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ARTICLE INFO ABSTRACT

Keywords: Coral reefs provide many benefits to the society, including ecological nest for aquatic species, medicine ingredient,

Coral reefs and protection of coastlines from flooding and storms. Organic and inorganic UV filters (UVfs) are key ingredients

UV filters in a variety of sunscreen and personal care products, which are massively released to natural waters by marine

:)"::’:]:’chm tourism. Reports are alarming UVfs cause fast bleaching of coral reefs in the Persian Gulf at a tiny concentration

Persian Gulf § (less than 10 ul L™"). Here, for the first time, the evidence pertaining to the impacts of UVfs on corals in the Persian
Gulf is highlighted. Based on the existing field reports, laboratory experiments and increasing trend f tourism,
corals of Kish Island in Iran are seriously threatened. Here, Kish is a study model that highlights the alaming
impacts of UVfs on the endangered population of corals in all Gulf countries. This study found a pasitive relation
between the number of visitors to the island and the bleaching rate of stony coral.

1. Introduction spills [1,14,17]. Reduced diversity of species and a variety of environ-

Coral reefs are unique living structures providing a habitat for a va-
riety of marine organisms in the tropical and subtropical areas [27,51].
Corals offer tremendous benefits to humans, directly through providing
essential molecules for pharmaceutical (i.e., medicine for cancer and
AIDS) and indirectly via tourism attraction [3,36,51]. For example, in
96 countries and regions, the tourism revenue of corals attraction sig-
nificantly contributes to the gross domestic income [20]. In addition,
corals protect over 150,000 km of coastlines in at least 100 countries
against storms and marine erosion, including the Gulf countries [20].

In 2001, the existence of more than 35 coral species was reported
in the Persian Gulf [34,48]. The number of recorded coral species was
raised to 60 species in 2017 [39], most likely due to the advancement
of the underwater footage technologies. The Persian Gulf is a relatively
shallow and semi-enclosed system connected to the subtropical north-
west part of the Indian Ocean [19]. Corals in some large areas of the
Gulf are severely threatened and in some cases, completely vanished.
Recently, about 70% of corals in the Gulf were reported dead, which
has led to a subsequent annual loss of $94 billion [46]. In a particu-
lar area, the extremely vulnerable community of Acropora sp. was van-
ished by approximately 90% [13,35]. The significant loss of the corals
in the area is highly alarming and calls for an urgent identification of
the causes of these phenomena and the ongoing environmental stresses.

Most of the recent studies on the Gulf's corals are focused on the
impacts of temperature anomalies, high salinity/sedimentation, and oil

E-mail address hsharifan@tamu.edu

https://doi.org /10.1016/j.sftr.2020.100017

mental stresses (i.e., diseases) put Iran's coral populations in endangered
status [1,30]. Among all anthropogenic impacts, tourism activities are
considered a crucial affecting factor on corals’ health in the whole Gulf
area that has not been studied yet. In aglobal view, marine tourismisde-
veloping into different classes including fishing, snorkeling, swimming
and sunbathing. Recently, it was reported that approximately 90% of
tourism is concentrated in about 10% of the total reef area, which trig-
gers the potential impacts on corals’ health [43]. Increasing numbers of
marine tourism are associated with a progressive increase of ultraviolet
filters (UVfs) -sunscreen on the human body- concentrations in seawater
through being washed-off from the skin [44]. Both organic and inorganic
(i.e., TiO,, CeO,) UVis are the active ingredients in sunscreen formula-
tion and many other cosmetic products (i.e., shampoos, hair sprays) to
protect human health against UV rays and support the product integrity
[38,42,53]. The formulated levels of UVfs are variable upon their appli-
cation purpose and commercial factory protocol [32,42].

Due to hot weather and extreme sun UV radiation on the coastline
of the Persian Gulf, the tendency of people to apply sunscreen lotions
and other related cosmetics naturally increases. [9] reported that the
release of UVEs in tropical areas might reach up to 25,000 tons per year.
However, this number seems to be overestimated, but environmentally
itis extremely alarming. Based on the recent scientific evidence, a trace
concentration of organic UVEs (10 pL L™') can bleach the hard corals
ina matter of hours [9]. Coral bleaching is defined as the loss of color
for corals due to partial to the total elimination of the symbiotic algae
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(e.g., Symbiodinium) or algal pigments [10]. Therefore, bleaching can be
triggered by the unlimited increasing number of marine tourism [40].

According to scientific evidence, complete bleaching of certain coral
species occurs within 96 h of exposure to certain organic UVfs and 48 h
of inorganic UVs [8,9]. Organic UVfs are capable of inducing the lytic
viral cycleinsymbiotic zooxanthellae(intracell ular photosynthetic) with
latent infections [15,26]. Also, exposure to certain organic UV is as-
sociated with genotoxic impacts on corals and further bleaching [11].
Additionally, with the positive temperature anomalies in the Gulf region
[1,27], the progressive release of UVfs exposes synergistic stresses and
mediates the bleaching of the coral communities [8].

The Persian Gulf is known for the historic oil spills events, and the
increasing trend of oil extractions, production, and transportation make
Gulf'marine ecosystem highly susceptible to anthropogenic stresses. In
November 2015, the Department of Environment in Iran reported 43%
of corals around Kish Island, and 70% in Qeshm Island in the Persian
Gulf were bleached [28]. Qeshm Island is about 16 times larger than
the Kish Island and corals in both islands are threatened by the oil spills
from petroleum activities in the Gulf [18]. Therefore, the amount of
bleaching in Kish in relation to the area and higher number of visitors
appeared o be a significant loss.

Kish is a coral reef visiting site with a fast-developing trend that
receives over 700,000 annual domestic tourists [22] and nominated as
the fourth most visited destination in the Middle East [25]. Due to its
importance, Kish was selected as a representative case for the potential
impacts of UVfs that provides a baseline for the protection of coral in
the other Gulf countries. To the best knowledge of the author, the effects
of UV in the Gulf area have not been studied yet. This article attempts
to highlight the critical threats of UVfs, aiming to protect the corals
towards a sustainable future and to increase public awareness around
the world.

2. Methods
2.1. Study model area and field observations

Kish is a small flat coral island located in the northern belt of the
Persian Gulf, and with 91 km? surface area and 35 km of coastal lines
[23], it represents the highest coverage and biodiversity of stony corals
(28 species) of the Gulf [13].

Data of the coral bleaching in Kish that were interpreted and re-
trieved in this study were collected through a survey conducted by the
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Fig. 1. The estimate of the average release of the four fre-
quently used UV filters [kg] in the Persian Gulf from Kish Is-
land by tourism activities during summertime and wintertime.
The data was calculated based on the experimental model de-
veloped by Sharifan et al. [42,43]. The error bars indicate %5
of the standard errors.

B Summer B Winter
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National Research Institute of the Persian Gulf and Oman Sea during a
12 months monitoring in 2008-2009 [2].

Briefly, the coral health was assessed on the densest population of
corals at the Bird Garden Site through the scuba diving along the six
transects (60 m length) with triplicates [16]. The underwater camera
used for the photography was the Sonny 12 MP Ikelite housing [29].
Transects were surveyed between 1 and 6 m depth, where coral com-
munities were most abundant. To monitor coral health, the established
method of the Coral Health Chart was applied in this survey [6,47].

2.2. Estimation of UV filters release

Currently, more than 20 organic and three inorganic UVfs are au-
thorized in the USA and Europe [21,37]. Kish Island is a free zone
and receives remarkable numbers of international tourists without visa
procedure, which allegedly is the primary vector for introducing a va-
riety of sunscreen (UVfs) from all over the world into the Gulf. To
predict the amount of the UVE released to the coral sites, four fre-
quently used organic UVfs which are known for high bleaching ef-
fects on local coral species, were selected: benzophenone-3 (BP3); 4-
methylbenzylidene camphor (4MBC); Octocrylene (OC) and Ethylhexyl
methoxycinnamate (EHMC). Also, briefly, the impacts of inorganic UVfs
on coral health will be discussed.

Due to the lack of data monitoring on tourism entry, harsh sum-
mer seasons, and to consider the worst-case scenario, it was assumed
Kish would receive 75% of tourists in winter and the remainder in sum-
mer. The detail of estimation of UV release in relation to the number
of visitors and application rate of sunscreen were previously reported
[43], briefly the method follows Eqs. (1) and 2. In the empirical formula
shown in Eq. (1), the ¢; ., indicates an estimation of the UV released
from the skin surface of an adult swimmer (1.94 m?) [12].

Chrel = Clap XaXfiX A (n

where, ¢ ,, is the average content of UVfs in typical sunscreen products
[33], a is the average reported amount of sunscreen/cm? of skin(a =
2), fiis the frequency of the application rate (§ = 1.5), S represents the
average surface area of the body reported by EPA and A is the expected
body percentage covered by UVE (A = 87%) [33,42,54]. To estimate
the amount of UVfs enters the Gulf from Kish Island, Fq. (2) was used
[42]. In this estimation, only the number of annual domestic visitors
was included.

c/zd = c//d X @ xPp (2)
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Fig. 2. (A) The bleaching of the corals in Kish Island during the winter (stony corals with lighter color) and (B) comals in summer with less bleached coverage
(darker due to coverage of alga pigments). Both A&B pictures have been taken by S. Behzadi (C) Acropoma cervicomsis; (E) Acropora divaricata; (D) Acropora sp.; and
(F) Acropora intermedia. Pictures (C-F) were taken after 62 h of exposure to UVfs, in which left is the control species and right indicates the expaosed species to the

organic UVfs [modified from Danovaro et al. [9].

# is the lipophilic UVfs wash-off rate from the human skins. P repre-
sents the number of swimmers or bathers in Kish Island (P = 0.7 mil-
lion, #=0.5).

3. Results and discussion
3.1. Organic UV filters

Fig. 1 illustrates the estimated amounts of organic UV released to
the seawater from the Kish throughout the year. The estimated amount
of EHMC exhibit higher contamination compared to three other UVfs by
106 kg release in summer and 320 kg in winter. The released amount of
OC was approximately in the range of 71-213 kg, respectively, during
the summer and winter. 4-MBC showed a potential release rate of 67 kg
in summer and 200 kg in winter. BP3 was minimal due to the lower
dose in the formulation of the typical sunscreen products. These values
reflect the total potential input of UVEs to the coralsites around the Kish.
Although this is just an estimation, but it is indicative of an alarming
level of UVIs in the Gulf area.

For example, a trace concentration of EHMC (33 ul L ') in 24 h can
bleach as high as 90% of Acropora sp by 86% expulsion of zooxanthellae
[9]. At slightly higher concentrations (50 ul L"), 4-MBC, BP3, EHMC,
and butylparaben cause bleaching up to 90% in 96 h [9].

Available studies affirmed that certain UVFs in the orderof 10 uLL™!
are sufficient to induce the lytic cycle in lysogenic viral toxification
of the zooxanthellae and kill the stony corals [9]. As can be seen in
Fig. 2(A), the corals are massively bleached in winter, coinciding the
time when the high release of UVEs was predicted. In this regard, less
bleaching was observed in summer when less tourist population is ex-
pected in the study area (Fig. 2(B)). The remainder images(C-F) demon-
strates the ex-situ effects of UV after 62 h of exposure to a variety of
Acropora species.

To better understand the magnitude of UVfs impacts, assume if in a
cubic meter of the Gulf, 35 ug L™ UVEs are sufficient to bleach 1 m?
of the reef, the estimated quantities of EHMC can threat the area over
5 km of the coastal line by 5 m depth and 0.5 m width. In a worstcase
scenario, the cumulative of the UVfs can massively kill the corals in the
Persian Gulf. Of course, this scenario excluded the complex matrices
of the sea (i.e., dilution factor) but it is worth to mention the kinetic
reaction of the UVEs with the corals is fast enough to kill the corals
[43].
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Fig. 3. The percentage of the coral bleaching in Kish Island (Bird Garden site)
obtained by a 12-month coral health survey (2008-2009). Data were retrieved
and processed from a national report in Persian [2]. The bleaching rate signifi-
cantly differs between seasons (p < 0.05).

The data analysis in this study further confirmed that the higher es-
timation of the UVfs in winter is consistent with the high bleaching rate
of corals in Kish Island. The data shown in Fig. 3 was retrieved from
surveyed data reported by Behzadi et al. [2]. As above mentioned, a
significantly high winter bleaching of corals (P < 0.05) can be linked to
the estimated amounts of UVfs. This pattern of relation between the rate
of bleaching and the increasing quantity of UVfs was in good agreement
with recent studies in China and Japan [50,52].

3.2. Inorganic UV filters

Three inorganic UVfs nanoparticles are generally formulated in sun-
screen products including, cerium oxide (CeOy), titanium oxide (TiOy),
and zinc oxide (ZnO) nanoparticles [44]. Studies on the toxicological
impacts of inorganic UVfs-NPs on the bleaching of corals are very lim-
ited. For example, Jovanovic et al. 2014 revealed that short-term expo-
sure (a week) to 0.1-10 mg/L TiO, could cause acute stress on expul-
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sion zooxanthellae leading to coral death. In another study, Tang et al.
[49] highlighted the impacts of ZnO-UV{s-NPs on coral health as a con-
sequence of raising the snorkeling activities in Taiwan coastal areas.
The impacts ZnO-UVfs on stony corals (Seriatopora caliendrum) are as-
sociated with the deformation of cellular membrane and disruption on
lipid metabolism [49].

Recent studies on the exposure of ZnO-UVfs with the predominant
stony corals of the Persian Gulf (Acropora spp.) showed the loss of zoox-
anthellae, which resulted in rapid bleaching of 67% the corals’ surface
within 24 h of exposure [8].

Similarly, CeO, disrupt the cellular membrane by generating the re-
active oxygen species (ROS) [38,56], which induce oxidative stress on
corals including DNA and RNA dysfunctioning, oxidizing lipids and pro-
teins in coral cells [24,31].

Among all the inorganic UVfs, the formulation of the uncoated ZnO-
UVIs in sunscreen found to result in serious threats on the life of the
stony corals in the Persian Gulf due to active chemical kinetics [8]. The
studies suggested the release of the uncoated ZnO-UVfs in water bod-
ies could lead to an entirely irreversible stony coral bleaching that indi-
rectly stimulates the enrichment of the microbial communities of seawa-
ter in coral zone area [8]. Respectively, Fig. 4 illustrates the bleaching
impacts of the uncoated ZnO-UVIs in exposure to stony corals within
48 h.

Despite the direct impacts of UVEs-NPs on the zooxanthellae, they
can also change the fatty acid composition, and reduce the membrane
fluidity in other living cells of a coral species [24,55]. Therefore, coral
tissues can become susceptible to infection by the accumulation of haz-
ardous heavy metals.

In addition, UVfs-NPs demonstrated a high adsorption capacity for
hazardous heavy metals including As, Cr, Pb and Cd [4,7,38], that led
deeper penetration of the heavy metals into the biological tissues of
corals [5,41]. Further, it was shown that the UVE-NPs could disrupt
the dynamic of the essential minerals for the photosynthetic tissues and
cause the deformation of the living hard core structures [45].

4. Conclusion

Both types of UVEs expose extreme bleaching and damaging effects
on corals population in the Persian Gulf. Considering all associated de-
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Fig. 4. Illustration of the ZnO-UVfs bleaching effects
on Acropora spp. (A) is showing the control after 48 h
with no chemical exposure, and (B) shows the results
of the exposure to zinc oxide after 48 h. Pictures were
slightly modified from the original [8].

Treated by ZnO-UVfs

structive impacts are co-occurring; oil spills, construction activities, and
progressive marine tourism development in the Persian Gulf, in the near
future, there would not be any corals left in this area. Above all, it
is needed to monitor the application and restriction of the type and
amounts of sunscreen and other cosmetic products that enter the coastal
areas of the Persian Gulf.

Declaration of Competing Interest
None.
Acknowledgment

I would like to appreciate the scientific concerns of Mahsa Alidoust
Salimi and Parisa Alidoust Salimi, two coral disease ecologists in Iran for
informing me regarding the progressing trend of coral observation and
discrepancy in reported data of the existing corals in the Persian Gulf,
These two young scientists claimed the the structural similarity of the
corals in Figure 2 with the Acropora dathrate. Also, | want to appreciate
my wife, Dr. Melina da Silva Matos Sharifan for her consultancy during
this study.

References

(1) AG. Bauman, DA. Feary, SF. Heron, MS. Pratchett, J.A. Burt, Multiple environ-
mental factors influence the spatial distribution and structure of reef communities
in the northeastern Arabian Peninsula, Mar. Pollut. Bull. 72 (2013) 302-312.

(2] S. Behzadi, A. Salarpouri, M. Darwishi, M. Mortazavi, M. Momeni, Study of oppor-
tunistic species and coral bleaching of Acropora sp. Kish Island (Persian Gulf), Iran.
J. Aquat. Fish. 2(2010) 1-6.

[3) L Bhatnagar, S-K. Kim, Immense essence of excellence: marine microbial bioactive
compounds, Mar. Drugs 8 (2010) 2673-2701.

(4) C-¥. Cao, Z-M. Cui, C.-Q. Chen, W.-G. Song, W. Cai, Ceria hollow nanaspheres
produced by a template-free microwave-assisted hydrothermal method for heavy
metal ion removal and catalysis, J. Phys. Chem. C 114 (2010) 9865-9870.

[S) E.Casals, T. Pfaller, A. Duschl, G.J. Oostingh, V.F. Puntes, Hardening of the nanopar-

ticle-protein corona in metal (Au, Ag) and oxide (Fe304, CoO, and CeO2) nanopar-

ticles, Small 7 (2011) 3479-3486.

MH. Chow, RH.L. Tsang, EX.Y. Lam, P. Ang Jr., Quantifying the degree of coral

bleaching using digital phatographic technique, J. Exp. Mar. Biol. Ecol. 479 (2016)

60-68.

AR. Contreras, A Garcia, E. Gonzalez, E. Casals, V. Puntes, A. Sanchez, X. Font,

S. Recillas, Potential use of Ce02, TiO2 and Fe304 nanoparticles for the removal of

cadmium from water, Desalin, Water Treat. 41 (2012) 296-300.

6

17



H. Sharifan

[8) C. Corinaldesi, F. Marcellini, E. Nepote, E. Damiani, R Danovaro, Impact of inor-
ganic UV filters contained in sunscreen products on tropical stony corak (Acropora
spp.), Sci. Total Environ. 637638 (2018) 1279-1285.

[9] R. Danovaro, L. Bongiorni, C. Corinaldesi, D. Giovannelli, E. Damiani, P. Astolfi,
L. Greci, A. Pusceddu, Sunscreens cause coral bleaching by promoting viral infec-
tions, Environ. Health Perspect. 116 (2008) 441.

[10] AE.Douglas, Coral bleaching—how and why? Mar. Pollut. Bull 46(2003) 385-392.

[11]) CA. Downs, E. Kramamsky-Winter, J.LE. Fauth, R. Segal, O. Bronstein, R Jeger,
Y. Lichtenfeld, CM. Woodley, P. Pennington, A. Kushmaro, Y. Loya, Toxicological
effects of the sunscreen UV filter, b h 2, on g lae and in vitro cells of
the coral, stylophora pistillata, Eooloxioology 23 (2014) 175-191.

[12) T.US.EP. Agency, Dermal exposure factors, in: Exposure Factors Handbook, EPA,
2015, p. 6. Ed. by.

[13) SMR. Fatemi, M.R Shokri, Iranian coral reefs status with particular reference to
Kish Island, Persian Gulf,, in: Proceedings of the Intemational Coral Reef Initiative
(ICRI) Regional Waorkshop For the Indian Ocean, Maputo, Mozambique, 2001.

[14) D.A. Feary, JA. Burt, A.G. Bauman, S. Al Hazeem, MLA. Abdel-Moati, KA. Al-Khal-
ifa, D.M. Anderson, C. Amos, A. Baker, A. Bartholomew, Critical research needs for
identifying future changes in Gulf coral reef ecosystens, Mar. Pollut. Bull 72 (2013)
406-416.

[15) T. He, MML.P. Tsui, C.J. Tan, C.Y. Ma, SKF. Yiu, LH. Wang, T H. Chen, T.Y. Fan,
P.K.S. Lam, M.B. Murphy, Toxicological effects of two arganic ultraviolet filters and
a related commercial sunscreen product in adult corals, Environ. Pollut. 245 (2019)
462-471.

[16) M.Y. Hein, J.B. Lamb, C. Scott, B.L. Willis, Assessing baseline Jevek of coral health
ina newly established marine protected area in a global scuba diving hotspot, Mar.
Environ. Res. 103 (2015) 56-65.

[17) E.J. Howelk, RN. Ketchum, A.G. Bauman, Y. Mustafa, K.D. Watkins, JA. Bun,
Speciesspecific trends in the reproductive output of corak across environ-
mental gradients and bleaching histories, Mar. Pollut. Bull 102 (2) (2015)
532-539.

(18) AR. Jafarabadi, AR. Bakhtiari, L. Hedouin, AS. Toasi, T. Cappello, Spatio-tem poral
variability, distribution and sources of n-alkanes and polyeyelic aromatic hydrocar-
bons in reef surface sediments of Kharg and Lark coral reefs, Persian Gulf, Iran,
Ecotoxicol. Environ. Saf. 163 (2018) 307-322.

[19] M.A. Jafari, J. Seyfabadi, MLR. Shokri, Intemal bicerosion in dead and live hard
corak in intertidal zone of Hormuz Island (Persian Gulf), Mar. Pollut. Bull 105
(2016) 586-592.

[20) A. Jakeel, The status of the coral reefs and the management approaches: the case of
the Maldives, Ocean Coast Manag. 82 (2013) 104-118.

[21) B. K i¢, HM Guzmin, Effects of titanium dioxide (Ti0,) tickes on
caribbean reefbuilding coral (Montastraea faveolata), Environ. Toxicol. Chem. 33
(2014) 1346-1353.

[22]) M. Khoobdel, §. Azari-Hamidian, A. Hanafi-Bojd, Mosquito fauna (Diptera: Culici-
dae) of the Iranian islands in the Persian Gulf 1L Greater Tonb, Lesser Tonb and Kish
Islands, J. Nat. Hist. 46 (2012) 1939-1945.

[23]) M. Kumari, S.S. Khan, S. Pakrashi, A. Mukherjee, N. Chandrasekaran, Cytogenetic
and genotoxic effects of zine oxide nanoparticles on root celk of Allium cepa, J.
Hazard. Mater. 190 (2011) 613-621.

[24) ML. Lopez-Mareno, G. de v Rosa, JA. Herndndez-Viezcas, H. Castillo-Michel,
CE. Botez, LR Peralta-Videa, J.L. Gardea-Torresdey, Evidence of the differential
biotrans | ion and g icity of ZnO and CeQ, nanoparticles on soybean
(Glycine max) plants, Environ. Sci Technol. 44 (2010) 7315-7320.

[25) S. Madani, AL. Martinez-Cruz, K.E. McConnell, Conservation value of coral reefs
around Kish Island, Iran, Mar. Resour. Econ. 28 (2013) 331-343.

[26]) 5. Mai P. Nicol lou-Stamati, Sun Jotion chemicals & endocrine disruptors,
Hamona 14 (mlS) 32-46.

[27) AG. Mashini, S. Pamsa, P.G. Mostafavi, Comparison of Sy
in corals from subtidal region and tidal pools of northern coasts of Hengam Island,
Iran, J. Exp. Mar. Biol Ecol 473 (2015) 202-206.

28) D Mirshekar, Bleaching Of Corak In Qeshm Island Is Reaching Up to 70 Percent,

of Envi of Iran, 2015.

[29]) s. Monlam D. Seveso, P. Galli, D.O. Obura, Assessing coral bleaching and recovery
with a colour reference card in Watamu Marine Park, Kenya, Hydrobiologia 655
(2010) 95-108.

[30] P.G.Mostafavi, S M.R. Fatemi, M.H. Shahhosseiny, 0. Hoegh-Gulkdberg, W.K.W. Loh,
Predominance of clade D Symbiodinium in shallow-water reefbuilding corals off
Kish and Lamak Islands (Persian Gulf, Iran), Mar. Bial. 153 (2007) 25-34.

[31) C Peng, Y. Chen, Z. Pu, Q. Zhao, X. Tong, Y. Chen, L. Jiang, CeO2 nanoparticles
alter the outcome of species interactions, Nanotoxicology 11 (5) (2017) 625-636.

Mioding lati

Sussinable Futires 2 (2020) 100017

[32) C Plagellat, T. Kupper, R. Furrer, L.F. De Alencastro, D. Grandjean, J. Tarradellas,
Concentrations and specific boads of UV filters in sewage sludge originating from a
monitoring network in Switzerland, Chemosphere 62 (2006) 915-925.

[33]) T. Poiger, H-R Buser, M.E. Balmer, P.-A. Bergqvist, M.D. Miiller, Occurrence of UV
filter compounds from sunscreens in surfice waters: regional mass balance in two
Swiss lakes, Chemosphere 55 (2004) 951-963.

[34) H. Rezai, S. Wilson, M. Claereboudt, B. Riegl, Coral reefl status in the ROPME sea
arex Arabian/Persian Gulf, Gulf of Oman and Arabian Sea, Status Coral Reefs Workl
1(2004) 155-170.

(35] BM. Riegl, S.J. Purkis, A.S. Al-Cibahy, MA. Abdel-Moati, 0. Hoegh-Guldberg,
Present limits to heatadaptability in corals and population-level resp to cli-
mate extremes, PLaS One 6 (2011) €24802.

[36) J.Rocha, L. Peixe, N. Gomes, R. Calado, Cnidarians & asource of new marine bioac-
tive compounds—an overview of the last decade and future steps for bioprospecting,
Mar. Drugs 9 (2011) 1860-1886.

[37] R Rodil, M. Moeder, R. Altenburger, M. Schmitt-Jansen, Photostability and phyto-
taxicity of selected sunscreen agents and their degradation mixtures in water, Anal.
Bicanal. Chem. 395 (2009) 1513-1524.

[38) L Ressi, H Sharifan, W. Zhang, A_P. Schwab, X. Ma, Mutual effects and ln planla
a0 lation of co-existing cerium oxide nanoparticles and cadmium in h
cally grown soybean (Glydne max (L) Mern.), Environ. Sci. Nano 5 (2018) 150-1 57.

[39) MLA. Salimi, P.G. Mastafavi, SM.R. Fatemi, GS. Aeby, Health status of corals sur-
rounding Kish Island, Persian Gulf, Dis. Aquat. Org. 124 (2017) 77-84.

[40] D. Sinchez-Quiles, A. Tovar-Sinchez, Are sunscreens a new environmental risk as-
sociated with coastal toursm? Environ. Int. 83 (2015) 158-170.

[41) S. Schymura, T. Fricke, H. Hiklebrand, K. Franke, Elucidating the role of dissolution
in CeO, particle plant uptake by smant radiolabeling, Angew. Chem. Int. Ed. 56
(26) (2017) 7411-7414.

[42) H. Sharifan, D. Klein, A Morse, UV filters interaction in the chlorinated swimming
pool, a new challenge for urbanization, a need for ¢ ity scale investigati
J. Environ. Res. 148 (2016) 273-276.

[43) H. Sharifan, D. Klein, AN. Morse, UV filters are an environmental threat in the Gulf
of Mexico: a casestudy of Texas coastal zones, Oceanologia 58 (2016) 327-335.

[44) H. Sharifan, X. Ma, Potential photochemical interactions of UV filler molecules with
multi-chlorinated structure of prymnesing in harmful algal bloom events, Mini Rev.
Org. Chem. 14 (5) (2017) 104-118.

[45) H. Sharifan, J. Moore, X. Ma, Zinc oxide (ZnO) nanoparticles elevated iron and cop-
per contents and mitigated the bioavailability of lead and cadmium in different leafy
greens, Ecotoxicol. Environ. Saf. 191 (2020) 110177.

[46) C. Sheppard, Coral reefs in the Gulf are mostly dead now, but can we do anything
about it? Mar. Pollut. Bull. 105 (2) (2015) 593-598.

[47) ULE. Siebeck, N.J. Marshall, A. Kliiter, O. Hoegh-Guldberg, Monitoring coral bleach-
ing using a colour reference card, Coral Reefs 25 (2006) 453-460.

(48] M. Spalding, C. Ravilious, EP. Green, World Atlas Of Coral Reefs, University of
California Press, 2001.

[49]) C.-H. Tang, C.-Y. Lin, S-H. Lee, W.-H. Wang, Membrane lipid profiles of coral re-
sponded to zine oxide icle-induced perturbations onthe cellular membrane,
Aquat. Toxicol. 187 (2017) 72-81.

[S0] Y. Tashiro, Y. Kameda, Concentration of organic sun-blocking agents in seawater
of beaches and coral reefs of Okinawa Island, Japan, Mar. Pollut. Bull. 77 (2013)
333-340.

[51) W.W.-C. Tseng, S-H. Hsu, C-C. Chen, Estimating the willingness to pay to protect
coral reefs from potential damage caused by climate change—the evidence from
Taiwan, Mar. Paollut. Bull 101 (2015) 556-565.

[52] MM. Tsui, J.C. Lam, T.Y. Ng, P.O. Ang, M.B. Murphy, P.K. Lam, Occurrence, distri-
bution, and fate of organic UV filters in coral communities, Environ. Sci. Technol.
51(2017) 4182-4190.

[53]) J. ValleSistac, D. Molins-Delgado, M. Dixz, L Ibdfiez, D. Barcelé, M. Silvia
Diaz-Cruz, Determination of parabens and benzophenone-type UV filters in human
placenta. First description of the existence of benzyl paraben and benzophenone-4,
Environ. Int. 88 (2016) 243-249.

[54] MLW. Wright, S.T. Wright, RF. Wagner, Mechanisms of sunscreen failure, J. Am.
Acad. Dermatol. 44 (2001) 781-784.

[55] R Yu, X Fang, P. S daran, K. Chand Short-term effects of Ti0,, CeO,,
and ZnO nanoparticles on metabolic activities and gene expression of Nitrosomonas
europaes, Chemosphere 128 (2015) 207-215.

[56) L Zhao, B. Peng, JA. Hernandez-Viezess, C. Rico, Y. Sun, JR. Peralta-Videa,
X Tang, G. Niu, L. Jin, A. VarelaRamirez, Stress response and tolerance of Zea
mays to CeO, nanoparticles: cross talk among H202, heat shock protein, and lipid
peroxidation, ACS Nano 6 (2012) 9615-9622.




