what they are and what to do about them.
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Photos courtesy of Dr. Phil Dustan






Disappearing Coral Reefs
Slow, almost imperceptible decline

Maui Coral Cover Over Time
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Big Mama

Olowalu, Maui

DAR, Maui and Lanai
Monitoring Report 2015







Death Rate

Death Rate



Reproductive Developmental

Failure Defects
CORAL LIFE CYCLE
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From a demographic and evolutionary
perspective, populations with little to
no recruitment are the ‘living dead’---

Coral Reef Zombies

e Sea urchins
 Fish

WARNING * Shrimp/crabs

ZOMBIE * Sea grass
OUTBREAK
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Photos courtesy of Dr. Phil Dustan
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Factors that reduce coral homeostasis (resiliency) to heat stress events
(e.g., El Nino event)
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Factors that reduce coral homeostasis (resiliency) to heat stress events
(e.g., El Nino event)

El Nino thermal sea-surface temp. events induces significantly more
mortality when exposed to Total Ammonia

Acropora palmata Planula Toxicity Test
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ST at P=90th HS (*C)

NOAA Bleaching Alert

NOAA'’s Definition of Bleaching Threshold:
When corals start to become stressed when the SST is 1°C warmer than the
highest monthly mean temperature

Glynn & D'Croz, 1990. Experimental evidence for high temperature stress as the cause of El Nifio coincident coral mortality. Coral Reefs, 8, 181-191.
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7 ”3i,' { dead , _
Coral bleaching has been attributed to a variety of disturbances:

high and low temperature,

subaerial exposure,

calm sea conditions,

freshwater dilution,

High and low turbidity,

sedimentation,

high and low light levels & UV radiation,
parasite infections, and

pollutants

(Brown 1987; Ogden and Wicklund 1988; Williams and Bunkley-Williams 1988;
Coffroth et al., in press).



Factors that reduce coral homeostasis (resiliency) to heat
stress events (e.g., El Nino event)

Atrazine Pollution
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Factors that reduce coral homeostasis (resiliency) to heat stress events
(e.g., El Nino event)

Control Atrazine

25°C Atrazine Exposure - Pocillopora damicornis 96 hours

0.450

Non-Monotonic Toxicity Response

0.400
g * EPA Safe Level = 1 ppbillion
2 o -
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ko
L 0250
IS
=
g o200 CORAL i \\
B DI\EA\E&,\ \\Z‘m
& oo Esomin
LIE_ 0.100 .
=
LL

0.050

. = - 0.000
|  Emironmenc Carrier 50 250 500 1.0 50 250 500
' [ Laboratory Control ppTrillion ppTrillion ppTrillion ppBillion ppBillion ppBillion ppBillion



-t -t

What can we do to mitigate these ractors?
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Do we even try to mitigate th
or
Do we ignore the poliution and the reef decline?

- —

“A claimed lack of a specific proof on the issue has led to a policy of

no response. As such, “science” is used as an excuse to postpone
management and mitigation responses”

=) A

-Dr. Robert Richmond
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Anti-foulant Booster Biocides: 7// WeSt Mari ne

We make boating more fun!”

Irgarol 1051 <3 DAY SALE!
FRI-SUN, MARCH 22"“"°-24™

e Herbicide s20 OFF ALL BOTTOM PAINT
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epoxy paint with 2%
Ciba Irgarol to prevent
slime growth and 70% weed and slime Foulmg.
CuOx content. Available CSC Plus offers multi-

in blue, black and red. : - : season protection. In
Gallon. blue and black. Gallon.

Ref. Model 143474 Ref. Model 2674521
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Irgarol lowers the
temperature in which
corals bleach

Irgaroel Exposed




Coral Mitochondria

NADH jﬂ

Dxldatwe Phﬂsphmylatmn

Photosystem I1
(Y

E & Thylakoid Membrane

H20 202

-~ \//

Chloj |ast Membrane \

Oxidative Theory of Coral Bleaching



Crime Scene Investigation
Coral Reefs
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Bermuda Fisheries Act of 1972, 2005 Amendment.
~Prohibition of importation of certain paints 3A(1)~ No personshall import or cause
to be imported into Bermuda any paint or additive containing IRGAROL



Hanauma Bay Nature Preserve
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Factors that reduce coral homeostasis (resiliency) to heat stress events
(e.g., El Nino event)

Hanauma Bay, Oahu, Hawaii

Coral Condition in October 2015  Coral Condition in January 2016
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Hanauma Bay
(2015 averaged 2,600 swimmers/day)

= 187 kilograms of sunscreen lotion a day. 78 grams per person

= 5.61 kilograms of oxybenzone a day (3% oxybenzone).

= 168 kilograms of oxybenzone per month (~370 pounds per month)
= 68,255 kilograms of sunscreen product per year (150,476 lbs/year)
= 2,048 kilograms of oxybenzone per year (4,515 pounds /year)



Factors that reduce coral homeostasis (resiliency) to heat stress events
(e.g., El Nino event)
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Drug Facts

Active Ingredients
Avobenzone 2.0%, Homosalate 10.0% }
Octisalate 5.0%, Octocrylene 2.0%, Oxybenzone 5 0%

“helps prevent sunburn
FDA Monograph Sunscreen Ingredients Amount of Ray Protection | Chemical (C)
Drug Label Name (INCI/Common Name) UVA UVB or
Physical (P)
Aminobenzoic acid (PABA) Minimal Extensive C
 Avobenzone (Butyl Methoxydibenzoyimethane) Extensive Limited C
Cinoxate Limited Extensive C
 Dioxybenzone (Benzophenone-8) Considerable | Extensive C
Ecamsule (Terephthalylidene Dicamphor Sulfonic Acid) Extensive limited C
Homosalate Minimal Extensive C
Menthyl anthranilate Considerable | Extensive C
Octocrylene Limited Extensive C
Octinoxate (Ethylhexyl methoxycinnamate) limited Extensive C
Octisalate (Ethylhexyl salicylate) Minimal Extensive C
 Oxybenzone (Benzophenone-3) Considerable | Extensive C
Padimate O (Ethylhexyl Dimethyl PABA) Minimal Extensive C
Ensulizole (Phenylbenzimidazole Sulfonic Acid) Minimal Extensive C
 Sulisobenzone (Benzophenone-4) Considerable | Extensive C
Titanium dioxide Considerable | Extensive P
Trolamine salicylate (TEA-Salicylate) Minimal Extensive C
Zinc oxide Extensive Extensive P




OXyhenzone Impacts

Endocrine Disruptor
Reduced sperm count
Reduced gonad tissue
Reduced thyroid function
Reduced neurological function

Developmental disruptor

Cancer cell proliferator

Causes DNA damage

Causes oxidative stress (damage to cells) in the presence
of sunlight

OR O




Coral Reef Ecotoxicology of
Oxybenzone

> DNA Damage 8h EC,,
=129 ppTrillion

» Bleaching 8h EC,,
= 695 ppTrillion

> Skeletal Endocrine

Panel A is a normal, healthy juvenile coral (also called a planula). Itis about 5 mm in length. Panel B is Disru tion
a coral exposed to oxybenzone for 8 hours. Used with permission from Archives of Environmental Con- p

tamination and Toxicology.




Clownfish (Amphiprion ocellaris)
Fish Embryo Acute Toxicity Test

Control 1 ppbillion oxybenzone
48-hr exposure 48-hr exposure

16 Haereticus



Genetically Modified Medaka

Estrogen Endocrine Axis Disruption
Inappropriate induction of choriogenin
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Image Liver — site of
Area Choriogenin-GFP

expression

< Tail

¥




Control =

o

Benzophenone -1 Oxybenzone
(Benzophenone-3)
d



Sequential Hermaphroditism

Males turn into Females
No Males

Clown Fish

Wrasses

WARNING

ZOMBIE
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Oxybenzone Concentrations
Oahu, Hawaii, U.S.A.
Summer 2015

Waimea Bay
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Google earth

©2016 Haereticus
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Octyl methoxycinnamate
(octinoxate)

Endocrine Disruptor

— Reduced sperm count

— Reduced gonad tissue

— Reduced thyroid function

— Reduced neurological
function

Developmental Disruptor
Sea urchin Embryo EC,, =
900-49,000 pptrillion

Clown Fish Embryo EC,, =
223 ppTrillion
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Source of Contamination

el

Aerosol-spray Sunscreen Products




Source of
Contamination

Aerosol-spray
Sunscreen Products



As Seen on Shark Tank....
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s beach contamination and tidal
flux a source of sunscreen
pollution?



Northwest coast of Maui, Hawaii, USA
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Kapalua Bay

(Maui, Hawaii)
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Napili Bay

(Maui, Hawaii)
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Is Oxybenzone Found in Beach Sand?

Yes!
Napili Bay = 478 ng/kg Oxybenzone
Kapalua Bay = 1,004 ng/kg Oxybenzone









WAF-Sunscreen Lotion Exposure
23 hours

Oxybenzone Benzophenone-1 4. 4DHbenzop
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All concentrations in parts per trillion
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Article

Subscriber access provided by Libraries of the | University of Hawaii at Manoa

Occurrence, distribution and fate of organic UV filters in coral communities
Mirabelle M.P. Tsui, James C.W. Lam, Tsz Yan Ng, Put
O. Ang, Margaret B. Murphy, and Paul Kwan-5ing Lam
Enwviron. Sci. Technol., Just Accepted Manuscript - DOI: 10.1021/acs.est.6b05211 - Publication Date (Web): 29 Mar 2017
Downloaded from http://pubs.acs.org on April 4, 2017

“The results of a preliminary risk assessment indicated that over 20% of coral samples
from the study sites contained OXYBENZONE concentrations exceeding the threshold
values for causing larval deformities and mortality... Higher probabilities of negative
impacts of OXYBENZONE on coral communities are predicted to occur in wet season.”
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Sunscreen Pollution




Toxicity Testing of Sunscreen Products using
Shrimp Larvae and Sea Urchin Embryos




100 ppBillion WAF, 24-hour exposure

Product Name

% Mortality

Species

Hawaiian Tropic Sheer Touch
Ultra Radiance SPF 30

Neutrogena Ultra Sheer Dry
Touch SPF 55

Aveeno Baby Continuous
Protection SPF 55

Reef Safe Sprayable
Sunscreen 30+

Blue Lizard SPF 30

70%
100%

100%
100%

33%
100%

100%
100%

13%
80%

Shrimp Larvae (7-day old)

Sea Urchin Embryo Assay

Shrimp Larvae (7-day old)
Sea Urchin Embryo Assay

Shrimp Larvae (7-day old)
Sea Urchin Embryo Assay

Shrimp Larvae (7-day old)
Sea Urchin Embryo Assay

Shrimp Larvae (7-day old)

Sea Urchin Embryo Assay

Coppertone Sport Lotion SPF

30

27%

35%

Shrimp Larvae (7-day old)
Sea Urchin Embryo Assay




Drug Facts

Active mgredlents Purpose
Avobenzone 3% Sunscreen
Homosalate 15% : Sunscreen
Octisalate 5% .... Sunscreen
Octocrylena S‘V .............................................................. Sunscreen

Sunscreen

Uses » helps prevent sunbum « if used as directed with other sun
protection measures (see Directions), decreases the risk of skin cancer
and early skin aging caused by the sun

Warnings

For external use only

Do not use on damaged or broken skin

When using this product keep out of eyes, Rinse with water to remaove.
Stop use and ask a doctor if rash ofcurs

Keep out of reach of children. If swallowed, get medical help or contact
a Poison Control Center right away

Directions ror sunscreen use; » apply generously 15 minutes
before sun exposurs « reapply; « after 80 minutes of swimming or
sweating « immediately after towel drying « at least every 2 hours
« Sun Protection Measures. Spending time in the sun increases fur
r‘sk f skin cancer and early skin aging. To decrease this risk, rpfularly
e a U rscreen with @ 8'oad Sp»::tur" SDF value o? 15 or Jfgher and

Other mformation « protect the
from excessive heat and direct sun

extra . h:noxyeth:"ai p-anisic ¢c1d
ammaonium acryloyldimethyltaurate/steareth-
25 methacrylate crosspolymer, chiorphenesin,
disodium EDTA, tocopherol, sucrose tristearate,
xanthan gum, polymethyl methacryiate

Phenoxyethanol

Used as a cosmetic preservative

Insect repellent

Antiseptic

Lubricant

Anesthetic for fish aquaculture

Genotoxic & Allergen
- Natl. Toxicol. Program Tech Rep Ser. 2010, p1-178



Technical Term: Species Sensitivity Distribution

Phenoxyethanol - Coral Planula Toxicity Assay

Phenoxyethanol - Shrimp Larvae Toxicity Assay

100.000 100.000
90.000 90.000
80.000 80.000
70.000 70.000
£ eoo00 £ 60000
E ®
o 30.000 E 50.000
= =
S 40.000 S 40.000
o
30.000 20.000
20.000 20.000
10.000 10,000
0.000 0000 | HEE ' . . . . '
Control 500 1 10 50 100 1000 Control 50 500 1 250 500 1 100
ppBillion ppMillion ppMillion ppMillion ppMillion ppMillion ppTrillion ppTrillion ppBillion ppBillion ppBillion ppMillion ppMillion
Phenoxyethanol - Clown Fish Embryo Toxicity Assay Phenoxyethanol - Sea Urchin Planula Toxicity Assay
100.000 ‘ 100.000
oo | RS 30000
80.000 80.000
70.000 70.000 I
E 60.000 E 60.000 J—
£ £
5 50.000 5 50.000
2 40.000 £ 40.000 T
R : R :
30.000 30.000
20.000 20.000
10.000 T T 10.000 T
0.000 j : - : - : : : : : o000 | HEE - : : : : : :
50 500 1 0 500 1

250 500 1 100
ppTrillion ppTrillion ppBillion ppBillion ppBillion ppMillion ppMillion

Control

Control 5 250 500 1 100
ppTrillion ppTrillion ppBillion ppBillion ppBillion ppMillion ppMillion
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Sewage o

 30min after application, detect in urine |§|

* Stay on skin, wash off in shower l{ FY , | é’ .




A
(L

Tak

Home Ivlessage

WARNING

ZOMBIE

£ 5
b 4

¢
$ s
\ ¥




Sunscreen Pollution Mitigation

» Consumer Education & Choice (haereticus)

* Govt outreach, NGO campaign, Industry marketing

» Sun cJotne:/Q‘Lm Wear - consumer education and

[ o) "'

* Formulation of Eco-Safer Sunscreen Products

* Regulation of consumer access (Distribution & Sales)

* Ban Sale of Targeted Chemical Products
4 rJ,f‘JLg Tax on Targeted Chemical Products

\ .

' ‘! . }’//

ural RééoUrce Management



Government & NGO Public Education
General and Natural Resource Targeted

. - National Park Service T i
National Park Service U5, Department of the interlor 3=
South Florida, Hawaii, U.S. Virgin Islands, » -

American Samoa

Protect Yourself, Protect The Reef!
vl i d ,

‘Ahihi-mn a‘u State of Hawai'i

L ——
Wk f thooSe g Department of Land and Natural Resources
Natural Area Reserve

REEFSAFE &

Sunsereen?

Division of Forestry and Wildlife

If You Can’t Say It, Don’t Spray It!
New studies have shown that several common sunscreen ingredients known as OXYBENZONES are killing our coral reefs.
No corals = no fish + no surf. These compounds have been banned in Mexico, Australia and Europe but are in over 3,500 products in the U.S.
/ Please stop buying and using any sunscreens or products with the following:
OXYBENZONE / AVOBENZINE / AVOBENZONE
OXYBENZONE OCTINOXATE / ETHYLHEXLY METHOXYCINNAMATE

o “i‘"sc‘l‘“'ey\ , HOMOSALATE / OCTISALATE / OCTOCRYLENE
c{eplz‘fﬁv coral of

its hutrient’ Your dermatologist is right! Sunscreens are important tools in protecting your skin, but
and bleaches it you don't have to sacrifice coral reefs to stay sun-safe.

white Zinc and titanium oxide sunscreens are safe for corals and work well, if they don't
also have oxybenzones in them. Sun/ocean shirts (“rash guards”) also work well.

i
]
| (&

Read the ingredients label for yourself. Labeling claims such as “reef safe,” “organ-
ic.” and “cruelty-free” can be found on many products that still contain oxybenzones - these claims
are not monitored or tested by any oversight agency. Brand loyalty doesn't help: one formula may be
oxybenzone-free, while another formula of the same brand, and almost all of the areosols, have
them. In one test, 20 minutes after people applied these sunscreens, oxybenzones appeared in their
urine.

It matters: each time and everyone who gets into the ocean. Please do your part to protect our reefs:
With thousands of people surfing/swimming/snorkeling, about one 55-gallon drum of sunscreen is going Before You Buy or App|y‘

into the near-shore waters of Maui each and every day, one person at a time. Levels of these compounds in

3 , - the waters off Maui have been found 10-20 times higher than the “safe” levels for corals. Read the Labels.
wear Profech\'e. Claﬁ\mg and Everyone, Every Day, for Every Reef.

choose REEF SAFE Sunscreen



Businesses

Community Groups

NGOs

Cosmetic Industry

Scientists

CORAL REEES
ARE DYIN

induce reproductlve diseases in ﬁsh
Oxybenzone can play a destructive role
in preventing the natural restoration of a

e = damaged reef—ultimately leaving the seascape
_barren and desolatgﬁqnﬂéfggigpglluuons WOLSt ~ <~
Y 1mpacts occﬂ.ﬁm-reefs where Tocals and tourists ; "
hand experrefhce the osean.

-— e
‘;fo learn more about{sdnscr'een
pollution and coral reefs,
and to see a short film, visit

ReefsAtRisk.org

To learn more about what
Hawai'i and its elected
representatives are doing, go to

bantoxicsunscreens.com
bereefsafe.com

PHOTO COURTESY OF SARAH LEE AT
WWW.SARAHLEE.PHOTO

AQUA-ASTON

HOSPITALITY

HAERETICUS

Asaco ity of busi

BUSINESSES:

808 Boards, Inc.

Hawaiian Paddle Sports
Hawaii Mermaid Adventures
Valley Isle Excursions

Maui Marketing

Maui Standup

Maui Surf Lessons LLC
Snorkel Depot

Waterworks Sports

Sunrise Surf Lessons Kauai
BeReefSafe.com

Rainbow Kayaks

Maui Kayak Adventures
Kai Kanani Sailing Charters
Tuga Sunwear

Pakaloha Bikinis

Snorkel Bob's

Hale Napili

Napili Shores Resort

Nalu Koa Maui

Napili Kai Resort

Napili Surf Resort

‘The Mauian

Napili Sunset

Ozone by Outrigger Resorts
Aqua-Aston Hospitality

SCIENTISTS:

Dr. Robert Richmond, University of Hawaii

Dr. Michael ] Risk, McMaster University

Dr. Abbas Haghshenas, University of Tehran

Dr. Eugene Shinn, University of South Florida

Dr. Ariel Kushmaro, Ben Gurion University

Dr. Esti Winter-Kramarsky, Weizmann Institute

Dr. John Fauth, Uni ty of Central Florida

Dr. Silvia Diaz Cruz, Spanish Council for
Scientific Research

Dr. Omri Bronstein, Natural History Museum of
Vienna, Austria

Dr. Kim Sheehan, University of Oregon

Dr. Heather Hamlin, University of Maine

Dr. Craig A. Downs, Haereticus Environmental
Laboratory

COSMETIC COMPANIES:

Joe Dinardo, (ret) VP, Revlon-Almay
Raw Elements USA

All Good

Stream2Sea

Sea & Summit

Suntegrity Skincare

Mama Kuleana

Ua Mau ke Ea o ka ‘Aina i ka Pono

(The Life of the Land is Perpetuated in Righteousness)

o
e P -
, scientists, and non-profits, we are asking you to learn more
about this issue, and like us, become part of the solution in rebuilding healthy coral reefs.

NGOs:

Napili Bay and Beach
Foundation

Friends of Hanauma Bay

Hawaii Ocean Ambassadors

For the Fishes

Hawai'l Wildlife Fund

Sustainable Coastlines Hawaii

Maui Huliau Foundation

Malama O Puna

Pacific Whale Foundation

Humane Society of the US

Maui Nui Marine Resource
Council

Boxerwood Education Assoc.

Humane Society International

Save the Waves

Hawaii Ecotourism Association

Save Honolua Coalition

KUPU

Colorado Ocean Coalition

Inland Ocean Coalition

Hawaii Association for Marine
Education & Research

Conservation Council for
Hawai'i

Coral Restoration Foundation

Hui O Ka Wai Ola

Hui O Hoohonua

Toxic Free NC

Hui o Koolaupoko

Haereticus Environmental
Laboratory



ONE
RECOMMENDED
APPLICATION OF
CONVENTIONAL
SUNSCREEN ON A
BIKINI-CLAD

WOMAN IS EQUAL
TO DAILY
HORMONAL

THERAPY FOR
MENOPAUSE.

More info on REAL sun safety at
KitchenStewardship.com

tehen
STEWARDSHIP






BETTER Formulation of Products

KIDS
o0

BROAD SPECTRUM
SPF 50

SUNSCREEN LOTION

.~ OXYBENZONE FREE
PARABEN FREE
FAST-ABSORBING

WATER RESISTANT

(80 MINUTES)

Scent of Sunshine

8 FL 0Z (237mL)

ANTHELIOS S0

1.7 FLOZ.
50 ml

mineral
sunscreen

- matofiish

Beoad Spectrum SPE¥

NATURAL SUNCARE
Sevdrccimontal protectot

oz em e

i

S

MDSolarSciences™

[ MAINERAL
CREME
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_Broad Spectrum SPF III:'

et EESistant e e g
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Reef Friendly:

Sunscreen
Criteria "

Reef
Friendly

N C)~Q)€\/J‘JEIJZC)IJ g Companies

v Y

N © chemical Sunscreens

Oxybenzone, Octinoxate, Octocrylene, PABA, Enzacamene, 1 1 l u 1
 Octisalate, Homosalate, and Avobenzone - the Ugly Eight! v lJ
sUNSCIE eg

\ ) Toxic Preservatives Y
or Additives
Parab Phthal Triclosan & Microbead:

—
P
& \ \. ‘| ',/.,
YES to Zinc Oxide , 4 -
= | MAR D»A
T \ / Al Yo

c ! 59 to 3rd Party Testing N B\ |
S— Don't take our word for it - or theirs - > AN —_— ’."_ X *
make sure the sunscreen is 3rd party tested! © - | ) N4 Ox U b e n zo n e F re e

— ; 'ﬁi = .
sl ==’ Are Badger Surscrose, (8 Snvcres ol NS r‘/ e gl s e::;
| Sunscreens

Join the campaign to
promote Reef Friendly!

safe for the
environment?

#ReefFriendly




BIOTHERM WATER LOVERS { y A Killer Combo
A PROUD PARTINER OF ) 9 Sunscreen and Coral Reefs
' I, ... .......,......
i DOES YOUR e s e !|!
SUNSCREEN | —

HARM CORALS?

Effect on Corals

. ‘ I~
Y()ur sunscreert
is d&su'oyu

Protect . o7 JRLT
Where AT ACTIM

What causes coral bleaching?
. - Chemical sunscreens

+ Pollution in cceans
\\/O U + Fishing practices that use cyanide or dynamite
Ccean from gr gases
[ '1 ‘ : l\ y _9:, Temperature increase
G \/
LAy PR sieNu

Powerfud Protection Without E'x; Pitoor



Massive Marketing Push







History of the Over-the-Counter (OTC)
Drug Review Program

 |n 1972, FDA finalized rules for the OTC
Review that utilize a monograph process to
determine the basis of therapeutic categories.

e Expert panels reviewed data and issued
reports that FDA publishes in the Federal
Register, which include recommendations for
claims, dosages, and active ingredients for
approximately 20 therapeutic categories.



In 1978 the FDA OTC panel concluded “oxybenzone is an effective
sunscreen ingredient for OTC use” based on the following data:

* Oxybenzone “Neat”:
— LD50>12.8g/Kg in rats and IP injection > 1.6 g/Kg in mice
— Draize rabbit skin irritation and ocular irritation testing = non-irritating
— Sub-chronic 15 day rabbit dermal toxicity - no signs of toxicity.
* Product Containing 6% Oxybenzone and 12% Homosalate:
— 2 —Draize ocular irritation test = practically non-lIrritating
— Rabbit repeat insult patch photosensitivity test = non-photosensitizing
— 4 hr 14 Subject patch test = non-irritating
* Product Containing 3% Oxybenzone and 3% Padimate A and 4% Padimate O:
— 48 hr 100 subject patch test = non-irritating
— Repeat insult patch test 200 subjects = non-sensitizating
— 25 subject repeat insult patch photosensitivity test = non-photosensitizing
* Product Containing 3% Oxybenzone and 7% Padimate O:
— 2 -150 Subject repeat insult patch test = minor skin irritation, no allergic reactions
— 25 Subject photoxicity test = non-phototoxic

e SPF Efficacy (UVB only) was based on the 2 products:

— One product contained 3% Oxybenzone and 3% Dioxybenzone and the another with just 3%
Oxybenzone. Both products were found to protect against UV exposure.

— UVA testing (critical wavelength - analytical method) did not occur until many years later.

Federal Register — Vol 43, No 166 — Friday, August 25t 1978 pages 38239 - 38241



2011 FDA communication

* A large ratio could result if one or more
ingredients absorb radiation in the shorter
wavelength UVA Il region but not at all or only
minimally in the longer wavelength UVA |
region. For example, oxybenzone absorbs
radiation at 340-360 nm, and inclusion of this
ingredient at higher concentrations might
result in a high ratio even though it does not
provide true broad spectrum protection.




The FDA is demanding more studies and safety data from manufacturers, despite
decades of world-wide experience. The latest batch of rejections is particularly
notable because one of the ingredients, ecamsule, has been approved by the FDA
since 2006 as a prescription drug. Sunscreen makers simply want FDA permission to
use it in over-the-counter products.

The FDA is hung up on what it called “the riddle of dermal absorption” in a
September 2014 presentation to its outside science advisory board. The fear is the
new sunscreens will seep into the skin and pose some speculative and so-far-
unspecified health risk over the long run, and thus the agency wants manufacturers
to conduct randomized controlled pharmacokinetic trials.

The FDA also notes that earlier sunscreens had been approved in a
“paleoregulatory” period characterized by a “lack of adequate analytical methods.”
In other words, the FDA would have rejected the older sunscreens too if it had

known better. Wall Street Journal
March 13, 2015



Ecotox Methods

Creation of Water-Accommodated Fraction

— OECD Guidance document on aquatic toxicity testing of difficult
substances and mixtures (ENV/JM/MONQO(2000)6)

Use Teflon Exposure Vessels
No Serial Dilutions!
Natural Light for Photo-toxicity

Artificial Seawater — Need to be able to
replicate. Pharma/ACS-grade water and salts



IS THIS POLLUTION A THREAT?

Old U.S. EPA Method Ecological Risk Assessment

 Oxybenzone in USVI  Oxybenzone in USVI
HQ =10, YES RA =63, Yes

* Honolua Bay in Hawaii * Honolua Bay in Hawaii
HQ=0.1, NO RA =21, YES

Used EC., 24-h deformity at 20% PAR
17 ppbillion

https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/technical-overview-
ecological-risk-assessment-risk



Veterouorm Medicina, 57, 2012 (3): 245250 Original Paper

Sea Urchin Embryo Tox assay (Tripneustes gratilla): 24h EC50 =439
ppbillion (ng/L) (single cell embryo to prizm).
Evaluation of the developmental toxicity

of 2-phenoxyethanol and clove oil anaesthetics using
the Frog Embryo Teratogenesis Assay: Xenopus (FETAX)

D. Vrskova, H. MoDrA

University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic

ABSTRACT: The developmental toxicity of two anaesthetics, 2-phenoxyethanol and clove oil, used in aquaculture
was evaluated using the Frog Embryo Teratogenesis Assay: Xemopus (FETAX) and the results were compared to
outcomes in fish. Xemopus laevis embryos were exposed to 50, 100, 300, 500, 700 and 1000 mg/] of 2-phenoxyethanol
or 1, 5, 10, 20, 30 and 40 mg/l of clove oil. Values of 96 h LC50, 96 h EC50 (malformation) and teratogenic index
(ratio of 96 h LC50 and 96 h EC50) were determined and the types and severities of the induced malformations and
minimal concentration inhibiting the growth of embryos were estimated. Teratogenic index values for 2-phenoxy-
ethanol and clove oil were estimated at 1.69 and 0.61 respectively. The most frequently observed malformations
produced by 2-phenoxyethanol were axial flexure and oedema and for clove oil, axial flexure, gut malformation,
microphthalmia and oedema. 2-phenoxyethanol was found to induce growth inhibition of frog embryos at con-
centrations above 300 mg/l and clove oil at concentrations above 20 mg/l. In summary, both 2-phenoxyethanol
and clove oil affected the growth of Xenopus embryos, while only 2-phenoxyethanol represented a teratogenic risk.



Oxybenzone & Hirschsprung’s Disease

« Oxybenzone impairs migration of e
embryonic enteric neural crest cells ey W
(important role in pathogenesis of i

disease) o NGV
« Dose-response relationship between M f\ r
e /.

oxybenzone concentration and cell
pathology

. Between 1980-1984 in Maryland, 1 a k.
in 5,000 births with HD

* |n some municipalities, estimates are (
as high as 1:300 with HD

&

A Hirschsprung's
N 7 N disease

\ | ~\.

>

Huo et al. (2016) The relationship between prenatal exposure to oxybenzone and Hirschspring’s
disease. Chemosphere 144:1091-1097
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Comparison of how the most widely used U.S. sunscreen
ingredients attenvale (reduce lhe intensity of) UV light
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