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Overview	Of	Talk		
u Coral	Reefs

v Where	and	what	are	coral	reefs?
v Current	health	status	of	the	worlds	coral	reefs
v How	do	we	assess	environmental	problems?:	Risk	assessments	

u Sunscreens	
v Types	and	sources	of	sunscreen	chemicals?
v Concentrations	in	seawater	around	reefs	
v Impact	of	sunscreens	on	corals

u Sunscreens	and	the	coral	reefs	in	Hawaii
v Our	study	- Environmental	concentrations	of	UV	filters	in	Hawaii
v What	does	it	tell	us?
v Next	steps
v What	can	YOU do?



CORAL	REEFS:	Global	Distribution	

Limited to: clear, nutrient poor, warm waters 



Importance	of	Coral	Reefs
uKeystone species: 

- basis of a highly productive ecosystem

uHuge primary productivity and biodiversity 

uProvide habitat and food

uSocial and Economic importance

- Fisheries 
- Tourism
- Recreation

uCoastline protection and buffer 
to shoreline erosion

Photos from NOAA.gov



CORAL	REEFS	- nutrient-poor	environments	

l Tropical waters – nutrient poor

l Yet MASSIVE productivity

HOW???

Adaptation in nutrient cycling;
Animal : Algal symbiosis



Cnidarian-algal	symbiosis	

HOST
(Animal: coral)

SYMBIONT 
(Alga: Symbiodinium sp.)

Organic carbon
(e.g. glycerol, some amino acids)

High light environment (safe?)
Carbon dioxide
Nitrogen (NH4)

u No loss of nutrients between trophic levels

u Important in nutrient poor tropical ecosystems

u Expand symbiosis to include bacteria (Holobiont – all 3 partners)
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Current	Health	Status	of	Coral	Reefs
u Generally, globally coral reefs are in decline 

u Increasing human population (especially in coastal areas) increases the 
impacts on coral reefs: urban and tourist destinations

u Are chronic stresses are overwhelming the resilience (or the capacity for  
self-repair) of reef communities?

u Local impacts weaken reefs, so harder to bounce back from global events

CNN News 
Report:

April 15th

2017



Coral	Bleaching
u Bleaching can be loss of pigments 

u Usually bleaching is symbiosis breakdown = loss of algae

u Corals die or severely compromised = breakdown of reef ecosystem

Causes of bleaching:

uTEMPERATURE – extent and duration

uAlso disease, pollution, shading (sediment/algae), freshwater input, UV 



Coral	Resiliency	and	Management	Approaches	
Questions:
uHow to prioritize concerns to maintain and improve coral reef 

resiliency? (e.g. focus on local issues to minimize additive impacts to 
global change)

u Identify and promote mechanisms that make corals resilient to 
threats/stressors

uAdaptive management and coral replenishment projects

u Conduct risk assessments to determine problems

Owens, Mitchelmore  et al. 2005 review 



Ecological	Risk	Assessment
Determines nature and likelihood of harmful effects on organisms due to 
chemical contaminant (or any stressor)

Why do them?

(1)Retrospective risk assessment  - estimate adverse effects after exposure

(1)Prospective risk assessment – predict adverse effects based on estimated 
exposure (e.g. used to regulate chemical release)

They are a valuable tool to:

uEstimate the amounts of chemical in the environment associated with harm 

uHelp guide environmental management / regulatory decisions 

uInform public to make smarter choices 



Ecological	Risk	Assessment
Specific examples:

(1)Recommend or reject new 
chemical(s) 

(2) Evaluate benefits of 
remediation and restoration 
options at polluted sites

(3) Evaluate if a chemical found in 
the environment will cause 
harm to organism in the same 
environment

GENERAL APPROACH: 3 parts

HAZARD = potential cause harm (e.g. toxicity of the chemical)

RISK = likely exposure and harm of that exposure

EXPOSURE HAZARD

RISK



Sunscreens	and	UV	filter	Ingredients

Two main types

Synthetic
‘organic’ 

Mineral 
‘inorganic’ 

Zinc         Titanium 
oxide         dioxide 

16 FDA 
approved 
in USA

Sprays or creams



Sources	of	UV	filters	in	seawater

Natural sources?: 

e.g. oxybenzone 
higher flowering plants 
and marine fungi



Media	reports	on	Oxybenzone	Harming	Corals



Media	Reports:	The	other	side



Legislative	action	in	Hawaii	- 2018



Concentrations of a chemical in seawater: terminology

u Analytical detection does NOT mean harm
u Odds of winning tonight’s Mega Millions is 1 in 259 million (or 3861 per trillion)



Toxicology basics: Concentration, time and form
“Father of toxicology” 1493-1541

Paracelsus stated, “What is there that is not 
poison? All things are poison and there is 
nothing without poison. Solely the dose 
determines that a thing is not a poison.”

u Very low concentrations CAN cause harm especially over long time periods



Concentrations of oxybenzone/octinoxate in water, sediment 
and coral tissues from Hong Kong (Tsui et al. 2014, 2017):

Take Home Message:
u Concentrations in the ng L-1 (parts per trillion) range

u Seawater concentrations varied with site and season and water depth 

u Reflect increased recreational activity at those sites in the wet season



Concentrations of oxybenzone/octinoxate in seawater in US 
Virgin Islands (Bargar et al. 2015):

Take Home Message:
uConcentrations in the ng L-1 (parts per trillion) to μg L-1 (parts per billion) range

u Levels varied by site and season but also by distance from shoreline



Concentrations of oxybenzone in seawater in Hawaii and 
US Virgin Islands (Downs et al. 2016):

Take Home Message:
uVERY high concentrations in US Virgin Island; up to 1.395 parts per million (mg L-1)

uOnly 1 of 5 sites in Oahu measured concentration @ 19.2 parts per billion (μg L-1)



Toxicity studies on Oxybenzone impact to Corals

Take Home message: 
u Only TWO studies 
u Single laboratory experiment 
u Red sea coral larvae, in vitro cell culture 
u Concentrations of oxybenzone added were not measured (analytically verified)  

Downs et al., 2016

uHighlights possible   
potential for impact to   

coral larvae = ‘ red-flag’

uMore research warranted

Danovaro et al., 
2008



Published studies on Octinoxate Concentrations in 
Seawater from Hawaii:



Studies on the toxicity of octinoxate on corals:



Do you think Oxybenzone and Octinoxate Impact Corals ?

Evidence : Oxybenzone 
u Ubiquitous in seawater, including near corals
u Most concentrations in parts per trillion 

concentrations (ng L-1)
u Only ONE measured concentration from 

seawater from Hawaii (4 non detects)
u TWO toxicity studies in corals 

Evidence : Octinoxate  
u Some concentrations in seawater, 

including near coral reefs
u Most concentrations in parts per trillion

concentrations
u NO published concentrations in seawater 

from Hawaii
u NO toxicity studies in corals 

IS THERE ENOUGH EVIDENCE 
FOR HAWAII? 

YES?                        NO?



Hawaii Institute of Marine Biology (HIMB) – Coconut Island

Project PI’s:
Dr. Lee Blaney (UMBC)
Drs. Carys Mitchelmore, Michael 
Gonsior and Andrew Heyes (UMCES-
CBL)

Rick Younger (Consultant, Diver, MD)

Graduate Students (UMBC):
Ke He and Ethan Hain

Captain John Benson III 
(JT) and crew





Location	1 Location	2										Location	3
Ka’a’awa								Waikiki	Beach						Kaneohe	Bay

Sampling	Grid	– total	19	sites	

Environmental	Monitoring	Overview	

Collection	Site	Identification
In	Oahu	Hawaii

Shoreline

Measured	Concentrations	of:

v Oxybenzone	(BP-3)	and	octinoxate	(EHMC)(all	matrices)

v 11	additional	UV	filters	&	hormones	(all	matrices)

v Conducted	October	2017

Matched samples of:
- Surface water
- Sediment 
- Corals: Porites spp. 
- Deep/shallow sites

Porites spp. dominant in 
Hawaii. One of the more 
sensitive coral species. 

Our Study Design and Methods

Deeper water

Shallower water
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Site Selection: High Tourism site – Waikiki Beach, Oahu
u Hypothesized ‘Worse case’ scenario
u Beach and waters contained many people at time of visit in the water (swimmers, 

snorkeling, diving, surfing), and on beach. Could smell sunscreen in the air!



Our results: Oxybenzone concentrations in seawater

Summary: 
- Oxybenzone found at all sites in parts per trillion concentrations
- Most sites < 10 ng L-1 (i.e. 12/19)
- Highest concentrations at Waikiki Beach with most bathers/tourists 
- Lower concentrations further offshore and variable over the day

TAKE HOME MESSAGES:

- Oxybenzone ubiquitous; NO measured levels of octinoxate
- Concentrations variable spatially (sites and distance shore) and temporally (time of day)

QUESTIONS: Need more data on variability with depth, distance shore, time day, season, 
persistence in seawater, natural sources?.
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Our Oxybenzone seawater concentrations in context

TAKE HOME MESSAGES: 

uVery few reported studies of concentrations in Hawaii

uThe one detected value by Downs et al (2016) in seawater is over two-orders of magnitude 
higher than our highest detected value (i.e. 136 versus 19,200 ng L-1) – VERY VARIABLE?

uVery similar seawater concentrations to those from Hong Kong coral reefs (i.e. 0.2-136 versus 
13-32 ng L-1) all parts per trillion 

uValues from US Virgin Islands are very variable and similar to or higher than ours 

SO WHAT?

EXPOSURE HAZARD

RISK

Our data Published toxicity 
threshold data in 
corals

Preliminary Risk 
Assessment ?



Our oxybenzone concentrations compared to toxicity values

DOWNS et al. 2016

*; note all results 
show the worse case 
scenario with 
exposures conducted 
in the light that 
shows higher toxicity 
and at the longest 
duration under study 
(i.e. 24 rather than 8 
hours for the 
planula).

TAKE HOME MESSAGE: 

Oxybenzone levels we detected in Oahu, HI (0.2 to 136 ng L-1) are:

60 - 2,500 times LOWER than toxicity thresholds reported by Downs et al (2016)



Conclusions and Take Home Messages 

u Oxybenzone ubiquitous but VARIABLE

u The concentrations of oxybenzone
we detected in HI were very low;

below reported harmful levels to corals 

u Octinoxate was not present in HI sites at
measurable concentrations

u We also found surfactants, hormones, PAHs, 
many reported chemicals in reefs; trash and
plastic items.

UV Filter Sources:

- Recreational activities (sunscreens)
- Natural Sources (plants, fungi)
- Wastewater & land run-off
- Industrial / other products

Is there a 
Risk to 
Corals?

SPF
75

Surface seawater 19 sites, Oahu, Hawaii 
(parts per trillion):

Oxybenzone = 0.1 to 136.2 ng L-1

Octinoxate = not detected

Need more 
data!



What’s next?

u Need more data on environmental concentrations 
(differerent sites and times) 

u How persistent are they?

u Sources (including natural)?

u Need to repeat and expand on toxicity studies

u More longer-term exposures and assessments, 
multiple species and life stages

u Measure levels taken up by corals in controlled 
experiments

u Are the proposed mineral sunscreens safer?

u What are the chemicals of most concern in a reef? 

u Are we targeting the right ones?



What can YOU do?
u Stay informed, keep investigating the facts

u Be cautious of media and social media reports

u This is environmental NOT human harm

u Be aware of marketing ploys: 

v ‘Reef Safe’ sunscreen?  - there are NO official, 
approved tests or certifications for 
REEF SAFE OR OCEAN-SAFE PRODUCTS

v ‘Organic’  sunscreen? – often used to describe 
the mineral inorganics!

v ‘Biodegradable’ sunscreen?
- what does this mean? 
- oxybenzone is biodegradable 

- biodegrade to MORE harmful chemicals? 

u Use more hats, cover-ups; make sure they are UV protective!

u Support our research and especially our graduate students
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Thank you for your time. 
Please contact me if you would like any further information on this project or copies of any 
references : mitchelmore@umces.edu


