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Muilitary operations and the associated pollution of the Ukrainian river ecosystems affect all aquatic inhabitants. Freshwater bi-
valves are environmentally important stress-sensitive filter feeders, but their adaptive capacity to explosives is currently poorly
understood. The alien bivalve Dreissena polymorpha (zebra mussel), invaded the Dnieper River basin waters and has served as the
model object to reveal the biochemical and histological effects of 2,4,6-trinitrotoluene (TNT) action. During chronic (27 days at
2.5 mg/L) exposure, the weight of the experimental mollusks decreased, while their mortality exceeded the control rate. TNT toxici-
ty level of LCso for D. polymorpha was calculated by Probit analysis. Histopathological changes in the zebra mussel tissues were
examined on the 10th and 27th days and showed the dependence on TNT exposure duration. In the gills, lamellae curvature and
elongation, cilia degradation and loss, destruction of lamellar apical tips, and cellular abnormalities, such as epithelial cells dysplasia
and karyolysis were detected. The hepatopancreas of the experimental zebra mussels demonstrated partially or completely de-
stroyed acini, disruption of basement membrane, destruction of tubules, and digestive cells hypertrophy, hyperplasia, vacuolization,
and necrosis. Long-term TNT exposure significantly elevated glutathione-S-transferase activity and malondialdehyde content in the
D. polymorpha hepatopancreas and gills, marking oxidative stress and indicating accumulation and/or biodegradation of TNT in the
mollusks’ tissues. The results are discussed regarding the specificity of some identified biomarkers as indicators of TNT action.
Overall, the biochemical and histopathological responses reflected the metabolic adaptations of zebra mussels to survive in a TNT-
polluted environment. Study results indicated sensitivity of D. polymorpha to 2,4,6-trinitrotoluene, while suggested the mollusk's

potential for bioremediation in freshwater ecosystems contaminated with explosives.
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Introduction

Large-scale hostilities on the territory of Ukraine during the Rus-
sian aggression have led to the physical destruction of several large
freshwater ecosystems and caused irreparable damage to the envi-
ronment. Recent studies revealed the destruction of hydraulic struc-
tures, pollution of watercourses due to intense fighting and fires, dam-
age to water supply infrastructure, and mass deaths of aquatic organ-
isms in Kyiv Region (Kireitseva & Tsyhanenko-Dziubenko, 2025).
River habitat damage and excessive pollution are causing the cata-
strophic ecological situation in Southern Ukraine. War exacerbates
environmental pollution with heavy metals and nitroaromatic compo-
unds, which are released during explosions and accumulate in critical
volumes in the combat zone and adjacent areas (Zulfigarov et al.,
2023). Additional harm of military conflicts is the significant expo-
sure of the environment to the toxic compounds from unexploded
ordnance and post-explosion by-products (Chatterjee et al., 2017).
The coexistence of various types of organic (nitroaromatic compo-
unds) and inorganic (heavy metals) pollutants in contaminated areas
complicates the cleanup and restoration of the environment (Taugeer
et al., 2021). Contamination of water bodies with explosives causes
toxic effects on biota (Sharamok et al., 2024) decreasing the number
of flora and fauna in the polluted aquatic ecosystems.

Among the chemical explosive materials, 2,4,6-trinitrotoluene
(TNT) is considered the most common for the production of ammuni-
tion (Chatterjee et al., 2017). TNT metabolites, namely 2-amino-4,6-
dinitrotoluene (2-ADNT) and 4-amino-2,6-dinitrotoluene (4-ADNT),
occur during the biotic transformation of 2,4,6-trinitrotoluene in the
environment. These compounds are highly toxic and carcinogenic,
implementing the mechanism of toxicity through the ability to cause
oxidative stress and the formation of reactive oxygen species in the
target biota (Maser et al., 2023). The long-term danger of TNT and its
transformation products to aquatic ecosystems was shown by relict
ammunition from the Second World War in the coastal waters of the

Baltic Sea. It was found that one or more explosive compounds were
present in 98.0% of the organisms studied, including plankton, mac-
roalgae, sponges, mollusks, echinoderms, polychaetes, sea anemones,
crustaceans, and fish, including commercially important fish species
(Beck et al., 2022; Maser et al., 2024).

Mollusks, including bivalves, are often the test subjects in moni-
toring and laboratory studies of the toxic effects of pollutants on
aquatic organisms. In particular, the state of anthropogenic pollution
of various areas of the Mediterranean coast was assessed using a
complex of biochemical and functional indicators of the mussel Myti-
lus galloprovincialis (Benali et al., 2015; Balbi et al., 2017; Boudjema
etal.,, 2023). In addition, a study of bioaccumulation processes in
aquatic organisms showed the presence of 20 chemical compounds in
the tissues of M. galloprovincialis, such as pharmaceuticals and per-
sonal care products, pesticides, and perfluoroalkyl substances (Alva-
rez-Ruiz et al., 2021). The impact of military pollution and hostilities
on freshwater inhabitants, including malacofauna, is less studied.
Such research is relevant in Ukraine, as exemplified by studies of
ecotoxicological reactions of widely distributed Planorbarius corneus
on the water pollution by zinc (Babych et al., 2022) and nickel ions
(Uvayeva et al., 2023). Recently, the physiological and biochemical
mechanisms of resistance of freshwater mollusks P. corneus and
Viviparus viviparus to the heavy metals, including lead from ammuni-
tion and explosives, were revealed (Tsyhanenko-Dziubenko et al.,
2024). Toassess the response of biota to environmental stress, the
biomarkers offer a convenient way (Balbi et al., 2017). In particular,
malondialdehyde, the end product of lipid peroxidation, serves as a
marker of oxidative stress (Garcia et al, 2020). Glutathione-S-
transferase, a key enzyme in phase 11 detoxification, is a biomarker of
neutralization of the xenobioatics by their conjugation to an endoge-
nous substrate, thus facilitating their elimination (Dasari et al, 2018;
Lozanoetal., 2024).

The bivalve mollusk Dreissena polymorpha Pallas, 1771 (zebra
mussel) is the representative of the Ponto-Caspian zoogeographical
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complex (Anistratenko et al., 2017), but currently has invaded the
European (Dzierzynska-Biatonczyk et al., 2018; Doelle et al., 2020),
including Ukrainian rivers (Fedonenko et al., 2017). Zebra mussels
are environmentally important filter-feeding bivalves contributing to
water purification due to their tremendous filtering capacity. The pre-
sent study aimed to integrate biochemical and histopathological mar-
kers in the D. polymorpha tissues for a more complete understanding
the toxic effects of TNT and for assessing the potential of these bival-
ves for self-purification of water bodies from military pollutants.

Materials and methods

The toxicological study was conducted in June 2025 in the Bio-
logy Research Institute of Oles Honchar Dnipro National University
using the bivalve zebra mussel (Dreissena polymorpha Pallas, 1771,
Myida, Dreissenidae) as the test-object. Healthy sexually mature zeb-
ra mussels were taken from the shallow water of Samara River (in the
Dnieper basin) and placed in 20-liter aquariums with aerated settled
tap water for 10 days before the experiment. Both the control and ex-
perimental groups of mollusks were fed every day throughout the
acclimation and TNT exposure. Model aguatic environments in the
five-liter aquariums were contaminated by adding an appropriate
amount of 2,4,6-trinitrotoluene, obtained as previously described
(Khromykh et al., 2023).

Toxicity level of TNT for D. polymorpha was determined accor-
ding to Schoenke et al. (2025), identifying the concentration which
caused mortality of 50% of the mollusks (LC50) in concentrations
range 2.5-25.0 mg/L during 24, 48, 72, and 96 hours; testing was
repeated three times, using 20 zebra mussels for each test. TNT chro-
nic exposure lasted 27 days under concentration of 2.5 mg/L, maintai-
ned by weekly replacement of agqueous medium. At the end of experi-
ment, mollusk number and morphometric parameters (weight, length,
and width) were determined, and the samples of mollusk tissues (gills
and hepatopancreas) for biochemical assays were collected and pla-
ced in a freezer at —20 °C. Tissue samples for histological assays were
collected on the 10th and 27th days of experiment and fixed in 10%
formalin solution.

Histological preparations of the control and experimental zebra
mussels were made using paraffin blocks with subsequent sectioning
by automatic microtome PM100A (China, 2020) and staining with
hematoxylin-eosin. Microscope Ulab XY-B2TLED 78 (China, 2022)
at a magnification of 400x, equipped with a digital camera Sciencelab
T500 5.17M (China, 2022), was used for observation and photo fixa-
tion of the histological preparations. Ten fields of view on the 10 pre-
parations of both hepatopancreas and gills of D. polymorpha were
examined; number of histopathological lesions was expressed as a
percentage of total observed tissue elements.

Detoxifying ability of D. polymorpha hepatopancreas and gills
was assessed as glutathione-S-transferase (GST, EC 2.5.1.18) activity,
determined at 340 nm by the method (Habig & Jakoby, 1981) using
2,A-dinitrochlorobenzene (DNCB) as a substrate. GST activity was
expressed as UM DNCBY/s g tissue. The intensity of lipid peroxidation
(LPO) processes in the tissues of zebra mussel was assessed accord-
ing to Garsia et al. (2020), by measuring malondialdehyde (MDA)

content at 532 nm after reaction with thiobarbituric acid at 100 °C,
and expressed as nmol MDAV/( tissue.

All bioassays were conducted in at least three replicates. The ex-
perimental results were analyzed using one-way ANOVA and pre-
sented as mean + standard deviation (SD). The multivariate analysis
and multiple comparison of samples by Tukey's test were used; all
differences of means were statistically significant at P < 0.05. Probit
analysis was applicated to calculate LCso of TNT.

Results

During a long-term TNT exposure, the treated zebra mussels ex-
hibited significant differences compared to the control group in mor-
tality (3.56 times higher) and wet weight (9.6% lower), while other
biometric parameters remained largely unchanged (Table 1).

Table 1
Changes in mortality, wet weight, shell length and width
of D. polymorpha due to chronic TNT action (x = SD, n =50)

Options Weight, g Length, cm Width, cm Mortality, %
Control 091+026 174+031 0.89+018 441+0.18
TNT,27days 0.83+029% 171+027 0914018 1568+0.83"*

Note: *—P <0.05, ***—P <0.001 compared to control.

Study of TNT toxicity for D. polymorpha revealed the dose de-
pendent decrease in survival during 24, 48, 72, and 96 hours of expo-
sure. Probit analysis of data obtained showed a generalized depend-
ence curve of zebra mussel mortality for all exposure options (Fig. 1a)
and allowed calculating median LCso values along the exposure peri-
od (Fig. 1b).

Histological preparations of the control zebra mussel gills
(Fig. 2a) demonstrated two rows of almost uniform club-shaped la-
mellae, lined with epithelial cells containing clearly defined nuclei
and surrounded by a dense layer of cilia. Exposure to TNT for
10days caused lamellae curvature and elongation, and cilia layer
thinning or even loss (Fig. 2b). On the 27th day of TNT exposure,
signs of lamellar degradation (thinning and disappearance of the lu-
men), destruction of the epithelium at the ends of the lamellae and
cilia disappearance, as well as dysplasia, vacuolization and karyolysis
of epithelial cells were observed. (Fig. 2c, 2d).

Hepatopancreas (digestive gland) structure of the D. polymorpha,
which is composed of cell clusters (acinus), was represented by acini
of various sizes surrounded by connective tissue, and the acinar struc-
tural elements, such as tubules with narrow lumina, digestive cells,
and lime cells on the histological preparations of control group
(Fig. 3a). The zebra mussels’ exposure to TNT for 10 days caused
destruction of basement membrane, irregularity of lumina in the tu-
bules, and digestive cells hypertrophy or hyperplasia (Fig. 3b). The
severity of histopathological lesions in the digestive gland increased
by 27th day, including the appearance of destroyed acini, digestive
cells vacuolization and necrosis (Fig. 3c). However, small acini with
intact structure were observed on several preparations at the end of
the experiment (Fig. 3d).
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Fig. 1. Mortality of D. polymorpha as a function of TNT concentration and exposure time:

a— dynamics of LCsp across exposure time, b —heat map of mortality and LCso by time and dose

Fig. 2. Histological structure of D. polymorpha gills in control (a: 1— lamellae, 2 —epithelial cells of lamellar apical tips, 3— cilia layer)
and under TNT action: b —after 10 days (1 —elongated and curved lamellae, 3 — cilia degradation), c and d —after 27 days (c: 1 — lamellae
destruction, 2 — epithelial cells dysplasia, 3 — cilia disappearance; d: 1 — lamellae degradation, 2 — lamellar apical tips destruction,

3 —epithelial cells karyolysis
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Fig. 3. Histological structure of D. polymorpha hepatopancreas in control (a: 1 — acinus, 2 —acinar tubules with lumina, 3 — digestive cells,
4 —lime cells assembled to crypts, 5 — connective tissue, and under TNT action), after 10 days (b: 1 — destroyed basement membrane,
2 —irregular lumina of acinar tubules, 3 — digestive cells hypertrophy, 4 —digestive cells hyperplasia, 5— lime cells vacuolization),
and after 27 days (c: 1 — destroyed acinus, 2 — digestive cells vacuolization, 3 — digestive cells necrosis, 4 — connective tissue proliferation;
d: 1 —small intact acini with tubules, 2 — digestive cells, 3 — lime cells, 4 — connective tissue)

The long-term exposure to TNT altered morphometric character-
istics of D. polymorpha tissues. Lamellae length in the gills increased
exceeding the control level by 127.7% and 132.3%, respectively, on
days 10 and 27; the hepatopancreas showed minor variations in aci-
nus average area, but significant differences in the intact acini number
(Table 2).

Table 2
Changes in lamellae length, acini area, and intact acini number
in D. polymorpha due to TNT chronic action (x + SD, n = 100)

Gills Hepatopancreas (digestive gland)

Options lamellae average number of
length, pm  acinus area, pm? intact acini, %

Control 108 + 152 12105 + 15572 895+242

TNT, 10 days 246 + 26° 12187 + 17532 261+11°

TNT, 27 days 250 + 26° 11389 + 16342 342+14°

Note: different letters within a column indicate significant differences in mean
values by Tukey's test (P < 0.05).

Biochemical assays revealed the significant glutathione-S-trans-
ferase activation as well as increase in MDA content in D. polymor-
pha gills and hepatopancreas due to 27 days of 2,4,6-trinitrotoluene
exposure (Table 3).

Table 3
Changes in MDA content and GST activity in D. polymorpha tissues
due to chronic TNT exposure (x £ SD, n =5)

Options Hepatopancreas Gills
Malondialdehyde content, nmol/g tissue

Control 176+0.16 194+0.16
TNT 188+0.14* 244 +0.13"
Glutathione-S-transferase activity, nmol CDNB}/s g tissue

Control 496+054 399+085
TNT 81.5 +0.46*** 91.4 +0.49***

Note: see Table 1.

4

Glutathione-S-transferase activity increased most in the gills of
treated zebra mussels (twice compared to control) and less significant-
ly in the hepatopancreas (64.3% higher than control). The malondial-
dehyde content exceeded the control most in the gills (by 25,8%),
while it increased slightly in the hepatopancreas (by 6,8% only).

Discussion

Bivalve data improve the water quality and ecosystem health as-
sessments by indicating pollutant impacts through these filter feeders'
contact with most contaminants entering water bodies. Monitoring
studies with transplanting blue mussels (Mytilus edulis) into an explo-
sively contaminated area near dumped munitions in the Baltic Sea
showed accumulation of TNT and its metabolites 2-ADNT and 4-
ADNT in the mollusks at 31.0-131.3 ng/g (Strehse et al., 2017) and
even 250.0 ng/g wet weight (Maser et al., 2024). The effects of explo-
sives on freshwater mollusks are poorly studied, although Tollett &
Kolb (2005) identified seven explosive compounds in the tissue sam-
ples of Lampsilis hydiana and Toxolasma parvus collected near a mi-
litary training site in the United States. The bivalve D. polymorpha
was proposed by Binelli et al. (2015) as a reference organism for bio-
monitoring of freshwater bodies, as the rapid response of this mollusk
to pollution allows the rapid identification of their negative effects.

Determining the LCso levels of chemical pollutants for different
aquatic species is an important tool in assessing and predicting the sta-
te of freshwater ecosystems and biodiversity (Schoenke et al., 2025).
The significant differences in LCso indicators of heavy metals (ran-
ging from 2 to 10 times) were shown by Harbar et al. (2021) even for
two vicarious genetic Planorbarius corneus allospecies. The 96-hour
TNT toxicity level for D. polymorpha in our study coincides with the
laboratory research on blue mussels’ viability during 96 hours of TNT
exposure at concentrations of 0.31-10.00 mg/L (Maser et al., 2024),
and with reported (Koske et al., 2019) TNT toxicity values for marine
fish in range 0.8-7.6 mg/L. The decrease in survival of the zebra

Regulatory Mechanisms in Biosystems, 2025, 16(3), €25110



mussels due to chronic TNT exposure, and morphometry changes in
the shells correspond to the patterns of stress-induced reaction of
other mollusks. For example, populations of Black Sea mussels Myti-
lus galloprovincialis that were stressed due to desalination of water by
river runoff had lower abundance, average mass and productivity, as
well as lower survival rates (Stadnichenko, 2022). The dose-depen-
dent mortality growth was detected for the freshwater mussel Lamel-
lidens marginalis exposed to the pesticide chlorpyrifos (Hossain et al.,
2023).

The severity of histopathological lesions in the D. polymorpha
tissue structure demonstrated the dependence on the duration of 2,4,6-
trinitrotoluene exposure. The gill lamellae curvature and elongation,
and cilia loss appeared within 10 days of toxic action and continued to
worsen, until complete degradation of the lamellae on the 27th day.
On the other hand, destruction of lamellar apical tips, and some cellu-
lar abnormalities, such as epithelial cells dysplasia and karyolysis,
were detected at the end of the experiment. The results obtained con-
firm the vulnerability of bivalve gills due to direct contact with xeno-
biotics in aquatic environment. Similar pathologies of epithelial cells
and ciliated layer of the bivalve mollusk gills were found by other
authors, in particular, in M. galloprovincialis after long-term exposure
to insecticides Calypso (Stara et al., 2020) and thiacloprid (Stara et al.,
2021), and in freshwater L. marginalis after exposure to oil effluent
(Balamurugan & Subramanian, 2021). At the same time, severe his-
topathological effects such as curvature and elongation of gill lamel-
lae, which were observed in D. polymorpha under chronic exposure
to TNT, have not been reported in the scientific data. Pathological
changes in the lamellae, such as their thinning and disappearance of
the lumen, are a sign of degradation, which makes hemolymph circu-
lation and gas exchange in the mollusk gills impossible. The similar
reduction of interlamellar space and fusion of filaments, and nuclei
degeneration were found in the gills of L. marginalis exposed to pes-
ticide imidacloprid (Dethe & Bhikan Ahire, 2023). Therefore, elonga-
tion of gill lamellae in zebra mussels could be a compensatory mech-
anism to maintain the respiratory and other crucial functions in con-
ditions of large-scale gill damage due to chronic TNT action. Further
studies are needed to confirm pathological curvature and elongation
of lamellae as a specific response of D. polymorpha to TNT, as well
as to clarify the physiological role of lamellae elongation.

The damage to the hepatopancreas of zebra mussels after 10 days
exposure to TNT included partial disruption of the acinar basement
membrane, destruction of the integrity of the lumina in the tubules,
and hypertrophy or hyperplasia of digestive cells. The 27-days toxic
influence led to the appearance of partially or completely destroyed
acini, tubular atrophy, and digestive cells vacuolization and necrosis.
A similar set of pathological lesions was observed by Dethe & Bhi-
kan Ahire (2023) in the digestive gland of freshwater bivalve L. mar-
ginalis exposed to the pesticide imidacloprid, which caused disruption
of the basement membrane and digestive tubules, deterioration of the
lumina, and vacuolization of cytoplasm. The exposure of L. margin-
alis to oil effluent resulted in significant histopathological alterations
of the digestive gland, such as detachment of the glandular epithelium
and disruption of its integrity, as well as the compaction of the lumina
(Balamurugan & Subramanian, 2021). Notable degeneration of diges-
tive tubules, epithelial cell necrosis, and hemolytic infiltration in the
connective tissue were revealed in the digestive glands of Asiatic
clam Corbicula fluminea due to treatment with imidacloprid (Shan et
al., 2020). Recent studies of responses of the freshwater mussel Unio
delicatus to the toxic effects of pesticides established in the digestive
gland the duration-dependent degeneration of tubules, degeneration
and loss of interstitial tissue, and tubular necrosis due to emamectin
exposure (Bayrak et al., 2025), and tubule degeneration and even tu-
bule loss after exposure to sublethal concentrations of acetamiprid
(Tessi etal., 2025).

In addition to the results discussed results in the study, several
preparations which characterized the D. polymorpha hepatopancreas
at the end of TNT exposure demonstrated groups of small intact acini
that had the appropriative acinar elements, namely branched tubules
with clear lumina, the digestive and lime cell, and were surrounded by
connective tissue. Such a trend suggests a gradual restoration of the

zebra mussel hepatopancreas, indicating the significant adaptive ca-
pacity of D. polymorpha to chronic TNT exposure. Our finding is in
line with data of Balamurugan & Subramanian (2021) on the gradual
restoration of the digestive gland structure and granular architecture of
its epithelium in L. marginalis during the recovery period after cessa-
tion of exposure to oil effluent.

In ecotoxicological studies, biomarkers are a useful tool because
they function as early warning indicators of stress (Barrick et al.,
2016). In particular, malondialdehyde (a byproduct of lipid peroxida-
tion) and various enzymatic biomarkers are commonly used for asses-
sing and predicting contaminated sites in aquatic ecosystems. Alber-
gamo et al. (2016) consider lipid metabolism disorders as one of the
most important biochemical reactions due to environmental pollution.
In the integrated indicators, MDA and GST biomarkers (Boudjema
etal., 2023), and acetylcholinesterase (AChE) and GST biomarkers
(Benali et al., 2015) were used to monitor xenobiotic contamination
and assess its impact on M. galloprovincialis populations in spatial
and temporal studies. Maser et al. (2024) proposed to use the level of
carbonyl reductase gene expression in blue mussel (M. edulis) tissues
as a specific biomarker for detecting TNT contamination in the envi-
ronment and conducting a risk assessment for both the ecosystem and
the seafood consumer.

In our study, GST and MDA lewels in D. polymorpha tissues
served as biomarkers for altered metabolic processes resulting from
long-term TNT exposure. The highest activation of glutathione-S-
transferase in the zebra mussel gills suggests an effective TNT detoxi-
fication in the organs directly exposed to waterborne pollutants. Our
findings are in line with data of Azevedo et al. (2015) on the multi-
functionality of mollusk gills, which complement respiration and nut-
rient absorption with a crucial role in protection against water pollu-
tants by activating phase | and Il enzymes of xenobiotic detoxifica-
tion. Results obtained coincide with heavily induced GST activity in
the gills of M. galloprovincialis from the Algerian coast polluted with
polychlorobiphenyls, polycyclic aromatic hydrocarbons, and heavy
metals (Benali et al., 2017). At the same time, lower GST activation
in the zebra mussel hepatopancreas may reflect the specific adaptive
alterations of the digestive gland detoxifying system to chronic TNT
exposure. This assumption is consistent with the study results on deto-
xification metabolism responses in the marine bivalve Ruditapes phi-
lippinarum exposed to several polycyclic aromatic hydrocarbons,
where most of the 13 different isoforms of GST classified in mollusk
tissues were expressed in digestive glands (Zhou et al., 2022).

Enhanced MDA content in tissues of TNT-treated D. polymor-
pha is in line with the reported two-fold increase in lipid peroxidation
in gills and hepatopancreas of freshwater L. marginalis caused by the
neonicotinoid pesticide imidacloprid (Dethe & Bhikan Ahire, 2023).
The similar affected lipid peroxidation was revealed in the gills of
M. galloprovincialis exposed to insecticide thiacloprid at environmen-
tally relevant concentrations (Stara et al., 2021). High induction of
lipid peroxidation process in the freshwater bivalve Corbicula
largillierti was caused by pesticides glyphosate and imidacloprid
(Lozano et al., 2024). Significant variations in malondialdehyde con-
tent was observed (Bayrak et al., 2025) in the gills and digestive gland
of U. delicatus exposed to the insecticide emamectin. Our findings
confirm the high ecological importance of bivalves noted by Alber-
gamo et al. (2016), which is related to their ability to withstand envi-
ronmental changes thanks to subcellular systems adapted to accumu-
late and metabolize pollutants.

Conclusion

The present study showed biochemical and histopathological re-
sponses of freshwater bivalve D. polymorpha (zebra mussel) to 2,4,6-
trinitrotoluene  (TNT) under long-term influence (27 days at
2.5 mg/L). The 96-hour toxicity level of TNT for D. polymorpha was
calculated by Probit analysis as LCso = 4.76 mg/L. The duration-de-
pendent nature of the toxic effect of TNT on the histological structure
of zebra mussel gills and hepatopancreas (digestive gland) has been
established. Histopathological lesions of gills due to TNT exposure
coincide with the damage caused by many other chemical toxicants,
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except for elongation and curvature of the gill lamellae in D. polymor-
pha, which may be a specific marker of TNT action, but requires ad-
ditional research. The destructive alterations in the zebra mussel di-
gestive gland were similar to the responses of other bivalves on xeno-
biatics, however, the appearance of small intact acini at the end of the
chronic experiment may indicate process of recovery, which became
possible due to adaptive changes in the mollusks. Elevated biochemi-
cal parameters and histopathological lesions of zebra mussel follow-
ing chronic TNT exposure serve as the markers of stress and indicate
the direction of adaptive changes of metabolic processes in mollusks.
The relatively low mortality rate of zebra mussel in long-term exper-
iments, strong GST activation in main detoxifying tissues, and the
suggested possibility of hepatopancreas regeneration indicates the po-
tential D. polymorpha for bioaccumulation and/or biodegradation of
2,4.6-trinitrotoluene in militarily contaminated freshwater environ-
ments.
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