SELF-CAUGHT FISH CONSUMPTION
AND METHYLMERCURY ADVISORIES

IN TUSCALOOSA COUNTY, ALABAMA

by
JOSHUA KESSLER DUGAT

MICHAEL K. STEINBERG, COMMITTEE CHAIR
MATTHEW LAFEVOR
DAVID MEEK

A THESIS

Submitted in partial fulfillment of the requirements
for the degree of Master of Science
in the Department of Geography
in the Graduate School of
The University of Alabama

TUSCALOOSA, ALABAMA

2020



Copyright Joshua Kessler Dugat 2020
ALL RIGHTS RESERVED



ABSTRACT

Methylmercury is a naturally occurring toxin, capable of bioaccumulation within aquatic
ecosystems. Diets high in fish with elevated levels of methylmercury can lead to neurological
impairments, especially in young children. Low-income and minority anglers have been found to
consume higher rates of self-caught fish than individuals from other demographic groups, and
may incur a higher risk of methylmercury-related hazards.

This study uses creel surveys and data from the Alabama Department of Environmental
Management’s Fish Tissue Monitoring Program to identify trends in consumption, advisory
awareness, and methylmercury concentration across two demographically representative sites in
Tuscaloosa County, Alabama.

Surveys suggest that anglers reporting lower household income reported higher rates of
self-caught fish consumption. African American anglers reported consuming a significantly
higher rate of self-caught fish than white anglers (mean calculated consumption = 67.17 g/day
and 23.51 g/day; p = 0.004). Anglers indicating an awareness of consumption advisories reported
consuming self-caught fish at a nominally lower rate than anglers who indicated being unaware
of advisories.

Fish tissue data indicates higher levels of methylmercury in largemouth bass
(Micropterus salmoides) and channel catfish (Ictalurus punctatus) near the Lake Tuscaloosa
study site where current advisories are issued. Environmental conditions seem to support greater

rates of mercury methylation and bioaccumulation at the site with existing advisories. Still, there



IS a perception amongst some anglers that fish from the Black Warrior River — where no
advisories are issued — are more dangerous to eat than those in Lake Tuscaloosa. These reactions
may call into question the efficacy of the current advisory system.

Misinformation surrounding methylmercury’s presence and health consequences suggest
greater public understanding may increase the effectiveness of fish consumption advisories.
While the study focused on consumption by adult anglers, future research may also seek to
determine consumption trends in more vulnerable populations: children, pregnant and nursing
women, and women who may become pregnant.

This study contributes to a body of research that seeks site-specific data to create a more
comprehensive understanding of risks related to fish consumption. It also exposes the gradations
of advisory effectiveness, risk perception, and of threats to wellness anglers face beyond those

toxins fish contain.
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Figure 1.1: Oliver fisherman



CHAPTER 1
INTRODUCTION

In Roman mythology, the deity Mercury is derived from Hermes, the Greek god of tricks.
Between the 6th and 7th centuries BCE, the Homeric Hymn to Hermes recounts the god’s theft
of Apollo’s cattle, and describes him with an epithet reserved for only two other characters in all
of Greek literature. Along with Odysseus and the charismatic soldier-statesman, Alcibiades,
Hermes is said to be podtropon, variously understood to mean “wily” or “much-traveled,” and
literally translated as “polytropic,” or “turning-many-ways” (Hyde 1998). Hermes, and thereby
Mercury, is famous for his speed: contemporary corporate logos incorporate the god’s winged
feet; our solar system’s innermost planet is thus named for its quick orbit of the sun. This
swiftness is a product of the god’s shiftiness, his ability to travel across boundaries as “appointed
messenger to the underworld,” and “among the gods, who do not die, and human beings, who

must” (Hyde 1998). True to name, to be mercurial is to change.



Figure 1.2: Mercury’s winged foot

Mercury moves where other metals cannot. A naturally occurring element, it is found in
soils, oceans, and the atmosphere, though fossil fuel combustion and waste incineration increase
its environmental availability (NREL 1993). Methylated mercury accumulates in tissue as one
organism eats another. Piscivorous fish, for example, tend to bear higher concentrations of bodily
mercury, which can be passed along to humans who consume them. Once ingested, organic
mercury can breach the placental barrier between a mother and a fetus (Newman 2016). In
humans, the consequences of such transference can be serious, leading to cognitive disorders and

heart disease (Institute of Medicine 2006; Alabama Department of Public Health 2017). And yet,



mercury in the body is largely inconspicuous. It may take years for mercury poisoning to reveal
its effects.

Anyone with the memory of cleaning up a broken mercury thermometer can attest to the
element’s stubbornness at being corralled. Methylmercury proves similarly difficult to map, and
its changing forms — from inorganic to organic, and throughout a trophic web — make grasping
prevalence and risk abstruse. For this reason, despite being the greatest culprit of fish
consumption advisories nationwide, methylmercury awareness remains relatively low, especially
among those it stands to impact most (Moya 2004).

Low-income and minority communities have been found to consume greater amounts of
self-caught fish than the national average (Burger 2002a). Accordingly, members of these
communities may experience increased risk of health consequences associated with wild-caught
fish consumption, including those related to mercury exposure (Toth and Brown 1997; Burger et
al. 1999). These communities are the same that have borne a disproportionate share of
environmental maladies in American history, and this legacy can complicate efforts to counter
mercury-related health risks. The signs of mercury concentration, not readily observable to an
angler, become understandably confused with the blatant indicators of other ills: river water that
turns foul-smelling, or an overabundance of dead fish. Attuning lay consumers to mercury’s
nuanced behavior becomes a challenge in communication. So too does acknowledging mistrust
that regulatory agencies and advocacy groups have engendered within communities their own
actions have harmed or neglected (Bullard 1994).

One step toward regaining trust and redressing systemic injustice is to seek the experiences
of affected individuals. This charge is echoed in research addressing subsistence fish

consumption: site-specific investigations have been called for to better understand fishing



practices and health risks at a community level (Watanabe et al. 2002). To that end, the present
study examines the practices and perceptions of two representative fishing communities in
Tuscaloosa County, Alabama. It is, in simplest terms, a study of location and relationship,
concerned with better understanding environmental conditions and human behaviors across an
area of just a few dozen kilometers. The work also situates individual experiences within the
larger framework of environmental justice, deploying a transdisciplinary methodology that better
reflects its subject. Angler interviews, demographic study, critical theory, and fish tissue analyses
are integrated to create a comprehensive portrait of place, which Yi-Fu Tuan describes as “a
reality to be clarified and understood from the perspectives of the people who have given it
meaning” (1979). People are dynamic. Mercury is polytropic. An approach to understand the

relationship between them must likewise be willing to traverse domains, and turn many ways.



CHAPTER 2

ENVIRONMENTAL JUSTICE, RACISM, AND EMBODIMENT

In crafting the narrative of American Environmental Justice, it is tempting to identify a
chronological origin. Such a point has been made of the 1962 publication of Rachel Carson’s
Silent Spring and the contemporaneous efforts of the American Civil Rights Movement
(Schlosberg 1999). Scholars point out that early American environmental advocacy neglected
many of the issues most pressing to minority communities (Bullard 1994). In 1985, the
Concerned Citizens of South Central Los Angeles formed to oppose construction of a solid waste
incinerator that would release dioxins and fluorons into an urban neighborhood. When the
organization sought legal assistance from the Sierra Club and Environmental Defense Fund,
those entities averted, claiming the case was “a community health issue,” and not an
“environmental one” (Di Chiro 1995). Heavily influenced by John Muir’s early preservation
principles, concerns of health, housing, and livelihood were frequently overlooked by major
environmental organizations in lieu of issues emphasizing resource management and wilderness
preservation (Schlosberg 1999). These groups and their supporters were likewise largely white
and upper-middle class, a residue inherited from the forefathers of American environmentalism.
Representation remains an issue confronting today’s environmental advocacy groups, with real
ramifications in terms of project prioritization and resource allocation (Bullard 1994).

The 1987 report “Toxic Wastes and Race in the United States,” sponsored by the United

Church of Christ’s Commission for Racial Justice was the first comprehensive effort to



“document the presence of hazardous wastes in racial and ethnic communities throughout the
United States,” and therefore tie anthropogenic environmental action and health impacts to racial
demography. In 1994, President Bill Clinton’s Executive Order 12898 formally charged federal
agencies with addressing the “disproportionately high and adverse human health or
environmental effects of [their] programs, policies, and activities on minority populations and
low-income populations in the United States.” The effectiveness of the order has been
disputable: according to a 2015 report by the Center for Public Integrity, the EPA “dismisses
outright more than 9 in 10 environmental discrimination complaints” (Qiu and Buford 2015).
Further, the order wields little authority over state environmental protection agencies, who are
ultimately responsible for local enforcement. The toothier Environmental Justice Act was
introduced to the US Senate in 2017 as an amendment to both the Clean Water Act of 1972 and
Civil Rights Act of 1964, but the bill has languished in referral to the Committee on
Environment and Public Work.

Meanwhile, overt incidents of environmental injustice continue to make headlines.
Readers may recall the recent “Poop Train” plaguing Parrish, Alabama, which stalled for two
months in early 2018 while transferring sewage from New York and New Jersey to a private
landfill located twenty-five miles from the town (Dwyer 2018). One hundred miles east of
Parrish, the early 2000’s saw Anniston, Alabama garner national attention following a proposal
to make the community home to a U.S. Army chemical weapons incinerator. Anniston was
already suffering from record PCB contamination, accrued over seven decades of manufacture
and disposal by Monsanto Chemical Company (Spears 2014). The implicated sites in Anniston
and Parrish exist in Alabama in large part due to lax zoning, which has been called “the most

widely applied mechanism to regulate land use in the United States” (Bullard 1994). Relative



economic disadvantage across the American South has made residents susceptible to the false
perception that environmental regulation is “bad for business” and “linked to job loss” (Bullard
1994). Compounding the relationship between poverty and environmental exploitation is a
notion held by would-be industrial developers: high unemployment and right-to-work laws

299

constitute “the so-called ‘good business climate’” of the South, and the region’s “de facto
industrial policy” whereby “any job is better than no job,” regardless of potential environmental
impact or detriment to workers’ health (Bullard 1994).

Though minority groups are especially vulnerable to systemic poverty and
unemployment, socioeconomic and racial variables can be disambiguated to an illuminating
degree. Asthe UCC’s “Toxic Waste and Race in the United States” illustrated, some patterns of
unequal risk exposure fall conspicuously along racial lines. These instances are distinguished
from the larger discussion of environmental injustice by policies and practices which,
intentionally or otherwise, specifically affect groups or individuals on the basis of race. Scholars
and advocates refer to these causal sequences as examples of environmental racism (Bullard
1994). A 2018 study details one such case: in researching particulate matter producing facilities
and affected populations, the EPA’s National Center for Environmental Research reported
“disparities for Blacks are more pronounced than are disparities on the basis of poverty status.”
The report goes further: “strictly socioeconomic considerations may be insufficient to reduce
[particulate matter] burdens equitably across populations” (Mikati et al. 2018). Particulate matter
includes suspensions of smoke, smog, dust, or other solids that contribute to air pollution. An
identified carcinogen, these pollutants can also lead to chronic respiratory diseases including
asthma, a condition that is twenty percent more likely to impact African Americans than non-

Hispanic whites (Dillon and Sze 2016).



The convergence of particulate matter, asthma, and race constitutes a poignant example
of new scholarship that complicates conceptual boundaries between the body, the environment,
and agents that act upon both. A recent article frames that relationship in a provocative
consideration of the “spatiality” of breath. Citing the 2014 suffocation death of Eric Garner at the
hands of a New York City police officer, Lindsey Dillon and Julie Sze recount Garner’s asthma
alongside black communities' disproportionate exposure to air pollution, suggesting the phrase “I
can’t breathe” carries multiple valances. Due to a denial of breath by polluters and police actors,
the plea is “both a metaphor and material reality of racism, which constrains not just life choices
and opportunities, but the environmental conditions of life itself” (Dillon and Sze 2016). The
authors point out that while Garner’s asthma contributed to his death, the preexisting health
condition was “understood as an individual rather than a social problem,” and thereby excused
public agents of responsibility (Dillon and Sze, 2016). The distinction between an “individual”
and “social” problem recalls a similar semantic parsing of issues pertaining to “community
health” and those related to the “environment,” a distinction that environmental groups used to
justify inaction in the face of the Concerned Citizens of South Central Los Angeles’ 1985 legal
plight.

Dillon and Sze expound upon a “social problem” in the given context as “an embodiment
of race and racial residential segregation in the US” (2016). “Embodiment,” in turn, is a term
used by public health scientist Nancy Krieger to discuss the manner in which "our bodies tell
stories about — and cannot be studied divorced from — the conditions of our existence” (Sze and
Dillon 2016). This valuation has precedent in feminist theoretical framework: Robin Longhurst,
for example, advocates blurring the separation long upheld “between discursive bodies and

material bodies.” By invoking the physical bodies that are the subjects of her research along with



these bodies’ boundaries and their “resulting spatial relationships,” Longhurst seeks to “illustrate
that bodies and spaces are neither clearly separable nor stable” (Longhurst 2001). Similar
language is echoed in current discourse exploring the political ecology of the body. Julie
Guthman, for example, encourages interrogating the paradigmatic “black box” of the body,
recognizing that bodies are fundamentally ecological, “not separate from but ultimately a part of
the socionatural environment” (2012). Through such a lens, identifying environmental hazards
within static demarcations becomes inherently problematic.

Critical attention to the body and harmful environmental agents also draws upon a robust
lineage of postcolonial criticism. Rob Nixon calls “slow violence” that which “occurs gradually
and out of sight.” It is “a violence of delayed destruction that is dispersed across time and space,
an attritional violence that is typically not viewed as violence at all” (Nixon 2011). In the case of
Dillon and Sze, equating pollution to lethal force requires that both affronts be considered as
violent, “embodied” acts, distinguished only by temporal scale. A dynamic discussion of
methylmercury likewise benefits from foregrounding in these ideologies. Exposure comes
through eating — an intimate, bodily act. The sites of fishing, fish preparation and fish
consumption are themselves personal: homes and bodies of water imbued with familial,
communal and generational memory. The risk that mercury poses is itself shrouded, largely

gradual and out of sight, often perceived as little risk at all.
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CHAPTER 3

MERCURY, HUMAN HEALTH, AND FISH CONSUMPTION ADVISORIES

Unlike the PCB’s impacting Anniston, Alabama, or the DDT exposed in Carson’s Silent
Spring, mercury is not industrially manufactured. It cannot, in fact, be created or destroyed, and
its presence in air, soil, water, and organic matter is constantly cycled through natural processes
(Newman and Leung 2016). Within the earth’s crust, mercury is largely sequestered and stable,
as is the case for the solid mineral cinnabar (HgS) (Benjamin and Honeyman 1992). Inorganic
mercury’s high vapor pressure facilitates its gradual volatilization into the atmosphere, where,
along with emissions from geologic phenomena, it remains relatively unreactive, and capable of
traveling great distances (Lin and Pehkonen 1999). Atmospheric mercury eventually returns to
the soil by wet or dry deposition and the decomposition of leaf litter (Mason et al. 2009).
Deposition is also a primary means by which mercury enters aquatic ecosystems (USGS 1995)
where it undergoes the transformation pertinent to the current study.

If mercury is naturally occurring in earth’s biogeochemical cycle, why is its presence
discussed within the framework of anthropogenic pollution? Research suggests that global
mercury emissions have increased between four and five times as a result of human industrial
activity (Selin 2009). Contributing actions include mining and the burning of fossil fuels —
especially coal — which release stored sedimentary mercury into the atmosphere (Selin 2009).
Another source of mercury introduction is artisanal and small scale gold mining (Esdaile and

Chalker 2018), wherein the heating of a mercury-and-gold amalgam results in global mercury

11



releases reported to exceed 1,000 tons a year (Esdaile and Chalker 2018). Current
estimates place anthropogenic sources of global atmospheric mercury at 40% of total emissions.
It is difficult, however, to identify the component of “natural” emissions that include the
reemission of mercury that was previously introduced by human action (Pirrone et al. 2010).

Inorganic mercury remains largely outside of ecosystem food webs. The focus of
mercury-related fish consumption advisories is organic, or, methylmercury (MeHg), formed
when two methyl groups (CH3) bond with a mercury cation, enabling subsequent accumulation
in bodily tissue. Methylation occurs as a result of anoxic, sulfate-reducing bacteria, often in
sediment-rich environments (Newman and Leung 2016). These bacteria convey methylmercury
to other organisms in one of two ways: they are either eaten, transferring methylated mercury
directly to the consumer, or they release the toxin into the surrounding water, where it becomes
reabsorbed by plankton and microorganisms, which themselves become a food source for fish
(USGS 1995). Once consumed, methylmercury’s ability to bind with proteins makes it
particularly resilient, metabolically speaking. The toxin accrues through twinned processes of
bioaccumulation and biomagnification. The former describes a scenario whereby the uptake of a
toxin exceeds the rate of elimination, leading to an increased concentration over time.
Biomagnification describes the increasing concentration of a toxin as it transfers to consumers of
increasingly higher trophic levels (Bowles et al. 2001). In accordance with these processes, long-
lived predators are typically found to have the highest amounts of methylmercury. Shark, for
example, is regularly identified by the FDA as one of several seafood “choices to avoid” due to

high mercury levels (2015).
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Figure 3.1: The mercury cycle (based on the diagram by L. Messenger)

Knowledge of methylmercury’s adverse health effects is traced to 1956, when the first
patients in Minimata, Japan presented with distressing neurological symptoms. Ataxia, seizures,
and speech impairment continued surfacing amongst the city’s fishing community. What was
originally attributed to an infectious disease became linked to the consumption of fish from
Minimata Bay (Tsuda et al. 2009). These fish, and the people that ate them, were found to have
unprecedented levels of methylmercury in their tissues, ultimately linked to a source of industrial
discharge polluting the bay (Harada 1995). Federal policies sought to curtail fish consumption

and future mercury contamination, but the impact was felt for decades. Mothers who consumed
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fish high in methylmercury bore children with severe neurological defects. By the end of the
twentieth century, 2,252 patients were identified with what became known as “Minimata
Disease” (Harada 1995).

A following, oft-cited outbreak of methylmercury poisoning occurred in 1971, when
fungicide-treated grain was mistakenly used to feed people and livestock in Irag. The following
year, 6,148 patients were admitted to hospitals and 452 deaths had occurred due to neurological
conditions directly related to methylmercury exposure (Skerfving and Copplestone 1976). Data
from the 1971 outbreak formed the basis for the EPA’s formulation of a reference dose (RfD) for
methylmercury. This benchmark sought to establish “a rate of exposure that a person can
experience over a lifetime without appreciable risk of harm” (EPA 2018). In 1995, the mercury
RfD was published as 0.1 pg mercury/kg body weight/day, which included a 10-fold uncertainty
factor to account for variability in individuals and groups (EPA 2000). Because the Iragi and
Japanese outbreaks represented isolated events of exceptional contamination, public health
officials believed they did not reflect the methylmercury risk faced by most Americans; that is,
risk that occurs through lower-level, chronic exposure due to fish consumption. In 2000,
following a congressional directive to create more representative guidelines, the EPA consulted
three studies that have since been widely cited as the standard-bearers in methylmercury-related
health outcomes. Communities in the Seychelles (Davidson et al. 1998), the Faroe Islands
(Grandjean et al. 1997), and New Zealand (Kjellstrom 1986, 1989) were selected for observation
based on their high seafood diets, comparable to those found within some US populations. For
each experimental group, parent-child pairs were longitudinally screened for mercury levels in
hair or blood, and monitored for adverse neurological symptoms. In both the Faroe Islands and

New Zealand studies, long-term maternal fish consumption and increased levels of MeHg were
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associated with childhood developmental disabilities, including decreased motor function and 1Q
(National Research Council 2000; Kjellstrom 1986; Grandjean 1997). Based on these studies, the
FDA upheld the previously published 0.1 pg/kg/day reference dose, an amount that remains the
bar by which the agency assesses methylmercury risk (EPA 2018).

Point-source contamination events in Japan and Iraq led to serious neurological
symptoms amongst adults and children; however, as the Faroe Islands and New Zealand studies
suggest, developing fetuses are most at-risk to methylmercury neurotoxicity from chronic, low-
dose exposure. Small children, women who are pregnant or breastfeeding, and women of child-
bearing age are therefore targeted for specific consumption guidelines by the FDA. Namely,
women in these categories are advised to “consume between 8 and 12 ounces of a variety of
seafood per week, from choices that are lower in mercury” (FDA 2015). Children are
recommended to eat 1-2 servings of seafood per week, with serving sizes gradually increasing
from 1 0z to 4 0z (28.35 g to 113.40 g) by age 11 (FDA 2015). The FDA simply encourages all
other adults to eat at least 8 0z of seafood per week. These guidelines are multifaceted for good
reason: complicating the health risks associated with high seafood diets are the acknowledged
nutritional benefits of eating fish. Protein, iron, omega-3 fats, vitamins D and B12, and trace
minerals including selenium, zinc, and iodine are widely found in fish, and these nutrients are
especially important for children, pregnant and breastfeeding women, and women who may
become pregnant (FDA 2015). A prohibition on fish consumption negates these benefits, as does
a fear of ill effects that might cause a consumer to avoid seafood altogether. Public health
officials are thus placed in a delicate position: inform without causing alarm, advise reasonable

limits that still allow for maximum benefits.
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According to the National Oceanic and Atmospheric Administration, Americans
increased their consumption of fish and shellfish from an average of 14.4 pounds/year in 2014 to
15.5 pounds/year in 2015 (17.90 g/day to 19.26 g/day, NOAA 2016). This data reflects a longer-
term trend in elevated fish consumption: in 1998, the USDA’s Continuing Survey of Food Intake
by Individuals reported an average intake of only 15.65 g/day (12.60 pounds/year, USDA 1998).

Additional research has indicated that wild-caught fish consumption often follows
regional and demographic lines. Alabamians, for example, eat fish at higher rates than the
national average, with some surveys suggesting mean consumption as high as 30-33 g/day (24
and 27 pounds/year, Meredith and Malvestuto 1996). In the EPA’s 2014 report on Estimated
Fish Consumption Rates for the U.S. Population and Selected Subpopulations, respondents from
the South (DE, MD, DC, VA, WV, KY, TN, NC, SC, GA, AL, MS, FL, LA, AR, OK, TX) were
estimated to consume larger quantities (g/day) of estuarine and freshwater fish than respondents
from other geographical areas (EPA 2014). While some national surveys suggest fish
consumption increases with income, these studies do not differentiate between self-caught and
commercially-caught fish, or between fish that is prepared at home and fish that is purchased in
restaurants (NOAA 2016). Site-specific surveys, on the other hand, suggest that low-income
African Americans reported eating self-caught fish at higher rates than other respondents (Burger
et al. 2001; Gochfeld and Burger 2011). The EPA also indicates that “communities of color”” and
“low-income communities” particularly rely on fishing as an integral means of meeting dietary
needs (2002). Accordingly, members of these communities may experience an increased risk of
health consequences associated with wild-caught fish consumption, including effects related to
methylmercury exposure (Fleming et al. 1995; Toth and Brown 1997; Burger et al. 1999 as cited

in Burger and Gochfeld 2001).
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Over 99% of fish advisories nation-wide are issued for mercury, polychlorinated
biphenyl, dioxin, DDT, and chlordane (Watanabe et al. 2002), and 79% of advisories are issued
at least in part for mercury (Roe 2003). Research, however, has indicated that consumption
advisories do not reach all groups equally. In Burger, Gaines and Gochfeld’s study of South
Carolina anglers, approximately half of the African American respondents were aware of
relevant advisories, compared with 75% of white respondents (2001). Angler response to
advisories of all backgrounds has proven variable. Some believe that problematic fish are
identifiable by sight or smell, regardless of advisories issued (Moya 2004). According to survey
data collected by Coosa Riverkeeper in Alabama, 91% of all fishermen reported they would heed
fish advisories if they were aware of them. In the same survey, only 6% of respondents
acknowledged being aware of current advisories (Coosa Riverkeeper 2017).

Alabama’s fish advisories are issued along a tiered scale, offering consumption
recommendations in meals per month, based on the risk of toxin exposure (Roe 2003; Alabama
Department of Public Health 2017). The Alabama Department of Environmental Management
(ADEM) conducts the Fish Tissue Monitoring Program (FTMP) in partnership with the Alabama
Department of Public Health (ADPH), the Alabama Department of Conservation and Natural
Resources (ADCNR), and the Tennessee Valley Authority (TVA) to identify areas where
contamination warrants a consumption advisory. Between 1970, when the state’s Fish Tissue
Monitoring Program began, and 1991, only areas of suspected contamination were tested. Since
that time, the monitoring program has expanded to encompass more than 300 sites state-wide,
including fish “from all of Alabama’s major reservoirs, rivers, streams, and state-managed public
fishing lakes...” (ADEM 2007). Testing by the Department of Environmental Management

currently follows a 5-year, rotating cycle, during which one of the state’s major drainage basins
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is tested each year. The Black Warrior-Cahaba River Basin — including the sites pertinent to this
study — was last sampled in 2017 (ADEM 2018).

ADEM staff collect fish for tissue analysis via electrofishing or gill netting. At each
location, collection targets six predators and six bottom feeders of the same species. Largemouth
bass (Micropterus salmoides) and channel catfish (Ictalurus punctatus) are the most common
species obtained, sought for their popularity amongst anglers as well as their representation of
distinct feeding behaviors and home ranges (Len 2018). Collection typically takes place between
October and December in order to avoid spawning season, to take advantage of cooler water
temperatures, and obtain fish when tissue content and organic pollutants are likely to be highest
(Len 2018). Individual fish are weighed and measured, noted for abnormality, and aged by
removing the spine and otolith. Fillets are sent to Montgomery, Alabama for laboratory analysis.
Michael Len, Senior Environmental Scientist with the Alabama Department of Environmental
Management, indicates that the agency is transitioning toward non-lethal tissue plugs for future
collections (2018).

The Alabama Department of Public Health is the entity responsible for determining and
issuing consumption advisories based on toxicity data gathered by the Alabama Department of
Environmental Management. ADPH uses guidelines established by the FDA, which in turn
publishes action levels for “poisonous or deleterious substances” that “represent limits at or
above which [the agency] will take legal action to remove products from the market” (FDA
2000). FDA-derived action levels consider the tolerable daily intake (TDI) of a substance, which,
in the case of methylmercury, is the amount “that can be consumed daily over a long period of
time with a reasonable certainty of no harm to adults” (FDA 2000). TDI and action levels are

therefore tied to previously discussed reference doses. The FDA maintains the action level for
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methylmercury at 1 ppm; however, as of 2006, the Alabama Department of Public Health
adopted a stricter, EPA-endorsed threshold of 0.33 ppm for state advisory determination (ADEM
2007). According to Environmental Toxicologist John Guarisco, ADPH assigns advisories in a
manner agreed upon by multiple state health agencies. Of the six fish collected from a single
species at a given sample site, if one fish triggers a methylmercury concentration at or above
0.33 ppm, an advisory of two meal/month is issued for that location. If two fish yield
concentrations at or above the action level, an advisory of one meal/month is issued. If three or
more fish present methylmercury concentrations that exceed 0.33 ppm, ADPH recommends that
anglers do not eat that species of fish in any amount from the given location (Guarisco 2018).
Consumption advisories are updated annually to reflect the previous year’s findings. A document
is made available online, and is accessible via QR codes printed on signs posted at some fishing

locations across the state.
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TO REPURT A VIULATIUN
CALL 1-809;272-GAME

IMPO?TANT

BOATERS, ANGLERS, PADDLERS, SWIMMERS

TOVIEW STATEWIDE WATER QUALITY INFORMATION FOR:

* CURRENT SEWAGE SPILLS
* TREATED SEWAGE DISCHARGE POINTS

+ FISH CONSUMPTION ADVISORY LOCATIONS
* COASTAL BEACH MONITORING

VISIT:
ADEM.ALABAMA.GOV/WATER-INFO

OR SCAN BELOW

OR CALL ADEM AT 334-271-7700
(PARA ASISTENCIA LLAME)

Figure 3.2: Binion Creek advisory sign

Following the 2017 sampling season, there were five advisories issued for Tuscaloosa
County, all for mercury contamination (ADPH 2018). Largemouth bass (Micropterus
salmoides) was cited in four of these advisories and channel catfish (Ictalurus punctatus) was
cited in one. Locations for each of the Tuscaloosa County advisories (four total) are all within or

adjacent to Lake Tuscaloosa.
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Table 3.1: 2018-2019 Tuscaloosa County fish consumption advisories

Water Body Location Fish Species  Advisory Advisory Justification
Binion Creek, Channel 2 meals/month 1 of 6 fish tested > AL (0.625
Binion immediately Catfish ug/qg)
Creek upstream of Hwy  Largemouth Do Not Eat 5 of 6 fish tested > AL (0.599,
43, Bass 0.387, 0.515, 0.524, 0.390 ug/g)
Lower reservoir, Largemouth Do Not Eat 5 of 6 fish tested > AL (0.506,
dam forebay. Bass 0.508, 0.423, 0.344, 0.383 ug/qg)
Tuscaloosa  Mid reservoir. Largemouth 2 meals/month 2012 composite sampling tested
Reservoir Approximately 1.0 Bass > AL (0.309 ug/g); Upper and
mile downstream Lower Reservoir 2017 samples
of the AL Hwy 69 both warranted Do Not Eat
bridge. advisories
North River Largemouth Do Not Eat 4 of 5 fish tested > AL (0.619,
immediately Bass 0.408, 0.616, 0.378 ug/q)
upstream of Bull
Slough Road
crossing.
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Figure 3.3: Map of 2018-2019 Tuscaloosa County fish consumption advisories
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CHAPTER 4

STUDY AREAS

The study took place on regulated water bodies formed from the Black Warrior River in
Tuscaloosa County, Alabama. The Black Warrior stretches from the convergence of the Locust
and Mulberry Rivers, approximately 40 km west of Birmingham, to its confluence with the
Tombigbee River near Demopolis. In September 2017, I met with Nelson Brooke of Black
Warrior Riverkeeper to learn about past areas of focus for angler creel surveys in Tuscaloosa
County and the Black Warrior River Basin. In October of that same year, Environmental
Research published the article “Results of a National Survey of High-Frequency Fish Consumers
in the United States” in which “two broad categories of self-caught seafood consumers” were

identified:

“The first, an ethnically diverse, lower income and education cohort that may be
consuming self-caught fish for subsistence purposes, and the second, a higher income and
education cohort likely to be more of an avid recreational angler than subsistence

angler” (von Stackelberg et al. 2017).
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Census data was consulted to identify local sites that roughly corresponded with these two
groups: one accessible by an “ethnically diverse, lower income” subsistence-fishing cohort, and
one likely to be frequented by higher income, recreational anglers. Percent owner-occupied
homes was used as a proxy for gauging income (Wendel et al. 2011). Several additional pieces of

information contributed to the selection of study areas:

1. Black Warrior Riverkeeper shared a compilation of pollution permits issued by
the Alabama Department of Environmental Management as of fall, 2017. Aware
of an historic correlation among sources of pollution, low income communities
and communities of color, and adverse health effects, Major Source Operating
Permits were mapped to identify study sites that represented areas of both high
and low permitted pollution concentrations.

2. The most recent fish consumption advisories published by the Alabama
Department of Public Health (2018) were considered. Sites were sought that
represented areas flagged for consumption advisories, as well as areas for which
there were no advisories issued.

3. Finally, given the breadth of sites that anglers occupy in Tuscaloosa County, it
was important to seek out locations that were publicly designated for fishing, that
provided some degree of infrastructure (parking, bathrooms), and that did not

charge a fee for use.
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With these variables collectively considered, two sites were determined as representative
locations for creel surveys in Tuscaloosa County: Binion Creek and Oliver Fishing Pier (Figure

4.1).
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Figure 4.1 Creel Survey Locations in Tuscaloosa County

4.1 Binion Creek Boat Launch

Binion Creek Landing Park (33.39167, -87.60750) is located on the northwest corner of
Lake Tuscaloosa, adjacent to the Highway 43 bridge. Formerly maintained by Tuscaloosa

County Parks and Recreation Authority (PARA), the site is now overseen by the Lakes Division
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of the City of Tuscaloosa. Unlike other area launches governed by public entities, Binion Creek
does not charge a usage fee due to an agreement with Alabama Fish and Wildlife Service, which
helped fund construction of the site’s amenities. The Tuscaloosa County Assessor’s Office has
no record of the date of construction for the launch; however, in speaking with long-time anglers,
oral reports indicate the property was used as a boat launch shortly after Lake Tuscaloosa was
created in 1970. One hypothesis, offered by an engineer for the City of Tuscaloosa, suggests that
remnants of the original Highway 43, largely submerged during the creation of the reservoir,

served as the earliest boat launch at Binion Creek.

Binion Creek Landing Park includes a pier from which individuals have been observed to
fish; however, the area is predominantly used by boating anglers. Following ADEM’s 2017
sampling season, two consumption advisories were issued for the area of Lake Tuscaloosa
directly adjacent to the park: 2 meals/month for channel catfish (Ictalurus punctatus) and Do Not
Eat for largemouth bass (Micropterus salmoides). These advisories remain in effect as of fall

2019.

According to data from the 2010 US Census, the tract within which Binion Creek
Landing Park is located is home to 3,043 residents, of which 65.78% identify as White, and
33.75% identify as African American. 90.01% of residents within the same tract live in owner
occupied homes (Table 4.1). ADEM has issued no Major Source Operating Permits for industrial

polluters in the same residential tract (Appendix, Figure 8.1A).
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Fiure 4.2: Binion Creek oat Landing paringlot

4.2 Oliver Fishing Pier

The Fishing Pier at Oliver Dam (33.2063, -87.5930) is located on the south side of the
Black Warrior River, west of downtown Tuscaloosa near the Country Club Historic
Neighborhood. The dam forms the eastern most boundary of Oliver Reservoir, and is mirrored
on the north bank by Oliver Lock. Originally built in 1940, construction for the current lock and
dam was completed in 1992. Oliver Pier and its surrounding infrastructure remain under the

operation of the US Army Corps of Engineers.

Oliver Fishing Pier is exclusively used by bank anglers. A fee-charging boat launch exists

on the opposite side of the river, but there is no avenue for boat access on the south side. At the
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time of site selection, Alabama Department of Public Health had issued no consumption

advisories for Oliver Reservoir. There remain no advisories as of fall 2019.

According to data from the 2010 US Census, the tract within which Oliver Fishing Pier is
located is home to 2,844 residents, of which 28.04% identify as White and 70.78% identify as
African American. 35.83% of residents within the same tract live in owner occupied homes
(Table 4.1). ADEM has issued 9 Major Source Operating Permits for industrial polluters in the

same residential tract (Appendix, Figures 8.1A and 8.1B).

Figure 4.3: Anglers on Oliver Dam
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Table 4.1: Comparison between census tracts containing Binion
and Oliver survey sites

Census Tract Variable Binion Oliver
Total Population 3043 2844
% African American 33.75 70.78
% White 65.48 28.04
% Living in Owner-Occupied Homes 90.01 35.83
% Living in Renter-Occupied Homes 9.63 41.24
Number of Major Source Operating Pollution 0 9
Permits within Census Tract

Consumption Advisories Issued, 2017-2019 2 0
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CHAPTER FIVE

CREEL SURVEYS

5.1 Methods

Creel Surveys (n = 50) were administered at Binion Creek Boat Landing (n = 24) and
Oliver Fishing Pier (n = 26) between May and September, 2018. Anglers were approached in the
parking lot of each site, as well as on the pier and dam at Oliver. Surveys often occurred as
anglers secured their boat trailer for departure from Binion Creek, or as individuals at either site
readied or disassembled fishing poles and tackle. During each interaction, the author introduced
himself as a student researcher from the University of Alabama, explained the scope of the
project and ensured that the interviewee was willing to have responses transcribed. The majority
of individuals approached agreed to proceed with the interview, though some declined and were
thanked for their time. Of those that began responding, several indicated a need to leave before
all questions were asked. These respondents still consented to appropriate IRB disclosures and
provided sufficient information to be included in this report. One respondent spoke Spanish, and

questions were translated accordingly.

Survey content was consistent with those previously administered by Black Warrior
Riverkeeper, emphasizing site and species preferences, frequency and volume of self-caught fish
consumed, and awareness of current consumption advisories. Survey structure placed sensitive

demographic information last, and lasted well under the 20 minutes recommended for dietary
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surveys (Block et al. 1986 as cited in Burger et al. 2001). The semi-structured nature of the
survey allowed for interviewees to elaborate upon responses, and, on some occasions, to provide
oral histories detailing personal and community fishing practices. To counter the difficulty of
consumption recall, anglers were offered a visual cue when asked about portion size (EPA 2016).
The author’s palm was presented to approximate a 4 oz (113.40 g) serving size in accordance

with FDA and Alabama Department of Public Health Guidelines (FDA 2015; ADPH 2017).

After anglers were asked about their understanding of current fish advisories and
environmental mercury, they were offered the most recent copy of “Alabama Department of
Public Health’s Fish Consumption Advisories,” and were directed to local areas and relevant

advisories within the publication.

Average daily consumption (g/day) was calculated by multiplying the reported
meals/month by the reported number of servings consumed at each meal, and converting 0z/mo

to g/day (Appendix, Equation 8.1)

Kruskal-Wallis nonparametric tests were conducted using SPSS in order to determine
significant difference of reported consumption between survey subpopulations. Kruskal-Wallis
tests require no assumption about normal distribution, which was most appropriate for the data in

question (Burger 2013).

5.2 Results

A total of 50 independent surveys were conducted, including 24 at Binion Creek and 26
at Oliver Fishing Pier. Respondents ranged in age from 18-83. Of all anglers interviewed, only

three were female. All interviewees at Binion Creek were White/Caucasian, whereas Oliver
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Fishing Pier yielded a diverse cohort of African American (n = 16), Caucasian (n = 8) and
Hispanic (n = 2) respondents. While several anglers elected to withhold household income and
educational information, those reporting from Binion Creek suggest a higher household income
(mode >$75,000/year) than reporting anglers at Oliver Pier (mode = $20,000 - $45,000). Of
fisherman that provided education information, those at Binion Creek represented a greater range

in education level attained than those at Oliver Pier.
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Table 5.1: Creel survey respondent comparison by site

Respondent Variable Binion Oliver
Age (years)

18 - 25 1 4
26 - 33 4 4
34-41 2 6
42 - 49 4 5
50 - 57 4 0
58 - 65 6 4
66 - 73 2 1
>74 1 1
No response 0 1

Race/Ethnicity

Non-Hispanic White/Caucasian 24 8
Non-Hispanic Black/African American 0 16
Hispanic 0 2
No Response 0 0
Gender

Male 23 24
Female 1 2
No Response 0 0
Reported Annual Household Income

<$20,000 2 2
$20,000 - $45,000 2 8
$45,000 - $75,000 2 3
>$75,000 8 3
No Response 10 10
Reported Highest Education Level Attained

Some High School 1 2
High School Diploma 4 7
Some College 4 3
College Degree 3 3
Advanced Degree 2 0
No Response 10 11

Some trends can be observed regarding fish preferences exhibited by anglers at Binion
Creek and Oliver Pier. Binion anglers expressed a general preference for bass, with 8
respondents indicating exclusive pursuit of bass, and 13 others indicating they seek out bass in

addition to other fish. At Oliver, catfish proved to be the fish of choice: 9 respondents indicated
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fishing only for catfish, whereas 12 additional anglers reported fishing for catfish in conjunction

with other fish (Table 5.2).

Table 5.2: Angler responses to question:
What kind of fish do you try to catch?

Fish Preference Binion  Oliver
(n=24) (n=26)

Bass Only 8 1

Catfish Only 0 9

Bass and Catfish Only 1 4

Fish Including Bass (not Catfish) 11 2

Fish Including Catfish (not Bass) 1 4

Fish Including Catfish and Bass 1 4

Fish Besides Catfish or Bass 2 0

Changes Seasonally 0 2

Prior to inquiring about specific frequencies of fish meals and the amounts of fish
consumed by anglers, individuals at each site were simply asked whether they eat the fish they
catch (Table 5.3). Fourteen of 24 respondents at Binion Creek reported that they did, in fact,
consume self-caught fish, while seven reported that they did not. Amongst Oliver anglers, 22
reported eating self-caught fish, and only one indicated he did not eat the fish he catches.
According to consumption data provided by anglers later in the interview, 8 individuals
interviewed at Binion Creek ultimately reported eating an equivalent of zero meals of fish per
month. Once specific consumption information was sought, five anglers at Oliver reported eating

zero meals per month (Tables 5.4 and 5.5).

Ten fishermen at Binion Creek reported that they were aware of current fish
consumption advisories, whereas 14 reported being unaware. Of anglers interviewed at Oliver
Pier, 12 indicated being aware of advisories twelve indicated they were unaware of advisories.

Every Oliver angler that provided an answer to the question (n = 17) indicated that they would
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follow advisories were they aware of them. Five fishermen at Binion Creek suggested they

would not follow advisories, even if they were made aware of them (Table 5.3).

Table 5.3: Angler responses: consumption and advisory awareness

Survey Question and Response Binion  Oliver
(n=24) (n=26)

Do you eat the fish that you catch?

Yes 14 22
No 7 1
Sometimes 3 3

Are You Aware of current advisories in the
Black Warrior River Basin?

Yes 10 12
No 14 12
Sometimes 0 1
No Response 0 1
If you were aware of advisories, would you

follow them?

Yes 11 17
No 5 0
Sometimes 2 0
No Response 6 9

Reported consumption varied greatly across each site (Table 5.4). Meals per month ranged from
0-7 at Binion Creek (mean = 1.52), and from 0-28 at Oliver Fishing Pier (mean = 3.26). The
number of reported 4 0z servings consumed at each meal ranged from 0-12.5 (mean = 3.19) at
Binion and 0-14 at Oliver (mean = 3.83). At each site, the maximum reported meal size
represents a very large quantity of fish: fourteen 4-0z servings amounts to three and a half
pounds. While this meal size remains within the realm of possibility, its magnitude calls into
question the limitations of angler recall (Burger 2013). When anglers reported two serving sizes
(ex: “between 3 and 4 pieces”) these numbers were averaged for calculation purposes. Using

reported meal frequencies and sizes, the average daily consumption of self-caught fish Binion
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Creek was found to be 23.63 g, while the corresponding quantity at Oliver was more than double

that amount, at 50.17 g.

Anglers at Oliver reported consuming self-caught fish in greater quantity and frequency
than anglers at Binion Creek, though results of the Kruskal-Wallis statistical tests (alpha = 0.05)
indicate no significant difference between consumption at the two sites. Very little difference in
rates of self-caught fish consumption was identified between anglers who indicated they were
unaware of advisories (mean = 36.206 g/day) and those that reported being aware of advisories
(mean = 36.186 g/day). Consumption patterns are immediately observable along across income
groups: those in households reporting less than $20,000/year were calculated to consume a mean
of 40.823 g/day of self-caught fish, while those in households making more than $75,000/year
were calculated to consume 19.320 g/day. While sample size was lower for respondents
reporting household income, no significant difference was found in consumption across income
groups. The only demographic variable to yield a significant difference in consumption was
race/ethnicity: Black/African American respondents were calculated to consume 67.165 g/day,
while white respondents were calculated to consume 23.510 g/day and Hispanic/Latino
respondents (n = 2) were calculated to consumer 22.370 g/day. P value for calculated daily

consumption between racial/ethnic groups was 0.004.
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Table 5.4: Descriptive statistics: calculated consumption of self-caught fish (g/day) at Binion
Creek and Oliver Fishing Pier

Binion Oliver
Calculated Calculated
Fish Servings/ Consumption Fish Servings/ Consumption
Meals/Month Meal (g/day) Meals/Month Meal (g/day)
Mean 1.52 3.19 23.63 3.26 3.83 50.17
Range 0.00-7.00 0.00-12.50 0.00-130.49 0.00-28.00 0.00-14.00 0.00-313.16
STDEV 1.80 3.45 35.10 5.44 3.49 67.32
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Table 5.5: Comparison of fish meals/month, serving size and calculated consumption across

survey subpopulations (X2 alpha = 0.05)

n Fish Meals/ Servings/Meal Calculated
Month Consumption
(9/day)

Survey Site
Binion Creek (SD) 24 152 (1.805) 3.19 (3.454) 23.63 (35.103)
Oliver Pier (SD) 26  3.26 (5.439) 3.85(3.489) 50.17 (67.315)
X2 (p) 2.726 (0.99) 1.004 (.316) 3.147 (.076)
Response to Question:
Are of You Aware of
Current Advisories?
Yes (SD) 22  1.78(2.444) 3.05 (2.794) 36.19 (72.811)
No (SD) 26  2.88(5.328) 3.79 (3.965) 36.21 (38.080)
Sometimes 1 4.00 3.00 44.74
No Response 1 - - -
X2 (p) 1.77 (0.183) 0.040 (0.842) 2.299 (0.129)
Race/Ethnicity
Non-Hispanic 16  3.13(2.012) 4.88 (2.513) 67.17 (76.822)
Black/African American
(SD)
Non-Hispanic White (SD) 32  2.07 (5.096) 2.92 (3.793) 23.51 (36.408)
Hispanic 2 2.50 2.50 22.37
X2 (p) 11.195(0.004) 9.512 (0.009) 10.889 (0.004)
Reported Household
Income (dollars/year)
<$20,000 (SD) 5 1.80 (1.255) 7.10 (5.771)  40.82 (31.527)
$20,000 - $45,000 (SD) 9 2.27 (1.408) 4.00 (1.581) 37.75 (37.093)
$45,000 - $75,000 (SD) 5 2.20 (2.049) 2.40 (3.286) 29.83 (36.528)
>$75,000 (SD) 11 0.82(1.270) 2.41 (3.262) 19.32 (39.449)
No Response 20 - - -
X2 (p) 6.488 (0.090)  5.607 (0.132) 4.959 (0.175)
Reported Highest
Education Level Attained
Some High School (SD) 3 1.33 (2.309) 0.67 (1.155) 9.94 (17.220)
High School Diploma 11  1.86(1.286) 4.14 (3.867) 29.40 (28.580)
(SD)
Some College (SD) 8 2.11 (1.610) 5.38 (2.311) 50.04 (51.709)
College Degree (SD) 5 0.80 (1.151) 3.30 (5.427) 21.44 (31.538)
Advanced Degree 2 0.50 2.50 9.32
No Response 21 - - -
X2 (p) 4,793 (0.309)  7.782(0.100) 4.178(0.382)
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5.3 Discussion

Any study asking subjects to recall dietary history is subject to memory and
approximation bias; however, prior research has indicated self-reports provide acceptable
recounts of food intake (Smith 1993; Jarvinen et al. 1993; EPA 1998; Burger 2013). Still, some
anglers qualified their reported consumption during interviews, indicating, for example, that fish
is eaten “about once a week” (author’s emphasis). Follow-up questions attempted to improve the
precision of angler responses, but consumption reports still represent approximate — not exact —

amounts.

Several survey outliers are evident in response histograms, located in the appendix. The
decision to retain two particular data points warrant comment. One individual reported
consuming meals of self-caught fish on an almost daily basis (Appendix, Figure 8.6); however,
that individual’s calculated daily consumption (104.39 g/day) is well within the range of other
respondents. More notable is an individual whose survey responses yielded a calculated
consumption value of 313.16 g/day, more than double the value of the next highest consumer.
The decision was made to retain this data point because the reported consumption frequency
(seven meals/month) and meal size (twelve 4 oz. servings/meal) from which the value was

derived are themselves within the range of other angler responses.

While advisories are species-specific, anglers were not asked to subdivide their reported
consumption by species. Anglers were asked, generally, what types of fish they seek out (Table
5.2), but a more exhaustive survey could attempt to identify the percent of self-caught meals
represented by each species (Burger 2013). Furthermore, anglers tended to identify “bass” or

“catfish” without indicating particular species. Follow-up questions sought to clarify what types

39



of bass and catfish anglers caught and ate. Amongst those anglers seeking bass, a general
preference was exhibited for largemouth bass (Micropterus salmoides). Blue (Ictalurus furcatus)
and flathead (Pylodictis olivaris) were identified alongside channel (Ictalurus punctatus) as
desired species of catfish. As will be discussed, ADEM targets particular species for testing
based on their representative home ranges and feeding behaviors. One might reasonably
conclude that fish with similar behaviors and in similar locations to those sampled should be
subject to the same advisories as tested species. In fact, in the annual “Alabama Fish
Consumption Advisories” publication, ADPH writes: “if a particular species is not listed in the
advisory, it is prudent to assume similar species with similar feeding habits should be consumed
with caution” (ADEM 2017; 2018; 2019). For this reason, identifying particular species of bass
and catfish sought and consumed by anglers may be less pertinent to this study; however, future

research should methodologically attempt to attain information on the species level.

Discrepancies in what constitutes a serving size of fish exist within the same “Fish
Consumption Advisories” publication issued by the Alabama Department of Public Health: in
one location, the document indicates 12 ounces of fish represent “2 average meals.” Elsewhere,
the same document indicates “one meal of fish = /2 pound or 8 ounces (raw) of fish.” The
variation in meal size may be due to the distinction of “raw” versus “cooked” fish, but this
difference is not explained. The FDA publication “Advice About Eating Fish” indicates 4 ounces
as a serving size, approximated as the size of an adult’s palm (FDA). Because interviewed
anglers cleaned and prepared the fish that they caught, surveys used a raw, 4 0z (113.398 g),

palm-sized piece of fish as a baseline to calculate fish consumption rates.
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When asked about the most effective means of disseminating advisory information, 27
total respondents indicated posted signs as the preferred method. Current advisories are available
on a website that can be accessed using a smartphone to photograph a QR code printed on ADPH

signage at Binion Creek. Regarding the pragmatism of this particular sign, one angler reported:

“I don’t know how to use that internet sign. Maybe my 4-year-old grandson does. A lot of

folks our age don’t use the internet.” (Binion angler)

Some fishermen offered additional critique of advisory dissemination:

“[The state] could do a better job at broadcasting advisories.” (Oliver angler)

“Older folks need face-to-face outreach to be made aware of [advisories].”

(Oliver angler)

An ambivalence surrounding consumption advisories was evidenced by the elaborated responses
many anglers offered as a part of their interview. Some fishermen indicated they do not heed

advisories at all:

"I hear [about advisories] from friends that fish for a living. | don't pay attention. You

hear this and that. It’s a bunch of bull.” (Oliver angler)

"Don't believe them [fish consumption advisories].” (Binion angler)

Other fishermen indicated they comfortably rely on experience, observation, and rules of thumb

as the best gauges for determining whether or not fish are safe to eat:

“Don’t eat where there are dead fish. Don’t fish in stagnant water.” (Oliver angler)
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“[1 throw fish back] if they’re really skinny or old.” (Binion angler)

One angler expressed a belief that some sport fish are inherently less healthy than others:

“[1] follow common sense, don’t eat catfish [or] bream.” (Oliver angler)

These perceptions do not reflect a firm understanding of methylmercury biomagnification
in higher trophic predator species. Other conversations with anglers at Binion and Oliver
revealed some general understanding of mercury in aquatic ecosystems, and of health risks

associated with eating fish high in mercury:

"Bigger [fish have] more concentrated [mercury]." (Oliver angler)

“Pregnant women shouldn’t eat [fish high in mercury].” (Oliver angler)

Even those reporting specialized knowledge of mercury indicated some misguided notions about
its presence and the best ways to mitigate associated health risks. One angler indicated pregnant

women should avoid fish altogether:

"My wife is a labor and delivery nurse so | know [pregnant women] should stay away

from fish." (Binion angler)

Another fisherman, who reported a familiarity with environmental mercury through his prior

profession, offered what he believed to be the current action level for methylmercury in fish:

"Five parts per million cutoff for fish in here. They don't have that much mercury."

(Binion angler)
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While the angler was correct that no fish sampled by ADEM in Lake Tuscaloosa yielded a
methylmercury concentration exceeding 5 ppm, that concentration is more than 10 times

ADPH’s current action level (0.33 ppm), and five times that recommended by the FDA (1 ppm).

Perceptions of mercury-related health risks were often conflated with awareness
surrounding other forms of pollution. One fisherman suggested reducing the risks of

methylmercury in fish preparation can be achieved by:

“cut[ting] the belly fat away.” (Oliver angler)

This strategy can be effective in avoiding PCB’s, as these contaminants concentrate in fatty
tissue; however, methylmercury accumulates in muscle tissue, and cannot be decreased by

preparatory methods.

Anglers reported familiarity with general industrial sources of pollution in waterways throughout
Alabama. There was a sense that these sources also introduced methylmercury into the

environment:

“[The water is] polluted by the Monsanto plants." (Binion angler)

“The paper mill [pollutes]. You could smell the paper.” (Binion angler)

“Paper mill and industry [contribute to pollution].” (Oliver angler)

“Diamond Shamrock chemical plant polluted the river.” (Binion angler)

The pollutant with which fishermen were most familiar — and most vocally concerned —

was human sewage. In July 2018, the City of Tuscaloosa posted a temporary sign at Oliver
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Fishing Pier warning against fishing, drinking, and swimming in the Black Warrior River due to
a sewage spill (Appendix, Figure .2). Such signs are posted with semi-regularity, and reports of
these incidents occasionally make local news. Angler awareness of sewage pollution is

demonstrated through the following responses:
“When water floods [advisories are issued, due to] sewage.” (Oliver angler)
“[1] read about a [sewage] spill in Northport.” (Oliver angler)
“I’ve seen turds floating in the water.” (Binion angler)
“[ After] sewage spills, [I] stop fishing until it rains.” (Oliver angler)
“Just recently saw a sewage advisory.” (Oliver angler)
“[T see] fecal coliform [advisories] for swimming.” (Binion angler)

Some fishermen differentiated between advisories issued for sewage contamination and those

issued for toxicity in fish. One angler reported being aware of:

"bacteria and swimming [advisories],” but knowing “nothing about fish" [advisories].”

(Oliver angler)

Another fisherman believed a relationship existed between sewage and environmental mercury.

When asked where mercury comes from, he responded:

“Septic tanks.” (Binion angler)
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One surprising trend is worth attention. Multiple fishermen at each site expressed a
general belief that the Black Warrior River is more contaminated than Lake Tuscaloosa. These

anglers believed fish caught in the lake are safer to eat than those in the river:

"I don't eat river fish." (Oliver angler)

“Fish are not clean in the river.” (Oliver angler)

“I don’t eat out of the river. [The river] has mercury.” (Binion angler)

"[I’ve heard] more about pollutants in the river.” (Binion angler)

After receiving a copy of the 2018 fish consumption advisories issued by ADEM and ADPH,

one Binion angler elaborated:

"Now if you tell me down at Oliver they've got mercury, | believe it. But if you're trying
to tell me the lake they built for drinking water is contaminated, I'm going to have a hard

time. Either that or we need to find some more drinking water..."

Commenting further, the same angler conjectured:

“[1] want to see results... Maybe a lot of people don’t want you to keep the fish... In my
heart | want to believe they’ve got the public interest, public good, in mind, but in my

head I don’t know.”

A mistrust of regulatory representatives emerged in my own interactions with some
anglers. By the conclusion of my interviews, several respondents expressed gratitude for

listening to concerns and for sharing the most recent advisory information. Others were less
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amiable. Early in my field work, an Oliver fisherman recommended that | carry a fishing pole so
that | seemed more approachable. | began doing so. A Binion angler suggested a different

approach:

“Get you a badge. At Lock 15, Id be packing.”

Several fishermen were reluctant to sign IRB paperwork following surveys, even after

anonymity was assured. One angler reported that asking for a signature:

“Feels invasive.” (Binion angler)

The same hesitation was communicated when some anglers opted not to share personal
information about income and education, or height and weight. So many respondents were
visibly uncomfortable when asked about biometric data that | began to avoid seeking it out.
Could it be that implicating individuals’ bodies — either through questioning or seeking a

signature — represents a threshold beyond which suspicion and self-protection increase?

This sentiment is perhaps understandable given the sanctity some report seeking at the sites
where surveys were conducted. One woman reported that she comes to Oliver to pray. Another

man indicated that his wife of 35 years had died the morning that | spoke with him at Oliver:

“I came here to be alone, to clear my head. When | called 911, they asked me questions

and I couldn’t answer.”

Needless to say, I did not proceed with a rehearsed creel survey.

Perceiving these experiences, Justinn Overton, Executive Director of Coosa Riverkeeper

remarks, “Some people fish to quiet their minds, and the noise that enters the head when you
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have to think, ‘is this fish safe to eat or not,” is unjust” (Overton 2018). Even with the intent to
obtain objective data and thereby better gauge risk, my presence as a researcher occasionally

seemed to increase that noise.
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CHAPTER 6

FISH TISSUE MONITORING PROGRAM ANALYSIS

6.1 Methods

On July 10, 2018, | conducted a semi-structured phone interview with Dr. John Guarisco,
the State Environmental Toxicologist with the Alabama Department of Public Health. Dr.
Guarisco is responsible for applying federal standards to issue consumption advisories based on
data provided by the Alabama Department of Environmental Management’s Fish Tissue
Monitoring Program. My interview principally sought to determine how consumption advisories
are created based on ADEM’s findings. On October 17, 2018, I accompanied Alabama
Department of Environmental Management scientists on a sampling trip to Lake Guntersville,
Alabama (34.406443, -86.178109; Appendix, Figure 8.3). The site is beyond the study area of
my research; however, the personnel and methods deployed in Lake Guntersville are the same as
those used to conduct tissue samples in the Black Warrior/Cahaba Basin for the 2017 sampling
season. | used the opportunity on Lake Guntersville to learn the sampling methodology
previously detailed in this report, and to develop report with ADEM researchers, who later

shared all historical data of the agency’s Fish Tissue Monitoring Program.

Historical data was sorted to identify longitudinal tissue mercury concentrations at
sampling locations within Tuscaloosa County. 2017 mercury concentrations were then applied to

daily self-caught fish consumption rates at Oliver Fishing Pier and Binion Creek Boat Launch to
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determine the projected daily mercury intake for anglers at each site. Composite mercury
concentration data was used when available. Mean mercury concentration was calculated from

individual fish samples at respective sites when composite data was unavailable.

A 0 5 10 20 Kilometers

(2

Alabama

¢ 2017 Sampling Locations

Figure 6.1: 2017 Fish Tissue Monitoring Program sample locations, Tuscaloosa County
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Table 6.1: 2017 Fish Tissue Monitoring Program sample location codes, Tuscaloosa County

ADEM Code  Site Description

BANT_1 Bankhead Reservoir, Lower reservoir. Deepest point, main river channel,
dam forebay.

BANT_7 Bankhead Reservoir, Big Yellow Creek embayment, approximately 1 mile
upstream of confluence with Warrior River.

TUST 4 North River immediately upstream of Bull Slough Road crossing, deepest
point, main channel.

HOLT_1 Holt, Lower reservoir. Forebay area, downstream of Deerlick Creek public
access area.

OLIT_1 Oliver Reservoir, Lower reservoir. Deepest point, main river channel, dam
forebay.

TUST_1 Lower reservoir. Deepest point, main river channel, dam forebay.

TUST 5 Binion Creek, deepest point, main channel, immediately upstream of Hwy 43.

TUST 3 Mid reservoir. Deepest point, main river channel, approximately 1.0 mile

downstream of Alabama Hwy. 69 bridge.

6.2 Results

Dr. Guarisco was forthcoming in his understanding of methylmercury distribution, and in
his opinion about the toxin’s practical health implications. In observing a general decline in bass
consumption amongst younger anglers, Dr. Guarisco shared, “Hell, my dad’ll eat bass like it’s
going out of style. Usually those that eat bass are older folks. It would not hurt my feelings if
younger folks started eating legal bass...” Guarisco suggested the nutritional benefits outweigh
the vast majority of risks associated with freshwater fish consumption: “better to eat it for
nutritional purposes.”

When asked about current mercury advisories in Alabama, Guarisco indicated that such
advisories “are targeted more for women of childbearing age.” He reiterated that mercury can
cross the placental barrier, but emphasized that there is not “a whole lot of mercury [in Alabama
freshwater] unless you’re in ‘black water’” — that which is darkened by a high concentration of
organic matter and tanic acids. “Trees collect more mercury from the atmosphere than any other
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process,” Guarisco indicated, suggesting that water bodies dense with plant matter contain more
mercury than freely running water. “If you’ve got a source of organics in the form of leaf matter,
you’re going to get mercury. If you’ve got stagnant water, you’re going to get a lot of mercury,
and if you’ve got bass in that water with a good population of panfish, they’re going to have
mercury in them.”

Guarisco reported that the “[mercury] content in fish tissue can fluctuate broadly” due to
flow rate and vegetative matter, which is why multiple individual fish are sought at each
sampling site. An action level 0.33 ppm was agreed upon by several states’ public health
departments, and advisories were collectively determined as follows: if one fish at a particular
sampling site triggers a mercury content above the action level, an advisory of two meals/month
is issued for that species; if two fish trigger a mercury content above the action level, an advisory
of one meal/month is issued for that species; if three or more fish present mercury concentrations
higher than 0.33 ppm, an advisory is issued recommending that no fish of the given species be
eaten from the site in question.

Regarding the efficacy of advisories, Guarisco shared that, “Most people ignore the
advisories anyway and get deeply upset when something ends up in the paper.” He went on to
say that there is “no fish in this state in fresh water that if you ate it would kill you dead.” “Over
a lifetime,” Guarisco said, “you [may] get an extra case of cancer.”

Conversation with Michael Len, Alabama Department of Environmental Management
Senior Environmental Scientist, corroborated Guarisco’s observation about higher mercury
concentrations in “black water,” abundant in organic matter. While electrofishing for tissue
samples on Lake Guntersville, Len and fellow environmental scientist Matt Thomas shared that

“clear, deep” water bodies function as mercury sinks, perhaps due to the relatively low turnover
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these reservoirs exhibit. Len and Thomas further explained why largemouth bass and channel
catfish serve as representative species for the Fish Tissue Monitoring Program: bass and catfish
represent distinct home range distances (bass tend to travel farther than catfish) and feeding
behaviors (bass tend to be pelagic, while catfish are benthic). Resource limitations restrict the
amount of fish that are caught, and ADEM can infer the most about a particular food web’s
toxicology by sampling these particular species.

The Fish Tissue Monitoring Program began collecting at the current Tuscaloosa County
sampling sites in 1992. Since then, only twice have composite samples of channel catfish
returned mercury concentrations that exceeded that action level (0.33 ppm): in 1992 and 2003,
channel catfish yielded mercury concentrations of 0.5 ppm and 0.546 ppm, respectively (Figure
6.2). Binion Creek (TUST_5) proved to be the site with the highest mean concentration of
mercury amongst channel catfish samples in 2017 (0.206 ppm). A consumption advisory of 2
meals/mo was issued for the site because one of the sampled fish exceeded the action level

(0.625 ppm; Table 3.1).

52



e
(o)l

Hg concentration derived from:

0.5 ® © composite samples
) A mean of individual samples
w5
> 04
P
=
E 0.3 Action Level (0.33 ug/g)
s g TUST 5 (0.206 ug/g)
5_3 0.2
S OLIT_1(0.070 ug/g)

0.1 L] ¢ e 8

9
0 @
1990 1995 2000 2005 2010 2015 2020

@BANT 1 @®BANT 7 ®TUST 4 ®HOLT 1 @OLIT 1 ®TUST 1 @TUST 5 @TUST 3

Figure 6.2: Results of Tuscaloosa County Fish Tissue Monitoring Program, 1992-2017, Channel
Catfish (Ictalurus punctatus)

Since 1992, largemouth bass have yielded 12 instances in which composite tissue
samples or mean values of individual samples have exceeded the mercury action level (Figure
6.3). Of ADEM’s eight collection sites within Tuscaloosa County, only two — one located near
Big Yellow Creek on Bankhead Reservoir (BANT _7) and one located near the Oliver survey site
(OLIT_1) — have not produced at least one sampling occurrence in which bass mercury
concentrations exceeded 0.33 ppm. In 2017, Binion Creek (TUST _5) yielded the highest
mercury concentration amongst bass sampled (mean = 0.449 ppm), and five of the six bass

collected were found to have mercury concentrations in excess of 0.33 ppm.

53



0.7
Hg concentration derived from:
O composite samples
A mean of individual samples
0.6 @
05 ° TUST 5 (0.449 ug/g)
Q) ® 2
~
=1 8
= 0.4 A
> o
=
b
Q
E 0.3 L Action Level (0.33 ug/g)
©
S
(o] O
[ ]
— A 3
0.9 OLIT_1(0.240 ug/g)
A
° b o
0.1 ® o
0 L
1990 1995 2000 2005 2010 2015 2020

@BANT 1 @BANT 7 @TUST 4 @OHOLT 1 @OLT 1 @TUST 1 @TUST 5 @TUST 3

Figure 6.3: Results of Tuscaloosa County Fish Tissue Monitoring Program, 1992-2017,
Largemouth Bass (Micropterus salmoides)

6.3 Discussion

ADEM and ADPH do not differentiate between “total mercury” and “methylmercury” in
tissue samples. For the purposes of advisory determination all mercury found within tissue
samples is assumed to be methylmercury.

In order to gauge the practical implications of mercury concentrations found in
largemouth bass and channel catfish, calculated daily self-caught fish consumption data at
Binion Creek and Oliver Pier was used to project the daily mercury intake at each site. Several

assumptions were made to create these projections, and the resulting figures should accordingly

54



be referenced as benchmarks rather than precise estimates of intake rate. During creel surveys,
fishermen were not asked to subdivide their reported fish consumption into individual species.
Projected daily mercury intake therefore assumes, if impractically, that all fish consumed by
reporting individuals were of a single species. “Projected Mercury Intake” for “Binion Bass”
thus assumes that the mean fish consumption represents a diet of largemouth bass and no other
fish; “Projected Mercury Intake” for “Binion Catfish” likewise momentarily assumes that mean
fish consumption represents a diet of channel catfish, and no other fish. An additional
assumption uses a generalized body mass of 70 kg for a typical adult (FDA 2015), a
generalization with clear limitations, despite accepted use. The purpose of such sweeping
assumptions is to illustrate the likely upper-end of mercury intake following a one-species diet.
Calculated self-caught fish consumption and site-specific mercury concentrations yield a
projected mercury intake of 0.15 ug/kg/day at Binion Creek, and 0.17 ug/kg/day at Oliver Pier.
These rates exceed the EPA’s reference dose for mercury (0.1 ug/kg/day), but again, would
require exclusive consumption of largemouth bass with mercury concentrations averaging 0.449
ug/g (at Binion) and 0.240 ug/g (at Oliver) to do so. Assuming that all fish consumed by anglers
at Binion and Oliver were channel catfish, the mean calculated consumption and mean mercury
concentrations for catfish at these sites (0.206 ug/g at Binion; 0.070 ug/g at Oliver) yield
projected mercury intakes of 0.07 ug/kg/day (Binion) and 0.05 ug/kg/day (Oliver), each well

below the EPA’s reference dose.
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Figure 6.4: Projected Daily mercury intake based on 2017 fish tissue mercury content and
calculated consumption of self-caught fish (g/day) at Binion Creek and Oliver Fishing Pier

Anecdotal information provided by representatives of the Alabama Department of Public
Health and the Alabama Department of Environmental Management help support the trends in
mercury concentrations found by the Fish Tissue Monitoring Program near Binion Creek and
Oliver Pier. Mercury concentrations in largemouth bass and channel catfish at Binion Creek
exceeded mercury concentrations of the same fish species sampled near Oliver Pier. Oliver,
situated on the main channel of the Black Warrior River, is subject to regular flow through dam
regulation and dredging by the Army Corps of Engineers. These circumstances may intuitively
prevent the build up of large amounts of organic matter that Dr. John Guarisco and Michael Len
linked to methylmercury proliferation. Binion Creek, positioned on the north end of Lake
Tuscaloosa may not be subject to the same turnover. Other tissue samples throughout Lake
Tuscaloosa suggest the reservoir may be a ripe environment for methylmercury conversion and
bioaccumulation.

At Binion and Oliver, higher mercury concentrations were found in largemouth bass than

in channel catfish. These findings are logically supported by the diets of each species: as
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predators, bass exemplify feeding practices that lead to methylmercury biomagnification; the
diversified diet of channel catfish may expose the omnivore to lower concentrations of mercury
in its food sources.

With the caveats of projected methylmercury intake already explained, one additional
observation is notable. Mercury intake derived from mean consumption at Oliver (0.17
ug/kg/day) exceeds the same metric at Binion Creek (0.15 ug/kg/day), assuming all fish meals at
each site were bass. At Binion, an advisory warns anglers against consuming largemouth bass,
but no advisories are currently in effect for Binion. Even with a markedly lower concentration of
mercury, boasting an average daily fish consumption more than twice that of Binion Creek,
anglers at Oliver could be subject to greater mercury exposure. Far from definitive, this data
highlights the challenge of creating thresholds for advisories when consumption behavior is far

from uniform across an agency’s jurisdiction.
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CHAPTER 7
CONCLUSIONS

This study began as an investigation of trends in self-caught fish consumption and
advisory awareness in Tuscaloosa County’s Black Warrior River Basin. A working hypothesis,
grounded in environmental justice literature, posited that low-income, minority anglers would be
found to consume more self-caught fish than their affluent, white counterparts. Health risks
associated with self-caught fish consumption, including methylmercury exposure, would
therefore be disproportionately borne by low-income, minority fishermen.

Interviews with fifty anglers suggest that race is, in fact, a strong indicator of self-caught
fish consumption. Survey data was used to calculate a mean consumption rate of 67.17 g/day
amongst African-American anglers, and 23.51 g/day amongst white anglers (p = 0.004). While
not statistically significant, and subject to the errancy of small sample size, fishermen reporting
the lowest annual household income (<$20,000/year) also yielded a higher mean consumption
rate (40.82 g/day) than anglers reporting income in the highest bracket (>$75,000; mean = 19.32
g/day).

There are clear demographic patterns amongst fishermen at the study’s two sites. All
respondents (n = 24) from Binion were white, whereas Oliver hosted respondents that were white
(n = 8), African American (n = 16) and Hispanic (n = 2). Binion Creek also included more
anglers reporting household income in the highest bracket (n = 8) than Oliver (n = 3). While
calculated consumption was found to be greater amongst lower income and African American

anglers based on data from both sites, an increased risk of methylmercury exposure does not
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directly follow. Using tissue concentrations from the Alabama Department of
Environmental Management’s Fish Tissue Monitoring Program, lower mercury concentrations
within fish at  Oliver Reservoir project a lower daily mercury intake for anglers consuming fish
caught near Oliver Pier than for anglers consuming fish caught near Binion Creek. An exception
to this finding is the scenario illustrated in Figure 6.4, in which all fish meals reported by anglers
are assumed to be largemouth bass. Projected daily mercury intake amongst Oliver anglers (0.17
ug/kg/day) would slightly exceed that of Binion anglers (0.15 ug/kg/day) in this case, despite the
higher tissue concentration of mercury found in largemouth bass near Binion Creek. Given the
stated preference for catfish amongst a large number of anglers at Oliver pier, a diet of bass-only
fish is unlikely.

The greater concentrations of mercury in fish near Binion Creek can be understood in
part by the environmental conditions of the site. While only constructed in 1970, Lake
Tuscaloosa may be subject to greater consolidation of organic matter than the Black Warrior
River near Oliver Pier, where flow and turnover are relatively high. A poignant difference in
methylmercury concentration has been found between largemouth bass sampled from the Black
Warrior River near Demopolis, Alabama, and those taken near Sipsey River near Elrod, Alabama
(Dharampal and Findlay 2017). Higher concentrations of Sipsey River bass correlate with a
higher detrital component of that unregulated river’s food web. The Sipsey’s conditions and
resulting mercury concentrations may be analogous to those found near Binion Creek in this
study. In both studies, the proximity of sites suggests that atmospheric deposition should not be
variable enough as to justify different levels of methylmercury (Dharampal and Findlay 2017).

While Oliver Pier is located near a greater number of identified permitted polluters than

Binion Creek (Appendix, Figures 8.1A and 8.11B), the mechanism of mercury methylation does
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not suggest that adjacent water bodies necessarily contain fish with higher mercury
concentrations. Once discharged, atmospheric mercury is capable of traveling great distances
(Lin and Pehkonen 1999) and impacting ecosystems far from an initial source. Herein lies a
complication of Tobler’s First Law of Geography, in which “near things” are purported to be
more closely related than “distant things.” Methylmercury, as explored in this study, reminds us
of the first half of that same dictum: “everything is related to everything else” (Waters 2017).
Mercury does not heed material or proverbial fences otherwise imposed through “not in my
backyard” advocacy. Anglers far from sources of contamination may be more susceptible to risk
because of local environmental conditions. Permitted polluters may be causes of concern for
other proximal environmental contaminants. Their presence in areas with higher minority
populations may likewise be tied to underlying issues of environmental injustice; however,
methylmercury concentration is not so tidily resolved.

It is notable that several anglers shared a firm belief that fish from the Black Warrior
River are more dangerous to eat than those found in Lake Tuscaloosa. Municipal warnings about
sewage content in the river and visible fish kills (Pia 2019) may reasonably contribute to that
perception. Less clear is the possibility that unconscious bias influences anglers’ perception of
risk. Could one’s awareness of Oliver’s location — its proximity to industry and surrounding
demography — cause one to imagine unfounded risk? Could the same bias be at play that leads
individuals to deem one area of town “more dangerous” based on who lives there? And does this
perception work to engender risk, by further segregating resources and attitudes, so that places
believed to be dangerous due to crime or environmental ills come to bear the hazards they were
imagined to host? Studies have found, for instance, that living within neighborhoods perceived

as dangerous can lead to poor health outcomes amongst youth (Zuberi 2016). That perception,
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regardless of its grounding, resonates with the “noise” Justinn Overton described as entering
anglers’ heads and unjustly muddling any quiet that is sought. Does this merit designation as
environmental injustice? If so, it is of the slowest variety of violence to which Rob Nixon
alludes. What is known is that no long-term consumption advisories exist for fish near Oliver
Pier. Two exist at Binion Creek; five total for Tuscaloosa County, all adjoining Lake Tuscaloosa.
The mercury content in fish tissue samples support these advisories. And yet, a refrain amongst
anglers suggests a common belief that fish from the Black Warrior River, including those near
Oliver, are less healthy than those in the lake.

Surveys amongst anglers at both sites indicated no significant difference — and hardly any
difference at all — in calculated consumption between those reporting to be aware of advisories
and those reporting to be unaware of them. Race was also not a prevailing indicator of whether
fishermen reported being aware of advisories (Appendix, Table 8.1). Subsequent interview
questions identified misinformation and confusion surrounding advisories, environmental
mercury and associated health risks, notable amongst anglers initially reporting to be aware of
current advisories. Several anglers (n = 5) at Binion Creek suggested that they would not heed
advisories, even if made aware of them. This supports Alabama Department of Public Health
Environmental Toxicologist John Guarisco’s claim that advisories are often disregarded. No
angler at Oliver Pier, however, indicated that he or she would ignore advisories if made aware of
them.

If awareness is not a good indicator of whether or not someone will follow an advisory,
the efficacy of the advisories themselves — and not just their dissemination — is called into
question. Increased visibility of advisories as they are currently framed may be an ineffective use

of resources, predicated on a specific case of “problem closure” (Guthman 2012), wherein risk is
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differentially understood by the public and regulatory agencies. Low-frequency, catastrophic
events stir the public animus and engender a greater sense of risk than “common and chronic”
hazards (Robbins 2014). Adverse health outcomes related to methylmercury exposure are, by
and large, chronic, and might be overlooked in comparison to acute events like sewage spills and
fish kills. Moreover, individuals express greater fear in response to hazards that appear
involuntary or uncontrollable than to those that “involve individual and voluntary choices”
(Robbins 2014). A single angler might not be able to anticipate a large-scale pollution event, but
one can decide whether or not to chance nominal mercury exposure by eating a particular fish.
Risk calculation alone is poor shorthand for understanding human behavior in the face of
potential environmental hazards. As explored in Chapter 2, risk exposure is inextricably
sociopolitical. Moreover, two individuals given the same information may come to entirely
different conclusions based on individual and community priorities. The ability to arrive at an
informed, independent conclusion, however, can itself be an empowering act, and one that
results in rational decisions (Robbins 2014). While data transparency may be helpful in
increasing public understanding of the likelihood and consequences of methylmercury exposure,
Paul Robbins suggests that sharing “values-oriented information” gives individuals agency to
weigh decisions on their own terms (2014). While data-based guidelines signify empirical
authority, even “biophysical processes take place in social contexts, with socially derived
instruments and metrics” (Guthman 2012). A political ecology framework may, therefore, be
helpful in imagining fresh means of communication: rather than issuing “meals per month”
recommendations, regulatory agencies may consider advisories that succinctly express affective

risks and benefits of fish consumption.
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Public health officials’ own understanding of health risks associated with methylmercury
exposure has evolved in the decades following the highly publicized Minamata outbreak.
Researchers agree that children and infants, pregnant and nursing women, and women who are
likely to become pregnant are most at-risk of methylmercury exposure due to the toxin’s
interference with neurological development. The Alabama Department of Public Health’s annual
Fish Advisory publication begins with “Statewide Advice for At-Risk Women and Children”
before delineating site-specific advisories; however, this document is poorly accessed by anglers.
Fishermen overwhelmingly indicated the most appropriate way to distribute advisory
information is through signs posted at fishing locations (Appendix, Table 8.2); it stands to reason
that even if site-specific advisories change based on sampling outcomes, these general guidelines
for the most susceptible populations could be permanently posted to increase awareness. These
guidelines could also offset false securities wrought by the absence of an advisory: anglers
consuming fish in very high quantities are still subject to methylmercury exposure, even if the
concentration of mercury within the fish in question is below a determined action level.

Further research may target vulnerable subpopulations — infants, children, pregnant and
nursing women — to better gauge the extent of local risk exposure. Relevant questions were
included in the creel surveys I conducted; however, | emphasized collecting data about survey
respondents instead of family members. Were | more familiar with the methylmercury’s nuanced
health implications at the outset of my research, | would likely have prioritized survey questions
differently. Of course, asking individuals about their spouses and children can itself seem an
invasive act. The researcher must consider the intrusiveness enacted when he or she approaches
anglers in a place many go to seek peace. Social work literature may be consulted to imagine

survey settings that allow individuals to respond with candor and comfort, but relationships seem
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key: trust may be better developed over repeated interactions, rather than short, one-time
surveys. Such relationships may begin dismantling — interaction by interaction — a mistrust of
regulatory actors that prevents information about human and environmental health from being
readily heard and understood.

It is reasonable to desire an unambiguous answer to the question, “is this fish safe to
eat?” Those who implement advisories, and those that decide whether to abide by them, must
come to their determinations based on variables brimming with subtleties. By the end of the
Homeric Hymn, Hermes finds resolution with Apollo, the god whose cattle he had cunningly
stolen. As part of their reconciliation, Apollo stops short of bestowing upon Hermes the ability to
know the mind of Zeus, and therefore see the future. Apollo does, however, attune Hermes to the
prophetic abilities of three sisters, whose divining powers he might consult, and even share with
human beings who would listen. Hermes is thus given all the tools he needs to come to
knowledge.

While so succinct a resolution regarding the safety of any particular fish may evade
anglers and regulators alike, the information with which one may make an informed decision is
within reach. This knowledge begins with a recognition of mercury’s ability to travel far,
accumulate quietly, and threaten without any acute response. Whether identified by water body
or the body of a living thing, boundaries seeking to communicate the extent of mercury’s impact

are best understood with a sense of fluidity: a sense that mirrors the metal itself.
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APPENDIX

Table 8.1: Demographic breakdown of responses to the question: Are you
aware of advisories in the Black Warrior River Basin?

African
American White  Latino
(n=16) (n=32) (n=2)
Yes 7 14 1
No 7 18 1
Somewhat 1 0 0
No Response 1 0 0

Table 8.2: Recommendations for best method of advisory dissemination

Method of Advisory Dissemination  Binion (n=24)  Oliver (n=26)

Sign at Pier or Launch 12 15
Radio/TV/Newspaper 3 3
Outdoor Magazine 1 1
Online 1 0
Social Media 2 0
Word of Mouth 0 3
Sign at Bait Shop 0 1

Alabama Department of

Conservation and Natural Resources
Handbook 0
No Response 5 2
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Equation 8.1: Calculated daily consumption of self-caught fish, based on reported meals/month
and reported servings/meal

C=3728«xM=xS

C_4*M*S*12*28.3495
B 365

where: C = calculated consumption (g/day)
M= reported meals/month

S = reported servings/meal

3.728 = Conversion Constant, derived by multiplying FDA guidance for creel survey serving
size (4 0z) by months in a year and the number of grams in 1 ounce. This value is divided by the
number of days in a year.

4 %12 * 28.3495

3.728 = 365

Equation 8.2: Projected mercury intake based on calculated fish consumption and FTMP
mercury concentrations

Fish Consumption ( dg y) * 2017 Mercury Concentrations (ug )

g
70 (kg)

Projected Mercury Intake =
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Figure 8.2: Sewage spill advisory, Oliver Fishing Pier, July 2018
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Figure 8.3: Fish Tissue Monitoring Program field sampling, October 2017
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CONSENT FORM FOR NONMEDICAL INTERVIEW STUDY
UNIVERSITY OF ALABAMA
Individuars Consent to be in 8 Research Study

C : study, This study s caled “Analyzing Trends
mrmmwmmmmummm This study Is besng done by
Joeh Dugat. He s graduate student in the Departmant of Geography at the University
of Alabama.

What is this study about?

This study s seeking to urderstand trends in fishing practices, fish consumption, and
fish advisory awarenass amongst anglers in the Black Warrlor River Basin, Spacifically,
the investigator woudd like to know haw ofien ndraduals fish and consume what they
cateh. how they prepare fish 1o eat, how advigories affect their fishing and consumption
practices, and what demographic trass they use ta identfy themselves. You wil also be
given the opporiunity o speak more freely about why you fish and where you fish In 8
semi-structurad intervaw that will be audic racorded (¢ you choase). You will be asked
some of yaur personal or famidy charactenstics such as age, education, occupation, and
income lavel, but your responses will be kept confidential.

Why is this study important—What good will the results do?

The findings will halp identify where fishing and eating fish 5 most popular in the Black
Warnor Basin, This wil help those responsible for waler qualty testing and enforcament
10 know where thair efforts might have the greatest impact.

Why have | been asked to take part in this study?
| am asking adults (19 and over) who are fishing at public locations along the Biack
Warnor River Watershed F they would like {o partiGpate in ihe siudy.

How many other people will be in this study?
The Investigator hopes to intenvew batwean 30 and 40 individuals n the next four
marths,

What will | be asked to do in this study?

If you agree 1o be i this sludy, Josh will ask you a senes of survey questions and
rocord your answers on panct and paper. You will then be asked f you would bke to
participate in a Semi-Structured oral history inferview. The nterviewer would like 1o
audio record this portion of the Intenviaw to be sure that al your words are captured
accurately. However,  you do not want to be recorded, simply tell the inferviewss, who
will then take bandwritten notes.
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How much time will | spend being in this study?
The interview should last about 5-10 minutes, dependng on how much information

about your expenences you choose fo share,
Will being in this study cost me anything?
The only cost to you from this study is your time.

Will | be compensated for being in this study?
No, soery.

What are the risks (problems or dangers) from being this study?

The only anticipated risks from participating in this study — apart from exposure to the
elements of which we are already expenencing — ig any uncomfortable fealing that may
anse from discussing your fishing practices.

What are the benefits of being in this study?

There are no direct benefits to you unless you find it pleasant or helpful 10 decuss your
axpenence fishing You may atso fesl good about knowng that you have helped
gecgraphers identfy ways to increase fish advisory manitoning and awareness.

How will my privacy be protected?
You are free 1o decide where we will vigit you so we can talk without being overheard.

How will my confidentiality be protected?

The only place whare your nama appears n connacton with this study is on this
nformed consent. The consent forms will be kepl in 3 locked file drawer in a lockad
office in the Geagraphy builkding at UA. We are not using a name- number list 50 there i5
no way to ink a consent form o an inteniew. When we record the interview, we wil
anly use your name ¥ you choose 10 provide it The audio files will also be keptin a
locked filing cabinet n & locked office. | wil be the one o type out the inteniew, When
the mierviews have been typed, the recordings will be destroyed. This should occur
within three months of the interview.  You may atso refuse to be recorded, in which
case the interviewer will take handwritten notes.

We will write research asticles on this study but participants will be identified only as
“persons from Tuscaloosa County”. No one will be abile 10 recognize you

What are the alternatives to being in this study?
The only aternatve = not 10 participate.

What are my rights as a participant?

Being in this sty = totaly voluntary. It is your free choice. You may choose not to be
in it at all. If you start the study, you can stop at any time. However, if you siop the
intarview, you will not recene the gift card. Not participating or stopping participation will
have no effect on your relationships with the University of Alabama.
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The University of Alabarna Institubonal Review Board = & commitiee thal looks out for
the athical treatment of peopla In research studes. They may review the study records
if they wish. This s to be sure that people in research studies are being treated fairly
and that the sludy is being carried out as planned.

Who do | call if | have questions or problems?

if you have questions about this study right now, please ask them. i you have
questions later on, please call Josh Dugat at the UA Geography Department (205-348-
5047). If you have questions or complaints about your nghts as a research participant,
call Ms. Tanta Myles, the Research Complance Officer of the University at 205-348.
8451 or lol-free at 1-877-820-3066.

You may also ask questions, make & suggestion, amemplaimamlooneems
through the IRB Outreach Website at Mip./ilosp ua ¢ 1ty ¥
Alter you participate, ywammwmdlnwmplebunwweyfmm
participants that is online there, or you may ask Josh for a copy of it. You may also e-
mail us at paricpanteutreach@bama ua edu.

I have read this consent form. | have had a chance 1o ask questions.

Signature of Research Particpant Date

Signature of Investigator Date
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BLACK WARRIOR CREEL SURVEY

Surveyor’s Name: Survey Date:

Weather Conditions: Location of Survey (bank | boat):

1. In a month, how often do you fish on the Black Warrior River or any of its feeder creeks (or this
location)?

2. What months of the year do you generally fish? J F M A M J J A S O N D

3. How long have you been fishing on the Black Warrior River (or tributary/reservoir/this location)?
(@) Less than 5 years (b) 5-20 years (c) More than 20 years (d) Entire life (number of years)

4a. Where do you typically fish? 4b. On shore or by boat?

5. Why do you fish?
(@) Sport (b) Food (c) Other:

6a. How far do you travel to fish at this location? (miles): 6b. How do you get here?

7. What kind of fish do you try to catch on the Black Warrior (circle all)?
(a) Bass — specify kind (b) Catfish — specify kind

(c) Crappie (d) Bream (e) Buffalo (f) Drum (g) Other:

8a. Do you eat the fish you catch? Y N 8b.Which of the above fish do you eat?

9. How many meals a month do you eat fish caught by yourself or someone you know?

10. How many meals a month do you eat fish purchased from a store or restaurant?

11. About how much fish do you consume with each meal? (number of 6.5 0z servings)

12. How do you prepare your fish?
(@) Filet (b) Filet, but leave the skin (c) Whole fish (d) Other:

13. How do you cook fish?
(@) Deep fry (b) Pan fry (c) Bake (d) Grill (e) Other:
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14. If you cook your fish using cooking oil, do you reuse your cooking 0il?
(@) No (b) Yes. If Yes, about how many times do you reuse the oil?

15. Do you feed fish you catch from the Black Warrior to other people (friends and family)?
(@) Yes (b) Sometimes (c) No

16. Do women eat fish that you catch? __ Yes _ No If yes, pregnant women? Yes No
17. Do children under the age of 12 eat fish that you catch? ___ Yes __ No
What are their ages?

18. Are you aware of fish consumption advisories within the Black Warrior River Basin?
(@) Yes (b) No How did you find out about those advisories?

There are 7 fish consumption advisories within the Black Warrior River watershed for mercury that
are issued by the state, which recommend you limit your consumption of certain fish from certain
places such as Smith Lake [largemouth & spotted bass], Lake Tuscaloosa [largemouth bass], and
Binion Creek [channel catfish] (a tributary to the North River at the upper end of Lake Tuscaloosa).
19. Do you know specifically what those advisories say? (a) Yes (b) No (c) Somewhat

20. Do you think the advisories are clear and easy to understand? (a) Yes (b) No (c) Unaware of
advisories

21. Do you follow those advisories? (a) Yes (b) No (c) Somewhat If not, why not?
22. If you were aware of advisories, would you follow them? (a) Yes (b) No (c) Sometimes

Explain:

23. What would be the best way to educate people about advisories?

24. Do you know about mercury in the Black Warrior River basin and in the fish?
Y N Somewhat

25. Do you know about the health risks of eating fish contaminated with mercury?
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Y N Somewhat

26. Do you know where that mercury comes from?
Y N Somewhat

27. Do you know how to reduce your exposure to mercury-contaminated fish?
Y N Somewhat

28. Would you like to receive more information on Black Warrior Riverkeeper?
Y N

Fisherman's Name (optional):

Fisherman's Contact Info (optional): Hometown:

Age: Zip Code: Gender: M, F Height: Body Weight:
Ethnicity: Native American, African-American, Hispanic, Asian, Caucasian, Other:

Household income: (a) Below 20K (b) 20K — 45K (c) 45K — 75K (d) Over 75K

Education level: (a) Some high school (b) High school diploma (c) Some college (d) College degree
(e) Advanced degree
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