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Abstract

Risks to humans and other organisms from consuming fish have become a national concern. Over the past 3 years there have been
a number of national advisories regarding saltwater fish. Although information on fishing, consumption patterns, and public
knowledge about advisories has been examined for at-risk populations, there is little information about the latter for a general
population. Overall knowledge about advisories, ratings for information about the risks and benefits of eating fish, and the
relationship between fishing, consumption patterns, and knowledge about advisories was examined in a sample of 180 college
students and others residing in central New Jersey, USA. The null hypothesis of no differences in fishing, consumption, and
knowledge about advisories as a function of age, gender, ethnicity, and education was tested. A significantly higher proportion of
men fished compared to women, and significantly fewer Blacks and Asians fished than did Whites or Hispanics. More Asians who
fished did so in salt water, compared to others. There were no gender differences in consumption patterns, and few age or ethnic
differences, mainly due to low sample sizes in some ethnic groups. Significantly fewer young people and fewer Asians ate fish
compared to others. Overall, more people knew about the benefits of eating fish than the risks. Half as many people had heard about
advisories concerning tuna, and less than a third knew about advisories concerning shark and swordfish than had heard general
warnings. There were no gender differences in knowing about advisories, but there were several ethnic differences: a lower
percentage of Asians generally knew that there were advisories, and fewer Blacks knew that there were benefits from eating fish than
others. People in the age group 21-45 years were less aware of both the benefits and the risks from eating fish compared to older
people. These data suggest that risk managers need to target younger people for information about the risks and benefits of
consuming fish, particularly given that this is the population that will become pregnant over the next few years. Contrary to some
previous research, subjects trusted family, friends, and other fishermen less for knowledge about the risks and benefits of fish
consumption than other sources, such as doctors, governmental officials, and university professors. Even with this limited sample
size, it is clear that people have heard more about the benefits of fish consumption than the risks, and a relatively low percentage
have heard about the recent US Food and Drug Administration warnings about swordfish and shark.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Considerable attention in the media has been devoted
to the benefits of consuming fish, as well as to the

*® . . . .
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USA. protein, and fishing is a popular pastime in many places

0013-9351/$ - see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.envres.2004.09.003


www.elsevier.com/locate/envres

J. Burger | Environmental Research 98 (2005) 268-275 269

in the world (Toth and Brown, 1997; Burger et al., 1992,
1993; Burger, 2002), including in some urban areas
(Burger et al., 1999a, 2001; Ramos and Crain, 2001).
Fish provide Omega-3 fatty acids that reduce cholesterol
levels and the incidence of heart disecase, stroke, and
preterm delivery (Anderson and Wiener, 1995; Daviglus
et al., 2002; Patterson, 2002). However, for people
consuming large amounts of fish, contaminant levels are
sufficiently high in some fish to cause adverse human
health effects (ATSDR, 1996; IOM, 1991; Hightower
and Moore, 2003; Hites et al., 2004), including counter-
acting the cardioprotective effects (Guallar et al., 2002)
and damaging developing fetuses and young children.
There is a positive relationship between mercury and
polychlorinated biphenyl (PCB) levels in fish, fish
consumption by pregnant women, and deficits in
neurobehavioral development in children (IOM, 1991;
Sparks and Shepherd, 1994; Jacobson and Jacobson,
1996; Schantz, 1996; NRC, 2000). There is also a decline
in fecundity in women who consume large quantities of
contaminated fish from Lake Ontario (Buck et al.,
2000).

State and federal agencies can respond to potential
health risks from contaminants in fish by issuing
consumption advisories, or, in rare cases, making it
against the law to fish in certain waters (Burger et al.,
1999a). Since the primary responsibility for protecting
human health lies with state agencies, it is mainly the
states that issue advisories, but most do not provide
information on the potential risk from consuming fish
purchased commercially in markets or fish stores. The
number of state fish advisories due to chemicals, such as
mercury and PCBs, has increased in the USA over the
last several years (EPA, 2002). Most state agencies
distribute fish consumption guidance with fishing
licenses, which are usually required only for freshwater
fish (Reinert et al., 1991; Burger and Gochfeld, 1991;
Burger et al., 1992, 1993, 1999a, b; Velicer and Knuth,
1994; Knuth, 1995; Burger, 2000a). State agencies,
however, deal only to a limited extent with the potential
risk from consuming fish purchased commercially in
supermarkets or fish stores and do not normally issue
advisories for these fish or for saltwater fish (exceptions
are Maine and Minnesota).

Recently the US Food and Drug Administration
(FDA, 2001, 2003) issued a series of consumption
advisories based on methylmercury that suggested that
pregnant women and women of childbearing age who
may become pregnant should (1) limit their fish
consumption, (2) avoid eating four types of marine fish:
shark, swordfish, king mackerel, and tilefish, and (3)
limit their consumption of all other fish to just 12 oz per
week (FDA, 2001). Although intended to be reassuring,
the FDA advisories have raised concern about the safety
of fish available in markets. Despite the interest in self-
caught fish, little attention has been directed at fish that

are commercially caught (Burger, 2000a). Changes in
consumption behavior are possible only if people are
aware of the warnings and benefits. Despite the fact that
there is literature on the awareness of fish advisories for
at-risk populations, little is known about knowledge
among the non-fishing public about the risks of fish
consumption.

In this paper I examine fishing behavior, fish
consumption, and knowledge about the risks and
benefits of fish consumption among college students
and others (up to 78 years old) surveyed in central New
Jersey, USA. I test the null hypotheses that (1) there
were no differences in fishing behavior, fish consump-
tion, and knowledge about the risks and benefits of fish
consumption as a function of age, gender, education,
and ethnicity and (2) there were no differences in the
trust of different information sources. My main
objective was to determine whether students and others
were aware of recent warnings about fish consumption
and whether there were ethnic differences in the
percentage of people who had heard about the risks or
benefits from fish consumption. All attempts to under-
stand and model risk (e.g., Carrington and Bolger,
2002), and to reduce the potential risks from contami-
nant exposure in fish, will be ineffective if the risk
communication aspect is ignored. This paper is intended
to serve as a pilot study to suggest hypotheses that
address our understanding of public perceptions of both
the risks and the benefits of fish consumption.

2. Study population, materials, and methods

The overall protocol was to interview people
(N=180) in central New Jersey, including college
students and adults ranging in age from 18 to 78 years.
The survey population included college students as well
as university employees who were selected randomly
from the population working at Rutgers University
(including maintenance, staff, and faculty) and other
adults selected from surrounding communities (and
interviewed at supermarkets). Only three people de-
clined to be interviewed (they were busy trying to finish
shopping). While this represents a convenience sample,
the intent of the study is to begin to understand whether
people are aware of recent fish consumption advisories
and whether they are aware of both the benefits and the
risks of fish consumption. People were approached, told
that this was a survey from Rutgers University and that
all answers were confidential (they did not give us their
names), and were asked the questions.

Information on the questionnaire included demo-
graphics (age, sex, ethnicity, years of school, income,
and occupation), fishing behavior (whether people
fished, saltwater fishing, number of times/year), con-
sumption (meals per week of different kinds of fish),
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knowledge about the risks and benefits of fish con-
sumption, the kinds of warnings heard, and a rating of
trust for information about benefits and risks of fish
consumption (where 1=no trust and 5=trust comple-
tely). Other questions dealt with the kinds of informa-
tion they had about warnings and who issued the
warnings. The questionnaire required about 20 min to
complete.

The demographics of the subjects indicated a wide
range in age, education, income, and ethnicity (see Table
1). Only 7% of subjects had no college experience. The
sample population self-identified as 9% Hispanic, 12%
Black, 27% Asian, and 46% White, and the rest did not
self-identify. For New Jersey generally, people identify
their ethnicity as 13% Black, 13% Hispanic, 6% Asian,
and 66% White (US Census Bureau, 2004). Thus, in this
study the sample had more Asians than was reported for
New Jersey generally (in 2000)—some of this is due to
increases in the Asian population over the last 5 years in
New Jersey, and some is due to a higher population of
Asians in the University and in central New Jersey.

Mean values with standard errors and ranges are
given in the text. Variables were compared using the
non-parametric Kruskal-Wallis analysis of variance
(PROC NPARIWAY in SAS with Wilcoxon option).
This yields a y statistic, comparing distributions of

responses by different independent variables (SAS,
1995). Multiple regression procedures were used to
determine if source (i.e., doctor, federal official, state
official, and others), ethnicity, income, gender, age, or
education (or interactions between variables) contrib-
uted to explaining the variations in trust scores (PROC
GLM, SAS, 1995). The procedure adds the variable that
contributes the most to the R> then adds the next
variable that increases the R the most, continuing until
all significant variables are added. Thus variables that
vary colinearly are entered only if they add indepen-
dently to explaining the variation.

3. Results
3.1. Fishing behavior

Significantly more men than women fished, and they
fished more times per year (Table 2). There were no age-
related differences in the percentage of people that
fished, but older people who fished, fished more days per
year than others. A significantly higher proportion of
Hispanics fished than others, and a lower proportion of
Blacks fished than did others. There were no ethnic
differences in number of days fished per year (Table 2).

Table 1
Fishing and consumption behavior of people surveyed in New Jersey (N =180)

Mean+SE Range Percentage
Age (years) 34.4+1.18 18-78
Income (thousands of dollars) 39.24+3.63 0-100
Gender (women) 58
Education
Less than high school 3
High school graduate 4
Currently enrolled in college 41
Completed some college 6
College graduate 27
Graduate-level education 19
Fishing
% fish 24
Number of times fish per year® 6.53+1.51 0.1-40
% fish in salt water” 53
Monthly consumption (for everyone)
% who eat fish 86
Number of meals of self-caught fish 0.2740.11 0-8.7
Number of meals of fish in restaurants 2.69+0.32 0-22
Number of meals of store-bought fish 5.02+0.43 0-30
Number of meals with meats 26.0+1.92 0-91
Monthly consumption (for those who eat fish, N = 151)
Number of meals of self-caught fish 0.324+0.12 0-8.7
Number of meals of fish in restaurants 3.124+0.36 0-22
Number of meals of store-bought fish 5.84+0.46 0-30
Number of meals with meats 27.442.01 0-91

#Only for those who fish.
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Table 2
Fishing behavior of people surveyed (N=180)

N % fish Number of times fish per year® % fish in salt water”
Overall 180 24 6.53+1.51 53
Gender
Male 80 34 6.94+1.61 49
Female 100 17 5.75+£3.22 58
PXp) 6.83 (0.009) 3.10 (0.08) NS
Age (years)
Under 21 52 24 2.39+13.2 43
22-45 61 27 7.6+2.4 51
Over 45 58 17 11.3+4.7 66
P(p) NS 5.66 (0.06) NS
Ethnicity
White 84 30 6.3+1.74 43
Black 22 9 27.5+12.5 38
Hispanic 16 25 5.7+3.3 25
Asian 49 16 29+1 93
P(p) 7.80 (0.05) NS 7.20 (0.07)

Given are means +standard error. NS, not significant. Sample sizes may not add up to 174 if some people did not answer a particular demographic

question.
#Only for those who fish.

There were no gender or age-related differences in the
percentage of time fished in salt water compared to fresh
water. However, more Asians fished in salt water
compared to others (Table 2).

3.2. Fish consumption

Overall consumption patterns are shown in Table 1.
Only 3% of fish meals were from self-caught fish, 34%
were eaten in restaurants, and 63% were fish bought in
stores and cooked at home. When fish and meat diets
are examined, fish account for 25% of the meals (self-
caught fish are less than 1% of total meals).

Consumption patterns generally did not vary as a
function of age, gender, ethnicity, and education, but
there were some differences. The same percentage of
men and women ate fish, but fewer people under 21
years of age (73%) ate fish compared to older people
(over 90%, y*> = 9.14, P<0.01). Further, 22- to 45-year-
olds ate more total meals of fish than others (3> = 7.74,
P<0.02). There were no ethnic- and gender-related
differences in fish consumption patterns, mainly due to
small sample sizes within some ethnic groups.

3.3. Knowledge

One objective of the study was to understand whether
people had heard about the benefits and risks from
consuming fish. Overall, more people had heard about
the benefits than had heard about the risks (Fig. 1).
Fewer had heard about the risks from consuming
canned tuna, and far fewer had heard about the FDA’s

warnings about shark and swordfish. There were no
gender and few age-related differences in the under-
standing of the risks and benefits from consuming fish.
However, significantly fewer 21- to 45-year-olds had
heard about the benefits of eating fish (y> = 8.23,
P<0.006) and the risks from eating fish (3> = 8.46,
P <0.007), but significantly more of the under-21-year-
olds had heard warnings about freshwater fish than
others (x> = 18.7, P<0.005). There were also ethnic
differences: significantly fewer Blacks had heard
about the benefits of eating fish (3> = 6.99, P<0.05),
and significantly fewer Asians had heard about
the risks from eating fish than others (3> =20.5,
P<0.0001, Fig. 2).

When asked who they trust for information about
health benefits and risks from eating fish, 34% of the
variation was explained by source (e.g., doctors,
officials, others; F = 35.6, P<0.0001). Doctors were
rated the highest, followed by governmental officials
(Fig. 3). Friends were rated the lowest. There were
almost no differences in ratings as a function of gender,
age, or ethnicity. However, Blacks rated university
professors lower as a source of information (mean
of 2.77+0.19) than did Whites (mean of 3.57+0.12,
y* =139, P<0.007).

4. Discussion
The data in this study examine the relationship

between fishing and fish consumption and between fish
consumption and knowledge about the risks and
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Fig. 1. Percentage of people who have heard about the benefits and risks of fish consumption.
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Fig. 2. Percentage of subjects having heard of the benefits or risks of
consuming fish, regardless of the species or types (freshwater,
saltwater). The actual percentage is shown above each bar.

benefits of fish consumption. While there were few
differences as a function of demographics, the differ-
ences were significant in terms of knowledge about the
risks and benefits and in the knowledge base. These
aspects are discussed below.

4.1. Fish consumption

For many years federal and state agencies and
scientists have concentrated on understanding the
relationship between fishing behavior and consumption,
leading to risk calculations for self-caught fish, mainly
from fresh waters. Only recently has attention been
focused on the commercially available fish that forms
the bulk of the fish consumed in the United States
(Burger et al., 2002; Hightower and Moore, 2003) or to
saltwater fish. The data in this paper indicated that half

of the self-caught fish was derived from salt water,
rather than fresh water, suggesting that this component
of the contaminant risk from fish should be examined in
detail, especially for coastal states. Coastal states should
consider conducting the same range of studies on
contaminant levels in self-caught saltwater fish as they
do for freshwater fish, leading to potential advisories for
fish with high levels of contaminants.

Most of the subjects in this study ate commercial fish
obtained either from markets or in restaurants. Ninety-
seven percent of the fish consumed was not self-caught,
which was higher than the amount of non-self-caught
fish eaten by sportsmen in the state of South Carolina
(USA), where self-caught fish accounted for over 30%
of the fish diet (Burger, 2000b). In South Carolina,
consumers at the high end of the consumption spectrum
ate a higher proportion of self-caught fish than those
who ate small quantities of fish (low-end consumers).
Thus, for the New Jersey population and for most of the
South Carolina population, the risk from contaminants
in commercial fish bears extensive examination. While
the FDA (2001, 2003) has recently issued warnings
about commercial fish, the advice is limited to only a few
species and does not indicate the fish that are generally
low in contaminants. That there is a potential risk from
consuming some species of commercial fish is clear from
the FDA'’s issuance of advisories, from high levels of
PCBs in fish thought to be low in contaminants, and
from health effects from fish (FDA, 2001, 2003; High-
tower and Moore, 2003; Hites et al., 2004; Burger and
Gochfeld, 2004).

A high proportion of the population examined ate
fish, even though fish only accounted for about a quarter
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Rating for who you trust about information on health benefits
or risks from consuming fish:
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Fig. 3. Relative ratings for ““How would you rate your trust in these people for information on the health risks and benefits of eating fish?”” Scale is 1,
lowest degree of trust, to 5, highest degree. Letters that are different reflect significant differences.

of all meals. There were no age, gender, or ethnic
differences in patterns of fish meal consumption, due
mainly to small sample sizes in some ethnic groups. Such
differences have been identified in many studies of fish
consumption among high-end fish consumers (Burger et
al., 1999a,b). There were very-high-end consumers of
fish in every demographic group.

Finally, most consumption advisories deal with
patterns of consumption (so many meals or amounts
of fish/week or month) for high-end consumers (High-
tower and Moore, 2003). However, concern exists for
single fish meals that might have excessive amounts of
mercury (over 2ppm), which could harm developing
fetuses (Ginsberg and Toal, 2000). This aspect also bears
further examination.

4.2. Knowledge and risk

For people to make informed decisions about eating
fish based on the potential risks and benefits, they must
know and believe this information (Burger, 2000a, 2002;
Jardine, 2003). Such information did not appear to be
universally available in the study population. A higher
percentage of people had heard about the benefits from
eating fish compared to the risks. Risk information was
generally higher for self-caught fish than for commercial
fishes (such as canned tuna, swordfish, or shark). We
found this surprising since the FDA has issued several
advisories over the previous 2 years that have been
available on their web page (FDA, 2001) and that were
reported in the media.

An adequate knowledge base is the first step to
making informed decisions. It does not ensure any
changes in behavior (switches in diet), but without
knowledge, informed decisions cannot be made. Differ-
ences in the knowledge base that arise as a function of
age, gender, or ethnicity are problematic and should be

addressed with a targeted risk-communication strategy
(Velicer and Knuth, 1994; Burger and Waishwell, 2001;
Jardine, 2003; Burger et al., 2003). Potential recipients
of such information will receive both targeted advisories
and general information available from the media (e.g.,
Consumer Reports, 2003). In this study, Blacks were less
aware of the benefits and Asians were less aware of the
risks of consuming fish. Discrepancies in the awareness
of advisories has been noted in a number of studies
(Knuth, 1995; Connelly et al., 1996; Tilden et al., 1997;
Burger et al., 1999a, b, 2001).

Even if people have heard about the benefits or risks
from consuming fish, they need to believe them, which
involves trust (Burger, 2000a; Jardine, 2003). In the
present study there were significant differences in trust
among possible information sources; friends, family,
and fishermen were less trusted than other sources. This
is contrary to data from urban New Jersey fishermen,
who tended to rely on family and friends for such
information (Pflugh et al., 1999). The subjects in this
study had attained a higher level of education than
people in the previous study and had higher incomes
than those in the previous study, which might account
for the differences in trust. Taken together, these studies
indicate that risk communicators should target their
outreach efforts to different sources, notably doctors
and governmental officials, as well as family and friends.

Finally, there is a politicization of consumption
advisories that is troubling. There are several aspects
of the problem that have become politicized, including
the agencies issuing the advisories, the potential for
dissonance between agencies (Burger, 2000a), and the
shift of responsibility for exposure from protective
environmental federal agencies to individuals themselves
(Halkier, 1999). People who develop advisories seem
to make choices that depend on policy rather than sci-
ence, suggesting that uniformity among governmental
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jurisdictions is difficult (Kamrin and Fischer, 1999;
Burger et al., 2000). Indeed, there are often differences
in the consumption advisories neighboring states issue
for the same adjoining river or other body of water
(Burger et al., 1999a, b; Kamrin and Fischer, 1999). This
suggests that advisories must be a partnership between
those issuing the advisories and the public (Ebert 1996;
Tilden et al., 1997; Burger, 2000a). Differences also exist
in the information base that is provided. For example,
the recent FDA advisory on tuna (FDA, 2003) was less
explicit than published data on mercury in tuna (Burger
and Gochfeld, 2004). These political aspects of advice
for fish consumers are transmitted to the public via the
media, making uniformity, or at least consistency in the
contaminant information and risk, essential to changing
public perceptions and thus consumption behavior.
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