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ECOTOXICOLOGICAL FEATURES OF PLANORBARIUS CORNEUS SENSU LATO
(MOLLUSCA: GASTROPODA: PULMONATA: PLANORBIDAE) ALLOSPECIES
FROM UKRAINIAN RIVER NETWORK UNDER IMPACT OF SYNTHETIC DETERGENTS

Yu. V. Ikonnikova?

We studied the action of different widespread in Ukraine non-phosphate (“LOSK”, “Friends”)
and phosphate (“Savex”, “Teo Bebe”) detergents in different concentrations (0.001-1000 mg/L) on
the ecotoxicological features of vicarious genetic allospecies of great ramshorn Planorbarius corneus sensu
lato, “western” and “eastern”. The main toxicological indexes (LC,, LC,,, LC,,,), latent period, lethal time,
mean lethal time, and coefficients of endurance and adaptation were established for both allospecies. It
was found that by toxicity scale used detergent belong to the weakly toxic (“LOSK”, “Friends”), very toxic
(“Teo Bebe”) and highly toxic (“Savex”), presenting the following order: «Savex» > «Teo Bebe» > «LOSK»,
«Friends». Under the impact of toxicants in applied concentrations the experimental molluscs developed
the irreversible pathological process of intoxication, composing of five phases: latent, stimulation,
depression, sub-lethal and lethal. Under the impact of equal concentrations of detergents applied in
the experiments, the mortality of “eastern” allospecies was higher than that of “western” one. Obtained
ecotoxicological indexes demonstrate the different sensitivity of two allospecies for used toxicants (p<0,05).
The “eastern” allospecies appeared to be much more sensitive and less adapted for different detergents’
impact than “western” allospecies. That’s why both P. corneus s. lato allospecies can be used as indicator
objects in monitoring of pollution level by these detergents of nature water bodies of Ukraine.

Key words: freshwater molluscs, surfactants, ecotoxicological parameters, aquatic ecosystem pollution.

EKOTOKCHKOAOT'TYHI OCOBAHBOCTI AAOBHAIB PLANORBARIUS
CORNEUS SENSU LATO (MOLLUSCA: GASTROPODA: PULMONATA:
PLANORBIDAE) I'lTIPOMEPEXXI YKPAIHU 3A BIIAUBY
PISBHUX CHHTETHYHHUX MHIOYHX 3ACOBIB

IO. B. IxoHHiKOBa

LocnioxeHo enaue pisHux KoHueHmpauiii (0,001-1000 mz/ 1) wupoKko 3acmocosyeaHux 8 YKpairi
6ezgpocpamHuux («LOSK», «/[pya») i pocdpamrux («Savex», «Teo Bebe») murouux 3acobig Ha eKOMOKCUKOI02IUHI
ocobaugocmi 2eHemuUYHUX a108uUdig-gikapiaHmie eumyuiku po2ogoi Planorbarius corneus s. lato —
(3AXIOHO020 | «CXIOHO020». BCMAaHO081eHO 3HAUEHHS OCHOBHUX MOKCUKO02iUHUX nokasHukis (LC,, LC,,
LC,,,), mexxi namermHoz0 nepiody, 1emaibHUll 4ac i 1emasbHUll CepeoHill uac, a marKoxx KoegiyieHmu

! Assistant at the Department of Botany, Biological Resources and Conservation of Biological Diversity
(Zhytomyr Ivan Franko State University, Zhytomyr)

e-mail: Ikonnikova-Y@zu.edu.ua

ORCID: 0000-0001-6887-0529



Ukrainian Journal of Natural Sciences Ne 15

Yrpainceruil okypHan npupooHuuux Hayk Ne 15

8UMPUBANIOCMI MA NPUCMOCYB8AHHS 0151 060X anosudis. 3’sco8aHo, U0 3a WKAJI0H MOKCUYHOCMI PEeUO8UH
ons anosudis P. corneus s. lato eurxopucmati CUHMeMUUHL MUOUL 3aCO0U Haexams 00 Kamezopiil
cnabromorcuurux («LOSK», «/Ipye»), cunoHomorxcuurux («Teo Bebe») i 8UCOKOMOKCUUHUX («Savex») peuosuH,
hopmyrouu 3a cmyneHem IMeHWEHHsT moKcuuHocmi maxkuii psio: «Savex» > «Teo Bebe» > «LOSK» > «/Ipya».
Y nioodocnioHux monrockig 3a 0il 00C/UONEHUX KOHUEHMPAULU MOKCUKAHMI8 PO38UBABCS. HE380POMHULL
NAmMOoN0IUHULL NPOUEC — OMPYEHHSL, UL0 BKILIOUANO N'SIMb (PA3: NAMEHMHY, CMUMYAIYIUHY, 0enpecusHy,
cybnemanvHy ma nemanioHy. CMepmHicmb 0COOUH AN08UOY «CXIOHO20» 30 0OHAKOBUX KOHUEHMPAUill
BUKOPUCMAHUX Y 00Cai0ax OemepzeHmie 6Y/ia 8UULOH0 NOPIBHSIHO 3 AIOBUOOM 3AXIOHUMY. OMmpumaHi
3HAUEHHS. eKOMOKCUKOI02IUHUX NOKAZHUKIE C8I0UaMb NPO PI3HY UYMIUSICMb anosudie eumyulox 0o
snuugy docnioxkeHux morcurxarmis (p<0,05). Anosud «cxXiOHUTY 8USLBUBCS. 3HAUHO UYMAUBIUUUM | MEHUL
npucmocogaHum 00 0ii pisHux CM3, HiK anosud axioHuth. Omoke, obudsa anosuda-gikapiaHmu P. corneus
s. lato morkymos dymu peKomeHO08aHL K THOUKAMOpPHL 06°exmu 0151 GIOMOHIMOPUHRY PiBHSL 3a0PYOHEeHHS
NpupooHUX 800 YKpaiHu cCuHmMemuuHUMU 0emepeeHmamu.

Knrouoei cnoea: npicHo800HI MOIIOCKU, NOBEPXHEB0-AKMUBHI PEUOBUHU, OemepaeHmu,
eKOMOKCUKONI02IUHI NOKA3HUKU, 306PYOHEeHHSL B00HUX eKOCUCMEeM.

Introduction

In modern world, the human’s actions have
caused the set of global ecological problems for
Earth’s hydrosphere (Sveum & Elamonovich,
2022; Uwajewa et al., 2022). From the end of
XX - beginning of XXI centuries, the different
synthetic detergents have gotten into the
surface waters of Ukraine progressively as
municipal wastes and wastes of several
industries (light, oil refining and petrochemical,
industry of synthetic rubber, fibers and toxic
chemicals) (Pomanenko, 2001). The production
of detergents grows yearly, as their assortment
also does. These detergents are characterized
by emulsifying, dispersive and lightening
features and contain the synthetic surface-
active compounds (15-25%).

They are well-soluble in water, however,
are slowly decaying, and thus settle in water
bodies for long. Getting into the nature
ecosystems, these pollutants are involved
into the circulation of substances, being
oxidized and adsorbed by suspensions and
bottom substrates, that somewhat lowers
their concentrations in water. The level of
biochemical oxidation of these pollutants
depends as on their chemical composition and
structure, as on the environmental conditions
(Mousavi & Khodadoost, 2019). By now, the
water bodies without detergents are almost
absent in Ukraine, and the level of river network
pollution by them exceeds the established
norms of their MPC (0,5 mg/L for anion-active,
0,1 mg/L for non-ionic) in tens and hundreds
of times ([AynHuk i €BTYy1IeHKO, 2013).

The consequence of the wide detergents
application has become the increase of
phosphorus in Ukrainian wastewaters, which
can migrate and accumulate in bottom
sediments and in hydrobionts, provoking the
intensive growth of water plants biomass,
which causes the eutrophication of water

bodies (CaBayumnceka Ta iH., 2013). The
detergents containing phosphates are quite
caustic and causes excessive foam production,
impoverishing the water of soluble oxygen, and
deteriorating the feeding chains (Mathew et al.,
2013; Divya, 2015; Toledo et al., 2021). In
modern days, along the phosphate-containing
detergents exist there are become more used
the less toxic non-phosphate detergents
(YBaeBa, 2018). Their impact, as the impact
of all others detergents, is multifactorial and
is caused in two ways. The first (direct) — the
impact of these pollutants on the behavioral,
physiological, biochemical and biological
processes occurring in hydrobionts’ organisms,
changing them one or another way (Logeswari et
al., 2021; Borah, 2022). It is known that under
the certain detergent concentrations, the set of
physiological processes in freshwater molluscs
become impaired: filtration (YBaeBa i Capras,
2011; YBaeBa, 2012, 2018; Stadnychenko et al.,
2019), respiration (Babuu i CramHUYEHKO,
2022;  AcraxoBa, 2023), hematological
(Crampuuenko i AdnoBuy, 2004; Babuu Ta iH.,
2021; MaxueBuu i Cramumyenko, 2021) and
trophological indexes (Craguudenko, 2005).
The second (indirect) impact of detergents
on hydrobionts is caused by the changes in
physical, physico-chemical and chemical water
features, i.e. their life environment. That’s
because the hydrobionts can change water
pH and salinity, making difficult the biological
processes of oxidation of organic pollutions, and
thus influencing the oxygen consumption by
water organisms (Chandanshive, 2013; Biauk
Ta in., 2021). Besides, the detergents can cause
the mutagenic, embryotoxic and gonadotoxic
impact on hydrobionts (YBaeBa, 2018).

The study of impact of different detergents
on the water ecosystems and their inhabitants,
particularly the molluscs playing important
role in the bioindication of water environment
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state, is actual (dixyx, 2012). The danger of
this toxicants use consist of them impairing
the normal water aeration, impairing the
respiration of hydrobionts. That’s why it is
expedient to found out the impact of different
detergents on viability of great ramshorn
allospecies.

The aim of present study is to establish the
features of impact of different concentrations of
widely used in Ukraine non-phoshate («LOSK»,
«Friends») and phosphate («Savex», «Teo Bebe»)
detergents by the ecotoxicological indexes
of “western” and “eastern” allospecies of
P. corneuss. lato, and to estimate the expedience
of use of these allospecies in biomonitoring of
Ukrainian water ecosystems state.

Material and methods

The material was the individuals of great
ramshorn P. corneus s. lato of the same age
collected by hand in June-August 2021:
670 individuals of “western” allospecies
(shell diameter — 25,62%0,12 mm) from the
Sluch river (Prypiat basin) near Myropol
settlement (50°0629.0"N 27°41°27.2"E), and
665 individuals of “eastern” allospecies (shell
diameter — 24,12+0,22 mm) from the Sula
river (left Dnipro tributary) near Romny city
(50°44°13.5"'N 33°29’49.5"E) (Fig. 1).

Allospecies were identified by the
conchiological traits (l'ap6ap, 2003, 2009).
Before the experiment, the animals delivered
to laboratory were acclimation during
14 days (Babych et al.,, 2021): aquarium
volume — 10 L, animals’ density — 5 ind./L,
water temperature — 18-20°C, pH - 7,2-7,7,
DO - 7,0-8,2 mg O,/L. Renewing of the
environment was daily, as well as feeding by
soft water plants (Cladophora sp., Miriophyllum
spicatum L.) collected at the sites of material
collecting.

The toxicological experiment was
conducted according to a standard method
(Babmu i Ilinkina, 2021). The following
detergents were used as toxicants: non-
phosphate—«LOSK»(«Henkel», Poland)and«Friends»
(TM «Friends», Ukraine), phosphate — «Savex»
(«Ficosota Syntez», Bulgaria) and «Teo bebe»
(«Ficosota Syntez», Bulgaria) at concentrations
of 0,001-1000 mg/L. The exposure
duration was 48 hours. The solutions were
prepared using dechlorinated (by 2-days
ageing) tap water from Zhytomyr water
network (t° - 18-20° C, pH - 7,2-7,7, DO —
7,0-8,2 mg O,/L). Renewing of the toxic

environment was daily. The results were registered
in 10, 30 minutes, 1, 2, 4, 6, 24, 48 hours.

Fig. 1. Map showing the type localities of Planorbarius corneus s. lato allospecies:
black circle — “western”; black square — “eastern”

9
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The indexes of impact of used toxicants on
the experimental molluscs were established
via monitoring of the individuals’ behavior
and their overall state. The changes in motion
behavior, feeding intensity, epithelial covers
impairments and mucus secretion were
registered. The endurance -coefficient was
determined by the formula of EC=E,/E,, where
the E, — time of death of all experimental
animals; E, — time of death of the first
experimental animal (Babwuu i [Tinkina, 2021).
Adaptation coefficient was calculated by the
formula (Malacea, 1968) of AC=E_,/E, where
the E, — the mean time of all experimental
animals’ death, E, — the mean time of all
control group animals’ death.

The results of experiments were analyzed
using standard methods of basic variation
statistics in software Statistica 6.0 (Hill &
Lewicki, 2007).

Results and Discussion

Surface active substances enter the
organisms of molluscs mainly via osmosis
through the epithelial body coverings and, to a
lesser extent, with food intake. These toxicants
cause the direct toxic action to hydrobionts:
anion- and cation-active compounds act
as resorbing neuro-paralytic and hemolytic
poisons, non-ionogenic — as local poisons.
Also, for all the surface active substances it
is proved the existence of membranotropic

function (change of cell membranes’ structure
and permeability) (dymHMK 1 E€BTyIIEHKO,
2013). Under the chronic intoxication by the
synthetic detergents, their accumulation in
the pancreas and the organism exhausting
occurs.

Results (Table 1) showed that the threshold
concentrations of the tested toxicants and
the main toxicological parameters (LC,,
LCso, and LCyg0) were lower for the “eastern”
allospecies than for the “western” allospecies.
It was established that the tested synthetic
detergents belong to three toxicity categories
for the great ramshorn: weakly toxic (“LOSK”,
“Friends”), very toxic (“Teo Bebe”), and
highly toxic (“Savex”), forming the following
decreasing toxicity order: “Savex” > “Teo Bebe”
> “LOSK” > “Friends”.

It was established that studied allospecies
differed by the lethality level under the impact
of all used detergents (Table 2). Under the
0,1 mg/L water solution of “Teo Bebe”, the
“eastern” allospecies had 100% survival rate,
while the 30% of “eastern” allospecies had
died by the experiment end.

The length of the latent period during
intoxication process was also different
between allospecies (Table 3). In the range
0,001-10 mg/L, this index was higher in
“western” than in “eastern” allospecies. The
length of latent period under the action of used

Table 1
The main toxicological characteristics of P. corneus s. lato allospecies
under the exposure of different synthetic detergents (48 hours)
. “Western” allospecies “Eastern” allospecies
Indicator, “Teo ‘ “Teo ]
mg/L “Savex” Bebe” “LOSK” | “Friends” | “Savex” Bebe” “LOSK” | “Friends”
Threshold 0,001 0,01 0,1 0,5 0,0001 0,001 0,01 0,1
concentration
LC, 0,05 0,5 1 1 0,01 0,05 0,1 1
LC,, 0,5 10 250 500 0,1 1 100 250
LC,y 10 100 800 1000 1 50 500 1000
Toxicity rate 0,5 10 250 500 0,1 1 100 250
Table 2
Mortality (%) of allospecies under the exposure of different synthetic detergents
. “Western” allospecies “Eastern” allospecies
Concentration, “Teo : “Teo ]
mg/L “Savex” Bebe” “LOSK” | “Friends” | “Savex” Bebe” “LOSK” | “Friends”
0,01 0 0 0 0 0 0 0 0
0,1 40 0 0 0 50 30 0 0
1,0 100 30 0 0 100 50 10 0
10 100 50 10 20 100 100 30 30
100 100 100 30 40 100 100 50 50
1000 100 100 100 100 100 100 100 100

10
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detergents decreased from lower to higher
their concentrations. The first symptoms of
intoxication (weakening of motion activity in
molluscs, intensification of secretory function
of secretory cells in their epithelium covers)
were observed in experimental molluscs
under the impact of detergent “Savex” in its
concentration of 0,001 mg/L after 24,3 h in
“western” allospecies and only after 21,2 in
“eastern” allospecies (p<0,05). This indicates a
higher sensitivity of the latter allospecies to the
action of the tested toxicant. With increasing of
detergents’ concentrations, the manifestations
of symptoms were registered earlier in
“eastern” than in “western” allospecies.
Additionally, they appeared the fastest in the
environments intoxicated by detergent “Savex”
and the slowest — by detergent “Friends” (in
both allospecies).

The adaptation coefficients indicates the
adaptation level of studied allospecies to the
impact of used synthetic detergents . The
highest indexes were registered for impact of
detergent “Savex”, and the lowest — detergent
“Friends” (Table 4). This impact also was
registered earlier in “eastern” than in “western”
allospecies. So, the adaptation coefficient was
registered 30 minutes earlier under the “Savex”
detergent impact, 40 minutes earlier under
the “Teo Bebe” detergent impact, “LOSK” -
20 minutes, “Friends” — 10 minutes.

With increasing of toxicants’concentrations,
both allospecies demonstrated the increase

of endurance coefficient — however, the
“eastern” allospecies had them lower than
“western” one did (Table 5). Under the impact
of surface active compounds, the endurance
coefficient of both allospecies were the lower,
the lower was the concentration of used
toxicants. Its value depended as on the range
of physiological status indexes’ fluctuation,
as on their toxic-resistance. Under the low
detergent concentrations, it was impossible
to calculate the numeric values of molluscs’
endurance coefficient due to the absence of
100%-lethality by the end of acute experiment.
It was established, that “western” allospecies
was more adapted to the impact of all used
detergents comparing to the “eastern”
allospecies (p<0,05).

For both P. corneus s. lato allospecies
there were established the limits of toxicants’
concentrations (from threshold to maximal
lethal) presenting the zone of toxic action
(Table 6). By the level of action, the ranges of
these concentrations were lower for “eastern”
than for “western” allospecies. Obtained
values show the speed of intoxication in
studied allospecies and level of its reversibility
(dymuuxk i €BTymenko, 2013). Aforementioned
phosphate and non-phosphate detergents
caused the intoxication in “eastern” allospecies
under lower concentrations and earlier than
in “western” allospecies. Under the impact
of different concentrations of phosphate
(«Savex» and «Teo Bebe») and non-phosphate

Table 3
Latent period (hours) of P. corneus s. lato allospecies
under the exposure of different synthetic detergents
Concen- “Western” allospecies “Eastern” allospecies
tration, | “Savex” |“Teo Bebe” | “LOSK” | “Friends” | “Savex” |“Teo Bebe” “LOSK” “Friends”

mg/L Mim Mim Mim Mim Mim Mim Mim Mim

0,001 24,3+1,12 | 25,3+1,05 - - 21,2+1,19* | 22,3+1,09* - -

0,01 22,1+£1,20 | 23,1+1,24 | 24,4+1,07 | 25,2+1,21 | 19,4+£1,05* | 20,5+1,21* | 21,5+1,01* | 22,3+1,19*
0,1 16,3+1,16 | 18,5+1,30 | 19,2+1,14 | 21,4+1,18 | 13,1+1,08* | 14,5+£1,28* | 16,1£1,32* | 17,4+1,21*
1,0 5,5+1,08 6,4t1,11 7,3£1,22 | 9,0£1,02 | 4,1£1,15 5,2+1,13 6,2£1,25 6,5t£1,31*
10 0,5£1,27 1,1£1,02 2,1+1,15 | 3,5+1,08 | 0,3+1,01 0,5£1,31 1,4+1,27 2,3%£1,20
100 0,2+1,04 | 0,3+1,21 | 0,4+1,19 | 0,4+1,28 | 0,1%1,14 | 0,11,14 0,3+1,07 0,3%1,11

1000 - - 0,3+1,13 | 0,3+1,07 - — 0,2£1,19 0,2%£1,23
Note: * - statistically significant differences (p<0,05) between P. corneus s. lato allospecies.

Table 4

Adaptation coefficient (hours) of P. corneus s. lato allospecies
under the exposure of different synthetic detergents

Detergent “Western” allospecies “Eastern” allospecies
“Savex” 3,30 3,00
“Teo Bebe” 2,50 2,10
“LOSK” 1,30 1,10
“Friends” 1,10 1,00

11
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(«LOSK» and «Friends») detergents, the studied
allospecies developed the clearly expressed
phasic pathological process of intoxication.
Under the threshold concentrations, there
were no intoxication symptoms registered in
molluscs, and the duration of their ethological
and physiological reactions were within the
normal range. By the moment of the end of
experiment, the status of molluscs remained
at the same level as in control group. Such
a reaction to the aforementioned toxicant
dose indicates (Harbar et al., 2021) the
duration of the first and longest phase of their
intoxication — asymptomatic latent.

Under the sub-lethal concentrations
of detergents, the studied allospecies
demonstrated the first ethological and
physiological impairments. Among such
symptoms there were the attempts of molluscs
to avoid the toxic environment via increasing
their motion activity. It is caused by the
presence of nervous connection between their
osphradies and columellar muscle and foot
muscles (Babwuu i Ilinkina, 2021). Also, under
the same conditions for both allospecies the
stimulation oftheir feedingand mating behavior
was demonstrated. Such defensive reactions
are typical for the second phase of intoxication —

a stimulation. It was established that such
symptoms were always observed 1-2 hours
later and wunder the higher detergents’
concentrations in “eastern” allospecies, which
appeared to be more sensitive and less toxic-
resistant than “western” allospecies. One
of the molluscs’ defensive reactions to the
toxic agent was the intensification of mucus
secretion by secretive cells of their epithelial
body covers, that slowed the speed and
volume of percutaneous entry of toxicants into
molluscs’ organisms. In some time, the layer
of skin mucus thinned and exfoliated, due to
which the particles of coagulants of different
size and shape got into the water. Under the
detergent “Savex” impact, by the moment of
experiment’s end the sliming covered the
body surface in only 55% of individuals in
“western” and 64% in “eastern” allospecies,
while under the “LOSK” impact — 44% and
56%, respectively.

Under the chronic-lethal concentrations of
synthetic detergent “Teo Bebe” the mortality
was 39% in “western” and 45% in “eastern”
allospecies, while under the same condition
but detergent “Friends” 30% and 39%,
respectively. Other experimental animals
were in oppressed state. Under the impact of

Table 5
Endurance coefficient (hours) of P. corneus s. lato allospecies
under the exposure of different synthetic detergents
Concen- “Western” allospecies “Eastern” allospecies
tration, | «gayex” |“Teo Bebe”| “LOSK” | “Friends” | “Savex” |“Teo Bebe”| “LOSK” |“Friends”
mg/L Mim Mim Mtm Mim M+m Mim M+m Mim
0,1 1,2141,20 - - - 2,27+1,13* - - -
1,0 1,54£1,09 | 2,15+1,18 - - 2,62+1,03* | 2,82+1,12 - -
10 2,13+1,05 | 2,69+1,22 - - 3,14+1,24* | 3,74+1,31* - -
100 2,77+£1,31 | 3,21+1,11 - - 3,72+1,17* | 4,25+1,18* - -
1000 - - 3,32+1,10 | 3,54+1,16 - - 3,51+1,15 | 3,78+1,19
Note: * - statistically significant differences (p<0,05) between P. corneus s. lato allospecies.
Table 6

Rating of synthetic detergents concentrations (mg/L)
according to the effect on P. corneus s. lato allospecies

Detergent | Subthreshold | Sublethal | Chronic lethal | Acutely lethal
“Western” allospecies
“Savex” 0,0001 and lower 0,01 - 0,001 1-0,1 10 -40
“Teo Bebe” 0,001 and lower 0,1-0,01 40-1 100 - 50
“LOSK” 0,01 and lower 1-0,1 80 - 50 150 - 100
“Friends” 0,1 and lower 10-1 150 — 100 180 - 160
“Eastern” allospecies
“Savex” 0,00001 and lower 0,001 - 0,0001 0,1-0,01 5-1
“Teo Bebe” 0,0001 and lower 0,01 -0,001 1-0,1 50-10
“LOSK” 0,001 and lower 0,1-0,01 40-1 80 - 60
“Friends” 0,01 and lower 1-0,1 80 - 50 150 - 100
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detergent “Teo Bebe” and “Friends” the situation
was similar. Besides, for both allospecies there
was registered the edema due to impairment of
their water balance. This is one of the defensive
physiological reactions in molluscs, which
allows them to soften the toxic action of surface
active compounds via “diluting” of impacting
concentration of these compounds ([linkina,
2010; Babwuu i [Tiukina, 2021).

Under acute lethal concentrations the
studied molluscs tried to avoid the toxic
environment by emerging to water surface
tension film and placing themselves above
it. The significant portion of molluscs lay
immovable at the bottom. 43% of “western”
and 54% of “eastern” allospecies demonstrated
the sharp increase of their body volume
(1,52 times) and decrease of contractibility of
columellar muscle, which didn’t allow molluscs
to fully retract the head and foot into shell,
from which they hung out (falling out reaction).
According to some researchers (ITinkina, 2010;
Harbar et al. 2021), this is the consequence of
kidney functioning impairment, causing the
different levels of destruction and eventual
death of kidney cells. Such impairments of cell
membranes are typical for depressive and sub-
lethal phases of pathological process. “Western”
allospecies developed it earlier and had it weakly

expresses than “eastern” allospecies. By the end
of experiment (48 hours), all the experimental
individuals were dead, which corresponds
with the final lethal phase of intoxication. The
lethal time for both allospecies was registered.
With increasing of concentrations of used
detergents, the length of lethal time (Table 7)
and mean lethal time (Table 8) decreased in both
allospecies. It happened the fastest under the
“Savex” impact, and the latest —under “Friends”
impact. The reversibility of intoxication caused
by these toxicants was quite insignificant.
With increasing concentrations, the lethal and
mean lethal times were registered always 1-2,3
hours earlier for “eastern” than for “western”
allospecies, which indicates its more sensitivity
for the used toxicants impact (p<0,05).

The mortality index was higher in “eastern”
than in “western” allospecies under the impact
of all used concentrations of detergents. It may
be the consequence ofits inhabiting the tougher
environment, with higher temperatures and
drier climate within its range (Left-Bank
Ukraine and the extreme South of Steppe
natural-geographic zone) (l'ap6ap, 2006).

So, the zones of toxic action of phosphate
(«Savex» and «Teo Bebe») and non-
phosphate (<LOSK» and «Friends») synthetic
detergents on the P. corneus s. lato differ by

Table 7
Lethal time (hours) of P. corneus s. lato allospecies
under the exposure of different synthetic detergents
Concen- “Western” allospecies “Eastern” allospecies
tration, | “Savex” |“Teo Bebe”| “LOSK” | “Friends” | “Savex” | “Teo Bebe” | “LOSK” | “Friends”
mg/L Mtm Mim Mim Mtm Mim Mim Mtm Mtm
0,01 |[35,1£1,22| 36,4+1,05 - - 32,1+1,18* | 33,2+1,16* - -
0,1 27,2+1,17 | 29,3+1,19 — - 24,2+1,22% | 25,4£1,22* - -
1,0 17,4+1,25 | 18,1+1,13 - - 14,141,05* | 15,241,27* - -
10 7,1£1,28 7,9+1,26 |30,2+1,02 | 31,4+1,08 6,211,14 6,5+1,15 |26,5+1,14* | 27,2+1,17*
100 0,2+1,15 | 0,3#1,32 |18,5+1,13| 19,3+1,16 | 0,1+1,03 0,2+1,26 | 15,1+1,31* | 16,2+1,22*
1000 — - 3,4£1,32 4,1£1,20 - — 3,1£1,09 4,5£1,23
Note: * - statistically significant differences (p<0,05) between P. corneus s. lato allospecies.
Table 8
Mean lethal time (hours) of P. corneus s. lato allospecies
under the exposure of different synthetic detergents
“Western” allospecies “Eastern” allospecies
Concen- “Teo
tration, | “Savex” Bebe” “LOSK” | “Friends” “Savex” “Teo Bebe” “LOSK” | “Friends”
me/L Mim Mim Mim Mim Mim Mim Mim Mim
0,1 42,3+1,16 | 43,2+1,28 - - 39,1+1,17* | 40,5+1,31* - -
1,0 22,1+1,23 | 26,4+1,02 - - 18,5+1,12* | 23,1+1,15* - -
10 13,3+1,18 | 15,1+1,23 - - 10,4£1,20* 12,2+1,25*% - -
100 4,2+1,21 | 4,5+1,22 | 47,3+1,19 | 48,5£1,18 3,211,12 4,1£1,14 43,1+1,29* | 44,2+1,22*

Note: * — statistically significant differences (p<0,05) between P. corneus s. lato allospecies
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concentrations: “eastern” allospecies is more
vulnerable under the lower concentrations,
which indicates its lower toxic-resistance.
Obtained ecotoxicological indexes (length of
latent period, lethal and mean lethal times,
adaptation and endurance coefficients)
indicates that “eastern” allospecies is more
sensitive and less endurance to the detergents
impact comparing to “western” allospecies. It
also demonstrated the first signs of irreversible
intoxication (weakening of motion activity,
increased mucus secreting by epithelial
secretory cells) earlier than in “western” one.
This indicates the higher viability of “western”
allospecies, caused by its better adaptation
to the regular conditions of river network in
nature-geographic zone of Ukraine. With
increasing of the used synthetic detergents,
the time of latent period occurrence fastens,
and the lethal and mean lethal times shorten.

Conclusions

The obtained results of the ecotoxicological
study indicate significant differences in the
sensitivity of Planorbarius corneus s. lato
allospecies to the action of phosphate and

non-phosphate synthetic detergents. It was
established that the “eastern” allospecies
is characterized by lower toxic resistance,
which is reflected in reduced threshold
concentrations, a shorter latent period of
intoxication, and lower values of adaptation
and endurance coefficients compared to the
“western” allospecies.

The revealed differences in behavioral and
physiological responses of molluscs confirm the
feasibility of using both allospecies of the great
ramshorn as sensitive bioindicator objects
in the monitoring system of natural water
pollution in Ukraine by synthetic detergents.
Their combined application allows increasing
the informativeness of assessing sublethal
pollution levels and enables timely detection
of adverse changes in aquatic ecosystems.

The established toxicological parameters
can be applied for ecological risk assessment,
development of regional water quality
standards, and prediction of the potential
impact of domestic wastewater on the
structure and functioning of freshwater
mollusc communities.
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