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sunscreen Compoaosition & Safe,
Effective Alternatives

NAS study - Environmental Impact of Currently Marketed Sunscreens
and Potential Human Impacts of Changes in Sunscreen Usage

Autumn Blum Cosmetic Chemist & CEO - Stream2Sea
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Autumn Blum

Award winning cosmetic chemist
Ocean advocate & technical diver

Entrepreneur: founder of Stream2Sea, Organix-
South, Scuba Girls

| noticed a sunscreen ‘oil slick’
when diving in Palau a few years
back and knew we could do bette;,.
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FDA Revoked GRASE, 2019

Proposed GRASE Status for
Sunscreen Active Ingredients

GRASE* for use in sunscreens Not GRASE** for use in sunscreens ***|nsufficient data for use in sunscreens

Zinc oxide and titanium dioxide Aminobenzoic acid (PABA) and Cinoxate, dioxybenzone, ensulizole,
trolamine salicylate homosalate, meradimate, octinoxate,
octisalate, octocrylene, padimate

O, sulisobenzone, oxybenzone,
avobenzone

‘GRASE= Generally Recognized as Safe and Effective **These ingredients are not currently marketed, ***For those ingredients in the “insufficient data”
category, FDA proposes that it needs additional data fo determine that sunscreens with these ingredients would be GRASE.



Our reefs need our protection, but at what cost?/

Climate change driving skin cancer
WHO estimates that justa 10%

reduction in the ozone layer
could generate

300,000

additional skin cancer
cases in any one year”

*hitps://www.who.int/uv/fag/skincancer/en/index1.html




Our reefs need our protection, but at what cost?/




Sunscreens: Organic vs. Mineral

Q: What is the efficacy of different active
ingredients (organic and mineral UV filters
available in the United States), and application
methods for protecting human health?
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Sunscreens: Organic vs. Mineral

»
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Mineral UV Filters are comprised of “nature identical
minerals” obtained by transformation of inorganic

& compounds mined from the earth and then processed to
_ obtain clean and safe UV filters

Mineral / Inorganics Chemical / Organics

v Minerals are coated and « fossil derived in origin and are entirely
dispersed to improve synthetic chemical compounds
performance and aesthetics » Questions over environmental impact

v Extensively used in products (Hawaii ban) and skin penetration (FDA)
marketed as reef/coral safe and « Permitted use levels are limited to 4 -
formulations for sensitive skin 10% depending on regulations
due to no skin penetration / « Cocktails required for high SPF
irritation

v/ Approved for use at levels up to

25% globally o o
v Achieve high SPF on their own Reproduced with kind permission of Croda®
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Sunscreens: Chemical Vs. Mineral

Mode of action of organic (left) and inorganic (right) UV filters

Heat release Reflection

Radiation emission
in high &

|
| feonformational molecular |
changes

| Organic UV filter

Inorganic UV filter

Reproduced with kind permission of Croda®




Offers broad-spectrum protection?

Absorption bands and critical wavelength for the most commonly used UV filters*

Aminobenzoic acid (PABA)

| Avobenzone | ® [ © |

) :
Y | = Basal Cell & Melanoma Wavelength**

5
Homosalate J
| Menthyl anthranilate | ©

(@
Menthyl anthranilate O
9,

Octocrylene €

ate

Zinc Oxide

Protection Level: @ = extensive {) = considerable limited (O = minimal

For the most up-to-date information on approved sunscreen ingredients, visit
the FDA Web site at <www.fda.gov>.

%Diffey et al JAm Acad Dermatol. 2000; 43:1024-35 & **McDaniel et al, J Cosmet Dermatol 2018, 17124-137

Sunscreen, The Burning Facts. EPA.gov
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Drug Facts

Active ingredients

AVODBNZONE M. nisisinsbisamtans
Homosalate 5%
OCHSAIAE B0 ....ocecevvensesrsesssssssssdhussrers
Octocrylene 7%
Oxybenzone 6%

Uses - helps prevent sunbum « f used as directed with other sun

Purpose
sessesasnnnses SUNSCTEEN
Sunscreen
wsessesnnsses SUNSCIEEN

Sunscreen

combines it with Dry-Touch technology for a lightweight, clean feel.

Drug Facts

Active ingredients
Avobenzone 3%, Homosalate 15%, Octisalate 5%, }
Octocrylene 4,5%, Oxybenzone 6%

Purpose

Sunscreen

UJSES « nelos prevent sunbum = if used as directed with other
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Drug Facts

Active Ingredients Purpose
B.&% Titanem Dicoda (Non-Nana) . SANSCrean

Uses » Helps pravant sunbum

Waminos = For exdemal ime onlv 8 Do nal use on dememsd or broken skin

DRUG FACT
Active Ingredients P
Titanium DioXide, B.0MW. .. cusisminnisinnisseIUNSCIEEn

ZinC Oxide, B0 e e i i min SUNSCTEEN

Uses: Helps prevent sunburn, If used as directed



Sunscreen Application & Types

BOTH Chemical and Mineral Sunscreens:

How much sunscreen should | use?
© soov

= fi

Q FACE

E

1 shot glass

size of 1 almond
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Sunscreen usage is on the rise

Dates of introduction of suntan lotions and sunscreens
and age-adjusted melanoma incidence rates per 100.000

807 Source: Connecticut Tumor Registry -+ Male
-8 Female

25 1
= Higher
[—]
= 2 - Erythemal
= Blocks (1975,
5 SPF 20-35)
s 15-
bl PABA
E Homosalate (early 1960s,
2 101 and glyceryl- ~ SPF 8)
= p-aminpbenzoate

(late 1940s) l
5 B
0

\‘:""r?-‘ r@h”’*@\‘a@h&*\"r@

https://joshgitalis-wpengine.netdna-ssl.com/wp-content/uploads/2012/07/Introduction-of-sunscreen-and-skin-cancer-rates1.png
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ﬂ Journal of Photochemistry and Photobiology A:
Chemistry

Volume 332, 1 January 2017, Pages 241-250

ELSEVIER

Photo-stability and photo-sensitizing
characterization of selected sunscreens’
ingredients

Environment International
Volume 137, April 2020, 105495

+ Oxybenzone (OXB)is found to be a very stable UV filter. ELSEVIER

« Avobenzone (AVOB) is known to be rather unstable UV sunscreen

and it photodegrades with time of irradiation. Identlﬁcatlon Of avobenzone bY-PI'OdUCtS

_ formed by various disinfectants in different
« Ecamsule (ECAM) is also found to be very photounstable sunscreen . .
and photodegraded with irradiation of UV light. tYPes of SWI1mining POOl waters

Albert T. Lebedev ® ¢ & &, Mojca Bavcon Kralj ®, Olga V. Polyakova 2, Elena A. Detenchuk 2, Sergey A.
Pokryshkin ¢, Polonca Trebge P & =

[ S



-----

Octocrylene Degrades into Carcinogen

ACS Pu bl |Cat| ons Search text, DOI, authors, etc. Q @ My Activ

g Most Trusted. Most Cited. Most Read.

RETURN TO ISSUE <PREV ~ ARTICLE  NEXT>

Benzophenone Accumulates over Time from the Degradation of Octocrylene in
Commercial Sunscreen Products
C. A. Downs*, Joseph C. DiNardo, Didier Stien, Alice M. S. Rodrigues, and Pt

@ cite this: Chem. Res. Toxicol. 2021, 34,4, 1046- Article Views Altrr

1054
Publication Date: March 7, 2021 v 43707 3 (

L doi -
https://doi.org/10.1021/acs.chemrestox.0c00461 LEARN ABOUT THE! f

Copyright © 2021 American Chemical Society s ) -
RIGHTS & PERMISSIONS [£] - CD;R DH
. o mzn
PDF (2 MB) @ Supporting Info (1) » SUBJECT
) R = 2-Ethylhexyl

Octocrylena Eenznphenone



2019 & 2020 Study Leading to Change

Preliminary Communication

May 6, 2019

Effect of Sunscreen Application Under
Maximal Use Conditions on Plasma
Concentration of Sunscreen Active
Ingredients

A Randomized Clinical Trial

Murali K. Matta, PhD'; Robbert Zusterzeel, MD, PhD, MPH!; Nageswara R. Pilli, PhD'; et al

Study Results

Results showed that all four tested ingredients were absorbed into the body at amounts
exceeding the FDA threshold of 0.5 nanograms per milliliter (ng/mL), for potentially

waiving some additional studies for sunscreens. 2 This threshold for testing the safety of

RS . NS RN [T S DN S [ B SRR SR S ISR T ST T ) . SUUT TSR P I
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FDA Maximum Usage Trial (MUST)

Matta data
from 2020
paper: 4
applications
aday for4
days ... no
applications
made
between
day 5 and
21.

300.0
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Avobenzone Oxybenzone Octocrylene
-
Homosalate I ‘ Qctisalate | | Octinoxate |
e f
R
—‘—-—h,_‘__' i I r b
N —
10 14 21 1 4 7 10 14 21 1 4 7 10 14 21

Time (day)

Product —= Lotion -~ Aerosol Spray -= MNonaerosol Spray —+ Pump Spray

Matta et al JAMA 2020; 323:256-267.




Pathopoiesis of Hirschsprung’s Disease
(congenital megacolon) by Oxybenzone

: ml RNA-218 Dose-dependent

SUN i (4
- Oxybenzone exposure

2033 Increases miRNA-218 levels
Drinking Beaches, ot

Sunscreens Water Pools, Baths

> - v v
) INCREASES expression of: DECREASES expression of:
I SLIT-2 pathway Receptor Tyrosine Kinase 8 pathway

ROBO pathway PLAG1 pathway

Aerosol

Air Pollution Reduced cell migration
Reduced cell proliferation

v

Neural crest cells fail to migrate into large intestine
and result in the absence of ganglia formation in the distal colon

Pregnancy *
gxpgsure to Hirschsprung’s
b il Pathomorphology

©Haereticus Environmental Laboratory

Personal
Care Products




Delayed increasing UVA
with increasing SPF

SPF Towlettes, shampoos
are out

12 organic actives are
allowed to stay on the
market

It is now up to industry to
prove otherwise —or
regulatory to change the
monograph.

H?A NNOCENT
g ITINNO

ur}m PROVEN GUILTY &
L ORISITGLILTY

TIL PROVEN)
UN INNOCENT &

CartoonStock.com
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Increasing Trends — Improved aesthetics

Appearance on Skin and Particle Size o
1 Percentage of launches (sun care — sun protection) using TiO,

Solaveil Solaveil and/or ZnO, but no organic sunscreens (2015-2019)
SpeXtra | |Harmony . : 35.0%

30.0%

25.0%
20.0%
15.0%
10.0%
5.0%
0.0%

B Skin Type] 2015 2016 2017 2018 2019

Launches containing Zinc Oxide

. Q

3 Skin Type llI 510

38

£ 6

54

Formulations S 5

containing TiO, 0

7.5% solids | ' Skin Type V May2076 May2017 May201s May201s  May 2020

Smart Science to Improve Lives™ CRODA

*Mean size by X-Ray Disc Centrifuge

Reproduced with kind permission of Croda®



UV Filters in the Environment

Question: What are the chemical
properties of the UV filters that may affect
their fate in the environment?



1000s of studies show that oxybenzone and/or

avobenzone/octocrylene are not safe
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UV Filters in the Environement

© Haereticus Environmental Laboratories



Bioaccumulation of UV Filters in Fish

Muscle Analysis

Muscul 154
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© 2017 Haereticus Environmental Laboratory
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BP3 = oxybenzone

BP1, 4HB, & 4DHB = metabolites
of oxybenzone

OC = octocrylene

EHMC = methoxycinnamate



UV Filters in Eggs of Birds from

a Preserved Natural Area
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Sea Turtle Nests




UV Filters in the Environement

SUNSCREEN CHEMICALS AND MARINE LIFE

How sunscreen chemicals enter our environment:

” \
[, A ? | s .
| The sunscreen you apply may not stay | @  When we swim or shower, sunscreen may
on your skin. E

\ "\ E wash off and enter our waterways.

How sunscreen chemicals can affect marine life:

> W :

Can impair Accumulates in tissues. Can induce defects in young.
growth and photosynthesis. Can induce bleaching, damage
DNA, deform young and even kill.

Chemicals in some sunscreens
that can harm marine life:

© 3-Benzylidene camphor
© 4-Methylbenzylidene

camphor A
® Octocrylene /cT‘
* Benzophenone-1 A —’ (¢ f 9 ’ h
* Benzophenone-8
© OD-PABA G

STano-Tianlum diokide Can damage Can decrease fertility and Can accumulate in tissues and
© nano-Zinc oxide

 Octinoxate immune and reproductive reproduction, and cause female be transferred to young.
© Oxybenzone systems, and deform young. characteristics in male fish.

Here are a few ways to protect ourselves and marine life:
Consider sunscreen without chemicals that can harm marine life, seek shade between 10 am & 2 pm, and use Ultraviolet Protection Factor (UPF) sunwear.

(I
10

g 3|
s 4
7 | s

Seek shade Umbrella Sun hat Sunscreen UV Sun glasses  Sun shirt Leggings




Waterproof?

Question: What is the expected waterproof efficacy
and rinse off rate of sunscreen actives?

Guidance for Industry

Labeling and Effectiveness Testing:
Sunscreen Drug Products for Over-
The-Counter Human Use — Small
Entity Compliance Guide

For sunscreen drug products that provide 40 or 80 minutes of water resistance
according to the test in 21 CFR 201.327(1)(7):
“Water Resistant ([insert length of time drug product is proven to be water
resistant, either 40 minutes or 80 minutes, according to 21 CFR 201.327(1)(7)])”




e 30 minutes after application, detect in urine

Residue on skin, wash off in shower




CHESAPEAKE BAY

Graphic as appears in Science of the Total Environment
://www.sciencedirect.com/science/article/abs/pii/S0048969718338944



https://www.sciencedirect.com/science/article/abs/pii/S0048969718338944

% of Fish

Test Results — What Is reef safe?

Removing banned ingredients

does NOT mean a product is

REEF SAFE

Swimming Behavior of Fish at the 3, 6, 24, 48,
72, 96 Hour of Exposure to Stream2Sea
*f}Sunscreen at 46.7 mg/L

% of Fish Mewing
Shiggish o¢ 5131

o Fish Mosing.
Neemally

a & M4 T %
Hours of Exposure.

5
&
%
E

Feeding behavior of fish at the 2 and 24 hours of
axpoiun to Straam2Sea’s 3-in-1 Shampoo at 47.6 mg/L

Feeding behavior of fish at the 2 and 24 hours of
o Compatetor's $h t 47,6 mg/L

o 0%
Ly 80N
0%
- FEnasmeemedn  gox
swimming Behavior of Fish at the 3, 6, 24, 48, aNolFahemngromaly 0%
72, 96 Hour of Exposure to Competitor = o
Sunscreen at 46.7 mg/L - &% of figh ot asting po—

L 0%

1% .
W% ol Fish Maving . -

Stuggish oe 1l : o "
Wl Fih Moving
Nomaly
Mortality over the course of 96 hours of testing
Control Group
W% of Fish Alive W% of Fish Dead
Stream2Sea Competitor X Sunscreen
w - -
" Decaxde B B% " Octnouate 1.5%. .
" Omenzose 40%
Brarid X Steanasea SPF20 SweBT2Se3SPF30  Positive Sattament Cuk

Treatment




Photo on the left of Autumn taken by Frazier Nivens in 2016.
On the right taken 5 months later. It is just rubble on the bottom of the ocean today.




sunscreen Legislation

Hawaii
January 2021: ban of oxybenzone and octinoxate

Key West

Bonaire

2021: ban of reef-killing sunscreens

Aruba

2020: ban of oxybenzone and octinoxate

Palau

Ban of sunscreen with any of 13 toxicingredients, enforces
fines for vendors

Mexico

Ecotourism preserves and natural water parks are asking
visitors to use only biodegradable sunscreens

usvi

In effect: ban of oxybenzone, octinoxate and octocrylene
Marshall Islands

In effect: ban of 28 toxic ingredients & 10 Preservatives, fines
enforced for vendors and tourists

Key West —‘
‘—

WETELEL
Islands
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lTogether, we can do better!

“Government must be more effective in protecting
the environment, and industry must be its top e |
partner.” e e

- President Tommy E. Remengesau, Jr.
Republic of Palau
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—— Reef-Friendly * Biodegradable —
N
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