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Fish Consumption Patterns and Mercury
Advisory Knowledge Among Fishers in the Haw
River Basin

Jill E. Johnston, Kate Hoffman, Steve Wing, Amy Lowman

BACKGROUND Fish consumption has numerous health benefits, with fish providing a source of protein as well as omega-3 fatty acids. How-
ever, some fish also contain contaminants that can impair human health. In North Carolina, the Department of Health and Human Services
has issued fish consumption advisories due to methylmercury contamination in fish. Little is known about local fishers' consumption pat-
terns and advisory adherence in North Carolina.

METHODS We surveyed a consecutive sample of 50 fishers (74.6% positive response rate) who reported eating fish caught from the Haw
River Basin or Jordan Lake. They provided information on demographic characteristics, species caught, and the frequency of local fish con-
sumption. Additionally, fishers provided information on their knowledge of fish consumption advisories and the impact of those advisories
on their fishing and fish consumption patterns.

RESULTS The majority of participants were male (n = 44) and reported living in central North Carolina. Catfish, crappie, sunfish, and large-
mouth bass were consumed more frequently than other species of fish. Of the fishers surveyed, 8 reported eating more than 1 fish meal
high in mercury per week, which exceeds the North Carolina advisory recommendation. Most participants (n = 32) had no knowledge of
local fish advisories, and only 4 fishers reported that advisories impacted their fishing practices.

LIMITATIONS We sampled 50 fishers at 11 locations. There is no enumeration of the dynamic population of fishers and no way to assess the
representativeness of this sample.

CcoNcLUSIONS Additional outreach is needed to make local fishers aware of fish consumption advisories and the potential health impacts of

eating high-mercury fish, which may also contain other persistent and bioaccumulative toxins.

Fish provide numerous nutritional benefits, including
protein and omega-3 fatty acids. Omega-3 (n-3) fatty
acids in fish are associated with healthy neurological devel-
opment and with reduced risk of heart disease, stroke, and
preterm delivery [1-3]. Based on these health benefits, the
American Heart Association recommends the consumption
of 2 fish meals per week [4]. In some cultures, fishing and
fish consumption are also important contributors to social,
mental, and spiritual health. However, fish may contain envi-
ronmental contaminants that can impair human health.
Although most fish contain a variety of environmental
contaminants (eg, polychlorinated biphenyls or dioxins),
methylmercury (MeHg) has been the most thoroughly
investigated. Inorganic mercury is released to the environ-
ment in many ways, such as by combustion of fossil fuels,
incineration of medical or municipal waste, and manufac-
turing processes. This atmospheric inorganic mercury is
converted (primarily by microorganisms in the aquatic envi-
ronment) to MeHg, an organic form of mercury, and MeHg
is then biomagnified through aquatic food webs. Higher
MeHg concentrations are often found in large and long-lived
predator fish species [5], although mercury levels vary geo-
graphically. Fish in parts of North Carolina contain some of
the highest documented levels of MeHg in the country [6].
People are primarily exposed to MeHg via dietary intake
of fish and seafood. Both chronic exposure to MeHg, as well

as the consumption of a single meal of highly contaminated
fish, can impair human health [7, 8]. In utero exposure to
MeHg may cause neurological damage in fetuses [9], and
MeHg exposure among adults has been associated with
an increased incidence of acute coronary events, cardio-
vascular mortality, and neurological symptoms [10, 11].
Consequently, government agencies such as the US
Environmental Protection Agency (EPA) and the North
Carolina Department of Health and Human Services (DHHS)
have issued fish consumption advisories that recommend
limiting consumption of fish containing high levels of MeHg.

Fish consumption advisories are voluntary recommenda-
tions that seek to inform the public about chemical contami-
nants and to educate consumers about ways to minimize
their exposures to contaminants. However, research sug-
gests that many current efforts to communicate advisories
to intended audiences are ineffective [12, 13]. When issu-
ing a fish consumption advisory, DHHS alerts local health
departments, issues a statewide press release, and posts the
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advisory on their website [14]. According to the state, rec-
ommendations for the number of safe fish meals are based
on toxicity data from the Agency for Toxic Substances and
Disease Registry, the EPA, and DHHS standard exposure
parameters.

The current North Carolina fish consumption advisory
recommends that children under 15 years of age, pregnant
women, nursing women, and women of childbearing age
(15-44 years) avoid fish that are known to be high in mercury
and eat a maximum of 2 meals per week of fish that are low
in mercury. All other people are advised to eat a maximum of
1meal per week of fish high in mercury and up to 4 meals per
week of fish that are low in mercury (see Table 1).

Limited information is available about the frequency of
local fish consumption in North Carolina or about fishers’
awareness of consumption advisories for fish from local
waters. In the course of research into other persistent, bio-
accumulative contaminants in central North Carolina, we
conducted a survey of fishers to evaluate consumption of
fish from the Haw River Basin and to assess awareness and
impact of the mercury advisory.

Methods

We visited fishing locations along the Haw River in
Alamance County and Chatham County to identify and sur-
vey local fishers. The Haw River is an approximately 110-mile

TABLE 1.
High- and Low-Mercury Freshwater Fish Species

High-mercury fish Low-mercury fish

Bowfin* Bluegill sunfish
Black crappie** Tilapia
Catfish* Trout

Jack fish*

Largemouth bass

Warmouth*

Yellow perch*

*High mercury levels have been found south and east of
Interstate 85.

**High mercury levels have been found in black crappie
caught south and east of Interstate 95.

Source: North Carolina Department of Health and Human
Services [15].

long tributary of the Cape Fear River that begins in north-
east Forsyth Country and flows into Jordan Lake. We visited
11survey locations on 35 days from August to November 2013
(see Figure 1). The survey sites were a convenience sample
selected in consultation with the Haw River Assembly, a
local nonprofit organization that has been working since
1982 to protect the Haw River, Jordan Lake, and the sur-
rounding watershed communities. The survey sites included
fishing sites recommended in the guide “Fishing Access
for the Piedmont Region,” which is published by the North

FIGURE 1.
Map of Haw River Watershed and Survey Locations
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Carolina Wildlife Resources Commission.

Sampling occurred throughout daylight hours; on week-
days, weekends, and holidays; and during morning, after-
noon, and evening times. All fishers were approached by
research team members and invited to participate in the
survey. Fishers were not eligible to participate if they had
not eaten fish caught from the Haw River/Jordan Lake dur-
ing the past year and were not planning on eating the day's
catch, if they had already participated in the survey or lived
with someone who had already participated, or if they were
younger than 16 years of age. Interviews were conducted in
Spanish and English.

The interview, designed with advice from the Haw River
Assembly, consisted of questions concerning fisher demo-
graphic characteristics, catch, consumption patterns of
Haw River and Lake Jordan fish over the past year by the
interviewee and his or her family, and awareness of local
fish advisories. Participants were asked about catching
and consuming fish species present in the Haw River and
Jordan Lake: bowfin, catfish, crappie, large mouth bass,
pickerel (jack), shad, striped bass, sunfish (bream), and yel-
low perch. Participants were asked about each fish type and
were shown pictures to assist in identification. Participants
also had the opportunity to name other species that they had
caught in the Haw River or Jordan Lake. This research was
approved by the institutional review board of the University
of North Carolina, and verbal consent was obtained from all
study participants. Following the survey, we distributed the
fish advisory factsheet entitled “What Fish are Safe to Eat,”
produced by the North Carolina Division of Public Health.

Results

Fifty recreational and subsistence fishers completed the
survey. A total of 78 fishers were approached during the

study in a consecutive sample design; this was a conve-
nience sample in which all accessible subjects were invited
to participate. Eleven fishers were ineligible because either
a household member had previously completed the survey
(n = 4) or the fisher reported not eating any fish caught in
the past year (n = 7). Seventeen fishers refused to partici-
pate in the survey, resulting in an overall positive response
rate of 74.6%.

The majority of the participants were male (n = 44). Two
were aged 16-17 years, 24 were aged 18-44 years, and 24 were
45 years of age or older (mean, 43 years; range, 16-73 years).
Twenty of the participants identified as Hispanic/Latino,
17 as Caucasian/white, 7 as African American, and 6 as
Asian. Thirty of the interviewees reported being employed.
Half of the respondents (n=25) reported having earned a
high school diploma, 5 held at least a college degree, and
20 had not completed high school. People came to fish on
the Haw River or Jordan Lake from 28 different ZIP codes
throughout central North Carolina. Eleven fishers reported
residing in Sanford.

Fish Species and Fish Meals

The largest numbers of respondents reported eating cat-
fish (n = 32), crappie (n = 32), sunfish (n = 18), and large-
mouth bass (n = 16). Over half of the participants reported
that they would eat catfish (n = 31), crappie (n = 28), or
largemouth bass (n = 26) if they caught it, and at least 20
participants said they would eat sunfish, striped bass, or yel-
low perch (see Figure 2). Forty-seven participants reported
sharing their catch with their family and/or members of their
household.

Thirty-eight respondents reported having eaten more
than 1species of fish during the past year. Eleven participants
reported eating 4 or more species of fish in the past year.

FIGURE 2.
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TABLE 2.

Watershed

Key Findings and Recommendations to Increase Awareness of the North Carolina
Fish Advisory Among Recreational and Subsistence Fishers in the Haw River

Key findings

Recommendations

= Fishers are racially and ethnically diverse.

= Many fishers are consuming locally caught
fish at least once per week.

= The majority of fishers eat at least 1 high-
mercury fish species.

* Knowledge of the statewide fish advisory is
limited.

= Spanish speakers had the lowest awareness
of the fish advisory.

= Post highly visible multilingual advisory signs
with pictures of the species of concern.

* Present clear information about contaminated
species and potential adverse health effects.

* Target outreach to the Spanish-speaking
community.

= Target outreach to pregnant women and
women of childbearing age.

On average, interviewees ate 7.5 locally caught fish meals
per month (median, 2.5). Fifteen participants reported con-
suming less than 1 meal of local fish per month, whereas
1 participant reported consuming more than 30 meals of
local fish per month. Sixteen of 26 Asian and Hispanic par-
ticipants reported consuming more than 1 fish meal per
week, whereas only 4 of 24 white and African American
participants reported consuming more than 1 fish meal per
week. Nine participants reported eating 2 or more species of
fish at least once per week.

Consumption of Fish High in Mercury

Thirty-six fishers (and their families) ate at least 1meal of
fish high in mercury (bowfin, catfish, jack, largemouth bass,
or yellow perch) in the past year. Approximately 45% of
total fish consumed by survey respondents was of fish high
in mercury. On average, respondents ate 3.5 high-mercury
fish meals per month, with a median of 1.5 meals and a range
of 0-23 meals.

Of the 20 participants who reported eating a locally
caught fish species at least once per week, 5 fishers con-
sumed a high-MeHg species once per week, and 8 con-
sumed a high-MeHg species at least twice per week. The
high-MeHg fish species eaten at least once per week by fish-
ers or their families included catfish (n = 13), bowfin (n = 1),
largemouth bass (n = 1), and yellow perch (n = 1). Two par-
ticipants ate 3 high-MeHg species at least once per week.

Of the 8 fishers who frequently ate high-MeHg meals,
4 were Hispanic, 3 were Asian, and 1 was white; their aver-
age age was 47 years. Two of the 8 were women, and 5 did
not have regular employment.

Fish Advisory

Thestatewide andregional (southor east of Interstate-85)
fish advisory for the Haw River Basin and Jordan Lake region
is based on MeHg contamination. No other specific fish
advisory is in place in either Alamance County or Chatham
County.

The participating fishers had limited knowledge of the
mercury fish advisory. Thirty-two of the 50 respondents had
no knowledge of any local fish advisory. Of the remaining

18 fishers with some knowledge of a North Carolina fish
advisory, 2 said they fish less as a result of the advisory,
another 2 reported eating less fish, and all others said it
had not changed their fishing practices. Spanish speakers
had the lowest awareness of fish advisories (1 of 18). In con-
trast, half of surveyed English speakers (16 of 32) had some
knowledge of the fish advisory.

Discussion

Fishing plays an important role in some people's lives,
and contaminant levels in fish are a public health concern.
Fish consumption is influenced by considerations of cost,
availability, taste, cultural traditions, recreational habits,
and access to alternative food sources [16]. In this study,
we interviewed 50 fishers in the Haw River/Jordan Lake
area who reported consuming locally caught fish. Among
this sample, some fishers expressed strong preferences for
specific species of fish, although these preferences varied
by person (eg, some fishers targeted catfish, while others
avoided catfish). While the majority of the interviewees
were adult males, many fishers reported sharing their fish
with other members of their household, which may include
children and/or women of childbearing age.

In 2010, North Carolina issued over 1.66 million fish-
ing licenses to residents (approximately 12.3% of the total
population) [17]. The proportion of the state's residents
who eat locally caught fish is unknown, but one small
random sample of women found that 26% of the partici-
pants reported having eaten locally caught fish in the past
12 months [18]. National biomonitoring survey data indicate
that approximately 8% of women of childbearing age in the
United States are exposed to mercury levels that exceed the
EPA's recommended reference dose [19, 201.

The reference dose for MeHg (1.0 ug per kilogram of
body weight per day) was established based on adverse
in utero developmental effects from MeHg exposure; how-
ever, a recent review of the literature found evidence that
prenatal MeHg exposure below the reference dose could
result in childhood neurodevelopmental effects [10]. It is
estimated that consuming just 1or 2 meals of a high-mercury
fish species can result in blood mercury levels that exceed
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the EPA's current reference dose [5], which suggests the
public health importance of the fish advisories for children.
In addition, it should be noted that fish contain other con-
taminants besides mercury—such as other heavy metals,
persistent organic pollutants, brominated flame retardants,
and radionuclides—that can pose a health risk, and these
co-contaminants could contribute to the neurodevelopmen-
tal differences seen in children with lower versus higher pre-
natal MeHg exposure [21, 22].

Local fish consumption advisories should inform the
public about the chemical contaminants contained in some
species of fish, educate fishers about ways to minimize their
exposure to contaminants, remind fishers of the health ben-
efits of fish consumption, and present advisory information
in a clear manner. Further, advisories need to be available to
fishers who do not have Internet access, and they need to
be published in a language that fishers can read. Our finding
of limited awareness about fish advisories in North Carolina
concurs with previous findings in the state and the country.
Awareness of regional fish consumption advisories in the
United States is generally low, ranging from an estimated
8% to 32% of the population [18, 23].

In addition to knowing about advisories for consump-
tion, fishers must be able to understand those advisories
for them to be effective. We did not directly assess fishers'
understanding of risk communication; however, few of the
fishers who reported knowing of the fish advisories changed
their fishing practices. Other studies have similarly reported
that compliance with fish consumption advisories is low
[13, 24, 25]. For instance, one study found that 26% of
women interviewed in North Carolina reported eating
locally caught fish, while only 10% were aware of any fish
advisory [5]. In the present study, we did not see any signs
or postings about fish advisories at any of the 11 survey sites.
Outreach at popular fishing locations, including the post-
ing of multilingual advisory signs, could improve awareness
about the advisory (see Table 2). Our findings also suggest
the importance of multilingual communication and outreach
to the Spanish-speaking community.

Public health officials face many challenges in devel-
oping and communicating advisories that will be readily
understood by the intended audiences. As we found in our
survey along the Haw River, the fishing population is com-
posed of ethnically diverse groups, includes non-English
speakers, and often draws individuals from a large geo-
graphic area [26]. Studies show that advisories are often
ineffective at reaching non-white ethnic groups, individu-
als with low incomes, and those with low educational lev-
els [12]. Challenges to effective communication include
language barriers, educational and literacy status, cultural
differences, lack of Internet access, distrust in government,
and lack of opportunity to consider long-term health con-
sequences over immediate needs [12, 27, 28]. Research by
Burger and colleagues suggests that fishers are willing to
change consumption behavior when presented with clear

risk information about specific fish species and potential
adverse health effects. The findings conclude that risk com-
munication could be improved by more and brighter signage
with pictures of high-MeHg species [29, 30].

Fish advisories need to simultaneously reach those
catching the fish (primarily men) and those in suscep-
tible subpopulations (women and children), who may also
be consuming the fish. Like many states, North Carolina
makes specific consumption recommendations for women
of childbearing age due to the potential adverse reproduc-
tive and developmental effects of mercury. Although we did
not assess the knowledge of fishers’ family members about
fish advisories, we anticipate that awareness among family
members is low, as the vast majority of fishers in our sample
reported sharing their catch with others.

Previous research in the United States demonstrates
that, while anyone who consumes contaminated fish may
be exposed to toxins, low-income individuals and people
of color more commonly fish for subsistence, consume
local fish, and consume fish species named in advisories.
Evidence suggests that these populations are disproportion-
ately affected by contaminated fish [31-34], making this an
environmental justice problem that contributes to health
disparities. Exposure to contaminated fish among low-
income people could be reduced by increased income and
the availability of alternative sources of inexpensive, less
contaminated protein.

This study is not without limitations. We sampled only a
limited number of fishers in the Haw River Basin, and we do
not know how well this subsample reflects the broader pop-
ulation of fishers in the watershed. Although we sampled at
various times of day, weekdays and weekends, and at vari-
ous locations, we did not sample locations in the main body
of Jordan Lake where fishers use boat ramps (which are not
present along most of the Haw River). In addition, there is
potential for recall bias when asking about fishing and con-
sumption patterns over the past year. Our assessment of
consumption excludes commercial fish or fish caught from
other bodies of water, both of which are additional potential
sources of MeHg. Also, MeHg levels in fish vary widely even
within a single river basin. Within a county or between adja-
cent counties, MeHg levels can range 10-fold to 100-fold
in a single fish species [6]. Our study did not collect any
biomarkers of mercury from the fishers or their families, so
we could not assess relationships between fish consumption
and mercury burdens or clinical effects; however, our find-
ings show that consumption levels are high enough to justify
research that includes collecting biomarkers of mercury and
possibly other persistent, bioaccumulative contaminants.

Conclusion

During the course of this survey, we identified frequent
fish consumers from the Haw River Basin who had limited
awareness of any fish advisory. We did not find risk commu-
nication about mercury or other contaminants at any of the
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frequented fishing sites. Because of the health benefits of
fish, advisories should aim to switch fish consumption from
high-contaminant to low-contaminant species, rather than
simply reduce consumers' total fish intake. There remains
the challenge in central North Carolina of providing fishers,
especially non-English-speaking populations, with acces-
sible information about fish consumption choices. NCV
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