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ABSTRACT: The impact of rare-earth elements (REEs) on living organisms is still unexplored. This study
aimed to determine the toxicological properties of lanthanum (La) under prolonged exposure to the benthic
amphipod Hyalella azteca, Saussure. The artificially created environmental condition models were water with
La spiking in concentrations ranging from 0.16 to 160 pmol L1 (mass concentrations of 0.0006 - 0.6 mg L")
as La2(SO4)3-8H20. The observation period lasted 40 days. Based on mortality rates, La concentrations of
160 and 16 umol L1 (22.4 and 2.24 mg L) were toxic in the acute experiment. In contrast, concentrations of
1.6, 0.8 and 0.16 pmol L1 (0.224, 0.112, 0.022 mg L) exerted delayed chronic toxic effects on H. agzeca. The
linear dimensions and body mass of the amphipods increased in response to La concentrations of 0.16 and
0.8 umol L1, but further increases of metal concentrations reduced the parameters compared to lower
concentrations. In all test groups except 0.16 pmol 11, a significant increase in food consumption (biomass
of Acer platanoides 1..) was observed compared to the control. This effect is attributed to the compensation of
toxic stress through increased feeding activity. H. agzeca exhibits adverse effects of La exposure. Mortality and
morphological parameters serve as the most sensitive test endpoints for these amphipods.
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Toxicidade do lantanio para anfipodes Hyalella azteca com exposi¢ao
prolongada

RESUMO: Muitas questoes sobre os efeitos dos elementos de terras raras sobre organismos vivos ainda ndo
foram estudadas. O objetivo deste trabalho foi determinar as propriedades toxicolégicas do lantanio em
exposi¢ao prolongada em anfipodes bentonicos Hyalella azteca Saussure. Os meios-modelo foram agua com
aditivo La na faixa de concentrag¢io de 0,16 - 160 umol L' (concentragdes em massa de 0,0006 - 0,6 mg L)
na forma de Lax(SO4)3-8H20. A duracdo das observagoes foi de 40 dias. Em termos de mortalidade, as
concentragdes de La de 160 e 16 pmol L1 (22,4 ¢ 2,24 mg L) foram tdxicas no experimento agudo, e as
concentracoes de La de 1,6, 0,8 ¢ 0,16 pmol L1 (0,224, 0,112 e 0,022 mg I'!) tiveram efeito téxico crénico
tardio na H. agteca. O tamanho linear e o peso dos crusticeos aumentaram em resposta as concentracoes de
La de 0,16 e 0,8 pmol L1, elevando ainda mais a concentracdo do metal em compara¢ido com concentragdes
mais baixas. Em todas as variantes, exceto 0,16 umol 11, houve um aumento significativo no consumo de
alimentos (biomassa de Acer platanoides 1..) em comparagao com o controle, devido a compensacio do estresse
toxico pela nutricio. Assim, o H. agfeca experimenta os efeitos negativos do La. A morte e os parametros
morfoldgicos sao as fungdes de teste mais sensiveis nesses crusticeos.

Palavras-chave: bioensaio; sobrevivéncia; comportamento alimentar; toxicidade cronica.
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1. INTRODUCTION

Rare earth elements (REEs) are a family of 17 chemical
elements from group III of the short-form periodic table.
Based on their chemical properties and co-occurrence in
nature, they are divided into the yttrium group (Y, La, Gd—
Lu) and the cerium group (Ce—Eu), while by atomic mass,
they are classified as light (Ce—Eu) and heavy (Gd-Lu)
lanthanides. Lanthanum is a silvery-white soft metal with an
atomic mass of 138.9 amu, an ionic radius of 1.061 pm. It
actively reacts with oxygen and water, forming an oxide film
on its surface (JADHAYV et al., 2025). With an average crustal
abundance of 35 mg/kg, lanthanum is relatively abundant in
the Earth's crust compared to many heavy metals and other

REEs (TAO et al, 2020). It occurs primarily in complex
minerals, such as monazite and bastnisite, where lanthanum
accounts for 25% and 38% by mass, respectively (ZHENG
et al,, 2022).

The active use of REEs since the mid-20th century,
including lanthanum, has led to large-scale exploration and
development of corresponding mineral resources worldwide.
Due to their unique physicochemical properties, REEs are
used in the production of automotive catalytic converters,
ceramics, glass additives and polishing agents, battery alloys,
phosphors and fluid catalytic cracking. The physicochemical
properties of lanthanum have found applications in many
fields, such as the production of nickel-metal hydride
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batteries, high-strength and conductive copper alloys,
potentiometric ~ chlorine  sensors,  high-temperature
lanthanum  zirconate-based thermal barrier coatings,
petroleum cracking catalysts, electron-dense indicators in
molecular biology, and even lanthanum carbonate has been
proposed as a pharmaceutical agent (ZHI et al., 2020). Thus,
the demands of modern industries have intensified REEs
mining and global trade, which, according to experts, will
only increase in the coming decades (BLINOVA et al., 2018;
FIGUEIREDO et al., 2022).

The extraction and application of REEs inevitably lead to
their significant release into the environment and pose threats
to aquatic ecosystems. Natural waters in REEs mining areas
contain their concentrations ranging from nanomolar to
millimolar levels (LIU et al., 2019; WANG et al., 2022).
Although knowledge in the field of REE ecotoxicology has
significantly expanded over the past decade, uncertainty
remains regarding their actual hazard and risk to freshwaters.
However, international environmental regulations still lack
established safe concentration limits for REEs. For drinking
water, maximum allowable concentrations (MACs) have
been officially defined only for europium (Eu, 0.3 mg L) and
samarium (Sm, 0.024 mg L) (SANPIN 2.1.4.1074-01, 2010).
Based on the analysis of available data, a standard for the
maximum safe content in fresh water of 4 pug L' has been
proposed for La (HERRMANN ET AL., 2016).

Data on the correlation between individual REEs and
responses in standard laboratory tests, as well as predictable
toxicity patterns (e.g., expressed as LLC50 values), remain
limited. Consequently, lanthanum compounds should be
classified as substances requiring detailed investigation of
their ecotoxicological properties.

This paper aims to evaluate the range of response
reactions in the amphipod Hyalella azteca to increasing
concentrations of lanthanum under chronic exposure
conditions.

2. MATERIALS AND METHODS

The study wused lanthanum sulfate octahydrate
Laz2(SOa4)3-8H20 (the purity of the reagent is 99.5%). Test
concentrations in the range of 0.16-160 pmol L' (equivalent
to 0.022-22.4 mg L) were prepared by setial dilution of a
saturated La2(SOa)s solution with a concentration of 160
pmol L1 using tap water (pH 7.0-7.5, total hardness 4.0-4.5
meq L1 Ca* and Mg*, concentration of heavy metals,
natural anions and cations within the limits of Russian and
international standatds for natural waters). The same water
was used as a control. The solubility of lanthanum in water is
233  g/100 cm® at 20 °C  (Available at:
http://dictionary.sensagent.com/Solubility_table/en-en/).

The concentration range was selected based on published
data regarding the effects of lanthanum sulfate on survival,
lifespan, growth, development, and fecundity in cladocerans
(LOZHKINA; TOMILINA, 2016; SYSOLYATINA;
OLKOVA, 2022).

The amphipod Hyalella azteca, Saussure, 1858, from
laboratory culture was wused as the test organism.
Experiments were conducted according to standard
methodology (Ingersoll; Nelson, 1990; Rybina et al., 2019),
with additional parameters being evaluated. Neonatal
amphipods (1-3 days old) were sieved through the Standard
Sieve Series, USA No. 30 (600 um) and No. 50 (300 um) to
separate specimens not exceeding 3 mm in size. Juveniles

were individually collected using a 2 cm? pipette and placed
in glass chemical beakers (10 individuals per 200 mL of test
medium). The animals were fed with maple leaves (Acer
Platanoides 1.., 1753) 1.8 cm in diameter. The leaves were pre-
soaked in water to remove tannins. Three leaves were
provided per beaker. The experiment duration was 40 days.
Mortality was assessed daily by the complete absence of
swimming.  Control group mortality (7%) met
methodological requirements. Test solutions and consumed
maple leaves were replaced with fresh ones every 10 days.
During each water change, the linear dimensions of surviving
specimens and the post-consumption mass of maple leaves
were measured. Trophic activity was evaluated as a
percentage reduction in maple leaf mass relative to initial
mass. Laboratory scales VSL-60 (Russia) with an accuracy of
0.001 g were used. Amphipod body dimensions were
measured under a binocular microscope Micromed MC-2-
ZOOM (Russia) on days 14, 28 and 40. Body length was
measured from the base of the first antenna to the end of the
last abdominal segment's appendage. Individual mass of
surviving amphipods was determined from linear
measurements using the formula INGERSOLL et al., 2008):

M = (0.177 x L - 0.0292)° (01)
where: M is mass, in mg; and L is length, in mm.

The experiments were conducted in triplicate. Optimal
environmental  conditions were maintained:  water
temperature 22 £ 1°C, pH 7.5-8.0, dissolved oxygen at
saturation level through forced aeration, and light regime
(920 lux) with daylight lamps (16 h light and 8 h dark). The
control group of test organisms was kept under identical
conditions in tap water without La addition.

Results are presented as mean X + SD, where X is the
mean value for the entire experimental period and SD is the
standard deviation. Statistical significance of differences was
assessed by analysis of variance (ANOVA, LSD test) at p =
0.05 (SOKAL; ROHLF, 1995). Cotrelation analysis between
studied parameters that did not show normal distribution
(Shapiro-Wilk test) was performed using the non-parametric
Spearman's coefficient (ts, p=0.05).

3. RESULTS

In the acute experiment, the concentration causing 50%
mortality of amphipods after 48-hour exposure was
determined as LCso = 100 pmol L. Mortality of H. agzeca in
La-containing solutions consistently increased with rising
concentration. Acute toxic effects of La were recorded at 160
pmol L1 on day 2 of the experiment. By day 14, 100%
mortality of amphipods was observed at concentrations of 16
and 160 umol L. At the experiment's conclusion, minimal
mortality values (close to control levels) were recorded in the
0.16 pmol 1! solution.

The minimal amphipod sizes on days 14, 28 and 40 of the
experiment were recorded in the control group. In all
experimental solutions, this parameter was higher (Figure 2).
This pattern was first observed on day 14 at high
concentrations of 160 and 16 pmol L, which subsequently
demonstrated maximal toxic effects. This phenomenon is
likely attributable to the competitive and trophic advantages
of surviving amphipods. The maximal amphipod sizes
compared to controls were recorded in solutions with La 0.8
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pmol L1 concentration. At day 14, specimens in the lowest
concentration solutions showed no size differences from
controls, though a growth trend was noticed. By experiment's
end, these differences became statistically significant.
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Figure 1. Effect of La exposure on mortality of H. agfeca under
chronic experiment conditions (1: control; 2: 0.16 umol L-1; 3: 0.8
umol L-1; 4: 1.6 pumol L-1; 5: 6 pmol L-1; 6: 16 umol L-1; 7: 160 pmol
L.

Figura 1. Efeito da exposi¢do a La na mortalidade de H. agteca em
condi¢bes cronicas de experimento (1: controle; 2: 0,16 pmol L-1; 3:
0,8 pumol L-1; 4: 1,6 umol L5 5: 6 umol L-1; 6: 16 umol L5 7: 160
umol L-1).
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Figure 2. Effect of La exposure on the dynamics of linear
dimensions of H. agteca. (1: 14 days; 2: 28 days; 3: 40 days).
Figura 2. Efeito da exposi¢io a La na dinimica das dimensoes
lineares de H. agteca. (1: 14 dias; 2: 28 dias; 3: 40 dias).

=

The maximum total biomass of surviving specimens was
recorded in the control group. The biomass gradually
decreased with increasing La concentration (Table 1).

Table 1. Weight of surviving individuals of H. agfeca under La
exposure at the end of the experiment*.

Tabela 1. Peso dos individuos sobreviventes de H. agteca expostos a
La no final do experimento*.

La concentration Quantity Weight Weight of one
(umol L1 (pes) (mg) individual (mg)
0.16 7 2.04 0.10£0.02#
0.8 3 0.49 0.16£0.05>
1.6 1 0.13 0.13£02b
16 0 - -
160 0 - -
Control 27 2.61 0.09£0.03#

Note. “*” data are given at the end of the experiment, «» — 100% 100%
mortality of individuals was observed in the solutions. Here and in Table 2,
“ab,¢” are letter indices of statistically significant differences at p<0.05.

When calculating mass per individual, the maximum
statistically significant values were recorded at the 0.8 umol
L concentration. The lowest mass values per individual were
observed both in the control group and at the 0.16 umol L!
concentration (Figure 3).
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Figure 3. Mass of one surviving individual of H. azfeca under La
exposure at the end of the experiment. *Different letters mean
statistically significant differences in the linear sizes of amphipods in
experimental groups from control values at p <0.05.

Figura 3. Massa de um individuo sobrevivente de H. agfeca exposto
a La no final do experimento. *Letras diferentes indicam diferencas
estatisticamente significativas nos tamanhos lineares dos anfifpodes entre os
grupos expetimentais e os de controle, com p < 0,05.

The amphipods showed gradually increasing trophic
activity from day 10 to day 20 of the experiment (Table 2).
On day 10, statistically significantly higher leaf consumption
was observed at the higher concentrations (16 and 160 pmol
L) compared to the control. By day 20, increased feeding
activity was recorded for all concentrations except 0.16 pmol
L. No statistically significant differences in trophic activity
were found between groups on day 30. On day 40,
significantly elevated trophic activity was noted at 0.8 and 1.6
pmol L1 concentrations. The lowest tested concentration
(0.16 umol L) showed no effects on average trophic activity
throughout the experiment. Stepwise increases in La
concentration consistently led to progressively greater leaf
consumption.

Table 2. Effect of La on the dynamics of trophic activity of H. azteca
under chronic experimental conditions.

Tabela 2. Efeito do La na dindmica da atividade tréfica de H. agteca
em condi¢Ses experimentais cronicas.

La Eaten leaf weight (%)
concentration
(wmol 1) 10 cyr 20 cyr 30 cyr 40 cyr
0.16 42.7£4.6> 40.3%£4.3%>  57.0£0.6* 66.0%5.12

0.8 38.0+£9.5¢ (67.0£18.5¢  (3.3%£2.4b  §6.7£3.3b

1.6 41.3+5.6* 66.711.2¢  64.3£3.8> 87.0£5.0°

16 61.7£0.3¢d  72.3%4.7¢ - -

160 72.7%2.84  69.3%4.6¢ - -
Control 40.0£6.0>  34.7+3.7¢  63.0£3.62> 71.7£2.2ab

Throughout the experiment, the lowest trophic activity
was observed in both the control group and at the minimally
effective La concentration. In contrast, peak activity occurred
at 0.8 pmol L1 (Figure 4). Although H. azteca exhibited high
feeding rates at 16 and 160 umol L - comparable to those
at 0.8 and 1.6 pmol L1 - the daily leaf consumption
percentage remained low in these higher concentrations due
to high mortality of test organisms.

4. DISCUSSION

Our study used La concentrations that are currently
found in natural and man-made environments. The highest
concentrations of La are found in treservoirs located near
REE mining areas. In particular, water samples from former
mine lakes and a river in the Kinta Valley, Perak State,
Malaysia, measured 17.77 and 11.51 mg L1 (KHAN et al,,
2016). Near the production of catalysts, the La content is
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even higher — 52 mg L' (KLAVER et al.,, 2014). The La
content in urban wastewater has been reported at the level of
4.1 pg LT (ATINKPAHOUN et al,, 2020). In the surface
waters of urbanized territories, the La content is recorded in
the range of 0.001 - 0.05 pg L' (AMORIM et al, 2019;
STRAKHOVENKO et al., 2023).
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Figure 4. Effect of La on the trophic activity of H. agzeca. (1: 40 days;
2: 1 day).
Figura 4. Efeito do La na atividade tréfica de H. agfeca. (1: 40 dias;
2:1 dia).

The study results confirm the concentration-dependent
mortality of H. agteca in response to increasing lanthanum
concentrations. Although lanthanum sulfate undergoes weak
hydrolysis in water, forming sparingly soluble lanthanum
hydroxide, the Spearman correlation coefficient (rs=0.94,
p=0.005) indicates high I.a bioavailability. This effect is likely
attributable to their lifestyle. In natural habitat, H. agteca is
primarily epibenthic, derives little nutrition from the
sediments, and responds primarily to contaminants in the
overlying water column (including water and food) (WANG
et al., 2004). As detritivores, they consume organic matter
known to accumulate contaminants (SADCHIKOV;
OSTROUMOV, 2017).

Our studies demonstrated that La concentrations of 160
and 16 pmol L1 (22.4 and 2.24 mg I.!) were the most toxic.
In contrast, concentrations of 1.6, 0.8 and 0.16 umol L
(0.224, 0.112 and 0.022 mg L!) exerted delayed chronic toxic
effects on H. agfeca mortality. The significantly higher
sensitivity of crustaceans compared to nematodes, annelids,
fish, and protozoans to lLa exposure was confirmed
(HERRMANN et al,, 2016). For comparison, LC50 values
ranged from 0.04 mg L' for the crustacean Daphnia carinata
King, 1852 (most sensitive) to 278 mg L for the ciliate
Tetrahymena shanghaiensis Feng et al., 1988 (most resistant).
The lethal concentrations we established are comparable to
values reported in (Borgmann et al., 2005; Herrmann et al.,
2016), where the 168-hour (7-day) LC50 for H. agteca was
0.018 mg L. Consequently, amphipods exhibit lower
resistance to lanthanum exposure compared to daphnids,
though falling within similar concentration ranges.

The study results demonstrate that mortality-based
bioassays show limited ecological relevance (FILENKO;
TEREKHOVA, 2016). Chronic toxicity experiments prove
far more informative, as they reveal sublethal biological
responses at environmentally realistic contamination levels
(JOHNSON et al., 2000; OLKOVA; MAHANOVA, 2018).

The results of H. agfeca size measurements initially
appeared counterintuitive. Most experimental groups
showed progressive growth trends, with some exhibiting
statistically significant increases compared to controls. This
phenomenon may be partially explained by reduced food
competition. A study with Daphnia magna Straus, 1820

demonstrated that increased per-capita habitat space
enhances multiple biological parameters (OLKOVA et al,,
2018). As established in the seminal work (Odum, 1986),
abiotic and biotic factors always interact synergistically:
mitigation of one stressor (population density) can increase
organismal resilience to another (chemical exposure).

The Spearman correlation coefficients between
concentration and linear dimensions were statistically non-
significant at 0.23, 0.80, and 0.80 for days 14, 28, and 40 of
the experiment, respectively. Therefore, the reduced
population density cannot fully compensate for the toxic
effects of La. The growth of amphipods was partially
constrained by ILa presence in water, as evidenced by
comparing the effects of 0.8 and 1.6 pmol L' solutions. The
maximum body sizes, significantly different from controls,
were recorded at the lower concentration (0.8 pmol L1),
despite more optimal spatial and trophic conditions at 1.6
pmol L-1. Similar growth inhibition patterns for H. agfeca were
reported for other metals (As, Co, and Mn) after 4-week
exposures (NORWOOD et al., 2007).

The calculated amphipod mass values carry important
implications for predicting the ecological effects of ILa
contamination in aquatic ecosystems. While individual mass
changes in response to La exposure were minor, the total
biomass assessment of H. agfeca at day 40 revealed that
benthic biomass reduction may represent a likely ecological
consequence of La exposure in natural environments. Similar
effects were observed with dysprosium (another REE)
exposure, showing decreased average weight of H. azzeca by
day 28 (LU, 2016). These findings may ultimately trigger
cascading effects on ecosystems, as demonstrated for the
herbicide simazine (WANG et al., 2021).

Based on the obtained correlation coefficients, body
length and mass of H. agzfeca emerge as highly informative
endpoints for La toxicity assessment, alongside mortality.

Trophic activity serves as a holistic indicator of
organismal viability, while adequate food availability and
consumption capacity may play a compensatory role against
toxic stress (GAD, 2016). This phenomenon was evident in
our assessment of La effects on amphipods: all
concentrations except 0.16 pmol L1 triggered statistically
significant increases in food consumption relative to
controls. Notably, in 160 and 16 umol L-! treatments — where
population numbers were lowest due to high mortality —
these trophic responses were particularly pronounced,
underscoring their biological significance.

5. CONCLUSIONS

The study demonstrates that lanthanum exhibits lower
toxicity compared to many metals (particularly heavy metals).
However, aquatic organisms respond to its presence through
morphophysiological alterations, as evidenced in our H.
azteca experiments. Certain responses — including mortality
and population biomass reduction — may initiate cascading
ecological effects, ultimately impacting aquatic community
structure and biodiversity of water bodies.

6. REFERENCES

AMORIM, A. M.; SODRE, F. F.; ROUSSEAU, T. C. C;
MAIA, P. D. Assessing rare-earth eclements and
anthropogenic gadolinium in water samples from an
urban artificial lake and its tributaries in the Brazilian
Federal District. Microchemical Journal, v. 148, p. 27-
34, 2019. https://doi.org/10.1016/j.microc.2019.04.055

Nativa, Sinop, v. 13, n. 4, p. 606-611, 2025.

609



610

Long-term toxicity of lanthanum to amphipods Hyalella azteca

ATINKPAHOUN, C. N. H; PONS, M. N.; LOUIS, P.;
LECLERGC, J. P,; SOCLO, H. H. Rare earth elements
(REE) in the urban wastewater of Cotonou (Benin, West
Africa). Chemosphere, v. 251, 126398, 2020.
https://doi.org/10.1016/j.chemosphere.2020.126398

BLINOVA, I; LUKJANOVA, A; MUNA, M.; VIJA, H,;
KAHRU, A. Evaluation of the potential hazard of
lanthanides to freshwater microcrustacean. Science of
the Total Environment, v. 642, p. 1100-1107, 2018.
https://doi.otg/10.1016/j.scitotenv.2018.06.155

BORGMANN, U,; COUILLARD, Y. DOYLE, P,
DIXON, D. G. Toxicity of sixty-three metals and
metalloids to Hyalella azteca at two levels of water
hardness. Environmental Toxicology and Chemistry,
v. 24, p. 641-652, 2005. https://doi.org/10.1897/04-
1771

FIGUEIREDO, C.; GRILO, T. F; OLIVEIRA, R,
FERREIRA, L J.; GIL, F.; LOPES, C.; BRITO, P; RE,
P.; CAETANO, M.; DINIZ, M.; RAIMUNDO, J. Single
and combined ecotoxicological effects of ocean warming,
acidification and lanthanum exposure on the sutf clam
(Spisula solida). Chemosphere, v. 302, 134850, 2022.
https://doi.org/10.1016/chemosphere. 2022.134850

FILENKO, O. F.; TEREXOVA, V. A. Ecological purpose
of biotesting: informative and versatile. Izdatel stvo
GEOS, S. 232-238, 2016. EDN WYAZSF. (in Russian).

GAD, S. C. (Ed). Animal Models in Toxicology. 3rd Ed.
Boca  Raton: CRC Press,  2016. 1152p.
https://doi.org/10.1201/b187505

HERRMANN, H.; NOLDE, J.; BERGER, S.; HEISE, S.
Aquatic ecotoxicity of lanthanum - A review and an
attempt to derive water and sediment quality criteria.
Ecotoxicology and Environmental Safety, v. 124, p.
213-238, 2016.
https://doi.otg/10.1016/j.ecoenv.2015.09.033

INGERSOLL, C. G.; BESSER, J. M.; BRUMBAUGH, W.
G, IVEY, C; KEMBLE, N.; KUNZ, J. L; MAY, T. W.;
WANG, N.; MACDONALD, D. D.; SMORONG, D. E.
Sediment chemistry, toxicity, and bioaccumulation
data report for the US Environmental Protection
Agency. Department of the Interior sampling of metal-
contaminated sediment in the Tri-state Mining District in
Missouri, Oklahoma, and Kansas. Final report CERC-
8335-FY07-20-12.  2008. U.S. Geological Survey,
Columbia, MO, USA, and MacDonald Environmental
Sciences, Nanaimo, BC. Canada.

INGERSOLL, C. G.; NELSON, M. K. Testing sediment
toxicity with Hyalella azteca (Amphipoda) and Chironomus
riparins (Diptera). In: LANDIS, W. G.; VAN DER
SCHALIE, W. H. (Eds.). Aquatic Toxicology and Risk
Assessment. 30 Ed. Philadelphia: ASTM, v. 13, p. 93-
109, 1990. https://doi.org/10.1520/STP20101S

JADHAYV, S. B; MALAVEKAR, D. B; MOHITE, R. A,
SHAIKH, S. B.; KADAM, K. V.,; PAWASKAR, P. N;
KIM, J. H;; LEE, N.-E. A critical review of lanthanum
and lanthanum-based materials: synthesis, applications,
and challenges. Rare Metals, v. 44, p. 5201-5232, 2025.
https://doi.otg/10.1007/812598-024-03204-8

JOHNSON, I. Criteria-based procedure for selecting test
methods for effluent testing and its application to Toxkit
microbiotests. In: PERSOONE, G.; JANSSEN, C,;
COEN, W. M. de. (Eds). New microbiotests for
routine toxicity screening and biomonitoring.

Nativa, Sinop, v. 13, n. 4, p. 606-611, 2025.

Boston, MA: Springer, 2000. p. 73-94.
https://doi.org/10.1007/978-1-4615-4289-6_7

KHAN, A. M.; YUSOFF, 1; BAKAR, N. K. A,; BAKAR, A.
F. A; ALIAS, Y. Assessing anthropogenic levels,
speciation, and potential mobility of rare earth elements
(REEsS) in ex-tin mining area. Environmental Science
and Pollution Research, v. 23, n. 24, p. 25039-25055,
2016. https://doi.org/10.1007/s11356-016-7641-x

KLAVER, G.; VERHEUL, M.; BAKKER, I.; PETELET-
GIRAUD, E.; NEGREL, P. Anthropogenic Rare Farth
Element in rivers: Gadolinijum and lanthanum.
Partitioning between the dissolved and particulate phases
in the Rhine River and spatial propagation through the
Rhine-Meuse Delta (the Netherlands). Applied
Geochemistry, v. 47, p. 186-197,  2014.
https://doi.otg/10.1016/j.apgeochem.2014.05.020

LIU, W. S.; GUO, M.-N,; LIU, C,; YUAN, M.; CHEN, X.-
T.; HUOT, H.; ZHAO, C.-M.; TANG, Y.; MOREL, ].
L; QIU, R.-L. Water, sediment and agricultural soil
contamination from an ion adsorption rare earth mining
area. Chemosphere, v. 216, p.75-83, 2019.
https://doi.otg/10.1016/j.chemosphere.2018.10.109

LOZHKINA, R. A; TOMILINA, I. I. The effect of
lanthanum on the biological parameters of the branchial
crustacean Ceriodaphnia affinis in a chronic experiment.
Toksikologicheskij Vestnik, no. 1(136), pp. 4240,
2016. https://doi.org/10.36946/0869-7922-2016-1-42-
42 (in Russian).

LU, C. The Effects of Water Chemistry and Organism
Source on Dysprosium Toxicity to Hyalella Azteca.
126f. Thesis [Mastet's of Science in Biology] - University
of Waterloo, Ontatio, Canada, 2016.

NELSON, M. K.; BRUNSON, E. L. Postembryonic growth
and development of Hyalella azteca in laboratory cultures
and contaminated sediments. Chemosphere, v. 31, n. 4,
p. 3129-3140, 1995. https://doi.org/10.1016/0045-
6535(95)00171-4

NORWOOD, W. P.; BORGMANN, U.; DIXON, D. G.
Chronic toxicity of arsenic, cobalt, chromium and
manganese to Hyalella azteca in relation to exposure and
bioaccumulation. Environmental Pollution, v. 147, n. 1,
p. 262-272, 2007.
https://doi.org/10.1016/j.envpol.2006.07.017

ODUM, Y. Ecology. Vol. 2. Mir, Moscow: Per. s angl. M.,
1986. 209p.

OLKOVA, A. S;; KANTOR, G. Y,; KUTYAVINA, T. I;
ASHIKHMINA, T. Y. The importance of maintenance
conditions of Daphnia magna Straus as a test organism for
ecotoxicological analysis. Environmental Toxicology
and Chemistry, v. 37, n. 2, p. 376-384, 2018.
https://doi.org/10.1002/etc.3956

OLKOVA, A. S.;; MAHANOVA, E. V. Choice of bioassays
for ecological studies of waters polluted with mineral
forms of nitrogen. Voda i Ekologiya: problem i
resheniya, v. 4, n. 76, p. 70-81, 2018. (In Russian)

RY'BINA, G. E;; MIXAJLOVA, L. V,; TOMILINA, I L
Methodology for determining the toxicity of aquatic
sediments, soils, sewage sludge and industrial
sediments by biotesting using amphipods Hyalella
azteca Saussure. 1st ed. Russia: Tyumen, 2019. 42p. (in
Russian).

SADCHIKOV, A. P.; OSTROUMOV, S. A. Issues of the
study of detritus in aquatic systems. Russian Journal of



Olkova et al.

General Chemistry, v. 87, p. 3244-3249, 2017.
https://doi.org/10.1134/51070363217130199

SANPIN 2.1.4.1074-01. Drinking water. Hygienic
requitements for water quality of centralized
drinking water supply systems. Quality control.
Russian Federation: Minister of Health, 2010. 44p.
Available at:
https://www.mast.is/static/files/library/Regluger%C3
%BO0ir/Russland/SanPin%202_1_4_1074-
01_ForWater.pdf. (in Russian)

SOKAL, R. R,; ROHLF, F. J. Biometry: the principles and
practice of statistics in biological research. New
York: W. H. Freeman and Co., 1995. 887p.

STRAKHOVENKO, V.; BELKINA, N.; SUBETTO, D
RYBALKO, A.,; EFREMENKO, N, KULIK, N
POTAKHIN, M. ZOBKOV, M. OVDINA, Ej;
LUDIKOVA, A. Distribution of rare earth elements and
yttrium in water, suspended matter and bottom sediments
in Lake Onego: evidence of the watershed transformation
in the Late Pleistocene. Quaternary International, v.

644, p. 120-133, 2023.

https://doi.otg/10.1016/j.quaint.2021.07.011

SYSOLYATINA, M. A,; OLKOVA, A. S. Potentiation of
the toxic effect of copper in the presence of lanthanum
in biotests on Daphnia magna Straus (Cladocera,
Crustacea)]  (Cladocera, Crustacea). Povolzhskij
Ekologicheskij Zhurnal, no. 4, p. 483-490, 2022.
https://doi.otg/10.35885/1684-7318-2022-4-483-490
(in Russian).

TAO, Y.; SHEN, L,; FENG, C,; YANG, R,; QU, J; JU, H,;
ZHANG, Y. Distribution of rare earth elements (REEs)
and their roles in plant growth: a review. Environmental
Pollution, V. 298, e118540, 2022.
https://doi.org/10.1016/j.envpol.2021.118540

WANG, F.; GOULET, R. R;; CHAPMAN, P. M. Testing
sediment biological effects with the freshwater amphipod
Hyalella azteca: the gap between laboratory and nature.
Chemosphere, v. 57, n. 11, p. 1713-1724, 2004.
https://doi.org/10.1016/j.chemosphere.2004.07.050

WANG, Z.; SHU, J. H; WANG, Z. R; QIN, X. H.; WANG,
S. F. Geochemical behavior and fractionation
characteristics of rare earth elements (REEs) in riverine
water profiles and sentinel clam (Corbicula fluminea) across
watershed scales: insights for REEs monitoring. Science
of the Total Environment,v. 803, ¢150090, 2022.
https://doi.otg/10.1016/j.scitotenv.2021.150090

WANG, Z.; YU, S.; ZHANG, L.; LIU, R.;; DENG, Y.; NIE,
Y.; ZHOU, Z.; DIAO, J. Effects of simazine herbicide
on a plantarthropod-lizard tritrophic community in
territorial indoor microcosms: Beyond the toxicity.
Science of the Total Environment, v. 781, ¢146723,
2021. https://doi.org/10.1016/j.scitotenv.2021.146723

ZHENG, B.; ZHANG, Y. W.; GENG, Y.; WEI, W; GE,
Z.; GAO, Z. Investigating lanthanum flows and stocks in
China: a dynamic material flow analysis. Journal of

Cleaner Production, v. 368, €133204,
https://doi.org/10.1016/j.jclepro.2022.133204
ZHI, Y., ZHANG, C; HJORTH, R; BAUN, Aj
DUCKWORTH, O. W.; CALL, D. F.; KNAPPE, D. R.
U.; JONES, J. L; GRIEGER, K. Emerging lanthanum
(III)-containing materials for phosphate removal from
water: A review towards future developments.
Environment International, v. 145, ¢106115, 2020.
https://doi.org/10.1016/j.envint.2020.106115

2022.

Acknowledgements: The authors express their gratitude to their
scientific supervisors T.Ya. Ashikhmina and G.M. Chuiko.

Authors' contributions: A.S.O. - conceptualization, formal
analysis, investigation, data curation, writing - original draft
preparation, writing - review and editing, supetvision; R.L. -
methodology, software, validation, formal analysis, investigation,
resources, writing - original draft preparation and visualization; I.T.
- methodology, validation, formal analysis, writing - review and
editing; M.S. - methodology, software, formal analysis, writing -
original draft preparation. All authors read and agreed to the
published version of the manuscript.

Funding: The research was partially supported by the state
assignment of the Ministry of Science and Higher Education of the
Russian Federation (Project No. 124032500015-7) titled "The role
of abiotic and biotic factors in shaping physiological, biochemical
and immunological parameters of aquatic organisms".

Data availability: Study data can be e-mail from the corresponding
author or the second author upon request. It is not available on the
website as the research project is still under development.

Conflict of interest: The authors declare that they have no conflict

of interest.

Copyright: © 2025 by the authors. This article is an Open-Access
article distributed under the terms and conditions of the Creative
Commons Attribution-NonCommercial (CC BY-NC) license
(https:/ / creativecommons.org/licenses/by/ 4.0/).

Nativa, Sinop, v. 13, n. 4, p. 606-611, 2025.

611





