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THE SKIN AFTER...

>> In 2018,  Hawaii passed state legislation that 
will restrict the use of personal care products 

containing oxybenzone and octinoxate, an action that 
was prompted by the evidence-based correlation between 
the above-mentioned chemical sunscreen ingredients and 
coral reef harm. The global net worth of the sunscreen 
market is projected to reach $24 billion by 2024.1 A 
myriad of sunscreen options are available with variance 
in effectiveness, duration of protection, convenience of 
application, cosmetic elegance, and environmental impact. 
It is imperative for dermatologists to fully understand key 
features of sunscreens, including new literature on safety 
and environmental impact, in order to properly counsel 
patients in need of sun protection. Our aim is to highlight 
the evidence of recent literature exploring potential adverse 
effects of both chemical and physical sunscreens on human 
health and the environment.

Ultraviolet radiation (UVR), which makes up 6.8 percent 
of total solar radiation, is a known cutaneous carcinogen, 
particularly in Caucasians, and was cited as a contributing 
factor in 65–90 percent of all melanomas.2 UVR is divided 
into two classes based on wavelength: UVA (320-400nm) 
and UVB (290-320nm), with UVA further divided into 
UVA1 (340-400nm) and UVA2 (320-340nm).2 UVA, or 
long-range ultraviolet rays, are lower energy waves that 
penetrate through the epidermis into the dermis, thereby 

causing reactive oxidative species (ROS) formation and 
collagen destruction, which accelerate photoaging. In 
contrast, UVB, or short-range ultraviolet rays, penetrate 
through the epidermis and are largely responsible for 
epidermal damage. While UVB is classically associated 
with direct DNA damage and therefore linked to cutane-
ous carcinogenesis, UVA also plays a role in DNA damage 
via ROS formation.2 UV radiation (UV) is classified as a 
“complete carcinogen” because it is both a mutagen and 
a non-specific damaging agent and has properties of both 
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a tumor initiator and a tumor pro-
moter. In environmental abundance, 
UV is the most important modifiable 
risk factor for skin cancer and many 
other environmentally-influenced skin 
disorders.3 The American Academy of 
Dermatology encourages the use of 
sunscreens with both UVA and UVB 
protection for assisting with preven-
tion of cutaneous carcinoma develop-
ment.4

The US FDA regulates sunscreen 
safety and the active ingredients 
allowed in different sunscreen formu-
lations.5 Table 1 lists ingredients cur-
rently permitted in the United States 
and their respective UV wavelength 
protection.5,6 Physical sunscreens 
contain insoluble, inorganic com-
pounds that allow for reflection of 
UV wavelengths. Two insoluble filters 
approved in the United Sates, zinc 
oxide and titanium dioxide, have been 
deemed safe and molecularly stable 
by numerous studies over several 
years.7 Chemical sunscreens contain 
a variety of soluble organic com-
pounds that absorb a range of UV 
wavelengths. The number of chemical 
filters is limited in the US with only 
a few providing protection against 
UVA, including oxybenzone, meradi-
mate, and avobenzone. Although 
permissible in the European Union, 
very broad-spectrum chemical filters 
are generally prohibited by the FDA 
due in part to the lack of studies rul-
ing out harm from chronic exposure, 
especially in pregnant women and 
children.8 In 2006, the FDA allowed La 
Roche-Posay to produce one specific 
sunscreen formulation with ecamsule 
(Mexoryl SX), which added another 
photostable UVA protectant to the 
US market. Several other UV filters, 
including isocotrizinol (Tinosorb M) 
and drometrizole trisiloxane (Mexoryl 
XL), allow for very broad range of 
protection against UVB and UVA. 
Between 2003 and 2010, European 

sunscreen producers applied for FDA 
permission to use several broad-spec-
trum chemical filters but were met 
with untimely responses by the FDA. 
The failure of the FDA to respond 

to these applications prompted 
Congress to pass the Sunscreen 
Innovation Act of 2014 (FDA 2014), 
which aimed to encourage evaluation 
of sunscreen filter applications. Table 

TABLE 1. FDA-APPROVED ACTIVE SUNSCREEN PRODUCT INGREDIENTS

UV wavelength protective coverage

UVA1
(340-400 nm)

UVA2
(320-340 nm)

UVB
(290-320 nm)

Inorganic 
filter agents

Titanium dioxide

Zinc oxide

Organic 
filter agents  

p-aminobenzoic acid 
(PABA)

Padimate-O

Cinoxate

Octinoxate

Homosalate

Octisalate

Trolamine salicylate

Oxybenzone

Sulisobenzone

Dioxybenzone

Meradimate

Avobenzone

Octocrylene

Ecamsule (Mexoryl SX)

Ensulizole

Menthyl anthranilate

Octyl methoxycin-
namate
Octyl salicylate

Phenylbenzimidazole 
sulfonic acid

Figure 1: UV filter ingredients currently approved by the FDA and UV wavelength 

protective coverage. Lighter colored bars demonstrate variable efficacy.5,6
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2 lists very broad-spectrum chemical 
filter ingredients that are not cur-
rently approved by the FDA.6 

HUMAN HEALTH IMPACT
Historically, both physical and 

chemical sunscreen safety profiles have 
been challenged; however, both forms 
of sunscreens continue to be deemed 
safe for human use by the FDA.9,10 
Interestingly, literature in recent years 
has continued to question the human 
health impact of sunscreens, which has 
generated concern among the general 
population. 

Recent systematic reviews revisit 
sunscreen safety profiles, in particular 
of chemical sunscreens.11,12 An area of 
ongoing concern is the possibility that 
chemical sunscreen ingredients, such 
as oxybenzone, may have estrogenic 
and anti-androgenic impacts on the 
mammalian hypothalamic-pituitary-
gonadal hormonal axis. However, in 
a systematic review in 2011, Wang et 
al calculated that nearly 300 years of 
daily sunscreen application would be 
necessary to reach similar exposure 
levels of oxybenzone used in prior ani-
mal studies with reported endocrine 
abnormalities.9 In addition, it was sug-
gested that the reported amounts of 
cutaneously absorbed oxybenzone are 
insignificant and non-cumulative in 
the adult human body.7,9 In a single-

blinded study, Janiua et al reported 
that the binding affinity of oxyben-
zone for estrogen receptors has 
been shown to be weaker and near 
insignificant compared to estrogen 
and estradiol.10 The culmination of 
these results suggest that oxybenzone 
causes no clinically significant disrup-
tion in hormonal homeostasis. More 
recently, in 2017, Wang et al sum-
marized advances in understanding 
potential endocrine disruptors and 
mechanisms of toxicity, including 
but not limited to benzophenones in 
chemical sunscreens.12 It was noted 
that in vitro and in vivo assays dem-
onstrated various endocrine disrupt-
ing effects of the estrogenic, andro-
genic, and thyroid hormone pathways. 
Octinoxate exposure was associated 

with a decrease in thyroxine (T4) lev-
els due to inhibition of 5’-deiodinase, 
an enzyme that catalyzes the conver-
sion of T4 to triiodothyronine (T3).12 
This highlights the importance of 
conducting a better risk assessment of 
these chemical sunscreen constituents 
and their metabolites. 

Another area of concern under recent 
investigation is the safety of chemical 
sunscreen application on pregnant 
women. Ruszkiewicz et al reported 
that detectable levels of oxybenzone 
and octinoxate have been identified in 
human urine, serum, and breast milk.11 
They hypothesized that this was sec-
ondary to chemical sunscreen applica-
tion. Schlumpf detected oxybenzone 
and four other sunblock filters in Swiss 
women’s breast milk, specifically at 
least one sunscreen ingredient in 85 
percent of milk samples, suggesting that 
developing fetuses also may be exposed 
to these substances.13,14 A recent sys-
tematic review that evaluated various 
human and animal reproductive studies 
showed an association between oxyben-
zone exposure during pregnancy and 
varying birth outcomes.15 One study 
reported shorter pregnancy lengths in 
women gestating male fetuses.15 Two 
studies reported higher birth weights 
in male neonates, while another study 
found lower birth weights in female 
neonates.15 

TABLE 2. ACTIVE SUNSCREEN PRODUCT INGREDIENTS WITH 
UVB, UVA1, AND UVA2 COVERAGE

UV wavelength protective coverage

UVA1
(340-400 nm)

UVA2
(320-340 nm)

UVB
(290-320 nm)

Organic filter agents  

Isocotrizinol (Tinosorb M)

Drometrizole trisiloxane 
(Mexoryl XL)

Figure 2: Very broad-spectrum chemical filters that are not currently approved by the 

FDA.6

An estimated 25% of sunscreen washes off the skin 
within 20 mins. of submersion, dispensing 4,000-6,000 
tons of sunscreen into the surrounding waters of coral 
reefs per year.



THE SKIN AFTER...<<

FEBRUARY 2019  PRACTICAL DERMATOLOGY  51

Physical sunscreens are not immune to speculation, 
especially the newer nanoparticle formulations of metal 
oxides. Concerns of potential reactive oxygen species cre-
ated by the metal oxides and whether they have carcino-
genic effects have been addressed in a systematic literature 
review by Burnett et al, reporting that several studies 
showed no percutaneous permeation of nanoparticles 
through intact human skin.7 Additionally, The Scientific 
Committee on Emerging and Newly Identified Health Risks 
extensively researched free radical formation of metal 
oxides in cosmetic products and found that no toxicity or 
other adverse effects were observed.7 

Lastly, concerns about potential neurotoxic effects of 
both chemical and physical sunscreen ingredients were 
also raised, including octyl methoxycinnamate, benzophe-
none-3 and −4, 4-methylbenzylidene camphor, 3-benzyli-
dene camphor and octocrylene, zinc oxide, and titanium 
dioxide.11 This review advocates the revisitation of sun-
screen safety profile regulation.

ENVIRONMENTAL IMPACT
In May 2018,  Hawaii passed state legislation that 

sparked much conversation and controversy.16 The leg-
islation restricts the use of personal care products con-
taining oxybenzone and octinoxate, effective January 1, 
2021.16 This law was prompted by several studies showing 
increased amounts of active chemical sunscreen ingredi-
ents in coastal waters, with supportive evidence pointing 
to harmful effects of oxybenzone and octinoxate on coral 
reefs, a crucial component of aquatic ecosystems.17-22 Coral 
reefs occupy less than 0.1 percent of the world’s ocean sur-
face, yet they provide a home for at least 25 percent of all 
marine species.23 

It is estimated that 25 percent of sunscreen applied to 
the skin is washed off within 20 minutes of submersion, 

releasing approximately 4,000 to 6,000 tons of sunscreen 
into the surrounding waters of coral reefs per year.19 Large 
tourist populations that frequent Hawaii likely contrib-
ute to excess oxybenzone and octinoxate found in the 
surrounding ocean shores. In addition, the water-waste 
treatment facilities in  Hawaii do not have effective means 
of filtering out these organic compounds, leading to addi-
tional contamination of coastal waters via sewage drop 
off.24 It has been shown that four out of five sampled sites 
of ocean had detectable oxybenzone levels of 100 parts per 
trillion while the fifth site demonstrated oxybenzone levels 
of 19.2 parts per billion.22

When coral is exposed to oxybenzone and octinoxate, it 
has been shown to undergo a bleaching phenomenon due 
to loss of membrane integrity and loss of photosynthetic 
pigments in zooxanthellae, a species of algae released from 
coral. Coral and zooxanthellae have a delicate symbiotic 
relationship wherein coral provides the zooxanthellae a 
protective refuge and resources needed for algae photosyn-
thesis. The algae are later consumed by the coral, providing 
nourishment needed for coral growth and expansion. When 
coral reefs are exposed to stress, such as chemical bleach-
ing, algae dissociate from the coral, thereby disrupting this 
relationship leading to decreased coral viability. Oxybenzone 
and octinoxate were also named in other mechanisms that 
directly damage coral larvae DNA. Oxybenzones also directly 
impact zooxanthellae. Danovaro and Corinaldesi described 
this impact as an induction of the lytic viral cycle in the 
algae when exposed to oxybenzone.19 

Johnson & Johnson, the manufacturers of Neutrogena, 
responded to the legislation by pointing out that such a 
measure could compromise the health of both tourists 
and native Hawaiians, as it prohibits a large portion of 
available sunscreen products.16 They countered with the 
argument that the FDA recognizes both oxybenzone and 
octinoxate as safe over-the-counter ingredients.16 

CONCLUSION
Literature in recent years has addressed concerns regard-

ing the safety profile of chemical sunscreens, including 
oxybenzone and octinoxate, on both human health and 
marine ecosystems. Although some studies suggest that 
unnecessary exposure to the toxicity of active ingredients 
in sunscreens, such as oxybenzone and octinoxate, may 
counteract the benefits of sunscreens, the majority agrees 
that further research is required to determine risks to 
consumers.11,12 Literature demonstrating the detrimental 
effects of oxybenzone and octinoxate on coral reefs has 
prompted statewide legislative change in  Hawaii due to 
environmental impact. There has been encouragement 

The Key West City Commission votes this month on 
a proposal to ban the sale of sunscreens that contain 
oxybenzone and octinoxate on the basis that the chem-
icals harm coral reefs, The Miami Herald reports.

Having passed an initial vote, the proposal requires 
a second vote before it can become law.

Recent Developments:
Key West Eyes 
Sunscreen Ban
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we may spend significant amounts of money on making 
our skin look good, perhaps we do not always listen to 
the subtler conversation our skin is trying to have with us. 
The skin is part of our first line of defense from the outside 
world and it is important in our feelings of self-worth and 
mental wellbeing. Therefore, we can say that heathy skin is 
important for a healthy body and mind as well as reflecting 
our overall health and wellbeing. n

Helen Taylor, PhD is an Associate Member of Institution 
of Occupational Safety and Health (IOSH) and a Partner at 
EnviroDerm Services. Her work harnesses the knowledge of 
skin and its behavior from dermatologists and combines it 
with modern engineering technology to provide methods of 
reducing skin exposure in the workplace.

“  There are several mental health issues 
that can occur alongside skin disorders 
including depression, obsessive compulsive 
disorder, social anxiety disorders, post-
traumatic stress disorder, body dysmorphic 
disorder, somatoform disorders, and 
delusional disorders.

Research shows that 13 percent or more of dermatology 
patients have an anxiety disorder. Anxiety makes the skin 
“more sensitive and penetrative.” Anxiety is thought to 
indirectly exacerbate certain skin disorders.
Anxiety has been linked to the development of skin rashes 
and urticaria and shown  to trigger flares of conditions 
like herpes simplex, according to a recent review. 
Among skin diseases reported to be exacerbated or trig-
gered by stress are psoriasis, eczema, acne, and herpes 
simplex.
“It is essential to educate patients and the doctors, psy-
chiatrists, and psychologists about the deep association,” 
between psychiatric disease and dermatologic disease, 
the authors conclude.

— Rev Colomb Psiquiatr. 48(1):50-57.

case in point: anxiety
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