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Abstract: Chemical ultraviolet filters are widely used in a variety of cosmetic products to protect
the skin from the harmful effects of UV radiation. In order to guarantee consumers’ health, the
content in sunscreens is regulated in a number of countries. Many analytical methods are used to
determine UV filters in cosmetics samples. In recent years, attention has been paid to the fact that
the methods should have a small impact on the environment. This work examined the greenness
of 10 reported chromatographic methods in the literature for the determination of UV filters in
cosmetic samples using two new tools: analytical greenness metric (AGREE) and analytical greenness
metric for sample preparation (AGREEprep). Microextraction methods of sample preparation in the
AGREEprep assessment show a higher score of greenness. The results recommended the use of both
tools to assess the greening of methods before planning laboratory analytical methods to measure
their ecological impact on the environment.
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1. Introduction

UV filters are a group of chemicals commonly used in a wide range of cosmetic
products (such as lotions, shampoos, creams, aftershave products, and make-up products)
to protect the skin and hair from sun damage [1,2]. UV filters are classified into two
groups: organic (chemical) UV filters, which absorb UV light, and inorganic (physical) UV
filters, which reflect and scatter UV radiation. European legislation has set the maximum
allowed concentration for each UV filter in cosmetic products (regulation no. 1223 /2009
of the European Commission) [3]. The European Union regulations permit the use of
30 UV filters in cosmetics in concentrations ranging from 2 to 25%, of which only two are
inorganic (titanium dioxide and zinc oxide). Chemical UV filters are organic molecules
capable of absorbing high UV-A and UV-B range radiation [4]. They can be classified
into the following different groups according to their chemical structure: benzophenone
derivatives, p-aminobenzoic acid derivatives, salicylates, cinnamates, camphor derivatives,
triazine derivatives, benzotriazole derivatives, benzimidazole derivatives, and others [5].

In order to ensure the product user’s safety and to control the efficacy of sunscreen
products, two standard methods are dedicated to the determination of 10 and 22 UV filters
in sunscreen products [6,7]. Additionally, there are several dozen developed analytical
methods for the determination of UV filters in cosmetic products in the research papers.
However, there is still a need to develop a reliable, fast, and easy-to-implement analytical
methodology for the analysis of cosmetic ingredients for the cosmetics industry, which, in
accordance with current trends in analytical chemistry, should comply with the principles
of green analytical chemistry (GAC) [5].

The analytical techniques employed to determine UV filters in cosmetics are gas
and liquid chromatography with different detectors, spectroscopic techniques, and elec-
trochemical techniques. The most common technique used for this purpose is liquid
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chromatography, for which the extraction of analytes from a cosmetic product can be
conducted with organic solvents, such as methanol or ethanol. Moreover, the use of an
ultrasonic bath can accelerate the dissolution of these compounds. The samples can then be
filtered or centrifuged to isolate the fraction of interest and remove the insoluble fraction
of the cosmetic matrix. However, this method of sample preparation is not recommended
because it may adversely affect the chromatographic system, causing damage to the in-
jector, column, and detector [8]. Therefore, it is appropriate to use sample preparation
techniques—selective extraction of analytes. Thanks to this, gas chromatography can also
be used for analysis but sometimes requires a derivatization step (to increase the volatility
and sensitivity of the compounds).

Recently, the most amount of attention has been paid to miniaturized extraction meth-
ods that comply with the GAC principles—aiming to offer safe analytical practices for
humans and the environment. GAC was introduced to minimize the negative environmen-
tal impact of chemical measurements by reducing energy demand, toxic laboratory waste,
and the use of hazardous solvents and chemicals. GAC has several metric tools that have
been established to evaluate and measure the greening of methods by combining results
(penalty points) or graphics such as the analytical eco-scale (AES), the green analytical
procedure index (GAPI), the national environmental methods index (NEMI), the green
certificate (GC), pictograms like hexagon (H), the analytical greenness metric (AGREE),
and the analytical greenness metric for sample preparation (AGREEprep) [9-13]. Addi-
tionally, the concept of white analytical chemistry (WAC) is used to evaluate analytical
methodologies, which is an extension of GAC [14].

Nowadays, the most popular free software metrics to assess the greenness of an
approach are AGREE and AGREEprep. The AGREE metric tool is focused on the entire
methodology and is based on the 12 categories of the principles of GAC, whereas the
AGREEprep metric provides prominence to sample preparation in accordance with the
10 green sample preparation (GSP) principles.

The main task of this work is to assess the environmental impact of 10 chromato-
graphic procedures for the analysis of UV filters in cosmetic samples using the latest tools,
i.e., AGREE and AGREEprep. The use of assessment tools will highlight the advantages
and disadvantages of each and indicate the most environmentally and operator-friendly
methods. In addition, greenness assessment tools can help analysts identify critical steps in
the chosen method so that the greenness of the analytical procedure can be improved. The
results of this work can help scientists choose an analytical procedure for routine analysis.

2. Materials and Methods
2.1. Greenness Assessment Tools

Two new greenness assessment methods were applied in our study: AGREE and
AGREEprep.

2.1.1. AGREE—Analytical Greenness Metric

AGREE was developed in 2020 by Pena-Pereira et al. [13]. The AGREE metric tool
is focused on all analytical procedures and is based on the 12 categories of the principles
of GAC, such as nature and volume of reagents, generated waste, energy consumption,
the number of procedural steps, miniaturization, automation, and throughput (Table 1).
Each input principle is transformed into a score range of 0-1, with weights for each
principle, which are reflected in the width of each segment. The final score is obtained
from the assessment of all the principles. The output is a clock-like pictogram where
the final score and color are shown in the middle (from green to red). In this way, the
environmental performance of the entire procedure can be easily assessed in terms of
the 12 GAC principles [9]. The software is open-source and can be downloaded from
https://mostwiedzy.pl/ AGREE (accessed on 13 October 2023).
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Table 1. Description of the criteria for AGREE and AGREEprep metrics.
AGREEprep Metric AGREE Metric
Criterion  Criterion Description Weight Criterion  Criterion Description Weight
1 Favor in situ sample preparation 1 1 Sample pretreatment 2
2 Use safer solvents and reagents 5 2 Sample size 2
3 Target sustainable, re}lsable, 2 3 Location of the analytical device 2
and renewable materials
4 Minimize waste 4 4 Number of steps 2
5 Minimize sample, chemical, ’ 5 Miniaturization and >
and material amounts automatization
6 Maximize sample throughput 3 6 Derivatization agent 2
7 Integrate steps and promote automation 2 7 Waste amount 2
8 Minimize energy consumption 4 8 Analyte throughput 2
9 Choose t.he greenest po§51ble post-sample ’ 9 Energy consumption 2
preparation configuration for analysis
10 Ensure safe procedures for the operator 3 10 Use of bio-based reagents 2
11 Amount of toxic reagents 2
12 No. of threats—operator’s safety 2

2.1.2. AGREEprep—Analytical Greenness Metric for Sample Preparation

AGREEprep is a new analytical greenness metric, which was published by Wojnowski
et al. [15] in 2022 and focuses on sample preparation for analysis. The assessment with
AGREEprep is easy to perform for both inputting values and reading output. The free
version of the software can be obtained from https://mostwiedzy.pl/ AGREE (accessed on
13 October 2023). In this analytical greenness metric, each of the 10 criteria (Table 1) has
a default weight that contributes to the total score. Researchers may make modifications
to the default weights of each criterion, as long as they duly justify these changes. The
assessment result is a colorful round pictogram with the number in the centre. The total
score, which also ranges from 0 to 1, with 1 being the perfect score, is calculated by
weighting the values from each criterion. If the cumulative result is greater than 0.5, it is
considered a green method of analysis [16].

2.2. Evaluated Methods

Ten different analytical methods for the determination of UV filters in cosmetics were
selected for evaluation of their greenness. Methods were selected that were based on
commonly known and used analytical techniques. One of the procedures is a European
standard (Method 1) [7], while the others are taken from literature reports. These procedures
use various sample preparation methods, such as dissolving the cosmetic in a solvent
(Methods 1 and 2) [7,17], solvent extraction with derivatization [18] (Method 3), SPE [19],
and PLE [20] extraction methods (Methods 4 and 5), and five microextraction methods:
MEPS (Method 6) [19], ui-MSPD (Method 7) [21], DSPME (Method 8) [22], US-VA-DLLME
(Method 9) [23], and dynamic HF-LPME-HPLC-UV (Method 10) [24]. These methods
use chromatographic techniques for analysis: gas chromatography with MS and MS/MS
detectors and liquid chromatography with UV-Vis, DAD, and MS/MS detectors.

Descriptions of the analytical procedures of Methods 1-10 and detailed AGREEprep
and AGREE reports are provided in Supplementary Materials.

3. Results and Discussion
3.1. Comparison of Analytical Methodologies through the Greenness Assessment

Due to the complexity of the matrix of cosmetics, analytical procedures are time-
consuming, energy-intensive, and often require the use of large amounts of solvents. Some
analytical methodologies require the use of derivatization of analytes, which is harmful to
the environment and, potentially, also to the health of the analyst. Because chromatography
is the most widely used analytical method, procedures using this analytical technique were
selected to assess their environmental impact. Ten methods were selected, including two
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methods (4 and 6) previously described by the authors [19]. Five methodologies based
on gas chromatography and five using liquid chromatography were considered in the
assessment of greenness. The HPLC methods make it possible to perform analysis without
the use of the analyte extraction step; these procedures require the ultrasonically assisted
dissolution of cosmetics in solvents and filtration of the solutions. In addition, the content
of UV filters in cosmetics is high (max. 25%), so the sample preparation procedures do
not require a preconcentration of analytes. Therefore, liquid chromatography is the most
commonly used analytical technique for the qualitative and quantitative determination
of cosmetic ingredients. Two European standard methods [6,7] for the determination of
UV filters in cosmetic samples use this analytical technique. One of them, with a higher
“greenness” score (Method 1) is presented in the work. This procedure (EN 17156:2018)
makes it possible to determine 22 UV filters. However, separate analyses should be
performed for water-soluble UV filters (6 analytes), fat-soluble analytes (15 analytes),
and one polymeric UV filter (Polysilicone-15). The procedure for determining the fat-
soluble UV filters was selected for the “greenness” assessment due to the largest number of
analytes. This method (Method 1), among the methods presented in Table 2, obtained a
high AGREEprep score of 0.33. Sample preparation is simple and quick (30 min), which
affects positively criterion 6 (sample throughput), moreover uses a small amount of energy
(20 min ultrasonication, criterion 8). In this procedure, 32 mL of ethanol (EtOH) was used
to dissolve the cosmetic sample. This large amount of reagent used for sample preparation
results in a score of 0 in criterion 2 (safer solvents and reagents; red color), it is also associated
with the generation of large amounts of waste (criterion 4, red color). Whereas, the EtOH,
used for sample preparation, has only two pictograms, which is positively assessed in
criterion 10 (safe for operator, yellow color). Compared to Method 1, Method 2 obtained a
lower AGREEprep score 0.26. This is mainly due to the use of 10 mL of methanol (MeOH)
(criterion 2), which has three pictograms, which have impact on reduce criterion 10 (orange
color). In addition, the time of ultrasonication (90 min, criterion 6, red color) influenced
the lowering of the score. Methods 1 and 2 use liquid chromatography for analysis, which
is associated with the use of even greater amounts of solvents and generated waste. The
AGREE scores for methods 1 and 2 were 0.48 and 0.43, respectively. These two highest scores
(in Table 2) were obtained thanks to four criteria: the amount of the sample (0.1 g, criterion
2), the number of procedures steps (2 steps, criterion 4), no derivatization steps (criterion 6)
and safety for the analyst (criterion 12). Compared to other presented procedures, Methods
1 and 2 use EtOH and MeOH to dissolve the samples, which has a positive effect on the
assessment and improves the “greenness” of criterion 10 (can be from bio-based sources). As
in the AGREEprep assessment, these methods are disadvantaged by the large amount
of waste generated. The waste includes solvents, a filter, and a mobile phase used for
HPLC analyses. The time needed to analyse one sample using Method 1 is long and takes
to 70 min (sample throughput, criterion 8). This is due to the long-time of HPLC analysis
(40 min). During this time, as many as 15 UV filters can be determined (light green color,
criterion 8). However, Method 2, despite the short-term HPLC analysis (6 min, criterium 8),
obtained a lower score due to the longer sample preparation time (ultrasonication—90 min)
and low number of determined analytes (5 UV filters). The final low assessment of Method
2 is also affected by the high energy consumption associated with the long duration of
ultrasonication but, above all, with the use of the MS/MS detector for the analysis (red
color, criterion 9).
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Table 2. The greenness results of methods 1-5 evaluated by AGREEprep and AGREE metrics.

Method 1 [7] Method 2 [17] Method 3 [18]
Metric Dissolution Dissolution Solvent Extraction hg;g‘%dél& ;] Pllt/][EetCl;lgdl\is[?l(\)/}S
HPLC-UV-Vis HPLC-MS/MS GC-MS/MS - i
e o % 5 5
o gy BR s 4
< > e < <
Ry L7 . Lty Ry < -
AGREE g 0.48 e
Y & S o N 4

In Method 3, nail products were extracted with acetone, followed by vortexing, son-
ication, centrifugation, and filtering. During the extraction procedure, the UV filter was
derivatized using N,O-Bis(trimethylsilyl)trifluoroacetamide, and GC-MS/MS was used for
analysis. This sample preparation procedure was evaluated by AGREEprep with a score of
0.41, the highest score among the methods presented in Table 2. Only 0.8 mL of acetone
was used to extract analytes from a 0.1 g sample (green color, criterion 5), which favorably
influenced the evaluation of criterion 2 (use safer solvent and reagent) and, thus, criterion
4 (minimize waste). The reagents used (acetone and derivatizing reagent) have only two
pictograms, which has a positive effect on criterion 10 (yellow color). On the other hand,
Method 3 received a low AGREE score of 0.39. Despite the high scores of criteria 7 and 11
(waste amount and volume of toxic reagents), criteria 6, 8, and 9 significantly lowered the final
result of the procedure. The procedure presented by the authors of the paper focused on
the determination of only one UV filter, and the time needed to perform one analysis was
about 1 h, which resulted in a low evaluation of criterion 8 (analyte throughput). In addition,
the low scores for parameters 6 and 9 were affected by the use of a derivatization agent and
the use of the MS/MS (energy consumption) detector, respectively.

In Method 4, the authors used solid phase extraction (SPE), which is a classic, com-
monly used method of extraction, purification, and concentration of analytes. It achieved
the same AGREEprep score as Method 2, 0.26. Only in a detailed report (see Supplementary
Materials) can you notice slight differences in criteria 4, 6, 7, and 8. In this assessment,
only two criteria were green: the amount of sample used (0.1 g, criterion 5) and the energy
consumption needed to operate the vacuum pump and stirrer (criterion 8). However, this
procedure is time-consuming (criterion 6) and consists of three steps: dissolving the cos-
metic in water (15 min), extraction lasting approx. 25 min, evaporation of the solvent, and
dissolution of the residue (20 min). This method uses large amounts of solvent (15.5 mL,
criterion 2). Preparation of one sample generates 14.6 g of waste (criterion 4) consisting
of solvents and cartridge SPE. Whereas, water (a cosmetic with water) is not added to the
waste, because it is not mixed with toxic and harmful reagents. In addition, 5 mL of solvent
is evaporated. On the other hand, the SPE-GC/MS method was assessed more critically
by AGREE. The score was 0.38. The lowering of the score (red color) is due to the lack
of miniaturization and automation (criterion 5), and high energy consumption—mainly
through the use of GC/MS (criterion 9) and not the use of bio-based reagents (criterion 10).

The pressurized liquid extraction (PLE) followed by GC-MS/MS—Method 5—was
applied for the simultaneous extraction and analysis of 16 UV filters from cosmetic and
personal care products. Extraction was performed on an accelerated solvent extractor (ASE
150). The method was qualified as semi-automatic, which resulted in a higher score in
criterion 7. However, the other criteria adversely affected the final score of AGREEprep,
which is why this method received the lowest score of 0.19. Method 5 also resulted in the
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lowest AGREE score, 0.38. Derivatization conducted for 60 min causes three criteria to
be lowered simultaneously: use of derivatization agent, analyte throughput, and energy
consumption. Also, conducting the analysis using GC-MS/MS significantly increases
energy consumption, which further lowers the assessment of criterion 9 in AGREE metric.

Microextraction in packed sorbent (MEPS)—Method 6—is a greener alternative to the
conventional SPE, which uses the same syringe for sample extraction and extract injection
into the analytical instrument. In this method, smaller volumes of solvents and samples are
used, and, as well, sample preparation takes less time than in classical SPE. MEPS can be
performed online in a fully automated manner, but, due to high costs, equipment is most
often purchased and the process conducted manually. The assessed MEPS procedure is a
miniaturized version of the previously presented Method 3 (SPE), developed by the authors
in this paper. The miniaturization of the procedure resulted in a significant improvement
in the greenness score, which was achieved by AGREEprep with the highest score of
0.41. A satisfactory result is mainly influenced by four criteria—miniaturization (criterion
5), lower consumption of toxic solvents (criterion 2), smaller amount of generated waste
(criterion 4), and significantly shortened sample preparation time (criterion 6). Criterion
3—sustainability and renewability of materials—was rated higher than the other assessed
methods only in this method because the sorption bed is reusable. The evaluation of
the entire procedure performed by AGREE was 0.48. It gained an advantage over other
evaluated methods mainly in the criteria concerning the number of toxic reagents used
(criterion 11) and the amount of generated waste (criterion 7). On the other hand, it
is disadvantageous due to the use of an energy-intensive MS detector for the analysis
(decrease in criterion 9). In addition, no bio-based reagents were used in the tests, which
results in a negative assessment of criterion 10.

Method 7—micro-matrix solid-phase dispersion (u-MSPD)—was performed by prepar-
ing the sample-sorbent column in a glass Pasteur pipette. p-MSPD allows extraction and
purification to be performed in one step and is easy and cheap to perform. This extraction
method (14 UV filters) evaluated by AGREEprep received a high score of 0.36. However,
this is not the highest result obtained for microextraction methods. This is due to the use of
the largest volume of solvents (10 mL of acetonitrile), which lowers the score of criterion
2. Criterion 10 (safe procedures for the operator) was assessed more favorably than the other
evaluated procedures. Only with this method, no energy is used for sample preparation.
Therefore, criterion 8 scores 1 point and is green. However, the AGREE rating of this
procedure in criterion 9 regarding energy consumption is red. This is related to the use of
an energy-intensive MS/MS detector for the analysis. In addition, lowering the total score
results in not using bio-based reagents (criterion 10). However, the overall AGREE score of
Method 7 is high, at 0.48.

In the case of Method 8—magnetic nanoparticle-based dispersive solid-phase mi-
croextraction (MNP-DSPME)—magnetic nanoparticles are used for the separation of the
sorbent from the sample solution and eluting the analyte. Due to this, energy consumption
decreases and the time of sample preparation is shortened by replacing the centrifugation
step with a magnetic field [17]. This results in the method achieving a high greenness score
of 0.33 for AGREEprep and the highest score of 0.52 for AGREE. The AGREEprep score
was lowered mainly because the authors of the paper tested only 3 UV filters. In addition,
criterion 4 (red color) significantly lowers the assessment of this method, mainly due to the
waste of 500 mL of water used to dilute the sample, which is contaminated with acetonitrile.
On the other hand, two criteria have a green character, low sample consumption (0.02 g,
criterion 5), and low energy consumption (criterion 8). The high rating of AGREE (0.52)
was influenced by four criteria that received a green color: 2—sample size, 4—number of
steps, 6—no derivatization agents, and 12—operator’s safety. The miniaturization of the
method (criterion 5), low energy consumption (criterion 9), and the use of MeOH as an
eluent in HPLC (criterion 10) also contributed to the high overall AGREE scoring.

Ultrasound-vortex-assisted dispersive liquid-liquid microextraction (US-VA-DLL
ME)—Method 9—is a simple and cheap sample preparation procedure. The mass transfer
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rate of the extraction process was increased by a combination of vortexing (4 min) and
ultrasonication (3 min). US-VA-DLLME uses small amounts of extraction solvents (1.57 mL)
and a small sample volume (12.5 mg). In addition, bio-derived solvents (anisole) and
MeOH were used as extractants and dispersants, respectively. Despite the advantages
presented above, this method received a relatively low AGREEprep rating of 0.29. This
assessment was mainly influenced by criterion 4 (minimize waste; red color), in which
the water used to dissolve the sample was classified as waste (51.6 mL) because it was in
contact with the solvent (acetone). In addition, the red character was given to criterion 10
(use safe reagent), because the reagents used had four different pictograms. The AGREE
score of 0.47 was influenced by the same factors described above. In addition, due to
the use of eluents in HPLC analysis (7.5 mL of acetonitrile), the number of reagents used
(criterion 11) and waste generated (criterion 7) increased.

Compared to the other procedures evaluated (Table 3), method 10—dynamic hollow
fiber liquid-phase microextraction (HF-LPME) with HPLC-UV was well evaluated with
scores of 0.36 and 0.51 for AGREEprep and AGREE, respectively. This method owes such
good results to the use of a UV detector (low energy consumption) for analysis and the
generation of a small amount of waste. HF-LPME was adopted as a semi-automated
system, which contributed well to criterion 7 in the AGREEprep evaluation. However,
the assessment is negatively affected by the use of 3.01 mL of solvents (hexane, acetone,
and toluene) for sample preparation, which in total have 5 different pictograms, which
means that criterion 10 in AGREEprep has a low scoring (red color). Also in the AGREE
assessment, this has a negative impact on criterion 12, because the use poses a risk to the
operator and the environment (mainly due to the use of hexane). In addition, 16 mL of
methanol is used to perform the HPLC analysis, which increases the volume of solvents
used and the low score of criterion 11 (amount of toxic reagents).

Table 3. Greenness results of methods 6-10 evaluated by AGREEprep and AGREE metrics.

Metric

Method 6 [19]
MEPS-GC/MS

Method 7 [21] Method 8 [22] Method 9 [23] Method 10 [24]
u-MSPD-GC- DSPME-HPLC- UV-DLLME- Dynamic HF-
MS/MS DAD HPLC-DAD LPME-HPLC-UV

G e »

AGREE
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3.2. Greenness Assessment Summary

As expected, the microextraction methods (Table 3) showed a more environmentally
friendly effect. When scored with AGREEprep, they achieved higher greenness scores,
ranging from 0.29 to 0.41 for US-VA-DLLME and MEPS, respectively. On the other hand,
for classical extraction methods, the evaluation results were 0.19-0.33 (Table 2). Similar
results were obtained when assessing the greenness of entire procedures by AGREE metric.
For procedures using microextraction methods, their score is high and amounts to 0.47-0.52
for US-VA-DLLME-HPLC/DAD and DSPME-HPLC/DAD, respectively. Lower results
(0.38-0.48) were obtained by procedures using classical extraction methods. The AGREE
score is largely affected by the type of chromatographic analysis performed. Due to the
solvents used in liquid chromatography, this method of analysis adversely affects the
assessment of the greenness of the entire procedure. In addition, in many cases, the use
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of MS and MS/MS detectors (more energy-intensive) significantly lowered the overall
assessment of greenness (equally for GC and HPLC).

It should also be noted that both AGREEprep and AGREE assessment methods are
not always compatible in assessing the greenness of procedures. This is most evident in
the case of the DSPME-HPLC/DAD method, where the sample preparation score is low
at 0.33, while AGREE rated this procedure at most at 0.52. Similarly for the UV-DLLME-
HPLC/DAD method, for which the AGREEprep score was 0.29, and for AGREE, it was
0.47. This proves that it is justified to evaluate procedures by analysts using two assessment
tools. If it is necessary to choose an analytical method, only such an assessment will
show the positive and negative sides of each procedure and the possibility of improving
its greenness.

Selected procedures presented in the literature were not prepared by their authors
in terms of greenness assessment. The aim of this work was mainly to obtain positive
validation parameters. Therefore, in each of these procedures, criteria can be indicated,
the greenness of which can be easily improved. The AGREE assessment is influenced by
the number of analytes determined (sample throughput): in this criterion, the assessed
methods showed a large discrepancy (from 1 to 17 analytes). This is a criterion that can be
corrected for each chromatography system. Another example of improving the greenness of
the SPE method can be obtained by extracting multiple samples simultaneously. Similarly,
in Method 5—PLE—in the case of using a multi-station ASE extractor, it is possible to
improve such criteria as sample throughput, and energy consumption. In the case of the
MEPS method, it can be performed in an automatic system, which will improve criterion
automatization. In other methods, the amounts of solvents used (amount of toxic reagents)
and execution times (sample throughput, energy consumption) in such steps as dissolving
cosmetics (mixing and ultrasonication) can be shortened. Moreover, the great impact on the
assessment of the method has the type of detector used, if it is possible less energy-intensive
detectors, such as FID, ECD, UV-Vis, and DAD, can be used for routine tests.

4. Conclusions

The procedures for determining UV filters in cosmetic samples, due to the complexity
of the matrix, are a multi-stage process that consumes large amounts of toxic solvents, time,
and energy. The paper presents a comparison of the greenness assessment of 10 analytical
procedures that use gas and liquid chromatography techniques. Two recent greenness
assessment tools, AGREE and AGREEprep, were used to evaluate these methods. Mi-
croextraction methods obtained higher greenness scores than classical methods. For the
AGREEprep assessment, the highest score (0.41) was given to the MEPS (Method 6) and
solvent extraction with derivatization (Method 3). However, the assessment of the entire
procedure (AGREE) indicated that the DSPME-HPLC/DAD (Method 8) and dynamic
HF-LPME-HPLC/UV (Method 10) methods were the most “green”, with results of 0.52 and
0.51, respectively. Both tools show the advantages and disadvantages of each step of the
analytical procedure. The performed assessment of the methods shows that the selection of
microextraction methods for sample preparation and low-energetic detectors for analysis is
recommended to obtain the eco-friendly analytical method. The assessment tools can be
a convenient tool for assessing whether the method is environmentally friendly, but the
accuracy and precision of the chosen method should also be taken into account.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/analytica4040032/s1, Descriptions of Methods 1-10; Table S1:
Results for the Methods 1-10 have been obtained from Analytical Greenness reports; Table S2: Results
for the Methods 1-10 have been obtained from AGREEprep reports.
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