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Abstract
Background
Outdoor workers (OW) are highly exposed to solar ultraviolet radiation (UVR) and thus at increased risk for developing skin cancer. An essential part of an overall strategy to reduce workplace UVR-exposure to OW’s skin is the usage of sunscreens. However, compliance with regular sunscreen usage seems to be low, as products are usually designed for recreational sun exposure and thus do not meet the requirements of physically active OW. To date, no standardized test procedures assess the suitability of sunscreens for professional use. The aim of this pilot study was to develop standardized methods of testing secondary performance attributes (PA) to represent real-life working conditions of outdoor work.

Methods
Ten sunscreen products, carefully selected after a detailed market survey of all relevant producers available on the German market, were evaluated regarding their suitability for professional outdoor work on 24 healthy volunteers in a newly designed test procedure. In addition to three standardized efficacy characteristics, i.e., sun protection factor, water-resistance, and UVA protection, we evaluated each PA involving parameters typically associated with outdoor workplaces.

Results
We developed standardized methods for objectifying the suitability of sunscreen products for professional outdoor work. The test procedures used are well feasible and appropriate for testing the PA because they represent practical working conditions in detail – although the degree of discriminability of single test methods varied. The claimed sun protection factor (SPF) of the products was confirmed; bio-stability of the SPF after physical activity was achieved in most cases. While most products hardly irritate the eyes and are quickly absorbed, the evaluation of the subjective skin feeling and non-slip grip is inconsistent.

Conclusions
In this pilot study, for the first time secondary PA are defined and examined. Although further objectification of the PA assessment as well as the establishment of minimum standards should be sought, the new methods could already complement the so far mandatory labels and in this way provide a significant impetus for the current scientific and political focus on the improvement of occupational health in highly UVR-exposed OW.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12995-021-00314-2.
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	AK
	actinic keratoses

	BCC
	basal cell carcinoma

	Colipa
	European Cosmetic and Perfumery Association

	cSCC
	cutaneous squamous cell carcinoma

	GCP
	Good Clinical Practice

	IARC
	International Agency for Research on Cancer

	KC
	keratinocyte carcinoma

	M
	mean

	MED
	Minimal Erythema Dose

	MM
	malignant melanoma

	nm
	nanometer

	NMSC
	non-melanoma skin cancer

	OW
	outdoor workers
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	SD
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	sun protection factor

	UVA
	ultraviolet radiation in the spectrum 320–400 nm

	UVA-PF
	UVA protection factor

	UVB
	ultraviolet radiation in the spectrum 190–320 nm

	UVR
	ultraviolet radiation




Background
Solar ultraviolet radiation (UVR) is a significant risk factor for developing non-melanoma skin cancer (NMSC) [1] – more precisely referred to as keratinocyte carcinoma (KC) [2]) – and has legitimately been classified as carcinogenic to humans (Group 1) by the International Agency for Research on Cancer (IARC) [3]. In the European Union, about 14.5 million outdoor workers (OW) are highly exposed to solar UVR, as they spend at least 75% of their working time outside [4–6], and thus are at increased risk for developing NMSC [7]. This applies to construction workers, roofers, fishermen, police officers, farmers, gardeners, ski instructors, lifeguards, and many more alike [8]. The association between cumulative UVR exposure, which is characteristic for outdoor work, and basal cell carcinoma (BCC) [9–11], cutaneous squamous cell carcinoma (cSCC)) [12, 13] as well as intra-epidermal precursor lesions such as actinic keratoses (AK, in situ cSCC) [14, 15] is scientifically proven. In Europe, a number of countries have therefore recognized cSCC as an occupational disease, although this does not consistently apply to AK, BCC, or malignant melanoma (MM) [16].
Besides the recommended implementation of technical and organizational sun-protective measures (e.g., adjusting working hours, using solar sails to provide shade) as well as wearing protective clothing and brimmed hats, the application of sunscreens with a high sun protection factor (SPF) is an important measure for covering unprotected areas of the skin (e.g., forehead, ears, neck, hands). This can be considered as an essential part of an overall strategy to reduce workplace UVR exposure to OW’s skin [17–19]. Studies suggest that the regular use of sunscreens can help reduce skin damage from natural UVR [20–22]. However, compliance with regular sunscreen usage still seems to be lacking amongst OW [23–25]. In addition to behavioral barriers (e.g. forgetfulness [23, 26]), the acceptance of the products is often low due to inappropriate secondary performance attributes of sunscreens that do not meet the requirements of an outdoor workplace. Several studies [23, 25–31] report that OW commonly perceive sunscreen as greasy, sticky, and overall uncomfortable. Ideally, the products used for professional outdoor work should have the following attributes: fast-absorbing, non-greasy, non-sticky, easy to apply, not eye irritating, sweat resistant, not dust adhering, not soiling clothes, not impairing manual work, avoiding slipperiness and loss of safe grip [23, 25–32].
As most sunscreens are made for leisure time, as for example beach holidays, doing sports, taking care of kids, or sensitive skin, an outdoor workplace however brings different requirements (such as climatic conditions and sustained physical activities, e.g. at a construction site or in agriculture). The suitability assessment of products, therefore, needs to be based on different criteria. While the efficacy of sunscreens and the related approval for the European market is usually expressed by means of three performance characteristics (SPF, water-resistance, and UVA/UVB protection), all of which are objectively evaluated either in vivo or in vitro according to international test methods [33–35], additional secondary performance attributes of sunscreen products for professional outdoor workplaces (see Table 1) are neither mandatory nor yet testable in a standardized manner.
Table 1Secondary performance attributes representing real-life working conditions of outdoor workplaces according to [32]


	 	Performance attribute (PA)

	PA 1
	Bio-stability on the skin

	PA 2
	Eye irritation (burning)

	PA 3
	Absorption time

	PA 4
	Grip and subjective skin feeling

	PA 5
	Compatibility with textiles

	PA 6
	Dust and dirt absorption

	PA 7*
	Whitening effect


PA = Performance attribute
* During the course of the study, it was noticed that after the application of some test products white product residues remained on the skin (so-called “whitening effect”). Therefore, this PA was subsequently included in the study, even though the criterion is not directly derivable from the literature



Therefore, the aim of the present study was (1) to develop and pilot-test feasibility of standardized methods of testing secondary performance attributes to represent real-life working conditions of outdoor work as well as (2) to determine the extent to which 10 products, carefully selected by a detailed market survey including all producers available on the German market with a relevant market share, comply with the specific requirements for outdoor work.
Methods
Study design
This pilot study was conducted at and in cooperation with the proDERM Institute for Applied Dermatological Research, an independent institute for clinical studies, Schenefeld/Hamburg, Germany, from February to April 2019. For each performance attribute (see Table 1), a study design was developed by modifying already established or developing new test procedures. Each test was conducted according to an approved study protocol following the principles of Good Clinical Practice (GCP) as a guide of reference. All examinations were performed in accordance with the principle requirements of the Declaration of Helsinki [36], taken into account to protect the rights, safety, and well-being of subjects participating in the study. All study participants provided written informed consent to participate and were informed that withdrawal of their consent at any time would not lead to any disadvantages. The study was approved by the Institutional Review Board of the proDERM Institute for Applied Dermatological Research.
Study subjects
Twenty-four healthy volunteers (79% female, n = 19) between 18 and 70 years of age (mean age (M): 55.0 years; standard deviation (SD): ±12.0 years) with skin phototype I, II, and III according to Fitzpatrick [37] participated in our study. Inclusion and exclusion criteria are listed in detail in Table AF 1 (see Additional File 1).
Tested products
In order to define the test products, we conducted a market analysis on sunscreen products commercially available on the German market. Producers with a relevant market share in Germany were explicitly invited to identify products within their companies’ portfolios that would best comply with the above-defined PA (see Table 1). Mandatory requirements for products were also an SPF > 50, proven UVA protection, and being water-resistant. Products that either are in the higher price segment (over 30 Euro), are explicitly advertised for women (e.g., tinted products), are only available in high-quality perfumeries, or are not sold on the German market were excluded. In total, 9 out of 27 producers with a relevant market share in Germany responded to our questionnaire survey and reported on 38 of their products. The evaluation of the questionnaires revealed that producers rarely test any of the relevant secondary PA systematically. It can therefore be assumed that these are not considered in the development process of sunscreens. Finally, based on the producers’ claims regarding their products, according to the best fit model, ten out of 38 products were selected to be tested regarding their suitability for outdoor work. Of these ten, eight were cosmetic products (from the low-price segment to higher-value products) and two were medicinal products. Five products were labeled as water-resistant or very water-resistant. Details on galenic characteristics and UV filters contained in the products are provided in Additional File 2 (see Table AF 2). The rational selection of products was screened and approved by the interdisciplinary research advisory group of the project.
Sunscreen efficacy and water-resistance
The efficacy of the products was examined by means of three mandatory performance attributes: in vivo determination of the SPF according to ISO 24444 [33], in vitro determination of sunscreen UVA photo-protection according to ISO 24443 [34, 38], and determination of water-resistance in accordance with the Colipa Guidelines for Evaluating Sun Product Water-resistance [35].
PA 1: bio-stability on the skin
The bio-stability on the skin when physically active, i.e., resistance to sweat, was determined by examining the SPF of the products after induced sweating on a gym stepper. According to a randomization scheme, 2 mg/cm2 (± 0.05 mg/cm2) test product was applied to test areas of at least 30 cm2 and a maximum of 60 cm2 on the back of the subjects by a technician. Fifteen minutes after product application (absorption time), all test persons underwent a physical activity on a gym stepper for some 40 min until sweat droplets were seen on the back. After a subsequent rest period of at least 1 hour, the exercise was repeated for additional 40 min. The procedures took place in an air-conditioned room at a temperature of approximately 25 °C (± 2 °C). Four hours (± 30 min) after product application on the back, all test areas were irradiated with a sun simulator (300 W Multiport Solar Simulator, Solar Light Company, Philadelphia, PA, USA) approximating the ISO 24444 [33]. The visual rating of irradiated skin by a trained technician was performed 16 to 24 h after irradiation. The minimal erythema dose (MED) was defined as the lowest UVR dose that produces the first perceptible unambiguous erythema with defined borders appearing over most of the field of UVR exposure. Skin spot evaluation was observer-blinded. Hence, the observer was not the same person as the one who applied the products and conducted the irradiation, so the observer was not aware of the randomization of sites and UVR-doses.
PA 2: eye irritation when sweating (burning)
The experimental set-up for assessing the eye tolerability of the test products after sweating was carried out together with the PA 1 test. For this purpose, an amount of 2 mg/cm2 (± 0.05 mg/cm2) was applied on one half of each subject’s face (randomly assigned to the left and right side of the face) with a Finnpipette (Thermo Scientific™, Bremen, Germany) by a technician. Subjects themselves evenly distributed the test products on the assigned half-face. The absorption time prior to the 40 min of physical activity was 15 min. Immediately after the first round (see PA 1), the subjects assessed feeling of burning in the eyes on a 5-point scale: 0 = “no burning”, 0.5 = “very slight burning”, 1 = “slight burning”, 2 = “moderate burning”, 3 = “strong burning”. Afterwards, the subjects washed their face with an unscented standard soap provided. The procedure was repeated in the second run. Since only three products per subject were tested, one-half face remained untreated.
PA 3: absorption time
The absorption time was investigated by application of products on the back of the hands and assessment whether the test product had been absorbed at three different time points. Before applying the test products, subjects were asked to wash their hands according to a standard washing procedure with a mild liquid soap. After a drying time of 10 minutes, only one test product at a time was applied by a technician on the hands with a smart dosing applicator. Assuming that both hands (palm of the hands) equal approx. 300 cm2, an amount of 600 mg was used to finally end up with a thickness layer of 2 mg/cm2. The subjects rubbed the test products between the palms of the hands until evenly distributed for approximately 20 s. Absorption of the test product was assessed after 1, 2, and 3 minutes (yes: “test product is absorbed”; no: “test product is not absorbed”) and, if applicable, 10 minutes if not yet absorbed after 3 minutes. Absorption time data was evaluated by reporting the counts and percentage of “yes” at each assessment time.
PA 4: grip and subjective skin feeling
The experimental set-up for assessing the non-slip grip and skin feeling of the products was carried out together with the PA 3 test. Three minutes after standardized product application and evenly spreading the test materials, subjects held a smooth wooden bar (resembles a tool, e.g., hammer shaft) and a smooth metal bar (resembles metal scaffold tube), one in each hand, to evaluate the slip resistance and evaluate the tactile feel on the skin. Assessments were made on a 5-point Likert scale: 1 = “very good skin feeling / very good grip”, 2 = “good skin feeling / good grip”, 3 = “moderate skin feeling / moderate grip”, 4 = “unpleasant skin feeling / slippery”, 5 = “very unpleasant skin feeling / very slippery”.
PA 5: compatibility with textiles
According to a randomization scheme, approx. 2 mg/cm2 (± 0.05 mg/cm2) of the test products (equals approx. 2 μL/cm2) was applied on marked areas (approx. 24 cm2) of the back by a technician with a Finnpipette. For retrieval of the test areas and to prevent cross-contamination, plaster strips were affixed and additionally marked with a black pen. After 15 min of absorption time, the subjects wore a white T-shirt provided to them for about 4 hours (± 30 min). The study participants were allowed to leave the research institute and engage in everyday activities during this time, with the exception of intense physical activity involving heavy sweating. After 4 hours (± 30 min), the T-shirt was removed and pictures were taken with a camera directly installed under a Wood Lamp to visualize the rub off of the test products, which was visible as a dark spot on the inner sides of the shirts. Three trained graders evaluated rub off on the pictures using a 5-point Likert scale: 1 = “no rub off”, 2 = “very slight rub off”, 3 = “slight rub off”, 4 = “moderate rub off”, 5 = “high rub off”.
PA6: dust and dirt absorption
The evaluation of dust and dirt absorption was carried out in accordance with the existing sand resistance test developed by Caswell et al. [39]. Five pre-defined test areas (approx. 50 cm2) on the back were marked and test products (approx. 2 mg/cm2; ± 0.05 mg/cm2) were applied according to a randomization scheme. After an absorption time of 15 min, 30 to 40 ml of oven-dried (approx. 24 h at 90 °C) fine sand were poured from a height of approximately 10 cm above onto the test areas by a technician until they were completely covered while the subject was in a prone position. Five minutes after sand application, the subject stood up and the test areas were slightly brushed with a 2.5 cm paintbrush to remove loosely attached sand particles. Photos of the subject’s back were taken with a camera at a standardized distance. These photos were assessed by three trained graders using a 5-point Likert scale: 1 = “no dust absorption”, 2 = “very slight dust absorption”, 3 = “slight dust absorption”, 4 = “moderate dust absorption”, 5 = “high dust absorption”.
PA 7: whitening effect
Approximately 2 mg/cm2 (± 0.05 mg/cm2) of each test product was applied on the back of one study participant (approx. 24 cm2) and a picture was taken after 15 min of absorption time. Two trained graders independently ranked the white product residues that remained on the skin on a scale from 1 to 5 with 1 being “no whitening” and 5 being “highest whitening”.
Statistical analysis
Descriptive data analysis was performed using SAS for Windows. Mean, standard deviation, median, minimum (Min), and maximum (Max) were calculated.
Results
Sunscreen efficacy and sun product water-resistance
For all tested products, the claimed SPF of 50(+) could be confirmed. Mean SPF values ranged from SPF 54.3 to 83.2. Results of in-vitro determination of UVA photoprotection showed sufficient UVA protection for six products. Four products did not achieve UVA photoprotection in accordance with ISO 24443 [34] and the Commission Recommendation of the European Union of 22 September 2006 [38]. Altogether, the UVA protection factors (UVA-PF) among products varied widely, between UVA-PF 11 and 35 (see Table 2). Except for one product (P3), (very) water-resistance was confirmed. Results are shown in Table 2.
Table 2Results of UVA photoprotection determination and determination of UVB water-resistance


	 	P 1
	P 2
	P 3
	P 4
	P 5
	P 6
	P 7†
	P 8†
	P 9
	P 10

	In-vitro UVA photoprotection (ISO 24443 [34])

	 Ratio (≤ 3)
	3.3
	4.1
	1.7
	5.2
	2.2
	1.9
	4.5
	2.5
	1.9.
	2.4

	 UVA-PF (SPF in vivo/Ratio)
	23.8
	14.5
	38.2
	11.5
	37.5
	28.6
	17.3
	25.7
	35.2
	34.7

	 Critical Wavelength# ≥370 nm
	374.5
	375
	381.2
	372.7
	377.5
	379.5
	376.6
	379.5
	381.5
	378.8

	 Sufficient UVA protection
	x
	x
	✓
	x
	✓
	✓
	x
	✓
	✓
	✓

	Colipa Guidelines for Evaluating Sun Product Water-resistance‡ [35]

	 	very water-resistance
	water-resistance

	In-vivo SPF (according to [33])
	78.5
	59.6
	64.9
	59.8
	82.6
	54.3
	77.7
	64.2
	66.8
	83.2

	SPF after water immersion procedure
	45.0
	41.0
	26.2
	37.1
	57.4
	50.2
	58.3
	42.1
	49
	45.3

	(very) water-resistance
	✓
	✓
	x
	✓
	✓
	✓
	✓
	✓
	✓
	✓


† = Medicinal product
# = The critical wavelength is defined as the wavelength for which the area below the absorbance curve comprises 90% of the total absorbance curve. According to ISO 24443 [34] and the Commission Recommendation of the European Union [38], the critical wavelength has to be equal or higher than 370 nm in order to claim “broad spectrum protection”
‡ = The evaluation of water-resistance was carried out with n = 6 participants. For all products, producers had claimed full UVA photoprotection and UVB water resistance



PA 1: bio-stability on the skin
The in-vivo bio-stability of the products after prolonged absorption time and repeated sweating is achieved but to a varying degree. The mean SPF values decreased by between 4.08 and 59.2% (see Fig. 1). While mean SPF values of six test products are below the respective labeled SPF of 50(+) (ranging between SPF 31.4 and 47.4), four test products are still at the same level as the labeled value, with the highest SPF mean value of 75.3.
[image: ../images/12995_2021_314_Fig1_HTML.png]
Fig. 1Stability of the SPF after physical activity. Legend: The blue bars show the initial SPF according to ISO 24444, the orange ones show the bio-stability of the SPF after twice-induced sweating by physical activity on a gym stepper for 40 min. The arrows represent the decrease in percentage on the SPF. For all products, producers had claimed full bio-stability after sweating


PA 2: eye irritation when sweating (burning)
The results of the subjective eye irritation evaluation are presented in Table 3.
Table 3Evaluation of subjective eye irritation (burning sensation) after physical activity


	 	Eye burning sensation

	no burning
	very slight
	slight
	moderate
	strong
	Total

	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	n
	sum score

	P1
	9
	75
	1
	8
	1
	8
	1
	8
	0
	0
	12
	3.5

	P2
	11
	92
	1
	8
	0
	0
	0
	0
	0
	0
	12
	0.5

	P3
	10
	77
	0
	0
	1
	8
	2
	15
	0
	0
	13
	5

	P4
	9
	75
	2
	17
	1
	8
	0
	0
	0
	0
	12
	2

	P5
	8
	67
	1
	8
	1
	8
	0
	0
	2
	17
	12
	7.5

	P6
	10
	77
	2
	15
	1
	8
	0
	0
	0
	0
	13
	2

	P7†
	9
	75
	1
	8
	2
	17
	0
	0
	0
	0
	12
	2.5

	P8†
	9
	75
	1
	8
	1
	8
	0
	0
	1
	8
	12
	4.5

	P9
	11
	85
	1
	8
	0
	0
	1
	8
	0
	0
	13
	2.5

	P10
	8
	62
	0
	0
	3
	23
	2
	15
	0
	0
	13
	7


Score: 0 = “no burning”, 0.5 = “very slight burning”, 1 = “slight burning”, 2 = “moderate burning”, 3 = “strong burning”
† = Medicinal product



PA 3: absorption time
In the majority of cases, products were absorbed between 1 and 2 minutes. An absorption time of up to 10 minutes was reported by at least one participant for six out of the ten tested products. Absorption time data are shown in detail in Table 4 and Fig. AF 1 (see Additional File 1).
Table 4Absorption time data by counts and percentages of “yes” at assessment time


	 	Absorption Time

	1 min
	2 min
	3 min
	10 min

	n
	%
	n
	%
	n
	%
	n
	%

	P1*
	16
	70
	1
	4
	6
	25
	0
	0

	P2
	16
	67
	6
	25
	2
	8
	0
	0

	P3
	10
	42
	7
	29
	7
	29
	0
	0

	P4*
	16
	70
	2
	9
	5
	22
	0
	0

	P5*
	12
	52
	6
	26
	1
	4
	4
	17

	P6
	12
	50
	9
	38
	2
	8
	1
	4

	P7†
	9
	38
	7
	29
	5
	21
	2
	8

	P8†
	20
	83
	2
	8
	0
	0
	2
	8

	P9
	11
	46
	6
	25
	5
	21
	2
	8

	P10
	11
	46
	7
	29
	5
	21
	1
	4


* = data of 1 subject is missing
† = Medicinal product



PA4: grip and subjective skin feeling
In terms of skin feeling, almost no differences were detected between the test products or between the wooden and metal bar. Evaluation of grip on the wooden bar revealed that one product (P8) was rated with almost 96% favorable statements (includes the answers for “very good grip”, “good grip”, and “moderate grip”). In contrast, products P3, P5, and P9 were rated as unfavorable (includes the answers for “slippery” and “very slippery”) by a large proportion of the subjects (P3: 41.7%; P5: 50.0%; P9: 50.0%). Regarding the assessment of grip on metal, products P5 and P9 were again rated as unfavorable (P5: 58.3%; P9: 41.7%). A large majority of participants rated product 2 favorably (87.5%). Results are shown in detail in Figs. AF 2 – AF 5 (see Additional File 1).
PA 5: compatibility with textiles
Results show no clear differences between the products. As mean values vary between 3.43 (SD = 0.56) and 4.19 (SD = 0.45), in all cases slight to moderate rub off was detected.
PA 6: dust and dirt absorption
Only one product (P8) was assessed by the trained graders as not dust absorbing or only slightly dust absorbing with a mean value of 1.67 (SD = 0.68). There was no substantial difference observed in all other products as graders rated them between “slight dust absorption” and “moderate dust absorption”: mean values range from 2.63 (SD = 0.79) to 3.97. (SD = 0.61).
PA 7: whitening effect
No whitening effect at all was found for three products (P3, P6 & P9), while two products were rated with the highest whitening effect on the skin (P5 & P10). Results are summarized in Table 5. Both graders rated identical.
Table 5Evaluation of whitening effect


	 	Evaluation of whitening effect

	P 1
	3

	P 2
	2

	P 3
	1

	P 4
	4

	P 5
	5

	P 6
	1

	P 7†
	2

	P 8†
	4

	P 9
	1

	P 10
	5


1 = “no whitening”, 5 = “highest whitening”
† = Medicinal product



Discussion
The present study aimed to develop and pilot-test feasibility of new laboratory test procedures to evaluate secondary performance attributes of sunscreens suitable for professional outdoor work, which so far have not been taken into consideration when testing sunscreen efficacy. In addition, it should be determined to what extent ten selected sunscreen products of producers with a relevant market share comply with these requirements and producers’ claims.
The usage of sunscreen is an important part of an overall strategy in the prevention of occupationally induced skin cancer, although technical and organizational sun-protective measures, as well as clothing and headgear, should be given priority [17–19]. However, studies have shown that, in practice, technical and organizational measures are often highly influenced by the general conditions in the workplace and, therefore are rarely implemented in most cases [23, 26, 40]. The use of personal protective equipment (e.g., long-sleeved clothes, headgear) is also often inadequate [23, 24]. Sunscreens should – as a secondary measure – therefore just add to other protective measures and should especially be applied to areas of the body that cannot be protected with clothing (e.g., forehead, ears, neck, and hands). It needs to be emphasized, however, that AK, cSCC and BCC in outdoor workers predominantly occur in exactly these body areas [10–12, 41]. Thus, these body areas are of pivotal importance for adequate photo-protection and skin cancer prevention at workplaces. Furthermore, this highlights the need of sunscreens that meet the specific requirements for outdoor work.
To ensure effective protection against UVR, current guidelines recommend a sunscreen with a high SPF and sufficient UVA photo-protection [17–19]. In our study, we confirmed the claimed SPF of the products, in some cases with SPF clearly higher than 50 (see Fig. 1). Nevertheless, it has to be mentioned that these results are not entirely transferable to the application in practice since we used a sunscreen thickness layer of 2 mg/cm2. Under real-life conditions, however, the applied amount is often significantly lower, which leads to a significant decrease in protective performance [27, 42–44]. On the one hand, this underlines the necessity of recommending a high SPF; on the other hand, it emphasizes the need to train OW in correct usage, ideally with targeted teaching strategies [18, 43]. Furthermore, we demonstrated the bio-stability of the SPF after physical activity – although to a varying degree. Overall, the bio-stability of the very water-resistant products (P1 - P5) was on average more stable than that of the water-resistant products (P6 - P10), even though for one product, the label “very water-resistant” could not be confirmed. At this point, however, it should be taken into account that the evaluation of water-resistance was carried out with 6 participants and not with 10, as required by the Colipa Guideline [35]. This might limit the validity of our results. These results are similar to the findings of the investigation by Bodekaer et al. [45], who examined the effect of physical activity, heat and bathing – in other words, a simulated day at the beach – on the stability of the SPF in an organic and an inorganic sunscreen. For the practical application, these results indicate that the re-application of sunscreen products every 2 hours in sufficient quantities – with the aim of maintaining the SPF – is of particular importance. According to a recent randomized-controlled trial by Matta et al. [46], which received considerable media attention, the repeated application of sunscreens on 75% of the body area with 2 mg/cm2 led to systemic resorption and increased overall plasma concentration of active ingredients (e.g., between 3.3 ng/mL and 7.1 ng/mL for avobenzone). Although the transferability of these findings to the application of sunscreen in practice is a matter for discussion [47–49], the authors encourage use due to the evident protective effects of sunscreens [46]. Nevertheless, this once again underlines the importance of first-line sun-protective measures (e.g., brimmed hats, wearing long-sleeved clothes) to reduce blood transmission by vastly limiting application areas.
The aim of this pilot study was to develop new methods for assessing secondary PA that best mimic working conditions of outdoor workplaces (‘workplace simulation’). Therefore, both a wooden and a metal bar were used to evaluate subjective skin feeling and grip (see PA 4). These bars served to simulate specific parts of working materials or tools – e.g., a wooden hammer shaft vs. a metal scaffold tube. This PA is – among others – essential in the construction industry since secure grip is crucial from an occupational safety point of view. Closely related to this PA – and therefore tested together – is the absorption time of a sunscreen product (PA 3), which can influence safety aspects, but is also a key factor for user acceptance (e.g., through galenic properties). While the aim of our pilot study was to best represent real-life working conditions, it is questionable to what extent the laboratory tests are equal to an assessment by OW in a workplace context. Bauer et al. [27], for example, carried out a randomized-controlled, cross-over trial in the workplace and evaluated the overall acceptance of the daily use of two sunscreens. The examination of our laboratory results by OW in practice, therefore, seem feasible and might be an important step for validation and quality assurance.
Regarding limitations of our piloting study, the lack of minimum requirements for the PA test procedures should be mentioned. Therefore, a final overall appraisal of the tested products – except for an ordinal ranking, which is a straightforward approach but would be of limited informative value - is only possible to a limited extent. The definition of minimum standards, − i.e., which scores should be achieved in the given tests – is, however, a complex process of consensus building that must be carried out involving different normative institutions. Future studies – once this ongoing process is completed – can consider the minimum requirements and in this fashion provide a ranking of the most suitable sunscreens for professional outdoor work. As this has not yet been included in our pilot study, a weighting of the PA should in addition be considered to prevent selected PA having a too strong influence on an overall estimation. In future studies, the weighting of our suggested PA could also be industry-specific, since their relevance may be varying according to the work environment. Furthermore, prospectively, an interactive ‘online tool’ that allows to weight PA in order to match them to a specific industry could be useful (e.g., very high water resistance for bath attendants, dust and dirt absorption as well as non-slip grip for the construction industry or agriculture). This would facilitate the selection of sunscreens, for both, employers, and employees, and enhance acceptance by the social partners. In addition, it could be useful to establish a certified label (e.g., ‘suitable for the professional sector’). Social accident insurances, ministries of labour or bodies responsible for safety and health at work, could establish such an industry standard.
Another limitation of the present study is the experimental setting, which may only be transferable to the daily practice of the broad spectrum of practical outdoor workplace settings to a limited extent. In particular, the use of 2 mg/cm2 sunscreen does not match the applied amount of sunscreen in practice [42, 43]. The measured SPF, as well as the bio-stability, is therefore probably lower under practical conditions. On the other hand, the amount of sunscreen used leads to rather conservative estimates, especially regarding the secondary PAs (e.g., absorption time and subjective skin feeling). Under real-life working conditions, paradoxically, it might thus be expected that acceptance will be somewhat higher than in the laboratory tests.
Although the experimental setting of our pilot study implies a high degree of standardization, studies that involve human subjects are always prone to a certain variability. This becomes apparent, for example, in the experimental conditions of PA 5 (‘compatibility with textiles’). Since the subjects were allowed to leave the research institute during the investigation, it cannot be completely ensured that they always followed the instructions of the study personnel. One further aspect that limits the transferability of our results is that the assessments of the PA are based on external observers or the statements of the study participants rather than on objective (instrumental) measurements. Even though the assessments were carried out by at least two trained external graders, an objectification through instrumental measurement procedures would be of advantage and could contribute to the reproducibility of our results. Especially for PA 4 (evaluation of grip) or PA 7 (whitening effect), instrumental measurements (e.g., usage of Chromameter assessments or color measurement of image analysis for whitening effect; friction measurements for the evaluation of grip) might be possible. The development and validation of additional objective assessment methods is currently under further consideration; however, subjective assessments cannot be dispensed for PA 2 (eye irritation) and PA 4 (subjective skin feeling).
A strength of the present pilot study is that the development of the PA – except for PA 7 (whitening effect) – was derived from the literature. The assessment of the whitening effect was the only one that was subsequently added during the investigations. In our pilot study, the whitening effect was assessed by two trained observers based on a photo of a subject’s back. Since the extent to which white residue is detected on the skin may be influenced by the skin color of the subject to whose back the products were applied, the results must be interpreted with caution. Nevertheless, it should be noted that the results of the two graders in our study are highly consistent. In future studies, the extent of the whitening effect should be determined with more test subjects in order to be able to exclude confounding influences, e.g., skin color. In addition, a reference product could also be used to facilitate the assessment. Moreover, by using a Chromameter device or color image analysis, an objective measurement method could be of advantage.
The selection of participants for this pilot study focused on eligible subjects who were also able to perform sensory grading with a satisfying quality. In our pilot study, we have a sex imbalance, as most of the participants were women. Future studies should therefore include a larger proportion of men in the test panel to increase representability in terms of the intended target population, although – regarding the very heterogeneous group of OW – representability strongly depends on the respective (industrial) sector.
Overall, the test methods are feasible and seem to be suitable for testing secondary PAs, although the degree of discriminability of the single test methods varied. For example, there were barely any differences in the raw data for PA 2, PA 5, and PA 6. Yet while only carefully selected products according to their producers’ claims were tested, it is all the more remarkable that half of the products did not meet their producers’ claims.
The strength of this study lies in its unique approach and design as until to date no standard test method has been developed to assess other PA than the three mandatory efficacy statements. To our knowledge, this study has identified for the first time a specific test-battery for objectifying the suitability of appropriate sunscreen formulations and thus provided a significant impetus for the current scientific and political focus on improvement of occupational health in highly UVR-exposed OW [50–52]. Our study aims to open up a discussion on new testing methods focusing on outdoor workers’ expectations and the intended scope of application that complement the so far mandatory labels and assist in making informed, evidence-based decisions when choosing an appropriate sunscreen product. Furthermore, for manufacturers there now rises a significant opportunity to fulfill this demand by manufacturing quality, efficacious and safe sunscreen formulations specifically targeted for outdoor workers.
Conclusions
The tests for important secondary PA, which were defined and examined for the first time by this pilot study and are yet to be further standardized, could, in addition to the three existing mandatory efficacy statements, establish the suitability of a sunscreen for OW in a targeted manner. Further objectification of the PA assessment as well as the establishment of minimum standards are the subject of an ongoing process. With an increasing awareness of the population to protect their skin against UVR and consumers’ diverse preferences of a sunscreen, the demand for improved sunscreen formulations will presumably increase invariably. Hence, the new testing methods are an important prerequisite to further develop a new generation of sunscreens optimized for the use of OW for primary prevention of sunburn, actinic damage, and skin cancer.
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