The University of Maine

Digital Commons@UMaine

Honors College

Spring 5-2024

Understanding the Connection Between Water, Fish, and PFAS
Concentrations: Implications of Fish Diet and Species-Specific
Variability

Ece Yeldan
University of Maine - Main, ece.yeldan@maine.edu

Follow this and additional works at: https://digitalcommons.library.umaine.edu/honors

b Part of the Environmental Health Commons, Environmental Health and Protection Commons, and the
Environmental Monitoring Commons

Recommended Citation

Yeldan, Ece, "Understanding the Connection Between Water, Fish, and PFAS Concentrations: Implications
of Fish Diet and Species-Specific Variability" (2024). Honors College. 872.
https://digitalcommons.library.umaine.edu/honors/872

This Honors Thesis is brought to you for free and open access by DigitalCommons@UMaine. It has been accepted
for inclusion in Honors College by an authorized administrator of DigitalCommons@UMaine. For more information,
please contact um.library.technical.services@maine.edu.


https://digitalcommons.library.umaine.edu/
https://digitalcommons.library.umaine.edu/honors
https://digitalcommons.library.umaine.edu/honors?utm_source=digitalcommons.library.umaine.edu%2Fhonors%2F872&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/64?utm_source=digitalcommons.library.umaine.edu%2Fhonors%2F872&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/172?utm_source=digitalcommons.library.umaine.edu%2Fhonors%2F872&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/931?utm_source=digitalcommons.library.umaine.edu%2Fhonors%2F872&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.library.umaine.edu/honors/872?utm_source=digitalcommons.library.umaine.edu%2Fhonors%2F872&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:um.library.technical.services@maine.edu

UNDERSTANDING THE CONNECTION BETWEEN WATER, FISH, AND PFAS
CONCENTRATIONS: IMPLICATIONS OF FISH DIET AND SPECIES-SPECIFIC

VARIABILITY

by

Ece Yeldan

A Thesis Submitted in Partial Fulfillment
of the Requirements for a Degree with Honors
(Wildlife Ecology)

The Honors College
University of Maine

May 2024

Advisory Committee:
Erik Blomberg, Chair and Associate Professor for the Department of Wildlife,
Fisheries, and Conservation Biology, Advisor
Christina Murphy, Assistant Professor, and Assistant Unit Leader-Fisheries, U.S.
Geological Survey Maine Cooperative Fish and Wildlife Research Unit, Co-
Advisor
Stephen Coghlan, Associate Professor for the Department of Wildlife, Fisheries,
and Conservation Biology
Caroline Noblet, Associate Professor for the School of Economics



Copyright 2024 Yeldan
All Rights Reserved



ABSTRACT

Perfluoroalkyl and polyfluoroalkyl substances, commonly known as PFAS or
“forever chemicals,” have emerged as a significant concern for both human health and
the environment. These persistent compounds permeate various aspects of commerce,
leading to widespread exposure and the cycling of these compounds through
environmental feedback routes. Among the sources of exposure to humans, fish
consumption stands out prominently. Recreational and sustenance fishing, cherished by
Maine residents and indigenous communities alike, underscores the need to comprehend
PFAS dynamics in fish and water. To explore the variability of PFAS accumulation in
fish, water, and sediment, I conducted a comprehensive literature review. The study’s
findings not only shed light on existing gaps in knowledge but also pave the way for

more focused investigations in future PFAS research.
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INTRODUCTION

Per- and poly-fluoroalkyl substances (PFAS) are a large class of persistent
anthropogenic compounds that have been widely used in many sectors of commerce since
the 1950s. (Buck et al., 2011; Pickard et al.; 2020, Goodrow et al.; 2020). Application of
PFAS include but are not limited to common products such as textile stain and soil
repellents, processing aids, coatings, fire extinguishers, grease-proof food wrappings, etc.
Due to their extensive use, PFAS and their corresponding emissions from production
have become an emergent concern in wildlife, the environment, and human health. (Buck
et al.,, 2011) Though PFAS contains a diverse class of substances, they are all highly
stable and often referred to as ‘forever chemicals’ due to their extreme resilience to
environmental and metabolic degradation. (Shi et al., 2009) Current research suggests
that certain levels of PFAS exposure amongst humans lead to decreased fertility,
hormonal imbalance, weakened immune system, and increased risk of certain cancers.
(Pelch et al., 2019). Though the general populace has relatively low levels of exposure to
PFAS, certain communities may be subject to elevated levels of PFAS by ingesting
contaminated water and fish (Post et al., 2012; Fujii et al., 2015).

With recreational fishing playing a vital role in cultural and economic contexts, it
is important to understand the role of fish as a source of contamination. Many regions in
the USA have released, and are developing, further PFAS advisories regarding water and
fish consumption guidelines with the intent of reducing exposure risks and informing
consumers of fish to make educated decisions. However, the state of knowledge
surrounding the bioaccumulation of PFAS in biota is largely unknown and controversial,

as there is great variability amongst the bioaccumulation factors. While this variability



could be credited to differences in methodologies, unexplored differences in
accumulation patterns across species and their interactions with their environment could
be a potential factor of the observed irregularity. (Babut et al., 2017) Existing studies
reveal that PFAS are proteinophilic, and thus tend to accumulate in the fish's protein-rich
tissues (muscle, liver, blood). This accumulation of PFAS within the fish will likely have
seen and unseen consequences, namely disruptions in the structure of aquatic food webs.
These disruptions may harm ecosystem processes, fish communities, and basic biological
interactions between species. (Ng and Hungerbiihler, 2013; Martin et al., 2003; Shi et al.,
2012).

A major source of PFAS contamination has been the spread of wastewater
effluent that contains these compounds, in which the water cannot be effectively treated
(George et al., 2023). PFAS have an affinity for sorbing to sediment particles and organic
matter, which then settle at the bottom of water bodies. This creates a long-lasting
reservoir of PFAS that can cycle within the environment for decades (Pickard et al.,
2022). To better understand how PFAS biomagnifies in fish and its consequences within
the food web, it is necessary to characterize the relationship between PFAS in water and
sediment. In comparing the findings of PFAS concentrations detected in water and
sediment samples, we can gain a more comprehensive understanding of the
bioaccumulation at play within the fish in contaminated waters (George et al., 2023).

As markets continue to adapt to the ever-growing economy, the utilization of
PFAS across many sectors and consequently, adverse ecological impacts, is expected to
increase. (George et al., 2023). The state of Maine has made significant efforts to break

away from the use of PFAS; this action is needed at a global scale to prevent further



environmental degradation (Maine Department of Environmental Protection, 2024).
Therefore, it is vital to understand the role of PFAS in the ongoing crisis of detrimental
environmental impacts. My study aims to better understand the capacity of how PFAS
operates in aquatic ecosystems by drawing conclusions from multiple studies and
highlighting the gaps in knowledge. Building this foundational understanding is crucial
for ongoing monitoring and evaluating future PFAS management strategies, particularly
for rare or precious species where nonlethal sampling is vital for conservation efforts and

protecting biodiversity. (George et al., 2023)



OBJECTIVES

I chose the following objectives for this study to better understand the variability
present with PFAS research. These objectives address key points across all reviewed
publications and will yield answers on what gaps of knowledge exist along with
detectable patterns of PFAS research.

1. Distinguishing how different tissues play a role in the
accumulation of major compounds of PFAS within freshwater fish.

2. Understanding how the concentration of PFAS within sediment
relates to concentration in surface waters.

3. Evaluate the differences in PFAS accumulation across different

freshwater species.



METHODS

Literature review

I conducted an informal review of PFAS accumulation in water, sediment, and
fish literature to assess any patterns that might be indicative of how PFAS becomes more
or less concentrated in fish. The review of the literature was restricted to publications
dated 2004 and later, as PFAS were not documented in environmental samples until the
early 2000s despite being manufactured since the 1950s (ITRC, 2020). Google Scholar

(http://scholar.google.com) was used to search for terms pertaining to; PFAS,

perfluoroalkyl substances, freshwater fish, water, sediment, variability, diet,
biomagnification, and bioaccumulation. I further explored the citations in the chosen
literature summary for further relevant publications within the selected literature. The
goal for this practice was not to perform an extensive review, but rather to produce an
adequate sample size that reflects major findings and draws discernable patterns from a
multitude of different sources. Publications that were deemed not relevant were excluded,
on the basis that they did not 1) provide supplementary data that could be utilized 2) the
objectives of the study centered around human exposure rather than fish variability 3) the
provided supplementary data could not be transformed into this study 4) the study was
unpublished or non-peer-reviewed literature. A total of 23 publications were reviewed
and the chosen literature was compiled and organized in Microsoft Excel. I recorded the
findings from the publications into the following categories: source of publication, year
of publication, title, continent, study area, units of measure of water/sediment/tissue
samples, minimum and maximum PFAS levels reported for surface water, minimum and

maximum PFAS levels reported for sediment, minimum and maximum PFAS levels



reported for fish tissues, objectives of the study, sampling bias reported, trophic levels
reported, tissue type of the sampled fish, diet consisting of invertebrates, diet consisting
of fish, reported species, key points of the study, and discussion points of the study. The
chart was utilized to informally categorize the different findings and arguments presented
on the issue at hand. These criteria were deemed important when organizing the literature
composite as it helped filter relevant studies to each other, and group publications in a
way to address the stated objectives.

Assessing PFAS Accumulation

To center around the objectives of the study, I modified the synthesis matrix to
yield different visualizations of genera-specific variability, water-sediment relationships,
and trophic-level relationships. For the sake of consistency across all publications, I
calculated a ‘pseudo-mean’ as an average of the given minimum and maximum
concentrations. These means were used for the construction of the figures and tables. I
chose to focus on the major compounds perfluoro octane sulfonate (PFOS),
perfluorooctanoic acid (PFOA,) and total PFAS, rather than a wide array of these
compounds. In the literature composite, these compounds were present across all
publications, mostly because PFOS and PFOA are the most widely studied compounds of
PFAS (EPA, 2017). Despite the literature composite being constructed from 23
publications, not all of these sources pertained to the needed minimum and maximum
concentrations on liver and muscle samples within the same fish sample. Species-specific
concentrations were grouped at the genus level to determine patterns on a broader scale. |
plotted a box and whiskers chart using the pseudo-mean concentrations of all tissues for

the major compounds of PFAS to assess the variability across genera. 48 species were



collected across the publications, however, not all of them were utilized for this
experiment as there were not enough data points to create a box within the figure. To
understand the specific diet of the species Table S13 from Munoz et al., 2022 was used
and combined with the additional data from the literature composite. The numerical value
in the feeding category within the modified table was designated as Top trophic level
piscivore: 4, Lower level piscivore: 3, Lower level insectivore/piscivore: 2, and Lower
level insectivore: 1. These numerical values were set following the guidelines set by
Babut et al., 2017. When trying to distinguish the relationship between water and
sediment, I chose to 1) look at the compounds PFOA and PFOS separately to determine
whether the nature of the compound played a significant role in how PFAS deposited in
the two variables (Figures 3 & 4) and 2) determine whether there was a relationship at
play in how the two compounds deposited in the sediment and surface water respectively.

Statistical Analysis

I used Pearson Correlation Coefficients to assess how the concentrations of PFOA
and PFOS in water were related to the concentrations found in the sediment within the
same water body. I conducted this test twice when considering the relationship between
water and sediment for the compound PFOS, as I detected an outlier. This test was
utilized again to determine liver-muscle and blood-muscle relationships. Similar to what I
encountered with the water and sediment relationship, there was an outlier found in liver
and muscle samples, hence I ran the analysis again without the outlier sample. When
assigning the strength of correlation, I used the National Library of Medicine’s
guidelines(2012) which define r=0.0 to r]0.3| as a negligible relationship, 0.3-0.5 + weak,

and 0.5-0.7 + moderate strength, 0.7-0.9 + strong correlation, and 0.9> + as very high



strong correlation. Any value falling under this scale was determined as having no
correlation. Additionally, I used linear regression to evaluate the relationship of PFAS
concentration in the surface water and sediment and interpreted the R2 values as a
measure of the proportion of the variance of the criterion that can be explained by the
predictors in my regression model. Considering the R2 values, I can assume that the
higher the value R2, the greater the explanatory power of the regression equation, and
therefore the better the prediction of the liver tissue concentrations dependance on muscle
tissue concentrations. This assumption can be made if the regression model is properly

applied and estimated (Cohen, 1988).



RESULTS

Liver and Muscle Tissue Correlation

I reviewed 23 publications that matched my search criteria and retained data from
7 publications that reported min and max concentrations for minimum and maximum
concentrations on liver and muscle samples within the same fish sample. 13 species
across 7 different publications were used to assess whether there is a discernible
relationship between the accumulation of PFAS in the muscle tissue and the liver tissues.
The species identified within the publications for the use of these figures were: Tilapia
spp., Hypophthalmichthys nobilis, Cyprinus carpio, Labeo rohita, Channa striata,
Labeobarbus aeneus, Squalius cephalus, Pylodictis olivaris, Siluriformes spp.,
Tanichthys albonubes, and Dicentrarchus labrax.

I observed a strong positive correlation between the muscle tissue's PFAS
concentrations and that of the liver tissues (r=0.87) and the linear regression produced a
strong fit to the data (r2=0.78). (Figure 1.) However, these values might have been
influenced by the outlier sample of smallmouth yellowfish (Labeobarbus aeneus). This
sample, reported by Groffen et al., 2018, had 230.06 ng/g of PFOS in the liver tissue and
22.91 ng/g in the muscle tissue, which fell 51.6 times beyond the range of the rest of the
data. Once the outlier was removed, I found only a weak negative correlation of -0.15 and
R2 0.022 (Figure 2). The difference between the two analyses suggests that since the
liver/muscle relationship accounts for 78% of the variation (Figure 1.), hardly any of the
variation in the data is explained by the liver/muscle relationship when smallmouth

yellowfish samples are taken out.
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Figure la: Linear regression of how the concentration of major compounds of PFAS;
PFOS and PFOA, are found within the liver and muscle tissues of fish. Concentrations
were determined using the pseudo-means (average of minimum and maximum values) to

keep consistency, as not all publications reported mean values.
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Figure 1b: Linear regression of how the concentration of major compounds of PFAS,
PFOS and PFOA, are found within the liver and muscle tissues of fish when excluding
outliers from smallmouth yellowfish samples. Concentrations were determined using
pseudo-mean (average of minimum and maximum values) to keep consistency, as not all
publications reported mean values.

Blood and Muscle Tissue Correlation

From the literature composite, only 5 species were reported with paired blood and
muscle tissue samples. These samples were provided by Hoa et al., 2022 and Hung et al.,
2018. The species in question were Tilapia spp., Hypophthalmichthys nobilis, Cyprinus
carpio, Labeo rohita, and Siluriformes spp. 1 found that the concentration of major
compounds of PFAS had a strong positive correlation with how they accumulate in the
blood and consecutively, the muscle (r=0.92). The R2 value of 0.85 accounts for 85% of
the variance in my data from this linear regression (Figure 2.) Though my results indicate

that as the variable of blood increases, so does muscle, this correlation does not imply

causation.
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Figure 2. Linear regression of how the concentration of major compounds of PFAS;
PFOS and PFOA, are found within the blood and muscle tissues of fish. Concentrations
were determined using pseudo-mean (average of minimum and maximum values) to keep
consistency, as not all publications reported mean values.

Water and Sediment Correlation

The accumulation of PFOA in water was not substantially correlated with the
accumulation in the sediment (r=0.02). Similarly, I observed a very weak to no
correlation between PFOA and PFOS concentration deposited in surface water (Figure 6).
When looking at the behavior of PFOS, I found a strong positive correlation of 0.75 for
concentrations found in surface water and sediment (Figure 4). This strong relationship
persisted at 0.72, even after I ran the statistical analysis again without the reported
pseudo-mean 35.00 ng/g as it was determined an outlier.

I observed that the nature of how PFOA and PFOS accumulate in the sediment

yields a more moderate correlation value of 0.45, as PFOA and PFOS resulted in no

12



correlation (r=0.09) in surface water. When interpreting the relationship of PFAS
accumulation in the water (Figure 6) within the bounds of this study, PFOS concentration
appeared to increase proportionally in both the surface water and sediment while PFOA
samples do not. This may be attributed to the chemical natures of the different

compounds as opposed to the surface water and sediment relationship per se.
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Figure 3. Scatter Plot of how the concentration of major compounds of PFAS; PFOA, is
found within the Water and Sediment. Concentrations were determined using pseudo-
mean (average of minimum and maximum values) to keep consistency, as not all
publications reported mean values.
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Figure 4. A comparison of the concentration of major compounds of PFAS: PFOS, is
found within the water and sediment. Concentrations were determined using pseudo-
mean (average of minimum and maximum values) to keep consistency, as not all
publications reported mean values.
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Figure 5. Scatter Plot of how the concentration of different compounds of PFAS; PFOS,
and PFOA accumulate in the sediment. Concentrations were determined using pseudo-
mean (average of minimum and maximum values) to keep consistency, as not all
publications reported mean values.
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Figure 6. Scatter Plot of how the concentration of different compounds of PFAS; PFOS,
and PFOA accumulate in the surface water. Concentrations were determined using
pseudo-mean (average of minimum and maximum values) to keep consistency, as not all
publications reported mean values.

PFAS Accumulation Across Genera

Excluding the Esox and Carassius genera, I observed a consistent positive skew
across the remaining genera (Figure 7). Essentially, this indicates that the data for the
Tilapia, Cyprinus, Channa, Squalius, Leopomis, Ictalurus, and Perca genera
predominantly consists of high-valued scores. Within this study, species in these genera
were found to have higher concentrations of PFAS.

I observed the genus Esox distribution to be fairly neutral, compared to the rest of
the samples. Thus, this genus is more abundant with lower concentrations of PFAS. This
observation, however, might have been influenced by one large data point in the smaller
sample size of Esox (n=4). Along with Esox, Lepomis, Perca, Channa, and Ictalurus also

had smaller sample sizes (n=4). Within these samples, these genera shared a commonality

15



of having at least one data point that was a very high concentration. Because the sample
sizes consist of one or two very large data points, the results may not be representatives
of the true population. Carassius was the only genus that I observed to have a normal
distribution. This can be attributed to the fact that this genus had the most data points, and
species within this group were most commonly studied across the publications. I detected
3 outliers in the genera Carassius, Cyprinus, and Squalius, these being very high values

of 118.68 ng/g, 294 ng/g, and 552.8 ng/g respectively.
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Figure 7. Box and Whisker plot of the distributions of PFAS concentrations across 9
Genera. Concentrations were determined using the pseudo-means, as opposed to given
means, to keep consistency across all publications. Genera that did not have sufficient
data points (<4 data points) were excluded from the scatter plot. Concentrations of PFAS
include muscle, blood, and liver tissues.

Trophic Level and Biomagnification

I repurposed Table S13 from Munoz et al. to better illustrate any species-specific
variability through diet. Regardless of the type of prey, I observed that average PFOS
concentrations were higher than PFOA. That being said, 4 entries had no available data
on PFOS concentrations for smallmouth bass, Micropterus dolomieu, which may have
skewed my interpretation. (Table 1.) Fish that consume invertebrates had higher PFOS
concentrations than individuals consuming fish prey. Micropterus dolomieu had the
highest value of 2.3 ng/g when consuming fish prey (round goby, Neogobius
melanostomus) had a drastic increase to 16.2 when consuming invertebrate prey

(crayfish, Palinuridae spp.) Again, this pattern can be observed with rock bass,

17



Ambloplites rupestris, with a high of 14.6 ng/g of PFOS concentration with invertebrate
prey and 2.8 ng/g with fish prey, and for northern pike (Esox lucius), 6.1 ng/g for
invertebrate prey and 0.9 ng/g for fish prey. (Table 1.)

PFOA however, yielded a different pattern of how this compound accumulates in
fish prey as opposed to invertebrate prey. For rock bass, Ambloplites rupestris, 1 observed
that the concentration of PFOA was higher if the sample consumed fish prey; 0.8 ng/g
from juvenile yellow perch (Perca flavescens) and 4 ng/g from minnow (Cyprinidae
spp.), compared to invertebrate prey; 0.06 ng/g from insect (/nsecta spp.) and 0.1 from
crayfish (Palinuridae spp.) This again was observed with yellow perch (Perca
flavescens) accumulating 1.7 ng/g of PFOA when consuming round goby (Neogobius
melanostomus) and northern pike (Esox lucius) was found with 0.5 ng/g when consuming
round goby (Neogobius melanostomus). Within this study, I observed the pattern that
higher PFOS concentrations are correlated with an invertebrate diet, and higher

concentrations of PFOA are correlated with a diet composed of fish.
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Biomagnification

Predator Habitat Feeding category Fish Prey Invertabrate Prey PFOA PFOS Observ
served
Smallmouth bass Pelagic 4 - Crayfish - 162 yes
Smallmouth bass Pelagic 4 Yellow perch - - 1.6 yes
Smallmouth bass Pelagic 4 Pumpkinseed - - 1.1 yes
Smallmouth bass Pelagic 4 Round goby - - 23 yes
Northern pike Benthic 3 Yellow perch - 0.3 0.6

Northern pike Benthic 3 Suckers - 0.07 0.7 no
Northern pike Benthic 3 Pumpkinseed - 0.4 0.4 no
Northern pike Benthic 3 - Crayfish 0.04 6.1 yes
Northern pike Benthic 3 Round goby - 0.5 0.9 no
Yellow perch Pelagic 2 Insects 0.06 1.1 yes
Yellow perch Pelagic 2 Gammarids 0.1 4 yes
Yellow perch Pelagic 2 - Molluscs 0.2 1.2 yes
Yellow perch Pelagic 2 Round goby - 1.7 14 yes
Rock bass Bentho-Pelagic 2 Insects 0.06 1.6 yes
Rock bass Bentho-Pelagic 2 - Crayfish 0.1 14.6 yes
Rock bass Bentho-Pelagic 2 Juvenile Yellow Perch - 0.8 L5 yes
Rock bass Bentho-Pelagic 2 Minnow - 4 2.8 yes
Pumpkinseed Pelagic 1 Insects 0.05 1.6 yes
Pumpkinseed Pelagic 1 Molluscs 0.2 16.5 yes
Minnows Pelagic 1 Insects 0.01 0.6 no
Minnows Pelagic 1 Gammarids 0.03 2.1 yes
Suckers Benthic 1 Insects 0.3 1 yes
Suckers Benthic 1 - Molluscs 0.8 10.2 yes

Table 1. Modified Table of Concentrations of PFOA and PFOS of prey and predator
couples of a freshwater food web from Munoz et al., 2022. Biomagnification was deemed
significant based on the equation BMF = contamination level in predator ([x]) to that of
its prey ([y]). The feeding category was assigned based on the trophic level of the
species, with 4 being top carnivores and 1 being lowest-level insectivores
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DISCUSSION AND INTERPRETATION

The results from this literature review were unexpected, as I had predicted there to
be more discernible patterns on how major compounds of PFAS become more or less
concentrated in fish, water, and sediment. However, as researchers encounter difficulties
when studying PFAS chemicals due to their occurrence in complex mixtures and various
everyday products, it is not surprising that this study could not produce clear connections
between the publications (NIEHS, 2024). It is also necessary to acknowledge that the
reviewed publications all had different objectives, sampling methods, and biases that
could have been additional factors that influenced my interpretation of the results. For
example, the authors of the chosen publications may have deliberately chosen sites
known to be highly contaminated (near factories, military bases, etc.) which could
explain the outliers found across the data, and why there might have been a general
positive skew in Figure 7.

With 380,000 fishing licenses pursued annually in the state of Maine, it is
important to focus future PFAS research on genus-specific and species-specific studies
that can better characterize the pattern in which PFAS are more or less abundant in fish
(Maine Department of Environmental Protection, 2024). Within this study, I observed the
genus Squalius to have the highest concentrations of PFAS within their tissues. Even
when acknowledging sampling bias, it is important to recognize this genus as a potential
source of high concentrations of PFAS accumulating within the environment these
species occupy. Further research into the plausibility of the findings from this study could
better inform policymakers and communities that partake in freshwater fishing, about the

state of PFAS accumulation throughout the environment.
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With the two figures and correlation tests yielding different results, it is difficult
to definitively conclude how PFOS and PFOA accumulate in the liver and muscle within
the fish. An additional aspect to consider as a limit to PFAS research is that the dataset
for certain tissues (Figure 1b.) might be insufficiently large to yield meaningful insights.
While conducting my results, I noted that there was significantly more data available on
the whole body filet, or muscle of the fish sample as opposed to blood or liver. Across
the 24 publications, 2 studies provided relevant information on blood-muscle
concentrations and 7 studies on liver-muscle concentrations. Much of PFAS research
primarily focuses on whole-body filet or muscle tissue analysis to understand the
underlying impacts on human health and how this chemical moves across the
environment. With the high volume of research needed for PFAS, it is no surprise that
this issue is proving to be financially burdensome with the tests conducted requiring
complex lab equipment and trained staff members to identify (EPA, 2023). Though liver
and blood samples provide more accurate readings of toxicology (National Library of
Medicine, 2010), research done on muscle tissue may be more common to address human
health concerns and avoid high costs. Despite the lack of concrete results from this study,
I would recommend targeting liver sampling and muscle sampling on fish to better
understand the underlying relationship, as the liver has been suggested to be a reservoir
for PFAS in additional publications.(He et al., 2015; Ali et al., 2021; Chen et al., 2021;
Luebker et al., 2002). My findings indicate the highly variable nature of PFAS within the
liver, thus, it is vital to further assess the claim of PFAS binding to the liver.

PFAS circulates through the environment through various sources of exposure,

thus it is important to further understand how the water and sediment relate to each other
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and fish contamination (Pickard et al., 2022). We must discover any relationship between
these variables to gain an understanding of how PFAS bioaccumulates through ecological
interactions. This study observed differences in two of the common compounds of PFAS:
PFOA and PFOS and their concentrations in the water vs. the sediment. Figures 3 and 4
shed light on how the different chemicals behave differently within the same water body.
These findings further emphasize the difficulty in distinguishing PFAS patterns as much
variability is present within the chemical group (Shi et al., 2009). These differences in
chemical behavior were again observed in Table 1., as PFOS and PFOA were found to
accumulate differently in the prey and predator couples depending on the type of prey
ingested. More discernible patterns on PFOS were observed as opposed to PFOA, which
may have resulted in PFOS being more commonly studied across the publications used

within this study.
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CONCLUSION

The findings from this study underscore the urgent necessity for PFAS research.
However, due to significant variability observed across the publications, it remains
challenging to draw definitive conclusions regarding discernable patterns even within the
available data.

Based on the observations from these results, I would suggest more target
research into the compound PFOA as the nature of this chemical within the water and
sediment seems largely unknown. The variability within the results of this study
emphasizes the need for a more focused approach to PFAS accumulation in fish tissues,
water, and sediment.

Despite a lack of concrete evidence within this study, it should not lead to
inaction. The state of Maine has made efforts to decrease the widespread use of PFAS, by
prohibiting the use of PFAS in any product unless it is designated as unavoidable
effective January 1st, 2030. (Maine Department of Environmental Protection, 2024).
Though this is a significant positive effort, until then more directed efforts are essential to
ensure further exposure is limited. Approximately 45.1 % of all US citizens have never
heard of PFAS, and 31.6% have stated that despite hearing about PFAS, do not
understand the nature of the chemical or its implications (Berthold et al., 20203). With
the current state of knowledge on PFAS being less than desirable, it is vital to have

transparency in how information regarding PFAS is made available to the general public.
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APPENDICES

Appendix A- Minimum, maximum and calculated pseudo-means of PFOS in the blood

and muscle tissues.

Location Min Max Mean Min Max Mean Maior
vear Species Concentratio Concentratio Concentratio Concentratio Concentratio Concentratio co;ll iuu ds Source
(year) ns in Blood nsinBlood nsinBlood nsin Muslce nsinMuscle nsin Muscle P
Vietnam, Hoa et al
Hanoi, West  Bighead carp 7.7 22 15 0.51 1 0.8 PFOS 2022 N
and Yen So =
Vietnam, Hoa et al
Hanoi, West Common carp 52 21 13 0.88 2.4 1.6 PFOS 2022 :
and Yen So =
Vietnam, Hoa et al
Hanoi, West Rohu 14 25 19 1.4 2.6 1.4 PFOS 2022 =
and Yen So B
Vietnam, -
. Tilapia Hoaetal.
H . West A 2 .55 . . 5
anoi, Wes (Tilapia spp.) 8 19 13 0.55 1.7 1.1 PFOS 5022

and Yen So

South Korea,
major rivers Catfish ND 925 63.7 0.22 129 2.94 PFOS
and lakes

Hung et al.,
2018
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PFOA in surface water and sediment.
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Appendix C - Minimum, maximum and calculated pseudo-means of PFOS in the

liver and muscle tissues.

Mean Concentrations in Muscle

Location (year) Species Mean Concentrations in Liver (ng/g) el Major compounds Source
Vietnam, 1;2‘;“; E;;‘G"]‘“d Yen So Bighead carp a3 0755 PEOS
Vietnam, P:i? gg;‘;”d Yen So Common carp 36 16 PFOS Hoa etal 2022
Vietnam, }II;: (‘f;;';‘d YenSo Rohu 61 14 PFOS Hoa etal, 2022
Vietnam, };:’1‘2 z;;z‘;"d Yen So Tilapia (Tilapia spp.) a4 11 PFOS Hoaetal. 2022
\"e"‘a(‘fégg‘o"l”;r{“'" Tilapia (Tilapia spp.) 106 05 PFDA Lametal, 2017
\"e"“’z‘z‘bi“_”zgolfj“; River Striped snakehead 1 0.18 PFDA Lametal., 2017
Vietaam, B‘“g(‘)’a’;;“d Hung Yen Snakehead s 035 PFOS Murakami etal, 2011
S°““‘:k°e':‘(‘5$“3’f§g‘l‘f)’s and Catfish 162 254 PFOS Hung etal, 2018
South Africa, Vaal River (2014) Smalimouth yellowfish 230.06 2291 PFOS Groffen et al, 2018
Som““&ggf_’;&?;‘ fvers Evuropean Chub 0.16 0.095 PFOA Balestrieri et al, 2006
S°“'h“(“2;'(‘;’f_":§‘0"g)°’ rivers European Chub 755 201 PFAS Balestrieri et al, 2007
China, Jiulong River (2014-2015) Catfish 38 34 PFOA Wang et al., 2022
China, Jivlong River (2014-2015) Tilapia 36 35 PFOA Wang etal., 2023
China, Jivlong River (2014-2015) Carp 38 37 PFOA Wang etal., 2024
China, Jivlong River (2014-2015) Yellow catfish 43 37 PFOA Wang etal., 2025
China, Jlulcng River (2014-2015) White minnow 45 38 PFOA Wang et al., 2026
China, Jivlong River (2014-2015) Sea bass 38 36 PFOA Wang etal., 2027
China, Jivlong River (2014-2015) Catfish 51 43 PFOS Wang etal., 2028
China, Jiulong River (2014-2015) Tilapia 53 42 PFOS Wang etal., 2029
China, Jivlong River (2014-2015) Carp 57 26 PFOS Wang etal., 2030
China, Jivlong River (2014-2015) Yellow catfish 62 25 PFOS Wang etal., 2031
China, Jivlong River (2014-2015) White minnow 59 48 PFOS Wang etal., 2032
China, Jlulcng River (2014-2015) Sea bass 36 28 PFOS Wang etal., 2033
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