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Introduction
Garden cress (Lepidium sativum L.) is a recognized 
sensitive test-plant in bio testing the toxicity of 
various substrates. Current studies using garden cress 
reactions are concerned with assessing the toxicity 
of antibiotics (Tongur and Yildirim, 2015), analgesic 

drugs (Tongur et al., 2017a), beta-blocker drugs 
(Tongur et al., 2017b), new derivatives of heterocyclic 
compounds (Tsekhmister et al., 2012; Tkachuk et al., 
2015), urban solid waste compost (Astaraei, 2009), 
nanoparticles (Jośko et al., 2017; Mielcarz-Skalska and 
Smolińska, 2018), oil mill wastewater (Dehmani et al., 
2020), some shampoos and dishwashing detergents 

Toxicity of aqueous solutions of cosmetics in phytotest 
with Lepidium sativum L.

Nataliia Tkachuk1*, Iryna Okulovych2

1T.H. Shevchenko National University “Chernihiv Colehium”, Department of Biology, Chernihiv, Ukraine 
2Uhrynychiv gymnasium, Uhrynychi, Kamin-Kashira district, Volyn region, Ukraine

ORCID 
Nataliia Tkachuk: https://orcid.org/0000-0002-5115-7716
Iryna Okulovych: https://orcid.org/0000-0001-6221-9866 

Article Details:
Received: 2021-09-27
Accepted: 2021-11-20
Available online: 2021-11-30

DOI: https://doi.org/10.15414/ainhlq.2021.0034

Garden cress (Lepidium sativum L.) is a test-plant for studying the toxicity of substrates, which is the basis of 
phytotesting. Dangerous pollutants are surfactants contained in household chemicals, including cosmetics. The 
purpose of the work is to investigate the toxicity of cosmetics the micellar water on a phytotest with garden cress and 
to analyze it for possible effects on human health and the environment. Investigated available in the retail network of 
Ukraine means for removing makeup and cleansing the skin – micellar water. Seed germination energy (3rd day), seed 
germination, and biometric-morphometric parameters (length of roots and aboveground part of seedlings) (5th day) 
were determined. The results were processed statistically. It was found that the germination rates of garden cress 
seeds and biometric indicators of seedlings significantly decrease (by 14–100 %) with the increasing concentration of 
the studied micellar water. The phytotoxic effect ranged from 49.6 % to 100 %. It is established that the value of the 
total toxicity index of solutions is from 0.55 (concentration 6.25 %) to 0 (concentration 100 %), indicating an increase 
in the toxicity of the solution with increasing concentration. Determined that garden cress is a sensitive plant to the 
studied cosmetic. The obtained data confirm the high efficiency of this test plant for use in biotesting. The phytotest 
with L. sativum established the lethal effect of this cosmetic product at a concentration of 100 %. Phytotoxicity 
decreases when the solution is diluted. Given the results of phytotesting and the composition of the cosmetic product, 
it can be assumed that at a concentration of 100 % it can pose a potential danger to human health. Given the increase 
in the market of perfumes and cosmetics, the emergence of counterfeit products, we can expect an increase in the 
impact of cosmetics on the quality of the environment.

Keywords: Lepidium sativum, micellar water, phytotesting

*Corresponding Author: Nataliia Tkachuk, Department of Biology, T.H. Shevchenko National University “Chernihiv Colehium“, 
53 Hetman Polubotok Str., 14013 Chernihiv, Ukraine 
* nataliia.smykun@gmail.com

Research Article

C T

C

L - L (i)PhTE = 100
L

 
 

 
 



– 349 –

Agrobiodivers Improv Nutr Health Life Qual, 5, 2021(2): 348–354

© Slovak University of Agriculture in Nitra
www.uniag.sk

ISSN 2585-8246

(Ovsyannikova et al., 2015), heavy metals (Szaniszló 
and Demény, 2018), microplastics (Bosker et al., 
2019; Pflugmacher, et al., 2020, 2021), in particular 
polyethylene terephthalate microplastics and acid rain 
(Pignattelli et al., 2021a, b). Most publications examine 
the level of seed germination, weight, and size of 
seedlings as test indicators.

Dangerous pollutants are surfactants (Rabosh and 
Kofanova, 2019). These petrochemical compounds are 
contained in household chemicals and can reduce the 
surface tension of water (Frolova et al., 2019). Once in 
the human body, detergents disrupt the physiological 
functions of the body due to exposure to enzyme 
activity (Grabovska et al., 2011). There is evidence 
that surfactants can affect the human body for a long 
time due to the properties of gradual accumulation 
in the brain, liver, heart, subcutaneous tissue (Yuan 
et al., 2014). That is, they affect the human body 
comprehensively, not just the skin. The problem is also 
complicated by the inability of the vast majority of 
treatment plants in our country to qualitatively remove 
surfactants and, as a result, their gradual accumulation 
in the environment (Frolova et al., 2019). Synthetic 
surfactants, among other organic compounds, are part 
of cosmetics, in particular micellar water. Therefore, 
this study aimed to investigate the toxicity of micellar 
water on a phytotest with garden cress and to analyze 
it for possible effects on human health and the 
environment.

Material and methodology
Test-plant
Garden cress (L. sativum) of the cultivar Aphrodite 
of the trademark GL SEEDS (consignment 1148, 
expiration date 10.2023) was used as a test-plant. The 
seeds of the test plant before the experiment did not 
succumb to negative effects and were stored under the 
same conditions. The seeds were washed with distilled 
water, then sterilized in 70 % alcohol for 60 s, then 
carefully washed with sterile distilled water, and then 
they were used. During the experiment, the energy 
of seed germination (3rd day), seed germination, and 
biometric-morphometric parameters (length of roots 
and aboveground part of seedlings) (5th day) were 
determined.

Investigated cosmetic product
We investigated a means available in the trade network 
of Ukraine for removing makeup and cleansing the 
skin – micellar water, which contained (according to 
the manufacturer): aqua, PEG-40 hydrogenated castor 

oil, glycerin, Prunus (Amygdalus) dulcis oil, panthenol, 
sorbitol, decyl glucoside, glyceryl glucoside, poloxamer 
124, propylene glycol, disodium cocoyl glutamate, 
sodium chloride, trisodium EDTA, polyquaternium-10, 
1,2-hexanediol, citric acid, sodium acetate, 
phenoxyethanol. We deliberately do not name the 
cosmetics used to prevent accusations of advertising 
or anti-advertising of certain brands.

Toxicity testing
Seeds of test plants (L. sativum) of 10 pieces were put 
in Petri dishes on filter paper moistened with distilled 
water (control) or a suitable aqueous solution of micellar 
water (experiment). The investigated concentrations of 
the micellar water were 6.25 %, 12.5 %, 25.0 %, 50.0 % 
and 100 %. The experiment was repeated three times. 
The incubation temperature of the Petri dishes was 
23.0 ±2.0 °C. Seed germination energy (3rd day), seed 
germination, and biometric-morphometric parameters 
(length of roots and aboveground part of seedlings) 
(5th day) were determined.

The seed germination index (SGI) and the root length 
index (RLI) that exemplified phytotoxicity index were 
described in Eq. (1) and (2):

  (1)

  (2)

where:
NT(i) and NC represent the number of germinated seeds 
in test (i) and control, and LRT(i) and LRC refer to the 
mean root length in test (i) and control respectively. 
Based on the published empirical value of risk 
assessment (Bagur-González et al., 2011; Mtisi and 
Gwenzi, 2019; Cai and Ostroumov, 2021), phytotoxicity 
can be sorted into four classes such as:

 ` slight (-0.25≤ SGI or RLI <0),
 ` moderate (-0.5≤ SGI or RLI <-0.25),
 ` high (-0.75≤ SGI or RLI <-0.5),
 ` extreme toxicity (-1≤ SGI or RLI <-0.75).

The phytotoxic effect (PhTE) and the toxicity index 
(TI) of the solutions were calculated (Eq. (3) and (4) 
(Bagdasaryan, 2005):
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where:
NT(i) and NC represent the number of germinated 
seeds in the test (i) and control, LAT(i) and LAC refer to 
the mean length of the aboveground part in the test (i) 
and control, and LRT(i) and LRC refer to the mean root 
length in the test (i) and control, respectively

Statistical analysis 
Basic statistical analyses were performed using PAST 
2.17 (Norway, 2001); the results are expressed as mean 
values of three replications ± standard deviation (SD) 
and differences between means compared through the 
Tukey-Kramer test (p <0.05).

Results and discussions
Test-indicators of L. sativum
Various plants, including Allium cepa L. (Srivastava and 
Singh, 2020; Souza et al., 2020; Macar, 2021), Lactuca 
sativa L. (Lyu et al., 2018; Mtisi and Gwenzi, 2019; Gao 
et al., 2021), L. sativum (Szaniszló and Demény, 2018; 
Bosker et al., 2019; Pflugmacher et al., 2020, 2021; 
Pignattelli et al., 2021a, b), are used in phytotoxicity 
studies of malathion, tetraconazole, nanoparticles, 
heavy metals, phenol, effluents, receiving water, coal 
ash, polyethylene particles, microplastics. In the 
studies of testing solutions toxicity are used following 
parameters of these plants: germination and radicle 
elongation (Mtisi and Gwenzi, 2019), germination, the 
root, the shoot, and the overall seedlings length, the 
roots and shoots‘ fresh and dry weight, the pigment 
Chl a and Chl b content, catalase activity (Pflugmacher 
et al., 2021). 

In our studies, we used germination energy, seed 
germination, aboveground part length, and seedling 
root length as the test indicators, due to their 
availability, ease of measurement, and sensitivity to 
toxic effects (Pflugmacher et al., 2020, 2021). The 
results of the study of test parameters of L. sativum 
under the influence of micellar water are shown in 
Table 1.

It was found that the germination energy and 
germination of garden cress seeds when watered with 
the studied solutions of micellar water significantly 
decreased compared to the control: by 12 % (at 
a concentration of 6.25 %), by 25 % (at a concentration 
of 12.5 %), by 18 % (at a concentration of 25.0 %), 
by 36 % (at a concentration of 50.0 %). Decreased 
germination of garden cress was also observed under 
the influence of a number of chemical compounds, 
in particular, heavy metals (Nouri and Haddioui, 
2021), saline solutions (Uçarlı, 2020), some essential 
oils (Abd-ElGawad et al., 2021). In the latter case, 
researchers are even discussing potential herbicidal 
activity essential oils.

At the same time, there are reports of insensitivity of 
seeds germination to the action of toxicants, such as 
coal ash (Mtisi and Gwenzi, 2019) and nanomaterials 
(Bouguerra et al., 2016; Gavina et al., 2016; Soares et 
al., 2016).

In our study, when watering L. sativum seeds with 
a solution with the maximum test concentration 
(100 %), it did not germinate. This fact is probably 
related to both the osmotic stress for the plant (Uçarlı, 
2020) and/or the chemical composition of the cosmetic 
product under study.

The biometric and morphometric parameters of 
garden cress also decreased with the increasing 
concentration of the studied cosmetic product. The 

Table 1 Seed germination rates and biometric indicators of Lepidium sativum L. seedlings under the influence of aqueous 
solutions of micellar water

The concentration of 
the test compound (%)

Seed germination 
energy (%)

Seed germination 
(%)

Length of the 
aboveground part (mm)

Length of roots 
(mm)

0 (control) 93.3 ±3.3 93.3 ±3.3 23.8 ±0.5 10.0 ±0.3

6.25 80.0 ±0.0* 80.0 ±0.0* 12.0 ±0.3* 8.2 ±0.3*

12.5 70.0 ±0.0* 70.0 ±0.0* *** 6.1 ±0.3*

25.0 70.0 ±0.0* 76.7 ±3.3* *** 3.8 ±0.2*

50.0 60.0 ±0.0* 60.0 ±0.0* *** 3.0 ±0.3*

100 ** ** ** **
Note: * differences from control are significant at р ≤0.05; ** the indicator was not measured because the seeds did not germinate; *** the indicator 
was not measured because the seedlings did not have the appropriate parts
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length of the aboveground part of garden cress 
seedlings was determined only for control and variant 
with a concentration of micellar water of 6.25 %. In this 
case, the length of the aboveground part of the seedlings 
was 2 times significantly less than in the control. At 
concentrations greater than 6.25 %, the aboveground 
part of L. sativum seedlings was absent. A statistically 
significant decrease compared to the control was 
observed in the length of the roots: by 18 % (at 
a concentration of 6.25 %), by 39 % (at a concentration 
of 12.5 %), by 62 % (at a concentration of 25.0 %), by 
70 % (at a concentration of 50 %). The decrease in the 
length of the roots/aboveground part of the seedlings 
of test plants with increasing concentration of solutions 
studied for their toxicity, noted by other researchers 
(Seneviratne et al., 2017; Nedjimi, 2020; Pflugmacher 
et al., 2020, 2021; Macar, 2021).

Phytotoxicity indices
In phytotests, various indices are calculated to evaluate 
the results. For example, calculate the percentages 
of relative seed germination, relative root growth, 
germination index (Pampuro et al., 2017), germination 
percentage, germination index, germination rate index, 
vigor index, coefficient of the velocity of germination 
and mean germination time (Nouri et al., 2020). Mtisi 
and Gwenzi (2019) note that positive seed germination 
index and root length index values indicate stimulation 
of germination or growth, while negative values denote 
phytotoxicity. 

Based on the obtained data, we calculated the 
phytotoxicity indices of aqueous solutions of the 
studied micellar water, which are shown in Table 2.

According to the calculated phytotoxic indices, it was 
found that the toxicity of the studied solutions to garden 
cress increases with the increasing concentration of 
micellar water in them. 

Micellar water is considered as the main biologically 
active compound of cosmetics (Korytniuk et. Al., 
2019). At the same time, the composition of the 
studied cosmetic micellar water is alarming due to 
the content of surfactants, which toxic effect on living 
organisms is known. The molecular mechanisms of 
the biological effects of detergents include interaction 
with biological membranes (Cai and Ostroumov, 2021). 
Particularly dangerous to human health are PEG, 
propylene glycol (The “Dirty Dozen“ ingredients…, 
2010), trisodium EDTA (Safety assessment of EDTA…, 
2019). PEGs (polyethylene glycols) are petroleum-
based compounds that are widely used in cream bases 
for cosmetics as thickeners, solvents, softeners, and 
moisture carriers (The “Dirty Dozen“ ingredients…, 
2010). Some reports depending on manufacturing 
processes, PEGs may be contaminated with measurable 
amounts of 1,4-dioxane (a possible human carcinogen). 
(The “Dirty Dozen“ ingredients…, 2010). It is indicated: 
“While carcinogenic contaminants are the primary 
concern, PEGs themselves show some evidence of 
genotoxicity and if used on broken skin can cause 
irritation and systemic toxicity. The industry panel that 
reviews the safety of cosmetics ingredients concluded 
that some PEGs are not safe for use on damaged skin 
(although the assessment generally approved the use 
of these chemicals in cosmetics). Also, PEGs function as 
“penetration enhancers“, increasing the permeability 
of the skin to allow greater absorption of the 

Table 2 Indices of phytotoxicity of aqueous solutions of micellar water
The concentration of 
the test compound (%)

SGI RLI PhTE TI Interpretation of the 
results of phytotest

Comments 

0 (control) 0.00 0.00 0 1.00 no toxicity no inhibition of growth

6.25 -0.14 -0.18 18 0.73 slight toxic effect a slight inhibition of growth

12.5 -0.25 -0.39 39 0.45 a pronounced toxicity
inhibition of growth almost 
50 %, no aboveground part 

growth observed

25.0 -0.18 -0.62 62 0.40 strong toxicity
inhibition of growth more than 

50 %, no aboveground part 
growth observed

50.0 -0.36 -0.70 70 0.37 strong toxicity
inhibition of growth more than 

50 %, no aboveground part 
growth observed

100 -1.00 -1.00 100 0.00 lethal effect, extreme 
toxicity

no seed germination, no 
aboveground part, and root 

growth observed
Note: SGI – the seed germination index; RLI – the root length index; PhTE – the phytotoxic effect; TI – the toxicity index
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product – including potentially harmful ingredients“. 
(The “Dirty Dozen“ ingredients…, 2010). Propylene 
glycol functions as a penetration enhancer can allow 
harmful ingredients to be absorbed more readily 
through the skin (The “Dirty Dozen“ ingredients…, 
2010). Lanigan and Yamarik (2002) based on the 
analysis of publications indicate that EDTA and its 
salts have been evaluated for the potential to cause 
chromosomal aberrations, semilethals, crossovers, 
forward mutations, replicative DNA synthesis, DNA 
strand breaks, dominant lethal, inhibition of metabolic 
cooperation and contact feeding, and sister-chromatid 
exchanges with mostly negative results. However, there 
are positive results, references to publications cited by 
these authors.

Regarding the impact of the components of the studied 
tool on the environment, the available scientific and 
methodological base contains only a few reports. 
Thus, it is reported that EDTA may contribute to 
aquatic toxicity at low concentrations and its release 
into natural waters should be minimized wherever 
possible (Sillanpää, 1997; Oviedo and Rodrígues, 
2003). In the publications, the following components of 
cosmetics are considered as wastewater contaminants: 
phthalates, triclosan, bisphenol A (Water pollution…, 
2007), microplastics, UV filters, some preservatives 
(parabens, triclosan) (Juliano and Magrini, 2017). 
But these chemical compounds are not specified in 
the composition. In general, aqueous solutions of 
investigated cosmetics at a concentration of 6.25 % 
had a weak toxic effect. However, in Ukraine and 
the world there is a steady increase in the market 
share of perfumes and cosmetics (Dobrovolskyi and 
Lohvynenko, 2018), the global micellar water market 
is projected to grow from 112.3 million U.S. dollars in 
2017 to 184 million dollars in 2023 (Ridder, 2020). 
Currently, the Ukrainian market of cosmetic products 
is considered the second in the world after China in 
terms of sales of counterfeit products that do not meet 
sanitary and hygienic safety (Baitsar and Kordiiaka, 
2015). 

Conclusions
Thus, it was found that undiluted micellar water 
is extremely toxic to the test plant L. sativum. The 
phytotest established the lethal effect on phytotest 
of this cosmetic product at a concentration of 100 %. 
Phytotoxicity decreases when the solution is diluted. 
Given the results of phytotesting and the composition 
of the cosmetic product, it can be assumed that at 
a concentration of 100 % it can pose a potential danger 
to human health. Given the increase in the market of 

perfumes and cosmetics, the emergence of counterfeit 
products, we can expect an increase the impact of 
cosmetics on the quality of environment.
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