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Supplemental Figure 1. Example of shampoo/body wash products that contain UV-filters, 
including benzophenone-3 (synonym of oxybenzone) and benzophenone-4.  Photo courtesy 
of Professor Alex Rogers, PhD.
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Supplemental Figure 2. Photo-documentation of Kuhio Beach Shower 
sampling site in Waikiki, Honolulu, Hawaii, U.S.A. Panel A is the shower 
platform (arrow). Panel B is the discharge pipe from the shower platform to 
the steps down to the beach (arrow). Panel C is the spillway from the 
shower discharge onto the beach.  The arrow in Panel C indicates where the 
sediment sample was collected. Sample was collected Nov. 17, 2019 at 
13:49 pm Hawaii Standard Time.
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Supplemental Figure 3. Photo-documentation of Wailupe Beach 
Shower sampling site in Honolulu, Hawaii, U.S.A. Panel A is the 
shower platform with drainage culverts emanating from the 
shower platform. Panel B is the spillway from the shower (arrow) 
discharged onto the beach.  The arrow in Panel A indicates where 
the sediment sample was collected. Sample collected Nov. 17, 
2019 at 10:22 am Hawaii Standard Time
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Supplemental Figure 4. Photo-documentation of beach shower sampling site at Kalama Park 
in Kihei, Maui County, Hawaii, U.S.A. The arrow indicates where the sediment sample was 
collected. Sample was collected Nov. 13, 2019 at 08:26 am HST
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Supplemental Figure 5. Photo-documentation of Kamaole Beach Park 2 sampling site on 
South Kihei Road, Kihei, County of Maui, Hawaii, U.S.A. The arrow indicates where the 
sediment sample was collected. Sample was collected Nov. 13, 2019 at 09:03 am HST.
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Supplemental Figure 6. Photo-documentation of Polo Beach Park shower 
sampling site off of Kaukahi street, Wailea-Makena, County of Maui, Hawaii, 
U.S.A. The arrow indicates where the sediment sample was collected. Sample 
was collected on Nov. 13, 2019 at 10:49 am HST. There are two beach showers at 
this location.  The shower sampled is the higher elevation shower and is farther 
from the beach in reference to a second beach shower that is much closer to the 
beach. The second shower is predominantly used by Fairmont Resort guests, and 
the authors were not sure if that shower was located on private property. Hence, 
the Public beach shower was the only shower sampled.
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Supplemental Figure 7. Photo-documentation of beach sampling site at Kihei Boat Beach in Kihei, 
Maui County, Hawaii, U.S.A. The arrow indicates where the sediment sample was collected. Sample 
collected on Nov. 13, 2019 at 09:14 am HST
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Supplemental Figure 8. Photo-documentation of Mauna Lani Beach Club Beach Shower 
sampling site in Makaiwa Bay, Puako, Hawaii, U.S.A. Panel A is the shower platform with view of 
the shower and its proximity to the beach and water. Panel B is the spillway from the shower 
discharged onto the beach.  The RED arrows in Panels A and B indicates where the sediment 
samples were collected. Sample collected on Nov. 11, 2019 at 08:04 am Hawaii Standard Time
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Supplemental Figure 9. Photo-documentation of 49 Black Sand Beach Shower sampling site in 
Honokaope Bay, Puako, Hawaii, U.S.A. Panel A is the shower platform with view of the shower 
and its proximity to the beach and water. Panel B is the spillway from the shower discharged 
onto the beach.  The RED arrow in Panel B indicates where the sediment sample was collected. 
Sample collected on Nov. 11, 2019 at 08:47 am Hawaii Standard Time
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Supplemental Figure 10. Photo-documentation of Kahalu’u Bay Beach Park, Hawaii, U.S.A. The 
RED arrows indicate where the sediment samples were collected. 
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Supplemental Figure 11. Photo-documentation of Kapahukapu (Manini Beach), Hawaii, 
U.S.A. Panel A is the narrow beach area. Manini Beach is at the southern end of 
Kealakekua Bay Marine and Land Conservation District. Panel B is the sign of rules for 
visitors to help conserve Kapahukapu.  The RED arrow in Panel A indicates where the 
sediment sample was collected. Sample collected on Nov. 12, 2019 at 11:27 am HST
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Supplemental Figure 12. Prohibition of U.S. FDA petrochemical SPF active ingredients
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Supplemental Figure 13. Fairwind and State of Hawaii Department of 
Land and Natural Resources education banner



Supplemental Figure 14. An example of public education regarding the mitigation of 
petrochemical UV-filters contamination in Kahalu’u Bay (Kona, Hawaii, U.S.A).
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Supplemental Figure 15. Oxybenzone concentrations of five sample sites in Kahalu’u Bay, Island 
of Hawai’i, Hawaii, U.S.A. Water samples were collected 30 cm before the surface of the water 
on April 14, 2018.  ppb = parts per billion = micrograms/liter.  Risk Quotient was calculated by 
Dr. Cheryl Woodley of the U.S. National Oceanic & Atmospheric Administration using the same 
method as described in the Materials & Methods section in this manuscript.
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Supplemental Figure 16. Hawaii Act 104 of 2018
https://governor.hawaii.gov/newsroom/latest-news/office-of-the-governor-news-release-governor-

david-ige-signs-bill-making-hawaii-first-in-the-world-to-ban-certain-sunscreens/
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Supplemental Figure 17. 2021 Maui County Ordnance No. 5306 
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Supplemental Figure 18. An example of policy regulation to mitigate sunscreen 
chemical contamination of a coral reef habitat during a coral spawning event.
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Supplemental Table 1. Estimation of mass of sunscreen shed from swimmers’ skin at 
a location per day, per month, and per year

• 36 grams of sunscreen on average person for a two-
hour treatment of a swimmer wearing modest bathing 
clothing.

• Reapplication of 36 grams of sunscreen after 90 
minutes.

• Average length of time at a beach setting: 3 hours
• Assumption: 50% of sunscreen applied to a swimmer 

body is shed into the water during a 30 minute 
swimming period.

(36 grams)(2 applications) = 72 grams

72 grams x 50% shed into water = 36 grams

1,000 swimmers per day at a location

36 grams of shed sunscreen x 1,000 people = 
36,000 grams of sunscreen in the water/day

(30-day month)(36 kg sunscreen/day) = 
1,080 kg per month for 1,000 visitors per day

(12 months)(1,080 kg/month) = 
12,960 kg/year for 1K visitors/day
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Compound Acronym CAS Nº Log Kow Log Koc pKa Solubility (mg/l, in water, 25ºC)

UV FILTERS

2,4-dihydroxybenzophenone, Benzophenone 1 BP1 92092-63-2 2.96 3.46 7.09 390

2,2’,4,4’-Tetrahydroxybenzophenone, Benzophenone 2 BP2 131-55-5 2.78 3.89 6.75 98

2-hydroxy-4-methoxybenzophenone, Benzophenone 3 
(oxybenzone)

BP3 131-57-7 3.79 3.10 7.56 210

2-Hydroxy-4-Methoxy-5-sulfonylbenzophenone 
(Benzophenone 4, Sulisobenzone)

BP4 4065-45-6 0.37 1.96 -2.42 650

2,2’-Dihydroxy-4-methoxybenzophenone (Benzophenone 
8, dioxybenzone)

BP8, DHMB 131-53-3 3.82 3.32 6.78 52

4-Hydroxybenzophenone (p-benzoylphenol) 4HB 1137-42-4 3.02 3.24 7.85 410

4,4’-Dihydroxybenzophenone  4DHB 611-99-4 2.55 3.45 7.55 600

2-Ethylhexyl-p-metoxycinnamate EHMC 5466-77-3 5.80 4.09 8.13 0.1548

3-(4-Methyl)benzyliden camphor) 4MBC 36861-47-9 5.92 4.09 na 0.1966

Octocrylene OC 6197-30-4 6.88 5.61 na 0.003808

Ethyl-PABA, ethyl-4-aminobenzoate (benzocaine) Et-PABA 94-09-7 1.86 1.59 2.51 1671

Avobenzone AVO 70356-09-1 4.51 3.23 3.23 1.517

Homosalate HMS 118-56-9 6.16 4.03 8.1 0.4195

Octisalate

(2-Ethylhexyl salicylate)
OS 118-60-5 5.97 3.93 9.72 0.7171

1,2,3-Benzotriazole BZT 95-14-7 1.44 3.00 8.37 5957

5-Methyl-1-H-benzotriazole

(5-Tolyltriazole)
MeBZT 136-85-6 1.71 3.21 8.85 3069

5,6-Dimethyl-1H-benzotriazole DMBZT 4184-79-6 2.26 3.43 8.92 914.2

2-(2-Hydroxy-5-methylphenyl) benzotriazole UVP 2440-22-4 4.31 5.00 8.15 25.59

Sex Hormones

Estrone E1 53-16-7 3.13 4.48 10.33 146.8

Estriol E3 50-27-1 2.45 2.90 10.54 440.8

Isotopically-labelled standards

Benzophenone-13C (Surrogate Standard) BP-13C 32488-48-5

2-Hydroxy-4-methoxybenzophenone-d5

(Internal Standard)
BP3-d5 1219798-54-5

3-(4-methylbenzylidine-d4) camphor (Internal standard) 4MBC-d4 1219806-41-3

1H-Benzotriazole-d4

(Internal Standard)
BZT-d4 1185072-03-0

Supplemental Table 2. Physicochemical properties of UV filters and sex hormones 
(ChemSpider | Search and share chemistry, © Royal Society of Chemistry 2022, Registered 
charity number: 207890). na, not applicable; Kow, partition constant octanol-water; Koc, 
partition constant organic carbon; Ka, dissociation constant.
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Supplemental Table 3. Validation parameters for the analysis of UV filters in sand.
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Supplemental Table 4. Validation parameters for the analysis of UV filters in water 
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Supplemental Table 5. Risk Quotient for Acute Toxicity for 4MBC in beach sand samples collected in 
Hawaii using European Union method for Cnidarian, invertebrates (non-Cnidarian), plant and algae 
species, and fish species. Color chart: RED= Severe condition for a potential toxic effect ≥1; Orange = 
Moderate threat condition for a potential toxic effect = 0.5 to 1.0; Yellow = Condition of concern 0.1 
to 0.5.
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