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Oxybenzone & Octinoxate  
Sunscreen Pollution  

and the Threat to Maui’s Coral Reefs 

Craig A. Downs, PhD. 
Executive Director 

Haereticus Environmental Laboratory 



What is at risk? 

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

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



What is the Ecological Problem? 



Photos courtesy of Dr. Phil Dustan 
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Disappearing Coral Reefs 
Slow, almost imperceptible decline 
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• Sea urchins 
• Fish 
• Shrimp/crabs 
• Sea grass 
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Photos courtesy of Dr. Phil Dustan 



Sunscreen Pollution 



34% of the content is UV 
chemical ingredient 



Data Provided by Proctor & Gamble Beauty & Grooming 



Ahihi Kina’u Bay (Natural Areas Reserve) 
(2017 averaged 1,200 swimmers/day) 

 
= 76.8 kilograms of sunscreen lotion a day. 64 grams per person (American Acad. Dermatol.) 

= 2.3 kilograms of oxybenzone a day (3% oxybenzone). 
= 69.1 kilograms of oxybenzone per month (~152 pounds per month) 
= 829 kilograms of oxybenzone per year (1,828 pounds /year) 
= 27,648 kilograms of sunscreen product per year (60,953 lbs/year) 

Estimated Contamination? 



425 pptrillion 
(2015) 

868 pptrillion (2015) 

1,850 pptrillion (2017) 

Sampled on July 27, 2015, 15:00 HST 

Oxybenzone Contamination  

Sampled on June 23, 2017, 17:05 HST 
©2017 Haereticus 

Acute Toxicity 
62-280 pptrillion 



74 pptrillion 

1,516 pptrillion (2015) 
5,490 pptrillion (2017) 
 

Octinoxate Pollution  

Sampled on July 27, 2015, 15:00 HST Sampled on June 23, 2017, 17:05 HST 
©2017 Haereticus 

Acute Toxicity 
105-220 pptrillion 



Oxybenzone & Octinoxate Contamination 
Sampled on June 23, 2017, 16:19 HST 

10,400 pptrillion (Oxybenzone) 
13,100 pptrillion (Octinoxate) 

©2017 Haereticus 
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136 ppt (Baby Beach) 4,252 ppt 
996 ppt 
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1,904 ppt, Honolua Bay 607 ppt 
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Oxybenzone 
Contamination 

Summer 2015 

Acute Toxicity 
62-280 pptrillion 
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Acute Toxicity 
105-220 pptrillion 



Honolua Bay, Maui, Hawaii 
July 2015 

Oxybenzone Pollution  

1,904 pptrillion 

1,655 pptrillion 



Honolua Bay, Maui, Hawaii 
July 2015 

293 pptrillion 

34 pptrillion 

Octinoxate Pollution  



4,252 ppt Oxybenzone 
289 ppt Octinoxate 
 

Black Rock Beach  
Maui, Hawaii 



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 





Sewage 
 
• 30min after application, detect in urine 
 
• Residue on skin, wash off in shower 



Oxybenzone contaminates: 
 

Coral 
Fish 

Marine Mammals 
Bird Eggs 

Sea Turtle Eggs 



23 hour incubation after 
placing in Sunscreen 
WAF 200 ppm 



WAF-Sunscreen Lotion Exposure 
48 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 

      This is the edible part of the fish 

154 

Bioaccumulation of UV filters in fish  
                        Muscle analysis 
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UV Filters in eggs of birds from a preserved natural area 

D. Molins-Delgado and M.S. Díaz-Cruz, In press, 2018. 



~450 meters 

Makena State Park, Maui, Hawaii, USA 

How far does aerosol sunscreen mist carry? 



Kapalua Bay 



Tidal fluctuations of Oxybenzone Concentration 

24 ppt 
48 ppt 

361 ppt 

221 ppt 883 ppt 

10 ppt 

Kapalua Bay  
(Maui, Hawaii) 

Correlation = 0.7698, p = 0.0034  
©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? 



Is OXYBENZONE & OCTINOXATE 
TOXIC to Coral Reefs? 



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). 



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 



Octinoxate Induces Coral Bleaching Octinoxate Induces Coral Bleaching 

Control Time 0 I part per billion 
Octinoxate 

14 days 

500 parts per trillion 
Octinoxate 

14 days 



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 



Time 0 
	

500 pptrillion 
Oxybenzone 

14 days 



L’Oreal & Monaco Marine Science Center  
Tested whether Oxybenzone induced Coral Bleaching 

Yes, OXYBENZONE induced Coral Bleaching 



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 (egg protein) 

Image 
Area 

Head 

Liver – site of 
Choriogenin-GFP 
expression  

Tail 



Control 

Benzophenone - 1 Oxybenzone 
(Benzophenone-3) 



2,500 pptrillion 
Oxybenzone 
 
Equivalent to 
estrogen 



Sequential Hermaphroditism 

• Males turn into Females 
• No Males 

 
• Clown Fish 
• Wrasses 
• Moray Eels 
• Gobies 
• Parrot Fish 



Reduces Polyp Formation Suppresses population growth 



Oxybenzone & Octinoxate are toxic to Shrimp/Crab, 
Bivalves and Sea Urchin Embryos! 



 Control   0.01       0.1      100       1000     5000   
                parts per billion Oxybenzone 





IS THIS POLLUTION A THREAT? 

Old U.S. EPA Method 
• Oxybenzone in AHIHI 
 HQ = 28, YES 
• Honolua Bay in Hawaii 
 HQ = 0.1, NO 
 

 
 

Ecological Risk Assessment 
• Oxybenzone in AHIHI 
 RA = 114, 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 



Oxybenzone and Octinoxate pose a significant 
threat to the sustainability of Maui’s Coral Reefs 

There MUST be a REDUCTION in Pollution 
 
• Legislative County-Wide restriction-of-sales of products 

 
• Legislative restriction-of-use in County Recreation areas 

 
• Public Education, Multi-Industry Engagement 
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