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Summary

In this scoping review, research on the impact of sunscreen ingredients on the environment
is mapped. The aims were 1) to determine the extent of evidence summarised in systematic
reviews within this research area and 2) to map the evidence according to the ingredients
studied, the hypotheses addressed, the type of endpoints studied as well as the reported key
findings.

Systematic literature searches were performed to identify all summarised evidence in this
research area. VKM identified 41 reviews; however, none of these included established
methods to ensure objectivity, transparency and reproducibility. We extracted and mapped
data, such as aim, test organism, endpoints, and sunscreen ingredient, from 31 of the
reviews. The remaining 10 reviews were excluded due to inadequate reporting or lack of
references to primary studies.

This scoping review shows that many primary studies have been performed within this
research area. It also demonstrates a demand for more systematic approaches to summarise
the existing data, which would provide valuable scientific basis for decision making and
highlight knowledge gaps.

Key words: Environmental effects, Norwegian Scientific Committee for Food and
Environment, scoping review, sunscreen, systematic reviews, VKM.
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Sammendrag pa norsk

I denne systematiske kartleggingsoversikten har VKM kartlagt forskning pa miljgeffekter av
ingredienser i solkrem. Hensikten var & f3 en oversikt over omfanget av systematiske
oversiktsartikler (ogsa kalt kunnskapsoppsummeringer, engelsk: systematic reviews) av
forskning pa dette omradet.

Det ble gjort systematiske litteratursgk for a identifisere oppsummert forskning pd omradet.
Det ble identifisert 41 oversiktsartikler, men ingen av disse fulgte etablerte metoder for 3
sikre objektivitet, gjennomsiktighet og etterprgvbarhet. Vi har hentet ut og kartlagt data,
som formal, testorganisme, endepunkt og solkremingrediens, fra 31 av oversiktsartiklene.
Data fra de resterende ti oversiktsartiklene ble ekskludert p& grunn av mangelfull
rapportering eller manglende referanser til primaerstudier.

Kartleggingen viser at det er gjort mange primaerstudier innenfor dette forskningsomradet,
men at det er behov for systematiske oppsummeringer som viser de samlede
forskningsresultatene fra alle relevante studier som er av tilstrekkelig kvalitet for bestemte
problemstillinger. Denne typen oppsummert kunnskap vil utgjgre et viktig grunnlag for
beslutningstakere og synliggjgre kunnskapshull.
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Abbreviations

3-BC 3-benzylidene camphor

BP-1 benzophenone-1

BP-2 benzophenone-2

BP-3 benzophenone-3 (synonym: oxybenzone)
BP-4 benzophenone-4

BT benzotriazole

BuP butylparaben

BzP benzylparaben

EHMC 2-ethyl-hexyl-4-trimethoxycinnamate
EP ethylparaben

isoBP isobutylparaben

4-MBC 4-methylbenzylidene camphor

MP methylparaben

NP nanoparticles

OCR octocrylene

OD-PABA  octyl dimethyl p-aminobenzoic acid
OMC octyl-methoxycinnamate

PP propylparaben

ROS reactive oxygen species

SR systematic review

TC triclosan

TCC triclocarban

TiO; titanium dioxide

TiO2-NP titanium dioxide nanoparticles

VKM the Norwegian Scientific Committee for Food and Environment

VKM Panel the Panel on Food Additives, Flavourings, Processing Aids, Materials in
Contact with Food, and Cosmetics of the Norwegian Scientific Committee for
Food and Environment

Zn0O zinc oxide

ZnO-NP zinc oxide nanoparticles
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Definitions

Environmental effects: Effects on living organisms and their non-living environment.

Review (synonym: literature review, overview): A summary of the evidence on a certain
topic. Different methods may be used in the preparation, and review articles are often not
systematic.

Scoping review: A type of knowledge synthesis that follows a systematic approach to map
evidence on a topic and identifies main concepts, theories, sources, and knowledge gaps
(Tricco et al., 2018).

Sunscreen (topical sunscreen): Any preparation (such as creams, oils, gels, sprays)
intended to be placed in contact with the human skin with a view exclusively or mainly to
protecting [sic] it from UV radiation by absorbing, scattering or reflecting radiation
(Regulation (EC) No 1223/2009).

Systematic review (synonym: systematic overview): A review of a clearly formulated
question that uses systematic and explicit methods to identify, select, and critically appraise
relevant research, and to collect and analyse data from the studies that are included in the
review. Statistical methods (meta-analysis) may or may not be used to analyse and
summarise the results of the included studies (Cochrane glossary).
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1 Introduction

There are concerns regarding the potential harmful effects of sunscreen ingredients on the
environment, e.g. coral reef bleaching. A few non-European countries are developing and
passing legislation which may ban or limit the use of certain types of sunscreen ingredients
(Narla and Lim, 2020). Given the current focus on potential environmental effects (effects on
living organisms and their non-living environment) associated with sunscreen ingredients, it
is timely to provide an overview of the research on this broad and diverse topic.

A scoping review follows a systematic approach to map the existing literature (evidence) in a
field of interest in terms of the volume, nature, characteristics of the primary research such
as main findings, concepts and theories, and knowledge gaps are identified (Arksey and
O'Malley, 2005; Tricco et al., 2018). This scoping review on sunscreen ingredients and
environmental effects is guided by the framework for scoping reviews proposed by Arksey
and O'Malley (2005), the methodological advancement by Levac et al. (2010) and the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) extension for
scoping reviews (Tricco et al., 2018). According to Levac et al. (2010), the six stages in a
scoping review are: identifying the research question, identifying relevant studies, selecting
studies, charting the data, collating, summarising and reporting the results and consulting
with relevant stakeholders.

A general term that describes a summary of the evidence on a certain topic is “literature
review”, “review” or “overview”. Different methods may be used in the preparation of a
literature review, and the use of standards ensuring objectivity, transparency and
reproducibility varies. A systematic review (SR) follows specific methods to ensure
objectivity, transparency and reproducibility. It is a review of a clearly formulated question
that uses systematic and explicit methods to identify, select, and critically appraise relevant
research, and to collect and analyse data from the studies that are included in the review
(Cochrane glossary). SRs seek to collate evidence that fits pre-specified eligibility criteria,
and to minimise bias by using methods documented in advance with a protocol (Chandler et
al., 2020). SR methodology is in widespread use in sectors of society where science can
inform decision making, as the need for rigour, objectivity and transparency in reaching
conclusions from a body of scientific information is evident in many areas of policy and
practice (Collaboration for Environmental Evidence, 2018).

The aim of this scoping review is to determine the extent and characteristics of summarised
evidence for environmental effects of sunscreen ingredients based on a systematic mapping
of the research presented in published SRs as described in Table 1-1. The broad scope and
extensive literature searches will ensure a general overview of the summarised research on
this topic.
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Table 1-1. The research questions addressed.

No | Research question

1 | For which sunscreen ingredients are environmental effects studied?

2 What are the main hypotheses regarding environmental effects of sunscreen ingredients in
reviews?

3 What are the outcomes/endpoints addressed?

4 | What are the key findings that relate to the scoping review questions?

VKM Report 2020: 14
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2 Methods

VKM decided to perform a scoping review on systematic reviews instead of primary studies
since we wanted to map summarised research on this topic. The authors drafted a priori a
protocol for this scoping review of SRs. The protocol was reviewed and approved by the
members of the Panel on Food Additives, Flavourings, Processing Aids, Materials in Contact
with Food, and Cosmetics of the Norwegian Scientific Committee for Food and Environment
(VKM Panel). The final protocol was published on 22 April 2020 (VKM et al., 2020).

2.1 Literature search and study selection

An experienced research librarian drafted the search strategies (Marita Heinz, the library of
the National Institute of Public Health, Norway) and these strategies were further refined
based on discussions among members of the project group. The search was not restricted by
particular dates or languages, but filters for reviews were used. We searched the databases
Ovid MEDLINE(R), Embase, Web of Science, Scopus, Cochrane Database of Systematic
Reviews, CRD (the Database of Abstracts of Reviews of Effects (DARE), NHS Economic
Evaluation Database (NHS EED) and HTA), Epistemonikos. In addition, searches were
performed in Prospero, Brage, Cristin and Open Grey System for Information on Grey
Literature in Europe (Appendix 1 and 3). The search strategy and search terms are available
in Appendix I (Section 6.1). We imported the identified records into EndNote (Thomson
Reuters, version X9), removed duplicates, and imported the records into Rayyan (Ouzzani et
al., 2016) for the study selection. The electronic database searches were supplemented by
handsearching websites and scanning of reference lists of the publications obtained by the
handsearching (Appendix 1 and 3). The literature searches were performed between April
20" and May 13t 2020.

To be included in this scoping review, records should be SRs focusing on any environmental
effect associated with sunscreens or sunscreen ingredients. A publication qualified as an SR
if 1) it described a specific research question and the specific criteria used for selecting
studies, 2) the authors had performed a systematic literature search, and 3) included a
quality assessment of the selected studies (Cochrane Glossary, 2020).

Two of the authors independently performed the study selection and screened titles and
abstracts prior to assessing full-text articles. None of the identified reviews fulfilled any of
the three criteria required for an SR.

2.2 Data charting and evidence synthesis

According to the protocol (VKM et al., 2020), we aimed to determine the extent and
characteristics of evidence for environmental effects of sunscreen ingredients in published
SRs. As no SRs were identified, we decided to deviate from the protocol and map data from
the identified reviews focusing on environmental effect associated with sunscreen ingredients
(Appendix 3). The authors and the members of the VKM Panel discussed and agreed on
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which data elements should be included in the mapping process. The data elements selected
for extraction included aim, hypotheses, type of research areas addressed, number of
references to primary studies, type of sunscreen ingredients (substance group and chemical
name), endpoints/outcomes addressed, and test organisms (group of organisms only, e.g.
microorganisms, plants, invertebrates and vertebrates). Since none of the reviews used
systematic and explicit methods to identify, select, and critically appraise relevant research,
the key findings are of limited value to the results of the current report and were thus not
included. The methodological quality of the reviews was not appraised as this was outside
the scope of this scoping review.

Two of the authors jointly developed the data charting forms. One of the authors extracted
data and the other validated the extraction. The extracted data were charted in tables.
Prisma checklist for scoping reviews is shown in Appendix IV.
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3 Results

3.1 Selection of sources of evidence

The database searches (searches 1 and 3) returned 940 records, and an additional 21
records (search 2) were identified through searches for pulications not indexed in the major

databases (handsearching) (Figure 3.1-1).

Search 1 Search 2 Search 3
Records identified Handsearching Records identified
in Ovid Medline(r], (websites and in Prospero, Brage,
Embase, Web of scanning of Cristin, and Open
< Science, Cochrane reference lists) Grey System for
= Database of (n=21) Information on Grey
\:.g Systematic Reviews, Literature in Europe
‘5 CRD, Scopus, and (n=46)
= Epl{s:la:n;c;r;:}l'co ® Records
identified
_—’- B
- in search 1
Duplicates (n=13)
—| excluded
(n=370) ¥
Records Records Records
screened screened screened
=2 (n =524) (n=8) (n = 46)
g
E Records Records Records
excluded excluded —| excluded
(n=487) (n=4) (n=46)
Full-text Full-text Full-text
articles articles articles
assessed for assessed for assessed for
eligibility eligibility eligibility
(n=37) (n=4) (n=0)
E Records Records
;En excluded, with excluded, with
o reasons reasons
(n=37) (n=4)
— —
*  Study design * Study design
(n=37) (n=4}
L ¥ ¥
Systematic Systematic
E reviews reviews
= included included
£ {n=0) (n=0)

Figure 3.1-1. Flow diagram illustrating the process of selecting eligible systematic reviews.
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After removal of 383 duplicates, two of the authors independently screened 578 records
followed by eligibility assessment of 41 full-text articles.

Of the 41 reviews, ten were excluded from the evidence synthesis on the following basis: 1)
the review did not refer to any primary studies (n=4), 2) type of studies and endpoints were
not clearly described (n=4), 3) the aim of the review was not clearly described (n=2) (not
shown in flow chart).

3.2 Study characteristics of the reviews

In most of the identified reviews, environmental effects were not the primary or only focus.
In addition to environmental toxicity, human health effects (n=15) and occurrence (presence
in the environment) (n=15) were the main research areas included. An overview of the main
research areas addressed in the 31 reviews is given in Table 3.2-1.

No hypotheses were presented in the reviews. The aims of the reviews, as presented in the
papers, are included in Appendix 2 (Table 7-1). Overview of funding, affiliation of the
corresponding author, journal, and conflict of interest are presented in Appendix 2 (Table 7-
2).

All primary studies included in the reviews were performed in a laboratory setting. The 31
reviews provided limited or no information concerning the characteristics of the primary
studies included, such as study designs, the doses used, number of experimental
animals/species, comparisons made and effect sizes. Eight of the 31 review papers
summarised the study characteristics and findings in tables, whereas the remaining reviews
described the included primary studies in the text. All reviews provided narrative syntheses
of the findings. The number of included references of primary studies on sunscreen
ingredients and environmental toxicity varied from two to 62. Combined, these reviews
referenced more than 200 different primary studies (data not shown).
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Table 3.2-1. The main research areas addressed in the reviews.

. Environmental A Chemical . Human References on
Environmental . Analytical .
Reference e Occurrence | fate and and physical methods health environmental
transport properties effects toxicity (n)
Adler and DelLeo (2020) X X 2
Bilal et al. (2020) X X X 5
Kar et al. (2020) X X 5
Raffa et al. (2019) X X 2
Schneider and Lim (2019a) X X 8
Schneider and Lim (2019b) X X 5
Sharma et al. (2019) X X X 5
Shi et al. (2019) X X X 15
Tumova et al. (2019) X 13
DiNardo and Downs (2018) X X 2
Sruthi et al. (2018) X 3
Zirwas and Andrasik (2018) X 4
Juliano and Magrini (2017) X X X 20
Rainieri et al. (2017) X X X 28
Haynes et al. (2017) X X X 23
Hopkins and Blaney (2016) X X 17
Wang et al. (2016) X X 19
Alotaibi et al. (2015) X X X X 11
Maipas and Nicolopoulou-Stamati
(2015) X X 19
Rykowska and Wasiak (2015) X X 4
Sanchez-Quiles and Tovar-Sanchez « « « 12
(2015)
Kim and Choi (2014) X X X X 7
Minetto et al. (2014) X 21
VKM Report 2020: 14 16




. Environmental | Chemical . Human References on
Environmental . Analytical .
Reference e Occurrence | fate and and physical methods health environmental
transport properties effects toxicity (n)

Ma et al. (2013) X X 25
Wong et al. (2013) X X X 21
Gago-Ferrero et al. (2012) X X X X X 8
Tourinho et al. (2012) X X 12
Brausch and Rand (2011) X X 62
Skocaj et al. (2011) X X X 22
Scown et al. (2010) X X X 11
Sharma (2009) X X X 7

3.3 Synthesis of results

The substance group addressed in most of the reviews consisted of UV filters (n=28). Four review papers addressed both organic and inorganic
UV filters, two papers did not specify the UV filter, and 14 and 16 reviews reported on organic or inorganic UV filters, respectively. The second
most addressed substance group consisted of fragrances (n=6), followed by preservatives (n=4) and stabilisers (n=2) (Table 3.3-1).

Table 3.3-1. Overview of sunscreen ingredients addressed in the reviews.

V fil i
Reference Fragrance Preservative Stabiliser U : te':' UV filter, organic uv f'.l t_er not
inorganic specified

Adler and DeLeo ZnO-NP, BP-3
(2020) TiO2-NP

. ZnO-NP,
Bilal et al. (2020) TiO»-NP

Nitro musks and BzP, BuP, EP, MP, TC

K I_ 2 2 I 4 I 4 4

P GGl (et polycyclic musks TCC X
Raffa et al. (2019) EHMC, BP-3
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Reference

Fragrance

Preservative

Stabiliser

UV filter,

UV filter, organic

UV filter not

inorganic specified
Schneider and Lim TiO2-NP,
(2019a) ZnO-NP
Schneider and Lim
(2019b) BP-3, 4-MBC, OCR
Sharma et al. (2019) TiO2-NP
Shi et al. (2019) BTs
Tumova et al. (2019) Polycyclic musks
DiNardo and Downs
(2018) BP-3
Sruthi et al. (2018) ZnO-NP
Zirwas and Andrasik i
(2018) TiO2, ZnO BP-3
Juliano and Magrini TC TiO2-NP, BP-1, BP-2, BP-3, 3-BC,
(2017) ZnO-NP 4-MBC
S Nitro musks and BP-3, EHMC, 3-BC, 4-
Rainieri et al. (2017) SaheeTe e MBC
Haynes et al. (2017) TiO2-NP
rlopiins and Blaney | Nitro musks and | 2 bens, Tc, Tcc OMC, BP-3, BP-4, 4-MBC
(2016) polycyclic musks
Camphor and
Wang et al. (2016) cinnamate BPs
derivatives
Alotaibi et al. (2015) BT and 5-methyl-
benzotriazole
Maipas and BP-1, BP-2, BP-3, BP-4,
Nicolopoulou-Stamati EHMC, OMC, OD-PABA,
(2015) 3-BC, 4-MBC
VKM Report 2020: 14 18




Reference Fragrance Preservative Stabiliser _UV f||te|:, UV filter, organic uv ﬁ.l t_er not
inorganic specified
Rykowska and Wasiak
(2015) X
Sanchez-Quiles and TiO2-NP, 4-MBC, BP-4, 3-BC, OMC,
Tovar-Sanchez (2015) ZnO-NP BP-3
Kim and Choi (2014) BP-3
Minetto et al. (2014) TiO2-NP
Ma et al. (2013) ZnO-NP
TiO2-NP,
Wong et al. (2013) ZnO-NP
Gago-Ferrero et al. BP-1, BP-2, BP-3, BP-4,
(2012) EHMC, OD-PABA, 3-BC,
4-MBC, OCR

. TiO2-NP,
Tourinho et al. (2012) ZnO-NP
Brausch and Rand Nitro musks and Biphenolyl, BzP, BuP, EP, BP-3, BP-4, 4-MBC,
(2011) polycyclic musks isoBP, MP, PP, TC, TCC EHMC
Skocaj et al. (2011) TiO2-NP
Scown et al. (2010) TiO2-NP
Sharma (2009) TiO2-NP

3-BC = 3-benzylidene camphor; BP-1 = benzophenone-1; BP-2 = benzophenone-2; BP-3 = benzophenone-3; BP-4 = benzophenone-4; BT = benzotriazole;
BuP = butylparaben; BzP = benzylparaben; EHMC = 2-ethyl-hexyl-4-trimethoxycinnamate; EP = ethylparaben; isoBP = isobutylparaben; 4-MBC = 4-
methylbenzylidene camphor; MP = methylparaben;OCR = octocrylene; OD-PABA = octyl dimethyl p-aminobenzoic acid; OMC = octyl-methoxycinnamate; PP
= propylparaben; TC = triclosan; TCC = triclocarban; TiO2 = titanium dioxide; TiO2-NP = titanium dioxide nanoparticles; ZnO = zinc oxide; ZnO-NP = zinc

oxide nanoparticles.
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All except one of the review papers addressed toxicity of sunscreen ingredients on aquatic organisms (n=30). For aquatic toxicity the most
frequently studied organisms were invertebrates (n=29) and vertebrates (n=24) (Table 3.3-2). Aquatic invertebrate model organisms included
corals, crustaceans and molluscs. Aquatic vertebrate test organisms were predominantly fish; however, three reviews also covered amphibians.

Eleven of the 31 reviews included toxicity data on terrestrial organisms, more specifically invertebrates (n=9) and plants (n=5). One review

paper addressed toxicity of sunscreen ingredients on terrestrial organisms only.

Table 3.3-2. Overview of test organisms addressed in the reviews.

Reference

Aquatic

Microorganisms

Algae

Invertebrates

Vertebrates

Terrestrial

Plants

Invertebrates

Type of studies

Invivo Invitro

Adler and DelLeo (2020)

X

X X

Bilal et al. (2020)

X

Kar et al. (2020)

X | X

Raffa et al. (2019)

Schneider and Lim (2019a)

Schneider and Lim (2019b)

Sharma et al. (2019)

Shi et al. (2019)

X | X | X | X | X |X|X
X | X | X | X | X

Tumova et al. (2019)

X | X | X | X | X

DiNardo and Downs (2018)

Sruthi et al. (2018)

x

Zirwas and Andrasik (2018)

Juliano and Magrini (2017)

Rainieri et al. (2017)

Haynes et al. (2017)

Hopkins and Blaney (2016)

X | X | X | X

Wang et al. (2016)

X X |[X | X | X |X|X|[X|X|X|X|X|X|X|X|X

X | X | X | X | X

Alotaibi et al. (2015)

X |IX | X | X | X |X|X|X|X
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Aquatic Terrestrial Type of studies
Reference

Microorganisms Algae Invertebrates Vertebrates Plants Invertebrates Invivo Invitro
Maipas and Nicolopoulou-Stamati
(2015) X X X X
Rykowska and Wasiak (2015) X X X
Sanchez-Quiles and Tovar-Sanchez « « « « « «
(2015)
Kim and Choi (2014) X X X X
Minetto et al. (2014) X X X X X X
Ma et al. (2013) X X X X X
Wong et al. (2013) X X X X X X
Gago-Ferrero et al. (2012) X X X X
Tourinho et al. (2012) X
Brausch and Rand (2011) X X X X X X
Skocaj et al. (2011) X X X X X X X
Scown et al. (2010) X X X X X
Sharma (2009) X X X X X X

An overview of the most frequently addressed endpoints in the reviews is given in Table 3.3-3. Acute endpoints such as mortality and
mobility/immobilisation were addressed in 26 of the review papers. Chronic endpoints addressed were coral bleaching, growth, growth
inhibition, biomass production, reproduction, development, and endocrine effects. Other endpoints were ROS production and DNA damage.

Coral bleaching was addressed in eight review papers, all published from 2017 to 2020, whereas no specific publication year pattern was
identified for the other endpoints. From 2009 to 2014, ten reviews on sunscreen ingredients and environmental effects were identified,
however, for the subsequent five years (2015-2020), there was a doubling in published reviews on this topic (n=21).

Table 3.3-3. The endpoints most frequently addressed.
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Reference

Coral
bleaching

Mortality

Mobility/
immobilisation

Growth/

growth inhibition/

biomass
production

Reproduction
and
development

Endocrine
effects

ROS
production/
oxidative
stress

DNA
damage

Adler and DelLeo (2020)

Bilal et al. (2020)

Kar et al. (2020)

Raffa et al. (2019)

Schneider and Lim (2019a)

Schneider and Lim (2019b)

Sharma et al. (2019)

X | X | X | X

Shi et al. (2019)

Tumova et al. (2019)

X | X | X | X |X

DiNardo and Downs (2018)

X X | X | X | X |[X|X|X|X|X

Sruthi et al. (2018)

Zirwas and Andrasik (2018)

Juliano and Magrini (2017)

Rainieri et al. (2017)

Haynes et al. (2017)

Hopkins and Blaney (2016)

X | X | X [ X | X

Wang et al. (2016)

Alotaibi et al. (2015)

Maipas and Nicolopoulou-
Stamati (2015)

Rykowska and Wasiak
(2015)

Sanchez-Quiles and Tovar-
Sanchez (2015)

Kim and Choi (2014)
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Reference Coral Mortality Mobility/ Growth/ Reproduction | Endocrine ROS DNA
bleaching immobilisation growth inhibition/ and effects production/ | damage
biomass development oxidative
production stress
Minetto et al. (2014) X X X X X
Ma et al. (2013) X X X X
Wong et al. (2013) X X X X X X
Gago-Ferrero et al. (2012)
Tourinho et al. (2012) X X X X X
Brausch and Rand (2011) X X X X X
Skocaj et al. (2011) X X X
Scown et al. (2010) X X X X
Sharma (2009) X X
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4 Discussion and conclusion

To our knowledge, this scoping review is the first to map the summarised evidence on
sunscreen ingredients and environmental effects. The aim of this scoping review was to map
evidence from SRs, more specifically; 1) for which sunscreen ingredients are environmental
effects studied, 2) what are the main hypotheses, 3) what are the endpoints addressed, and
4) what are the key findings. The literature search did not identify any SRs on this topic. We
identified 41 reviews on sunscreen ingredients and environmental effects; however, ten of
these where excluded due to poor reporting or lack of reference to primary studies. From the
remaining 31 reviews, we extracted data on type of sunscreen ingredients, endpoints, and
test organisms. Hypotheses were not extracted as none were identified, and key findings
were not extracted as they were considered of limited value to the results of the current
study.

A systematic literature search is important to identify all relevant studies and subsequently to
reduce the risk of bias in the evidence base. None of the 41 reviews included a description of
the literature search and selection process. Although the existing reviews on environmental
effects of sunscreen ingredients might have applied a systematic approach in the search and
selection of primary studies, the literature search and eligibility criteria for inclusion were not
described, and the reader cannot judge whether all relevant publications have been included.
In addition, it is important to perform a quality evaluation of the identified studies and to
account for risk of bias in the data synthesis. If not, the findings might be inaccurate or
biased. Evaluation of risk of bias were not reported in any of the included reviews, and all
studies were presented as equally important, thus significant bias to the reported findings
might have been introduced.

While traditional approaches to literature reviews can highlight scientific topics, their findings
are limited for drawing conclusions on causal relationships if explicit methods to identify,
select, and critically appraise relevant research are not used and reported. Systematic
reviews are increasingly seen as viable and important means of reliably summarising
scientific evidence to support decision making in policy and practice across disciplines
(Haddaway et al., 2020). Guidelines and reporting standards for systematic approaches for
environmental research have been developed in recent years (Collaboration for
Environmental Evidence, 2013; Collaboration for Environmental Evidence, 2018; Haddaway
et al., 2018; Livoreil et al., 2017; Pullin and Stewart, 2006) and several recent papers call for
a more widespread use of systematic review methodology in environmental and conservation
science Haddaway et al. (2020); O'Leary et al. (2016); Westgate and Lindenmayer (2017).
Implementing rigorous methods in a field takes time, and it is likely that reviews applying a
systematic approach in environmental science will further increase in the future.

This scoping review has identified the lack of SRs within the research field of environmental
effects of sunscreen ingredients. Further, it was revealed that a vast number of primary
studies on this topic exists, especially on toxicity of aquatic organisms. However, there is a
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demand for more systematic approaches to summarise the existing data, which would
provide valuable scientific basis for decision making.
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