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Glossary 

Benzophenone compounds 

Abbreviated name Full name(s) CAS No 

BP Benzophenone, Diphenylmethanone 
119-61-9 

BP-1 Benzophenone-1, 2,4-Dihydroxybenzophenone 
131-56-6 

BP-2 Benzophenone-2, 2,2',4,4'-Tetrahydroxybenzophenone 
131-55-5 

BP-3 Benzophenone-3, Oxybenzone 
131-57-7 

4-MBC Enzacamene, 3-(4-methylbenzylidene)-camphor 
36861-47-9 

3-BC 3-benzylidene camphor 
15087-24-8 

4-HBP 4-hydroxy-benzophenone 
1137-42-4 

4-MBP 4-methyl-benzophenone 
134-84-9 

Abbreviations 

C&L  Classification and Labelling 

CLP The ‘Classification, Labelling, Packaging’ Regulation  

Regulation (EC) No 1272/2008 on classification, labelling and packaging of 

substances and mixtures. 

EC European Commission  

ECHA European Chemicals Agency  

EFSA European Food Safety Authority  

EU European Union  

HBM Human Biomonitoring  

HBM4EU European Human Biomonitoring Initiative 

IARC International Agency for Research on Cancer  

OEL Occupational Exposure Limits  

REACH The ‘Registration, Evaluation, Authorisation and Restriction of Chemicals’ 

Regulation 



Benzophenone compounds 

Regulation (EC) No 1907/2006 concerning the Registration, Evaluation, 

Authorisation and Restriction of Chemicals   

WP Work package 

SIN list “Substitute It Now” list 

1 Key messages  

• Some benzophenones are suspected to cause endocrine disruption (for example BP-3, BP-

1), and others are suspected to cause cancer. HBM4EU provided data at European level, 

which was previously limited, on exposure to benzophenones. 

• Within HBM4EU new data was generated on exposure in teenagers and adults to BP-1, 

BP-2, BP-3 and BP-7. BP-3 and BP-1 were detected in most samples. However, BP-2 and 

BP-7 were found in less than 10% of urine samples and the detected concentrations were 

low. 

• Data suggests that women are more highly exposed to BP-3 than men. Due to the potential 

impacts on maternal and developmental toxicity, pregnant women are expected to be the 

most vulnerable group to the adverse effects of benzophenones. 

• Societal concern regarding benzophenones may lead to reduced use of sunscreen 

products, which could adversely impact public health due to increased risk of skin cancer. 

• Risk assessment based on newly generated HBM data indicate that BP-3 exposure levels 

are safe and below the level of concern. 

2 Introduction 

HBM4EU is a project funded under Horizon2020 and runs from 2017 until 2022. It generates 

knowledge to inform about the safe management of chemicals and hence, protect human health in 

Europe. HBM4EU uses human biomonitoring (HBM) to monitor the actual human exposure to 

chemicals and resulting health impacts and to improve chemical risk assessment. HBM4EU 

compares data from across Europe which allows an understanding of regional differences and can 

help to identify vulnerable groups, in order to inform targeted measures to reduce exposure. The 

results of the HBM4EU project are aimed at supporting policy development, by providing a key 

evidence base in the understanding of exposure and impacts to toxic chemicals.  

If you would like to read more about the project itself, please visit the HBM4EU website.  

2.1 How to use this document 

This document provides a summary of the known and suspected adverse human health effects of 

benzophenones and describes the main exposure pathways for humans. It also indicates where 

HBM could be of value in the development of EU policy, along with the remaining challenges in 

determining human benzophenone exposure. This substance report is intended to inform 

scientists, relevant stakeholders and policy makers on the value of HBM to establish the EU 

population’s exposure to benzophenones.  

This substance report is based largely on the HBM4EU scoping document for benzophenones, first 

draft produced in 2019 and regularly updated, as well as the accompanying reports on legislative 

mapping and policy questions. Where necessary, additional information from European Chemical 

https://www.hbm4eu.eu/
https://www.hbm4eu.eu/wp-content/uploads/2021/02/HBM4EU_D4.9_Scoping_Documents_HBM4EU_priority_substances_v1.0-UF-filters.pdf
https://www.hbm4eu.eu/wp-content/uploads/2019/03/benzophenones-310120.pdf
https://www.hbm4eu.eu/wp-content/uploads/2019/03/benzophenones-310120.pdf
https://www.hbm4eu.eu/wp-content/uploads/2019/03/UV-Filters_Policy-Questions_2020.pdf


Agency (ECHA) documents including the classification and labelling (C&L) Inventory, and 

legislative text for relevant EU policy areas, have also been used for this report. 

2.2 Overview of benzophenones    

Benzophenones are a group of substances used as UV filters in cosmetics, personal care 

products, food contact materials, inks, textiles, and other consumer products. Despite widespread 

usage, there is a knowledge gap regarding health and environmental impacts of benzophenone 

exposure and growing societal concern regarding their safety. Improved understanding of the risks 

associated with benzophenones is imperative because the societal concern could encourage 

consumer avoidance of sunscreens, and thereby increase public health risk of pathologies such as 

skin burns and skin cancers. Alternatively, continued usage of the substances could potentially 

damage human health (e.g., reproductive, and endocrine effects) and the environment (coral 

reefs). 

There are several existing EU regulations for benzophenones, for instance, many benzophenones 

are not allowed as UV filters in cosmetics under Annex VI of the cosmetics regulation, and others 

are limited to certain concentrations (BP-3 as UV-filter in sunscreen products in a concentration up 

to 6 %), however, there are regulatory gaps as benzophenones are found in a wide variety of 

products. They are unregulated in inks, paints, and in pest control products.  

Several organisations advocate for further restricting benzophenone use, for instance the 

International Chemical Secretariat placed BP, BP-2, and BP-3 on the SIN list, meaning they should 

be removed as soon as possible as they pose a threat to human health and the environment. 

The HBM4EU priority substance group “benzophenones” includes eight individual compounds 

(summarised in Table 2.1), which are listed and described in the Glossary. 

  



Table 2.1 The Main Uses of Benzophenone Priority Substances 

Priority Substance Usage  

BP-3 Sunscreens, cosmetics, paints, plastics (NCBI, 2020a) 

BP Pharmaceuticals, insecticides, flavour ingredients, paints, lacquers, varnishes, 

perfumes, soaps (NCBI, 2020b) 

BP-1 Cosmetics, hair products, paints, plastics (NCBI, 2020c) 

BP-2 Cosmetics, plastics, automotive car products (NCBI, 2020d) 

4-MBC Sunscreens, cosmetics (DrugBankOnline, 2020). 

4-HBP Pharmaceuticals, industrial chemical manufacturing (NCBI, 2020e)  

4-MBP Plastics, paints, colorants, inks, industrial chemical manufacturing (NCBI, 2020f) 

  

3 Human exposure to benzophenones  

In the European Economic Area 1,000 – 10,000 tonnes of BP are manufactured and/or imported 

annually; while working concentrations of BP within mixtures and articles are relatively low (at a 

few % w.w.), meaning the quantity of mixtures containing BP on the EU market is much greater. 

This therefore means the use of BP containing mixtures could be considered widespread across 

the EU, potentially leading to high levels of human exposure. 

An overview of main sources of exposure (environmental, occupational, consumer) and exposure 

pathways (oral, inhalation, dermal) is provided in Figure 3.1. The most well-known exposure routes 

to the general public are through direct application of sunscreen and cosmetics to human skin. 

There are also high risks of exposure to workers in chemical industries (e.g. pharmaceuticals) who 

may inhale benzophenones in dust.  

Information on the geographic spread of exposure is very limited. It may be expected that exposure 

is higher in EU Member States with Mediterranean climates due to greater use of sunscreens 

containing benzophenones, however, studies have shown exposure in unexpected populations, 

e.g., a study on urine samples detected elevated levels of benzophenones in school age children 

in Denmark in both summer and winter months (Kraus et al., 2017).  

Additional information on these sources and pathways is provided in Appendix 1. 

 

 

 

 

 

 

 

 

 

  



Figure 3.1 Overview of exposure routes and pathways for benzophenones 

 

 

3.1 Environmental exposure 

Release to the environment is likely to come from industrial use (industrial chemical manufacturing) 

and indoor use (e.g. sunscreens, machine wash detergents, personal care products, paints and 

coating, fragrances and air fresheners). There is little information describing environmental 

exposure pathways and assessing their contribution to the overall exposure of populations to 

benzophenones. One study showed a positive correlation between time spent on moderate/heavy 

outdoor work and presence of BP-3 in the urine of women undergoing fertility treatment (Mínguez-



Alarcón et al., 2019), however, the sample group is too specific and there is not enough evidence 

to give a complete overview of environmental exposure pathways.  

Consumption through drinking water is the major potential environmental exposure route, as BP-3 

and 4-MBC have been detected in drinking water (Díaz-Cruz et al., 2013; Da Silva et al., 2015). 

Dietary exposure is likely because of the natural occurrence of benzophenones in foods (e.g., BP-3 

and BP-1 occur naturally in plants (NCBI, 2020a)) and from crops irrigated with contaminated 

drinking water. Inhalation of benzophenones in air is not considered a pathway as it is expected 

that benzophenones degrade in air, and fall to the ground (NCBI, 2020a,b,c,d,e,f). It should be 

noted that other environmental exposure pathways could exist but are not well-known.  

Some HBM studies have contributed to advancements in monitoring exposure levels, through urine 

sampling of the general public in Belgium, Denmark, and the US; of pregnant women in the US, 

France, China, and Israel; and of children in the US, Denmark, China, Australia, Taiwan and 

Germany. BP-3 was detected in the urine of nearly all people tested in the US under their national 

biomonitoring programme in 2018 (US Department of Health and Human Services, 2018). 

3.2 Occupational exposure  

Benzophenone substances, including BP-1, BP-2, and BP-3, pose risk to occupational workers 

through direct skin contact and inhalation of mists or dust. While there is little available information 

on occupational exposure, available data suggests key occupational groups include workers within 

the manufacture of plastics, as well as those working with paints and lacquers, or those working in 

chemical industry. 

3.3 Consumer exposure  

Consumer exposure is likely to be the most prevalent pathway for exposure to benzophenones, as 

their most widespread usage is in sunscreens and cosmetic products which are directly applied to 

the skin. Studies have shown that BP-3 is absorbed through the skin Gonzalez et al., 2006;  

Gustavsson et al., 2002; Janjua et al., 2004), and owing to the similar chemical properties of 

benzophenones, it is likely that other types are absorbed in the same way. BP-3 has been detected 

in several biomonitoring studies with urinary levels correlated with the use of personal care 

products.  

Another important exposure route for consumers is through paints, lacquers, and varnishes, and 

could explain why levels of benzophenones in urine of pregnant Chinese women was positively 

associated with the refurbishment of homes (Li. et al., 2019). 

In addition to the environmental exposure from foods (due to natural occurrence and contamination 

by crop irrigation water), consumers are exposed to benzophenones in food through intentional 

uses, for example, BP is used as a flavour ingredient and benzophenones in food contact materials 

(e.g., plastic packaging) may transfer to food. Other consumer products containing benzophenones 

include perfumes, soaps, plastics, and inks, all of which may contribute to exposure. 

  



4 Health impacts of benzophenones  

4.1 Overview of key health impacts from benzophenones  

Whilst there are many speculative impacts of benzophenones on human health, the three most 

critical hazards are: 

• the maternal and reproductive toxicity of BP-3 

• the liver and kidney impacts of BP 

• the thyroid effects of 4-MBC 

The strength of evidence translating these hazards to real impacts on humans varies. For maternal 

and reproductive toxicity, there is some evidence relating to BP-3 (e.g. developmental neurotoxicity 

to foetuses). For males, animal studies indicate effects on sperm quality at high doses (Ghazipura 

et al. 2017). Liver and kidney impacts are reasonably well-established, although most studies focus 

are based on rats and mice. Thyroid effects of BP-3 and 4-MBC are also linked to animal studies 

more than human studies. HBM could be used to explore causal links between benzophenone 

exposure and human impacts. 

Although thyroid disruption by 4-MBC is identified as a critical hazard, it should also be noted that 

BP-2 and BP-3 are also suspected of disturbing hormones related to the thyroid (Schmutzler et al., 

2007). 

In addition to those critical hazards, animal studies have highlighted other potential health impacts 

of benzophenones. BP-3 exposure has been linked to developmental neurotoxicity, altered motor 

and social behaviour, cell death, mammary gland dysfunction, and reproductive issues such as 

disturbed sex ratio (European Commission, 2013; Tao et al., 2020; LaPlante et al., 2018; 

Santamaria, et al., 2020). BP-2 induces a variety of health issues in fish and mammals, affecting 

reproductive systems, endocrine systems, bones, cholesterol levels, fat deposition, and causing a 

heightened risk of endometriosis (Downs et al., 2014). BP-2 was also shown to pass through the 

blood-brain barrier in rats, raising concern regarding the potential neurotoxicological effects of 

benzophenones (Broniowska et al., 2019).  

BP meets the criteria for classification as a suspected carcinogen in humans (ECHA, 2018). 

Similarly, 4-MBP is expected to be carcinogenic. There is emerging concern about the potential of 

benzophenones to disrupt human endocrine activity, e.g. hormone regulation. BP-1 and BP-3 show 

estrogenic and anti-androgenic activity in vitro. Studies have shown a correlation between BP-3 

and impacts on the healthy function of sperm production in men; and on the healthy development 

of eggs within the ovary in women (Broniowska et al., 2019; Adoamnei et al., 2018). Furthermore, 

in women, BP-2 and BP-3 have also been shown to affect the uterus, which may have implications 

for conception and egg implantation during very early pregnancy (Schlecht et al., 2004).  

Some studies have also highlighted the potential of benzophenones to effect foetal growth, for 

example, associations between BP-3 and 4-HBP and birth weight / length have been observed 

(Fergusen et al., 2019; Long et al., 2019; Krause et al., 2018).  

Aside from reproductive impacts, benzophenones may also cause skin problems,such as 

photosensitivity or photoallergic dermatitis (Russo et al., 2018; Amar et al., 2019). 

The full health impacts of benzophenones are still unclear with more HBM work needed, but the 

existing evidence spans a wide range of potential impacts. The role of benzophenones as 

endocrine disruptors might explain the variety of impacts, as endocrine disruption has been linked 

to impacts such as cancers, developmental disorders, and reproductive disorders. However, the 

evidence on benzophenones is not sufficient to analyse the interlinks between the impacts 



mentioned in this section. A rigorous assessment of the impacts of benzophenones would require 

stronger evidence and may be facilitated by the use of HBM. 

The human health effects due to the exposure to benzophenones are presented in Figure 4.1 and 

Table 4.1.1, which provides an overview of current EU (ECHA C&L Inventory) classification of 

benzophenones. If you would like to read more about benzophenones, please visit the referenced 

ECHA info card.  

 

Table 4.1 Overview of CLP classifications for benzophenones 
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BP-3       *2   *1 2  Link 

BP     * 1 2   1 2 1 Link 

BP-1       2   1  1 Link 
 

BP-2      1 2   1 2 1 Link 

4-MBC       2   1  1 Link 

3-BC             Link 

4-HBP       2   1  1 Link 

4-MBP      1 2   1   Link 

* Harmonised classification under the CLP Regulation. (Other classifications are those notified to the CLP inventory but without 

harmonised EU classification.); ** Based on IARC classification. Blank cells denote a lack of classification. 

 

 

  

 
1 An explanation of the categorisation of the strength of evidence for the health effects presented in Figure 4.1 is provided in Appendix 2. 

 Confirmed 

 Suspected  

 Some data 

https://echa.europa.eu/substance-information/-/substanceinfo/100.017.590
https://echa.europa.eu/substance-information/-/substanceinfo/100.003.943
https://echa.europa.eu/substance-information/-/substanceinfo/100.004.574
https://echa.europa.eu/substance-information/-/substanceinfo/100.004.573
https://echa.europa.eu/substance-information/-/substanceinfo/100.048.386
https://echa.europa.eu/substance-information/-/substanceinfo/100.035.567
https://echa.europa.eu/substance-information/-/substanceinfo/100.013.188
https://echa.europa.eu/substance-information/-/substanceinfo/100.004.691


Figure 4.1 Overview of health effects associated with exposure to benzophenones 

 

 

 



4.2 Vulnerable target groups  

Higher BP-3 exposure has been observed in women, potentially due to its presence in personal 

care products (Long et al., 2019). This is of particular concern because pregnant women may be 

especially vulnerable to the impacts of benzophenones, as highlighted by the few studies on the 

associations between benzophenone exposure and birth weight, hormone levels, and oxidative 

stress biomarkers. 

Some studies have highlighted exposure in school age children (Kraus et al., 2017) but there is 

uncertainty whether exposure levels vary between children, and other potentially vulnerable 

groups, and the general population. 

4.3 Societal concerns 

Benzophenones have had a positive societal impact due to their effectiveness at screening UV 

radiation, which allows them to act as a preventative measure against health issues such as 

sunburns and skin cancers. Hence, if consumers avoid benzophenones in products, or if the use of 

benzophenones is further restricted by regulations (as encouraged by the organisations mentioned 

in section 2.2), there could be an increase in public health risk of certain pathologies. Due to this 

risk, a rigorous cost-benefit analysis should be conducted, to determine whether the health risks 

posed by using benzophenones (outlined at the beginning of section 4) outweigh the benefits of 

their use.  

There may be some societal concern over the unequal distribution of benzophenone impacts 

across society, as exemplified by the greater exposure to women and the noted vulnerability of 

pregnant women. Furthermore, one study (focussing on Chinese women) showed that urinary 

levels of benzophenones were positively associated with household income and were detected at 

higher levels in participants who had recently decorated their homes (Li et al., 2019). The 

widespread application of HBM in Europe could further highlight distribution of exposure and 

impacts across society. 

 

5 EU policies on benzophenones   

Several policy measures have already been introduced in the EU to address human exposure to 

benzophenones and managing risks. In general, the existing EU policies cover i) regulations on 

chemicals; ii) the environment; iii) consumer products and iv) occupational exposure. An overview 

of these regulatory measures at EU level is provided in Table 5.1.  

Table 5.1 Overview of EU policies for benzophenones 
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• BP registered uses are regulated under 
Regulation (EC) No 1907/2006 on the 
Registration, Evaluation, Authorisation and 
Restriction of Chemicals (REACH).  

• BP is subject to EU harmonised 
classification and labelling under 
Regulation (EC) No 1272/2008 on 
classification, labelling and packaging (the 
CLP Regulation) – see list of 
classifications above. 

EU regulations regarding benzophenones, 
such as the restriction of BP-3 to 6% in 
cosmetic sunscreen products and to 0.5% in 
other cosmetic products 

Cosmetics Regulation (EC) No 
1223/2009  
 
Plastic materials in contact with food 
Regulation (EC) 2002/72 

C
o

n
s
u

m
e
r 

https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:396:0001:0849:EN:PDF#:~:text=REGULATION%20%28EC%29%20No%201907%2F2006%20OF%20THE%20EUROPEAN%20PARLIAMENT,1999%2F45%2FEC%20and%20repealing%20Council%20Regulation%20%28EEC%29%20No%20793%2F93
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A32008R1272
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32009R1223
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32009R1223
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32002L0072
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No relevant legislation yet. 

 

• Could be indirectly covered by the 
pregnant workers directive (92/85/EEC)  
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6 Policy questions for benzophenones  

6.1 Introduction 

Embedded in the substance prioritisation, stakeholders were asked to identify policy related 

questions that HBM4EU should address in order to contribute to the strengthening of policy 

ambitions on benzophenones. Further background detail on benzophenones and how the policy 

questions were selected is available in the scoping document and the report on stakeholder 

consultation and mapping of needs. 

6.2 Are sensitive reliable and cost-effective methods and biomarkers 

available to measure UV filters? 

Analytical methods are available to measure benzophenone UV filters in urine. Benzophenone-3 
(BP3) is the urinary biomarker most commonly measured in this group. 

6.3 What are current exposure levels to benzophenones in the EU 

population (cumulative exposure from different exposures 

sources)? 

Aligned studies results from 2014-2018 from studies in Germany, Luxembourg, Sweden, Norway, 

Spain, and Poland indicate that there is widespread exposure to BP-3 in adults and adolescents in 

Europe. Exposure to BP-2 and BP-7 was very limited (detected in less than 10% of urine samples). 

BP-3 and BP-1 were more commonly measured, with concentrations of BP-3 much higher than 

BP-1. 

P50 and P95 of urinary BP-1 concentrations in teenagers are in the range of 0.47 - 1.66 µg/g crt (1 

study with P50 value < detection limit: 0.5 µg/L) and 6.66– 26.35 µg/g crt . In adults P50 and P95 

are in the range of 0.37 – 0.69 µg/g crt (1 study with P50 value < detection limit: 0.5µg/L) and 6.85 

- 20.43 µg/g crt in adults.   

P50 and P95 of urinary BP-3 concentrations are in the range of 0.88 - 3.68 µg/g crt (1 study with 

P50 < detection limit: 2 µg/L and 14.34- 68.83 µg/g crt in teenagers and 0.94- 2.33 µg/g crt  (1 

study with P50 value < detection limit: 2 µg/L) and 18.97 - 64.98 µg/g crt in adults. 

6.4 What are the major sources of exposure to benzophenones in the 

EU population and in vulnerable groups such as children and 

pregnant women? 

Based on the literature review, personal care products are the most common exposure source, 

mainly sunscreen.  

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A31992L0085
https://www.hbm4eu.eu/wp-content/uploads/2019/03/UV-filters_Scoping-Document-2019_version-2-of-D4.6.pdf
https://www.hbm4eu.eu/work-packages/deliverable-report-4-4-first-report-on-the-stakeholder-consultation-and-the-mapping-of-needs/
https://www.hbm4eu.eu/work-packages/deliverable-report-4-4-first-report-on-the-stakeholder-consultation-and-the-mapping-of-needs/


This association was difficult to explore in the aligned studies because of missing data.  

In terms of personal care products determinants, only deodorant use showed any statistically 

significant association with UV filters. For both BP-1 and BP-3, higher levels were associated with 

every day or almost everyday use of deodorant when compared to the reference of never or rarely 

use deodorant.  

No other statistically significant associations or patterns were observed.   

6.5 Do exposure levels differ significantly between different EU 

countries (possibly related to climate)? 

Based on available literature, there are no significant regional differences in BP-3 exposure in 

Europe. No significant difference in average urinary BP-3 levels between the three EU regions 

(North, West and South) were observed when adjusting for sex, age and period of sample 

collection.. 

6.6 Do exposure levels differ between different sub-groups: elderly, 

adults, and children? Between males and females? Between adults 

of different age groups? Between individuals in different ethnic 

subgroups (perhaps due to differences in use of sunscreen 

products)? 

Based on results from the aligned studies, females have significantly higher BP-3 urinary 

concentrations than males.   

Based on the Danish DEMOCOPHES data collection  female children have slightly higher median 

urinary levels than male children for BP3.   

Studies in Northern Europe (literature information) showed no significant difference in reported 

average BP-3 levels in urine between males and females in these European studies. Average 

urinary BP-3 levels were significantly lower in children and adolescents compared to adults. 

In addition, a systematic integrative review of BP-3, together with a meta-analysis of human 

biomonitoring data on BP-3 and BP-1 was performed in HBM4EU. The meta-analysis of HBM 

studies showed that urinary BP-3 concentrations were around 10- and 20- fold higher in North 

America compared to Europe and Asia, respectively. Although median urinary BP-3 concentrations 

usually found in Europe correspond to a low-dose range, top percentiles of population exposure 

(P90 and P95) were significantly higher, being possibly linked to peak-exposure scenarios after 

sunscreen and cosmetic use. 



6.7 Are current exposure levels safe in relation to the endocrine and 

carcinogenic properties of benzophenones? (for the general 

population and for vulnerable groups such as children and 

pregnant women)? 

The most sensitive endpoint for the hazardous properties of benzophenone-3 was maternal and 

developmental toxicity.   

Risk assessment of BP-3 based on urinary levels and effect levels, in studies from 2010 and 2013 

showed that exposure estimates of BP-3 ranged from 0.60 to 4.40 µg/g creatinine for the average 

exposure, and 16.30 to 392.00 µg/g creatinine for the reasonable worst-case exposure. With the 

derived provisional HBM guidance value of 333 µg/g creatinine, the exposure estimates of the 

average exposure did not exceed the guidance value. The exposure estimates of the extensive 

exposure did exceed the guidance value. 

Based on data from the aligned studies in 2014-2018 the average and reasonable worst case 

scenario exposure levels did not exceed the provisional HBM guidance value. Urinary levels 

(average <LOQ to 3.68 µg/g and reasonable worst-case exposure 18.97 to 68.83 µg/g) were below 

the guidance value and were no longer of concern. 

This finding implies that in general there is no risk indicated to the population included in the 

aligned studies. There are notable differences in exposure between the groups investigated, with 

the most highly exposed groups approaching (but not surpassing) the acceptable risk levels for 

BP-3. 

There is a need to assess BP-1 and BP-3 concentrations in cosmetic products commercialized in 

Europe, as well as to better characterize human peak-exposure scenarios after sunscreen and 

cosmetic use. 

6.8 Was the restriction of BP-3 in cosmetics in the EU (September 2017) 

effective in reducing public exposure? Did exposure to other 

benzophenone or other UV filter compounds increase as a result? 

Yes, urinary levels of BP-3 were lower in 2014-2018 compared to those in 2010-2013. Data is not 

available to evaluate whether exposure to other UV filters increased during this period. 

7 HBM4EU outputs to date 

7.1 Categorisation 

 

Table 7.1 Categorisation of benzophenones 

Category Priority 
substance(s)  

Details 

A Sufficient HBM data exists with 
risk management measures 

implemented; focus is on 

None - 



policy-related research 
questions 

 

B HBM data exist but not for 

across Europe 

 

BP-3 European HBM data are available from some 
countries. 

C HBM data are scarce or non-

existent 

 

BP, BP-1, 
BP-2, 4-MBC, 
3-BC, 4-HBP 

While analytical methods have been developed, 
there is a need for validation and widespread 
collection of data using validated methods. 

7.2 Key outputs 

Based on the policy questions, ongoing work to address the knowledge gaps is summarised in the 

next section. If you would like to read more about the work packages (WP), please visit the 

HBM4EU website. 

Outputs related to benzophenones are largely expected from the ongoing aligned studies, which 

generated new HBM data to provide information on population exposure levels, as well as 

descriptive data from questionnaires which may allow exploration of the links between exposure 

and human behaviour, e.g., use of personal care products, consumption of food in food contact 

materials, DIY hobbies. 

For BP-1 and BP-3, there is an ongoing systematic integrative review on the substances and their 

exposures, health effects, and affect biomarkers. 

Methods and biomarkers  

List of biomarkers, matrices and analytical methods is available (WP 9).  

Identification of the laboratories with experience and capacities to analyse benzophenones in 
human samples and their inclusion in the European network of HBM laboratories.  

UV-filters (benzophenones; BPs) are analysed as total, free or conjugated BPs in urine. 

Determination of total or conjugated BPs include enzymatic hydrolysis, for which various conditions 

have been described. Internal standards should be used for the analyses, preferably labelled 

standards of the target compounds. The extraction procedures consisted of dispersive liquid-liquid 

microextraction, SPE, and automated online SPE. The automated online SPE systems have the 

highest throughput. BP3 has been measured in most laboratories. Most laboratories used LC-

MS/MS with ESI (positive and or negative) for the analysis of UV-filters. 

Analysis of HBM4EU UV filter samples originally covered four benzophenone biomarkers and was 

performed in urine. Proficiency tests were organised by IPASUM and included three rounds (three 

ICIs). Ultimately, two laboratories from two European countries (Germany and Denmark) qualified 

for the analysis of BP1 and BP3 in HBM4EU samples. BP2 and BP7 were included in the QA/QC 

program of HBM4EU, but no laboratories provided satisfactory results. 

As part of WP8 (fieldwork preparation) AD7.2 included information on stability of BP-3 in urine. It 

was reported that urinary conjugates of benzophenone-3 (BP-3) are stable for one week when 

urine is stored at 4°C and for at least six months when stored at -70°C. In contrast, BP-3 

conjugates commenced to degrade after three days when the urine was stored at room 

temperature. 

Current exposure 

The European HBM dashboard has 7 datasets with UV-filters exposure data integrated and in 

IPCHEM metadata for 10 datasets with UV-filters data are available. 

https://www.hbm4eu.eu/wp-content/uploads/2019/03/UV-Filters_Policy-Questions_2020.pdf
https://www.hbm4eu.eu/deliverables/
https://www.hbm4eu.eu/what-we-do/european-hbm-platform/hbm-european-network/


Additional aligned data from  2014-2018 from studies in Germany, Luxembourg, Sweden, Norway, 

Spain, and Poland will be available on the HBM dashboard.  

Aligned studies results indicate that sex was a significant determining factor with females having 

significantly higher BP-3 levels 

Exposure sources 

Development of questionnaires for adults and adolescents was completed. The main variables in 

the questionnaire for UV filters cover use of cleaning products and scents in the home, 

consumption of food in food contact materials, use of cosmetics and hygiene products, type of 

sunscreen used, and DIY hobbies and activities.  

Risk Assessment 

Appropriate effect biomarkers were identified. These include: 

Reproductive hormones: BP-3 could alter the androgen/estrogen balance based on experimental 

findings, and urinary exposure to BP-3 was associated with decreased serum TT levels in 

adolescent males in the NHANES. Thyroid hormones: Exposure to BP-3 is associated with altered 

thyroid hormone levels in several studies, including both pregnant women and adults. Experimental 

studies support that benzophenones may alter thyroid hormone balance by influencing their central 

regulation and metabolism and inhibition of thyroid peroxidase (TPO) appears as a potential 

mechanism.  

A review of available PBTK models for benzophenones is available. Three human model PBTK 

models for benzophenones have been published.  

A review of human toxicokinetic studies highlighted that high internal free BP-3 concentrations are 

achieved in few hours after a unique whole-body exposure to a sunscreen formulation containing 

BP-3 at lower concentrations than those allowed by the current European regulation (max. 6% 

weight/weight of sunscreen formulation). Review of both animal and in vitro studies has identified 

some of the effects elicited at the lowest doses. Benzophenone-1 (BP-1) appears considerably 

more estrogenic and anti-androgenic than BP-3, showing a longer half-life. 

While human toxicokinetic intervention studies only measured BP-3, human internal BP-1 data 

after sunscreen and cosmetic use is currently unknown. There is a need to assess BP-1 and BP-3 

concentrations in cosmetic products commercialized in Europe, as well as to better characterize 

human peak-exposure scenarios after sunscreen and cosmetic use. 

Provisional HBM guidance value for BP-3 was determined based on effects on spermatocytes in 

developing pups. 

Risk assessment of BP-3 based on urinary levels and effect levels, in studies from 2010 and 2013 

has been performed, and updated based on aligned studies results from 2014-2018. 

 

Product restrictions  

When comparing the results of the literature from 2010-2013 with results of the aligned studies in 

2014-2018, both median and 95th percentile urinary concentrations are lower in later studies.  

Of the six studies the highest Risk Characterization Ratio at the P95 was 0.2, where it was 1.15 in 

the previous assessment. 



7.3 Key data gaps  

HBM4EU is a five-year project, that kicked off in 2017 and ran until June 2022. HBM4EU has 

helped to identify a number of specific data gaps that are needed to give policy makers relevant 

and strategic data to establish appropriate regulations and improve chemical risk management. 

However, some gaps and needs for action will remain after the end of HBM4EU which should be 

addressed in the future:  

• The main sources of exposure to benzophenones, except for BP-3.  

• Evidence on food contact materials as a source of exposure. 

• Differences in exposure levels between age and gender groups in Europe 

• The safety / hazards of current exposure levels of additional benzophenones including BP-

1  

As benzophenones were selected for inclusion in HBM4EU in the second round of prioritisation, 

the timeline of outputs is later than the timeline for some other priority groups, and thus, evidence 

and answers related to the policy questions are not yet published or are expected to be produced 

by ongoing work. 

 

8 Future recommendations 

More efforts are needed to better harmonize HBM surveys, and to obtain robust exposure data that 

are representative of the exposure of the European population to benzophenones (BP-3, BP-1). 

Data on exposure of adults and adolescents was collected in HBM4EU but there is a need for data 

on exposure in children.  HBM studies on benzophenones should include data on cosmetic and 

sunscreen product use.  

HBM4EU included a risk assessment of BP-3 based on up-to-date exposure data. Risk 

assessments should be conducted on additional benzophenones. There is a need for a 

standardized framework for incorporation of HBM data in the current risk assessment of cosmetic 

products.  
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Appendix 1: Additional information on exposure routes 

Source of exposure Refererences 

  

  

Environmental 

• Release to the environment is likely to occur from: 
industrial use, indoor use (e.g. machine wash detergents, 
personal care products, paints and coating, fragrances 
and air fresheners). 
 

• Natural occurrence in plants  
 

Scoping document  

Occupational 

• Limited available information on occupational 
exposure, although it is expected for manufacturers 
(e.g. of plastics) and those working in the painting 
sector.  

• Some Chemicals Present in Industrial and Consumer 
Products, Food and Drinking-Water.  

Scoping document  
NCBI (2020a,b,c,d,e,f,g) 

Consumer 

• Benzophenones are used in cosmetics and in 
personal care products, food contact materials, 
coating products, fillers, modelling clay and finger 
paints. UV-absorbers and UV filters including 
benzophenone-1 and benzophenone-3 are added to 
food packaging to protect the packaging itself and 
the contained food from harmful UV light 

• Direct application of sunscreen and other personal 
care products. 

• BP-3 has been widely detected in several 
biomonitoring studies with urinary levels correlated 
with the use of personal care products. Higher BP3 
exposure has been observed in the female 
population, possible due to its presence in personal 
care products 

 

Scoping document  

 

 

Route of exposure   

Oral 

• Drinking water Some Chemicals Present 
in Industrial and Consumer Products, 
Food and Drinking-Water. 

• Food - natural occurrence in plants. 

• Food – crops which were irrigated with 

benzophenone contaminated water. 

(possible because of monitored drinking 

water contamination) – see references in 

drinking water section above. 

• Food - Transfer from food contact. 

materials (e.g. in plastic packaging). 

Díaz-Cruz et al.(2015) 

NCBI (2020a,b,c,d,e,f,g) 

EFSA (2009) 



• Oral – Food – Benzophenones used as 

food flavourings. 

Dermal 

Direct application of sunscreen and other 
personal care products. 
 
 

Gonzalez et al. (2006) 
 
Gustavsson et al. (2002) 
 
Janjua et al.(2004) 

Inhalation 

Expected for manufacturers (e.g. of plastics) and 

those working in the painting sector. 

NCBI (2020a,b,c,d,e,f,g) 

EFSA (2009) 

Trans-placenta  

No data available. Mother to child exposure is not 

covered in the scoping document.  

Scoping document  



 

 

Appendix 2: Additional information on health effects  

Human health effect Category Justification for category References 

Reproductive toxicity 

(reproductive organs, 

pregnant women, unborn 

child). 

BP-3, 4-MBC 

(suspected) 

Maternal toxicity is suggested by several animal studies and some 

human biomonitoring studies. Benzophenones are not classed as 

reproductive toxicants by harmonised CLP. 

Effects of 4-MBC on rat foetuses, zebrafish embryos, and human 

cell cultures have been demonstrated 

 

LaPlante et al., 2018; 

Wnuk et al., 2019; 

Fergusen et al., 2019; 

Santamaría CG et al., 2020; 

Adoamnei E et al., 2018; 

Joenen UN et al., 2018 

Developmental toxicity 

(central nervous system 

damage which occurs 

during foetal development) 

BP-3 (suspected) Observed developmental neurotoxicity in zebrafish. Tao et al., 2020 

 

Endocrine disruption (e.g. 

thyroid effects)  

3-BC (strong) 

 

BP, BP-1, BP-2, BP-3, 

4-MBC, 4-HBP 

(suspected) 

 

 

3-BC is listed as a SVHC and registered as endocrine disrupting2  

Other substances are suspected as no harmonized CLP or SVHC 

labelling.  

BP-3 was submitted as a candidate CoRAP substance as a potential 

endocrine disruptor. 

4-MBC is under assessment by ECHA as Endocrine Disrupting.3 

Maternal thyroid hormone concentrations may be affected by 4-HBP. 

Animal studies show potential endocrine disrupting impacts of BP-2 

on rat thyroids. 

Denmark submission to ECHA, 2014; 

Schmutzler et al., 2007; 

Mínguez-Alarcón et al,. 2019; 

Krause et al., 2018; 

LaPlante et al. 2018 

Pollack et al. 2018 

 
2 https://echa.europa.eu/substance-information/-/substanceinfo/100.035.567 
3 https://echa.europa.eu/information-on-chemicals/evaluation/community-rolling-action-plan/corap-table/-/dislist/details/0b0236e1806e6bdd 

https://echa.europa.eu/information-on-chemicals/evaluation/community-rolling-action-plan/corap-table/-/dislist/details/0b0236e1806e6bdd


Kidney and liver toxicity BP (suspected) According to the scoping document, liver and kidney toxicity are the 

critical effects of BP.  

U.S. Department of Health and Human 

Services, 1992 

Cancer BP, 4-MBP (suspected) According to the scoping document, 4-MBP is an expected 

carcinogen. 

  

ECHA (2018) – BP meets the criteria for classification as a 

suspected carcinogen in humans 

IARC, 2013; 

EFSA, 2009; 

ECHA, 2018 

 

For the categorisation of the strength of evidence for human health effects, the following criteria has been used: 

• Strong –  where the health effect is confirmed by either a harmonised classification  indicating that there is a known effect (e.g. 1A or 1B for 

CMRs) (see Table 4.1), or where there is no applicable C&L classification, a statement in the Scoping Document that concludes there is strong 

evidence (or where a significant body of evidence is presented in the scoping document). 

• Suspected –  where there is either  (a) a harmonised classification indicating that there is a suspected effect (e.g. category 2 CMRs or similar); 

(b) notified classification for that effect, or (c) where there is no applicable C&L classification, a statement in the Scoping Document (or other 

references presented in the Table above) that there is a suspected health impact.  

• Evidence lacking – where a health effect is noted in the Scoping Document (or other evidence sources referenced in the Table above), but it 

is stated that evidence is currently lacking or there are uncertainties or inconsistencies in the available evidence.  

• Not applicable – where a health effect does not apply to a specific group/gender 

 


