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ABSTRACT 

The active chemicals in sunscreen formulations are released into the environment from human 
skin, and found in recreational-use waters like seawater, but can also be washed into fresh water 
from bathing and showering. The level of sunscreen chemicals found in samples varies consider-
ably between regions, time of year (higher in summer months), and time of day. Average typical 
concentrations are only in the nanograms per litre (ng L−1) range in marine and fresh water 
systems, and typically, the highest levels are in waste-water sludge because of a concentrating 
effect during the treatment process. From numerous studies, it is known that the active chemicals 
in sunscreens can have potential hormonal/oestrogenic activity and non-hormonal effects, includ-
ing: acting as teratogens, altering gene regulation, inducing changes in antioxidant and free radical 
production, and inducing coral bleaching. However, the effects of sunscreens on aquatic life under 
laboratory conditions typically occur only at concentrations (µg or mg L−1) that far exceed 
(10–10 000-fold) levels found in the environment. As such, when damage does occur to reefs and 
animal life, there are often other causes that are more likely impacting the aquatic life including 
changes in water temperature, water turbidity, elevated nutrient levels, and the presence of 
pesticides and medicines used for human and animal health.  
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Introduction 

Sunscreens are topical pharmaceutical and cosmetic formulations designed to prevent 
damage to human skin either through the scattering or the absorption of UV light.[1] 

Within the formulations, the products contain a range of different chemicals including 
oils, surfactants, fragrances, antimicrobial preservatives and the active pharmaceutical 
ingredients (APIs). All sunscreens contain one of two types of APIs, either metal oxides 
(zinc oxide/titanium oxide) or organic UV filtering chemicals.[2,3] Examples of some 
organic APIs are shown in Fig. 1. 

As with all consumer cosmetics and personal care products, the use of sunscreens is 
not risk-free to either humans or the environment. The side effects to humans are 
expected to be rare, at a rate of less than 1 in 1000;[4] the most common of these include: 
rashes, skin irritation and photo-allergic contact dermatitis. While some limited research 
has shown that specific sunscreen ingredients may have endocrine-disrupting effects,[5] 

government agencies in various nations, including the Therapeutic Goods Administration 
(TGA) in Australia, have declared them safe for human use.[6] 

There is some concern about the human health effects of nanoparticle-containing 
sunscreens.[7] Specifically, the concerns centre on formulations that contain nano-
particles of titanium oxide or zinc oxide, which researchers have hypothesised are better 
able to penetrate the skin of humans compared with normal sunscreen formulations, 
thereby leading to higher levels of the chemicals in the blood stream and organs. These 
concerns have been demonstrated to be unfounded in numerous studies, including 2018 
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research that has shown that zinc oxide nanoparticles 
had no penetration through human skin, or any signs of 
toxicity.[8] 

In addition to the perceived human health threats of 
sunscreen ingredients, over the last two decades, many 
researchers have investigated a link between the APIs of 
different sunscreen formulations and their toxicity to aquatic 
life. Because they can be found in different environments 
around the world, it is now common for many research 
studies to refer to sunscreen ingredients as ‘emerging con-
taminants’.[9] That APIs from sunscreens can contaminate 
the environment is not disputed. 

While several governments and non-governmental organi-
sations (NGOs) are advocating for a ban on specific sunscreen 
ingredients, it is unclear how much the evidence supports 
these positions. Evaluating the evidence is important as fur-
ther bans on specific products in different regions of the 
world, including Australia and its states and territories, 

could have a potentially large negative effect on sunscreen 
use and leave consumers vulnerable to sun damage (e.g. 
cancer and the visible signs of aging). 

This review evaluates the current evidence regarding 
the concentrations of the chemicals in various aquatic envir-
onments, the ability of the active chemicals in sunscreen 
formulations to damage aquatic life, and the evidence that 
their presence is unequivocally affecting aquatic life. 

Evidence of sunscreen ingredients in the 
environment 

In order for the APIs in sunscreen formulations to pose a risk 
to aquatic life, the chemicals must be present in a form that 
is bioavailable to plants and animals, they must be present 
in sufficient quantities to have an effect, and they need to 
persist long enough in the environment to have the effect. 
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Fig. 1. The chemical structures of some organic, 
UV-filtering, active pharmaceutical ingredients typi-
cally found in sunscreen formulations.    
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To be functional, the APIs in sunscreens are dependent on 
their absorption onto human skin and the need to not be 
washed away easily on contact with water. As such, most 
sunscreen APIs have a high log octanol–water partition 
(logP) coefficient, with typical values of between 4 and 8, 
which means the chemicals have a preference for skin rather 
than dissolving in water.[9,10] While this means it is unlikely 
that sunscreen APIs can dissolve at millimolar or higher 
concentrations in water, the same lipophilic characteristics 
of the APIs also make it possible for them to associate with, 
and be absorbed by, lipophilic materials in the environment 
(e.g. sediments and plant solids). 

The ability of sunscreen APIs to persist in the environ-
ment is variable across the range of chemicals used owing 
to differences in their degradation rates by sunlight and 
metabolism by bacteria. In a laboratory study, 2-ethylhexyl 
4-(dimethylamino)benzoate (EH-DPAB) was found to be rap-
idly degraded, with near 90% metabolism by bacteria in a 
period of 3 months. In contrast, 4-methyl benzylidene cam-
phor (4MBC) was shown in the same study to be very slowly 
degraded and was still detectable in samples after a period of 
16 months.[11] 

Sources of contamination 

There are numerous pathways by which sunscreen APIs can 
enter aquatic environments. Recreational water activity, 
through direct swimming and using beach-side showering 
facilities, is a clear source of contamination.[12] A number of 
studies have shown that the detection of sunscreen ingredi-
ents in water samples is highest at locations where beach use 
is high, and when tested in the same location over extended 
periods of time, levels are higher during summer when 
compared with winter.[13] 

A large source of sunscreen contamination in both fresh 
water and marine environments is from sewage waste-
water.[14] The chemicals can find their way into the sewerage 
system after the application of sunscreens as a part of every-
day household and business activity, and then showering or 
bathing.[10] In these instances, the use of soaps and body 
washes can greatly assist in the removal of the sunscreen 
ingredients off the skin and into the wastewater. 

Contamination of sewage with not just sunscreen APIs, 
but also many other chemicals found in personal care prod-
ucts, is a problem in wastewater treatment.[15] There are no 
methods that can reliably remove sunscreen ingredients from 
water. In a 2015 study of oxybenzone/benzophenone-3 (BP3), 
its contamination level was the same before and after treat-
ment by coagulation, flocculation, sedimentation, filtration, 
chlorination and fluoridation.[16] While new methods of treat-
ment are being developed, such as ozone, none have been 
found to be useful and cost-effective.[17] 

Sunscreen APIs have been found to be concentrated in 
sewage sludge, which is then either disposed of in landfill, 

or because of its nutrient-rich content, used as agricultural 
fertiliser.[10] In either case, the sunscreen ingredients can 
re-enter various surface and ground water environments 
through water run-off and landfill leachate.[18] 

Ultra-violet filtering chemicals that are not used in sunsc-
reens can also be considered a source of contamination. 
Many consumer products and commodities contain UV filters 
to protect against bleaching and loss of colour.[9] These 
products can include plastics, clothing, varnishes and paints 
for outdoor applications, and outdoor furniture, which leach 
or volatilise the chemicals.[19] The level of UV filters in the 
environment from consumer products is an under-studied 
area, and given the size and quantity of these goods in 
developed countries, could reflect a source of contamination 
that is magnitudes greater than any potential risk posed by 
personal care sunscreen products. 

Levels of contamination 

The results of numerous studies over the last two decades 
unconditionally show that sunscreen ingredients can be 
found in a variety of environments, including: marine and 
fresh water, soil, sediments, sludge and biota (Table 1).[20] 

The ability to determine the quantity of sunscreen ingre-
dients in water, sediments, plants and animals is highly 
dependent on the analysis method used. In sample analysis, 
the limit of detection (LOD) is defined as a lowest level at 
which the presence of a chemical can be detected in a 
sample but its concentration cannot be determined. The 
limit of quantification (LOQ) is defined as the lowest con-
centration in a sample at which its presence can be con-
firmed, and its concentration determined to within a certain 
limit of accuracy and precision. Values that fall between the 
LOD and LOQ can give what appears to be an accurate 
concentration, but the statistical confidence of that value 
being greater than the LOD is poor, which thus potentially 
classifies the estimated concentration as a false positive. 

For analysis, samples are typically isolated and quantified 
using a variety of chromatographic techniques (liquid 
chromatography (LC), gas chromatography (GC), or ultra‐ 
performance liquid chromatography/high‐performance liquid 
chromatography (UPLC/HPLC) coupled with an appropriate 
detector (tandem mass spectrometry (MS/MS), high-resolution 
mass schpectrometry (HRMS), or diode array detection). 
Columns for LC/HPLC separation are usually C-18, but 
some other columns (e.g. DB-5) have been used. With 
these methods, the LOD can be as low as 0.9 ng L−1 depend-
ing on the sunscreen ingredient being studied. Similarly, the 
LOQ for most techniques is as low as 2.9 ng L−1.[18,21,22] The 
newest analytical techniques support experiments with an LOD 
as low as 0.6 ng L−1 and an LOQ as low as 2.1 ng L−1.[23] The 
quantities of sunscreen ingredients found in plants and ani-
mals are typically given in units of nanograms of chemical 
per gram of wet or dried material (ng g−1). 
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Not all sunscreen ingredients are found in the environ-
ment, and of those that have been shown to cause contami-
nation, they do so to differing levels. Contamination levels 
tend to be highest at coastal locations used for recreational 
water activity, and there is considerable seasonal variation, 
with peaks in the summer months and troughs in the winter 
months.[13] Variations in concentrations in different bodies 
of water also exist. For example, in a review study of BP3 in 
different environments, levels of the chemical were found to 
reach only 125 ng L−1 in freshwater samples but 578 ng L−1 

in sea water.[20] 

In a specific study that examined the contamination of 
sea water collected from various Spanish beaches, the eight 
different sunscreen active ingredients of interest (homosalate, 
HS; isoamyl 4-methoxycinnamate/amiloxate, IMC; enzaca-
mene, 4MBC; BP3; octyl-methoxycinnamate/octinoxate, 
OMC; ODPABA/2-ethylhexyl 4-(dimethylamino)benzoate, 
EDP; octocrylene, OC; and octyl salicylate/2-ethylhexyl 
salicylate, ES) were found in concentrations between 0 
and 880 ng L−1 depending on the location.[22] In another 
study, researchers undertook sampling of water at six locations 
along the coast of South Carolina in the USA to look for 
possible contamination with seven different sunscreen APIs. 
This included a well-populated beach, a coast guard station, 
a fishing pier, drainage pipes that feed into the ocean, a park 
and an inlet to a river. The researchers only found five of 
the seven chemicals, including the ingredients BP3, butyl- 
methyloxydibenzylmethane/avobenzone (B-MBM), OC, OMC 
and ODPABA at average concentrations between 9 and 
260 ng L−1.[13] They were unable to find contamination by 
dioxybenzone or sulisobenzone. Both studies are typical 
of the results found by other researchers with sunscreen 
ingredients in water samples where concentrations were, 
on average, at the nanograms per litre level. 

In rare instances, sunscreen ingredients have been 
found in micrograms per litre or micrograms per gram−1 

(µg L−1, µg g−1) or milligrams per litre gram−1 (mg L−1, 
mg g−1) concentrations. Typically, but not always,[24] these 
levels are found in concentrated wastewaters, which are not 
used for recreational water activities, nor in which aquatic 
life is expected to live. For example, a review article that 
focussed on research of wastewater treatment plants con-
cluded that BP3 and BP4 are most likely to be found in 
milligram per litre concentrations in treatment plant waste-
water because they are the most hydrophilic. In contrast, 
EHT, 4-MBC and OC were more likely to be found in micro-
gram per gram concentrations in waste sludge due to their 
lipophilicity.[10] 

However, not all research studies have found evidence of 
sunscreen contamination. In a study that examined sunsc-
reen levels of marine and inland waters of the Baltic, Black 
and Mediterranean seas, only 2-phenylbenzimidazole-5- 
sulfonic acid (PBSA) and benzophenone-4 (BP4) were found. 
The researchers were unable to detect any contamination 
with benzophenone-2 (BP2), BP3, BP4, 4-MBC, EHMC, OC, 
OD-PABA, ethyl-4-aminobenzoate/benzocaine (Et-PABA), or 
4-DMB.[18] In another study that examined wastewater treat-
ment in various cities in south-eastern Brazil over a period of 
6–12 months, the investigators were able to detect BP3, ES, 
OMC and OC in the samples, with only OMC and BP3 at or 
above the LOQ.[16] 

Potential for sunscreen ingredients to cause 
environmental damage 

Sunscreen ingredients have been found in a variety of animals, 
including crabs, prawns and fish,[25] sea urchins, conches, 
clams and mussels,[21] birds[26] and dolphins.[27] In one 
study that examined the levels of eight different sunscreen 
ingredients in fish and prawns, it was found that codfish liver 
samples contained at least one sunscreen API at detectable 

Table 1. Examples of sunscreen API contamination in environmental samples.       

Location Season samples 
collected 

Sample type Highest concentrations 
found (API) 

Reference   

Spain Not stated Waste water from treatment 
plant 

13 ng L−1 (UV 328) 23 

Baltic coast Spring Fresh water (estuaries) 226 ng L−1 (BP3) 18 

South Carolina, USA Year round Marine water (coastal) 3730 ng L−1 (OC) 13 

Brazil Spring/summer River water 755 ng L−1 (EHMC) 16 

Western Mediterranean Sea Autumn Marine water (coastal) 880 ng L−1 (ES) 22 

Switzerland Summer/winter Sewage sludge 27 700 µg kg−1 (OT) 19 

Norway Not stated Landfill leachate 21 160 ng L−1 (OC) 25 

Hong Kong Summer Marine sand clams 22.6 ng g−1 (ODPABA) 21 

Switzerland Spring/summer Birds: cormorants 701 ng g−1 (EHMC) 26 

Brazil Collected over 15 years Dolphins 782 ng g−1 (OC) 27 

OT, octyl-triazone; UV 328, 2-(2H-1,2,3-benzotriazol-2-yl)-4,6-bis(2-methylbutan-2-yl)phenol.  
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levels, with 80% of cod fishlivers containing OC, and 50% of 
codfish livers and whole prawns containing BP3.[25] In white-
fish, OMC was found at a concentration of 200 ng g−1 and at 
12 µg g−1 for OC.[25] Not surprisingly, some studies have 
found higher levels of sunscreen APIs in filter-feeding ani-
mals, like mussels, when compared with fish from the same 
area.[21] 

Sunscreen APIs have been shown to have a physiological 
effects on a range of aquatic animals, including: coral, 
mussels,[28] sea urchins,[29] small crustacean,[29] fish,[30,31] 

worms,[32] flies,[33] tadpoles,[34] snails[35] and zebrafish 
(both embryos and adults).[36] There have been no substan-
tial studies on the effect of sunscreen ingredients on plants, 
with the exception of algae.[29] Other organisms that have 
been studied, and shown under laboratory conditions to be 
affected by sunscreen ingredients include: bacteria, diatoms, 
dinoflagellates and phytoplankton.[35] 

Not all sunscreen ingredients have been studied exten-
sively, and so it is dangerous to make broad generalisations 
about the APIs in sunscreen formulations and their ability to 
cause damage to aquatic life. Most scientific studies focus on 
just four specific chemicals: OC, 4MBC, OMC, and the benzo-
phenones (i.e. BP3 and BP4). Benzophenone-based chemicals 
have been by far the most studied APIs and are the focus of 
just under half of all studies. The following active APIs have 
also been studied, but to a much lesser extent, and some are 
the focus of just a single research article: 3-benzylidene 
camphor (3BC), Et-PABA, 2-phenylbenzimidazole-5-sulfonic 
acid (PBSA), Ethylhexyl Salicylate (EHS), HS, and propyl 
paraben (PP). 

A variety of different chemical sunscreen ingredients can 
cause hormonal effects, oestrogenic activity and endocrine 
disruption, which can manifest in a range of ways. With 
regard to offspring, they can reduce the amount of sperm 
and eggs produced by fathead minnows and Japanese rice 
fish,[20,30,37] they can affect the development of gonads in 
zebra fish,[38] they can reduce the number of successfully 
hatched rainbow trout eggs,[39] and they can affect embryo- 
larval development of sea urchins.[40] 

Zebrafish feature in a large proportion of toxicology 
studies owing to their wide acceptance as a model organism 
for general toxicological studies.[41] Zebrafish share some 
genetic, cellular, anatomical and physiological similarities 
with mammals, and so are now routinely used to study the 
causes and treatments of human diseases, and to examine 
the effects chemicals may have on normal vertebrate 
embryonic development.[41] They are widely used because 
they are easy to grow and cheap, and when in the embryonic 
phase, have transparent bodies that allow direct visual 
examination of their developing organs. However, they are 
not perfect models and toxicological effects cannot always 
be directly translated to other animals. 

It is important to note hormonal/endocrine-disrupting 
effects have also been reported in laboratory studies on 
human cells, and all major governmental regulatory bodies, 

such as the TGA, list the ingredients as safe for 
human use.[6] 

Sunscreen APIs can also affect gene expression and tran-
scription, especially in the brain, liver and gonads.[37] A study 
where zebrafish were exposed to OC found up- and down- 
regulation of genes that affected several processes related to 
embryo development including: organ and blood vessel devel-
opment, fat cell differentiation and metabolism.[36] In another 
study, 4MBC, OMC and PP were found to increase mRNA 
expression in the liver and increase the quantity of oestrogen 
receptors.[31] 

The sunscreen ingredient 4MBC has been found to induce 
neurotoxicity during zebrafish development. The toxicity 
manifested as an abnormal curvature of the fish and 
impaired their mobility. These effects were attributed to a 
disorganised pattern of slow muscle fibres and reduced 
acetylcholinesterase activity. From the study, the authors 
concluded that 4MBC is a potential teratogen that can affect 
muscular and neuronal development.[42] 

As well as affecting whole organs, some sunscreen APIs 
have been shown to cause direct damage to individual cells. 
The chemical BP3 was shown in zebrafish to generate free 
radicals and induce changes in antioxidant levels, including 
the enzymes catalase, superoxide dismutase and glutathione 
peroxidase which are involved in cellular redox balance and 
preventing oxidative stress to the cell.[43] 

Of most interest is the potential ability of sunscreen APIs 
to cause coral bleaching. When sunscreens are present in 
water, it has been found that they contribute to an increase 
in the viral load in the water and control bacterial abun-
dance, which affects the virus-to-bacteria ratio. The mecha-
nism by which it is hypothesised they do this is through 
prophage induction in marine bacterioplankton.[44] The 
effect is that the viruses infect the zooxanthellae on which 
the corals depend. When infected, the lytic cycle is induced in 
the zooxanthellae and as the zooxanthellae die, coral bleach-
ing advances across the reef, which kills them off.[45] Without 
the zooxanthellae, the corals die and lose their colour. 

Sunscreen APIs can also have a photo-toxicant effect on 
the larval form of coral; their damage is exacerbated by light. 
When BP3 was tested on coral larvae, the effect was to 
transform the planulae to a deformed, sessile condition.[24] 

Despite all these reported potential adverse effects, not 
all sunscreen APIs affect all animals. As an example, a 2004 
study that examined very high concentrations (1–50 g L−1) 
of 4MBC on the development of tadpoles found the chemical 
had no effect at all on their thyroid system, body size, tail 
length, the metamorphosis process or the sex ratio of 
offspring.[34] 

Concentration dependence of toxicity 

While there is compelling evidence that a variety of 
chemicals in sunscreen formulations can cause damage to 
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aquatic life, this needs to be placed in the context of how the 
experiments were conducted and the concentrations of the 
chemicals used. 

Except for a few studies, all animal testing was conducted 
in a laboratory environment. Experiments conducted under 
these conditions allow the researchers to change one factor 
(chemical concentration) without the likely influence of 
other factors such as temperature, water flow, changing 
concentrations over time, rainfall and predation. While 
these controlled experiments also allow cross-study compar-
isons and are critical in developing exposure models, identi-
fying pathways and calculating environmental thresholds, 
guidelines and criteria concentrations, they are not a perfect 
model for natural habitats and how animals are exposed to 
pollutants. For example, it was common in many of the 
studies to expose the animals to fixed concentrations of 
sunscreen APIs for long periods of time, up to 60 days.[38] 

This does not reflect the natural cycling of sunscreen con-
centrations found in a Spanish 2013 study, in which ingre-
dient concentrations were found to peak during the early to 
mid-afternoon and go down through the night as recrea-
tional water activity tapered off.[46] 

The concentration of ingredients being tested was also 
routinely far above the concentrations found in the natural 
environment. Typically, the concentrations needed to have 
an effect on animals are in the microgram per litre to 
milligram per litre ranges,[9] which are 10–10 000-fold 
higher than those found on average in the water contamina-
tion studies. In a 2015 study examining the effects of  
BP3 on the sexual development of zebrafish, the animals 

were exposed to the chemical at a concentration of up to 
500 µg L−1.[38] The results indicated that BP3 had a 
no observed effect concentration (NEOC) of 191 µg L−1 

and a lowest observed effect concentration (LEOC) of 
388 µg L−1.[38] 

In other studies, the LEOC to induce vitellogenin in fish 
was 3 µg L−1 for benzophenone-2 (BP2), but 1200 µg L−1 

for 3BC.[47] In studies with algae, mussels, sea urchins 
and small crustaceans, the LEOCs were between 30 and 
3840 µg L−1 and NEOCs between 15 and 1920 µg L−1.[29] 

And finally, in studies of the effects on sea snails, the LEOC 
for OMC was found to be between 0.4 and 10 mg kg−1, with 
B-MDM and OC showing no negative effects at each the 
concentrations studied.[35] It should be noted that toxicity 
thresholds such as a NOEC and LOEC are influenced by the 
treatment levels tested. Other continuous estimates for 
toxicity thresholds are via ROBIT tests where effects levels 
can be estimated at any proportion of population effect (i.e. 
LC10; LC50; LC90; which are defined as the concentrations at 
which 10, 50 and 90% of organisms are killed). 

Overall, the evidence indicates that sunscreen APIs do 
have the potential to cause damage to aquatic life, but only 
at concentrations that are far higher than those found, on 
average, in the environment, a fact that is acknowledged by 
many researchers in the field.[39] 

Confounding factors and other explanations 
for damage to aquatic life 

Even though sunscreen APIs can be found in the environment, 
and they have been shown to have a potential damaging effect 
on a range of organisms and animals, the ingredients are 
typically found in concentrations well below their predicted 
NOEC. As such, the current evidence does not support the 
hypothesis that sunscreen ingredients are the primary cause 
of significant damage to aquatic life. So if sunscreens are not 
the most significant danger, then what are the potentially 
more important factors that may explain times when aquatic 
life has been damaged in the past? Taking coral bleaching as 
an example, on their public website, the Australian Museum 
provides five major factors that lead to damage of this type, 
namely warming or cooling of waters, excessive or low levels 
of light, elevated nutrient levels, excessive phosphorous, and 
shipping accidents;[48] sunscreens were not mentioned. 

Likewise, the National Oceanic and Atmospheric 
Administration of the US Department of Commerce state 
on their public page that coral bleaching can be caused by 
changes in temperature (up or down), extreme low tides, 
overexposure to sunlight and runoff from land following 
storms effectively diluting the natural salinity of the ocean 
and in effect poisoning the coral.[49] 

Finally, NGOs such as the Australian Marine Conservation 
Society also state publicly that carbon pollution (either 
as increased global temperatures or increased ocean 
acidity from dissolved carbon dioxide) is a cause of coral 
bleaching.[50,51] 

Conclusions 

There is clear evidence that sunscreen APIs are found in 
marine and water systems, and associated sediments and 
sludge. Reported concentrations of many active sunscreen 
chemicals are found, on average, to be in the parts per 
trillion (ng L−1) range in marine and freshwater, but are 
generally higher when they have accumulated in waste-
water, which can then be in the micrograms or milligrams 
per litre concentration range. While aquatic life in marine 
ecosystems is likely to be exposed to sunscreen pollution at 
very low levels, other threats may potentially pose a much 
greater risk. 
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