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The study of the relationships between freshwater organisms, pollution and public awareness has been little
researched. The public’s perception of risk from pollution is a fundamental component in determining consumer
behavior and promoting healthy habits. For instance, understanding how consumers perceive the risks associated
with pollution can help with adoption of safe behaviors to reduce the health hazard associated with pollutant
exposure. This study focused on the southeastern United States, a region predicted to be exposed to high mercury
stress by increasing mercury deposition and methylation. First, we placed our study region in the world map of
regions more prone to suffer from increasing mercury stress in a climate change scenario. Second, mercury levels
in fish tissues was quantified by direct mercury analyzer (DMA). Third, we explored human fish consumption
habits and risk social perception, including willingness to adapt fish consumption based on two future hypothetical scenarios of mercury stress. From a global perspective, our analysis demonstrates that the southern US is
one of five world areas of greatest conservation concern for mercury stress. In this region, the average monomethyl mercury concentration in fish tissues exceeded the limits considered safe for human consumption.
Even though many in the local population were aware of the health hazards associated with fish consumption,
only women of reproductive age were willing to adopt safe consumption habits. Altogether, these results show
how bringing together field data, social perceptions, and consumption habits can help in designing an adaptive
strategy to confront mercury pollution. Although our results are for the United States, other world regions prone
to suffer increasing mercury stress have been identified and should be the focus of future studies and
prescriptions.

1. Introduction
Anthropogenic activities alter natural element fluxes, which modifies the chemistry of the biosphere (Galloway and Cowling, 2002).
Freshwater ecosystems are among the most vulnerable to pollution and
of environmental concern (Sliva and Williams, 2001; Aitken, 2003;
Ozunu et al., 2009). In these ecosystems, atmospheric deposition, which
involves both dry and wet processes, is an important entry route for
trace metals, nutrients and other forms of pollution (Fu and Winchester,
1994; Sabin et al., 200 ). Mercury pollution of freshwater is a serious

problem that has been well studied (Madsen, 19 1; Swain et al., 1992;
Schuster et al., 2002). Mercury enters aquatic systems in an inorganic
form and is converted to organic methyl mercury (MeHg, mono-methyl
mercury) in acidic and anaerobic sediments through microbial activity
(i.e., mercury methylation; Loux et al., 199 ; Mason et al., 1994;
Avramescu et al., 2011). The resultant MeHg biomagnifies in food
chains and can result in highly toxic concentrations in top predators,
which are a source of human exposure to MeHg through fish consumption (Watras et al., 199 ). While human fish consumption is
encouraged because of its health benefits (e.g., reduction in the risk of
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cardiovascular diseases; Lichtenstein et al., 200 ; Nestel et al., 201 ),
over exposure is a serious health threat globally.
Given the importance of fish in human diets and the potential hazards of MeHg, efforts are under way to reduce both mercury emissions
and exposure (Selin, 2014). Mercury emissions and commercial use have
been regulated since the 1990s (Clean Air Act of 1990; United States
Congress, 1990; Mercury Export Ban Act of 200 ; United States
Congress, 200 ), resulting in a considerable reduction in mercury
emissions (Butler et al., 200 ). Mercury is, however, a global problem
due to its capacity to travel vast distances through the atmosphere
(Gabriel et al., 2014) and the prevalence of ma or sources that are
difficult to regulate such as artisanal gold mining (Driscoll et al., 2013).
In addition, under current and future scenarios for global climate
change, it is predicted that there will be an increase in atmospheric
mercury concentrations as the interval between precipitation events
increases ( rabbenhoft and Sunderland, 2013; Blackwell et al., 2014),
and an increase in the ratio of mercury methylation related to rising
temperatures (i.e., by enhancement of microbial activity at higher
temperatures; reviewed by Stern et al., 2012). Thus, to minimize health
hazards associated with fish consumption, promoting risk awareness
among the public is a ma or challenge for decision makers (Verbeke and
Vackier, 200 ).
Studies of risk perception have shown that people are more aware of
the danger from pollutants that bioaccumulate (Larrea- illinger et al.,
201 ), representing an opportunity for promoting the adoption of
healthy consumption habits. However, there is increasing demand for
high quality proteins, including protein from freshwater fish (i.e., up to
of the animal protein supplies). For example, more than 1. million
tons of freshwater fish were consumed in the United States in 2013 (FAO
UN, 201 ), increasing the risk of MeHg exposure ( eterson et al., 1994;
Burger et al., 2004). This socio-ecological conflict indicates that more
complex strategies are needed to promote adaptive food consumption
habits. To aid with this conflict, scientists and decision makers need to
address the potential trade-off between the nutritional benefits and
toxicological risks of fish consumption (Lando et al., 2012; Mertens
et al., 2012). To do this, we first need to determine exposure risks at local
and regional levels, and second understand how exposure risks are
perceived by the public (e.g., Weihe et al., 200 ).
Here, we use the southeastern United States as a place-based observation to integrate social perceptions of exposure risk with actual mercury concentrations in fish tissues and predicted future scenarios of
mercury deposition and methylation. To do so, we first map the global
risk for mercury exposure using publicly available spatial data. Then, we
present a place-based observational study of a well-studied river in the
southeastern United States, the iamichi River, Oklahoma, where we
compare mercury concentration in freshwater fishes with in-person social surveys of risk perception from consuming those fish, including how
consumption habits might change with increased or decreased mercury
pollution. Altogether, we aim to improve our response to mercury
pollution and effectively direct efforts towards those regions more prone
to suffer increasing mercury stress in a global climate change context.

to measure the freshwater fish richness in that region.
We used the following spatial datasets to create the map: (1) the
Climate Model of Temperature Change Representative Concentration
athway .0 (i.e., intermediate stabilization pathway; RC ); see Masui
et al. (2011) for details in a dataset available from the ESRI, (2) the
Technical Background Report for the Global Mercury Assessment see
AMA UNE (201 ) for details , and (3) the global dataset of freshwater fish species occurrence at a basin level see Tedesco et al. (201 )
for details . We combined all data layers (i.e., average annual temperature change, average annual mercury deposition, and freshwater fish
richness) into a new composite variable. We converted all data layers to
raster format (see ArcGIS raster tutorial for details) and then normalized
the mercury deposition data and pro ected temperature increase data by
dividing all values in each dataset by their maximum value, so that the
values ranged between 0 and 1. Next, we used raster calculations to
multiply fish biodiversity for each grid unit by the product of the
rescaled mercury deposition and pro ected temperature increase. Regions where there were no fish biodiversity data were set to zero and the
product was rescaled to range from one to zero. The final product was a
global risk map where regions with the greatest values represent those
where the most species are predicted to be exposed to the highest levels
of mercury stress.

E

lace ased o servation o mercur pollution t e iamic i iver in
la oma

The iamichi River is a well-studied, mid-sized river with a drainage
area of 4 0 km2 (Fig. 1). The catchment is largely rural and forested,
and human population density is low ( . people per km2). The lack of
development in the catchment has left the river with relatively pristine
water and high aquatic biodiversity, including 101 fish species ( yron
et al., 199 ; Matthews et al., 200 ). However, the catchment faces a
variety of pressures, including (1) vulnerability to droughts and heat
waves due to its shallowness and high rates of evapotranspiration, (2)
hydrologic alteration from two dams (Sardis Lake and Hugo Lake) built
in part to mitigate regional water scarcity, and (3) high mercury deposition (>10 μg Hg⋅m−2; NAD , 2019) (Castro et al., 201 a; Vaughn et al.,
201 ).

2. Methods
Mapping t e glo al ris

or mercur exposure

We used ArcMap (ArcGIS; Version 10. , ESRI) to produce a risk map
of world regions more prone to become hot spots of mercury deposition
and methylation in a global climate change context. First, we identified
global areas that receive the highest annual mercury deposition and that
are pro ected to have the stress by increasing mercury deposition and
methylation). Second, based on this pro ection, we identified the world
regions more prone to become hot spots of mercury stress. With this aim,
we used the global dataset of freshwater fish species occurrence at the
basin level, as a proxy for overall freshwater biodiversity. We totaled the
number of freshwater fish species occurring in each basin in the dataset

Fig. 1. Geographical distribution of fish sampling points (black dots) in the
iamichi River and social sampling locations (orange dots) by number of faceto-face surveys (i.e., by diameter of circles scaled to 0 surveys as shown in
inset). (For interpretation of the references to colour in this figure legend, the
reader is referred to the Web version of this article.)
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Fish from the iamichi River were sampled at ten sites in summer
2013. Each site was a 100-m long river reach and sites were separated by
at least 00 m, although most sites were separated by a kilometer or
more (Fig. 1). Four of the sites were upstream of the outflow of Sardis
Lake, which provides roughly 2
of the downstream flow. The
remaining six sites were located downstream of the lake outflow. A total
of 21 individual fish, representing four species i.e. Spotted Gar Lep
isosteus oculatus (n = 2), Smallmouth Bass Micropterus dolomieu (n = 14),
Flathead Catfish lodictis olivaris (n = 4), and Channel Catfish ctalurus
punctatus (n = 1) were collected by electrofishing. Briefly, we used a
backpack electroshocker (Model 12-B; Smith-Root® Inc, Vancouver,
Washington) and moved from downstream to upstream going from
bank-to-bank in a zig-zag pattern using a pulsed direct current. Captured
fish were kept in 20-L buckets until the entire site had been sampled.
Immediately after electroshocking, all fish were euthanized with tricaine methanesulfonate (MS222) and preserved in 0 ethanol for later
identification to species, size and weight characterization, and subsequent mercury analyses.
We removed a muscle fillet from each collected fish and dried ( 0 ◦ C
for at least 4 h) it before analysis (Hill et al., 2010). Mercury was
directly analyzed on a Direct Mercury Analyzer (DMA- 0 TRICELL,
Milestone, Italy). This equipment contains an automatic sampler, a
quartz furnace, a cobalt-manganese oxide catalyst, a gold-coated sand
amalgamator and an atomic absorption detection cell with three
different path lengths for mercury analysis for more details about the
method see Melendez- erez and Fostier (2013) . All mercury concentrations are expressed in micrograms of total MeHg per gram of dry
tissue. For QA QC, we ran standards (DORM and ACS: Canada National Research Council) for every 10 samples while blanks and duplicates were run every 20 samples. For accuracy of analytical procedures,
certified reference material DORM (3 2 μg kg) and ACS (3040 μg kg)
were analyzed along with the samples. Standards had an average calibration factor of 1.0
with a standard error of 0.00 (n = 40) for
DORM and 1.0493 with a standard error of 0.014 (n = 9) for ACS.
Average recovery from 49 standard samples was 10 . Detection limit
(LOD) of 1. 4⋅10−4 μg g ± .2 ⋅10−4 μg kg calculated as average ±
1. 4 standard deviation of blank samples (n = 41). Blanks (empty
sample runs) detected an average 1. 3 ⋅10−4 μg of mercury with a
standard error of 0.0
(n = 43). Duplicates had an average difference
of 13.
with a standard error of 3.422 (n = 24).
3

ocial sampling and uestionnaire design

From June through August 201 , we conducted 23 individual faceto-face surveys in the iamichi River watershed (Fig. 1). The sampling
strategy was optimized following previous work (Castro et al., 2011,
2013, 201 a, 201 b; Quintas-Soriano et al., 201 ), and was designed to
encompass characteristics of the local population in the study area,
including race ethnicity, age, education, income, and gender (Quintas-Soriano et al., 201 ). Aditionally, to test the suitability of the questionnaire design, we conducted a preliminary survey in the case study
area (Martín-López et al., 2012; Castro et al. 201 a, 201 b). Individuals
were randomly selected from populated areas (e.g., including parks,
restaurants, and recreational areas) to represent stakeholders residing in
or visiting the area. We had no contact with any of the interviewees in
advance of our surveys. Due to ethical issues, the social sampling was
restricted to respondents over 1 years old. Respondents were asked to
participate in the study and to respond to a questionnaire related to their
perception of the environment in the area. We informed them that all
responses were anonymous, that we ust wanted to know their opinion,
and that there were no correct answers.
The questionnaire was designed to evaluate societal perceptions toward aquatic species, river pollution and fish consumption. For this
study, we only included those questions regarding perception toward
river pollution and fish consumption (see supplementary material 1).
The questionnaire included different sections: (1) a first section

compiling information about the respondents and their relation with the
iamichi River watershed; (2) a second section about perceptions toward river pollution and fish consumption habits; and (3) a last section
about socio-demographic and socio-economic characteristics of the
respondents.
First, we asked an open question about the perception of the impact
of chemical pollution on the iamichi River. Respondents indicated if
they considered that the river to be impacted or not. If they answered
positively, they were asked to provide a list of examples of potential
chemical impacts. The resulting qualitative data produced a list of potential impacts mentioned by respondents that were later grouped in
four main categories of chemical impacts (i.e., agriculture, local industries, livestock, and urban pollution). Later, respondents responded a
closed question about the type of pollution source that impacts the
iamichi River the most (i.e., mercury, round up or insecticides).
Regarding fish consumption, we asked a closed question about the
frequency of fish consumption from the lakes and rivers in the iamichi
watershed. Then, an open question was carried out about the species and
size consumed. The resulting qualitative data produced a list of potential
fish species that were grouped together. Finally, we asked respondent
about their willingness to adapt their fish consumption under the two
hypothetical scenarios of mercury contamination, increasing or
decreasing mercury pollution in the catchment, and respondents chose
between three options: eat more, eat the same, or eat fewer fish.
Data anal sis
Average mercury concentrations in fish tissues were compared between species using an unbalanced ANOVA based on Type III sums of
squares.
punctatus was excluded from the analysis because of low
sample size.
The increase in methylation of inorganic mercury is related – among
other factors – to water-level fluctuations in impoundments (Eckley
et al., 201 ). Hence, to determine whether artificial lakes contribute to
MeHg pollution in the iamichi River, average mercury concentrations
were compared among sample sites; i.e., upstream and downstream of
Sardis Lake. However, only M dolomieu had a large enough sample size
for this analysis. Subsequently, average mercury concentrations in
M dolomieu were compared using a one-way ANOVA. In addition,
regression analysis was used to explore the relationship between size
and mercury concentration in M dolomieu.
We used descriptive analysis to estimate the percentage of respondents who chose each specific type of pollution impact to the iamichi River, and the type of the three potential pollutant sources. Then,
we used an ordinal logit regression for predicting respondents’ river
pollution awareness across socio-demographic characteristics (i.e.,
gender, age, education level and origin) (Mase et al., 201 ). To compare
rates of fish consumption, fish size consumed, and willingness to adapt
to scenarios of mercury contamination, we used descriptive analysis to
estimate the percentage of respondents between men and women, and
between respondents of reproductive (between 1 and 49 years old;
sensu the United Nations World Fertility Report 201 ) and
non-reproductive ages (>49 years old). Lastly, following Mase et al.
(201 ), we used ordinal logistic regression (logit) to test relationships
between fish consumption under the two hypothetical pollution scenarios – decreasing or increasing mercury pollution - and multiple independent variables (including sex, age, origin, and educational level).
All statistical tests were conducted using IBM S SS Statistics Version 19
(S SS, Chicago, IL).
3. Results
3

lo al map o mercur pollution impacts

Our analysis found that the Central and Southern United States,
along with northeastern South America, Central Africa, Southeast Asia,
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and India, are global regions of greatest conservation concern with the
highest threats to biodiversity from a combination of mercury deposition and pro ected temperature increases (Fig. 2). However, out of the
five areas of greatest conservation concern, the Amazon Basin ( eru,
Brazil and Bolivia) have the highest risk of increasing mercury deposition and methylation under the future climate change scenario RC .
3

Mercur content in res

ater s es

All sampled fish species exceeded the United States mercury limits of
0.4 μg g−1 dry weight (US-E A, 201 ) (Table 1). In addition, L oculatus
and M dolomieu exceeded the State of Oklahoma limits of 1. 0 μg g−1
dry weight (O DEQ, 2019). Significant differences were found among
different fish species in tissue mercury concentration (F2,1 = .1 , =
0.010) with L oculatus having the highest concentrations (Average Hg
± SD = 2. ± 1.40 μg g−1).
For M dolomieu, there were no significant differences in mercury
concentrations above and below Sardis Lake (F1,12 = 1. 92, = 0.194).
The relationship between size and mercury concentration was significant, with larger fish having higher mercury concentration (r2 = 41. ,
F1,12 = 10.20 , = 0.00 ).
33

ocial ris perception o mercur pollution

From the initial 23 surveys, only 204 respondents provided complete information that was included in the analysis. The social sampling
included 134 residents of the iamichi River watershed and 41 tourists
visiting the area (29 no answer). Most of the respondents, 120 women
and 4 men, were of reproductive age (between 1 and 49 years old).
Most of the respondents ( 9. ) considered the iamichi River to be
polluted to some extent. Agriculture (3 .9 ), local industries (31. )
and livestock (2 .3 ) were identified as the most important sources of
pollution. Urban pollution was considered the least important in terms
of pollution (14.1 ). When three potential pollutant sources were presented, mercury was identified as the most important (4 . ), followed
by insecticides (3 . ) and glyphosate (1 . ). Women and respondents of reproductive age were significantly more aware of river
pollution (Table 2). Education level and residence of respondents (residents or visitors) were not significant predictors of awareness of river
pollution (Table 2).
Most of the surveyed population ( 4.1 ) consumed fish. However,

Table 1
Species, size, and tissue mercury concentration for iamichi fishes (n = 21).
Taxa

n

Average size
(cm) (±SD)

Average weight
(g) (±SD)

Average Hg
(ng⋅g−1) (±SD)

ctalurus
punctatus
lodictis
olivaris
Lepisosteus
oculatus
Micropterus
dolomieu

1

11.30 (±0.00)

21.20 (±0.00)

0.

4

14.40 (±3.41)

49.

0.99 (±0.4 )a

2

4 .2 (±10.9 )

14

14.9 (± .

4 0. 9
(±1 4.32)
.32 (±9 .4 )

)

(±40.24)

(±0.000)a

2.

(±1.40)a,b

2.99 (±1.0 )a,b

a
Over the consumption advisory limit; US-E A (consumption advisory limit
= 0.4 μg g−1).
b
Over the consumption advisory limit; Oklahoma DEQ (consumption advisory limit = 1. 0 μg g−1).

Table 2
Ordinal logit regression for predicting respondents’ river pollution
awareness.
Independent Variable

Odds Ratios

Gender (Female)
Age (Reproductive)
Education level
Residency (Tourist)
Overall Model Statistics

0.920*
0.
*
- 0.23
- 0. 19
seudo R2 = 0.200

* = sign. at

< 0.0 .

fish consumption was higher among iamichi watershed residents
( . ) than among respondents visiting the region (3 . ). All
women of reproductive age declared that they consumed fish (Fig. 3a).
However, only 2
of women of non-reproductive age consumed fish.
Similarly, all men of reproductive age consumed fish, while only .9 of
men of non-reproductive age consumed fish. Among respondents who
declared they consumed fish, the species eaten the most were catfish
( ctalurus sp. and or
olivaris; 49. ), followed by carp (C carpio;
1 .2 ), crappie ( omoxis sp ; 9.3 ) and bass (Micropterus sp.; . ).
Sunfish perch (Lepomis sp.) was the least consumed fish (2 ). In general,
respondents living in or visiting the iamichi watershed tended to
consume small sized fish (<30 cm) in small amounts (1–2, 200 g
week−1) (Fig. 3b).

Fig. 2. Regions of the world where the most freshwater fish species are predicted to be exposed to the highest increment of mercury stress; i.e., mercury deposition
and methylation. Warmer areas (value 1) indicate higher mercury stress as a combination of biodiversity, mercury deposition and pro ected temperature increase for
that region.

Ferreira odrígue et al

Fig. 3. a. Consumption frequency of fish per gender and age from the lakes and streams in the iamichi catchment. Results are provided as the percentage of
respondents eating from 0 to more than 4 servings per week (200 g serving) (n = 1 1 respondents). b. Fish size consumption preferences between female and male
respondents of reproductive or non-reproductive age. Results are provided as the percentage of respondents eating small or larger fishes (burden size 30 cm) (n =
respondents).

When respondents were asked about their willingness to adapt their
fish consumption habits under the two hypothetical pollution scenarios
– i.e. decreasing or increasing mercury pollution, we found that women
will eat more fish if mercury pollution in the river decreases, and if it
increases, they will eat fewer fish than they currently do (Fig. 4,
Table 3).

Table 3
Ordinal logit regression predicting fish consumption by the population under
two scenarios, decreasing and increasing mercury pollution (n = 204).
Amount

Independent Variable

Odds Ratios
(Decrease)

Odds Ratios
(Increase)

Fewer

Gender (Female)
Age (Reproductive)
Education level
Residency (Tourist)
Gender (Female)
Age (Reproductive)
Education level
Residency (Tourist)
Overall Model
Statistics

0.104
ND
- 1.21
1.490
0.923*
- 0. 23
- 0.2 3
- 0.3
seudo R2 = 0.101

0. 91*
- 0. 4
0.329
- 0. 2
32.11
1 . 2
−1 . 9
1 .0 9
seudo R2 = 0.114

4. Discussion
Freshwater fish are an important source of protein for humans, and
mercury pollution constitutes a health hazard that will worsen in the
future under current predictions of climate change. Our global risk
assessment found that the Central and Southern United States will be
one of the world areas characterized by increasing airborne mercury
deposition and methylation as the climate warms, becoming a potential
hotspot of mercury stress. In addition, our place-based observation
found that people in the iamichi River watershed eat fish from the river
frequently and that the most frequently eaten fish species have current
mercury levels that exceed consumption advisory limits and may lead to
negative effects on population health.
There are several reasons that the southern United States, and
Oklahoma in particular, are a potential mercury stress hotspot. These
include reservoir water level manipulations, vegetative cover, atmospheric conditions, and extreme events. Hydrological alterations, such

More

* = sign. at p < 0.0 . ND, not enough data available for the analysis.

as the repeated wetting and drying of sediments from reservoir water
level manipulation, speed decomposition, increasing anoxia and making
conditions more amenable to methylating bacteria (Evers et al., 200 ).
While reservoirs are ubiquitous in the southern United States (US NASA,
2019), in the iamichi catchment we didn’t find differences in fish tissue
mercury concentration above and below reservoirs, and most MeHg
production in the region is likely occurring in the streambed itself, and
derived from the catchment. Compared to grasslands and agricultural

Fig. 4. Fish consumption intention under two scenarios, increasing and decreasing mercury pollution. Results are provided as the percentage of respondents willing
to consume fewer, the same, or more fish under each of these scenarios (n = 204).
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areas, forested areas present more surface area for mercury to attach,
particularly coniferous forests, which are common in the southern
United States, and make up much of the iamichi catchment. When it
rains, the mercury washes into the streams (Driscoll et al., 200 ; Evers
et al., 200 ; Butler et al., 200 ). This phenomenon will likely become
more common with climate change as intense summer storms are predicted to increase in frequency and magnitude in this region. Global
warming is also leading to increased extreme events such as wildfires
(I CC, 201 ), which may increase mercury transport, methylation,
accumulation and biomagnification throughout the food web. Wildfires
change soil characteristics and trigger large releases of mercury that
makes its way into streams (Lopez et al., 200 ). In fact, in the last
decade, the burned total surface and the surface burned per wildfire in
Oklahoma doubled (from ,000 to 10 ,000 ha) and tripled (from 20 to
ha per wildfire), respectively, potentially increasing mercury inputs
(data for the period 2012–201 with respect to a reference period
2002–200 ; US NIFC, 2019).
The four target fish species in our case study had MeHg concentrations over the limit considered safe for human consumption. As adults,
all four species are piscivorous ( oe et al., 1991; Graham, 1999; Walker
et al., 2013), which may account for their elevated MeHg concentration
through bioaccumulation and biomagnification. However, we were only
able to electrofish wadeable portions of the river, which likely biased
our samples toward smaller fish. Given the positive correlation between
fish tissue mercury concentration and fish size, larger fish may have
higher mercury concentrations. Thus, our results represent a conservative estimate of mercury consumption and this should be considered in
formulating mercury advisories. It has long been known that high
mercury concentration in fish tissues threatens human health, especially
for pregnant women and breast feeding infants ( oos and Longo, 19 ;
Barbosa et al., 199 ). Despite advisories that may have increased general perceptions about mercury pollution in the iamichi catchment,
fish consumption habits in our study area are far from being considered
safe. In fact, non-reproductive respondents consume relatively less fish
than respondents in reproductive age, which may be related to changes
in food consumption habits among generations. In this regard, other
studies have also shown people are generally unaware of fish advisories,
leading to unsafe levels of fish consumption in polluted catchments
( nobeloch et al., 200 ; ark and Johnson, 200 ). Hence, there is a large
need to find ways to increase public awareness about the existence of
fish consumption advisories and mercury pollution.
We found that the general public is willing to change their fish
consumption habits to adapt to future deposition and methylation scenarios. We also found that women are more aware than men of the
health hazards from mercury and more willing to ad ust their fish consumption, either eating more fish if mercury pollution decreases or less if
it increases. These results are consistent with previous studies that
showed how gender is a factor determining environmental perceptions
and awareness (Martín-López et al., 2012; Calvet-Mir et al., 201 ;
Quintas-Soriano et al., 201 ; Cornell et al., 2019). Although governmental efforts to increase social awareness of the risks associated with
fish consumption from mercury polluted areas are increasing (e.g., US
FDA, 2004), there is an urgent need to improve the current warning
system to address this future scenario. In fact, as this research exemplifies, the current warning system for mercury pollution in fish tissues
fails to meet the public’s need for the establishment of safe consumption
habits. The hazardous levels of dietary mercury intake by the local
population may be at least partially related to the fact that advisories are
typically only issued for lakes and not for running waters. Under this
situation, once a given area has been identified as a mercury deposition
hot spot, studies on mercury content in fish tissues and human consumption habits should be performed to discard or implement future
actions towards food safety and security.
We analyzed current health risks related to fish consumption in a
world region likely to suffer from increased mercury stress in the future.
However, our results have important implications for other world

regions that have a higher dependence on fish consumption. For
instance, according to the United Nations Environment rogramme,
artisanal gold mining operations – which use mercury as an amalgamator to extract gold ore – in the Democratic Republic of the Congo is
the second largest source of mercury emissions in Africa. Similarly, in
South America, informal mining operations in the Amazon region are
the ma or source of mercury emissions (Veiga et al., 1999). In these and
other world regions, for example India where chloralkali industries are
the ma or source of mercury release in atmosphere and surface waters,
there is a strong cultural pattern of freshwater fish consumption. Future
predicted climate change scenarios will only worsen this phenomenon.
While there is still much work to do, understanding pollution sources
and consumption habits can help to mitigate mercury exposure, not only
in developing countries lacking from governmental advisories, but also
in developed countries where advisories are commonly issued for a
given habitat.
5. Conclusion
Our results are of utility for global mercury monitoring programs.
However, mercury monitoring programs focus mostly on sport fish, such
as bass or catfish, in lakes and reservoirs. In consequence, they don’t
reflect risks associated to fish consumption when eating other common
species, such as carp. In addition, our results have shown that mercury
levels are over the consumption limit also in rivers, and not ust lakes
where advisories are typically issued. Thus, current mercury advisories
do not reflect the actual health hazards associated with mercury pollution and fish consumption. We suggest that monitoring programs should
be expanded to include rivers in monitoring schemes, as well as integrating social perception analysis of fish consumption habits. In addition, it should be taken into account that present results focus on
mercury levels and public perception in the southern United States, and
studies on MeHg mercury concentration in fish tissues and fish consumption for other world regions prone to suffer increasing mercury
deposition and methylation (i.e., northeastern South America, Central
Africa, Southeast Asia, and India) should be conducted as a first
approach to adapt or develop realistic warning systems based on future
pro ections of climate change.
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