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Abstract

The degradation of water resource quality and ecosystem decline driven by increasing lithium contamination represents a
major global challenge, necessitating the search for potential biological indicators to assess the ecological status of water
bodies. The objective of this study was to evaluate the suitability of gastropod embryos from the Planorbidae family as a test
object under conditions of aquatic lithium pollution. Experimental modeling of the effects of a lithium compound on
Planorbidae embryos established a clear relationship between element concentration and changes in embryo size during
ontogenesis; furthermore, the effective concentrations were compared against the maximum permissible concentrations (MPC)
established for fishery water bodies. The ECz0 value for lithium was 0.07 mg/L (0.9 of the MPC), while the ECso was 0.28
mg/L (exceeding the MPC by 3.5 times). These results demonstrate that Planorbidae embryos hold significant promise for
assessing the ecological status of aquatic environments affected by lithium pollution.
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AHHOTanMsA

[Tpobnema yxyalleHUs1 KauecTBa BOJHBIX PECYpPCOB M Jlerpafialiii SKOCHCTeM BCJIE[CTBUE HAPACTAIOIEro 3arps3HeHUs
COeIMHEHUsIMU JIUTHUS SIB/ISIETCS. ONHOM W3 HanbOosiee 3HaUMMBIX B MHUPOBOM MacmTabe, uTo orpefiernsieT HeoOXOJUMOCTb
TOWCKA TIOTEeHI[UAbHBIX OMOIOrMUecKrX OOBEKTOB /ISl OLIeHKH 3KOJIOTHUeCKOTO COCTOSIHUSI BOf0eMoB. Llenb HacTosiiero
HCC/Ie/I0BaHUs 3aK/Iouanach B ONpefie/leHNM BO3MOKHOCTH HCIIO/b30BaHKsI SMOPHOHOB OPIOXOHOTHX MOJUIFOCKOB CeMeHCTBa
Planorbidae B KauecTBe TecT-oObeKTa B YC/IOBUSX 3arps3HEHHs] BOAHBIX OOBEKTOB COEJUHEHHSIMH  JIUTHSL.
JKCrepuMeHTalbHOe MOZIe/TUPOBAHUE BO3[EUCTBUS COEUHEHUsI JIMTHS Ha 3MOPHOHBI MOJUTIOCKOB Planorbidae mo3Bonuio
YCTaHOBUTDb 3aBHCHUMOCTh MeXX/y KOHLIEHTpaliel 3/ieMeHTa U M3MeHeHHeM pa3Mepa SMODHOHOB B IIpOLieCCe OHTOTreHe3a, a
TaK)Ke COTMOCTABUTDb ero 3¢d¢deKTUBHBIE KOHLIEHTPALMM HOPMaTHBaM COZlep>KaHUs B BOJHBIX 00beKTax phIOOX03siCTBEHHOTO
3HaueHust. Bemuunna EC20 nutust cocraBuna 0,07 mr/a (0,9 ot T1IJK), a ECso — 0,28 mr/n (npeBsiienue [T1K B 3,5 pasa).
Pe3ynbTaThl  IEMOHCTPHUPYIOT —TIEpPCIIEKTMBHOCTb HWCITIO/Ib30BaHUS 3MOPHOHOB MOJUTIOCKOB  Planorbidae pnsi  orjeHKH
9KOJIOTUYECKOTO COCTOSTHUSI BOHBIX 00BEKTOB B YC/IOBUSIX X 3arpsi3HEHUST JIUTHEM.

KnroueBble cji0Ba: 5KOJIOCMUYECKUM KOHTPOMb BOJHBIX OOBEKTOB, SMOPHMOTOKCUYHOCTb, 3arpsisHEHHE JIUTHEM,
OpIOXOHOTHe MOJITIOCKH, SMOproHb! Planorbidae.

Introduction

Along with persistent organic pollutants, nutrients, and xenobiotics, compounds of alkali and alkaline earth metals—
specifically lithium—are among the most significant water contaminants. Lithium is widely utilized across the glass, chemical,
metallurgical, and medical industries. Chemical power sources account for more than half of global lithium consumption, and
by 2050, demand for this element is projected to rise significantly, which will inevitably intensify mining activities and
consequently drive environmental pollution. This stems from the fact that the primary entry pathways of lithium into water
bodies are associated with enterprises involved in lithium ore extraction, processing, and lithium-ion battery manufacturing.
Furthermore, due to low recycling rates of lithium-containing products, landfill leachate from municipal solid waste sites also
acts as a notable source of contamination. Concurrently, natural geological processes further contribute to the accumulation of
this element in aquatic environments [1].
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The maximum permissible concentration (MPC) of lithium in fishery water bodies, established to prevent negative impacts
on aquatic biological resources and their habitats, is 0.08 mg/L. Meanwhile, lithium concentrations in water bodies vary across
a wide range. The lowest lithium levels, ranging from 0.0009 to 0.0099 mg/L, are recorded in major river systems (e.g., the
Volga and Tom rivers), with an increasing concentration trend driven by urban runoff [3]. Concurrently, elevated lithium levels
are consistently observed in aquatic bodies within developed geological and industrial regions, as well as in tectonic fault
zones. For instance, in the Lugan River, located within an active coal-mining area, the lithium concentration reaches 0.14
mg/L. Discharges from mine drainage and processing plants, along with runoff from waste heaps (where lithium content
reaches up to 5.59 mg/L), maintain lithium levels in the Lozovaya River at 0.09 mg/L, and in the Kamyshevakha River at up to
0.08 mg/L [4]. The water of the Lower Don basin and the Mius River is characterized by lithium concentrations up to 0.145
mg/L, which is attributed to industrial wastewater inputs [5]. Lithium contamination in the Ardon and Sadon river basins
(0.066-0.068 mg/L) is associated with mining activities at the lead-zinc ore deposits of the Sadon mining district [6].

The high mobility of the lithium ion in water and its resistance to complexation render the element highly bioavailable to
aquatic organisms. The toxic effects of lithium are known to manifest as alterations in the physiological and behavioral
responses of living organisms [7]. Consequently, the contamination of water bodies with lithium compounds can adversely
affect the stability of freshwater ecosystems. However, ecotoxicological data regarding its impact on aquatic life remain
limited [7]. The embryonic and larval stages of aquatic organisms, particularly mollusks, are among the most sensitive to
lithium exposure [8]. Toxic effects during the embryonic stages of mollusks can reduce the population of adult individuals
involved in nutrient cycling and water self-purification, subsequently disrupting the ecological balance. This underscores the
relevance and urgency of utilizing these biological test systems to assess the ecological status of lithium-polluted water bodies.

The objective of this study was to evaluate the suitability of gastropod embryos from the Planorbidae family as a test
object under conditions of aquatic lithium pollution.

Research methods and principles

The objects of this study were gastropods of the Planorbidae family, which were collected from a natural population in an
unpolluted water body located within the Saratov Oblast and subsequently acclimated to laboratory conditions.

The mollusks were maintained in a straight-walled transparent container filled with tap water that had been aged for 5
days, at a temperature of 20°C and a pH range of 6.6-7.2.

To evaluate the sensitivity of the Planorbidae mollusks, synchronized egg capsules at the zygote stage (at least 3 capsules
per replicate) were placed into 2-mL tubes, to which 1 mL of an aqueous lithium sulfate solution (Li,SO.), analytical grade,
JSC Vekton, St. Petersburg, was added. The experimental concentrations, calculated as lithium ion equivalent, were 0.05, 0.1,
1, and 10 mg/L (treatment groups). Each synchronized egg mass contained at least 6 embryos. Aged tap water was used as the
control. Both control and treatment groups were exposed for 7 days from the initial contact of the egg capsules with the
solution, maintaining a constant temperature of 20°C.

The test response used to evaluate the toxic impact of the lithium compound was the change in the size of the mollusk
embryos within the egg masses in the treatment solutions compared to the control after 7 days of exposure (embryotoxicity);
the relative change in embryo size was determined according to Equation 1:

Embryotoxicity = 222 x 100%

where:

A is the mean size of the embryos within the egg mass in the treatment group;

B is the mean size of the embryos within the egg mass in the control group.

Embryo sizes were measured every 24 hours throughout the exposure period using light microscopy (up to 12.5%
magnification) coupled with a digital camera (ToupCam UA1600CA) for image capture overlaid with a grid field (100 pm cell
size). The size of the embryos was determined by calculating their surface area (mm?) using the ImageJ software (version 1.42,
Fiji bundle).

Statistical data processing was performed using the StatTech software, version 4.5.0 (Stattech LLC, Russia). In the
statistical analysis of the results, mean values and standard deviations were evaluated. The calculation of effective
concentrations (ECz and ECsp) along with their 95% confidence intervals was carried out using GraphPad Prism software
(GraphPad Software, USA), employing a regression model based on a four-parameter logistic approximation.

Main results and discussion

Water biotesting using gastropod mollusks (Gastropoda) can serve as a promising tool for identifying the negative impacts
of contaminants—specifically lithium—on aquatic ecosystems due to the ecological relevance of these test objects. Within the
taxonomic class Gastropoda, the Planorbidae family is the largest and most promising for water toxicity studies owing to a
relatively short embryo incubation period (one to two weeks), flat egg masses suitable for microphotography, and a high egg
production capacity [9]. Mollusks of the Planorbidae family are typical representatives of freshwater fauna whose embryonic
and larval developmental stages occur entirely within the aquatic environment, rendering them highly susceptible to chemical
compounds present in this medium [9].

In the present study, to determine the sensitivity of Planorbidae embryos to lithium pollution, the impact of the element at
various concentrations on egg masses was evaluated in a model experiment. A dose-dependent effect of lithium exposure at
concentrations of 0.05-10 mg/L was established, manifesting as the inhibition of embryonic development. The dynamics of
changes in Planorbidae embryo sizes under lithium exposure are presented in Figure 1.
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Figure 1 - Dynamics of changes in Planorbidae embryo sizes under lithium exposure throughout the experiment
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According to the obtained results, the size of the egg capsules in the control group increased 35-fold by day 7 of the
experiment compared to day 1. Under lithium exposure at the lowest investigated concentration (0.05 mg/L), the size of the
egg capsules during the first 4 days was statistically significantly larger than the corresponding values in the control group.
This is likely attributed to the effect of hormesis-the stimulating effect of low concentrations of chemical substances on
biological systems [10]. However, starting from the fifth day of exposure, the intensity of embryonic growth began to decline,
resulting in a 1.4-fold reduction in capsule size relative to the control group.

Growth inhibition in the mollusks exposed to lithium at concentrations of 0.1, 1.0, and 10.0 mg/L was recorded as early as
day 2 of exposure. After 7 days of exposure, the size of the egg capsules treated with lithium at a concentration of 0.1 mg/L
was 1.77-fold lower than that of the control group, and at a concentration of 1.0 mg/L, it was 4.88-fold lower. The most
pronounced effect of lithium was observed at a concentration of 10 mg/L; by the end of the experiment, the size of the control
capsules exceeded that of the exposed ones 25-fold.

The obtained results demonstrate the sensitivity of mollusk embryonic stages to lithium exposure and are consistent with
data from earlier international studies. In particular, it has been shown that lithium exposure at concentrations starting from
0.015 mg/L. can influence the growth of Marisa cornuarietis embryos [8]. Conversely, other studies on Mytilus
galloprovincialis have reported a decrease in acetylcholinesterase activity and impairment of the antioxidant defense system in
the presence of 0.1 mg/L of lithium, as well as an increased rate of burrowing into the bottom substrate in the gastropod Tritia
reticulata at 0.5 mg/L [11].

To evaluate the trend of the embryotoxic effect of lithium at the investigated concentrations on the mollusk egg masses, the
ratios of the mean embryo sizes in the treatment solutions to those in the control group were assessed on days 1 and 7 of
exposure, and a cumulative dose-response curve was constructed (Figure 2).
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Figure 2 - Dose-response curve for the effects of lithium ions on Planorbidae embryos
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The application of a probit regression model enabled the interpolation of effective lithium concentrations causing 20%
(ECy) and 50% (ECso) reductions in embryo size, which were determined to be 0.07 mg/L and 0.28 mg/L, respectively.
Importantly, the calculated ECy value was virtually at the MPC level established for fishery water bodies, representing 0.9 of
the actual standard, whereas the ECs, value exceeded the MPC by a factor of 3.5.

The values of the model’s coefficient of determination (R* = 0.842) and the chi-squared statistic (X* = 12.45), p = 0.002 for
the probit model indicate a high degree of goodness-of-fit to the experimental data and confirm the adequacy of the obtained
results.

In conclusion, the obtained results demonstrate the feasibility of utilizing Planorbidae embryo cultures as a test object to
evaluate the impact of aquatic lithium pollution on the embryonic developmental stages of aquatic organisms. The findings of
the present study can be further applied to the development and standardization of a biotesting method using mollusks of this
family. Additionally, assessing the potential of Planorbidae mollusks as bioindicators of aquatic lithium contamination is of
significant interest. The high sensitivity of these organisms to the toxicant and its inhibitory effect on growth processes indicate
that under conditions of lithium pollution in a water body, the population may undergo degradation or complete extinction.
Conducting experiments on real-world samples under conditions of lithium contamination represents a promising avenue for
further research.

Conclusion

Based on the results of the conducted study, the feasibility of using gastropod embryos of the Planorbidae family as a test
object under conditions of aquatic lithium pollution was determined. A dose-dependent pattern of lithium toxic action was
established, and the effective concentrations of the element were compared against the MPC established for fishery water
bodies: the EC20 value was 0.07 mg/L (0.9 of the MPC) and the ECso value was 0.28 mg/L (exceeding the MPC by a factor of
3.5). Based on the evaluation of the ecological relevance of the test object to conditions characteristic of the aquatic
environment, the determination of its sensitivity to lithium, the analysis of the test response, and the alignment of the
experimental modeling results with the established standards for the element content in fishery water bodies, the use of these
mollusk embryos holds significant promise for assessing the ecological status of aquatic environments affected by lithium
pollution.

Kond/uKT NHTEpecoB Conflict of Interest
He yka3zaH. None declared.
Penensus Review
Bce crarem mpoxogsT perjeH3upoBanue. Ho perjeH3eHT nm All articles are peer-reviewed. But the reviewer or the author
aBTOP CTaThY MpeJNowId He yOMKoBaTh perieH3uio K 3Toii  of the article chose not to publish a review of this article in
CTaTbe B OTKPBITOM /IOCTyTIe. PelleH3ust MOXeT ObITh the public domain. The review can be provided to the
TIpeJloCTaB/IeHa KOMITETEHTHBIM OpraHaM I10 3arpocy. competent authorities upon request.


https://creativecommons.org/licenses/by/4.0/deed.en

Journal of Agriculture and Environment = Ne 10 (74) = October © Authors of the article / Authors of the article

Cnucok siureparypsbl / References

1. Ruseva A.S. Assessment of Lithium Ecotoxicity in Soils with Contrasting Properties / A.S. Ruseva, N.A. Evstegneeva,
S.I. Kolesnikov et al. // Eurasian Soil Science. — 2025. — Ne 58 (10). — P. 136. — DOI: 10.1134/51064229325601106

2. O6 yTBep)KIeHMH HOPMAaTMBOB KaueCTBa BOJbI BOJHBIX OOBEKTOB DbIOOXO3SIICTBEHHOTO 3HA4yeHWs, B TOM UHCIIe
HODMAaTHBOB TpeZie/IbHO  AOMyCTUMBIX KOHLIEHTpALMi  3arps3HSIOLIMX — BeljecTB B BOJAX BOAHBIX  OOBEKTOB
PbIOOXO035KCTBEHHOTO 3HaueHWs1 : Ilpuka3 @eziepasbHOrO areHTCTBa MO pbIbOMOBCTBY OT 26 Mas 2025 1. Ne 296 //
OdurmanbHbINA VHTepHeT-TopTan NIPaBOBOU VHpOPMaLUH. — 2025. — URL:
http://publication.pravo.gov.ru/document/0001202506020069. (gata obparrienus: 24.08.26)

3. CazoHoB A. A. CHHXpOHHBIE UCC/IeJ0BaHUs KauecTBa BoAbl peku Bonru / A. A. Ca3oHoB, A. A. JlucuHa, O. H. Epuna
[u np.] // BomHoe xo3sticTBo Poccuu: mpobrnemsl, TexHonorud, yrpaeneHue. — 2024. — Ne 5. — C. 98-114. — DOI:
10.35567/19994508-2024-5-98-114

4. Ypano U. B. I'mapoxumuueckass XapakTepUCTHKAa INMOBEPXHOCTHBIX M TPYHTOBBIX BOJ JIMcuyaHCKoro v AJiMa3HO-
MapbeBCKOTo IeosIoro-rnpoMbIluieHHbIX paiioHOB CeBepo-Bocrounoro donbacca / Y. B. Ymanos // Journal of Geology,
Geography and Geoecology. — 2014. — T. 22. — Ne 3 (2). — C. 2-11.

5. Xopouesckag B. O. CpaBHuTe/bHasi XapakTepUCTUKAa MHUKPOS/IEMEHTHOI'O COCTaBa pPeYHbIX BOf, APEeHUPYIOLIUX
Honenkuii 1 Kysbacckuit yronbHbie 6acceiinel / B. O. XopoiieBckass / MeXayHapogHbIM HayuyHO-MCC/Ie[0BaTebCKHUM
KypHamt — 2022. — Ne 5-1 (119). — C. 124-134. — DOI: 10.23670/IRJ.2022.119.5.062

6. PeytoBa H. B. [IpupogHOe ¥ aHTPOMOreHHOe 3arpsi3HeHHe MHUKpPO3/JeMeHTaMy BepXoBuil OacceiiHa p. ApgoH / H. B.
Peytoga, T. B. PeyToBa, ®@. P. [Ipeea // I'eonorust u reopusuka FOra Poccun. — 2025. — T. 15. — Ne 2. — C. 219-230. —
DOI: 10.46698/VNC.2025.46.62.001

7. Batley G. E. Metal contaminants of emerging concern in aquatic systems / G. E. Batley, P. G. C. Campbell //
Environmental Chemistry. — 2022. — Vol. 19. — Ne 1. — P. 23-40. — DOI: 10.1071/EN22030

8. Sawasdee B. Metal sensitivity of the embryonic development of the ramshorn snail Marisa cornuarietis
(Prosobranchia) / B. Sawasdee, H. R. Kohler // Ecotoxicology. — 2010. — Vol. 19. — Ne 8. — P. 1487-1495. — DOI:
10.1007/s10646-010-0534-8

9. Osborne R. K. Development of an embryo toxicity test to assess the comparative toxicity of metal exposure on different
life stages of freshwater gastropods / R. K. Osborne, M. M. Ijzerman, C. Venier [et al.] // Environmental Toxicology and
Chemistry. — 2023. — Vol. 42. — Ne 8. — P. 1791-1805. — DOI: 10.1002/etc.5686

10. Calabrese E. J. Lithium and hormesis: Enhancement of adaptive responses and biological performance via hormetic
mechanisms / E. J. Calabrese, P. Pressman, A. W. Hayes [et al.] // Journal of Trace Elements in Medicine and Biology. — 2023.
— Vol. 78. — P. 127156. — DOI: 10.1016/j.jtemb.2023.127156

11. Noguera L. Integration of responses to lithium in mussels at different levels of biological complexity / L. Noguera, D.
Benito, T. Briaudeau [et al.] // Chemosphere. — 2025. — Vol. 371. — P. 144021. — DOLI
10.1016/j.chemosphere.2024.144021.

12. Campos S. Behavioural and biochemical responses of the sea snail Tritia reticulata to lithium concentration gradient /
S. Campos, C. Leite, J. Pinto [et al.] // Aquatic Toxicology. — 2023. — Vol. 261. — P. 106629. — DOI:
10.1016/j.aquatox.2023.106629.

CrnHcok /iuTeparypbl Ha aHrymiickoM s3bike / References in English

1. Ruseva A.S. Assessment of Lithium Ecotoxicity in Soils with Contrasting Properties / A.S. Ruseva, N.A. Evstegneeva,
S.I. Kolesnikov et al. // Eurasian Soil Science. — 2025. — Ne 58 (10). — P. 136. — DOI: 10.1134/5S1064229325601106

2. Ob utverzhdenii normativov kachestva vody' vodny'x ob"ektov ry'boxozyajstvennogo znacheniya, v tom chisle
normativov predel'no dopustimy'x koncentracij zagryaznyayushhix veshhestv v vodax vodny'x ob"ektov ry'’boxozyajstvennogo
znacheniya : Prikaz Federalmogo agentstva po ry'bolovstvu ot 26 maya 2025 g. Ne 296 [On approval of water quality standards
for fishery water bodies, including maximum permissible concentrations of pollutants in the waters of fishery water bodies:
Order of the Federal Agency for Fisheries No. 296 of May 26, 2025] // Official Internet Portal of Legal Information. — 2025.
— URL.: http://publication.pravo.gov.ru/document/0001202506020069. (accessed: 24.08.26) [in Russian]

3. Sazonov A.A. Sinkhronnye issledovaniya kachestva vody reki Volgi [Synchronous studies of water quality in the Volga
River] / A.A. Sazonov, A.A. Lisina, O.N. Erina [et al.] // Vodnoe khozyaystvo Rossii: problemy, tekhnologii, upravlenie [Water
Sector of Russia: Problems, Technologies, Management]. — 2024, — Ne 5. — P. 98-114. — DOI: 10.35567/19994508-2024-
5-98-114 [in Russian]

4. Udalov LV. Gidrokhimicheskaya kharakteristika poverkhnostnykh i gruntovykh vod Lisichanskogo i Almazno-
Mar'evskogo geologo-promyshlennykh rayonov Severo-Vostochnogo Donbassa [Hydrochemical characteristics of surface and
ground waters of the Lysychansk and Almazno-Marievka geological and industrial regions of the North-Eastern Donbass] / I.V.
Udalov // Journal of Geology, Geography and Geoecology. — 2014. — Vol. 22. — Ne 3 (2). — P. 2-11. [in Russian]

5. Khoroshevskaya V.O. Sravnitelnaya kharakteristika mikroelementnogo sostava rechnykh vod, dreniruyushchikh
Donetskiy i Kuzbasskiy ugolnye basseyny [Comparative characteristics of trace element composition of river waters draining
the Donetsk and Kuznetsk coal basins] / V.O. Khoroshevskaya // Mezhdunarodny nauchno-issledovatelsky zhurnal
[International Research Journal]. — 2022. — Ne 5-1 (119). — P. 124-134. — DOI: 10.23670/IRJ.2022.119.5.062 [in Russian]

6. Reutova N.V. Prirodnoe i antropogennoe zagryaznenie mikroelementami verkhoviy basseyna r. Ardon [Natural and
anthropogenic pollution with trace elements in the upper reaches of the Ardon River basin] / N.V. Reutova, T.V. Reutova, F.R.
Dreeva // Geologiya i geofizika Yuga Rossii [Geology and Geophysics of Russian South]. — 2025. — Vol. 15. — Ne 2. — P.
219-230. — DOI: 10.46698/VNC.2025.46.62.001 [in Russian]


https://creativecommons.org/licenses/by/4.0/deed.en

Journal of Agriculture and Environment = Ne 10 (74) = October © Authors of the article / Authors of the article

7. Batley G. E. Metal contaminants of emerging concern in aquatic systems / G. E. Batley, P. G. C. Campbell //
Environmental Chemistry. — 2022. — Vol. 19. — Ne 1. — P. 23-40. — DOI: 10.1071/EN22030

8. Sawasdee B. Metal sensitivity of the embryonic development of the ramshorn snail Marisa cornuarietis
(Prosobranchia) / B. Sawasdee, H. R. Kohler // Ecotoxicology. — 2010. — Vol. 19. — Ne 8. — P. 1487-1495. — DOI:
10.1007/s10646-010-0534-8

9. Osborne R. K. Development of an embryo toxicity test to assess the comparative toxicity of metal exposure on different
life stages of freshwater gastropods / R. K. Osborne, M. M. Ijzerman, C. Venier [et al.] // Environmental Toxicology and
Chemistry. — 2023. — Vol. 42. — Ne 8. — P. 1791-1805. — DOI: 10.1002/etc.5686

10. Calabrese E. J. Lithium and hormesis: Enhancement of adaptive responses and biological performance via hormetic
mechanisms / E. J. Calabrese, P. Pressman, A. W. Hayes [et al.] // Journal of Trace Elements in Medicine and Biology. — 2023.
— Vol. 78. — P. 127156. — DOI: 10.1016/j.jtemb.2023.127156

11. Noguera L. Integration of responses to lithium in mussels at different levels of biological complexity / L. Noguera, D.
Benito, T. Briaudeau [et al.] // Chemosphere. — 2025. — Vol. 371. — P. 144021. — DOI
10.1016/j.chemosphere.2024.144021.

12. Campos S. Behavioural and biochemical responses of the sea snail Tritia reticulata to lithium concentration gradient /
S. Campos, C. Leite, J. Pinto [et al.] // Aquatic Toxicology. — 2023. — Vol. 261. — P. 106629. — DOI:
10.1016/j.aquatox.2023.106629.



https://creativecommons.org/licenses/by/4.0/deed.en

	ЭКОЛОГИЯ/ECOLOGY
	Planorbidae snail embryos as a test object for ecological monitoring of lithium pollution in aquatic bodies
	Kuzyanov D.A.1, *, Moiseeva E.M.2, Erdniev L.P.3
	Эмбрионы улиток Planorbidae как тест-объект в экологическом контроле литиевого загрязнения водных объектов
	Кузянов Д.А.1, *, Моисеева Е.М.2, Эрдниев Л.П.3

