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What is at risk?

• Tourism Industry
• Restaurant Industry
• Recreational Industry
• Property Values
• Tax Revenue

• Cultural History/Identity
• Reputation
• Feedback Corruption
• Legacy



Photos courtesy of Dr. Phil Dustan





Disappearing Coral Reefs
Slow, almost imperceptible decline



Big Mama

Olowalu, Maui

DAR, Maui and Lanai 
Monitoring Report 2015
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• Sea urchins
• Fish
• Shrimp/crabs
• Sea grass
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Disappearance of reefs 

Understanding how it is happening will 
allow us to:

1. Identify the Stressors

2. Mitigate the Stressors

3. Restore Coral Reefs



Hawaii’s Local Pollution Factors
that could be Impacting Coral 

Reefs





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

 Prof. Wiegner et al., UH-Hilo

Sewage (Ammonia Nitrogen) at high concentrations reduces 

the ability of coral to heal or grow



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

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

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



NOAA Bleaching Alert

Glynn & D'Croz, 1990. Experimental evidence for high temperature stress as the cause of El Niño coincident coral mortality. Coral Reefs, 8, 181-191. 

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



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 Niňo event)

Atrazine Pollution

Kapalua Bay

Napili Bay

Namalu Bay c

500 to 750 ppTrillion detected



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

Non-Monotonic Toxicity Response

96 hours

Control Atrazine

25°C

EPA Safe Level = 1 ppbillion
Coral Safe Level = 300 ppTrillion



What can we do to mitigate these factors?

Do we even try to mitigate these factors?
or

Do we ignore the pollution 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”

-Dr. Robert Richmond



(Forensics)

Natural Resource 

Damage 

Assessment



Anti-foulant Booster Biocides:  

Irgarol 1051

• Herbicide

• Water-soluble

• Triazine compound, related 

to atrazine

Hamilton, 
Bermuda



25ºC 30ºC 27ºC

Irgarol Exposed

Control
Irgarol lowers the 
temperature in which 
corals bleach



Catalase

Downs et al., 2002

Irgarol



Crime Scene Investigation

Coral Reefs



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



Hanauma Bay Nature Preserve

Courtesy of www.aloha-hawaii.com/oahu/beaches/hanauma-bay/



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

Hanauma Bay, Oahu, Hawaii

Coral Condition in October 2015 Coral Condition in January 2016



Rodgers KS, Bahr KD, Jokiel PL, Richards Donà A. (2017) Patterns of bleaching and mortality following widespread warming 
events in 2014 and 2015 at the Hanauma Bay Nature Preserve, Hawai‘i. PeerJ 5:e3355 https://doi.org/10.7717/peerj.3355

https://doi.org/10.7717/peerj.3355


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)

Honour Booth survey - > 1,500 pptrillion Oxybenzone



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

Courtesy Steve Coles





 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

Oxybenzone Impacts



Coral Reef Ecotoxicology of 

Oxybenzone

 DNA Damage 8h EC20

= 129 ppTrillion

 Bleaching 8h EC20 

= 695 ppTrillion

 Skeletal Endocrine 
Disruption

©2016 Haereticus

Coral Planula LOEC = 62 parts per trillion



Eye

Yolk

Tail

Clownfish (Amphiprion ocellaris)
Fish Embryo Acute Toxicity Test

Control
48-hr exposure

1 ppbillion oxybenzone 
48-hr exposure

©2016 Haereticus



Genetically Modified Medaka
Estrogen Endocrine Axis Disruption

Inappropriate induction of choriogenin

Image 
Area

Head

Liver – site of 
Choriogenin-GFP 
expression 

Tail



Control

Benzophenone - 1 Oxybenzone

(Benzophenone-3)



Sequential Hermaphroditism

• Males turn into Females

• No Males

• Clown Fish

• Wrasses

• Moray Eels

• Gobies

• Parrot Fish



(Forensics)

Natural Resource 

Damage 

Assessment



Waimea Bay
4,780 ppTrillion

Ko Olina Cove
568 ppTrillion Ala Moana

230 ppTrillion

Waikiki (Kuhio Park)
11,300 ppTrillion

Oxybenzone Concentrations
Oahu, Hawaii, U.S.A.

Summer 2015

©2016 Haereticus



0 ppt

0 ppt

868 ppt
340 ppt
1,096 ppt

Hana

La Perouse Bay

136 ppt (Baby Beach)4,252 ppt
996 ppt

344 ppt

1,904 ppt, Honolua Bay607 ppt
881 ppt

125 ppt

Oxybenzone 
Contamination

Summer 2015



Special Use Permit, Natural Areas Reserve, ‘Ahihi Kina’u, 6/2015-6/2016

425 pptrillion

868 pptrillion

July 27, 2015, 15:00 HST

Oxybenzone Pollution 



Octyl methoxycinnamate
(octinoxate)

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

function

• Developmental Disruptor
• Sea urchin Embryo EC20 = 

900-49,000 pptrillion
• Clown Fish Embryo EC20 = 

223 ppTrillion

Sunscreen chemical 
in sunscreen lotions



6.9 ppt

0 ppt

1,516 ppt
33 ppt
80 ppt

Hana

La Perouse Bay

165 ppt (Baby Beach)289 ppt
69 ppt
166 ppt

293 ppt, Honolua Bay597 ppt
967 ppt

133 ppt

Octyl
methoxycinnamate

©2016 Haereticus



Source of Contamination

Aerosol-spray Sunscreen Products



Aerosol-spray 
Sunscreen Products

Source of 
Contamination



As Seen on Shark Tank….



~450 meters

Makena State Park, Maui, Hawaii, USA

How far does aerosol sunscreen mist carry?



Is beach contamination and tidal 

flux a source of sunscreen 

pollution?



Northwest coast of Maui, Hawaii, USA

Kapalua Bay

Napili Bay

Namalu Bay c



Kapalua Bay



Napili Bay



Tidal fluctuations of Oxybenzone Concentration

24 ppt
48 ppt

361 ppt

221 ppt883 ppt

10 ppt

Kapalua Bay 
(Maui, Hawaii)

Correlation = 0.7698, p = 0.0034 
©2016 Haereticus



Napili Bay
(Maui, Hawaii)

Tidal fluctuations of Oxybenzone Concentration

0 ppt
34 ppt

607 ppt

350 ppt236 ppt

32 ppt

©2016 Haereticus



Is Oxybenzone Found in Beach Sand?

Yes! 

Napili Bay = 478 ng/kg Oxybenzone

Kapalua Bay = 1,004 ng/kg Oxybenzone

• 2.5



Sea Turtle Nests?



23 hour incubation after 
placing in Sunscreen 
WAF 200 ppm



WAF-Sunscreen Lotion Exposure
23 hours

Extraction from one Fungia polyp 60 mm in diameter
All concentrations in parts per trillion

©2016 Haereticus



“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.”



• BP3 = oxybenzone.  BP1, 4HB, & 4DHB are metabolites of oxybenzone.  OC = 
octocrylene; EHMC = methoxycinnamate; ng/g = parts per billion

 This is the edible part of the fish

154

62/30Bioaccumulation of UV filters in fish
Muscle analysis



Sunscreen Pollution



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





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



Different Reef Species Respond Differently to the Same Chemical

Technical Term: Species Sensitivity Distribution



Quirolo, Reef Relief/Marine Photobank



Sewage

• 30min after application, detect in urine

• Stay on skin, wash off in shower



Take Home Message

• Natural products (i.e. algal)
• Anthropogenic chemicals

• Protection 
• Investigation—Mitigation—Restoration



Sunscreen Pollution Mitigation

• Consumer Education & Choice (haereticus)
• Govt outreach, NGO campaign, Industry marketing

• Sun clothes/Sun Wear - consumer education and 
marketing

• Formulation of Eco-Safer Sunscreen Products

• Regulation of consumer access (Distribution & Sales)

• Ban Sale of Targeted-Chemical Products
• Higher Tax on Targeted-Chemical Products

• Natural Resource Management 



Government & NGO Public Education
General and Natural Resource Targeted



Businesses
Community Groups
NGOs
Cosmetic Industry
Scientists







BETTER Formulation of Products



No-Oxybenzone Companies



PhilippineBeaches.orgSunscreen Swaps

Donations for Conservation Efforts

Eco-responsible Marketing



Massive Marketing Push

THIS IS NOT AN ENDORSEMENT & NO FINANCIAL CONFLICT OF INTEREST
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History of the Over-the-Counter (OTC) 
Drug Review Program

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

• 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-Irritating
– 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

• 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 25th 1978 pages 38239 - 38241



2011 FDA communication

• A large ratio could result if one or more 
ingredients absorb radiation in the shorter 
wavelength UVA II region but not at all or only 
minimally in the longer wavelength UVA I 
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/MONO(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

• Oxybenzone in USVI

HQ = 10, YES

• Honolua Bay in Hawaii

HQ = 0.1, NO

Ecological Risk Assessment

• Oxybenzone in USVI

RA = 63, Yes

• Honolua Bay in Hawaii

RA = 21, YES

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

Used EC50 24-h deformity at 20% PAR
17 ppbillion



Sea Urchin Embryo Tox assay (Tripneustes gratilla):  24h EC50 = 439 
ppbillion (µg/L) (single cell embryo to prizm).



Oxybenzone & Hirschsprung’s Disease

• Oxybenzone impairs migration of 

embryonic enteric neural crest cells 

(important role in pathogenesis of 

disease)

• Dose-response relationship between 

oxybenzone concentration and cell 

pathology

• Between 1980-1984 in Maryland, 1 

in 5,000 births with HD

• In some municipalities, estimates are 

as high as 1:300 with HD

Huo et al. (2016) The relationship between prenatal exposure to oxybenzone and Hirschspring’s
disease. Chemosphere 144:1091-1097




