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Opinion
This paper presents the findings of our fourth annual
horizon-scanning exercise, which aims to identify topics
that increasingly may affect conservation of biological
diversity. The 15 issues were identified via an iterative,
transferable process by a team of professional horizon
scanners, researchers, practitioners, and a journalist.
The 15 topics include the commercial use of antimicro-
bial peptides, thorium-fuelled nuclear power, and under-
sea oil production.

Why use horizon scanning?
Horizon scanning, the systematic search for, and examina-
tion of, potential threats, opportunities, and developments
that are not widely recognised [1], is the first step in
identifying, analysing, and communicating hypotheses or
insights about the future. Additional steps may include
trend research and scenario planning. Futures research,
including horizon scanning, was developed first during
World War II. It became popular in the business sector
during the 1960s as a means of projecting multiple future
scenarios, which may increase the ability of an organisa-
tion or society to respond if the projections are accurate.
Methods of, and insights from, futures research are cur-
rently used by both private and public organisations to
inform diverse processes related to policy, risk assessment,
strategic planning, and innovation.
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There are several methods available for horizon scan-
ning. The approach we use, which has been adopted widely
in medicine [2–4], is restricted to the identification of
emerging issues. We do not present issues that are well
known to most ecologists, environmental, and conservation
scientists. Furthermore, we do not explore the potential
responses to the identified issues at length but the inter-
ested reader should consult Sutherland et al. [5,6], where
there is an annual, parallel assessment of forthcoming
legislation that may have environmental impacts.

Identification of issues
We used methods consistent with those applied in our
previous annual horizon scans [7–9]. The horizon-scanning
process is designed to be transparent and democratic [10].
Final identification of horizon issues was conducted by
professional horizon scanners, specialists in subdisciplines
of conservation science, and a journalist (henceforth, the
participants). Each participant, independently or in con-
sultation with colleagues, first suggested between one and
five issues that they considered to be emerging and of
global scope or relevance. At least 190 people were con-
sulted. Descriptions of the 72 suggested issues were sent to
all participants, who then each scored each issue on a scale
from 1 (well known, or poorly known but unlikely to have
significant consequences for biological diversity to 1000
(poorly known, yet may have substantial effects on biologi-
cal diversity). The scores were converted into ranks and a
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mean rank calculated for each issue. Participants were also
asked to indicate whether they already were familiar with
each issue. We excluded from further consideration the 29
issues with which over 60% of the participants were famil-
iar. The 28 issues with highest mean ranks, along with
those with which under 50% of the participants were famil-
iar, were considered further. For each of these 43 issues, two
to three participants, neither of whom suggested the issue,
were asked to research the topic further and summarise
existing knowledge for the benefit of other participants. We
identified two additional issues at a later stage in the
process that had been missed during the voting stage,
and assigned three participants to research them. Thus,
we considered 45 issues as candidates for the final set.

Participants convened in Cambridge, UK, in September
2012. The individuals who summarised knowledge on each
topic initiated group discussion, after which participants
again scored the topics as described above. The 15 issues
with the highest mean rank are presented here.

We group these 15 issues by approximate themes and do
not present them in order of priority. We did not aim to
examine all the potential ecological or social effects of each
issue. Instead, our aim was to present the issues to ecol-
ogists and conservation scientists for their consideration
and possible further exploration. We do this in a neutral
manner and to highlight effects that society might consider
either desirable or undesirable.

The issues
Rapid growth of concentrated solar power

Concentrated solar power (CSP) technologies could offer an
effective, renewable way of harnessing the energy of the
sun. These technologies are particularly suitable for
deployment in tropical and subtropical regions and in
deserts. Proponents of CSP suggest that, by 2030, CSP
may produce more than 100 times the electricity currently
used in Europe [11]. Typically, a CSP plant will cover
approximately 2–4 ha per megawatt of installed capacity
[12] (http://www.csptoday.com/reports/CSPinEU&MENA.
pdf); for example, Nevada Solar One, a CSP in the USA
with a capacity of up to 75 megawatts, covers approximate-
ly 160 ha. The relatively large areas of land necessary to
generate CSP may affect the viability of some species, but
these effects cannot yet be fully assessed. The effects of
CSP on the physical environment are expected to be rela-
tively minor. At present, CSP uses sunlight to heat water
and produce steam for electricity generation. Higher tem-
peratures can be achieved by replacing the water with
highly toxic mineral oils. Additionally, construction and
operation of solar power stations may require substantial
infrastructure development. Driven by environmental and
social concerns, public interest groups are forming to pro-
test against the conversion of public land into industrial
solar energy zones in the USA (http://summitcountyvoice.
com/2012/09/01/conservation-groups-protest-western-
solar-plans/). The growth of CSP is expected to be rapid
given that the USA, China, and countries in the Middle
East, Europe, and North Africa plan to add capacity. By
late 2010, facilities that would supply nearly 2.6 gigawatts
were under construction and expected to be operational by
2014 [13]. A dynamic assessment reveals that, by 2050,
CSP could provide 1000 gigawatts, meeting 13–15% of
global electricity demand [14].

Widespread development of thorium-fuelled nuclear

power

Ongoing, escalating demands for energy from both fossil
fuels and biofuels has driven extensive pollution, land-
cover change, and species loss. Nuclear power provides
energy without substantial emissions of greenhouse gases.
However, serious concerns persist over the safety of urani-
um-fuelled nuclear power plants, disposal of radioactive
waste, and inadvertent enabling of proliferation of nuclear
weapons. Emerging thorium-fuelled reactors may alleviate
some of these concerns. Thorium is three times more
abundant than uranium, generates more power, and pro-
duces 1000 times less radioactive waste [15]. Reactors that
use thorium cannot melt down and can also operate with
plutonium that might otherwise be used to create weapons.
Construction of thorium-fuelled reactors is underway in
China, India and Norway, with the USA exploring
their construction. However, thorium is a carcinogen
(http://www.atsdr.cdc.gov/substances/toxsubstance.asp?
toxid=121), and the potential effects of its acquisition and
release into the environment on species and human health
are poorly known.

Seabed-located oil drilling and processing

It is becoming more feasible to extract and potentially
process oil using equipment located entirely on the sea floor.
The technology and equipment to do this are being devel-
oped in several countries, including Ireland, Norway, and
the USA (see, for example, http://www.rds.no/seabed-rig/
technology and http://maris-eu.com/) [16]. In some cases,
the systems are unmanned, operated remotely using
robotics, but large manned submersibles are also being
developed as a means of servicing such installations
(http://www.theaustralian.com.au/business/mining-energy/
submarines-and-undersea-rigs-may-tap-into-arctic-oil-
riches/story-e6frg9df-1226256690351). The motivation for
these developments is to enable oil extraction in deep or
inaccessible waters. Drilling in Arctic waters, for example, is
a suggested use for the technology. Given that approximate-
ly 84% of undiscovered oil and gas resources in the Arctic are
thought to lie offshore [17], it seems likely that such tech-
nology will be deployed under Arctic ice. This will increase
the risk of an accidental oil spill under sea ice, including
under dynamic sea ice that is not landfast. There are serious
challenges in responding to oil spills under ice. Responses
could be strongly limited by an inability to track and access
spilled oil [18] or to model its likely spread accurately in the
Arctic environment [19].

Accelerating water cycle

The water cycle is obviously critical, so what may be the
consequences if it accelerates? The water-holding capacity
of air increases with rising temperature, and leads to
increased concentration of water vapour in the atmosphere
[20]. The increase in evaporation and moisture means that
more moisture is transported from divergence regions (i.e.,
the subtropics) to convergence zones in the tropics and into
storm tracks at higher latitudes. Thus, wet areas become
17
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wetter and dry areas become drier and, with changes in the
spatial patterns and frequency of precipitation, extreme
events become more likely. Ocean salinity patterns reflect
the intensifying global water cycle: relatively saline
regions are becoming more saline and salinity is decreas-
ing in less salty regions. Recent analysis of ocean salinity
measurements over the past 50 years have led researchers
to double their estimates of the rate of acceleration of the
water cycle [21]. If the Earth warms by 2–38C, as projected
by 2100, it is now estimated that the water cycle could
accelerate by 16–24%.

Proliferation of hydropower in the Andean Amazon

Nearly two-thirds of major rivers globally are affected by
dams [22], but this is concentrated in the northern third of
the world. The neotropics are now the new frontier for dam
construction, with known plans for the construction over
the next 20 years of 151 hydroelectric dams with generat-
ing capacities of more than 2 megawatts in the Andean
tributaries of the Amazon River [23]. Many of these dams
are predicted to have high ecological impact, including
reductions in river connectivity, forest loss in response
to dam-related infrastructure, such as transmission lines
and roads, fragmentation of land cover, and displacement
of indigenous communities in response to flow disruption
and flooding. Dams in the headwaters of the Amazon are
likely to change the river basin for hundreds, if not thou-
sands, of kilometres downstream, which could affect fresh-
water and terrestrial species and ecosystem functioning.
Little is known about the 400–600 species of tropical
Andean fishes, nearly 40% of which are endemic [24].
Dispersal of many of these fishes is limited by natural
rapids and waterfalls [25] and, therefore, dams may have
less of an impact than suggested by Finer and Jenkins [23].
Yet, dams assessed to have relatively lower ecological
impacts because of their location can meet 148% of pro-
jected new domestic energy demand across Ecuador, Boli-
via, and Peru by 2020. Experience in the Mekong River
basin [26] (http://www.mrcmekong.org/) suggests that a
commission can facilitate strategic transnational planning
and diplomacy across extensive river basins.

Species loss as a driver of global environmental change

Evidence is emerging that the effects of species loss on the
functioning of ecosystems (and, therefore, the delivery of
ecosystem services) may be more severe than was previ-
ously thought, and comparable in magnitude to the direct
effects of other global change stressors, such as climate
change. There has been considerable debate over the num-
ber of species necessary to deliver ecosystem services in a
given location. Long-term experiments initially indicated
substantial ecological redundancy. For example, plant
biomass production did not seem to increase as species
richness increased beyond a given level (for example Car-
dinale et al. [27]). However, evidence from two long-run-
ning experiments (13 years or more) has recently shown
that the effects of diversity on total biomass production
increase and become less saturating over time [28]. The
proposed explanation for these results was a combination
of increasing complementarity among plant species over
time, and incremental positive effects of plant diversity on
18
soil fertility. The results imply that if one looks over a
longer timescale, the effects of species loss on ecosystem
function at high levels of diversity may be much larger
than those shown by short-term studies. Meanwhile, meta-
analyses by Hooper et al. [29] estimated that local losses of
21–40% of plant species reduced total plant biomass pro-
duction by 5–10%. These reductions in productivity are
comparable to those previously documented in response to
increases in ultraviolet radiation and global temperature.
Losses of 41–60% of plant species had effects on plant
biomass production similar to those of elevated concentra-
tions of ozone and carbon dioxide, soil acidification, or
nutrient pollution. Taken together, these studies suggest
that biodiversity loss itself is a driver of global environ-
mental change, rather than a response to it, in a way that
has not been fully appreciated.

Vegetarian aquaculture feed

Concerns that many forms of aquaculture are unsustain-
able due to their heavy reliance on fishmeal and oils
derived from wild-caught fish have been voiced regularly
(for example, Naylor et al. [30]). One possible solution is to
use alternative protein sources, including vegetable-based
sources, in aquaculture feed. This is already happening in
response to increasing fishmeal prices. There were large
reductions in the average inclusion of fishmeal in com-
pounded feed for the major farmed species between 1995
and 2010 and the trends are expected to continue [31].
Despite this, demand for fishmeal and fish oils has contin-
ued to rise, due to overall growth in aquaculture worldwide
[32,33]. Fish and shellfish farming has been the fastest-
growing food-producing sector for decades [31]. The pro-
portion of aquafeeds contributed by plant-derived proteins,
such as soy, wheat, and corn derivatives, is likely to
increase further. New developments include selection
and genetic modification to alter the composition of both
vegetable feed sources and aquacultured organisms,
changes to the processing of aquaculture feed, and new
sources of aquaculture feed. New sources may include
terrestrial animal by-products, waste matter from biofuels
and brewing, and derivatives of bacteria, yeast, and micro-
algae [31]. These changing demands bring aquaculture
into more direct competition with arable and livestock
farming for land and resources. Their direct and indirect
effects have yet to be analysed on a global scale.

Rapid rise in global demand for coconut water

There has been a rapid increase in demand for coconut
water in the USA, Europe, and other large markets (http://
arnoldonethicalmarketing.brandrepublic.com/2012/06/
11/coconut-water-the-next-big-trend-and-billion-dollar-
market-in-soft-drinks/). This is partly in response to claims
that it has high potassium content but low levels of fat,
carbohydrate, and sodium (http://www.motherjones.
com/blue-marble/2010/07/coconut-water-sports-drinks).
In 2010, commercially packaged coconut water was mostly
sold in Asia, with a few brands available in specialised food
outlets in the UK and USA. By 2012, over 20 coconut water
brands had emerged in the UK and the product was
stocked in mainstream supermarkets. In the USA, major
beverage producers, such as PepsiCo and Coca-Cola, either
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purchased or bought shares in smaller companies based in
coconut-producing countries. Exports from coconut-grow-
ing areas across the world have increased by hundreds of
per cent since 2010, with the Philippines reporting a 300%
increase in exports in the first quarter of 2012 (http://
www.pca.da.gov.ph/pr063012a.php). The area of cultivat-
ed coconut Cocos nucifera may increase to meet this grow-
ing demand, driving land-use change and potentially
affecting ecosystems in some areas. A recent study on an
uninhabited Pacific island found much lower seabird abun-
dance in areas with coconut palm, relative to areas domi-
nated by native tree species [34], and consequently lower
nutrient additions to local soils. However, to examine the
effects of the potential land-use change, the environmental
impacts of coconut cultivation would need to be compared
to those of other crops, as well as native vegetation, in
appropriate localities.

Detecting aquatic species with environmental DNA

Environmental DNA can be extracted from samples of air,
water, and soil, without the need to capture the target
species. This molecular technique [35] is being used to
detect the presence of aquatic vertebrates in wetlands,
large rivers, canals, and streams, and has the potential
to make surveys of aquatic species more effective. Exam-
ples include detection of the secretive Rocky Mountain
tailed frog Ascaphus montanus and Idaho giant salaman-
der Dicamptodon aterrimus in the northwestern USA [36].
Invasive American bullfrogs Lithobates catesbeianus were
detected at 38 sites in southwestern France, whereas
traditional auditory and visual surveys recorded bullfrogs
at only seven of these sites [37]. Environmental DNA in
water samples is also being used to detect alien invasive
carp Hypophthalmichthys spp. that have colonised the
Mississippi River basin and may be on the verge of entering
the Great Lakes [38,39]. Reliable detection of species at
very low densities and at all life stages in a variety of
ecosystems, if proven effective (see Casey et al. [40]), can
aid the conservation of threatened species and the man-
agement of alien invasive species.

Use of coral nurseries for reef restoration

Past efforts to restore coral reefs have focussed on providing
hard infrastructure (artificial reefs) for new coral growth,
with varying success. Recently, there has been considerable
investment in the nursery propagation and cultivation of
corals from coral fragments and sexually produced propa-
gules [41–43]. Coral nurseries are a particularly promising
new technique. Some nursery designs and locations have led
to reduced predation and incidence of disease and corals
surviving better following extreme events (e.g., Nedimeyer
et al. [44]). Efforts are made to ensure high genetic diversity
in coral nurseries, which may facilitate conservation of
genetic variation [45]. Future development may include
selection of corals that are more resilient to increases in
both ocean temperature and acidification. In the Caribbean,
where the major reef-building corals are now rare (http://
www.iucnredlist.org), there are now at least ten coral nurs-
ery areas. Tens of thousands of coral colonies are under
propagation, and initial efforts are underway to plant nurs-
ery-reared corals back into natural reef settings.
Forest conservation and restoration by micro unmanned

aerial vehicles

The use of micro unmanned aerial vehicles (drones) in
forest conservation has grown over the past few years.
Their potential uses include species surveys, land-cover
mapping, and patrolling of illegal activities [46] (http://
www.conservationdrones.org). A conference in Chiang Mai
in 2013 will consider the use of drones in forest restoration,
for example for aerial seeding. Currently, the most com-
mon method for revegetating tropical forests is to plant
tree seedlings raised in nurseries [47]. However, this
method can be expensive and labour-intensive [48,49].
An alternative, collecting and planting local seed, can be
effective for tree species with medium or large propagules
[50], and can be substantially cheaper than raising and
planting seedlings [49]. Seeds currently can be sown from
planes and helicopters (e.g., Wenhua [51]), but doing so can
be prohibitively expensive for some restoration pro-
grammes and dangerous, particularly in mountainous
areas. Accordingly, interest is growing in the potential
to use remotely controlled drones for aerial seeding. The
vehicles could be modified to carry small loads of seeds,
treated to improve the probability that they will germinate
and survive, to precise locations. Advances in global posi-
tioning system technology could make such a process
highly automated. The drones could also be used for tar-
geted spraying of herbicides, and to scout for, capture
images of, and record the locations of trees from which
seeds might be collected.

The 3D printing revolution

Three-dimensional (3D) printing, or additive manufactur-
ing, is the process of generating products from materials
deposited in successive layers on the basis of digital infor-
mation (http://smarthouse.com.au/Automation/Industry/
U4M5U7A3). This differs from traditional machining pro-
cesses where items are produced by shaving away or
moulding blocks of raw materials. 3D printing has been
used to produce reactive vessels, which could lead to the
synthesis of prescription drugs at home [52] (http://
www.bbc.com/news/technology-17760085). Synthetic body
parts have already been produced with 3D printers (http://
www.bbc.com/news/technology-16906549), and so-called
‘bioprinters’, which use biological materials, such as skin,
cartilage, and bone, and could be used to print replacement
body parts for use in surgical operations (http://www.
phys.org/news/2011-02-3d-bio-printers-skin-body.html).
Recently, researchers fabricated objects on a nanometre
scale (http://www.tuwien.ac.at/en/news/news_detail/
article/7444/). As the cost and size of 3D printers declines
(http://www.bbc.co.uk/news/technology-19665625), ready-
to-use desktop 3D printers may initiate a new economy that
designs and manufactures on demand (http://venturebeat.
com/2012/05/29/bukobots-600-open-source-3d-printer-
close-to-being-a-reality/) and has even been referred to as
‘the next industrial revolution’ (http://smarthouse.com.au/
Automation/Industry/U4M5U7A3). The environmental
effects of a society that only prints what is needed could
include waste reduction and decreased emissions from
transporting manufactured goods. Additionally, spare parts
could be printed in remote regions. However, printing on a
19
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whim could lead to an increase in resource consumption,
higher energy demand due to transportation of raw materi-
als, and pollution, if storage or disposal of chemicals used in
household-level printing are haphazard.

A link between biodiversity, allergy, and autoimmune

disease

Evidence now suggests that the diversity of environmental
microorganisms to which humans are exposed may be
important in regulating human immune systems, through
maintaining commensal microbial communities [53].
Hanski et al. [54] found that the atopic individuals (prone
to allergy) in a random sample of adolescents had lower
microbial diversity in their home surroundings and lower
bacterial diversity on their skin, compared with healthy
individuals. The potential role of exposure to microbes,
other animals, soil, and faeces in reducing the incidence of
allergies has been widely discussed [55]. Indeed, exposure
to diverse microbial species by children growing up on
farms has been repeatedly associated with lower rates of
allergy, hay fever, and asthma than in the absence of such
exposure [56]. Promoting interaction with nature, cultivat-
ing and increasing the species richness of natural commu-
nities in urban and suburban environments, and
supporting organic food production may therefore be found
to combat steadily increasing rates of allergy and autoim-
mune disease [57].

The commercial use of antimicrobial peptides

Antimicrobial peptides are widely used in the healthcare
sector in developed countries and in the agricultural sector
for controlling plant pathogens. Recent advances in their
commercial use include the creation of biologically active
films to replace traditional wrappings on food products,
such as meat (e.g., Schwemmer et al. [58]). Antimicrobial
peptides are a key part of immune systems that evolved in
most living organisms over 2.6 billion years [59]. They have
many roles, including rendering skin and mucosal surfaces
immune to microbes, such as bacteria, viruses, fungi, and
parasites. Antimicrobial peptides break down the mem-
branes of bacteria and microbes, and it is possible that
using antimicrobial peptides as commercial antimicrobials
could drive the evolution of pathogens that are resistant to
peptides associated with the immune systems of humans
and other mammals, plants, and amphibians. The rapid
development of such resistance in the bacterium Staphy-
lococcus aureus was demonstrated in the laboratory [60].
There is only poor understanding of the environmental
transport and fate of antimicrobial peptides, and their
effects on humans and other animals when they are widely
used in the environment.

Synthetic genetics

Three groups of chemists have recently developed synthet-
ic forms of nucleic acid that could function in living organ-
isms. Pinheiro et al. [61] described six alternative types of
genetic polymer similar to DNA and RNA, but that are not
found in nature. They called them ‘xeno-nucleic acids’
(XNAs) and showed how they can be synthesized from
DNA, or transcribed back into DNA using engineered
versions of the kind of high-fidelity enzymes that copy
20
natural DNA. Two other groups have also reported high-
fidelity replication of DNA molecules containing synthetic
nucleotides [62]. These developments potentially enable
researchers to write new functions into DNA, which could
facilitate a wide range of advances in biotechnology and
medicine. Applications to biotechnology and medicine are
unlikely to be immediate because significant research
challenges remain, including incorporation of novel genetic
polymers into cells and demonstrating that modified XNAs
are transcribed into RNA then translated into novel amino
acids Nevertheless, the scope to genetically modify organ-
isms in new ways could be substantial. The effects on
species remain unclear because specific applications of
synthetic nucleic acids have not been developed. Previous
work has shown that the use of genetically modified organ-
isms can affect wild species and ecosystems in a variety of
different ways [63]. Firbank et al. [64] suggest that each
newly introduced trait needs to be risk-assessed with
large-scale field trials to identify possible impacts.

Concluding remarks
As in previous annual horizon scans, many of the issues we
identified for 2013 address new forms of energy production,
changes in means of producing or storing food, and syn-
thetic biology. Three of the issues relate to new methods for
monitoring or restoration of vegetation.

It is possible to classify the horizon issues we identify
into three categories. First, there are new applications of
existing ideas or technologies, such as unmanned aerial
vehicles for forest restoration, or antimicrobial peptides
used for meat wrapping. A second category of issues rep-
resent forthcoming rate changes or phase shifts in the
application of a well-known existing idea or technology.
Examples of this category include thorium-fuelled nuclear
power, the accelerating water cycle, CSP, vegetarian aqua-
culture feed, and increasing demand for coconut water.
Third, there are innovations or new observations with no
existing equivalent. Synthetic genetic polymers perhaps fit
in this category.

As an illustration of how identification of issues on the
horizon might be applied to practice, a group of organisa-
tions with conservation interests selected horizons most
closely related to their interests from the results of a
previous annual horizon scan. Some were of immediate
concern and warranted social or political action, whereas
others were identified for which action can be delayed until
the issues develop and their relevance becomes more clear
[65].

In undertaking the horizon scan for 2013, our aim was
not to identify problems but to identify issues that could
affect the environment in ways that society might consider
either positive or negative. For example, the possible
revolution in 3D printing could result in major shifts in
the manufacturing industry, but the environmental effects
are hard to anticipate. Another set of examples is the many
issues we identified in this and previous horizon scans
related to alternative energy sources. It typically has been
assumed that development of an inexpensive, widely avail-
able, environmentally neutral energy source would be
preferable to continued dependency on fossil fuels. Yet,
we think that it is worth considering how society might
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respond to cheap, unlimited energy. Would society harvest
more natural resources and manufacture more goods,
leading to increased waste production? Would humans
travel more as energy costs fell? Exploring the long-term
effects of cheap energy might inform assessment of the
potential effects on natural ecosystems and species. Many
of the issues identified here are likely to have complex
effects upon society, and underline the changing roles of,
and approaches used by, conservation professionals today.

Finally, another common feature of emerging issues
relating to a new material or technology, is that there is
usually an exponential increase in use associated with new
products or services that flood commercial markets around
the world. This preliminary phase is often followed by the
emergence of concerns that there may be associated unex-
pected, new, health, and safety concerns that require
investigation. Consequently, a phase of environment and
human health risk assessments and evaluations are initi-
ated, which again follow an exponential trajectory. As they
yield new information and knowledge, a third phase begins
in which regulations and new standards are developed and
deployed, and monitoring programmes are initiated to
ensure compliance. This series of phases was described
in greater detail by Linkov and Satterstrom [66]. They
estimated that the time interval between the first phase of
a new technology or material being introduced in new
products and services, to the third phase of the introduc-
tion of effective regulation and monitoring, is on the order
of 10–15 years. Owen et al. [67] pointed out that, during
this interval, the ecosystems and their component organ-
isms are largely unprotected and human health is left
vulnerable to adverse effects.
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