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At SEPAWA® CONGRESS 2022 the authors were delighted to receive 
their awards on stage, briefly commented on their research and en-
joyed a glass of champagne at the ceremony.

A total of eight independent jury members read and evaluated 70 
articles. Here are the three awarded articles:

The winner of the first prize is the article:

Nano or Non-Nano:  
the Key Aspect of the Measurement Method

1

Authors: M. Sohn 1, W. Wohlleben 1, P. Müller 1, D. Botin 2, 
M. Schnyder 1, S. Kruś 1, S. Acker 1, B. Herzog 1

Companies: 1 BASF Grenzach GmbH, 2 BASF SE

Abstract: The safety and approval requirements of a par-
ticulate filter are impacted by its classification as nano or 
non-nano. A correct classification is, therefore, essential. 
Not every available method fits to measure the size of ev-
ery particulate ingredient. NanoDefine group elaborated a 
decision flow scheme to guide operators in choosing the 
most appropriate technique to identify if a material is a 
nano material as defined by the European commission 
recommendation. In an experiment that serves as  basis 
for the article published in SOFW 7+8/2022, we investigat-
ed inorganic samples plus a sunscreen formulation and 
addressed the impact the used technique may have on 
the measured particle size of inorganics.

SOFW award

We have been waiting for this moment for a long 
time: Finally being able to present the SOFW award 
in person to the winners of the three best articles 
published over the last 12 months in SOFW journal! 

THANNHAUSEN, GERMANY, 2 NOVEMBER 2022
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The winner of the second prize is the paper:

  

Optimizing Your Resources for Market 
Intelligence and Product Development

The winning article of the third prize is:

New Method for Connecting Sunscreens  
with Consumers via a Relative Eco-score

 2

 3

Authors: R. M. Hermant, J-P. Janssens
Company: FRAMES Formulation Intelligence

Abstract: Information on Home Care product formulations 
and costs is not easily available. This limitation hampers 
innovation, R&D and business development. Valuable re-
sources are spent on obtaining formulation intelligence.
As Formulation Intelligence platform, FRAMES markets an 
on-line database that provides access to on-shelf deter-
gent formulations and costs.

In addition, FRAMES provides Product Intelligence and Ex-
perimental Support. Product Intelligence gives interpre-
tation to market information, for example by representa-
tive model formulations, ingredients trends or optimizing 
cost-performance. Experimental support entails product 
sampling, performance testing or chemical analyses, all 
outsourced at capable parties.

Authors: G. Kunze, A. Schlifke, N. Hefner, E. Jackson,  
K. Berg, A. Janssen, J. Vollhardt
Company: DSM Nutritional Products Ltd.

Abstract: Consumer’s want to use efficient sunscreens 
that in addition do not harm the environment. However, 
this is only possible with the ability to interpret scientific 
data in a meaningful way. Therefore, how can we as an 
industry enable formulators to provide transparent and 
trusted sunscreen solutions with the lowest environmental 
impact? DSM’s SUNSCREEN OPTIMIZER™ 2.0 with Eco Profiling 
consolidates available data − based on OECD guideline 
compliant studies − into a score and compare it to market 
benchmarks for each SPF class. Additionally this value is 
converted into easy-to-understand eco-labels – to sup-
port consumers to make eco-friendly choices.
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Introduction

UV filter ingredients used in sun protection products must 
be approved by the appropriate authority to be used in the 
respective marketplace; this is true all around the world even 
if the legislation might differ between the countries. All UV 
filters absorb UV radiation; filters in particulate form are ad-
ditionally able to reflect or scatter light. Therefore, it is pos-
sible to distinguish between soluble and insoluble or par-
ticulate UV filter ingredients. To efficiently absorb UV light, 
the size of the particles ideally lies in the nano size range 
[1]. Today, two inorganic materials Titanium Dioxide (TiO2) 
and Zinc Oxide (ZnO) and two organic materials Tris-Biphenyl 
Triazine (TBPT) and Methylene Bis-Benzotriazolyl Tetrameth-
ylbutylphenol (MBBT) are approved as nano-particulate UV 
filters for personal care. A third organic one, Bis-(Diethyl-
aminohydroxybenzoyl Benzoyl) Piperazine, obtained a posi-
tive scientific opinion and should be placed on the positive 
list very soon [2-4]. Particulate filters are commonly used in 
sunscreens; indeed 42% of sunscreens launched in Europe 
in 2020 contained at least one of the four registered nano 
UV filters [5]. Despite their huge benefits in term of perfor-
mance, their use in sunscreens raised concerns over their po-
tential percutaneous permeation. In Europe, this led to the 
requirement of a specific approval for all nano particulate UV 

filters, even for the ones already listed in Annex VI of the 
Regulation (EC) No. 1223/2009 on cosmetic products, imply-
ing a new data submission and a new examination of their 
safety profile by the Scientific Committee of Consumer Safety 
(SCCS), which is a commission of independent experts [6]. 
Under the regulatory definition of the Cosmetic regulation 
No. 1223/2009 (article 2 (1) (k)), nanomaterial means an in-
soluble or biopersistent and intentionally manufactured ma-
terial with one or more external dimensions, or an internal 
structure, on the scale from 1 to 100 nm [7]. To define a 
nanomaterial more precisely, the European Commission 
published a recommendation (2011/696/EU) revised 10th of 
June 2022 (2022/C229/01). In this recommended definition, 
which has in the meantime been adopted under REACH [8], 
a nanomaterial means a natural, incidental or manufactured 
material containing particles, in an unbound state or as an 
aggregate or as an agglomerate and where, for 50% or more 
of the particles in the number size distribution, one or more 
external dimensions are in the size range 1 nm – 100 nm [9]. 
There are numerous techniques available to measure the size 
of particles; their range of applicability, however, depends on 
their measurement principle and the physico-chemical param-
eters of the tested material. Not every method is appropriate 

Nano or Non-Nano: the Key Aspect of the Measurement Method 
M. Sohn, W. Wohlleben, P. Müller, D. Botin, J. Giesinger, M. Schnyder, S. Kruś, S. Acker, B. Herzog 

D espite the UV performance benefits of particulate UV filters, concerns have been raised over their potential percutaneous 
permeation leading to the requirement of a specific approval for all nano UV filters in Europe. Under the legally binding defi-

nition of the Cosmetic regulation No. 1223/2009, nanomaterial means […] a material […] on the scale from 1 to 100 nm. The 
recommendation of the European Commission (2011/696/EU) revised 10th of June 2022 (2022/C229/01) further specifies that a 
material is nano when at least 50% of the number size distribution of the constituent particles is comprised between 1 and 100 
nm. The situation for Titanium Dioxide and Zinc Oxide is confusing since the constituent particles are often part of agglomerates. 
Some suppliers clearly specify the nano feature of their material, while others declare the non-nano property of their inorganic 
products. The objective of this study was, therefore, to measure the number-based particle size distribution of three marketed 
Titanium Dioxide and Zinc Oxide grades using the decision support flow scheme devised by the NanoDefine project. This group 
was created to support the identification of nanomaterials as required by the European legislation. We employed the tier 1 meth-
od asymmetrical flow field-flow fractionation (AF4) coupled with UV and IC-PMS (inductively coupled plasma mass spectroscopy) 
detectors and tier 2 method transmission electron microscopy (TEM). The study clearly taught that the samples that appeared to 
be non-nanomaterials with AF4-IC-PMS measurements were finally proven to be nanomaterials using the TEM tier 2 method. 
Relying only on tier 1 methodologies such as AF4, X-Ray Disc Centrifuge or Dynamic Light Scattering to determine the non-nano 
property of a material is insufficient, since tier 1 methods are not able to detect constituent particles as part of agglomerates, 
which is often the case for Titanium Dioxide and Zinc Oxide. The status of being a non-nanomaterial can, in this case, only be 
certified with a tier 2 technique, particularly electron microscopy.

|
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Sunscreen market product
In parallel, we also evaluated a market product in the form of 
an emulsion containing Zinc Oxide as solely UV filter. The sun-
screen product claimed a SPF of 50+; in the INCI declaration 
the Zinc Oxide was not listed as a nano UV filter.

Particle size measurement methods
The NanoDefine consortium was founded to support the 
implementation of the EC definition on nanomaterials. It 
included European RTD performers, experts from metrology 
institutes, nanomaterial suppliers, instrument manufacturers, 
regulators as well as academics. The objective of the group 
was to develop an approach which allows to identify whether 
a material is nano or not according to the EC definition using 
only robust, readily available and standardized methods to 
provide a reliable analysis of the number-based size distribu-
tion. The resulting list exhibits tier 1 (screening purposes) and 
tier 2 (confirmatory purposes) methods [13].

In our study, we used two complementary measurement 
methodologies for each material: asymmetrical flow field-
flow fractionation coupled to inductively coupled plasma 
mass spectrometry (ICP-MS) or UV detector as a tier 1 method 
and Transmission Electron Microscopy (TEM) as a tier 2 meth-
od. The two methods are appropriate to evaluate inorganic 
materials in the relevant nano size range and provide num-
ber-sized distribution of the measured materials. Besides the 
suitability of the methodology itself, the sample preparation 
is a core aspect to achieve an accurate result and should not 
modify the size distribution of the original material. There-
fore, recommendations on sample preparation exist using 
standard operation procedures [14].

Asymmetrical flow field-flow fractionation (AF4)
The asymmetrical flow field-flow fractionation (AF4) system 
(Eclipse separation system AF4, Wyatt Technology, USA) with 
a trapezoidal channel with a nominal thickness of 350 µM 
(spacer W350 µm, Wyatt Technology, USA) fitted with a re-
generated cellulose membrane with 10 kDa cutoff (PLGC, 
Reg. Cellulose 10 kD, Millipore, USA) was used. The AF4 was 
coupled to an UV spectrometer (DAD 1290 Infinity II, Agilent 

to measure the size of every particulate ingredient, yet, the 
analysis result and drawn conclusion may be incorrect due to 
the use of an irrelevant measurement method. Therefore, the 
choice of the method highly depends on the characteristics of 
the nanomaterial to be tested. From the four approved nano 
particulate UV filters listed in Annex VI of the Regulation (EC) 
No. 1223/2009, the two organics TBPT and MBBT exist only 
as nano and are labelled accordingly. They were shown to be 
fully safe regarding skin dermal permeation and are allowed 
up to a use concentration of 10% in ready-to-use preparation 
excluding spray applications or applications posing a risk of 
inhalation. Regarding the inorganic UV filters, some suppliers 
clearly specify the nano feature of their material, while others 
declare the non-nano property of their inorganics. The situa-
tion for TiO2 and ZnO is confusing regarding their particle size 
distribution since the constituent particles are often part of 
agglomerates or aggregates. This poses a difficulty since the 
Regulation (EC) No. 1223/2009 states the need to consider 
the internal structure, but not every measurement method 
is able to identify the constituent particles in a material. To 
support the implementation of the Cosmetic Regulation re-
garding nanomaterials, the project “NanoDefine” was fund-
ed by the EU’s 7th Framework Programme for Research [10]. 
The NanoDefine consortium has developed a decision tree 
scheme published by the Joint Research Center (JRC) [11] to 
guide any operator, firstly in the characterization of the par-
ticulate material, then in the choice of the most appropriate 
measurement method to evaluate any material (powder or 
dispersion) or finished cosmetic product in order to finally 
identify if the material is nano or non-nano according to the 
EC definition of nanomaterials [12].

The objective of the present study was to measure the num-
ber-based particle size distribution of several marketed Titani-
um Dioxide and Zinc Oxide grades using the decision support 
flow scheme devised by the NanoDefine project. To measure 
the median value of the particle size and the number-based 
distribution of the test samples, the two methods were em-
ployed: asymmetrical flow field-flow fractionation (AF4) cou-
pled with UV and plasma mass spectrometry (ICP-MS) detec-
tors and transmission electron microscopy (TEM).

Materials and methods

Samples of inorganic 
UV filters
We measured the median value 
of the particle size and number 
weighted distribution of different 
market products of Titanium Di-
oxide and Zinc Oxide as listed in 
Table 1.

Table 1: Investigated Titanium Dioxide and Zinc Oxide market grades.

Sample 
No.

INCI Product form
Size indication 
provided by the 
supplier

1
Titanium Dioxide (and) C12-15 Alkyl 
Benzoate (and) Polyhydroxystearic Acid 
(and) Stearic Acid (and) Alumina 

Dispersion 
179 nm with X Ray 
Disc Centrifuge

2 Titanium Dioxide (nano) (and) Silica Powder
(nano) indication 
given by the supplier

3
Zinc Oxide (and) Titanium Dioxide (and) 
Silica

Powder
Average particle size 
455 nm (DLS)*

* Dynamic Light Scattering
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Technologies) and an ICP-MS (NexION 2000, Perkin Elmer, 
USA) detector. In this technique, the fractionation occurs in 
a trapezoidal channel with a semipermeable membrane at 
the bottom of the channel, called the accumulation wall.  
After sample injection, the solvent flow transports the sam-
ple particle species to the outlet and detectors. The solvent 
flow has a parabolic velocity profile with the highest velocity 
at the mid-height of the channel. The fractionation is per-
formed by applying a cross flow perpendicular to the channel 
flow, which pushes the sample particle species towards the 
accumulation wall and leaves the channel through the semi-
permeable membrane. At the same time, the Brownian mo-
tion of particles opposes the drag of the cross flow, resulting 
in the distribution of the sample particles along the vertical 
axis of the channel. The shape of distribution is then defined 
by the interplay between the cross flow and the particle dif-
fusion coefficient, D, the latter being inversely proportional 
to the particle hydrodynamic radius. Therefore, the particle 
species with smaller radii (larger diffusion coefficients) are 
further away from the accumulation wall, transported fast-
er and elute first, while the bigger particle species (smaller 
diffusion coefficients) elute later. The separated particles are 
then detected using an appropriate detector. The AF4/UV 
data were analyzed with Astra software, version 7.3 (Wyatt 
Technology, USA). The ICP-MS data acquisition and analysis 
were performed using Syngistix software, version 2.4 (Per-
kin Elmer, USA). The methodology provides a mass-weighted 
distribution of the particle size, which can be converted to 
a number-weighted size distribution. The method also pro-
vides information on the chemical composition of the particle 
material via the ICP-MS detector. The AF4 with both detec-
tors was thoroughly evaluated using the NanoDefine Method 
Manual [11,16]. The calibration of the elution times as func-
tion of particle size was done according to the polystyrene 
size calibration standards (22 ± 2 nm, 51 ± 3 nm, 100 ± 4 nm, 
203 ± 5nm and 345 ± 7 nm, Nanosphere Size Standards, 
Thermo Scientific, USA).

The powder samples (sample 2 and sample 3, Table 1) were 
prepared in sodium hexametaphosphate solution (c = 2 g/l) 
[15] to obtain a sample concentration of c = 0.5 g/l accord-
ing to the standardized dispersion protocols for high priori-
ty material groups (Technical Report D2.3 (6.9)). The Titani-
um Dioxide dispersion (sample 1) and the market sunscreen 
emulsion were dispersed in a water solution of Triton X-100  
(MP Biomedicals, Irvine, CA, USA) (c = 5 g/l) to obtain a sam-
ple concentration of c = 10 g/l. The dispersions were then 
sonicated (Branson 550 Sonifier, Model 102C converter, Bran-
son Ultrasonics) twice for 15 minutes at 60% of amplitude 
with a 5 minute pause, and finally purified passing through a 
5,0 µm filter before injection into the AF4 setup. 

Transmission Electron Microscopy (TEM) 
Samples for TEM were prepared on ultra-thin carbon-coated 
TEM grid carriers (ECF200-Cu-50 from Science Services GmbH 
Munich, Germany). The Titanium Dioxide dispersion (sample 

1, table I) was dispersed 1:100 in a water solution of 50 mg/L 
Triton X-100. The two powder samples (sample 2 and sam-
ple 3, Table 1) and market sunscreen emulsion were dispersed 
1:100 in ethanol. In addition, for the sunscreen emulsion, the 
inorganic content was separated from the organic oil content 
by centrifugation using an Eppendorf MiniSpin at 13400 rpm 
(Eppendorf DE, Hamburg, Germany). The Titanium Dioxide dis-
persion was analyzed with a Themis Z3.1 TEM (Thermo-Fisher, 
Waltham, USA); the three other samples with a Tecnai Osiris 
F200 TEM (Thermo-Fisher, Waltham, USA) in bright-field as well 
as HAADF-STEM (High-Angle Annular Dark Field with Scanning 
Transmission Electron Microscope) mode. Both microscopes are 
equipped with a Super-X detector for Energy-Dispersive X-ray 
Spectroscopy (EDS) for chemical analysis. The data were an-
alyzed using the Thermo-Fisher Velox 2.1x and Bruker Esprit 
(Bruker, Billerica, USA, version 2) software packages.

Results

The nano range conventionally referred to a size ranging from 
1 to 100nm, corresponding to the scale at which nano-related 
incidences are most expected to take place. The relevance of 
taking into account the size of the constituent particles in the 
definition of the Cosmetic Regulation EC 1223/2009 was ex-
plained by the fact that, over time, primary particles may be re-
leased from the agglomerates or aggregates due to condition 
changes as stated in the EC recommendation (2011/696/EU) 
[6].The EC recommendation (2011/696/EU) revised June 10th 

2022 furthermore states that a material is a nanomaterial 
when 50% or more of the particles of the material exhibit 
one or more external dimensions in the size range 1 nm – 100 
nm in the number size distribution. The quantitative criterium 
enables the use of the definition in a regulatory context and 
became a common basis for regulatory purposes; indeed, the 
classification of a material as nano has consequences on its ap-
proval requirements. Therefore, the identification as to wheth-
er a material is nano or not is of prime importance.

Asymmetrical flow field-flow fractionation 
The elution fractions were analyzed with two different detec-
tors, the ICP-MS and UV detectors. The ICP-MS detector is el-
ement specific and allows to detect the presence of the metal 
ion in each eluting fraction, i.e. in our study Titanium or Zinc. 
The UV detector allows to detect UV absorbing species in in-
vestigated samples and, furthermore, serves for the establish-
ment of the correlation between elution time and particle size 
of the calibration latex standards.

Figure 1 displays the result of different sizes of reference poly-
styrene latex particles (20 nm, 50 nm, 100 nm, 200 nm) to 
establish the correlation between the elution time from the 
channel and the corresponding size of the particles. 

In the illustrative example presented in Figure 1, a latex par-
ticle with a size of 50 nm is eluted and detected after 20 
minutes.
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size distribution. The results for each sample are displayed in 
Figure 3.

Table 2 summarizes the number-based 
median particle size obtained by AF4 
measurements and the size indication 
provided by the supplier.
The AF4-based result classifies Titani-
um Dioxide dispersion (sample 1) as 
nanomaterial with a median particle 
size of 13 nm, which is in discrepancy 
with the data provided by the supplier 
claiming a particle size of 179 nm and 
no indication of which parameter the 
value of 179 nm is exactly referring to 
(median, mean…). Also, the Zinc Ox-
ide contained in the market product 
is measured as being nano, however, 
the INCI list for that product does not 
mention the nano feature of the Zinc 
Oxide. The Titanium Dioxide particles 
of sample 2 and 3 show a median size 
greater than 100 nm and both would 

The results of the AF4 measurements coupled with UV or ICP-
MS detectors are obtained in the form of elugrams; Figure 2 
displays the elugram of the Titanium Dioxide dispersion (sam-
ple 1) as an example.

The X-axis corresponds to the detection time of the particles 
after they were separated by asymmetric flow field-flow frac-
tionation and left the channel. The smaller the particles, the 
faster they leave the channel and are detected. The scatter 
blue curve (upper curve) corresponds to the signal from Ti-
tanium as recorded by the ICP-MS detector, and corresponds 
in our sample to the Titanium Dioxide particles. Titanium is 
detected after an elution time of 12 – 16 minutes and again 
after 20 – 35 minutes. The solid black line corresponds to 
the signal recorded by the UV detector, and overlaps the ICP-
MS signal with a detection of UV absorbing species after an 
elution time of 13 – 16 minutes and a second population 
between 20 – 30 minutes corre-
sponding to the Titanium Dioxide 
particles. According to the cali-
bration with latex standards (Fig-
ure 1), an elution time of 12 – 16 
minutes corresponds to particles 
with a size of less than 22 nm; the 
elution time between 20 and 35 
minutes of the second population 
species of Titanium Dioxide cor-
responds to particles with a size 
ranging from 50 to 200 nm. As-
suming the measurement is repre-
sentative for the complete sample 
and the particles are spherical and 
knowing the density of Titanium 
Dioxide and Zinc Oxide, the mass-weighted particle size dis-
tribution can be converted into a number-weighted particle 

Fig. 1 Calibration of elution time and particle size using polystyrene cali-

bration standards.
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Fig. 2 Elugram of Titanium Dioxide dispersion (Titanium Dioxide (and) C12-15 Alkyl Benzoate (and) 
Polyhydroxystearic Acid (and) Stearic Acid (and) Alumina). The solid black line corresponds to the 
signal detected by the UV detector; the scatter blue (upper) and red (bottom) curves correspond to 
the signals detected by the ICP-MS detector for the element Titanium and Aluminum, respectively.
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Table 2: Median particle size values (AF4 measurements) and size indication provided by the supplier.

Sample Tested inorganic material
Median (D50) (nm) 
measured by AF4

Size indication provided 
by the supplier

Dispersion 
(sample 1)

Titanium Dioxide 13 nm
179 nm with X Ray Disc 
Centrifuge

Powder 
(sample 2)

Titanium Dioxide 137 nm
(nano) indication given 
by supplier

Powder 
(sample 3)

Titanium Dioxide 120 nm 
Average particle size 
455 nm (DLS)*

Sunscreen 
market 
emulsion

Zinc Oxide 22 nm
Zinc Oxide was not listed 
as a nano UV filter in 
the INCI

* Dynamic Light Scattering
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also wrongly characterized its ingredient. As there remains un-
certainty when using a tier 1 method, a result which indicates 
that a material is non-nano should then be confirmed using 
a tier 2 technique such as Electron Microscopy. Therefore, all 
samples in our study were further evaluated with TEM.

Transmission Electron Microscopy
TEM is a counting methodology and belongs to the tier 2 
confirmatory methods. It is adapted to the detection and 
counting of the particles with sizes ranging from 1 nm to 
more than 1 µm. For each evaluated particle, the smallest 
dimension (ferret my) was considered. Figure 4 displays the 
cumulative number-based size distribution of the TEM evalu-
ation for all samples. 

Table 3 summarizes the number metrics (number of particles 
analyzed, median value of the size distribution, percentage of 
particles with sizes smaller than 100 nm).

Figure 5 shows a representative TEM image of the dispersion 
Titanium Dioxide (and) C12-15 Alkyl Benzoate (and) Polyhy-
droxystearic Acid (and) Stearic Acid (and) Alumina as an illus-
trative example.

The TEM evaluation revealed that the Titanium Dioxide and 
Zinc Oxide particles of all investigated samples are nanoma-

personal care sun care|

be classified as non-nanomaterials. The supplier of sample 2, 
however, mentions the nano status of this Titanium Dioxide 
grade. The reason of the discrepancy between the AF4 mea-
surements and the nano status claimed by the supplier could 
be due to the presence of agglomerates or aggregates in sam-
ple 2. These discrepancies reveal the complexity of measuring 
an accurate particle size. In fact, from all methods referenced 
in part 2 of the NanoDefine Methods Manual [16] and pro-
viding a number-based distribution of the size, only electron 
microscopy techniques can identify and count the constituent 
particles in aggregates/agglomerates. All other counting meth-
ods cannot distinguish between large particles and agglomer-
ates, consisting of smaller primary particles, both implying a 
risk of misinterpretation and of classifying a nano material as 
non-nano material. If the employed method provides a mean 
or median size of particles below 100 nm, it can be conclud-
ed that the tested material is a nanomaterial. This is the case 
for Titanium Dioxide dispersion (sample 1). The fact that the 
supplier of sample 1 provides a particle size of 179 nm is most 
probably due to the X-Ray Disc Centrifuge method used, which 
is not able to detect the constituent Titanium Dioxide parti-
cles in agglomerates/aggregates. The reason for this could be 
the sample preparation, which was not thorough enough to 
individualize the constituent particles. Concerning the market 
product, the producer most probably relied on the information 
provided by the supplier of the Zinc Oxide, which assumably 

Fig. 3 Number--based particle size distribution using AF4 ICP-MS of: a. sample 1 (Titanium Dioxide dispersion); b. sample 2 (Titanium Dioxide powder); 
          c. Titanium Dioxide in sample 3; d. Zinc Oxide in the sunscreen market emulsion.
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terials; the median size value of each being well below 100 
nm; for almost all samples, even 100% of the particles lie 
below the threshold of 100 nm. The difference in the parti-
cle size values between tier 1 and tier 2 methodologies for 
sample 2 and 3 suggests the presence of 
agglomeration or aggregates and under-
lines the importance of the correct selec-
tion of methodology and sample prepa-
ration. Methods which are based on the 
motion of the particles in a medium tend 
to measure the size of the aggregates 
rather than that of the primary particles, 
since the aggregates are the moving enti-
ties [17]. Such methods include Dynamic 
Light Scattering where the diffusion of 

personal care|sun care

the particles is analyzed; also centrifugation and field-flow 
fractionation where particles move in a centrifugal force field 
and flow field, respectively.

Fig. 4 Cumulative number-based particle size distribution of: 
a. sample 1 (Titanium Dioxide dispersion); 
b. sample 2 (Titanium Dioxide powder); 
c. Titanium Dioxide in sample 3; 
d. Zinc Oxide in sample 3; 
e. Zinc Oxide in the market product.
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Table 3: TEM number metrics of tested samples.

Sample Form
Number of 
particles 
analyzed

Median 
(D50) (nm)

Particles 
< 100 nm 
(%)

1 Dispersion 870 28.0 100.0%

2 Powder 425 20.4 100.0%

3 Powder  
TiO2 477 19.9 100.0%

ZnO 564 42.8 186.2%

4 Sunscreen market emulsion 509 30.0 199.6%
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[8] Commission Regulation (EC) No 2018/1881 of 3 December 2018 amending 
Regulation (EC) No 1907/2006 of the European Parliament and of the Council on 
the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) 
as regards Annexes I, III,VI, VII, VIII, IX, X, XI, and XII to address nanoforms of 
substances (Text with EEA relevance.)  
http://data.europa.eu/eli/reg/2018/1881/oj Accessed February 2022.

[9] Commission, E., Commission recommendation (2011/696/EU) of 18 October 
2011 on the definition of nanomaterial. available at: https://eur-lex.europa.eu/
legal-content/EN/TXT/PDF/?uri=CELEX:32011H0696&from=EN Accessed February 
2022. 

[10] NanoDefine, http://www.nanodefine.eu. 2013. Accessed February 2022.

[11] Rauscher H., et al. Identification of nanomaterials through measurements, EUR 
29942 EN, Publications Office of the European Union, Luxembourg, 2019, ISBN 
978-92-76-10372-1, doi:10.2760/053982, JRC118158. 2019.

[12] Mech A., et al. The NanoDefine Methods Manual, EUR 29876 EN, Publications 
Office of the European Union, Luxembourg, 2020, ISBN 978-92-76-12336-1, 
doi:10.2760/58586, JRC117501. 2020.

[13] Mech, A., et al. The NanoDefine Methods Manual. Part 1, The NanoDefiner 
framework and tools. EUR 29876 EN, Publications Office of the European Union, 
Luxembourg, 2020, https://data.europa.eu/doi/10.2760/824352. Accessed Febru-
ary 2022. 

[14] Mech, A., et al. The NanoDefine Methods Manual. Part 3, Standard Operating 
Procedures (SOPs). EUR 29876 EN, Publications Office of the European Union, 
Luxembourg, 2020, https://data.europa.eu/doi/10.2760/778. Accessed February 
2022. 

[15] The NanoDefine consortium 2016, The EU FP7 NanoDefine Project. Standardised 
dispersion protocols for high priority materials groups. NanoDefine Technical 
Report D2.3. http://www.nanodefine.eu/publications/reports/ 
NanoDefine_TechnicalReport_D2.3.pdf. Accessed February 2022.

[16] Mech, A., et al. The NanoDefine Methods Manual. Part 2, Evaluation of methods. 
EUR 29876 EN, Publications Office of the European Union, Luxembourg, 2020, 
https://data.europa.eu/doi/10.2760/06428. Accessed February 2022. 

[17] Herzog, B. Molecular aggregates in sunscreens – from liposomes to particles. 
Proceedings 30th IFSCC congress, Munich 2018.

This study reveals that limiting the nano interpretation of a 
material to a tier 1 methodology such as AF4, X-Ray Disc Cen-
trifuge or Dynamic Light Scattering is clearly insufficient in the 
case of Titanium Dioxide or Zinc Oxide UV filters, and leads to 
an erroneous interpretation and classification of the ingredi-
ent as a non-nano material.

Conclusion

In the present study we applied the decision support flow 
scheme devised by the NanoDefine project to identify if investi-
gated materials are nano or non-nano according to the EC defi-
nition of nanomaterials. We determined the median value of 
the particle size and number-based size distribution of several 
marketed Titanium Dioxide and Zinc Oxide products. The study 
revealed that when using only a tier 1 methodology, a sample 
may erroneously appear to be a non-nanomaterial, which may 
result in misinterpretation. This is explained by the fact that tier 
1 methods are not able to detect constituent particles as part 
of agglomerates. Two samples of Titanium Dioxide tested in 
the present study appeared to be non-nano with AF4 measure-
ments, but were finally proven to be nanomaterials using the 
TEM tier 2 method. For these reasons, the non-nano statement 
provided by a supplier who relies only on a tier 1 method, such 
as X-Ray Disc Centrifuge or Dynamic Light Scattering, should 
be doubted until it is verified by using an electron microscopy 
tier 2 technique.
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Introduction

The Home Care market can be characterized as “fast-moving 
consumer goods (FMCG)” with an enormous level of com-
plexity. Home Care encompasses many different categories 
(laundry, dish, hard surface cleaners and others), different for-
mats (powders, liquids, unit dose etc.), pack sizes and brands, 
as shown in Figure 1.

As a consequence, it takes significant effort for all parties in 
the value chain (raw material suppliers, manufacturers, brand 
owners) to understand the specific products/formulations in 
the Home Care market, needed to optimize their business-
es. For detergent manufacturers and brand owners it is often 
part of their ‘routine’ competitor monitoring, but eats away 
valuable R&D and market intelligence resources. Those are 
spent on ‘repetitive’ searches for information that is not easy 
to find, scattered and available only in difficult-to-access for-
mats. An additional difficulty is the IT element to monitor and 
maintain this type of information. Companies often do not 
have a structured way to do this, which makes market trend 
analysis variable and unreliable. For existing and new raw ma-
terial suppliers it is a struggle to understand and summarize 
the Home Care market, needed to value and optimize the 
use of their materials. That struggle is a direct result from an 
inability to look through market products from an ingredient 
and cost perspective.

Existing market intelligence platforms are often used as a 
starting point. However, their level of market information is 
limited to retail information. For Home Care, comprehensive 
information on ingredients, formulations and cost is not avail-
able from any market intelligence platform. To obtain formu-
lation details, physical-chemical analysis can be used which 
can be done in-house or at analytical service providers. These 
analyses are often limited to only a part of the formulation, 
are very time consuming-costly and restricted to a smaller 
range of products. 

Optimizing Your Resources for Market Intelligence and Product Development
R. M. Hermant , J-P. Janssens  

Information on Home Care product formulations and costs on-shelf is not easily available. Formulation information is often 
limited to on-pack label declaration and detailed information on ingredients lists or levels is restricted and scattered. This lim-

itation hampers (raw material) innovation, R&D and business development. Valuable resources are spent on obtaining market 
formulation intelligence in sufficient detail and keeping this information up to date. 
As Formulation Intelligence platform, FRAMES has developed an on-line database that provides direct access to on-shelf deter-
gent formulations and costs. A key functionality is the platform’s ability to integrate all available public information and assign 
levels & costs, based on long-term expertise in product development and supply chain. FRAMES’ smart-design database is 
uniquely positioned to provide market formulation intelligence on demand at any point in time.  
In addition, FRAMES provides Product Intelligence and Experimental Support. Product Intelligence gives context and inter-
pretation of all this market formulation information, for example by representative model formulations, ingredients trends or 
optimizing cost-performance by formulation-ingredient-raw material changes. Experimental support entails product sampling, 
performance testing or chemical analyses, all outsourced at capable parties. 
The article describes the Home Care market complexity and trends, and discusses how intransparancy of product information 
results in inefficient spend of company resources. FRAMES’ vision is to be the preferred one-stop-shop for Home Care product 
formulation intelligence.

abstract

Fig. 1 The Home Care market is characterized by an enormous 
complexity



12

home care |

published in: sofwjournal | 148 | 1+2/22

In conclusion, many companies spend valuable resources for 
the same market product intelligence activities, without any 
competitive advantage and accepting a mediocre consisten-
cy. In the opinion of the FRAMES founders, it could be of 
significant value to all parties in the Home Care industry to 
have a single efficient, transparent and consistent informa-
tion system. 

The Home Care industry is changing fast
Home Care consumer goods move faster as a result of 
below major industry trends.

“Sustainable planet“ has become a dominant driver for 
changes and is increasingly important to all societies. It directly 
impacts what consumers buy in stores and how we use them. 
Washing at lower temperatures significantly contributes to 
lower CO2 emissions in Europe, as set out by AISE [1-3].

For the global Home Care Industry, where washing at ambi-
ent temperatures is common, the main source of CO2 emis-
sions results from the materials used in the products [4]. Most 
FMCG companies revisit their businesses in that context, and 
so do retailers.

Unilever committed last year to move out of fossil [5] and 
plastic [6], after incorporation of US based Seventh Genera-
tion as a green brand. Henkel introduced “Love Nature” as 
sustainable -plant based surfactants- brand in 2020 [8]. A 
wide range of smaller “eco-brands“ and private labels started 
selling “natural only” products in EU / US [9-12], following 
pioneer Ecover, which is now owned by SC Johnson.

Another trend is an increased impact of regulation, driven 
by environmental issues and health & safety risks. The ban on 
phosphate has been a major driver for innovation in the past 
in Laundry and Dish, pressure to move out of phosphonates is 
increasing and some disinfectants have recently been heavily 
restricted. Pressure to move out of polymers has also become 
quite explicit in the context of microplastics and biodegrad-
ability. These bans and pressures have an explicit impact on 
the need to reformulate. In addition, there is an increased de-
mand from governments and people for transparency about 
consumer products “what’s in it?”. Detergent Regulation in 
Europe [17] and in North America [18] have enforced infor-

mation provision about composition through ingredients lists, 
label declarations and safety data sheets. Legislation in China, 
Asia, Latin America, Africa, Middle East & Turkey is not enforc-
ing this so far but these regions are expected to implement 
similar product information requirements at some point.

A third trend is the ongoing pressure on cost-performance 
and a call for more objectivity and transparency of product 
performance testing. This is driven in Europe by industry or-
ganisations such as AISE [19] with institutes like STIWA [20], 
IKW [21] and in US by ASTM [22] and SGS [23].

Product performance tests are usually carried out for a wide 
range of products on shelf at recommended dosage under the 
same defined conditions. Their rankings are publicly reported 
by national consumer magazines [24] such as Testberichte in 
Germany, Which? in UK, Que Choisir? in France or Consumer 
reports in US. Because of the importance of these rankings 
to advertise products (versus premium brands), this puts sig-
nificant pressure on optimizing cost-performance. Nowadays, 
these tests occur more frequently (up to twice a year) which 
drives more frequent reformulation and searches for new raw 
material supply. 

As a consequence of the above Industry trends, Home Care 
product formulation lifetimes on shelf are becoming much 
shorter, from around 2½  to only ½ years. Because the trans-
parency around these formulation changes remains restrict-
ed, it takes even more valuable R&D resource to obtain that 
market intelligence.

FRAMES value propositions

The FRAMES Formulation Intelligence value propositions cov-
er the complete product & business development process, 
from market intelligence to experimental support.

Our three value proposition pillars are shown in Figure 3 and 
discussed in more detail below.

Fig. 2 Ecolabels are becoming increasingly important

Fig. 3 FRAMES value propositions delivered through online access 
or dedicated project support

product knowledge
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1. Market formulations  

Ingredients & levels – FRAMES monitors public information of 
on-shelf formulations: ingredients lists, safety datasheets and 
on-pack declarations. That public information from various 
sources, is structured in a single database and ingredient % 
levels are assigned for each product. 

Costs – FRAMES cost assignment is based on a single average 
ingredient cost (at 100%), used across the board and con-
sidered as market representative average. Obviously, signifi-
cant dependences arise from volumes, geography, material 
quality, manufacturing set-up and manufacturer-supplier re-
lationships. Therefore, these numbers should be regarded as 
references for comparative purposes.   

The above information is stored in the FRAMES database, 
which is online available. The database’s smart design and 
search functions allow easy access from a market angle (for 
example a country-subcategory combination) or formulation 
angle (for example a format-ingredient combination). This 
makes FRAMES ideally set-up for any market analysis.

2. Product intelligence 

Market analyses – Home Care is often referred to as a FMCG 
(Fast Moving Consumer Goods) business not for nothing. For-
mulations on-shelf can change within 6 months, driven by 
competitor moves, new consumer testing, tender processes 
or raw material-supplier-price fluctuations. These changes 
over time are monitored in the FRAMES database and can be 
readily used for market analyses, ingredient trends and man-
ufacturer changes.

Model formulations – The enormous number of - continu-
ously changing - formulations on shelf, makes assignment 
of representative model formulations less straightforward. 
Such market representative models are relevant to support 
raw material development by suppliers and testing of refer-
ence formulations or raw materials. FRAMES provides up to 
date model formulations, depending on geography, (brand) 
positioning and product dosage, with assigned % of all in-
gredients listed, representative raw materials - suppliers and 
formulation costs. 

Cost-performance op-
timization – Delivering 
performance at low-
est cost is an important 
driver in the Home Care 
Industry. In Europe, this 
performance is defined 
by objective testing pro-
tocols, prescribed by in-
dustry organizations like 
AISE, IKW and others.  

Consumer organizations test on-shelf products independently 
and publicly report these performance results including pric-
es. This transparency drives cost-performance optimization by 
formulation, raw materials and processing. FRAMES supports 
this key area from its long-term product formulation - manu-
facturing expertise and raw material supplier networks.  

3. Experimental support 

Formulation Analysis & Sampling – FRAMES provides formu-
lation chemical analyses & sampling service by working with 
quality external parties. Chemical analyses are fairly laborious 
and expensive, so it literally pays to make research objectives 
sharp. Customer added value is provided through selection 
of cost-effective methods, working with experienced external 
parties and interpretation of results in a full formulation con-
text. FRAMES also provides sampling service of representative 
model formulations by working with smaller scale contract 
manufacturers and representative raw materials-suppliers. 
Quantities vary from 100 g to 10 kg and sampling comes 
with Safety Data Sheets (SDS) and full characterization (in-
gredient composition, physical properties). Customer added 
value is provided by formulation, raw material selection and 
processing.

Formulation testing – FRAMES provides product testing 
service for a range of Home Care categories (laundry, dish, 
hard surface cleaning, etc.). We work with external parties 
like SGS, Eurofins and other test-service providers like CFT, 
typically on the basis of relevant industry standards. Cus-
tomer added value results from cost and time efficiency by 
monitor-condition selection, experimental design and inter-
pretation of results.

FRAMES database – market examples

The FRAMES database provides on-line information about 
market products and ingredients on shelf. 

For products this includes full compositional detail with in-
gredient lists, % levels and cost, in addition to the usual re-
tail information. The time dimension is indicated by dates of 

Fig. 4 Database product comparison showing 3 product changes in a time period of only 1,5 years
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ingredients lists, SDS and production start-finish when avail-
able. Using these dates, predecessors of a specific product 
can be made transparent as a basis for trend analyses. 

The above market product example shows a comparison of  
4 Laundry Liquids in the United Kingdom on shelf, chang-
ing from March 2020 until September 2021. This makes the 
“Home Care consumer goods move faster” as discussed 
above, explicit in terms of 
technical product chang-
es and timing. 

For ingredients, the 
database shows basic 
chemical characteristics 
such as CAS number and 
an estimated cost, ex-
pressed as €/ton of the 
100% pure material. A 
key feature for each in-
gredient in the database, 
is a simple “info” button 
that directly shows all 
products in the database 
where that ingredient is 
used. This information 
is fundamental for raw 
material suppliers to un-
derstand ingredient use 
in the market. The below 
market ingredient exam-
ple, shows MGDA, a “sustainable planet” builder material, 
together with the long list of products incorporating it, in-
cluding automatic and hand dishwashing, laundry liquids and 
hard surface cleaners.

Workflow and automation

Over the last 4 years, we have developed the workflows to 
feed the FRAMES database. 

The starting point is always the 
retailer information on Home 
Care products. Retailers give 
online information on products, 
claims, retail selling price (RSP), 
label/ingredient information, etc. 
By using actual retailer informa-
tion FRAMES ensures the data-
base and product information 
is up to date. New Home Care 
products are filled in the data-
base, delisted products are made 
historic.

The retailer product information is then coupled to ingredi-
ent lists which are supplied by the detergent manufacturer 
and/or brand owner. A smart combination with safety data 
sheet information and FRAMES’ development expertise al-
lows for completing detailed formulation information of 
market products. An ingredient cost model is an integral 
part of the FRAMES database and delivers detailed formu-
lation costings.

A key functionality is the platforms ability to integrate all 
available public information and assign levels & costs, based 
on long term product development expertise in R&D and Sup-
ply Chain. Since the workflow is well defined and repetitive it 
allows automation. FRAMES has developed website scraping 
tools to gather the various product and ingredient informa-
tion. Artificial intelligence (AI) tools are currently being de-
veloped to automate the assignment of ingredient levels, a 
challenge for Laundry / Dish formulations.

Fig. 5 Database MGDA ingredient scan through all Home Care products on shelf

Fig. 6 FRAMES workflow & automation
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Outlook – Vision

The FRAMES’s vision is to be the preferred one-stop-shop for 
Home Care product formulation intelligence. To achieve this, 
we work

• To provide on-line access to Home Care product formula-
tion information on shelf in a single FRAMES database, as 
an integrating engine that includes all retail and compo-
sitional data, with % ingredient levels and cost estimates. 
The underlying rational is to professionalize non-propri-
etary product formulation intelligence that is already hap-
pening in many different companies.  

• To step up market coverage and updating frequency of 
Home Care products on shelf, it is essential to further 
automate the FRAMES database information flows. This 
automation proceeds through advanced website scraping 
and Artificial Intelligence to develop automated ingredi-
ent % assignment. 

• To grow functionality, a raw material database is being 
integrated as an extension the ingredient database, con-
necting raw materials to market products on-shelf. This is 
the third dimension in the FRAMES database, connected 
to the 3D complexity of the FRAMES company logo be-
low. 

Notwithstanding the essence of on-line product information, 
several product development questions go beyond on-line in-
formation and require interpretation, wider context or experi-
mental proof. We are committed to provide that full customer 
service based on our ability to connect different angles with 
pragmatic, fast and high-quality delivery. 
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abstract

UV filters

UV filters are in the spotlight of health 
and environmental matters and consumer judgement

In sun protection products, UV filters are the active compo-
nents that help protect human skin against harmful solar UV 
radiation [1]. A limited number of substances are available for 
this purpose, as they need to receive official approval for use 
from governmental or regulatory bodies [2]. These authorities 
assess potential candidates for their safety for use in humans 
[3], with the help of toxicological data generated in a similar 
way to the procedure for registering pharmaceutical ingredi-
ents. Regional registration processes differ from each other to 
a certain extent, however, they always involve significant finan-
cial and experimental input next to the risk of failing to meet 
safety criteria. Therefore, only a limited number of compounds 
are permitted for use in sunscreens as “UV filters”. 

The environmental features of UV filters are taken into account 
by various governmental associations. For example, as an EU 
body, the European Chemicals Agency (ECHA, https://echa.
europa.eu/de/)  controls toxicological and environmental data 
for the purposes of assessing, determining and regulating oc-
cupational safety and the safety of transporting and labeling 
chemicals [4]. Listed substances are constantly re-examined, 
e.g. depending on their use volume. Within this process, the 
substance may be transferred to the “Community Rolling Ac-
tion Plan” (CoRAP) [5] for substance evaluation by ECHA, or 
upon request from a member state. Currently, 9 of the 29 UV 
filters (not counting registered Nano-Forms) approved in the 

EU are on the CoRAP list (November 2021) for various reasons. 
Other authorities around the world observe new evaluations 
initiated by the ECHA, the US Food and Drug Administration 
(FDA, https://www.fda.gov/) or the US Environmental Protec-
tion Agency (EPA, https://www.epa.gov/) and use the outcome 
as the basis for local approval processes. Due to these regula-
tory processes, it can take several years for a new UV filter to 
be approved, or sometimes, a reassessment may be executed, 
potentially leading to adjustments being made to the approval. 

On the plus side, if a compound has met all these regulatory 
requirements, a lot of data will be available about its impact on 
human health, its safety and its environmental features. 
UV filters, in the form of sunscreens, are a class of compounds 
that will feature in almost everyone’s life, because people en-
joy to spend time in the sun, and most of us require protec-
tion UV light. UV filters are also an essential cornerstone in the 
fight against skin cancer [6], a disease that costs our health 
care system billions of €uro [7] − even in its non-deadly form, 
non-melanoma skin cancer − and costs human lives in its most 
deadly form [8]. Moreover, the incidence rate for both types of 
cancer is constantly on the rise [9]. UV filters are therefore not 
only important functionals, but also some of the most popular 
ingredients in the cosmetics and OTC industries. 

The popularity of UV filters puts them in the spotlight within 
various research facilities and committees tasked with investi-
gating additional features or revisiting data and unaddressed 
data gaps for this compound class. It is not unusual for these 

New Method for Connecting Sunscreens with Consumers 
via a Relative Eco-score
G. Kunze, A. Schlifke, N. Hefner, E. Jackson, K. Berg, A. Janssen, J. Vollhardt

In sun care products, UV filters are the most important active substances, protecting the user against UV radiation. Recently, 
these substances have been linked to concerns about application safety and potential harmful effects on the environment. 

Ample human safety data and environmental compatibility studies are available already, but nevertheless, the debate about 
the possible impact of UV filters, in particular in relation to coral systems, has received widespread public attention. Consumers 
want to make the best choices for protecting the environment, but that is only possible with deep expert knowledge. The aim 
of this project, therefore, was to create an easy-to-comprehend information system, and ideally a logo as well, to facilitate 
decision-making. The system needs to use all available knowledge on the eco-compatibility features of UV filters and connects 
all available data in a transparent and logical manner. A newly developed computer-aided system helps sunscreen developers 
to design, or simply rate and compare their sunscreen products. The option of comparing products to a virtual eco-benchmark, 
based on the median of an eco-score distribution of hundreds of marketed sunscreens, takes comparison to a new level. Public 
product databases were analyzed with a smart algorithm to derive the necessary individual sunscreen eco-scores. The result of 
this comparison is an easy-to-comprehend, relative eco-label, designed to connect directly with consumers and to give them the 
choice of purchasing the best available products for the environment. 
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sus once said that “the dosage makes the poison” [16], so in 
reality a sunscreen may indeed have zero impact depending on 
exposure level. However, with an absolute scale that naturally 
does not consider such an exposure level, the “impact” will be 
different from zero. The straightforward conclusion consumers 
draw from this may lead directly to their applying the avoid-
ance principle: “no sunscreen, no impact!”. From the perspec-
tive of human health, and for a class of consumer products 
that already lacks good use compliance, this would be an un-
desirable endpoint.

Therefore, what is needed is: 

• A scoring system that connects necessary environmental im-
pact data transparently and logically. It should also penalize 
any still existing data gaps by using the worst-case assump-
tion. 

• A system that can be expanded for future additional envi-
ronmental data

• An analysis of the current situation on the market regarding 
the eco-impact of sunscreens

• A comparison of individual sunscreen composition to the 
market average

• A non-digital graphical interface that relays all this informa-
tion to consumers, ideally instantly and in a self-explanatory 
way

• A tool to enable sunscreen developers to plan and design 
formulas for a desired eco-label and to rate products made.

Three steps to eco-friendly sun protection  
– how does it work?

To achieve the above requirements we created a new, sequen-
tial three-step, environmental evaluation system (Figure 1). 
Step 1 evaluates individual compounds (UV Filters only at pres-
ent, but more generally it is not limited to UV filters); Step 2 
assesses the impact these compounds would have on the en-
vironment in a sunscreen composition; and Step 3 analyzes 
how this composition compares to a virtual market average 
– This benchmarked Eco impact score led then  to the corre-
sponding logo for an eco-label. 

personal care|UV filters

activities to lead to the postulation of hypotheses on new haz-
ards in relation to sunscreen use for humans and environment. 
Such news naturally spreads fast as consumers tend to form 
a personal connection almost instantly, overlooking the point 
that in many cases the “hazard” communicated is only poten-
tial and a thorough risk analysis including an exposure scenario 
is missing [10, 11]. This creates confusion on how best to use 
sunscreens. In its extreme, consumers follow the “avoidance 
principle”, ignoring that, in the case of sunscreens, this princi-
ple is seldom “risk free” and instead comes with an enhanced 
risk of skin cancer.

What is required is an easy-to-comprehend information system 
that helps consumers make educated environmental choices, 
but that intrinsically contains a risk-based approach. It needs 
to be transparent and logical in the way it condenses available 
and necessary environmental safety data to indicate ecological 
compatibility. It also needs to be free of manufacturer bias; 
because the chances of consumers accepting an information 
system initiated and supported by the UV filter manufacturing 
industry or sunscreen makers are low. Additionally, this system 
should be able to stimulate and drive the whole industry to-
wards higher eco-compatibility constantly. Above all however, 
it needs to be easy to understand instantly; because consumers 
should not need to become environmental safety experts to 
select a product. 

Earlier attempts have already been made [12-14]. These sys-
tems are based on the environmental safety data required to 
register products and compounds for importing, transporting 
and handling in the EU, other regions, or for internal assess-
ment purposes. Their eco-features are therefore derived from 
OECD guideline conformance studies, with a high degree of 
reliability and credibility, and transformed via weighing factors 
into a single eco-impact scale and an individual number for the 
sunscreen in question. It has not been easy to educate consum-
ers about sun protection factor (SPF numbers) and still, decades 
after their introduction, about 50%  of people do not under-
stand what SPF numbers mean [15]. It is reasonable to predict, 
therefore, that introducing a second number to a sunscreen 
bottle – and one that is even more complex to comprehend 
due to the numerous data it is calculated from − would be likely 
to fail. 

There is also an-
other disadvan-
tage to introduc-
ing an absolute 
scale for the 
eco-impact of 
sunscreens, be-
cause even the 
best sunscreen 
in such a system 
cannot have zero 
impact. Paracel-

Fig. 1 Three-step system for eco-friendly sunscreen development. To create an eco-label, the user just needs to enter the 
quantitative composition (box marked in orange).

perspective of human health, and for a class of consumer products that already lacks good use 
compliance, this would be an undesirable endpoint. 

Therefore, what is needed is:  

- A scoring system that connects necessary environmental impact data transparently and 
logically. It should also penalize any still existing data gaps by using the worst-case assumption.  

- A system that can be expanded for future additional environmental data 
- An analysis of the current situation on the market regarding the eco-impact of sunscreens 
- A comparison of individual sunscreen composition to the market average 
- A non-digital graphical interface that relays all this information to consumers, ideally instantly 

and in a self-explanatory way 
- A tool to enable sunscreen developers to plan and design formulas for a desired eco-label and 

to rate products made. 

Three steps to eco-friendly sun protection – how does it work? 

To achieve the above requirements we created a new, sequential three-step, environmental 
evaluation system (Figure 1). Step 1 evaluates individual compounds (UV Filters only at present, but 
more generally it is not limited to UV filters); Step 2 assesses the impact these compounds would have 
on the environment in a sunscreen composition; and Step 3 analyzes how this composition compares 
to a virtual market average – This benchmarked Eco impact score led then  to the corresponding logo 
for an eco-label.  

 

Figure 1: Three-step system for eco-friendly sunscreen development. To create an eco-label, the user just needs to enter 
the quantitative composition (box marked in orange). 

 

Step 1 – UV Filter evaluation 

To generate an evaluation for a UV filter combination, the UV filters must first be analyzed individually. 
From the REACH registration data stored at ECHA, the sections “Physical & Chemical Properties”, 
“Environmental Fate & Pathways” and “Ecotoxicological Information” are given particular 
consideration. It must be noted that the aim is not to carry out a regulatory classification of the raw 
material. The information normally used for risk assessment, in accordance with Annex XIII of the 
REACH regulation [4], and the terminology and specifications for classification as stated in the guidance 
on information requirements and chemical safety assessment [17], serve only as the base dataset. This 
ensures that no additional criteria are created unnecessarily. The UV filter is evaluated on the basis of 
Persistence, Bioaccumulation and Toxicity (PBT) parameters. The T parameters used are: 

• Effects of the substance on fish with short term exposure (Acute Tox Fish) 
• Effects of the substance on fish with long term exposure (Chronic Tox Fish) 
• Effects of the substance on invertebrates with short term exposure (Acute Tox Invertebrates) 
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Step 1 – UV Filter evaluation

To generate an evaluation for a UV 
filter combination, the UV filters 
must first be analyzed individually. 
From the REACH registration data 
stored at ECHA, the sections “Phys-
ical & Chemical Properties”, “Envi-
ronmental Fate & Pathways” and 
“Ecotoxicological Information” are 
given particular consideration. It 
must be noted that the aim is not to 
carry out a regulatory classification 
of the raw material. The information 
normally used for risk assessment, 
in accordance with Annex XIII of 
the REACH regulation [4], and the 
terminology and specifications for 
classification as stated in the guid-
ance on information requirements 
and chemical safety assessment 
[17], serve only as the base dataset. 
This ensures that no additional cri-
teria are created unnecessarily. The 
UV filter is evaluated on the basis of 
Persistence, Bioaccumulation and 
Toxicity (PBT) parameters. The T pa-
rameters used are:
• Effects of the substance on fish 

with short term exposure (Acute 
Tox Fish)

• Effects of the substance on fish 
with long term exposure (Chronic 
Tox Fish)

• Effects of the substance on inver-
tebrates with short term exposure 
(Acute Tox Invertebrates)

• Effects of the substance on inver-
tebrates with long term exposure 
(Chronic Tox invertebrates)

• Effects on algae, water plants
• Effects on aquatic microorgan-

isms 

Based on these endpoints, a UV filter can currently collect 100 
points as the maximal score value. These are divided into 20 
points each for persistence (P) and bioaccumulation (B). For 
the six toxicological analyses, 10 points per endpoint is per-
mitted. This 20/20/60 system gives a significant weight to the 
toxicological evaluations in relation to the P and B criteria. The 
count is positive, so a substance with a high score, for exam-
ple, has better environmental compatibility - or lower toxicity 
or impact. In the ideal case of a value of 100, a substance 
is readily biodegradable, not bioaccumulative, and all toxico-
logical tests resulted in no detected effects. In the case of 
deviations, the score is awarded in accordance with Table 1.

Rules define how the score is allowed to be lowered in the 
case of only indicative or less supportive experimental setups 
[18], e.g. in silico analysis, data bridging, classification of the 
substance by ECHA as Acute / Chronic Aquatic Toxic Class 1. 
In line with the commonly used practice of the toxicological 
worst-case scenario, no points are given if no data is available 
(Score = 0). 

Special cases are represented by the lack of chronic datasets 
under certain circumstances. These studies may have been 
waived by the applicants, as they are not mandatory for reg-
ulatory classification in the case of negative acute datasets. 
The rules shown in Table 2 apply in those cases where a UV 

Table 1: Overview of scoring system for individual UV absorbers  

Parameter Result 1 Result 2 Result 3

Result Parameter P
Biodegradation

Readily 
biodegradable

Inherently / ultimately
biodegradable

Not 
biodegradable

Score 20 10 0

Exemption if Parameter P is 
“non-readily biodegradable”

But substance 
hydrolysis less than 

10 days: 

Score 10

Result Parameter B
Bioaccumulation

Not bioaccumulative
Bioconcentration 

factor 
(BCF) <2000 L/kg: 

No testing, assessment 
based on in-silico/phy-

sical properties, 
e.g. Log Pow

Bioaccumlative

(BCF >2000 
L/kg)

Score 20 2.5-10 0

Result Parameter T
Acute Tox testing’s

Negative / no effects Detected effects Toxic effects

Score 20 2.5-10

ECHA/WHO Classification as Acute/Chronic Toxic 
Class 1

Endocrine Disrupter

Score -5 -5

Parameter independent: 
if conclusion is based on 
Quantitative Structure-Ac-
tivity Relationship (QSAR)/
in-silico/Data bridging/Risk 
assessment

Score: 
½ of maximal 

score

Table 2: Scoring in the case of an absence of chronic datasets based on solubility and result of the 
P Parameter  

Substance

Solubility

Result Parameter 

P

Biodegradation

Result Parameter 

T

Acute Tox testing’s

Result Parameter T

Chronic test /

Chronic result

Score for 

negative Acute  

+ Bonus

Oil
Readily 

biodegradable
Negative / 
no effects

Not necessary due 
to negative Acute 
testing / no data

10+2.5

Oil
Not readily 

biodegradable
Negative / 
no effects

Not necessary due 
to negative Acute 
testing / no data

10+0

Water
Independent of 

Biodegradation results
Negative / 
no effects

Not necessary due 
to negative Acute 
testing / no data

10+5

Oil or 
Water

Independent of  
Biodegradation results

Negative / 
no effects

Chronic test:  
negative / no effects

Acute 10
Chronic 10
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Step 3 – Relative eco-compatibility classification based 
on market data for existing sunscreens

The environmental impact parameter (EI) already allows 
comparison between different formulas, albeit with the lim-
itations mentioned in the introduction. The ideal would be 
comparison to some sort of market average. However, that 
would necessitate a compositional analysis of several hun-
dreds of global or regional marketed products. With such 
an analysis, a distribution of EIs could be created and from 
that a reference midpoint could be set. A sunscreen’s per-
formance runs more or less parallel to the amount of UV 
filters used. The more UV filters, the higher the SPF. We 
therefore chose to analyze the eco-impact of sunscreens by 
SPF class, in a similar way to how they are defined in the EU  
(6, 10, 15, 20, 25, 30, 50, 50+) [19] and to create eight inde-
pendent groups. We performed this analysis using the pub-
lished compositional data required for labeling and a propri-
etary algorithm that estimated composition. Based on that, 
we calculated individual market products EIc. For each SPF 
class, this generated a standardized distribution of EIcs cover-
ing a wider range. The median of this distribution was then 
used to set the comparison point for calculating individual 
and relative eco-labels. This process needs to be repeated ev-
ery three to five years, to keep track of the constantly chang-
ing environment in the sun care industry. 

We chose a seven-class system in which the mid-point was 
aligned to the median that resulted from SPF category-spe-
cific analysis. A represents the best and G the weakest eco-
score. To make it quick and easy to understand the seven 
eco-scores, we created a series of symbols as visualized in 
Figure 2. A color and clockwise indicator system make the 
logo instantly understandable to consumers. 

Eco-data calculation system  
for designing a new formula or rating an existing one

The scoring system and calculations behind the eco-labels 
have been added to the DSM Sunscreen Optimizer (DSO). 
The only data required are a sunscreen’s quantitative UV filter 
composition and the calculated or labelled SPF value. Using 
these data, the system analyzes the eco-score and also per-
forms a comparison with the virtual market benchmark for the 
SPF class. It then allocates one of the seven possible eco-labels 

filter is classified as “readily biodegradable” or regarded as 
“water-soluble”. In cases with no detected effect (negative 
result), a bioaccumulation and a chronic effect is unlikely to 
appear, and the acute data is sufficiently meaningful and 
therefore receives a higher weight. 

Even if the substance is considered not readily biodegradable, 
in one special case additional scores are granted (see Table 
1). In cases where the compound is rapidly hydrolyzed (cri-
teria: half-life less than 10 days) - 10 points (= ½ of maximal 
score) are allocated for biodegradation/persistence.

With the considerations described above, a UV filter can be 
assigned an individual score between 0 and 100. The parame-
ters can be expanded as new types of data become available. 
At present, data on corals lack reproducibility and their appli-
cability is the topic of controversial discussion. However, such 
data will be included once OECD guidelines on coral safety 
testing are available. 

As a next step, the positive individual score of a UV filter is 
converted into an environmental impact (EI) parameter. This 
is done by deducting the score from the maximum number 
of points (100) (e.g. score = 60, maximum number of points  
100: EI = 100-60 = 40). 

Step 2 – UV Filter composition 
in a sunscreen

UV filter combinations used in a full formulation can there-
fore be calculated by the sum of all UV absorber impact val-
ues combined with the used filter concentration in % by vol-
ume as a multiplier:

Equation 1:

EIc: Environmental impact of UV absorber composition

SPi: Sum of points of UV absorber (i) in the formulation

ci: Individual concentration of UV absorber (i) in the combination

i: Number of UV absorbers in the sun protection combination

EIC indicates the value for the environmental impact of a 
specified UV absorber combination within a formulation. This 
results in absolute values, 
which facilitates compari-
son between formulations 
– the lower the value, the 
lower a combination’s en-
vironmental impact.

where a UV filter is classified as “readily biodegradable” or regarded as “water-soluble”. In cases with 
no detected effect (negative result), a chronic effect is unlikely to appear, and the acute data is 
sufficiently meaningful and therefore receives a higher weight.  

Table 2: Scoring in the case of an absence of chronic datasets based on solubility and result of the B 
Parameter 

Substance 
 

Solubility  

Result Parameter  
B 

Biodegradation 

Result Parameter 
T 

Acute  
Tox testing’s 

Result Parameter 
T 

Chronic test / 
Chronic result 

Score  
for  

negative 
Acute + Bonus 

Oil Readily biodegradable Negative /  
no effects 

Not necessary 
due to negative 
Acute testing / no 
data 

 
 

10+2.5 

Oil Not readily 
biodegradable 

Negative / 
no effects 

Not necessary 
due to negative 
Acute testing / no 
data 

 
 

10+0 

Water Independent of 
Biodegradation results 

Negative /  
no effects 

Not necessary 
due to negative 
Acute testing / no 
data 

 
 

10+5 

Oil or Water Independent of 
Biodegradation results 

Negative / 
 no effects 

Chronic test: 
negative / no 
effects 

 
   Acute 10 
Chronic 10 

 

Even if the substance is considered not readily biodegradable, in one special case additional scores are 
granted (see Table 1). In cases where the compound is rapidly hydrolyzed (criteria: half-life less than 
10 days) - 10 points (= ½ of maximal score) are allocated for biodegradation/persistence. 

With the considerations described above, a UV filter can be assigned an individual score between 0 
and 100. The parameters can be expanded as new types of data become available. At present, data on 
corals lack reproducibility and their applicability is the topic of controversial discussion. However, such 
data will be included once OECD guidelines on coral safety testing are available.  

As a next step, the positive individual score of a UV filter is converted into an environmental impact 
(EI) parameter. This is done by deducting the score from the maximum number of points (100) (e.g. 
score = 60, maximum number of points 100: EI = 100-60 = 40).  

Step 2 – UV Filter composition in a sunscreen 

UV filter combinations used in a full formulation can therefore be calculated by the sum of all UV 
absorber impact values combined with the used filter concentration in% by volume as a multiplier: 

Equation (1): 

𝐸𝐸𝐸𝐸! =	%(100 − 𝑆𝑆𝑆𝑆") ∗ 𝑐𝑐"

"

"#$

 

EIc: Environmental impact of UV absorber composition  
SPi: Sum of points of UV absorber (i) in the formulation 
ci: Individual concentration of UV absorber (i) in the combination 
i: Number of UV absorbers in the sun protection combination 
 

Fig. 2 The seven available logos for visualizing the relative environmental compatibility of UV Filter combinations 
in sunscreens. Eco-Label classifications range from A to G
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Conclusion

Environmental compatibility is a hot topic for sunscreens. Con-
sumers want to make the right choice, but the information 
they need to make an educated decision is often fragmented, 
and they lack the deep expert knowledge required to under-
stand scientific study results in any meaningful way. Here, we 
propose a system that condenses all available data − based on 
OECD guideline conformance studies− into a score and com-
pares this score to a market benchmark for each SPF class. For 
an eco-label, we suggest a graphical clock type figure: there is 
a very high density of information behind this symbol, but it is 
instantly understandable. With the help of the DSM Sunscreen 
Optimizer, eco-labels can be calculated either from the compo-
sition for existing sunscreens or during the development and 
design phase for new sunscreens. With the DSM Sunscreen 
Optimizer it is also possible to estimate SPF and UVA protec-
tion performance instantly and in parallel to other relevant 
performance parameters after data input, for a multi-dimen-
sional optimization process. The beauty of this eco-label is its 

personal care UV filters|

shown in Figure 2 to a 
sunscreen. In this way, the 
DSM Sunscreen Optimizer 
now makes it possible to 
design more eco-compat-
ible formulas while simul-
taneously keeping control 
over other performance 
parameters, such as the 
level of UVA protection, 
costs, and sensory fea-
tures, in a multi-dimen-
sional fitting process. 

Figure 3 shows ex-
amples for SPF 30 
and SPF 50+ formulas. 

Through experimenta-
tion with the DSM Sun-
screen Optimizer in silico 
laboratory, some rules 
for achieving top-class, A 
and B eco-labels quick-
ly became apparent (see 
examples in Figure 3). 
It is important to focus on 
UV filter systems with high 
performance, and good 
eco-compatibility, such as 
Bis-Ethylhexyloxyphenol 
Methoxyphenyl Triazine 
(Bemotrizinol, BEMT), 
Methylene bis-benzotri-
azolyl tetramethylbu-
tylphenol (Bisoctrizole, 
MBBT), Phenylbenzimidazol Sulfonic Acid (Ensulizole, PBSA), 
Ethylhexyl Triazone (Octyl Triazone, EHT) and Butyl Methoxy-
dibenzoylmethane (Avobenzone, BMDBM). 

The lower dosage needed to achieve performance relative 
to UV filters with lower absorption is an add-on in terms of 
eco-compatibility. UV filters with a lower eco-score should be 
used carefully as from a certain usage level onwards, they 
significantly reduce the whole formula’s eco-label. This is a 
well-expected consequence of an optimization system like 
this and a reminder of Paracelsus. 

With all eco-compatibility in mind, it is also important not to 
lose track of a sunscreen’s other features. An A-label is not of 
help if the consumer does not appreciate the sensory features 
of the sunscreen and therefore decides not to use it or only 
uses it sparingly. Because of this, during the formulation pro-
cess it is helpful to analyze additional and necessary features 
simultaneously and to keep control of these alongside the 
eco-rating.

Fig.3 DSM Sunscreen Optimizer Interface with examples illustrating SPF 30 and SPF 50/50+ formulas with differ-
ent Eco labels and Eco classes. Eco labels depend on the UV filter composition and the SPF class achieved or mea-
sured. For the SPF 30 we chose a calculated SPF, while for the SPF 50 or 50+ classes we entered a measured value. 
In parallel costs (arbitrary values in 2. weighted sum) and oil load (not shown) could be checked simultaneously. 
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intrinsic power to push our sunscreen industry towards even 
higher eco-friendly formulas and new innovations in sun care, 
supported by the buying decisions of the consumer. This can 
represent a true commitment to the environment.
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