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THE OCEANS AND HUMAN HEALTH

Human Development and Resource Use in

™COASTAL ZONE

INFLUENCES ON HUMAN HEALTH

BY ROBERT E. BOWEN, ANAMARIJA FRANKIC, AND MARY E. DAVIS

Coastal watersheds and nearshore marine areas are the most
valuable and dynamic places on Earth. Human population
growth is great in these regions, which are home to some of
the most sensitive habitats in the world. Coastal areas provide
more than half of the overall service value derived from the
global environment (Costanza et al., 1997). Natural (e.g., hur-
ricanes and tsunamis) and human pressures on this environ-
ment require it to constantly adjust. More than any other area,
the global coast has defined the progress of human culture and
continues to be a singular influence in how humans connect to
the world around them.

For these reasons and others, the global coast should be a
central focus in the environmental management decisions of
governments at all levels. However, increasingly, we have come
to understand that allowing the degradation and broad-scale
change in coastal systems has another consequence—our own
health. This theme is well summarized in the Oristano Declara-
tion', which states in part:

...that the global coastal environment is under threats through
intensified natural resource utilization brought about by higher
densities of settlements, increasing shipping, rapidly growing
aquaculture production, expanding tourism activities, massive
resource exploitation and other activities. All of these have shown
to contribute individually, but more importantly cumulatively,
to higher risks for public health and the global burden of disease
(Bowen et al., in press).

This article and accompanying case study is a short summa-
tive effort to describe the relationships among coastal de-
velopment, resource use, and human-health risks. Given the
breadth and complexity of this larger issue, a strategy to con-
centrate the discussion is essential. Our choice is to limit our
view to those points of opportunity and challenge faced by a
single developing nation—Croatia (see case study by Bowen
et al., this issue).

Croatia is an extremely useful vehicle to engage this issue.
It is a country of the northeast Adriatic, deeply dependent on
the sea, and where emerging decisions on the nature of coastal
management will make a significant difference in the economic
future of the nation. In addition, the international scientific
community has identified the Croatian coast as one of the
most pristine and rich natural resources in the Mediterranean
(WWE, 2003; Frankic, 2005). Croatia is also working to posi-
tion itself as a tourism destination of note within and beyond
Europe. With this case study in mind, three general issues were
selected to organize the paper:
+ Human population in the coastal zone and hazard

vulnerability
+ Land-based sources of pollution and seafood consumption
+ Enteric (intestinal) pathogens and coastal tourism
These topics will be addressed globally and within the context

of the Croatian case study.

' In July of 2003, an international workshop entitled “Marine-based Public Health Risk” was held at the International Marine Center in Sardinia. In attendance were more than two dozen distin-

guished experts in the myriad integrated fields associated with the oceans and human health. The “Oristano Declaration” evolved from the research, reporting, and debate at that workshop.
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...increasingly, we have come to understand

that allowing the degradation and broad-
scale change in coastal systems has another

consequence—our own health.




HUMAN POPULATION IN THE
COASTAL ZONE AND HAZARD
VULNERABILITY

Estimates of coastal population and rates
of population change are essential when
focusing the question of coastal develop-
ment and human health (Hall, 2001).
For these purposes, the coastal zone is
defined as the immediate coastline to
100 km inland. This definition directs

an acknowledgement of an integrated

coastal watershed as the core coastal area.

Rigorously constructed estimates vary
widely, but it can be safely assumed that
between one-quarter and one-half of the

global human population lives within
the coastal zone. The most rigorous as-
sessment to date is at the lower point in
that range; however, it combines various
data sources for a common base year
(1990), which means that this conclusion
does not include recent immigration
toward the coast (Small and Nichols,
2003). In the United States, coastal coun-
ties contain 53 percent of the nation’s
population, but only 17 percent of the
nation’s land area (excluding Alaska).
Critically, population densities of coastal
counties are about 20 percent higher

than non-coastal counties (NOAA,

Figure 1. Nightlight Imaging of Italy and the Adriatic. This image conveys the intensity of nightlight from
two periods (1993 and 2000). Black denotes no change in light intensity between the two years; yellow-
orange denotes new areas of human growth. Of particular interest is that this new coastal development
occurred in a region of diminishing overall population (population growth rates are less than 2.0 for all

countries portrayed in this image). Source: FAO (2005a). Defense Meteorological Satellite Program data
and algorithms provided by NOAA/NESDIS National Geophysical Data Center. More information avail-
able at: http://dmsp.ngdc.noaa.gov/dmsp.html.
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2005). Even with differences in study
methods and national trends, it is clear
that more people live within the coastal
zone today than were alive 50 years ago
(Bowen and Crumbley, 1999).

It is essential to emphasize the dy-
namic nature of coastal populations. The
most robust available tool to illustrate
this is the maps comparing the intensity
of Earth-surface nightlight over time.
Figure 1 portrays Earth-surface night-
lights during two periods—1993 and
2000 (FAO, 2005a). This map provides
a remarkable visual of coastal popula-
tion change. It is noteworthy that these
changes are evident in a region where
all countries register negative total
population growth, including Croa-
tia (UNPOPIN, 2005a,b). Also, these
changes have occurred over fewer than
10 years, suggesting they would not have
been picked up in normal decadal cen-
sus studies. These population dynamics
are important to the present argument.
Increased coastal population means a
greater number of humans at risk from
coastal hazards (such as hurricanes and
tsunamis). And, new human settlements
replace, or critically fragment, biological
habitats (such as mangroves, coral reefs,

and coastal wetlands) that (among other
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is Assistant Professor, Environmental, Earth
and Ocean Sciences, University of Massa-
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social benefits) provide natural buffers to
coastal hazards.

As populations migrate to coastal ar-
eas, human susceptibility to ocean and
coastal disasters will become an increas-
ingly important political and social issue.
These disasters are the result of cyclical
and seasonal fluctuations (i.e., hurricane
seasons), long-term trends in climate
variability, and geologically driven events
(e.g., tsunamis). Whatever the underly-
ing causes of these natural disasters, their
human health and economic impacts are
indisputable. Recent world events have
brought ocean-related natural disasters
to the forefront of public consciousness,
including Hurricane Katrina in the Unit-
ed States and the Asian tsunamis (see
article by Keim, this issue and case study
by Miller, this issue).

Even a year after landfall, accurate
estimates of the loss of life from the De-
cember 2004 tsunami are challenging
to acquire. What is clear is that between
200,000 and 300,000 people died that
day (NYT, 2005; FAO, 2005b). Although
the wave heights estimated for certain
parts of Banda Aceh and Aceh Provence
could have been little mitigated by a
broader buffer of natural habitat, the
same clearly cannot be said of other ar-
eas. Although coastal development did
not itself generate the tsunami, the na-
ture of the development, and the associ-
ated vulnerability of nearshore popula-
tions were factors that increased the risk
impact of the event.

The same can be, and has been, said
of the devastation of Hurricane Katrina.
Even absent speculation about the in-

creased intensity or frequency of great

storms being linked to global warming,
the level of human risk is a result of the
nature and location of coastal develop-
ment. At least 1,400 peopled died as a re-
sult of the storm and associated flooding.
With an estimated economic damage
loss in excess of US $ 75 billion, Katrina
will mark the costliest tropical cyclone

to ever make landfall to date (Knabb

et al., 2005).

These two events provide sobering
examples of the catastrophic potential
of natural disasters on overly populated
coastal regions. Although the natural
causes leading to these disasters are quite
notably different, they both provide par-
allel lessons for future disaster mitigation
and policy response. A fundamental les-
son from both events is the differential
impact that natural disasters have on
socially vulnerable coastal populations.
Economic disparities can be mitigated
with better information on socio-eco-
nomic status of at-risk populations,
continued assessment of extent and in-
tegrity of coastal habitat, effective land-
use regulation, and aggressive disaster
warning and evacuation (particularly

for at-risk populations).

LAND-BASED SOURCES OF
POLLUTION AND SEAFOOD
CONSUMPTION

The increasing coastal population
around the globe is outpacing the envi-
ronment’s capacity to assimilate human
and industrial wastes (see case study by
Bowen et al., this issue). Point-source
discharges of untreated wastewater and
sewage, as well as industrial and agricul-

tural effluents, continue to pollute es-

tuarine and coastal systems. The general
theme of land-based sources of pollution
was addressed by the United Nations at
the turn of the millennium (GESAMP,
2001). One core conclusion is particu-
larly noteworthy:

Although there have been some no-
table successes in addressing problems
caused by some forms of marine pollution,
and in improving the quality of certain
areas, on a global scale marine envi-
ronmental degradation has continued
and in many places even intensified
(GESAMP emphasis).

Three broad categories of contami-
nants will focus the present assessment:
(1) industrial organic compounds and
metals, (2) un- or under-treated sew-
age (with a focus on the introduction of
enteric pathogens), and (3) agricultural
chemicals including fertilizers. Although
the impacts on human health of devel-
opment-driven, land-based sources of
pollution must be addressed within an
integrated context, the confines of the
current effort move us to assess risks of
industrial chemicals through seafood
consumption and wastewater intro-
duction of enteric pathogens to coastal

tourism risk.

Industrial Organics and Metals
Shifts in population concentration bring
supporting industries and commercial
expansion. The primary international
focus in this contaminant class has been
on the so-called Persistent Organic Pol-
lutants or “POPs”2. Because thousands
of new industrial compounds are intro-
duced each year, it is nearly impossible

to factor an accurate assessment of the

2 The term “POPs” can be confusing. The literature uses the term to reference (1) the broader class of industrial organic compounds and (2) the group of 12 substances covered by the Stock-

holm Convention on Persistent Organic Pollutants (POPs) (http://www.pops.int/). The present effort uses the more expansive definition.
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Figure 2. Agricultural chemicals (pesticides and fertilizers) have witnessed significant growth over the past generation. It is essential to man-

age introduction of these chemicals into coastal watershed systems. Source: Tilman et al. (2002).

total production of organics with po-
tential human health risks. We should
recognize, however, that most POPs of
contemporary concern in the marine
environment are synthetic compounds
produced for the benefit of human so-
ciety. Their beneficial features must be
weighed against their negative effects
on human health and the environment
(GESAMP, 2001) (see article by Dewail-
ley and Knap, this issue and case study
by Dewailly, this issue).

However, two points need to be
stressed. First, there is a clear and global
need for long-term, integrated and sus-
tained efforts to assess environmental
conditions in coastal waters. Without
better information on the potential and
real contaminant burdens bioaccumu-
lated in seafood, accurate assessments
of risk potential are impossible. Equally
important is the need to comparably
and consistently determine the source of
disease in humans and levels of seafood
consumption by source. While concern
over human risk is warranted given
available information, true risk values
cannot be measured without more de-

termined, comparable, and consistent
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surveillance systems for seafood-sourced
chronic disease. At present, appropriate
surveillance programs around the world
are, at best, limited and, more often,

non-existent (Todd, in press).

Agricultural Chemicals
Changes in habitation patterns are typi-
cally associated with changes in agri-
cultural land use and practices. Figure 2
highlights long-term production levels
of both agricultural pesticides and com-
mercial fertilizers (Tilman et al., 2002).
Over the last 25 years, total global pro-
duction of pesticides has more than dou-
bled. These compounds provide essential
benefits to humankind by improving
access to food and reducing malnutri-
tion. However, as with POPs, these ben-
efits must be viewed within the context
of sustainable industrial and agricultural
development. Better, more effective, and
integrated management of agricultural
practices (particularly in coastal water-
sheds) can mitigate the nutrient impacts
of fertilizers and the potentially toxic ef-
fects of certain pesticides.

Studies addressing the Adriatic region

(including Croatia) and nearby coastal

waters suggest a focus on the health risks
of mercury and polychlorinated biphe-
nyls PCBs (see case study by Bowen et

al., this issue).

Mercury/Methyl Mercury
Although Mercury (Hg) is a naturally
occurring element, it is introduced to the
marine environment from both natural
and anthropogenic sources. Mercury

is the byproduct of many industrial
processes, notably coal burning, vari-
ous manufacturing practices, and waste
incineration. Once introduced into the
aquatic environment, it is rapidly trans-
formed by bacteria into a more toxic
form, methyl mercury (MeHg). This
highly lipophilic compound is respon-
sible for mercury’s more toxic effects

and is biomagnified in the environment
(Dewailly et al., 2000), leading to tissue
levels in larger organisms (such as hu-
mans) that can be much higher than am-
bient background.

Methyl mercury has both acute and
chronic health effects; as a neurotoxin, it
is of particular concern in fetal exposure
and childhood development (Grandjean
etal.,, 1997, 2003). The acute result of
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case stupy: Croatia

BY ROBERT E. BOWEN, ANAMARIJA FRANKIC, AND MARY E. DAVIS

CROATIA AND COASTAL
POPULATION

Croatia is a complex mix of coastline and

1,246 fringing islands. Many of these islands
have full-time resident populations, while many
others are visited regularly by recreational bath-
ers in season. The Croatian coastline is home to
1.68 million people, which represents about 38
percent of the total national population (WRI,
2005). During the summer, an additional one
million tourists visit the coast (MMTPR, 2005).
In addition, the Adriatic Sea receives human
and industrial waste from a resident watershed
population of 15 million. Wastes from this wa-
tershed system make up approximately 35 per-
cent of the total pollution load flowing into the
Mediterranean (Kucpilic, 2005) (see Bowen et
al, in press; Dewailly and Knap, this issue; De-

wailly, this issue; Dufour and Wymer, this issue).

CONTAMINANT BURDENS IN
CROATIAN SEAFOOD

The Adriatic Sea is located in the northeastern
Mediterranean and is strongly influenced by
the Po River watershed. It is characterized by
low precipitation, high evaporation, low tidal
action, low nutrient content, low suspended
load, and low biological productivity. Several
studies have addressed the question of con-
taminant burdens in commercially available
fish in or near Croatian waters. Those studies
argue that an initial focus on levels of mercury
and polychlorinated biphenyls (PCBs) may be
warranted (CIESM, 2004).

Mercury

Several papers concerning concentrations of
mercury and methyl mercury in fish caught
in the Adriatic and Mediterranean were pub-
lished between 2000 and 2003. In Storelli and
Marcotrigiano (2000, 2001), the total mer-

cury in megrim (112 samples), common sole

(100 samples), striped mullet (312 samples),
angler-fish (120 samples), and black-bellied
angler (156 samples) caught in the South Adri-
atic Sea was measured. These species represent
a mix of benthic (bottom-feeding) and pe-
lagic (water-column feeding) fish. The benthic
anglerfish species contained concentrations
of mercury as high as 2.22 mg/kg, with means
of 1.3 mg/kg for anglerfish and 0.7 mg/kg for
black-bellied angler. A correlation between the
size of fish and the concentration of methyl
mercury was also observed in each species.
Regulatory standards vary from country to
country; however, 1.0 mg/kg is generally consid-
ered the trigger for management action.
Higher concentrations of methyl mercury
were observed in bluefin tuna with a mean of
1.02 mg/kg for tuna (range, 0.07-4.26 mg/kg).
Storelli et al. (2002) reported results for mer-
cury/methyl mercury in tuna and sharks taken
in the Adriatic Sea. The average concentration
of mercury in spiked dogfish (Squalus acan-
thias) was 6.5 mg/kg—six times the common
regulatory limit. In addition, mercury concen-
trations in commonly consumed fish in Croatia
were examined in 2003. Hake (three samples)
was found to contain mercury at an average
concentration of 0.375 mg/kg. Anchovies, sar-
dines, bogue, mackerel, and mussels all con-
tained mercury at an average concentration of

< 0.28 mg/kg (Juresa and Blanusa, 2003).

PCBs

A more limited set of recent studies has re-
vealed levels of concern for PCBs in regional
seafood. One study reports on the monitor-
ing of chlorinated hydrocarbons in meat and
fish in Croatia. Four hundred and sixty-six
fatty-tissue samples of beef, pork, poultry, and
fish were assayed between 1992 and 1996 for
chlorinated hydrocarbons, including HCB,
alpha-HCH, lindane, DDT and metabolites,

and total PCBs. Samples were divided into
two groups: (1) meat and fish imported to
Croatia and (2) meat from Croatian farms and
fish from the Adriatic Sea. However, PCB lev-
els in domestic fish were considerably higher
(average 0.046 mg/kg) than in imported fish
(0.006 mg/kg) (Kipcic et al,, 2002). Although
these absolute numbers do not register an
acute health concern, they do suggest levels
of domestic product as holding comparatively

higher amounts of PCBs than imported norms.

CROATIAN COASTAL TOURISM
AND BATHING-WATER QUALITY
The Mediterranean is the world’s number one
tourist destination, generating one-third of
global tourist revenues. Today, 63 percent of
European tourists prefer the coast as a primary
holiday destination. In Croatia, recent research
suggests that overall tourism contributed
30 percent of total Gross Domestic Product
(GDP) (US $20.6 billion). In 2005, 10 million
tourists visited Croatia, and recent government
documents have established a goal to achieve
11 million by 2010 (MMTPR, 2005).

A significant risk vector for coastal tour-
ists is direct contact at bathing beaches, with
monitoring and beach closing as the dominant
management tools. In Croatia, recent monitor-
ing indicates promising results. Water-qual-
ity testing at beaches during 2003 and 2004
showed that 98 percent of samples complied
with the standards set forth in the “Regulation
on Bathing Water Quality Standards” (MZOPU,
2004). This regulation is based on the European
Council Directive 76/160/EEC Concerning the
Quality of Bathing Water (based on the “An-
napolis Protocol”). Sea-water quality at beaches
in Croatia has been monitored since 1988
(MZOPU, 2004).
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methyl mercury exposure is damage to
the central nervous system (concentra-
tions of 1-2 mg/kg in brain tissue can
produce these effects). Although these
short-term, high-concentration expo-
sures are an important public health
concern, it is low-level chronic exposure
that holds the biggest potential human
health threat. Human populations with
high seafood consumption have the
greatest risk of elevated MeHg in their
tissues and are, therefore, more suscep-
tible to its neurotoxic and development
effects. These health concerns are mag-
nified for a developing fetus and young
children. Recent studies reported that
highest human concentrations and re-
lated health effects were found in subsis-
tence fishing populations in far northern
latitudes (Marsh et al., 1995; Lebel et al.,
1996; Gaggi et al., 1996; Clarkson, 2002).

SANITATION, GLOBAL COVERAGE, 2000

Polychlorinated Biphenyls
Polychlorinated biphenyls (PCBs) are
man-made chemicals that, unlike mer-
cury, are not naturally encountered in
the environment. Although PCBs are

no longer manufactured in the United
States, the persistent nature of these pol-
lutants leads to human exposure decades
beyond chemical production. PCBs con-
sist of 209 individual compounds (also
known as congeners) and exposure to
each of these compounds is associated
with different levels of human-health
risks, including carcinogenicity, neuro-
toxicity, and developmental disabilities
(as an endocrine disrupter) (Grand-
jean et al., 2001; Knap, et al., 2001; IOC,
2001). Similar to methyl mercury, fish

consumption remains the major route of

exposure to PCBs.

Wastewater Treatment
Un- and under-treated sewage is the
dominant challenge to coastal environ-
mental quality in much of the world
(see Dufour and Wymer, this issue; case
study by Laws, this issue). Recent his-
tory suggests a marginal improvement
in global access to wastewater sanitation
services. In 1990, for example, 55 percent
of the global population had sanitation
coverage, which increased to 60 percent
by 2000. However, in areas of highest
population growth—high-density rural
areas and certain regions (i.e., Asia and
Africa)—access to improved wastewa-
ter sanitation was well below 50 percent
(WHO, 2000). Figure 3 conveys regional
differences in sanitation-treatment levels.
Untreated human and animal
wastes can introduce pathogens into

the coastal environment that present

Sanitation
coverage

I 0% - 25%
[ 26% - 50%
[] 51%- 75%
B 76% - 90%
W 91%- 100%
[] Missing data

Figure 3. Most areas of the globe with high population growth rates hold the lowest levels of improved sanitation coverage. Source: WHO (2000).
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significant human-health challenges.
The primary route of human exposure
to aquatic pathogens is the consump-
tion of contaminated seafood. There is
a large amount of epidemiological and
toxicological evidence on human risks
of infectious disease from this source
(NAS/IOM, 1991; Mead et al., 1999;
Burke et al., 2000; Shuval, 2003).

ENTERIC PATHOGENS AND
COASTAL TOURISM

Coastal tourism is the largest and fastest-
growing industrial/commercial sector
in most coastal regions. Indeed, inter-
national tourism has increased nearly
400 percent since 1970, with approxi-
mately 700 million international tourist
arrivals estimated for 2005 (UNWTO,
2005). While a majority of these tour-
ists are not coastal visitors, a significant
minority does visit the coast and bathe

in coastal waters (see case study by Laws,

this issue). This bathing can be a risk
pathway for a variety of human illnesses.

The direct ingestion of seawater and
dermal exposure to contaminated water
and sediments (Clark et al., 1997; Shu-
val, 2003) can lead to gastrointestinal,
dermal, respiratory, eye, ear, nose, and
throat infections. The WHO (1998), for
example, has estimated a 5 percent risk
exposure for gastrointestinal illness for
a healthy bather even in coastal water
deemed “acceptable” by national/inter-
national standards. For more contami-
nated waters, the direct contact risk is
obviously greater.

The policy response to such human
health risks has come largely in the form
of improved and increased monitoring
of recreational waters and limiting access
when warranted. The WHO and the U.S.
Environmental Protection Agency (EPA)
have proposed a global and integrated

monitoring protocol for recreational

Total Number of Beach Closings and Advisory Days: 1988-2003

bathing waters. The so-called “Annapolis
Protocol” (WHO, 1999) is an effort to
build a universally accepted approach to
bathing-risk monitoring.

The importance of monitoring is well
represented by the data in Figure 4. They
were collected by a coalition of U.S. local,
federal, and non-governmental organi-
zations over a fifteen-year period. These
data show that the annual number of
beach closings has increased exponen-
tially (from around 400 in 1988 to more
than 18,000 in 2004) over that period
(Dorfman and Stoner, 2004 ). The over-
all quality of U.S. coastal waters has not
significantly degraded over that period
(USEPA, 2001; Pew Oceans Commission,
2003). Rather, these data show that rou-
tine monitoring is necessary to under-
stand and manage direct contact risk for
recreational bathers.

The more active the monitoring pro-

gram, the more aggressive governments

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
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Figure 4. Aggressive monitoring has indi-
cated the need to close beaches to recre-
ational bathing to mitigate risk exposure.
This growth in closings is evident during a
period when overall coastal environmental
quality was either improving or in marginal
(not exponential) decline.
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can be in mitigating disease. Govern-
ments dependent on coastal tourism,
such as Croatia, should look upon the
use of internationally sanctioned beach-
monitoring programs as clear and cer-
tain opportunities to more aggressively
manage and market the safety of recre-

ational bathing in coastal waters.

CONCLUSIONS

A significant body of evidence argues
that the dynamics of human coastal
populations and associated land-use
have imposed increased, and in some in-
stances, substantial human health risks.
While we do not suggest governments
forgo coastal development, it is increas-
ingly clear that future development must
be based on better-informed and more
sustainable management practices. Dur-
ing the last fifteen years, enormous effort
has been dedicated towards the design
of long-term, integrated, and sustained
assessment protocols for coastal areas.
At the international level, the Global
Ocean Observing System (IOC, 1996,
2001, 2003, 2005), the Coastal Panel of
the Global Terrestrial Observing Sys-
tem (FAO, 2005a), and the Integrated
Global Observing Strategy (http://www.
igospartners.org/) have all developed
design/implementation plans to address
this need.

In the United States, the recent U.S.
Commission on Ocean Policy report
(2004) called for a domestic integrated
and sustained monitoring effort. The
United States has created a national of-
fice for Integrated and Sustained Ocean
Observations (http://ocean.us/) as a
response to both global and national ef-
forts. Therefore, the central challenge is

not the availability of rigorously defined

70 Oceanojmph)/ | Vol. 19, No. 2, June 2006

plans—they are most clearly in place.
Rather, the challenge to governments is to
embrace these implementation plans as
essential to the sustainable development
of coastal regions and as vehicles to miti-

gate associated public-health risks.
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