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Highlights

« The interest in natural products in cosmetology requires constant supervision.
« Chemical and biological testing reduces the risk of irritation and allergies.

« This encourages consumers to choose natural cosmetics.

o The selected cosmetics analyzed met European standards.

Abstract

Objectives: Cosmetic products placed on the market should be safe for both the consumer and the professional user. Safety monitoring of cosmetics is
regulated by law in the European Union. In practice, there are 3 levels of safety assessment: the manufacturer, a qualified safety assessor and the com-
petent authority, which in Poland is the State Sanitary Inspectorate, responsible also for official surveillance and product sampling. To identify the oc-
currence of threats to human health from selected chemical and biological factors based on cosmetic products distributed in Podkarpackie Prov-
ince in 2023. Material and Methods: The material was 40 randomly selected samples of cosmetic products for body, face and hair. Formaldehyde
was determined by spectrophotometry, silver(I) nitrate (AgNO3) by spectrophotometric methods, and mercury by atomic absorption spectrometry
with an amalgamation technique. In addition, the total number of aerobic mesophilic microorganisms and Staphylococcus aureus were analyzed.
Results: Formaldehyde content was <0.005% in all tested cosmetics for skin and hair cleansing. Mercury ranged from 0.0000001+0.00000001% to
0.0000002:+£0.00000003%. Silver(I) nitrate(V) in eye products was <1.57%. The total count of aerobic microorganisms was <10 CFU/g, and Staphy-
lococcus aureus was not detected. Conclusions: Cosmetic products tested in 2023 showed formaldehyde below the detection limit (<0.005%), while
mercury, AgNOs, and microbiological contaminants were within legal limits. Results apply only to the analyzed samples and should be interpreted
considering current formaldehyde limits in cosmetics (0.001%, 10 ppm). Int ] Occup Med Environ Health. 2026;39(2)
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INTRODUCTION the restrictions on certain substances listed in Annex III
Cosmetic products marketed in the European Union (EU) of Regulation (EC) No. 1223/2009 of the European Parlia-
are intended to be safe for those who use them. Already ment and of the Council of 30 November 2009 on cosmetic

at the formulation stage, manufacturers should consider products (hereinafter Regulation (EC) No. 1223/2009) [1]
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and prohibited substances that should not be included in
the product composition. Legislation clearly and precisely
defines the rules for using: silver(I) nitrate(V) (AgNO3),
formaldehyde and mercury in cosmetics [1]. This is of great
importance to the people who use these products on a pro-
fessional basis. Moreover, consumers are concerned about
the presence of potent allergenic substances in cosmetic
formulations. Such substances may be present due to inad-
equate risk management by the industry. These issues are
addressed by the Scientific Committee on Consumer Safety
(SCCS) in its Guidelines for the Evaluation of the Toxico-
logical Documentation of Cosmetic Products [2]. A further
undesired issue may be the risk of microbiological contam-
ination of a cosmetic product, which increases with inap-
propriate hygiene habits, such as not washing hands before
and after using a balm/cream, sharing cosmetics between
consumers, using them after the expiry date or inappro-
priate storage [3]. Furthermore, the origin of cosmetics
from different parts of the world, including those outside
the EU, which do not always meet the requirements of Reg-
ulation (EC) No. 1223/2009, can be a problem. Inspections
of cosmetic products, including laboratory testing of their
representative samples, are carried out to verify compliance
within the market [1]. The tasks of the State Sanitary In-
spectorate related to public health include, i.e., monitoring
cosmetic products [4]. Based on the internal guidelines
of the Chief Sanitary Inspector dated December 22, 2022,
for provincial sanitary and epidemiological stations in Po-
land [5], a sampling plan for microbiological and chem-
ical testing of cosmetic products with declarations such as
“natural,” “eco” and with reduced preservative content was
developed in 2023 in Poland. It should be emphasized that
in the case of chemical substances, it is not only a question

of threats to human health, but also to the environment.

Aims
Identifying the occurrence of chemical and biological haz-

ards to human health, especially those with carcinogenic
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or mutagenic effects, based on the preliminary results of
testing selected natural “eco” cosmetic products marketed

in the Podkarpackie Province, Poland, in 2023.

MATERIAL AND METHODS

The method used was laboratory measurement of spe-
cific cosmetic products. Formaldehyde and AgNO; were
determined based on the Regulation of the Minister
of Health of March 19, 2020 on methods for deter-
mining samples necessary for the safety control of cos-
metic products [6]. Formaldehyde was measured using
a UV-1601 spectrophotometer (Shimadzu Corporation,
Kyoto, Japan). The silver content was determined using
a SOLAAR M6 MK2 spectrophotometer (Thermo Elec-
tron Corporation, Cambridge, United Kingdom) and
then converted to the AgNO; content in the sample.
The method used for mercury (Hg) was absorption
atomic spectrometry with amalgamation, performed on
a DMA-80 mercury analyser (Milestone S.r.1, Sorisole,
Italy). To determine the total number of mesophilic aer-
obic microorganisms (bacteria plus yeasts and moulds),
a method based on the following standards was used:
PN-EN ISO 21149:2017-07+A1: 2023-01 — Cosmetics —
Microbiology — Enumeration and detection of mesophilic
aerobic bacteria [7] and PN-EN ISO 16212:2017-08+A1:
2023-01 - Cosmetics — Microbiology — Enumeration
of yeast and mould counts [8]. In the case of detecting
the presence of Staphylococcus aureus, the PN-EN ISO
22718:2016-01+A1: 2023-01 - Cosmetics — Microbi-
ology — Detection of Staphylococcus aureus was used [9].
The test results obtained were compared with the cri-
teria set out in PN-EN ISO 17516:2014-11 Cosmetics -
Microbiology — Limits for microbiological testing [10].
The conditions under which the tests were performed
and the type of equipment used are specified in PN-EN
ISO 21148:2017-07 — Cosmetics — Microbiology — Gen-
eral guidelines for microbiological examination [11] and

the above-mentioned methodological standards.
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The test consisted of 40 samples of cosmetic products in-
tended for body, face and hair care, collected in 9 randomly
selected districts. The laboratory tests included both chem-
ical analysis (measurement of formaldehyde, mercury and
AgNO;) and microbiological tests (number of mesophilic
aerobic microorganisms and detection of Staphylococcus
aureus). Detailed characteristics of the samples, including
type, quantity, volume/weight, are presented in Table 1.
One sample consisted of 2 packages of a cosmetic product
from the same batch. Sampling, considering the above cri-
teria, was carried out on a random basis.

The formaldehyde content in cosmetic samples was de-
termined using a colorimetric method with pentane-2,4-
dione, followed by measurement of the optical density of
the extract at a wavelength of 410 nm. Approximately 1 g
of a standardised sample of the tested cosmetic was taken
for the determination. In order to determine the formal-
dehyde content, measurements were made using a stan-
dard curve covering the formaldehyde content (5-25 pg).
To read the amount of formaldehyde from the standard

curve, the value A2 was subtracted from Al.

The formaldehyde content in the sample (% m/m) was cal-

culated using the following formula:

% (m/m)Formaldehyde = IO% (1)

X m
where:
¢ — amount of formaldehyde (ug) in the sample solution,

m - mass of the analytical sample (g).

The final result of the determination is the average of
2 parallel determinations. The range of the method was
0.005-0.025% (m/m). A water bath (60°C) and a non-
automatic electronic balance AS 220.R2 PLUS (Radwag,
Radom, Poland) were used for the analysis.

Mercury was determined in cosmetic samples using
a DMAB8O device by atomic absorption after thermal de-
composition and amalgamation, without acid minerali-
sation. Approximately 100 mg of the analytical sample of
the tested cosmetic is taken for a single determination.
The final result is the average of 2 readings. The method
range was 0.001-1.00 mg/kg. The DMA-80 analyzer was
operated at 0-35°C and relative humidity <80%. Samples

Table 1. Characteristics of the cosmetic samples in the study on contaminants in natural cosmetic products for body, face and hair, Podkarpackie Province,

Poland, 2023
Samples
Variable (N=40) Type of cosmetics Volume/Weight County
(n]
Measurement
formaldehyde 7 skin and hair cleansing products 200 ml, 250 ml, 400 ml, 500 ml, 900 ml Stalowa Wola
(hand soap, exfoliating shampoo,
shower gel, bath fluid)
mercury (Hg) 7 colour cosmetics (eye shadows, 8.49,10.8 g, 10 ml (eye shadows tancut
mascaras) and facial care products  and mascaras), 15 ml (eye creams)
(eye creams)
silver(l) nitrate(V) (AgNOs); 6 eyebrow and eyelash henna, 7-8ml,15ml, 15¢ 4 samples: Rzeszow,
mascaras 2 samples: Jarostaw
Substance
mesophilic aerobic 20 facial and body care products (facial  15—400 ml (2 packages of the same batch:  Debica, Krosno,

microorganisms
and Staphylococcus aureus

milks, balms, facial and eye creams,
facial and eye make-up removers)

15 ml, 30 ml, 50 ml, 100 ml — creams,
75 ml, 200 ml, 400 ml — milks/balms)

Przemysl, Sanok,
Rzeszow, Tarnobrzeg

1JOMEH 2026;39(2)
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were weighed using an XS 205 DU (Mettler-Toledo AG,
Greifensee, Switzerland) electronic balance.

In order to determine the AgNO; content, approx. 0.1 g of
the sample was taken, dissolved in 0.02 M nitric acid(V)
solution and the absorbance was measured. The silver con-
tent was read from the standard curve (1.0-5.0 ug/ml) and
converted to AgNO; (% m/m) according to the formula:

1.5748 x ¢
10 xm

%(m/m) AgNO, = (2)

where:
¢ - silver concentration in the sample solution (ug/ml),

m - sample weight (g).

The range of the AgNO, determination method in mass
percentage (% m/m) is 1.57-7.87%.

The final result is the average of 2 determinations. A non-
automatic electronic balance WPS 720/C/2 (Radwag,
Radom, Poland) was used for weighing.

Samples (microbiological contamination) were taken from cos-
metic products with declared natural properties: 100% plant-
based, eco-friendly, free from parabens and preservatives, or
with reduced levels of these substances. A 1 g/ml sample in
Eugon broth (Liofilchem, Roseto degli Abruzzi, Italy) was pre-
pared for microbiological testing. Certified media were used:
Sabouard with dextrose and chloramphenicol (SDCA) (Merck,
Darmstadt, Germany), Baird-Parker (BP) (Oxoid, Basingstoke,
UK), and tryptose soy agar (TSA) (Oxoid, Basingstoke, UK).
Incubation was carried out at 32+2.5°C and 25+2.5°C. Neutral-
isation tests were performed in parallel to check the growth of
microorganisms in the presence of a neutraliser. Strains from
a recognised standardised collection were used for the tests.
The equipment used included pipettes, glassware and incuba-
tors, which were monitored in accordance with the laboratory
schedule. The results are presented in relation to the standards:
number of mesophilic aerobic microorganisms in 1 g/ml and
presence of Staphylococcus aureus (absentin 1 g).

The tests were carried out between May 8, 2023 and Ju-
ne 30, 2023.
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RESULTS

The determination of formaldehyde in cosmetics intended
for washing the skin and hair, including hand soap, exfoli-
ating shampoo, shower gel, and bath fluid, showed results
<0.005% in all tested samples. These results presented in
Table 2.

Mercury content in eye makeup products, such as
eyeshadow palettes and eye creams, ranged from
0.0000001+0.00000001% to 0.0000002+0.00000003%.
These results are presented in Table 3. In the case of sam-
ples No. 1 and No. 7, 9 subsamples (1a-i) and 6 subsam-
ples (7a—f) were analyzed, respectively, which came from
a single product belonging to the same production batch.
The subsamples were analyzed separately. However, for
the purposes of counting and analyzing the samples, they
were treated as a single sample.

The content of AgNO; in cosmetics, including mascara
and henna for eyebrows and eyelashes, was below 1.57%
in all tested samples. These results presented in Table 4.
The analysis showed that the limit for aerobic mesophilic
microorganisms (bacteria plus yeasts and molds) was not
exceeded. The result was below the detection limit (no mi-
crobial growth on plates with a dilution of 10, 10%). In ad-
dition, no Staphylococcus aureus bacteria were found in

the tested sample. These results presented in Table 5.

Table 2. Determination of formaldehyde content in the cosmetic samples
taken in Stalowa Wola, Poland, 2023

Bath product sample Form?lz ; hyde
Sample 1: bath liquid (900 ml) <0.005
Sample 2: shower gel (500 ml) <0.005
Sample 3: hair shampoo (250 ml) <0.005
Sample 4: bath liquid (400 ml) <0.005
Sample 5: shower gel (400 ml) <0.005
Sample 6: exfoliating shampoo (200 ml) <0.005
Sample 7: hand soap (500 ml) <0.005

1 sample =2 packages of the product from the same batch.
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Table 3. Determination of mercury content in the collected cosmetic samples in taricut, Poland, 2023

Mercury
Sample Mass
mg/kg % (9/100 )
Sample 1: Eyeshadow palette
colour 1 (a) 10.8¢ 0.001£0.0001 0.00000010.00000001
colour 2 (b) 10.8¢ 0.002+0.0003 0.0000002+0.00000003
colour 3 (c) 10.8¢ 0.001£0.0001 0.0000001+0.00000001
colour 4 (d) 1089 0.001£0.0001 0.00000010.00000001
colour 5 (e) 10.8¢ 0.001£0.0001 0.00000010.00000001
colour 6 (f) 10.8¢ <0.001 <0.0000001
colour 7 (g) 10.8¢ <0.001 <0.0000001
colour 8 (h) 10.8¢ <0.001 <0.0000001
colour 9 (i) 10.8¢ 0.002+0.0003 0.0000002+0.00000003
Sample 2: eye cream | product 15ml <0.001 <0.0000001
Sample 3: eye cream |l product 15ml <0.001 <0.0000001
Sample 4: eye cream Il product 15ml <0.001 <0.0000001
Sample 5: mascara product | 10ml <0.001 <0.0000001
Sample 6: mascara product Il 10ml <0.001 <0.0000001
Sample 7: eye shadow palette <0.001 <0.0000001
glossy heather colour (a) 84¢
glossy brick colour (b) 844q
matte heather colour (c) 84¢
apricot colour (d) 849
beige colour (e) 849
brown colour (f) 84¢

Samples No. 1 (sub-samples a-i) and 7 (sub-samples a—f) consist of sub-samples taken from a single product from the same production batch and were treated as a single

sample (N = 1) in the analysis.
1 sample =2 packages of the product from the same batch.

DISCUSSION

Formaldehyde

In the pilot study, 1 of the substances tested was formal-
dehyde, which is classified by the International Agency
for Research on Cancer (IARC) as a group 1 human car-
cinogen. However, a review of 21 epidemiological studies
from the period 2000-2021 shows that exposure is weakly
associated with lung cancer, nasopharyngeal cancer, leu-

kaemia, and non-Hodgkin lymphoma [12]. Research con-

ducted in Taiwan among 414 employees, comparing them
with 172 people in the control group, showed that even low
doses of formaldehyde can lead to health problems. This
mainly concerned allergic rhinitis and atopic dermatitis,
as well as other irritations. These eftects were particularly
noticeable in people working in occupations with higher
exposure, such as anatomical pathology [13]. It is also
worth mentioning that formaldehyde is classified in ac-
cordance with Regulation (EC) No. 1272/2008 of the Euro-

1JOMEH 2026;39(2)
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Table 4. Determination of silver nitrate (AgN03) content in the collected cosmetic samples, Poland, 2023

AgNo,

Sample (%] County
Sample 1: I product — eyebrow henna (15 ml) <157 Rzeszow
Sample 2: Il product — eyebrow henna (15 g) <157 Rzeszow
Sample 3: Il product — eyebrow and eyelash henna (15 ml) <1.57 Rzeszéw
Sample 4: IV product — eyebrow and eyelash henna (15 ml) <157 Rzeszow
Sample 5:V product — mascara (8 ml) <1.57 Jarostaw
Sample 6: VI product — mascara (7 ml) <157 Jarostaw

1 sample =2 packages of the product from the same batch.

pean Parliament and of the Council of December 16, 2008,
on classification, labeling, and packaging of substances and
mixtures [14] (hereinafter referred to as the CLP Regula-
tion) as a category 1B carcinogen (Carc. 1B) and as a skin
sensitizer category 1A (Skin Sens. 1A).

The formaldehyde content was <0.005% in cosmetics in-
tended for washing the skin and cleansing the hair (hand
soap, exfoliating shampoo, shower gel, bath gel), which
means that it may >0.001%. If the formaldehyde con-
centration in finished products exceeds 0.001% (regard-
less of the amount of formaldehyde-releasing substances
in the finished product), it should be indicated on the
label [1,6].

However, itis necessary to take into account the provision of
recital 2 of Annex V (concerning the list of preservatives in
cosmetic products) of Regulation (EC) No. 1223/2009 [1],
which states that a ready-made product containing form-
aldehyde in such a concentration may be placed on the
market in the EU until 31 July 2024 and made available
on the EU market until 31 July 2026. This means that
the formaldehyde result shown in Table 2 in samples taken
in 2023 is acceptable and does not need to be reported on
the label.

The method described in the methodology enabled the de-
termination of formaldehyde above the limit of quantifi-
cation, but did not allow for the detection of lower, reg-

ulatory-relevant levels. Therefore, the results should be
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interpreted solely as information about the presence of
formaldehyde above the sensitivity of the method used.
At the same time, the method used is characterised by
high repeatability, stability of results and simplicity of ex-
ecution, and the sample weight of approx. 1 g allowed for
easy dissolution and obtaining a homogeneous solution
from a single sample. In future studies, it is therefore rea-
sonable to use more sensitive analytical methods in order
to obtain more accurate results.

Based on a review of the RAPEX database aimed at finding
products with high concentrations of preservatives and
microbiological contamination, Neza and Centini [15]
observed that 32 hair care products were recalled due to
high concentrations of formaldehyde (0.3-25%). How-
ever, it should be noted that the majority of these products
came from outside the EU (Brazil, USA, England, China
or unknown origin). The high concentration of formalde-
hyde is probably due to the unintentional import of these
cosmetics into the EU. The results from Spain are wor-
rying, where the concentration in a hair product stabi-
lizer was 25%.

It should be noted that formaldehyde acts as a preservative
in cosmetics due to its antimicrobial effect, especially at
high concentrations. Low concentrations may lead to mi-
crobiological contamination of the cosmetic. A negative
effect of formaldehyde in cosmetic products is its toxic ef-

fect on the consumer [16].
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Table 5. Determination of the content of mesophilic aerobic microorganisms and Staphylococcus aureus in the collected cosmetic samples, Poland, 2023

Mesophilic aerobic  Staphylococcus Method
Sample microorganisms® aureus mesophilic Staphylococcus County
(CFU/g] inlg microorganisms aureus

Sample 1 face cream (50 ml) <10 absent 1,2 3 Debica
Sample 2 body lotion (400 ml) <10 absent 1,2 3 Debica
Sample 3 eye cream (30 ml) <10 absent 1,2 3 Debica
Sample 4 face cream (50 ml) <10 absent 1,2 3 Krosno
Sample 5 face cream (50 ml) <10 absent 1,2 3 Krosno
Sample 6 face cream (50 ml) <10 absent 1,2 3 Krosno
Sample 7 face cream (50 ml) <10 absent 1,2 3 Przemys|
Sample 8 face cream (50 ml) <10 absent 1,2 3 Przemys|
Sample 9 face cream (50 ml) <10 absent 1,2 3 Przemys|
Sample 10 face cream (50 ml) <10 absent 1,2 3 Rzeszow
Sample 11 face cream (50 ml) <10 absent 1,2 3 Rzeszow
Sample 12 body milk (400 ml) <10 absent 1,2 3 Rzeszow
Sample 13 body lotion (400 ml) <10 absent 1,2 3 Rzeszéw
Sample 14 body lotion (200 ml) <10 absent 1,2 3 Sanok
Sample 15 face cream (50 ml) <10 absent 1,2 3 Sanok
Sample 16 body lotion (75 ml) <10 absent 1,2 3 Sanok
Sample 17 eye cream (15 ml) <10 absent 1,2 3 Tarnobrzeg
Sample 18 body milk (400 ml) <10 absent 1,2 3 Tarnobrzeg
Sample 19 face and eye makeup remover milk (200 ml) <10 absent 1,2 3 Tarnobrzeg
Sample 20 face cream (100 ml) <10 absent 1,2 3 Tarnobrzeg

Method 1— PN-EN S0 21149:2017-07 [7]; method 2 — PN-EN IS0 16212:2017-08 [8]; method 3 — PN-EN 150 22718:2016-01 [9].
?Bacteria plus yeasts and molds.

Awareness of exposure to harmful chemicals concerns not
only consumers but also workers in the beauty industry.
The results of a study by Asare-Donkor et al. [17] seem very
interesting in this regard. The authors investigated the level of
knowledge of employees in 60 beauty salons about the prod-
ucts they use at work, including hair, nails, etc, showing that
the subjects suffered from respiratory, nasal, eye and skin ir-
ritation, as well as mild headaches. This may be caused by
formaldehyde coming into contact with the skin. All workers
felt that their health was affected by formaldehyde exposure.
Only 2% of the hairdressers surveyed knew the chemical

composition of the products they used.

In a study conducted in California by Johnson et al. [18]
among women of different skin phenotypes (Black, Viet-
namese and Hispanic) using personal care products
(i.e., intimate hygiene, hair, makeup, skin, nails and per-
fume/deodorant products), the presence of <65% of the in-
gredients listed on the label was found to be impurities.
The data for 74% of undisclosed ingredients, e.g., preserva-
tives and those under the name “fragrance” are worrying.
Formaldehyde was the most common chemical found.
The authors claim that full disclosure of ingredients, com-
bined with increased awareness of the risks of harmful

chemicals, would significantly influence consumers’ pur-

1JOMEH 2026;39(2)
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chasing decisions in favor of products that are safe for their
health. Other authors also emphasize the need for full la-
beling of the health effects of chemicals in products to in-
crease the likelihood of informed use [18-21].

It should be emphasized that misleading the consumer
by failing to indicate intentionally added ingredients on
the containers and outer packaging of cosmetic prod-
ucts is contrary to Article 19(1)(g) of Regulation (EC)
No. 1223/2009 on cosmetic products [1].

Mercury

Another substance tested in cosmetics was mercury.
After inhaling mercury or exposure to it through the skin,
health symptoms such as neurological and behavioral dis-
orders appear. In addition, mercury, especially in the form
of methylmercury, is considered a neurotoxic and reprot-
oxic substance, with a documented effect on the nervous
system and fetal development [22].

In this study, the mercury concentration in mg/kg, converted
to % (g/100 g), was between 0.0000001:+0.00000001% and
0.0000002:+0.00000003%. According to Annex III of Reg-
ulation (EC) No. 1223/2009 [1] concerning the list of sub-
stances which may be contained in cosmetic products sub-
ject to specific restrictions for cosmetic products, the max-
imum concentration of thiomersal and phenylmercury salts
including borates in the ready-to-use preparation for mer-
cury is 0.007%. The obtained result indicates that the con-
centration of this ingredient in cosmetic products intended
for the eyes (eyeliner, mascara, eye cream) is not exceeded.
Based on a systematic review by Bastianasz et al. [23] of
mercury concentrations in samples of skin whitening prod-
ucts (e.g., creams), it was concluded that there were no sig-
nificant differences in changes in mercury concentrations
over a 22-year sampling period. Based on 25 studies of
552 creams, including 36 facial creams, the overall median
central mercury concentration was 0.49 pg/g. The highest
amount was found in creams (314.387 ug/g), including fa-
cial creams (35.824 pg/g). In contrast, the highest median
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concentration was found in products from the WHO-affil-
iated countries of the Eastern Mediterranean, Southeast
Asia and the Western Pacific. It is worth noting that these
results are higher than those obtained in the authors’ study
and listed in Table 3 (0.1+0.01 ug to 0.2+0.03 ug).
Bastianasz et al. found a variable frequency of complaints re-
lated to mercury exposure in the group of 832 identified in-
dividuals with the most common recurrent complaints such
as headaches and depression. In Jamaica, these were found
in only 31 people, but in the USA and Hong Kong, as many
as 268 people were affected.

Silver(I) nitrate(V)

Silver(I) nitrate(V) is a substance which, pursuant to the
CLP Regulation, has been classified as a hazardous sub-
stance causing skin burns and eye damage [14]. In addition,
it is classified by many suppliers in the European Chem-
icals Agency (ECHA) C&L Inventory as a substance that
may be harmful to reproduction (Repr. 1B/H360D) [24].
Health risks resulting from exposure to soluble forms of
silver also include argyria and argyrosis, i.e., permanent
bluish-gray discoloration of the skin and eyes. Other toxic
effects include irritation of the eyes, skin, gastrointestinal
tract, and respiratory tract, damage to the kidneys and
liver, and changes in blood cells [25].

In the analysis of AgNOs, the result was <1.57%. Ac-
cording to Annex IIT of Regulation (EC) No. 1223/2009 [1]
on the list of substances that may be included in cosmetic
products subject to certain restrictions, the maximum
concentration of AgNO, in the ready-to-use preparation
is 4%. However, it should be noted that, according to this
Annex, its use is permitted only for dyeing eyebrows and
eyelashes. The obtained result indicates that the concen-
tration of this ingredient is not exceeded in cosmetic prod-
ucts intended as colorants (mascara and henna for eye-
brows and eyelashes). The available literature on AgNO;
does not provide information on concentration results in

samples of cosmetic products. However, the importance
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of silver nanoparticles in the cosmetic industry is high-
lighted in products such as eye shadows. Silver nanopar-
ticles with a size of 7 nm were found to be most effective

against the bacterium Staphylococcus aureus [26].

Microbiological contamination

Mesophilic aerobic microorganisms (bacteria, yeasts, and
molds) were not detected. Acording to PN-EN ISO 16212:
2017-08+A1:2023-01 and PN-EN ISO 21149:2017-07+A1:
2023-01, the result indicates no growth of countable micro-
organisms on plates with dilutions from 10~ to 10~ [7,8].
Avalue <10 CFU/g for the number of mesophilic aerobic mi-
croorganisms (bacteria plus yeasts and molds) and the ab-
sence of Staphylococcus aureus bacteria in 1 g of products
indicates that the maximum acceptable limit for the total
number of aerobic microorganisms and specific microor-
ganisms such as Staphylococcus aureus for category II cos-
metics, for which the limit is 2.0 x 10° CFU/g according to
the PN-EN ISO 17516:2014-11 standard, according to which
quantitative and qualitative tests are performed [10].

The analysis carried out by Alshehrei [27] in Saudi Arabia
on 32 samples of personal care products showed that
2 samples (face and body cream) were not contaminated
with Staphylococcus aureus. On the second day of incuba-
tion, contamination with this bacterium was observed at
the level of 6.80 x 10° CFU/ml. Therefore, the author rec-
ommends the use of preservatives to prevent contamina-
tion during storage and transport. In all incubation pe-
riods analyzed, the number of microorganisms (meso-
philic bacteria and fungi) found was <10.

The results obtained by the authors, i.e., <10 mesophilic
bacteria plus yeasts and molds, no contamination with
Staphylococcus aureus, indicate the correct application of
the preservative system in the “eco” samples, i.e., with a re-
duced content of preservatives. When comparing the au-
thors’ results with Alshehrei’s study [27], it is worth noting
the regionalization of the samples: temperate climate (Po-

land) and desert, tropical and continental climate (Saudi

Arabia). In addition, it is not known whether these were
natural personal care products, as in the case of the sam-
ples taken in southern Poland.

The RAPEX review [15] shows that 62 products, including
eye creams, skin care products, baby creams and lotions,
were withdrawn due to contamination with mesophilic
aerobic microorganisms (including bacteria, molds,
yeasts) and Staphylococcus aureus, which was found in
shea butter and massage cream.

In a study conducted by Almukainzi et al. [28] in Saudi
Arabia on 21 products of different brands, including lip
balms and hair creams, microbiological contamina-
tion was found in 14 cosmetic products at levels ranging
1471.5-299.5 CFU/ml. The highest level of contamination
was found in baby oil — 1471.5 CFU/ml. Staphylococcus
aureus was identified in 12 cosmetic samples: lip balm,
make-up foam, creams, soap and deodorant. This is prob-
ably due to improper storage.

Finally, the lack of a clear definition of natural cosmetics
as opposed to “eco” cosmetics can lead to consumer con-
fusion about their composition and the identification of
these terms as synonymous. In practice, however, organic
cosmetics must contain at least 95% of ingredients from
certified crops. They must not contain artificial colours
or fragrances. Providing full information on the compo-
sition of selected cosmetic products, including the risk of
harmful chemical substances, including carcinogens or
mutagens and biological effects, is extremely important,
especially in the current era of growing consumer health

and environmental awareness.

CONCLUSIONS

Preliminary analyses of cosmetic products tested in 2023,
including liquid soaps, bath liquids, shower gels, and hair
shampoos, showed formaldehyde levels below the detec-
tion limit (<0.005%). Mercury, AgNOs, and microbiolog-
ical contaminants were not detected above current legal

limits. These findings apply only to the analyzed samples,
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and results should be interpreted considering evolving
regulatory limits for formaldehyde in cosmetics (labeling
threshold now 0.001%, 10 ppm). Further research on
a larger number of products and a broader range of sub-

stances is recommended.
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