could be associated
with summer activities and September being the first full month of classes for Western Kentucky
University. Lost River Rise rain event had less microplastics identified in comparison to the
previous month. This suggests that rain events cause the microplastic concentrations to dilute,
most likely due to the high volume of water moving through the system.
6.2 Limitations

Overall, the main limitation faced in this study was the unknowns and lack of
standardization when it came to designing the methodology. Standardization of methodology
would make it easier for studies to be recreated or mimicked in a different environment. While
standardization of methodology is beneficial, it is important to also note that not all ecosystems
require the same type of methodology. Standardization of methodology should be dependent on
sampling conditions/location. The field of microplastics holds a lot of unknowns, and more
information is rapidly becoming available. For future studies, it would be beneficial to have a
yearlong study to be able to capture flow conditions in all seasons, as well as additional rain
events. While some studies collect discharge to then extrapolate to get an MP load, MP
distribution is not uniform. To calculate a more representative MP load, samples should be
conducted at multiple depths of the water column and widths of the body of water.
6.2.1 Field

One limitation that occurred in the field was not being able to sample at the exact sample
point every time due to unsafe flow conditions. Future studies could try to utilize a pole extender

to extend the reach when grab sampling. When working in remote field sites, such as Great Onyx
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Spring or Biz Falls, another limitation is the transportation of sample bottles. It is not ideal to
carry multiple glass bottles down a steep, remote hillside. Future work could utilize pumping and
filtering the water at the sampling location. This would take more time, however, there would not
be any worry about potentially breaking bottles and would eliminate transporting heavy bottles.
Another limitation is potentially contaminating the sample site based on the clothing worn during
sampling. To counteract potential contamination, it is important to stand downstream or, if
possible, stand out of water. It is important to make note of the clothing that is worn and try to
wear clothing that would have identifiable colors if looked at under the microscope (i.e. neon
green or purple) or wear all cotton.
6.2.2 Lab Processing

A major limitation when processing samples in the laboratory is that there is no standard
methodology. Methodology varies by study; the inconsistencies make it difficult to compare
between studies. In the future, standardization of methodology could provide a framework that
can be used, which would increase reliability and comparability between research findings. It
would also make troubleshooting easier as there would be steps to follow. Another limitation
faced was equipment breaking. During filtration, the vacuum pump created a vibration that over
time caused the beaker to slide into the lab sink (hole in the table that functions as a sink) and
break. There were about 50 ml of sample that was lost due to this accident. Once the equipment
was replaced, placing a couple of heavy textbooks behind the vacuum pump stabilized the pump
eliminating the vibrations.

A major limitation when processing samples in the laboratory was the potential
atmospheric exposure. Both rooms (sample processing room and microscope analysis room) had

other uses resulting in people coming in and out. To overcome this, a petri dish was placed on
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top of the funnel to eliminate any atmospheric exposure during filtering. Additionally, a filter
was left uncovered during filtering and analysis to capture any atmospheric contamination.
Future studies should always have a filter out while processing samples, and if possible, work in
a room that has little foot traffic or under a fume hood. Ideally, a room that has restricted access
and is not attached to the main HVAC system would be optimal for sample processing and
microscopy.
6.2.3 Chemical Analysis

An additional direction of work that could provide useful information that was beyond
the scope of the current effort would be determining the chemical composition of the
microplastics identified. Chemical composition provides information pertaining to the source of
microplastics. Chemical composition also confirms that the particles being identified are in fact
microplastics. This issue was addressed by using the hot needle (Figure 31) test to determine if a
particle is a microplastics based off its reaction to heat. Additionally, any particle that was not
subjected to the hot needle test and still questionable was not counted in this study. There were
several particles that looked like Quartz (Figure 32), therefore not included in counts, chemical
composition would be able to identify these particles. In future studies, if accessible, an FTIR or
Raman spectroscopy should be used to identify microplastics. Another limitation is the size to
which microplastics can degrade to. In this study specifically, using a 100x microscope, it
became challenging to identify particles smaller than 15-20 um. To look at smaller microplastics

or nanoplastics, a microscope with higher magnification would be needed.
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Figure 31: Example of a fiber shrinking as a result of the hot needle test (Source: Created by
Author).
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Figure 32: Examples of Quartz particles (Source: Created by Author).
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6.3 Summary

In conclusion, the purpose of this study was to examine and characterize microplastic
concentrations in the Lost River Groundwater basin and Great Onyx Groundwater Basin. Every
month, at every site, microplastic concentrations were observed by collecting 2 L of
groundwater. Overall, across all sites, there were a total of 824 particles identified, composed of
733 fibers, 9 films, 79 fragments, and 3 pellets. The predominant color seen was clear (63.23%),
followed by blue (22.21%). For fibers specifically, the most frequent color observed was clear,
while the most frequent color seen for fragments was blue. Of the 824 particles identified,
90.53% fell within the MMP size range and 9.47% fell within the MP size range. These results
suggest that microplastic pollution is ubiquitous to the karst groundwater of southcentral
Kentucky regardless of the surrounding land use. These results suggest that the main source for
these particles is coming from textiles rather than degradation of a larger plastic or originating
from a primary microplastic.

These results emphasize the importance of monitoring groundwater for microplastic
contamination. Karst aquifers are an important source of drinking water that is impacted by
microplastic contamination. Long-term monitoring should be conducted not only to see how
concentrations vary over time, flow conditions, seasonality, but also to examine the implications
contamination has on the ecosystem. This study is important also for undeveloped areas, such as
National Parks, to monitor for microplastics as these particles can be transported to remote areas.
6.4 Future Work

Overall, knowledge pertaining to microplastics is still limited, with more unknowns

regarding microplastics than known facts. On a broader scale more research needs to be done in
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a variety of topics including but not limited to 1) MPs long-term effects on ecosystems 2) how
ingestion of MPs impacts health 3) transportation mechanisms of MPs 4) MPs abilities to leach
chemicals 5) standardizing methodology 6) MP distribution within the water column and body of
water 7) sources of MPs in developed vs undeveloped areas 8) how to regulate MP pollution.
Examining sediments could serve as a marker for the Anthropocene, as theoretically there should
be a layer that does not have MP pollution. Examining different types of sediments, such as clay,
could provide insights into how MPs move within suspended loads.

On a more local level, more research needs to be done to understand how microplastics
impact karst systems. Studies could 1) examine how MPs move through groundwater, especially
during various rain events 2) long-term impact on karst regions, with an emphasis on karst
aquifers 3) transportation of MPs in undeveloped karst groundwater. In relation to Great Onyx
Groundwater basin, more specifically Biz Falls, monitoring should be continued to examine how
anthropogenic and recreational use affects undeveloped karst regions. Monitoring should be

continued at all sites to continue to understand microplastic distribution and abundance.
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