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ntroduction

During the implementation of individual development, the body constantly experiences the
dynamics of its many parameters [1]. The life of any organism always occurs under the
influence of environmental factors of different nature [2]. These are chemical, physical,
mechanical factors [3]. Their influence provides a number of changes in the body, some of
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which have a positive effect, and some of which have a clearly negative effect. These
effects have been monitored in humans [4], in productive animals [5] and in non-productive
living organisms [6], as well as in different cell populations [7].

In modern conditions, the level of environmental pollution by chemicals of
anthropogenic origin has increased significantly [8]. The amount of chemical elements
entering the environment as a result of technogenesis, in some cases, significantly exceeds
the level of their natural intake. Involving in natural migration cycles, anthropogeni

volumes of pollutants containing heavy metals increase annually and disrupt th
balance [9]. At the same tlme more than 10 heavy metals are now reco

mercury, lead and cadmium [10].

Nowadays, interest in the environmental aspects of pollutlo
synthetic surfactants obtained from petroleum hydrocarbons h
This is caused by the increasing scale of production and u
various industries, as well as their high danger to aq
synthetic surfactants are very resistant to biodegradation
organisms [11,12].

2 Materials and methods

The work was carried out on freshwater macrophytgi submerghil hornwort (Ceratophyllum

onditions with the same intensity and
re (20°C). During the experiment,
their growing environment (Table 1).

Table 1. Plant groups /i um and Egeria densa taken into the study

Experimental plan Growing environment
tap water, 20°C

Filtered tap water, 20°C

' Water with 100 pmol/l lead ions, 20°C

Water with 100 pmol/l lead ions, 20°C

1% aqueous solution of anionic synthetic surfactants (Dosya
laundry detergent, made in Poland), 20°C

1% solution of anionic synthetic surfactants (Dosya laundry
detergent, made in Poland), 20°C

Water containing 100 pmol/l lead ions and 1% anionic
synthetic surfactants (Dosya detergent, made in Poland), 20°C
Water containing 100 pmol/l lead ions and 1% anionic
synthetic surfactants (Dosya detergent, made in Poland), 20°C

Taking into account the information known from the literature [13,14], experimental
ontrol points were determined that correspond to the phases of the stress reaction. The
dition of the plants was monitored after 1, 2, 4, 12 and 72 hours of being in the test
environment. Since 1, 2, 4 and 12 hours of influence correspond to the primary inductive
stress reaction, the third day (72 hours of influence) reflects the picture of the second phase
of stress.

The amount of photosynthetic pigments in the composition of plant tissues was assessed
(quantitative determination of pigments is based on determining the optical density of
pigments at wavelengths that are their absorption maxima) [15]. Acetone was used to
extract pigments from plant tissues. To do this, each plant specimen, ground to a pulp, was
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placed in identical flasks containing 10 ml of pre-cooled solvent. The mixture was
thoroughly mixed and filtered. The filtrate containing the isolated pigments was diluted to
10 ml. The optical density of the finished solution was analyzed on a standard KFK-3
photometer (Russia) at different wavelengths (440.5; 644; 662 nm). Pigment concentrations
were calculated using formulas corresponding to the method. Statistical processing of the
study results was carried out by calculating the Student's test.

3 Results and discussion

In the course of our studies, it was revealed that C. demersum plants exp
response to the action of lead ions at a concentration of 100 pmol/l.
signs of chlorosis after 12 hours of incubation in the pollutant medi

Table 2.

Table 2. Effect of the presence of 100 pmol/l of lead ions in
chlorophyll and carotenoids in the tissues of Ceratophyllum dei

Experimental Chlorophyll a content,
conditions content, mg/g raw | conte terial
material mate,

Control 1.350+0.026 0.5 .28140.009

1 hour of 1.620+0.043* 0.46 .214+0.008*
experiment

2 hours of 1.121+0.036* 0.365+0.010*
experiment

4 hours of 1.121+0.032* 0.191£0.007*
experiment

12 hours of 1.040+0.014*
experiment

72 hours of 710+0.019* 0.166+0.006*

experiment

t of pigments in a leaf is directly related to the phenomena of stress
the relative concentration of pigments can change under the influence of
various abiotic factors [16]. According to the literature, heavy metal ions cause changes in
any structural and functional parameters of photosynthesis: inhibition of a number of
elizymes [17], various active centers of photosystem II and the enzyme of chlorophyll
synthesis - y-aminolevulenate dehydratase [18], damage to chloroplast granules and stroma
[19], disturbances absorption of elements necessary for them, including manganese and
iron, damage to the photosynthetic apparatus or destruction of chlorophyll through an
increase in chlorophyllase activity [20], as well as slowing down plastocyanin reactions
[21]. These effects of heavy metals led to a decrease in the content of photosynthetic
pigments during the primary stress induction phase.
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Stress factors can affect the level of chlorophyll a and 5. With an increase in the first
indicator, the function of the antenna complexes of photosystem II clearly decreases [22,
23]. As a result of the studies, it was revealed that the level of chlorophyll a and b changed
relative to the control group, which indicates the dynamics of the plant pigment complex to
the effects of heavy metals.

The pathogenic influence of lead ions in the phase of primary inductive stress led to a
decrease in the content of photosynthetic pigments (chlorophyll a and ») and an increag@i
the content of carotenoids. Presumably, this is due to the unfavorable effect of blug
photosynthesis, causing disruption of the ultrastructure of chloroplasts, ink
synthesis of pigments and enzymes of the Calvin cycle. A reduction in chlo;

aminolevulenate dehydratase [18], damage to the grana and stro
chloroplasts [19], disruption of the absorption of essential elements
iron, damage to the photosynthetic apparatus or destruction of ¢
in chlorophyllase activity [20]. The increased content of carot
that these pigments are the most common and active
participating in the system of protecting cells from th
[24].

It is known that during the adaptation pha
subsequent restoration of ion transport, synthesifi processes are enhanced, the activity of
mitochondria and chloroplasts and the level of rease. At the same time,

tissues of plants of the experimental grai
The dynamics of pigment content in
1% solution of anionic syntheti i d in Table 3.

chlorophyll and carotenoid phyllum demersum under experimental conditions
Chlorophyll b | Carotenoid content,
content, mg/g raw | mg/graw material
material
1.350+0.034 0.500+0.025 0.281+0.007
r of experiment 872+0.028* 0.492+0.031 0.081:£0.005*
2.746+0.075* 0.897+0.035* 0.337+0.012
2.158+0.093* 1.109+0.056* 0.146+0.007*
3.225+0.115% 0.559+0.039 0.679+0.010*
72 hours of experiment 1.670£0.062* 0.586+0.026 0.2900.011

— degree of significance of differences with the control level p<0.05.

During the first 12 hours of incubation in a pollutant medium, corresponding to the
phase of primary stress induction, the content of chlorophyll a was 1.5-2.2 times higher in
the plant tissues of the experimental group, chlorophyll b was 1.7-2 times higher, and
carotenoids were higher — 2.4 times, which indicated the strength of the stress factor and
damage to the antenna complexes of photosystem II in the tissues of C. demersum [22].
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The change in the amount of pigments in the tissues of C. Demersum under the influence
of a combination of pollutants is reflected in Table 4.

Table 4. Effect of 100 pmol/l lead ions and 1% solution of anionic synthetic surfactants on the
content of chlorophyll and carotenoids in the tissues of Ceratophyllum demersum during the

experiment
Experimental Chlorophyll a | Chlorophyll b | Carotenoid  content,
conditions content, mg/g raw | content, mg/g raw | mg/graw material
material material
Control 1.350+0.036 0.500+0.034 0.281+0.00
1 hour of experiment 0.872+0.022* 0.235+0.012*
2 hours of experiment 2.528+0.096* 0.304+0.011%*
4 hours of experiment 2.022+0.097* 0.152+0.015*

12 hours of
experiment 3.112+0.120*
72 hours of
experiment 1.682+0.032*

* — degree of significance of difference

nfluence of only lead ions. The content of
that of the control group, the content of

[ a combination of pollutants turned out to be
similar to that to i % solution of anionic synthetic surfactants. The content of

trol group, while the content of carotenoids was 4.7 times higher.

ut that the content of chlorophylls and carotenoids in the studied
olute amount of pigments is a hereditarily determined value,
ed with the structural and anatomical features of the leaves of a particular
trend in the dynamics of pigment content in the tissues of Egeria

dium. The dynamics of the content of photosynthetic pigments of Egeria densa
during the observation is reflected in Table 5.

ble 5. Effect of 100 pmol/l lead ions on the content of chlorophyll and carotenoids in Egeria densa
tissues under experimental conditions

Experimental conditions | Chlorophyll a | Chlorophyll b | Carotenoid content,
content, mg/g raw | content, mg/g raw | mg/graw material
material material

Control 0.150+0.019 0.075+0.014 0.035+0.010

1 hour of experiment 0.128+0.017* 0.073+0.012 0.030+0.011
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2 hours of experiment 0.178+0.021* 0.068+0.010 0.038+0.009
4 hours of experiment 0.162+0.018* 0.057+0.009* 0.027+0.007
12 hours of experiment 0.181+0.020* 0.050+0.010* 0.054+0.013*
72 hours of experiment 0.159+0.016 0.078+0.013 0.021+0.006*

* — degree of significance of differences with the control level p<0.05.

During the primary stress induction, corresponding to the first 12 hours of in¢

group of plants. However, by the same time, the proportion of carote:
ratio of chlorophylls to carotenoids increased to approximately thede

1or to that in the
is experimental group of
p of plants.

der the influence of a 1%

control group. The content of carotenoids in p
Egeria densa was 40% lower than this indicator i
The dynamics of pigment content in Egeria

stants on the content of chlorophyll and
cxperimental conditions

Experimental Chlorophyll b | Carotenoid content,
conditions content, mg/g raw | mg/graw material
material
0.075+0.012 0.035+0.012
0.062+0.016* 0.020+0.005*
0.081+0.012* 0.041+0.006
0.162+0.018 0.078+0.019 0.025+0.009
0.208+0.015* 0.071+0.013 0.042+0.005
0.159+0.028 0.070+0.011 0.041+0.003

* — degree of significance of differences with the control level p<0.05.

After an hour of action of the surfactant, the content of chlorophyll a in the tissues of
eria densa increased by 65%. During the first 12 hours of being in the pollutant
environment, which corresponded to the phase of primary stress induction in the plant
tissues of the experimental group, the amount of chlorophyll gradually decreased and by 12
hours exceeded the value of the same indicator in the control group by only 28%, which
indicated the strength of the stress factor and the development of damage antenna
complexes of photosystem II in tissues of Egeria densa [22].

Changes in the amount of pigments in the tissues of Egeria densa under the influence of
a combination of pollutants are reflected in Table 7.
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Table 7. Effect of 100 pmol/l lead ions and 1% solution of anionic synthetic surfactants on the
content of chlorophyll and carotenoids in tissues of Egeria densa under experimental conditions

Experimental conditions Chlorophyll a content, | Chlorophyll b | Carotenoid  content,
mg/g raw material content, mg/g raw | mg/graw material
material
Control 0.150+0.018 0.075+0.012 0.035+0.012

1 hour of experiment 0.148+0.028 0.050+0.011* 0.030=+0.

2 hours of experiment 0.244+0.025* 0.062+0.009

4 hours of experiment 0.199+0.034* 0.034+0.011*

12 hours of experiment 0.258+0.037* 0.044+0.009%*

72 hours of experiment 0.189+0.029%* 0.041+0

Assessing the content of photosynthetic pi
the influence of combined factors (100 pmol
synthetic surfactants), it was found that the res

1% solution of anionic
the action of pollutants
beginning of the primary
lorophyll a and chlorophyll

and under the influence of various pollutants
nionic synthetic surfactants) characterize the

2 quantitative content of photosynthetic pigments are
ergence, development and some adaptation to stress

he first phase, the permeability of membranes increases as a
in the molecular composition of their components, and the membranes
arize, which causes inhibition of H+-ATPase. A decrease in the activity of

of repressed genes and the synthesis of a number of stress proteins occur. Also,
under these conditions, the assembly of cytoskeletal elements is activated, which leads to an
rease in the viscosity of the cytoplasm [27]. The intensity of photosynthesis is inhibited
e to changes in the structure of proteins and lipids of thylakoid membranes [28].
Respiration in plant cells is initially activated, but then inhibited as photosynthesis weakens
and the level of ATP decreases. The situation is aggravated by the activation of free radical
processes in living cells [29,30].
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4 Conclusion

Various aspects of ecology are now the focus of research as a result of pollution of
freshwater bodies by synthetic surfactants. This is due to the increasing scale of production
of detergents and the large volumes of their use in industry and the extremely wide range of
their negative effects on aquatic ecosystems and the human body. Plant organisms of water
bodies are among the first to experience the effects of anthropogenic pollution with k

considered as a response of aquatic plants to anthropogenic impacts.
influence of these toxic factors in plants increased, a transition oc

combinations) negative changes occur in the tissues
Ceratophyllum demersum and Egeria densa can right i reliable objects for

photosynthetic pigments in them.

References

1. M.A.Vinichenko, S.Yu. Zavalishin
Journal. 16(1) : 87-94 (2023)

2. N.V. Vorobyeva, S.Yu.
Fayzullina. Indian Jo
1929 (2019)

S. Zavalishina.

Biomedical and Pharmacology

al, M.A. Grishan, L.P. Lazurina, I.I.
Research & Development. 10(8) : 1925-

. 392: 01023 (2023)
ishina, A.A. Karpushkin, A.V. Malyshev, E.S.

xiootogical aspects. Minsk: Science and Technology. 286 (1994)

. A.F. Titov, V.V. Talanova, N.M. Kaznina, G.F. Laidinen. Plant resistance to heavy

metals. Petrozavodsk: Karelian Scientific Center of the Russian Academy of

Sciences.172 (2007)

11. M.J. Rosen, F. Li, S.W. Morall, D.J. Versteeg. Environ. Sci. Technol. 35(5) : 954-959
(2001)

12. G.G. Ying. Environ. Int. 32(3) : 417-431 (2006)

13. T.V. Chirkova. Physiological basis of plant resistance. St. Petersburg: St. Petersburg
University Publishing House. 244 (2002)



BIO Web of Conferences 84, 01021 (2024) https://doi.org/10.1051/bioconf/20248401021
AQUACULTURE 2023

14. V. 1. Ipatova. Adaptation of aquatic plants to environmental stress factors. Moscow:
publishing house Grafikon-print, 224 (2005)

15. G. Britton. Biochemistry of natural pigments. Translation from English. Moscow:
World. 422 (1986)

16. N.R. Zaripova. The effect of excessive concentrations of heavy metals on the
expression of chloroplast genes in barley plants. Abstract of the dissertation of a
candidate of biological sciences. Moscow. 21 (2008)

17. A K. Stobart, W.T. Griffiths, . Ameen-Bukhuri, R.P. Sherwood. Physiol. P
293-298 (1985)

18. D.D.K. Prasad, A.R.K. Prasad. J. Plant Physiol. 127 : 241-249 (1987
19. H.M. Rebechini, L. Hanzely. Z. Pflanzenphysiol. 73 : 377-386 (1
20. P. Sharma, R.S. Dubey. Braz. J. Plant Physiol. 17(1) : 35-52
21. M. Kimimura, S. Kathon. Biochim. Biophys. Acta. 282 : 2

22. E. M. Lisitsyn. Content of leaf photosynthetic pigment
environmental stress. Biodiagnostics of the state of n
systems: Materials of the X All-Russian scientifi

23. V.A. Karavaev, A.M. Baulin, T.V. Gordien
Physiology. 48(1) : 47-54 (2001)

24. S.I. Krasikov, N.V. Sharapova, L.A. Chesnok
polychlorinated biphenyls on the p 4 i of macrophytes using the
example of hornwort (Ceratophyll / ”

Investments. Orenburg: Orenburg Sta

oy Kulgry. 4 : 36-37 (2023)




	1 Introduction
	2 Materials and methods
	3 Results and discussion
	4 Conclusion
	References



