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PHYTOTEST ASSESSMENT OF POTENTIAL HEALTH RISKS TO CHILDREN
FROM USING SECOND-HAND AND STOCK CLOTHING WASHED
WITH SYNTHETIC DETERGENTS
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HaTtanisa Tkauyk, Mapiss Kopoipg,

OIIIHKA 3A ®ITOTECTOM IIOTEHIIIVTHMUX PU3UKIB /11 3JOPOB’S AITEN
IIPY1 BUKOPVICTAHHI OJSATY «CEKOH/JI XEH/I» TA CTOKOBOT'O OJATY,
BUITPAHOT'O CUHTETUYHVMY MUIOYMMU 3ACOBAMMU

ABSTRACT

Second-hand clothing, for the treatment of which formaldehyde is used, as well as stock clothing, are widely used
in Ukraine. The toxicity of such clothing can be assessed by phytotesting using Lepidium sativum as a test plant. It is
proposed to solve the problem of clothing toxicity by washing with synthetic detergents, which include compounds with
toxic properties.

The aim of this work was to study the toxicity of reusable clothing (“second-hand”) and stock clothing using L.
sativum phytotest in different washing options with children’s laundry detergents and to assess the potential health risks
to children when using such clothing.

Methodology. The study used the method of questioning students about their use of second-hand clothing, as well
as the method of phytotesting the toxicity of second-hand clothing and stock clothing washed with synthetic detergents,
using Lepidium sativum as a test plant. During the study, 3 series of experiments were carried out. The results were
statistically processed.

Scientific novelty. For the first time, the toxicity of second-hand children’s clothing and stock clothing after
washing with synthetic detergents has been shown in the growth test with Lepidium sativum, which may be associated
with residual compounds of these detergents and is potentially dangerous for children’s health.

Conclusions. Phytotesting has established a slight toxicity of second-hand and stock cotton clothing, which may
be associated with residual compounds used to treat such clothing. The presence of water-soluble and water-insoluble
residual compounds after washing such clothing with synthetic detergents ensures its toxicity (from weak to extreme),
which is potentially dangerous for the health of children. Elimination of toxicity of second-hand and stock cotton clothing
is achieved by washing them with laundry soap.

Key words: children’s health, Lepidium sativum, residual compounds, second-hand clothing, stock clothing,
synthetic detergents, toxicity

AHOTALIA

OpsiT «CeKOH/, XeH/1», ZIJ1s1 06POOKHU SIKOTO BUKOPHUCTOBYEThCS POPMaIbJErifl, a TAKOXK CTOKOBUH OJSIT 3HAXO/ASITh
IIMPOKUH BXUTOK B YKpaiHi. TOKCUYHICTb TaKoro ofsAry MOXHa OLIHUTH 3a PiTOTECTYyBaHHAM 3 BUKOPHUCTAHHAM
Lepidium sativum sK TecT-pocIWHU. BupimuTy mpo6JsieMy TOKCHYHOCTI OZASATY MPOMOHYETHCS ILJISAXOM TpPaHHS
CUHTETUYHHMH MUIOUUMHU 3aC006aMU, [10 CKJIAJY IKUX BXOJAATb CIOJIYKHU 3 TOKCHYHUMHU BJIAaCTUBOCTSIMHU.

MeTomw faHoi po6oTH 6yJsio JociipkeHHA 3a iToTecTOM 3 Kpec-caJaTOM TOKCHUYHOCTI OJATy HNOBTOPHOIO
BUKOPHUCTAaHHS («CEKOHJ, XeH/1») Ta CTOKOBOT0 O/ISITY MPH Pi3HUX BapiaHTax MpaHHs 3aco06aMu AJisl IUTA4YO01 Gi/TM3HU Ta
OIliHKa NOTeHL[iMHUX PU3UKIB A5 3J0pOB’s AiTell NPU BUKOPUCTAHHI TAKOT'0 OJSATY.

MeTogoJ0rid. B xoai focaipkeHH BUKOPUCTAHO MeTO/| aHKeTYBaHHS Y4HIB 1110/J0 BUKOPUCTAHHA HUMU OJATY
«CEKOH/JI XeH/[», @ TaK0XK MeTo/, GiToOTeCTyBaHHS TOKCUYHOCTI OJATY «CEKOHJ, XeH/[» Ta CTOKOBOTO OZATY, BUIIPAaHOTO
CUHTETUYHHMHU MHUIOYMMHU 3aco00aMH, 3 BUKOPUCTAHHAM Lepidium sativum sk TecT-pocJvHU. B xofi AociifpkeHHs
3aificHeHo 3 cepii ekcriepuMeHTIB. Pe3yibTaTi 06p06/IEHO CTATHCTUYHO.

HaykoBa HOBHU3HA. Briepiie nokasaHo TOKCUYHICTb 3a POCTOBUM TeCTOM 3 Lepidium sativum JUTSYOTO OAATY
«CEKOHJ, XeH/» Ta CTOKOBOTO OJSATY MicJs MPaHHS CHHTETUYHUMU MUIOUYMMH 3aC00aMHy, 10 MOXKe OYTH MOB’I3aHO 3
3aJIMLIKOBUMH CNOJIYKaMH LIUX MUIOYMX 3aC06iB Ta Ma€ NOTeHLiHHY Hebe3NeKy sl 3J0pOB’s JjiTel.
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BucHoBkM. ®iToTeCTyBaHHAM BCTAaHOBJIEHO HE3HAYHY TOKCHUYHICTb OABOBHSIHOTO OJSITY «CEKOH/[-XEH/» Ta
CTOKOBOT'0 OJISITY, LI[0 MOXKe OyTH MOB’s3aHe i3 3aIUIIKOBUMU CIIOJIYKAMH, 1[0 BUKOPHUCTOBYIOThCS AJIsI 00POOKU TaKOTO
oaAry. HasiBHiICTb BOJOPO3YMHHUX Ta HEPO3YMHHUX Y BOJI 3a/MIIKOBUX CHOJYK MiC/s NpPaHHA TaKOTO OAAry
CUHTETUYHUMHU MUUHUMH 3ac06aMU 3a6e3Medyy€e HOro TOKCUYHICTD (BiJ c/1abKoi 10 eKCTpeMasibHOI), [0 MOTEeHLi HHO
Hebe3MeyHo JJ1s 3[J0poB’s AiTed. YCyHeHHS TOKCHYHOCTI 6AaBOBHSHOIO OJATY «CEKOHJ-XEeHJ» Ta CTOKOBOIO OJATY

A0CATa€ETbCA MIJIAXOM Horo INpaHHA 3 TOCIIOJAAPCbKUM MHUJIOM.

Kutto4oBi csioBa: 3a/IMIIKOBI CIOJNYyKH, 3J0POB’S AiTEH, OAAT CEKOH/-XEH/l, CTOKOBUM OJAT, CHHTETUYHI MUIOYi

3ac06U, TOKCUYHICTb, Lepidium sativum

Introduction

Today, a significant part of the population
(80%) uses reusable clothing, in particular, they
dress in “second-hand” stores (Kratik, n.d.). In
Ukraine, second-hand clothing stores (“second-
hand”) have gained significant importance,
which is caused by both the low solvency of
citizens and the lack of provision of the
population with basic wardrobe items (Kuchma,
2010). 60-80% of Ukrainians buy clothes in
“second-hand” stores (Bazik & Gayova, 2019).
Stock stores are also popular in Ukraine, where
branded remnants of clothing or shoes that
were not sold in time in branded stores are sold
(Dankeeva, 2016).

According to some researchers, the reuse
of clothing solves a number of environmental,
economic and social problems of a person and
society as a whole (Filho et al,, 2019). Other
researchers hold the opposite opinion, noting
that new problems also appear: environmental -
accumulation of garbage in countries with a low
level of socio-economic development, economic -
decline of the textile industry; social -
deterioration of human health (Kratik, n.d,;
Kyrychenko, 2021). Risks to human health arise
when sanitary standards for processing
reusable clothing with formaldehyde are not
observed (Kratik, n.d.; Mala, 2017). High doses
of formaldehyde may also contain new cotton
items due to the peculiarities of the technology
for manufacturing cotton fabric (Herrero et al,,
2022; Reitz et al,, 2022). It is proposed to solve
the problem of clothing toxicity by washing
(Herrero et al., 2022). However, washing with
synthetic detergents (SDs), which are toxic to
living organisms (Nyder et al., 1964; Lal et al.,
1983; Han & Jung, 2021; Tkachuk & Zelena,
2023) and may have negative effects on human
health due to residual amounts on the fabric
after washing (Meesters et al., 2018; Wang et al.,
2019). Children are most sensitive to toxicants
(Au, 2002), so special attention should be paid
to the potential health risks to children when
using second-hand and stock clothing after
washing with synthetic detergents.
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One of the easy and accessible biological
methods for assessing environmental pollution,
the toxicity of various compounds, and their
impact on living organisms is phytotesting
(Galvez etal., 2018; Hart, 2019). In phytotesting
of toxicants, a sensitive plant model is Lepidium
sativum (Galli et al, 2019; Bozym, 2020;
Tkachuk et al.,, 2022).

Therefore, the purpose of this work was to
study the toxicity of reusable (“second-hand”)
and stock clothing using L. sativum phytotest in
different washing options with children’s
laundry detergents and to assess the potential
health risks to children when using such clothing,

Materials and methods

Student survey on the use of second-
hand and off-the-shelf clothing

A student survey on the use of second-
hand clothing was conducted in November 2023
for students of Chernihiv Lyceum No. 32
(Chernihiv, Ukraine). The survey was anony-
mous. 103 children (58 girls and 45 boys) aged
13 to 17 years participated in the survey. The
questionnaire contained 7 questions, including
questions with different answer options:

Question 1. How old are you?

Question 2. Your gender.

Question 3. How often do you (or do your
parents for you) buy second-hand clothing?

a) once a week

b) once a month

) once a year

d) never

e) other

Question 4. How do you (or do your
parents for you) process second-hand clothing?

a) only by washing without additional
treatments

b) before washing, we treat with ammonia

c) before washing, we use a vinegar solution

d) other

Question 5. What material do you prefer?

a) synthetics

b) cotton

c) wool

d) does not matter

e) other
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Question 6. What means for washing
clothes of the “second-hand” category do you
(or your parents for you) use?

a) washing powder for children’s underwear

b) washing powder not recommended for
children

c) washing powder for children’s under-
wear with additional treatment with conditio-
ner for children’s underwear

d) washing powder not recommended for
children with additional treatment with
conditioner (not for children’s underwear)

e) other

Question 7. Have you had
reactions to second-hand clothing?

a) yes

b) no

c) other

allergic

Selection of samples of second-hand and
stock clothing and their preparation for research

For the study, children’s clothing made of
100% cotton (T-shirts) of white color was
selected, which was purchased: April 2023 -
from a well-known network of second-hand
stores in Chernihiv - 3 pieces (to study the
toxicity of water-insoluble components
contained in the fabric not treated by washing
and in the fabric after washing with children’s
laundry detergents — experiment I), as well as in
a stock clothing store (May 2024) - 3 pieces (to
study the toxicity of residual water-insoluble
and water-soluble complexes of detergents
when washing samples by hand (h) and using a
washing machine (m) - experiment II). Samples
of material 9 cm in diameter (total 18 samples -
experiment [; 39 samples - experiment II) were
cut from each T-shirt. In experiments I and ],
3 samples (one from different T-shirts) were
not treated (options 2-1, 2-1I, respectively), and
the other samples were washed by hand (and by
machine - in experiment II) using different
detergents, dried in the fresh air and ironed.
Filter paper moistened with distilled water
(option 1) served as a control. Washing was
carried out with the amount of detergent
recommended by the manufacturer. The
following washing options were used:

eoption 3-I - phosphonate-containing
washing powder 1 for children’s laundry (WP1);
option 4-1 - WP1 with subsequent treatment
with a conditioner-rinse aid for children’s
laundry (CR) - WP1+CR; option 5-1 -
phosphate-free washing powder for children’s
laundry 1 (FWP1); option 6-1 - FWP1 with
subsequent treatment with CR (FWP1+CR);
option 7-1 - household soap, 72% (HS);
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eoption 3-1Th - WP1; option 4-ITh - WP1
with subsequent treatment with a conditioner
for children’s laundry (CL) - WP1+CL; option
5-1Th - phosphate-free washing powder 2 (FWP2);
option 6-1Th - FWP2+CL; option 7-1Th - HS;
option 8-Ih - phosphonate-containing washing
powder 2 (WP2);

eoption 3-IIm - WP2; option 4-IIm -
WP1+CL; option 5-1Im - FWP1+CL.

The detergents used are widely available
in the Ukrainian retail network. In order to
prevent accusations of advertising or anti-
advertising of laundry detergents, we do not
provide their trade names. According to the
manufacturers, the composition of the products
is as follows:

¢WP1: 5-10% anionic surfactants; oxygen
bleaches; zeolites; < 5% nonionic surfactants;
cationic surfactants; phosphonates; soap;
polycarboxylates; additionally: enzymes, optical
brighteners, perfume composition.

oFWP1: > 30% sodium chloride; 15-30%
sodium carbonate; > 5% anionic surfactants;
<5% sodium silicate; sodium percarbonate;
soap; tetraacetylethylenediamine (TAED);
defoamer; fragrance.

eFWP2: > 30% sodium chloride, 15-30%
sodium carbonate, 5-15% sodium silicate, < 5%
TAED, fragrance.

*WP2: 5-15% anionic surfactants, oxygen
bleach, < 5% nonionic surfactants, polycarboxy-
lates, phosphonates, soap, optical brightener,
enzymes, fragrance, bleach activator.

oCL: < 5% cationic surfactants, < 5% non-
ionic surfactants, fragrance (hexyl cinnamal),
preservative (benzisothiazolinone, methyli-
sothiazolinone), aloe vera leaf juice.

*CR: < 5% cationic surfactants; fragrance;
preservative.

*HS: sodium salts of fatty acids of tropical
vegetable oils and animal fats; water; glycerin;
disodium EDTA; antioxidant.

In experiments I and II, after ironing, the
fabric samples were placed in homemade
containers made of food-grade plastic,
moistened with distilled water (5 ml) and used
as a basis for germination of test plant seeds.

Aqueous solutions of synthetic deter-
gents for phytotesting

Phytotoxicity studies of aqueous solutions
of the above synthetic detergents for children’s
underwear (experiment III) were carried out for
their aqueous solutions with a concentration of
0.1%: WP10.1%, FWP10.1%, CLo0.1%, CRo.1%, HSo0.1%.
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Test plant and phytotesting process

The test plant was watercress (L. sativum)
produced in the Czech Republic (MoravoSeed),
packaged by the Private Enterprise “Tyras”,
batch No.69088-01, which, according to the
information on the packaging, complies with
DSTU 6006:2008. The number of seeds per
container was 10 pieces, the repetition of
control and each experiment was threefold.
Seed germination took place in the dark at a
temperature of 23 +29C. On the 3rd day,
germination energy was determined, on the 5th
day - germination and length of the aerial part
and roots. Control - distilled water (option 1).

Phytotoxic indices were calculated - root
length index (RLI) and phytotoxic effect of
solutions (PhTE) according to the formulas
given in the publications of Bagur-Gonzalez et
al. (2011) and Mtisi and Gwenzi (2019).

To determine phytotoxicity, the toxicity
scale from the publications of Bagur-Gonzalez et
al. (2011) and Mtisi and Gwenzi (2019) was used.

To calculate the phytotoxic effect, we used
the formula given in the publication by Tkachuk
and Okulovych (2021).

Statistical analysis of experimental data

For statistical processing of the obtained
data, the statistical module of the Microsoft
Office Excel 2010 program was used. Descrip-
tive statistics methods were used - calculation
of the arithmetic mean (M) and the standard
error of the arithmetic mean (m). The reliability
of the differences between the control and the
experiment was assessed using the Student’s
significance criterion (t). A 95% probability of
differences (p<0.05) was considered statisti-
cally significant.

Results and Discussion

Results of the student survey on the use
of second-hand clothing

According to the results of the student
survey on the use of second-hand clothing, we
found that among the students who participated
in the survey, the largest share was made up of
children aged 16 (43.7 % of respondents), and
the smallest - 13 years old (7.8 % of respon-
dents). The distribution of respondents by
gender was 56 % girls and 44 % boys. The
surveyed students (or their parents for them)
most often buy second-hand clothing once a
year (35% of respondents). The smallest
number of respondents (1.9 %) buys such
clothing once a week. 26.2 % of respondents
have never bought second-hand clothing. The
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largest number of respondents (70.9 %) uses
only washing without additional processing to
process second-hand clothing. However, some
respondents (or their parents) treat such
clothes with ammonia (1.9 % of respondents) or
vinegar solution (5.8 % of respondents) before
washing. Other treatment options noted by
respondents included capsules (2 % of respon-
dents) and antiseptic or soap (0.97 % of
respondents). The surveyed students noted that
the material of the clothes is not important to
them - 71.9 % of respondents to question 5
(What material do you prefer?) answered “It
doesn’t matter”. 23.3 % of surveyed students
noted that they prefer cotton, 2.9 % - synthetic
material, 1.9 % - wool. The vast majority of
respondents did not know the exact answer to
which synthetic detergents are used in their
family to treat “second-hand” clothes (recom-
mended for children or not; or whether fabric
conditioner is used or not) - 23.3 %. Regarding
the laundry detergents of the “second-hand”
category used in the respondents’ families, the
answers “Washing powder for children’s
laundry”, “Washing powder not recommended
for children”, “Washing powder for children’s
laundry with additional conditioner treatment
for children’s laundry”, “Washing powder not
recommended for children with additional
conditioner treatment (not for children’s
laundry)” were chosen by approximately the
same number of surveyed students - 12.6 %,
15.5 %, 19.4 %, 16.5 %, respectively. The vast
majority of surveyed students did not have
allergic reactions to “second-hand” clothing
(82.5 % of respondents), however, 13 students
(12.6 % of respondents) had allergic reactions
to clothing of this category.

Thus, the vast majority of surveyed
students have “second-hand” clothing without
giving preference to a specific type of material,
which is washed with synthetic detergents
without prior treatment and does not have
allergic reactions from its use.

Toxicity of second-hand clothing washed
with baby laundry detergents: the complex of
water-insoluble and water-soluble residual
compounds of the studied SDs

The results of the study of the toxicity of
the complex of water-insoluble and water-
soluble residual compounds of the studied SDs
from second-hand clothing washed with baby
laundry detergents according to the phytotest
with watercress are presented in Tables 1-2.
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Table 1

Test indicators of watercress under the influence of a complex
of residual water-insoluble and water-soluble components of material from second-hand clothing
under different treatment options with baby laundry detergents

G:;r;mat;/o n Germination, % | Length, % relative to control
Experiment option 1 Y 70 relative to
HERITE U rererall Aboveground
control Roots
part
1 (Control) 100 100 100 100
2-1 (without washing) 96.7 £3.3 96.7 £3.3 63.8 + 5.6 69.9 + 4.9*
3-1 (WP1) 93.3+7.7 96.7 £3.3 24+03* 6.4 £ 0.5*
4-1 (WP1+CR) 90.0+5.38 96.7 +3.3 24+03* 6.2+ 0.5*
5-1 (FWP1) 90.0 + 0.0* 96.7 +3.3 2.4 +0.3* 8.8 £ 0.5*
6-1 (FWP1+CR) 100 100 78.1 + 4.0* 71.4 + 4.4%
7-1 (HS) 90.0+5.8 100 51.0 £ 4.1* 95.4+5.7

Note: * — differences from control are significant at p = 0.05; option 3-1 — phosphonate-containing
washing powder 1 for children’s laundry (WP1); option 4-1 — WP1 with subsequent treatment with a
conditioner-rinse aid for children’s laundry (CR) — WP1+CR; option 5-1 — phosphate-free washing powder for
children’s laundry 1 (FWP1); option 6-1 — FWP1 with subsequent treatment with CR (FWP1+CR); option

7-1 — household soap, 72% (HS)

Table 2
Interpretation of data obtained in experiment I
Experiment Interpretation
per RLI PhTE, % of phytotest Comments
option
results
1 (Control) Not applicable | Not applicable No toxicity Growth is not inhibited
2-1 (without . .. Growth inhibition
-0.36 36
washing) Medium toxicity of more than 30%
- Growth inhibition
- -0.98 98
3-1 (WP1) Extreme toxicity by almost 100%
- Growth inhibition
- -0.98 98
4-1 (WP1+CR) Extreme toxicity by almost 100%
- Growth inhibition
- -0.98 98
5-1 (FWP1) Extreme toxicity by almost 100%
- Weak growth
- -0.22 22
6-1 (FWP1+CR) Low toxicity inhibition
. - Growth inhibition
- -0.49 49
7-1 (HS) Medium toxicity by almost 50%

Note: option 3-I — phosphonate-containing washing powder 1 for children’s laundry (WP1); option
4-1 — WP1 with subsequent treatment with a conditioner-rinse aid for children’s laundry (CR) — WP1+CR;
option 5-1 — phosphate-free washing powder for children’s laundry 1 (FWP1); option 6-1 — FWP1 with
subsequent treatment with CR (FWP1+CR); option 7-I — household soap, 72% (HS)

It was found that in all washing options,
complexes of residual water-insoluble and
water-soluble compounds from second-hand
fabric showed phytotoxicity, but to different
degrees (Table 1). At the same time, the greatest
phytotoxic properties were recorded for
options 3-1 (WP1), 4-1 (WP1+CR) and 5-I
(FWP1). For residual water-insoluble and
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water-soluble compounds of the indicated
products, extreme toxicity was established
(Table 2). Other options showed medium or
weak toxicity (Table 2).

Thus, the studied SDs in order of
decreasing toxicity of their residual complexes
of water-insoluble and water-soluble com-
pounds on the “second-hand” material can be
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arranged as follows: washing powder for
children’s laundry (phosphonate-containing) 1,
washing powder for children's laundry
(phosphate-free) 1 and washing powder for
children’s laundry (phosphonate-containing)
1 + conditioner-rinse  aid for children’s
laundry > household soap > washing powder
for children’s laundry (phosphate-free)
1 + conditioner-rinse aid for children’s laundry.

Toxicity of stock clothing when washing
SDs

The results of the study of the toxicity of
stock clothing with different washing options
according to the growth test with watercress
are given in Tables 3-4.

It was found that unwashed used clothing
exhibits phytotoxic properties - seed germina-

tion, root length and aerial part of the test plant
were significantly lower than in the control.
When hand washing such clothing with
phosphonate-containing powder 1 for child-
ren's underwear (variant 3-IIh), a significant
decrease in the length of the roots and aerial
part of the seedlings of the test plant was
observed (Table 3). This can be explained by the
presence of residual water-insoluble and water-
soluble complexes of SDs with a negative effect
on watercress. Additional treatment of the used
clothing fabric with conditioner for children’s
underwear (CL) in variant 4-IIh led to even
greater inhibition of root growth - its length
was 7 times shorter than in the control
(Table 3).

Table 3

Test-indicators of watercress under the influence of residual water-insoluble and water-soluble
complexes from used clothing under different washing options

Germination S .
Expetiment energy, % Germination, % Length, % relative to control
. ; relative to
option relative to v
control control Roots Aboveground part
1 (Control) 100 100 100 100
21l (“}'Ilfcho)ut 91.6 + 5.4 90.0 + 3.7* 68.8 +9.5* 61.9 + 4.6
washing
3-IIh (WP1) 103.6 +3.5 96.7 +3.3 29.4 *4.2* 52.3+6.8*
4-1ITh (WP1+CL) 89.3+3.5 90.0 + 0.0* 14.0 + 3.9* 55.1 % 7.4*
5-1Ih (FWP2) 85.8+10.7 80.0 + 10.0* 95.3+10.4 109.1+10.8
6-1Ih (FWP2+CL) 100.0 +3.5 93.3 +3.3* 131.8 + 8.6* 99.4+9.1
7-1Ih (HS) 92.9+7.2 100.0 £ 0.0 105.3+134 177.8 + 21.6*
8-1Th (WP2) 92935 90.0 + 0.0* 40.7 + 8.6* 59.1+8.5*
3-IIm (WP2) 89.3+7.2 86.7 +3.3* 52.5+8.3* 89.2+10.2
4-TIm (WP1+CL) 85.8 £ 6.2 83.3 +3.3* 30.0 +5.9* 69.3 £9.1*
5-IIm (FWP1+CL) 89.3+9.4 90.0 +5.8* 61.1+9.2% 73.3 £8.5*

Note: * — differences from the control are significant at p = 0.05; h — hand wash; m — machine wash;
option 3-1Th — phosphonate-containing washing powder 1 for children’s laundry (WP1); option 4-1Th — WP1
with subsequent treatment with a conditioner for children’s laundry (CL) — WP1+CL; option 5-1Th —
phosphate-free washing powder 2 (FWP2); option 6-1Ih — FWP2+CL; option 7-IIh — household soap, 72%
(HS); option 8-1Th — phosphonate-containing washing powder 2 (WP2)

The length of the aerial part of the
seedlings in this case was on a par with variant
3-1Th. When washing the fabric of used clothing
with phosphate-free powder 2 (FWP2) (variant
5-11h), no negative effect on the length of the
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roots and the above-ground part of the
seedlings was observed, the difference
compared to the control was statistically
insignificant (Table 3). However, in this case,
seed germination significantly decreased - by
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1.3 times compared to the control. Therefore,
residual FWP2 compounds have a different
mechanism of influence on the test plant. In
variant 6-1Th (FWP2+CL), a significant decrease
in the germination of the seeds of the test plant
and an increase in the length of the roots of the
seedlings compared to the control were
observed - by 1.1 times and 1.3 times, respec-
tively. In the variant of washing the fabric of
used clothing with laundry soap (variant 7-IIh),
no negative effect of residual soap compounds
was observed. On the contrary, a significant
increase in the length of the above-ground part
of the seedlings was observed - by 1.8 times
compared to the control. When using another
phosphonate-containing washing powder WP2
(variant 8-1Ih) for hand washing, the growth of

roots and aerial parts was also inhibited
compared to the control, but to a lesser extent
than when using WP1 - 1.9 times and 1.1 times,
respectively. According to the calculated
phytotoxic indices, WP1 showed high toxicity
(Table 4). This fact is alarming, since the WP1
washing powder is recommended by the
manufacturer for use in washing children’s
underwear. When machine washing, a
significant decrease in seed germination, root
length and aerial part was observed for all
variants of the used washing powders (except
for variant 3-IIm, for which the latter indicator
was on a par with the control). According to the
calculated phytotoxic indices, the average and
high toxicity of the used washing powders is
shown (Table 4).

Table 4
Interpretation of data obtained in experiment IT
. . Interpretation of
0
Experiment option RLI PhTE, % e e Comments
1 (Control) Not Not No toxici Growth is not inhibited
applicable applicable ty
2-11 (without . .. Growth inhibition
-0.31 31.2
washing) Medium toxicity of more than 30%
. . Growth inhibition
- -0.71 70.6
3-IIh (WP1) High toxicity by 70%
- Growth inhibition
= -0.86 86.1
4-TTh (WP1+CL) Extreme toxicity by almost 90%
5-1Th (FWP2) -0.05 4.8 Low toxicity Weak growth inhibition
6-1Th (FWP2+CL) 0.32 -31.8 No toxicity Growth is not inhibited
7-11h (HS) 0.05 -5.3 No toxicity Growth is not inhibited
. - Growth inhibition
- -0.59 59.4
8-IIh (WP2) High toxicity by almost 60%
. - Growth inhibition
- -0.48 47.5
3-IIm (WP2) Medium toxicity by almost 50%
. - Growth inhibition
- -0.70 70.0
4-IIm (WP1+CL) High toxicity by 70%
. - Growth inhibition
- -0.39 38.9
5-IIm (FWP1+CL) Medium toxicity by almost 40%

Note: h — hand wash; m — machine wash; option 3-IIh — phosphonate-containing washing powder 1 for
children’s laundry (WP1); option 4-11Th — WP1 with subsequent treatment with a conditioner for children’s
laundry (CL) — WP1+CL; option 5-1Th — phosphate-free washing powder 2 (FWP2); option 6-1Th — FWP2+CL;
option 7-I1Th — household soap, 72% (HS); option 8-1Th — phosphonate-containing washing powder 2 (WP2)

Therefore, the residual water-soluble
and water-insoluble complexes of the studied
SDs from the fabric of stock clothing both
during hand washing and machine-washing
show toxicity to the watercress test plant,
except for phosphate-free powder2 and
laundry soap when used for hand washing.

Toxicity of aqueous solutions of SDs
according to watercress test indicators

The results of the study of the toxicity of
aqueous solutions of SDs for children’s
underwear according to the phytotest with
watercress are presented in Tables 5-6.
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Table 5
Toxicity of aqueous solutions of SDs according to the phytotest with watercress
Germination Eiitreian. O Length, % relative to control
Experiment energy, % . i
tion relative to D (0
op control Roots Aboveground part
control
1 (Control) 100 100 100 100
WP1o.1% 86.7 £3.3 96.7 £ 3.3 1.6 +0.1* 7.2+0.7*
FWP1o0.1% 90.0 0.0 96.7+3.3 1.7 £ 0.2* 7.0 £ 0.5*
CLoa% 92.6 £3.7 89.3£3.5 101.6 £ 9.6 118.0 8.9
CRo.1% 100+ 0.0 100+ 0.0 90.9 + 2.9% 85.8+7.0
HSo.1% 96.7 +3.3 96.7 +3.3 1.5+ 0.1* 7.5+ 0.2*

Note: * — differences from control are significant at p = 0.05; WP1 — phosphonate-containing washing
powder 1 for children’s laundry; FWP1 — phosphate-free washing powder 1; CL — conditioner for children’s
laundry; CR — a conditioner-rinse aid for children’s laundry; HS — household soap, 72%

Table 6
Interpretation of data from the study of the toxicity of aqueous solutions of SDs
(experiment III)
Exberiment Interpretation
xpernme RLI PhTE, % of phytotest Comments
option
results
1 (Control) Not applicable Not applicable No toxicity Growth is not inhibited
- Growth inhibition by
% -0.98 98
WP1oa% Extreme toxicity almost 100%
- Growth inhibition by
% -0.98 98
FWP1o.1 Extreme toxicity almost 100%
CLoa1% 0.02 -11 No toxicity Growth is not inhibited
. Weak growth
o -0.09 9
CRo.1% Low toxicity inhibition
- Growth inhibition by
% -0.98 98
HSo.1% Extreme toxicity almost 100%

Note: WP1 — phosphonate-containing washing powder 1 for children’s laundry; FWP1 — phosphate-free
washing powder 1; CL — conditioner for children’s laundry; CR — a conditioner-rinse aid for children’s laundry;

HS — household soap, 72%

It was found that aqueous solutions of the
studied SDs do not affect the germination
energy and seed germination (Table 5).
However, they had a suppressive effect on the
length of the roots and the above-ground part of
the seedlings of the test plant, except for the
conditioner for children’s laundry (CLo.1%), the
differences recorded for which, compared to the
control, are statistically insignificant. An
aqueous solution of another studied
conditioner-rinse aid for children's laundry
(CRo.1%) significantly reduced the length of the
roots compared to the control and showed weak
toxicity, but did not affect the length of the
above-ground part (Tables 5 and 6). Aqueous
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solutions of phosphonate-containing powders 1
and phosphate-free 1, as well as laundry soap,
showed extreme toxicity, significantly reducing
the length of the roots by 64, 61 and 69 times,
respectively (Tables 5 and 6).

Thus, aqueous solutions of the studied
detergents for children’s laundry can be
arranged in the following order of decreasing
toxicity: washing powder for children’s laundry
(phosphonate-containing 1), washing powder for
children’s laundry (phosphate-free 1), laundry
soap > fabric softener for children’s laundry
(CRo.1%) > fabric softener for children’s laundry
(CLo0.1%).
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eDermatological reaction (Lyashchuk, 2016).

eDeterioration of the ecological state of water bodies,
stimulate the growth of algae in water bodies
(Lyashchuk, 2016).

e[rritating to mucous membranes, eyes and skin (Oxygen
bleach powder..., 2021).

*No data on environmental effects (Oxygen bleach
powder..., 2021).

*Respiratory allergies (Basketter et al., 2012).

«Skin degreasing (Lyashchuk, 2016).
*Water pollution with aluminum (Lyashchuk, 2016).

*Not classified for toxicological and hygienic effects
(Safety Data..., 2024).
Defoamer No additional information on toxicity and ecological
effects (Safety Data..., 2024).

eImmune system disorders, development of allergies,
damage to the brain, liver, kidneys, lungs
(Yuan et al,, 2014; Lyashchuk, 2016).

*Reduced oxygen holding capacity, reduced
transparency, bloom of water bodies
(Lyashchuk, 2016).

Surfactants

«Itching of the body, hands, eyes, development of allergies,
Flavorings asthma (Lyashchuk, 2016).

. oSkin irritation - skin sensitizers (allergens) (Amyl and
Hexyl cinnamal hexyl..., 2016).

«Skin irritation, allergic skin reaction, eye damage
(Methylisothiazolinone...,, 1998;
Benzisothiazolinone..., 2019).

ResenadualCelbenasetizoione Moderately or highly toxic to freshwater and

methylisothiazolinone - a pesticide

; tuarine/marine organisms
to protect materials from damage es . : .
by microorganisms (Methylisothiazolinone...,, 1998).

(Methylisothiazolinone..., 1998) «The chemicals in this group are not expected
to bioaccumulate (Methylisothiazolinone
preservatives..., 2020).

Fig. 1. Toxic components of the studied products and the risks to human health and the
environment associated with them (blue color — component of the phosphonate-containing product;
pink color — component of the phosphate-free product; purple color — component
of both products (phosphonate-containing and phosphate-free); orange color —
component of the conditioner for children’s laundry)
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Toxic compounds in the composition of  hing, which may be associated with residual
the studied synthetic detergents and their compounds used to treat such clothing. The
impact on human health and the environment presence of water-soluble and water-insoluble

A summary of the results of the theoretical residual compounds after washing such
analysis of the composition of the detergents clothing with synthetic detergents ensures its
used in the study and their impact on the human toxicity (from weak to extreme), which is
body and the environment is presented in the potentially dangerous for the health of children.
form of a diagram (Fig. 1). Elimination of toxicity of second-hand and stock
cotton clothing is achieved by washing them

Conclusions with laundry soap.

Phytotesting has established a slight
toxicity of second-hand and stock cotton clot-
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