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Abbreviations and definitions 

Abbreviations 

Abs %  percentage dermal absorption of UV filter  

AbsUV filter the dermal absorption value for a UV filter 

ADME absorption, distribution, metabolism, excretion 

amtSunscreen the amount of sunscreen used per day 

BCC basal cell carcinoma 

BEMT Bis-ethyl-hexyloxyphenol methoxyphenyl triazine 

BMDBM Butyl methoxydibenzoyl methane 

C  UV filter concentration 

CAS  Chemical Abstracts Service 

CET  Central European Time 

Ci  curie 

CI confidence interval 

CIE   International Commission on Illumination 

CosIng European Commission Cosmetic Ingredients Database 

COADEX C, current relevance; O, old or past relevance; A, actively sensitized; D, 

relevance not known; E, exposed; X, the positive test is due to cross-reaction 

with another allergen (see COADEX under “Definitions”). 

Danish EPA The Danish Environmental Protection Agency 

DNEL derived no-effect level 

EC  European Commission 

ECHA  European Chemicals Agency 

EFSA    European Food Safety Authority 
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EHS 2-Ethylhexyl salicylate 

EHT Ethylhexyl triazone 

EU  European Union 

F female 

GLP  good laboratory practice 

H/A  hydroalcoholic 

HR hazard ratio 

IARC International Agency for Research on Cancer 

ICDRG International Contact Dermatitis Research Group 

LD50 lethal dose 50% 

LN  lognormal distribution 

LOAEL  lowest observed adverse effect level 

M  male 

MC  Monte-Carlo 

NOAEL  no observed adverse effect level 

NP-TiO2 titanium dioxide (nano) 

NSAID  non-steroidal anti-inflammatory drug 

NTP  National Toxicology Program 

OC  octocrylene 

OECD  Organisation for Economic Co-operation and Development 

OHAT  Office of Health Assessment and Translation 

OR  odds ratio 

O/W  oil-in-water 

PEG  polyethylene glycol 

PLE  polymorphic light eruption 
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PoD  point of departure 

PPT  photopatch test 

r  random sampling from individual data 

RCT  randomised controlled trial 

Rf  retention factor 

RoB  risk of bias 

RR  rate ratio 

SC  stratum corneum 

SCC  squamous cell carcinoma 

SCCS  Scientific Committee on Consumer Safety 

SD  standard deviation 

SED  in the context of solar radiation exposure: standard erythema dose 

SPF   sunscreen protection factor 

TG  standardised test guideline 

UDS  unscheduled DNA synthesis test  

UF uncertainty factor 

UV-A/UVA  ultraviolet radiation A 

UV-B/UVB   ultraviolet radiation B 

UVR  ultraviolet radiation (UV is commonly used instead of UVR) 

WHO  World Health Organization 

wSunscreen weight of sunscreen applied 

W/O  water-in-oil 

WoE   weight of evidence 
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Definitions 

Absorption, distribution, metabolism and elimination (ADME) 

The four key processes which describe how drugs and chemicals get into the body, what 

happens to them while they are there, and how they are eliminated (EFSA Glossary).  

Adverse effect 

An effect is considered “adverse” when leading to a change in the morphology, physiology, 

growth, development, reproduction, or life span of an organism, system, or (sub)population 

that results in an impairment of functional capacity, an impairment of the capacity to 

compensate for additional stress, or an increase in susceptibility to other influences” (WHO, 

2004). 

Beneficial effect 

An effect is considered “beneficial” if it has the probability to be linked to a positive (health) 

effect (e.g. increase the resilience of the organism to a certain challenge) and/or the 

probability to be linked to a reduction of an adverse health effect in an organism, system or 

(sub)population, in reaction to exposure to an agent (EFSA Scientific Committee, 2010). 

In this risk-benefit assessment, beneficial and protective effects are synonyms and used 

interchangeably. The expressions are used to describe effects of a sunscreen that reduce the 

dose of solar UVR to skin cells and thereby reduce the induced adverse health effects caused 

by the irradiation.  

COADEX 

A clinical relevance system for reactions used in (photo-)patch testing: C, current 

relevance—the patient has been exposed to allergen during the current episode of 

dermatitis and improves when the exposure ceases; O, old or past relevance—past episode 

of dermatitis from exposure to allergen; A, actively sensitized—patient presents with a 

sensitization (late) reaction; D, relevance not known—not sure if the exposure is current or 

old; E, exposed—a history of exposure but not resulting in dermatitis; and X, the positive 

test is due to cross-reaction with another allergen (Kerr et al., 2012). 

Certainty of evidence 

The certainty (or quality) of evidence is the extent to which we can be confident that what 

the research tells us about a particular treatment effect is likely to be accurate. Concerns 

about factors such as bias can reduce the certainty of the evidence. Evidence may be of high 

certainty; moderate certainty; low certainty or very-low certainty (Cochrane Glossary, 2020). 

Derived no-effect level (DNEL) 

The level of chemical exposure above which humans should not be exposed. 
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Dermal exposure 

“Dermal exposure is a complex process of contact between a relevant substance and the 

skin over a period of time” (IPCS, 2014). 

External exposure 

The amount of a substance reaching the physical barriers of the body. 

Internal exposure 

The total amount of a substance which is systemically available.  

No observed adverse effect level (NOAEL) 

The largest concentration or amount of a substance tested at which no detectable adverse 

effects occur in an exposed population.  

Optical radiation 

Ultraviolet, visible and infrared electromagnetic radiation. Solar radiation includes all three 

radiation wavelength ranges which at the earth’s surface are approximately 290-400 nm, 

380-780 nm, and 780-3000 nm, respectively. 

Point of departure (PoD) 

The point on a dose–response curve established from experimental data used to derive a 

safe level (EFSA Glossary). The PoD may be derived e.g. from the no-observed-adverse-

effect level (NOAEL) or by using the benchmark dose (BMD) method. A PoD is also known as 

a reference point. 

Protective effect 

See “beneficial effect”  

Risk of bias 

Internal validity. “The assessment of whether the design and conduct of the study 

compromised the credibility of the link between exposure and outcome” (Higgins and Green, 

2011; OHAT 2015) 

Risk-benefit assessment 

“In the risk-benefit assessment, the probability of an adverse health effect or harm (both 

incidence and severity) as a consequence of exposure can be weighed against the probability 

of benefit, if both are known to be possible” (EFSA Scientific Committee, 2010). The 

proposed procedure for a risk-benefit assessment is as follows: 

Risk assessment Benefit assessment 

Hazard identification 
Identification of positive health effect or reduced 

adverse effect.  

Hazard characterisation (dose-response 

assessment) 

Characterisation (dose-response assessment) of 

positive health effect or reduced adverse effect.  

Exposure assessment Exposure assessment 

Risk characterisation Benefit characterisation 
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In this assessment, the term “health protective effect” (of the sunscreen and UV filters) is 

substituted for “positive health effect” and “reduced adverse effect”. 

 

Sunscreen protection factor (SPF) 

The ratio between the minimal erythema dose on skin protected by the product and the 

minimal erythema dose on unprotected skin, determined in vivo. The sunscreen (of any 

preparation) is applied to a test area on the back of volunteers in amounts of 2 mg/cm2. 

After a drying time of 15 to 30 minutes irradiation is performed with a xenon lamp according 

to certain specifications. Erythema is recorded 20 ± 4 hours after exposure. Due to the 

reproducibility it is technically difficult to measure a layer thickness less than 2 mg/cm2. The 

in vivo method evaluates protection against the short-term effects of UVB-radiation (VKM, 

2007). 

Sunscreen (topical) 

“Any preparation (such as creams, oils, gels, sprays) intended to be placed in contact with 

the human skin with a view exclusively or mainly to protecting [sic] it from UV radiation by 

absorbing, scattering or reflecting radiation” (Commission Recommendation (2006/647/EC)). 

Note that sprays and products intended for the lips are not included in this risk-benefit 

assessment. 

UV filters 

Substances which are exclusively or mainly intended to protect the skin against certain UV 

radiation by absorbing, reflecting or scattering UV radiation (Commission Recommendation 

(2006/647/EC). 

UV-A 

Ultraviolet radiation A. Denotes electromagnetic wavelengths in the range 315 - 400 nm 

(CIE, 2011). In this assessment the term “UVA” is also used 

UV-B 

Ultraviolet radiation B. Denotes electromagnetic wavelengths in the range 280 - 315 nm 

(CIE, 2011). In this assessment the term “UVB” is also used. 

UVR 
Optical radiation for which the wavelengths are shorter than those for visible radiation. 
Wavelength range: 100 - 400 nm (CIE, 2011). Ultraviolet radiation is divided in the three 
bands ultraviolet radiation A (UV-A, 315-400 nm), ultraviolet radiation B (UV-B, 280-315 nm) 
and ultraviolet radiation C (UV-C, 100-280 nm) (CIE, 2011). In this assessment the term 
“UV” is also used. 

Weight of evidence 

See “certainty of evidence”. 
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Short summary 

VKM has performed a risk-benefit assessment of sunscreen use and six UV filters. This task 

was undertaken on the initiative of a VKM Panel in response to the apparent paradox 

between the need for protective measures, such as use of sunscreens, to reduce Norway’s 

high incidence and mortality of skin cancer and a consumer concern for the safety of 

sunscreens. Concerns include safety of ingredients and sunscreens’ effect on vitamin D 

synthesis. Sunscreen products are legally regulated as cosmetic products in the EU, and only 

approved UV filters up to a maximum determined concentration are allowed in the ready-for-

use preparation.  

VKM used a systematic approach to assess risks and benefits of sunscreen use and risks of 

six selected UV filters: bis-ethyl-hexyloxyphenol methoxyphenyl triazine (BEMT), butyl 

methoxydibenzoyl methane (BMDBM), 2-ethylhexyl salicylate (EHS), ethylhexyl triazone 

(EHT), octocrylene (OC), and titanium dioxide in nanoform (NP-TiO2).  These UV filters are 

among the most frequently used in sunscreens on the Norwegian market. Sunscreen sprays 

and lip products were not included. Scientific publications and reports up to 2020 were 

retrieved to assess adverse and protective effects of sunscreen and adverse effects of UV 

filters. We assessed risk of bias in the studies and evidence for health outcomes with the aid 

of validity tools, and estimated exposure to each UV filter using probabilistic methods.  

The evidence showed that sunscreens were beneficial in protecting against certain skin 

cancers. Insufficient evidence precluded determination of the hazard associated with 

sunscreen use.  

The UV filters occurred in concentrations similar to or below the limits set in the EU 

cosmetics regulative. VKM considered that little to no hazard was associated with use of the 

six evaluated UV filters.  

VKM concludes that the risks related to use of the six evaluated UV filters are negligible since 

the real-life use of these UV filters is several-fold lower than the amounts that may cause 

any adverse health effect. The evidence for harmful health effects of sunscreens is 

insufficient to determine risk. Sunscreen use protects against certain skin cancers and is 

beneficial for the general Norwegian population. 

  



 

VKM Report 2022: 10  18 

Kort sammendrag (norsk) 
VKM har utført en nytte- og risikovurdering av solkrembruk og seks UV-filtre på initiativ fra 

en av faggruppene i VKM. Bakgrunnen er det tilsynelatende paradokset mellom behovet for 

beskyttelsestiltak, som bruk av solkremer, for å redusere Norges høye forekomst og 

dødelighet av hudkreft på den ene siden, og forbrukerbekymring om trygghet ved solkremer 

på den andre. Slike bekymringer kan dreie seg om hvorvidt ingrediensene i solkrem er 

trygge, eller om man får dannet mindre D-vitamin når man bruker solkrem. 

Solkremprodukter er lovregulert som kosmetiske produkter i EU, og det er bare godkjente 

UV-filtre opp til en bestemt maksimumkonsentrasjon som er tillatt. 

VKM søkte etter og hentet ut vitenskapelige publikasjoner og rapporter frem til 2020 for å 

vurdere uønskede og beskyttende effekter av solkrembruk og uønskede effekter av UV-filtre. 

Seks UV-filtre ble valgt ut: bis-etyl-heksyloksyfenol metoksyfenyltriazin (BEMT), 

butylmetoksydibenzoylmetan (BMDBM), 2-etylheksylsalisylat (EHS), etylheksyltriazon (EHT), 

oktokrylen (OC) og titandioksid på nanoform (NP-TiO2). Disse UV-filtrene er blant de mest 

brukte i solkremer som selges på det norske markedet. Spray- og leppeprodukter ble utelatt. 

Vi vurderte risiko for skjevhet (bias) i studiene og kvaliteten på dokumentasjonen for 

helseutfall på en systematisk måte ved hjelp av validitetsverktøy. Eksponering for hvert UV-

filter beregnet vi ved hjelp av probabilistiske metoder. 

Vi fant evidens for at bruk av solkrem beskytter mot visse hudkreftformer. Derimot var 

dokumentasjonen ikke tilstrekkelig til at vi kunne bestemme faren ved solkrembruk. 

UV-filtrene forekom i konsentrasjoner tilsvarende eller under grensene som er satt i EUs 

kosmetikkforskrift. VKM mener at faren forbundet med bruk av de seks vurderte UV-filtrene 

er ubetydelig. 

VKM konkluderer med at risikoen knyttet til bruk av de seks evaluerte UV-filtrene er 

ubetydelig, siden den daglige bruken av disse UV-filtrene er flere ganger lavere enn 

mengdene som kan forårsake skadelig helseeffekt. Dokumentasjonen var ikke tilstrekklig, 

verken i mengde eller kvalitet, til å fastslå at det er risiko for skadelige helseeffekter av 

solkrembruk. Bruk av solkrem beskytter mot visse hudkreftformer og er gunstig for den 

generelle norske befolkningen.  
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Extended summary 

Background 

 

 

 

Aim 

With this risk-benefit assessment, VKM aimed to identify and compare risks and benefits 

caused by use of sunscreen products and selected UV filters (Figure 1). In this assessment, 

protection means reduction in adverse health effects caused by solar UVR.  

 
Figure 1. The aim of the risk-benefit assessment. 

 

Sunscreen products and sunscreen ingredients included for assessment 

Both sunscreen products and sunscreen ingredients were included in this risk-benefit 

assessment. VKM delimited the inclusion of sunscreen products to those primarily intended 
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for UVR protection; thus, e.g. make-up with UV filters were not included. Furthermore, 

products which can cause inhalation or oral absorption of ingredients were not included, i.e. 

sunscreen sprays and sunscreen lip products. 

The evaluation of sunscreen ingredients was restricted to UV filters due to their role as active 

substances in attenuation of UVR. Six of the most frequently used UV filters in sunscreens on 

the Norwegian market were selected. Other sunscreen ingredients, e.g. preservatives, 

emulsifiers, emollients, thickeners, film formers and fragrances were not included. Such 

ingredients are present in a variety of other frequently used personal care products, and 

VKM considered sunscreens not to be the main source of exposure to these substances. An 

overview of the six selected UV filters is given in Table 1. All UV filters were organic except 

titanium dioxide in nanoform (NP-TiO2; inorganic).  

Table 1. The UV filters included in the risk-benefit assessment. 

UV filter Abbreviation Cas no. 

Bis-ethyl-hexyloxyphenol methoxyphenyl 

triazine 

BEMT 187393-00-6 

Butyl methoxydibenzoyl methane BMDBM 70356-09-1 

2-Ethylhexyl salicylate EHS 118-60-5 

Ethylhexyl triazone EHT 88122-99-0 

Octocrylene OC 6197-30- 4 

Titanium dioxide nanoparticles (NP) NP-TiO2 13463-67-7; 1317-70-0; 

1317-80-2 

 

The risk-benefit assessment 

An overview of the steps in the risk-benefit assessment is given in Figure 2. To identify 

possible adverse and health protective effects, systematic literature reviews were performed 

including literature searches in several relevant databases, critical appraisal of the studies, 

and a narrative evidence synthesis. Systematic literature searches were performed to identify 

concentrations of UV filters in commercially available sunscreens, and the quality of the 

measurement methods was evaluated. Data on patterns of sunscreen use and skin (dermal) 

absorption were identified from several sources, including literature searches. Only data 

considered to be above a predefined quality level were included in this risk-benefit 

assessment. 
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 Figure 2. The steps in the risk-benefit assessment. 

Exposure assessment 

Chronic, daily exposure to each of the six selected UV filters was estimated as shown in 

Figure 3. To obtain as realistic exposure estimates as possible and to include the variability in 

the parameters, a probabilistic approach was used. The data on UV filter concentration, 

percentage dermal absorption and amount applied per day were scrutinised for quality in 

advance. The dermal absorption of NP-TiO2 was negligible. 
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Figure 3. An overview of the parameters included in the probabilistic exposure estimation. 

Hazard identification and characterisation 

Identification of possible adverse health effects related to sunscreen use and the six selected 

UV filters was based on human and animal data. 

Possible adverse effects addressed in studies on sunscreen use included a correlation 

between sunscreen use and increase in melanoma and between sunscreen use and reduced 

vitamin D synthesis. The possible adverse effects addressed in studies on the six UV filters 

included both systemic toxicity and local effects. Systemic toxicity was acute, subacute, 

subchronic and chronic toxicity, genotoxicity and carcinogenicity, and reproductive and 

developmental toxicity. Local effects were skin irritation and skin sensitisation. 

The following hazard conclusions were identified by VKM:  

• The overall confidence in the evidence for an association between sunscreen use and 

increase in melanoma was very low. Thus, there was insufficient evidence available 

to assess whether the exposure to sunscreen use was associated with increased 

development of melanoma. The hazard could not be classified. 

• The overall confidence in the evidence for an association between sunscreen use and 

reduction in vitamin D synthesis was low. Thus, there was insufficient evidence 

available to assess whether the exposure to sunscreen use was associated with 

reduced vitamin D synthesis. The hazard could not be classified.  

• Regarding systemic toxicity, the hazard conclusions are given as the derived no effect 

level (DNEL) for the critical endpoint for each UV filter. The DNEL is the level of 

chemical exposure above which humans should not be exposed and is derived by 

dividing the no effect level by the overall uncertainty in the no effect level. 
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• Regarding local effects, the hazard conclusion for the six selected UV filters is “Not 

identified as a hazard to humans”. The hazard conclusions for local effects are not 

given as DNELs. 

 

Risk characterisation 

The possible risk related to sunscreen use and increase in melanoma or reduced vitamin D 

synthesis was not determined due to insufficient evidence.  

Regarding local toxicity, the six UV filters were not identified as hazards to humans. VKM 

considered the risk for skin irritation or skin sensitisation for the general population to be 

negligible. 

To characterise the risk related to systemic toxicity for the UV filters, the ratio of the 

exposure to the DNEL was calculated for each of the organic UV-filters. A risk 

characterisation ratio <1 was considered not to represent a risk for adverse health effects, 

whereas a ratio ≥1 might represent a risk for adverse health effects. The risk 

characterisation ratios for BEMT, BMDBM, EHS, EHT and OC were <1. As the dermal 

absorption of NP-TiO2 was considered to be negligible, NP-TiO2 was regarded not to induce 

systemic toxicity. Therefore, the risk associated with NP-TiO2 was considered to be negligible.  

VKM concludes that the risk for adverse health effects of the evaluated UV filters is 

negligible. 

Identification and characterisation of protective health effects 

Human data were used to identify possible protective health effects related to sunscreen 

use. 

The possible health protective effects addressed in the included literature were prevention of 

the outcomes melanoma, actinic keratosis, basal cell carcinoma, squamous cell carcinoma, 

and immunosuppression. An overall hazard conclusion was made for the health outcomes 

related to skin cancer. 

The following conclusions on health protective effects were identified by VKM: 

• There was low confidence in the body of evidence for an association between 

sunscreen use and immunosuppression.   

• There was moderate confidence in the evidence for no association between  

sunscreen use and basal cell carcinoma.  

• There was low confidence in the body of evidence for a protective association 

between sunscreen use and melanoma.  

• There was moderate confidence in the body of evidence for a protective effect of 

sunscreen against actinic keratosis and squamous cell carcinoma.  
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• Overall, for the health outcome skin (pre-) cancers, sunscreen use is presumed to 

protect against certain skin (pre-)cancers. The protection is larger for squamous cell 

carcinoma and actinic keratosis than for melanoma.  

Benefit characterisation 

Immunosuppression, assessed as depletion of Langerhans cells, was considered to be an 

insufficient marker on its own and was, therefore, not evaluated for health benefits. 

Sunscreen use is presumably beneficial as protection against certain skin (pre-)cancers. The 

benefit is larger for squamous cell carcinoma and actinic keratosis than for melanoma. There 

is probably no benefit of sunscreen in protection against basal cell carcinoma.     

Data on sunscreen (e.g. amount, thickness) and UV exposure associated with protective 

effects of sunscreen use were not quantified in this risk-benefit assessment. However, 

amounts of sunscreen use as reported in data from Denmark and other European countries 

were assumed to be representative for the Norwegian conditions.  

Risk and benefit conclusion 

VKM concludes that the risks related to use of the six evaluated UV filters are negligible since 

the real-life user-amounts of these UV filters are several-fold lower than the amounts that 

may cause any adverse health effect. The evidence for harmful health effects of sunscreens 

is insufficient to determine the risk. Sunscreen use protects against certain skin cancers and 

is beneficial for the general Norwegian population.  

 

Key words: Bis-ethylhexyloxyphenol methoxyphenyl triazine, butyl methoxydibenzoyl-

methane, 2-ethylhexyl salicylate, ethylhexyl triazone, Norwegian Scientific Committee for 

Food and Environment, octocrylene, risk-benefit assessment, sunscreen, titanium dioxide, UV 

filter, VKM. 
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Utvidet sammendrag (norsk) 

Bakgrunn 

 

Hensikt 

Målet med denne nytte- og risikovurderingen var å sammenligne nytte ved å bruke solkrem 

med risiko fra solkremprodukter og utvalgte UV-filtre (Figur 1). Med nytte mener vi 

reduksjon i negative helseeffekter fra UV-stråler. 

Figur 1. Hensikten med nytte- og risikovurderingen. 

 

Solkrem og solkremingredienser 

Både solkremprodukter og noen utvalgte solkremingredienser er inkludert i denne 

vurderingen. Solkremproduktene ble avgrenset til produkter hvis hovedfunksjon er å 

beskytte mot UV-stråler; produkter som for eksempel sminke med UV-filtre er derfor ikke 

inkludert. Solkrem i spray-form og solkremer for lepper er ikke med, fordi disse også kan 

føre til opptak av ingredienser, henholdsvis via lunger og mage-tarmkanalen. 

Av de ingrediensene som benyttes i solkremer, ble kun UV-filtre inkludert, da det er denne 

ingredienstypen som har som oppgave å beskytte huden mot UV-stråler. Seks UV-filtre som 

er mye brukt  i solkremer på det norske markedet, er tatt med (se tabell 1). Alle UV-filtrene 



 

VKM Report 2022: 10  26 

er organiske, bortsett fra titandioksid i nanoform (NP-TiO2; uorganisk). Ingredienstyper som 

for eksempel konserveringsmidler, emulgatorer, mykgjøringsmidler, fortykningsmidler, 

filmdannere og duftstoffer ble ikke tatt med siden disse ingrediensene finnes i en rekke 

andre kroppspleieprodukter, og det antas at disse produktene utgjør en viktigere kilde til 

eksponering enn solkremer.  

Tabell 1. UV-filtrene som er med i denne vurderingen. 

Navn på UV filter Forkortelse CAS-nummer 

Bis-ethyl-hexyloxyphenol methoxyphenyl 

triazine 

BEMT 187393-00-6 

Butyl methoxydibenzoyl methane BMDBM 70356-09-1 

2-Ethylhexyl salicylate EHS 118-60-5 

Ethylhexyl triazone EHT 88122-99-0 

Octocrylene OC 6197-30- 4 

Titanium dioxide nanoparticles (NP) NP-TiO2 13463-67-7; 1317-70-0; 1317-80-2 

 

Nytte- og risikovurdering 

Trinnene i nytte- og risikovurderingen er vist i figur 2. 

Figur 2. Trinnene i nytte- og risikovurderingen. 
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VKM har oppsummert forskning på mulige negative og beskyttende effekter av solkrem/UV-

filtre på en systematisk måte. Det betyr at vi har brukt en eksplisitt framgangsmåte i 

formuleringen av spørsmål som skal besvares, i søk etter litteratur, og til å vurdere og 

sammenstille kunnskapen. Vi inkluderte kun data som ble vurdert til å være av tilstrekkelig 

kvalitet (et forhåndsdefinert kvalitetsnivå). 

Beregne eksponering 

VKM beregnet  kronisk, daglig eksponering for hvert av de seks utvalgte UV-filtrene slik det 

er vist i figur 3. For å få et mest mulig realistisk estimat, og for å inkludere variasjonen i 

parameterne, ble det brukt en probabilistisk metode. Opptak av NP-TiO2 over hud ble ansett 

å være ubetydelig. 

Figur 3. Parameterne som er inkludert i eksponeringsberegningene. 

Identifisering og karakterisering av fare 

VKM brukte data fra humane studier og fra dyrestudier til å identifisere mulige negative 

helseeffekter knyttet til bruk av solkrem og de seks UV-filtrene. I humane studier på effekter 

av solkrem ble det undersøkt om det er en sammenheng mellom bruk av solkrem og 

henholdsvis en økt forekomst av melanom og redusert produksjon av vitamin D. I studiene 

av de seks UV-filtrene ble det sett på systemisk toksisitet og lokale effekter. Systemisk 

toksisitet inkluderte akutt, subakutt, subkroniske og kronisk toksisitet, gentoksisitet og 

karsinogenese, og reproduksjons- og utviklingstoksisitet. De lokale effektene omfattet 

hudirritasjon og hudsensibilisering. 

VKM konkluderte følgende om fare: 
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• Tiltroen til dokumentasjonen for at det er en sammenheng mellom bruk av solkrem 

og økning i melanom var svært lav.  

• Tiltroen til dokumentasjonen for at det er en sammenheng mellom bruk av solkrem 

og redusert vitamin D-produksjon var lav.  

• For de systemiske effektene av de ulike UV-filtrene ble det utledet et null-effekt-nivå 

(DNEL; derived no effect level) ut ifra det kritiske endepunktet som er vist i 

dyrestudier. DNEL angir det høyeste nivået for eksponering av et stoff som 

mennesker ikke bør utsettes for.  DNEL fastsettes ved at en verdi for eksponering 

som ikke gir negativ effekt, deles på usikkerheten i denne verdien. 

• De seks UV-filtrene utgjør ingen fare for negative lokale effekter. Det fastsettes ikke 

DNEL for lokale effekter. 

 

Karakterisering av risiko 

På grunn av at det ikke var god nok dokumentasjon for å vurdere om bruk av solkrem var 

assosiert med økt utvikling av melanom og redusert vitamin D-produksjon, var det ikke mulig 

å si noe om en eventuell risiko. 

Siden det ble konkludert at de seks UV-filtrene ikke utgjør noen fare for negative lokale 

effekter, konkluderte VKM med at risikoen for hudirritasjon og hudsensibilisering er 

ubetydelig for den generelle befolkningen. 

For å karakterisere risikoen knyttet til systemisk toksisitet for UV-filtrene, ble ratioen mellom 

eksponeringen for UV-filtrene og DNEL beregnet. En ratio <1 ble ansett å ikke representere 

en risiko for negative helseeffekter, mens en ratio≥1 kan representere en risiko for negative 

helseeffekter. For BEMT, BMDBM, EHS, EHT og OC var ratioen<1. Siden opptak av NP-TiO2 

over hud antas å være ubetydelig, anses NP-TiO2 å ikke føre til systemisk toksisitet. 

VKM konkluderer med at risikoen for negative helseeffekter av de seks UV-filtrene er 

ubetydelig. 

Identifisering og karakterisering av beskyttende helseeffekter 

VKM brukte data fra humane studier til å identifisere mulige beskyttende helseeffekter 

knyttet til bruk av solkrem. I studiene ble det undersøkt om det er en sammenheng mellom 

bruk av solkrem og beskyttelse mot henholdsvis melanom, aktinisk keratose, 

basalcellekarsinom, plateepitelkarsinom og immunsuppresjon.  

VKM konkluderte følgende om beskyttende effekter: 

• Tiltroen til evidensen for en sammenheng mellom bruk av solkrem og 

immunsuppresjon er lav. 

• Det er ikke tilstrekkelig evidens tilgjengelig for å vurdere om bruk av solkrem 

beskytter mot basalcellekarsinom.  
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• Tiltroen til evidensen for en sammenheng mellom bruk av solkrem og redusert 

forekomst av melanom er lav. 

• Tiltroen til evidensen for en sammenheng mellom bruk av solkrem redusert 

forekomst av aktinisk keratose og plateepitelkarsinom er moderat. 

• Samlet sett, for helseutfallet hudkreft, antas bruk av solkrem å beskytte mot visse 

typer. Beskyttelsen er større for plateepitelkarsinom og aktinisk keratose enn for 

melanom. 

Karakterisering av nytte 

VKM vurderte at markøren som var studert for å se om solkrem beskytter mot 

immunsuppresjon er utilstrekkelig, og det ble derfor ikke vurdert om solkrem beskytter mot 

immunsuppresjon. 

Bruk av solkrem antas å være gunstig som beskyttelse mot visse typer hudkreft. Fordelen er 

større for plateepitelkarsinom og aktinisk keratose enn for melanom. Det er ikke sannsynlig 

at solkrem beskytter mot basalcellekarsinom. 

Risiko- og nyttekonklusjon 

VKM konkluderer med at risikoen knyttet til påsmøring av de seks UV-filtrene på huden er 

ubetydelig, siden den reelle mengden vi smører på oss av disse UV-filtrene er flere ganger 

lavere enn mengdene som kan forårsake negative helseeffekter. Det ble ikke vurdert om 

bruk av solkrem kan utgjøre en risiko på grunn av manglende evidens. Bruk av solkrem 

beskytter mot visse hudkreftformer og er derfor gunstig for den generelle norske 

befolkningen. 
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1 Introduction 

In 2020, melanoma and non-melanoma skin cancers were the 19th and fourth most 

commonly occurring cancers, respectively, in men and women globally (Sung et al., 2021). 

In Norway, the incidence of skin cancer is among the highest worldwide (Bray et al., 2018). 

The incidence rate of melanoma, the most severe form of skin cancers, increased by more 

than 50% during the period 2000-2020 (Cancer Registry of Norway, 2021). The mortality 

rate in Norway due to malignant melanoma, is the highest in Europe (Sacchetto et al., 

2018). 

About 2300 new cases of malignant melanoma and 3000 new squamous cell carcinomas 

were diagnosed in Norway in 2020. (Cancer Registry of Norway, 2021). Basal cell carcinomas 

are not publicly registered in Norway, but the incidence is estimated to be 20000-25000 per 

year (The Norwegian Cancer Society, 2022). About 90% of skin cancers are expected to 

result from exposure to ultraviolet radiation (UVR). 

One of the protection measures against skin cancers is the use of sunscreen (WHO.org, The 

Norwegian Cancer Society, 2022). Sunscreens are legally regulated as cosmetic products in 

the EU (Regulation (EC) No 1223/2009). Only UV filters included in the positive list of 

approved filters in Annex VI to the Cosmetics Regulation may be used in cosmetics up to the 

maximum allowed concentration (Regulation (EC) No 1223/2009). Currently, the positive list 

consists of 32 entries (European Commission, 2009). The Cosmetics Regulation (Regulation 

(EC) No 1223/2009) specifies that all sunscreen products must be safe under normal and 

reasonably foreseeable use conditions.  

Concerns are occasionally raised whether exposure to sunscreens and their specific 

ingredients pose a risk to human health as well as to the environmental. These concerns 

may come from the public, consumer organisations, or researchers. Health concerns 

addressed are e.g. contact dermatitis and endocrine disruptive effects, caused by direct 

exposure to ingredients in sunscreens or in combination with UVR. Another potential adverse 

effect of sunscreen use is reduced vitamin D synthesis, which may result indirectly by 

attenuation of UVR to the skin. 

On this background, VKM wants to contribute to a clarification of risk and benefit of the use 

of sunscreens. A scoping review of systematic reviews on environmental effects of 

sunscreens was published 2020 (VKM et al., 2020b) and a revised protocol for the current 

risk-benefit assessment was published 2020 (VKM et al., 2020a). The VKM used 

methodological tools for systematic reviews to ensure quality, transparency, reproducibility 

and objectivity as described in Chapter 5, 6 and 7. In line with this view, scripts made to 

obtain exposure estimates, and the data used for the exposure estimates, are published 

together with the assessment.  
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1.1 Ultraviolet radiation (UVR) 

Ultraviolet radiation (UVR) covers the electromagnetic wavelength range of 100–400 nm, 

and is divided in the three bands ultraviolet radiation A (UV-A, 315-400 nm), ultraviolet 

radiation B (UV-B, 280-315 nm) and ultraviolet radiation C (UV-C, 100-280 nm) (CIE, 2011). 

UVR comes naturally from the sun, but is also generated by artificial lamp sources such as 

halogen and xenon lamps, fluorescent tubes and light emitting diodes to be used e.g. in 

sunbeds, medical treatments apparatus and a diversity of instruments. The UVR part of the 

solar energy that reaches the Earth’s surface comprises about 5-6%. UVA irradiation is 10 to 

100 times more abundant than UVB (Moan, 2006). Typically, in the middle of the day, the 

available UVR consists of about 95% UVA and 5% UVB. Wavelengths shorter than about 280 

nm are absorbed mainly by stratospheric ozone; thus, all the UV-C and approximately 90% 

of the UV-B radiation are removed (IARC, 2012). The radiant energy of solar UVR, especially 

that of UV-B, depends on the solar elevation and varies with season, time of day and latitude 

(WHO, 2016). The radiant energy emitted from the Sun or an artificial source and received 

on a surface is measured in irradiance (W/cm2). The product of irradiance and irradiation 

time (s) gives the radiant exposure (J/cm2), often referred to as the popularised term “UV 

dose” in this assessment. 

1.1.1 UVR-induced effects 

UVB is about 1000 times more efficient than UVA in inducing biological adverse effects such 

as sunburn and DNA damage. Whether health effects are induced by UVR and to which 

extent, depend on the irradiance, exposure duration and, indirectly, the radiant exposure, as 

well as the frequency and mode of exposure, i.e. whether the irradiation is received 

continuously or intermittently. Among the factors that determine individual sensitivity to UVR 

are skin characteristics, e.g. degree and type of pigmentation, immunology, and genetics. 

Most UVB is absorbed by and can damage and cause reddening (erythema) and sunburn of 

the epidermis, the outermost skin layer. This layer includes the outer multi-layered 

squamous cell epithelium (stratum corneum). The deepest layer of epidermis is the basal cell 

layer (stratum basale) from which the cells divide and are pushed outward while maturing 

and being keratinised. Keratinocytes comprise more than 90% of epidermal cells. Also 

residing in epidemis are the antigen-presenting macrophages Langerhans cells. Melanocytes 

in the basal layer produce the brownish-black pigment melanin, which reside in the 

keratinocytes as melanosomes. The UV-visible absorption of melanin decreases with 

increasing wavelength. Another UVB absorbing substance in epidermis, predominantly in the 

stratum corneum, is urocanic acid. The cis-isomer of urocanic acid is associated with 

suppression of induction of immunity in skin (Dahl et al., 2010). An advantageous effect of 

UVB exposure is the synthesis of vitamin D following absorption of 7-dehydrocholesterol in 

keratinocytes in the epidermis. Of the incident radiation on skin, about 10% of UVB and 50% 

of UVA reaches the basal layer of the epithelium. UVA can reach the dermis, the vascularised 
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layer below the epidermis, and damage collagen and elastic fibres, a process called 

photoaging.  

Figure 1.1.1-1. Schematic illustration of the major steps leading to increased risk of skin cancer by 

immunosuppression induced by UVR exposure. UVR can cause direct DNA damage but also lead to 

immunosuppression creating a favourable environment for tumor development. Initially, energy of 

UVR is absorbed by epidermal chromophores and components of keratinocytes. UVR induced 

responses of keratinocytes may initiate several pathways leading to immunosuppression, including 

formation of platelet activating factor (PAF) and PAF-like lipids, production of cytokines, chemokines 

and surface markers. These mediators may then signal migration of Langerhans cells to the draining 

nodes where they cause an activation of T regulatory cells. UVR exposure may also stimulates dermal 

dendritic cells to migrate to the draining lymph nodes where UVR-induced activation of the aryl 

hydrocarbon receptor (AhR) may cause a switch from a stimulatory into a regulatory phenotype of 

these cells supporting a generation of T regulatory cells. Thus, UVR leads to a greater number of T 

regulatory cells and fewer effector T cells in the skin, shifting the balance from T cell-mediated 

immunity to immunosuppression. With regard to systemically immunosuppression, dermal mast cells 

are important mediators. Other important mediators of immunosuppression are neuropeptide release 

from keratinocytes, complement activation, activation of monocytes, macrophages, B regulatory cells 

and natural killer (NK) T cells (Hart and Norval, 2018; Yu et al., 2014). The figure is modified from 

Hart and Norval (2018). 

Aside from the DNA-protective effects of melanin and urocanic acid, thickening of the 

epidermis following UV exposure protects the skin against further exposure. Furthermore, 

several DNA-repair mechanisms in epidermal cells prevent mutations and development of 

skin cancers. The most common skin cancers are the non-melanoma (keratinocyte) skin 

cancers basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) that originate in 

basal cells and squamous cells, respectively, and malignant melanoma which originates in 

melanocytes. A direct link between UVR and carcinogenicity has been made, and the 
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International Agency for Research on Cancer (IARC) has classified UVR as carcinogenic to 

humans (Wild et al., 2020).  

The median age for diagnosis of malignant melanoma in Norway was 66 years in the time 

period 2016-2020. This cancer is the second most frequently occurring in the age group 25-

49 years  (Cancer Registry of Norway, 2021). The latency time for onset has been reported 

to be 10-50 years (Rushton and J Hutchings, 2017). Most of the patients being diagnosed 

with squamous cell carcinoma are above 60 years of age. The median age at diagnosis was 

79 years for the non-melanoma skin cancers in the years 2016-2020 (Cancer Registry of 

Norway, 2021). The latency time from UV damage to onset of basal cell carcinoma is 20-50 

years (Pollock et al., 2008).  

1.2 UVR skin protection 

Solar UV protection recommendations of WHO are to limit sun exposure in the midday sun, 

seeking shade, wearing protective clothing, and lastly, to use a sunscreen of sun protection 

factor (SPF) 15+. Sunscreens are considered necessary for UV-exposed parts like the hands 

and face. It should never be used to prolong the duration of sun exposure (WHO, 2022). The 

Norwegian Cancer Society mirrors these recommendations: In addition to restricting the 

midday time spent in the sun, the protective measures are shade, clothing and use of 

sunscreen SPF 30+ (Norwegian Cancer Society, 2022).  

Sunscreens are formulated products to be applied on the skin to protect against adverse 

effects of UVR. The protective effect is due to UV filters that act by absorbing, scattering or 

reflecting UVR. The SPF gives an indication of the effectiveness of the sunscreen (ISO, 

2022). According to the ISO standard for sun protection test methods, the SPF “is a ratio 

calculated from the energies required to induce a minimum erythemal response with and 

without sunscreen product applied to the skin of human test subjects. It uses ultraviolet 

radiation usually from an artificial source.” (ISO, 2022). The EU Commission 

Recommendation (2006) includes minimum degrees of protection to consider a sunscreen 

effective and sets requirements for products to be marketed as sunscreens: SPF must be at 

least 6 against UVB, and the UVA protection factor must be 1/3 of the SPF. In addition, the 

so-called “critical wavelength”, i.e the wavelength below which the area under the 

absorbance curve represents 90% of the total area under the curve in the UV region (290-

400 nm), must be at least 370 nm (FDA, 2022). UV filters are commonly divided into organic 

(carbon-based or “chemical”) and inorganic (mineral-based or “physical”) filters. The main 

protection mechanism for both is absorption rather than reflection and scattering. Both filter 

types can protect against UVA and UVB radiation (BASF, 2022), but not all filters protect 

against the full solar UV range. Sunscreen products may contain combinations of several 

organic and/or inorganic filters. 

In countries where solar UVB exposure is sufficient to contribute to vitamin D synthesis in 

humans throughout the year and the diet contributes sparingly to the vitamin, the UVB 

radiation may be a major contributor to a satisfactory vitamin D status. In Norway with 
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latitudes between 58 and 71°N, the UV exposure is inadequate for efficient vitamin D 

synthesis (Brustad and Meyer, 2014) for about 5 -7 months of the year, depending on 

latitude. The population is therefore dependent on vitamin D in the diet and supplements 

when needed. The relevance of and interest in vitamin D has been the subject of debate 

among researchers for decades (Amrein et al. 2020), probably contributing to high public 

interest. Consequently, with the focus of avoiding vitamin D deficiency a concern has arisen 

about the potential of sunscreens to reduce the synthesis following absorption of UVB in 

skin. Studies report that sunscreen both may prevent vitamin D synthesis (Shahriari et al., 

2010) and the opposite (Young et al., 2019). 

1.3 Risk-benefit assessment 

An overview of the steps included in a risk-benefit assessment is shown in Figure 1.3-1. In 

this risk-benefit assessment, the term “health protective effect” is used instead of “positive 

health effect” or “reduced adverse health effect”.  

Figure 1.3-1. The individual steps in a risk-benefit assessment modified from EFSA Scientific 

Committee (2010).The hazard assessment was performed for sunscreen products and six selected UV 

filters, whereas the assessment of health protective effects was performed for sunscreen products.  


