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ABSTRACT. For the first time, the content of persistent organic pollutants (DDT, its metabolites DDE
and DDD, and six indicator congeners of polychlorinated biphenyls) was determined in several fish
species (Alburnoides maculatus, Squalius cephalus, Neogobius fluviatilis) and shrimp (Palaemon adspersus)
in three small Crimean rivers: the Alma, Belbek, and Chernaya. It was revealed that hydrobionts accu-
mulated these substances, the composition and concentration levels of which varied significantly in
different areas. In the Crimean spirlin (Alburnoides maculatus) in the Belbek River and the silver prussian
carp (Carassius gibelio) in a lake located in the lower catchment area of the Alma River, the highest con-
centrations of DDE, exceeding maximum permissible concentrations, as well as a high environmental
risk from its impact, were determined. PCBs were either not detected or detected at low concentrations
in fish tissue in rivers Alma and Belbek, indicating the absence of industrial sources of pollution, while
agricultural pollution remains significant. A difference in the accumulation of persistent organic pollut-
ants was revealed in the organs of the shrimp from the Chernaya River: the concentration of DDE and
PCBs in the caviar was 10 to 20 times higher than in the muscle tissue. In the Chernaya River, a high
environmental risk associated with the impact of congeners PCB 138 and 153 on the shrimp population
was identified.
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1. Introduction decades. POPs have low solubility in water, and high

— in fats. This property causes their accumulation in
the adipose tissues of living organisms and gradual
transmission along the food chains, ultimately reaching
humans. DDT and PCBs are classified as xenoestrogens,
their effect on the endocrine system provokes the
development of malignant neoplasms of the thyroid
gland (Ejaz et al., 2004).

The small rivers of Crimea Chernaya,
Belbek, and Alma - are important in the region,
providing drinking water supply to the population
and irrigation of agricultural land. At the same time,
they are subject to serious pollution by industrial,
agricultural, and domestic wastewater. The most

dangerous anthropogenic environmental pollutants
include persistent organic pollutants (POPs) such as
organochlorine pesticides (p,p’-DDT and its metabolites
p,p’-DDE and p,p’-DDD) and polychlorinated biphenyls
(PCBs). Since the middle of the 20th century, these
compounds have been widely used in industry and
agriculture, which led to their large-scale distribution
in the environment. Due to their exceptional chemical
resistance, POPs are able to persist in ecosystems for
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POPs pose a particular danger to the ecosystems
of small rivers. The limited water volume determines
the low dilution capacity of such watercourses, which
significantly reduces their natural self-purification. Due
to the high variability of the hydrological state of small
rivers, traditional monitoring of water quality does not
always provide a reliable assessment of the level of
pollution in their ecosystems. In this regard, in order
to more accurately assess the ecological state of rivers
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in relation to POPs, their accumulation in bioindicator
species, in particular, in malacofauna and ichthyofauna
objects, is studied. To date, information on the content
of these pollutants in the aquatic organisms of small
rivers of the Crimea is limited to two publications,
which report significant contamination of DDT and
PCBs in fish and amphipods in the midstream Salgira
ecosystem (Malakhova et al., 2023) and the content
of POPs in aquatic plants and mollusks in the lower
reaches of the Chernaya River (Malakhova et al., 2020).
Concentrations of POPs in the aquatic organisms of
other watercourses in the region, such as the Alma and
Belbek Rivers, have not been previously reported. In
this regard, the purpose of this work was to determine
the levels of accumulation of POPs in the biotic
components of ecosystems of small rivers of Crimea to
assess their current ecological state.

2. Materials and methods

To fulfill the purpose of work in the summer
season of 2024, samples of three species of fish from
rivers were collected: Crimean spirlin Alburnoides
maculatus (Kessler, 1859), chub Squalius cephalus
(Linnaeus, 1758), and monkey goby Neogobius fluviatilis
(Pallas, 1814). Crimean spirlin and chub belong to the
Leuciscinae subfamily (Leuciscidae: Cypriniformes).
These species differ in biological characteristics.
Crimean spirlin, a small fish, a rheophile, keeps on
the current in the core sections of the river. They do
not make long seasonal migrations, moving along the
riverbed is associated with the search for the most
favorable conditions, especially during droughts. They
are found almost everywhere in the Crimean rivers.
The range of nutrition is quite wide, it includes various
benthic and planktonic invertebrates, larvae and adult
insects that fall into the water, less often algae. They
are sensitive to the oxygen content. In fish communities
in the Crimean rivers, it is the absolute dominant in
number. Life expectancy is relatively short, up to 5
years, but usually 3-4 years. The chub is a eurybiont
and a euryphagus, it tries to keep a calm current in
the riverbed. In the rivers of Crimea, they usually grow
to TL = 20-25 cm at the age of up to 6 years. It does
not make large seasonal migrations; it swims along the
riverbed in search of the most favorable conditions.
The monkey goby Neogobius fluviatilis (Pallas, 1814)
(Gobiidae: Gobiiformes) is a bottom sedentary species
that feeds on invertebrates, small fish (young fry), and
insect larvae. It rests on a sandy and muddy bottom in
the calmest sections of the river. In the rivers of Crimea,
it does not grow large (TL up to 12.5 cm, but usually
less, age up to 3—4 years).

In the Alma River, sampling included crimean
spirlin (38 specimens, avg. TL = 45 mm, avg. W = 1.1
g), chub (4 specimens, TL range 42-116 mm, W range
3-20.7 g), and monkey goby (2 specimens, TLs of 70
and 104 mm, weights of 3.8 and 13.8 g respectively).
In the Belbek River, only crimean spirlin were collected
(52 specimens, avg. TL = 55 mm, avg. W = 3.6 g). In
the lake located in the lower Alma River catchment,
five individuals of the prussian carp Carassius gibelio

555

(Bloch, 1782) (Cyprinidae: Cypriniformes) averaging
116 mm in TL and weighing 26.5 g each were selected.
This alien species, eurybiont and euryphagus with a
very wide range of nutrition is common in Crimean
stagnant reservoirs (quarries, lakes, ponds, etc.).

In the spring-summer period of 2024, shrimp
(Palaemon adspersus Rathke, 1837) were caught in the
Chernaya River for analysis purposes. Muscle tissue was
sampled from 10 individuals (both males and females),
as well as eggs (from summer samples).

After trapping and biological analysis, samples
of aquatic organisms were frozen and stored at -20 °C.
Sample preparation included lyophilic drying for 48
hours, followed by homogenization of the material.
Weighs of 5 g of fish homogenate, 3 g of shrimp muscle
tissue, and 1.5 g of their eggs were taken for analysis
in two replicates. Further processing of the samples
included triple ultrasonic extraction for 30 minutes at
a temperature of 35 °C using a mixture of polar and
non-polar solvents (acetone:hexane, 1:3), followed
by purification and evaporation of the extracts in
accordance with MVI MN 2352-2005. The analysis was
carried out by the gas chromatographic method in the
Scientific and Educational Center for Collective Use
“Spectrometry and Chromatography” of the Federal
Research Center “Institute of Biology of the Southern
Seas” on the Chromatech Crystal 5000 chromatograph
(Russia) with an electron capture microdetector. The
content of p,p’-DDT (hereinafter referred to as DDT), its
metabolites p,p’-DDE and p,p’-DDD (hereinafter referred
to as DDE and DDD), and six PCB congeners (according
to IUPAC No. 28, 52, 101, 138, 153, and 180) was
determined. Quantification of POPs was performed by
the absolute calibration method within the linear range
of the detector. Limits of detection (LOD) were 0.1 ng/g
wet weight (ww) for PCBs congeners, DDD, and DDT
and 0.03 ng/g ww for DDE. The limits of quantification
(LOQ) were 0.1 ng/g and 0.05 ng/g wet weight,
respectively. The analytical method was validated
through intercalibration exercises organized by the
IAEA Marine Environment Laboratories (IAEA-MEL).
Absence of laboratory contamination was confirmed by
testing blank samples, in which POPs levels were below
the detection limit.

The concentrations of individual POPs, as well as
the total values (ZDDT for DDT and its metabolites and
26PCB for the six PCB congeners), were calculated as
the average values from three analytical replicates and
are expressed in ng/g ww.

The environmental risk of POPs impact on
aquatic organisms was assessed using the risk factor
RQ (Lin et al., 2020): RQ = MEC/PNEC, where MEC
means the measured concentration of POPs in aquatic
organisms, and PNEC means the concentration of POPs
below which no harmful effects on organisms will
occur upon exposure. PNECs are typically calculated
by dividing the toxicological dose descriptors (LC50
or EC50) by the estimated factor: PNEC = (LC50 or
EC50)/Assessment Factor. The most commonly used
indicator for calculating PNEC mortality LC50, and
the coefficient AF =1000, were used in the work. LC50
indicators are taken from the open ECOTOX database
(Toxicology data...) (Table 1). RQ > 1 means high risk,
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0.1 = RQ = 1 means medium risk, 0.01 < RQ < 0.1
means low risk, and RQ < 0.01 means insignificant risk
(Lin et al., 2020).

Statistical calculations were performed using
Microsoft Excel 2016. To assess the statistical
significance of differences in POPs accumulation, the
non-parametric Mann-Whitney U test was used.

3. Resulits

The concentration of POPs in the studied samples
of hydrobionts varied in a wide range: ZDDT - from 1.3
to 360.8, 26PCB - from «not detected» to 186.2 ng/g
(Tables 2, 3).

In all the samples studied, the main component
of the DDT triad was the DDE metabolite, while the
initial DDT pesticide and the second DDD metabolite
were either not detected or were present in low and
trace amounts (4.2 ng/g of DDD in the Crimean spirlin
from the Belbek river and 0.44 ng/g of DDT in the chub
in the Alma River). The highest concentrations of DDE
were found in samples of prussian carp from the lake
located in the lower Alma River catchment (351.1 ng/g)
and Crimean spirlin from the Belbek River (356.5 ng/g).
In shrimp muscle samples, only DDE was detected at
relatively low concentrations (1.3-3.1 ng/g), in shrimp
eggs, the level of DDE (28.4 ng/g) was 10-20 times
higher than in their muscles. In male shrimp, muscle
DDE concentrations were higher than in females (1.9-
3.1 ng/g vs. 1.3-2.6 ng/g), but these differences were
not statistically significant (p > 0.05).

The maximum concentrations of 26PCB were
found in shrimp eggs from the Black River (186.2
ng/g), mainly due to PCB 153 (73.3 ng/g) and PCB 138
(93.9 ng/g). In shrimp muscles, the content of 26PCB
was significantly lower (11.4-37.2 ng/g) than in eggs
(Table 3).

Despite the lack of statistical significance
(p=0.133), the concentrations of X6PCB in male
shrimp were more than 1.5 times higher than those
in females. The observed pronounced trend requires
additional research.

Table 1. Indicators of LC50 of DDT and its metabolites
and PCB congeners for fish and crustaceans in freshwater eco-
systems (Toxicology data...).

POPs LC50 (mg/1)
Fish Crustaceans

p,p’-DDE 0.096 0.0535
p,p’-DDD 0.11 0.009
p,p’-DDT 0.08 0.009
PCB 28 0.16 0.16

PCB 52 0.003 0.003
PCB 101 0.01 0.01
PCB 138 0.0026 0.001
PCB 153 0.0013 0.0013
PCB 180 0.025 0.001

In the Crimean spirlin from the Belbek River,
PCBs were not found, and the content of PCBs in the
Crimean spirlin, chub, and monkey goby from the Alma
River was low (0.4-7.7 ng/g).

4. Discussion

Originating on the northern slopes of the Crimean
Mountains, the Alma, Belbek, and Chernaya Rivers
further flow mainly along the valleys, where their
catchments are subject to significant anthropogenic
impact. The main sources of pollution are untreated
domestic wastewater, agricultural wastewater (in the
late 1980s, up to 6 kg/ha of pesticides were used in
Crimea, including DDT (Galiulin et al., 2019), and
wastewater from landfills. Thus, in the territory of
Crimea, 866.9 tons of prohibited and unidentified
pesticides were accumulated at 28 solid waste landfills
(Dubrovin and Dubrovin, 2017).

The predominance of DDE in the samples of
aquatic organisms indicates the absence of fresh intake
of the original pesticide for a long time, since DDE
is formed in the process of relatively slow aerobic

Table 2. The concentration of DDT and its metabolites (ng/g wet weight) in the hydrobionts of the Alma, Belbek, and

Chernaya Rivers.

No. Sampling area Sampling Facility Sex Tissues & |p,p-DDE| p,p’- | p,p’- | ZDDT
date organs DDD | DDT

1 Chernaya River 17.05.2024 shrimp - eggs 28.4 ND ND | 28.4
2 Chernaya River 17.05.2024 shrimp males muscles 3.1 -»- -»- 3.1
3 Chernaya River 17.05.2024 shrimp females muscles 2.6 -> -»- 2.6
4 Chernaya River 06.08.2024 shrimp males muscles 1.9 -»- -»- 1.9
5 Chernaya River 06.08.2024 shrimp females muscles 1.3 -»- -»- 1.3
6 Belbek River 05.08.2024 |Crimean spirlin| N/Det whole fish | 356.5 4.2 -»- | 360.8
7 | Alma River, middle course | 09.08.2024 [Crimean spirlin ->- whole fish | 99.6 ND -»- 99.6
8 | Alma River, middle course | 09.08.2024 chub - whole fish | 47.8 - 0.4 48.2
9 Alma River, lower course | 09.08.2024 | monkey goby ->- whole fish | 31.4 -»- -»- 31.4

10 | Lake located in the lower | 09.08.2024 | prussian carp -»- whole fish | 351.1 -»- -»- | 351.1

Alma River catchment

Note: N/Det — was not determined, ND — not detected.

556



Malakhova L.V. et al. / Limnology and Freshwater Biology 2025 (4): 554-565

SI: “The VIII-th Vereshchagin Baikal Conference”

Table 3. The concentration of PCBs (ng/g wet weight) in the hydrobionts of the Alma, Belbek, Chernaya Rivers.

No. Sampling area Facility PCB 28 | PCB 52 |PCB 101 |PCB 153|PCB 138|PCB 180| >6PCB
1 Chernaya River Shrimp, eggs 2.1 1.6 5.1 73.3 93.9 10.3 186.2
2 Chernaya River Shrimp, &, muscles 0.1 1.0 1.5 14.7 17.4 2.5 37.2
3 Chernaya River Shrimp, @, muscles ND 1.2 1.3 7.8 10.0 1.1 21.4
4 Chernaya River Shrimp, &, muscles 0.5 0.5 1.3 5.4 5.9 0.6 14.2
5 Chernaya River Shrimp, ¢, muscles ND 0.1 0.5 4.5 5.5 0.7 11.4
6 Belbek River Crimean spirlin -»- ND ND ND ND ND ND
7 | Alma River, middle course Crimean spirlin 0.8 0.6 3.0 1.0 2.2 0.1 7.7
8 Alma River, middle course Chub 0.1 0.3 0.6 0.3 ND ND 1.3
9 Alma River, lower course Monkey goby ND 0.1 ND 0.2 1.3 0.1 1.8
10 | Lake located in the lower Prussian carp ->- 0.4 ->- ND ND ND 0.4

Alma River catchment

Note: ND — not detected.

metabolism of DDT. DDE is highly resistant to further
degradation and is capable of accumulating in the lipid
tissues of aquatic organisms. The excess concentration
of DDE in fish, in comparison with shrimp, may be
associated with a trophic level: fish, being predators
or omnivores, receive DDE along the food chain.
In addition, a higher level of pesticidal pollution in
the fish habitat plays an important role. The highest
concentrations of DDE in fish in the Belbek River and
in the lake located in the lower Alma River catchment
indicate the existence of local sources of DDE in their
ecosystems.

The observed excess concentrations of DDE
and Z6PCB in shrimp eggs compared to muscle tissue
were first reported for this species. These results are
consistent with known literature data on the mechanism
of transgenerational transfer of POPs (Robaire et al.,
2022) from Black Sea aquatic organisms to offspring
through sexual products. Thus, in the Black Sea kalkan
(Scophthalmus maeoticus), the concentrations of DDT
and its metabolites in the eggs exceeded those in the
muscle tissue of females by 10 times (Malakhova et
al.,, 2014), and in the Mediterranean mussels (Mytilus
galloprovincialis), the sweeping of sexual products led
to a 2-fold decrease in the content of POPs in gonads
due to their excretion with eggs and spermatozoa
(Nikonova et al., 2017).

The comparison of the concentrations of POPs
with the MPC for freshwater fish showed that for
2DDT (300 ng/g wet weight), the MPC was exceeded
in the Crimean spirlin in the Belbek River and in the
prussian carp in the lake. For XPCB, the established
concentration standards, which are 2000 ng/g wet
weight, in the liver — 5000 ng/g, were not exceeded
(Technical Regulation...).

A comparison of PCB concentrations in fish
from Crimean rivers with those reported for other
European freshwater ecosystems indicates that PCB
levels in Crimean fish (26PCBs: 1.3-7.7 ng/g ww) are
comparable to those in pristine European ecosystems,
particularly those reported for background sites like
Burgas Lake in Bulgaria (¥PCBs: 1.6 ng/g ww). In
contrast, DDT contamination in fish from the Alma and
Belbek rivers (£3DDTs: 31.4-360.8 ng/g ww) — despite
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the lack of documented local industrial DDT sources
in the past 30 years — falls into a moderately high
category, positioned between lower levels in Bulgaria
(Georgieva et al., 2015: X3DDTs 3.99 ng/g ww) and
elevated concentrations near historically contaminated
sites in Spain (Lacorte et al., 2006: £6DDTs 616 ng/g
ww) and Poland (Niewiadowska et al., 2014: X6DDTs
654 ng/g ww) (Table 4).

RQ calculations revealed significant differences
in the value of environmental risk between species.
The situation is especially alarming with the shrimp
population, for which the maximum environmental
risk exceeded the critical values by a factor of tens. The
highest values were obtained for hexachlorobiphenyls
138 (RQ=2-93) and 153 (RQ=3-56).

Analysis of environmental risk factors for
ichthyofauna revealed regional differences. Excesses
of safe RQ values were found in two species: Crimean
spirlin in the Belbek River (RQ=3.7) and prussian
carp in the lake in the lower Alma River catchment
(RQ=3.7). For the chub and the monkey goby in the
Alma River, the risk from DDE contamination was
within the medium risk range (RQ = 0.1-0.5).

In the course of research, a long-standing
ecotoxicological paradox was noted, when hydrobionts,
on the one hand, effectively clean the aquatic
environment of hydrophobic POPs, acting as natural
biofilters, and on the other hand, become victims of
chronic intoxication with a long presence of POPs in
organisms. Therefore, the results obtained indicate the
need to develop measures to monitor critically polluted
sites, identify the main sources of POPs in these areas,
and prevent further pollution of small river ecosystems
with these dangerous pollutants.

5. Conclusions

This study is the first to assess both DDT and PCB
levels in hydrobionts from small rivers of the northern
Pontic region (Alma, Belbek, and Chernaya rivers),
thereby contributing to a better understanding of the
spatial distribution and potential ecological risks of
persistent organic pollutants in Eastern Europe. DDE,
a persistent metabolite of the banned pesticide DDT,
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Table 4. DDT, its metabolites and PCB content (ng/g ww) in fish from confirmed or suspected industrially contaminated
and “background” European waters.

Object Years Area DDT 2PCBs Reference Comment
Chub . .
. 105.9 - (Binelli and
1 2
Leuciscus cephalus 2001 Lake Iseo (Italy) 786.4 ng/g | Provini, 2003) nd
(muscle)
Barbel Not detected Above the dicofol
. 2002
Barbus bocagei Si Ri Spai (Lacorte et al., plant
inca River, Spain -
(muscle) 2003 P 616 ng/g® 2006) Near the dicofol
(26DDTs%) production plant
12 species of . N
freshwater fish 2003 Rlxggilrccz)m € - 7'§_5/6'9 (Maggggg al., nd
(muscle) 8/8
Roach . .. Near the area of the
. . River Lee at 88 + 70 ng/g (Jiirgens et al. .
Rutilus rutilus 2011 . - ’ | DDT plant, closed in
(whole fish) Whitwell (UK) (Z6DDTs) 2016) 1982,
Bream Abramis River Vistula .
brama 2011-2012 (Wista) near (62564];]1)%{5 - (l\iltez\lna;lgxiv:? a nd
(muscle) Cracow (Poland) ”
Gibel carp Lakes Burgas and .
. 3.99 ng/g 1.6 ng/g (Georgieva et
Carassius gibelio 2014 Mandr?, (£3DDTs") (15 PCBs?) al., 2015) nd
Bulgaria
European eel . 2.31-32.8 (Kljakovié-
Anguilla anguilla 2020 Rascliiigfer, 4.9(72—31];].)3Trsl)g/g ng/g Gaspic et al., nd
(muscle) (X7PCBs?) 2023)
3 species of fish Alma and Belbek
. . ; 31.4-360.8 ng/g|1.3-7.7 ng/g .
(whole fish) 2024 Rlvellgsu gscigl;nea, (£3DDTs) (6 PCBs®) This study nd

Note: ! — not determined, ? — no data available, ® — converted from ug/kg as indicated in the original source, * — sum con-
centration of o,p’-DDT, p,p’-DDT, o,p’-DDE, p,p’-DDE, o,p’-DDD, and p,p’-DDD, ° — sum concentration of p,p’-DDT, p,p’-DDE, and
p,p’-DDD, ¢ — sum concentration of fifteen PCB congeners, 7 — sum concentration of seven indicator PCB congeners (#28, 52, 101,
118, 138, 153, and 180), & — sum concentration of six indicator PCB congeners (#28, 52, 101, 138, 153, and 180).

was detected in all sampled water bodies, indicating
historical contamination. Concentrations exceeded
maximum permissible levels in Crimean spirlin
(Alburnoides tauricus) from the Belbek River and
pussian carp (Carassius gibelio) from the lower Alma
River catchment.

PCBs were either not detected or detected at low
concentrations in fish tissue, indicating the absence of
major industrial sources of pollution, while agricultural
pollution remains significant. These results highlight
the need for ongoing monitoring and measures to
reduce the release of toxicants into rivers.

In the Chernaya River, shrimp tissues showed
differences in POP accumulation: eggs contained higher
levels of contaminants than muscle tissue, suggesting
transgenerational transfer of POPs. Additionally, a high
environmental risk was associated with the presence of
PCB congeners 138 and 153 in shrimp organs.

Overall, the study demonstrates that assessing
POP levels in aquatic organisms is a valuable approach
for evaluating the ecological condition of small Crimean
rivers, especially when pollutant concentrations in
water are below detection limits.
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CToMKMe opraHMuecKHe 3arpa3HUTeny B
rMAPOOHMOHTaX B peUYHbIX 3KOCUCTEMaX
Kpbimva

Masaxosa JI.B.}?*, MasnaxoBa T.B.!2, CtatrkeBuu C.B.12,
YecnokoBa U.N.12 Kypmakos C.B.»?, Kapmnosa E.IT.}2

T @UI] “UHcmumym 6uostocuu 10xicHbIx Mopeti umeHu A. O. Kosateackoeo PAH”, Haxumosa,2, Ceaacmonostb, 299011, Poccua
2 “HayuHo-uccsie008ameJstCKuUll YeHmp npecHOBOOHOU U COJIOH0BamMoB00Hol eudpobuostocuu”- ¢uruan ®HUI] HHBIOM, Haxumoaa,
2, CesacmonoJtb, 299011, Poccua

AHHOTALIUA. Brnepsrie onpefiejieHO coAepkaHUe CTOMKUX opraHuyeckux sarpssHutesed (AT, ero
MertabosmToB JJI0 u A/ u mecTd WHAWKATOPHBIX KOHI€HEpOB NOJIMXJIOPOUGMEHUIOB) B HECKOJIb-
kux Bupax pei6 (Alburnoides bipunctatus, Squalius cephalus, Neogobius fluviatilis) u TpaBsHOI KpeBeTKe
(Palaemon adspersus) B Tpex maibix pekax Kpeima: Asbma, BenbOek, UepHas. BbisaBiaeHO, YTO rUgpo-
OMOHTH HaKaIlJIMBaJId 3TU Bel[eCTBa, COCTaB U YPOBEHb KOHI[EHTpalUi KOTOPBIX CYILIeCTBEHHO OTJIU-
yaJjicsi B pa3HbIX parioHaxX. B OwicTpsiHKe B p. Bespbek 1 cepeGpssHOM Kapace B o3epe y cesa [lecuaHoe
(Bomocbop p. AyibMa) ompefiesieHbl HavboJiee BeicOKMe, npeBbimamnue [1/IK, konneraTpanuu /1O, a
TakXXe BBHICOKUH 3KOJIOTUYECKUN PUCK OT ero Bo3gercTBusA. I1XB B TkaHAX peIO MO0 He 0OHAPYXXEHHI,
J11160 OOHApyKeHbI B HU3KUX KOHI[EHTPALKAX, YTO yKa3biBaeT HAa OTCYTCTBHE KPYIHBIX IPOMBIILIEHHbIX
HMCTOYHUKOB 3arpsA3HEHUs, B TO BpeMs KaK CeJIbCKOX03ANCTBEHHOE 3arps3HeHne B 9TUX peKaX OCTaeTcs
3HauuTeJIbHBIM. BEIABIIEHO pa3jinulie B HAKOILJIEHUM CTOMKUX OpPraHNYecKuX 3arpA3HuTesIell B opraHax
TpaBsAHON KpeBeTKU 13 peku YepHas: koHueHtpanua 3 u ITXB B ukpe 651a oT 10 go 20 pa3 Bbillle,
yeM B MBIIIAax. B p. YépHas BeIABIEH BHICOKUI 3KOJIOTUYECKUI PUCK, CBA3aHHBIN C BO3AelCTBIEM KOH-
reHepoB I[IXB 138 u 153 Ha momyJiAIyio TpaBsIHON KpeBeTKHU.

Kimoueawie ciosa: 1D, I1XB, Alburnoides bipunctatus, Squalius cephalus, Neogobius fluviatilis, Palaemon adspersus,
MaJible peku, Kpbim

Jsa nutupoBaHuA: Manaxosa JI.B., Manaxosa T.B., CratkeBuu C.B., UecHokoBa W.U., Kypmakos C.B., Kapnosa E.II. Ctofikue
OopraHUYecKre 3arpsA3HUTEIN B rUJpPOOMOHTaX B pevyHbIX skocucreMax Kpeima // Limnology and Freshwater Biology. 2025.
- No 4. - C. 554-565. DOI: 10.31951/2658-3518-2025-A-4-554

1. Beepenue cpefie. biaromaps cBoeil UCKITI0UUTESIbHONM XUMUYEeCKOHN

ycroriunBocty, CO3 CcHOCOOHBI COXpaHATbCA B
sKocucTeMax B TeueHue mgecatwietuii. CO3 uMer0T
HHU3KYI0 pacTBOPHMMOCTh B BOJE, BHICOKYIO — B XKHpax.
OTO CBOUCTBO 0O0yCJIaBJIMBaeT WX HAKOIUJIEHHE B
)KUPOBBIX TKAHAX KMBBHIX OPTraHM3MOB U MOCTENEeHHYIO
nepefavy mo MUILEBBIM LEIAM, JOCTUTass B KOHEYHOM

Manbsie pexkun Kpeima Uepnasa, bemnbek,
AnpMa wuMeT BaxXHOe 3HaueHHe B  pervoHe,
obecrieunBass NUTbEBOE BOJOCHAOXEHHE HaceJIeHUs
4 OpOLIeHHEe CeJIbCKOXO3ANUCTBEHHBIX 3eMeJsib. Ilpu
3TOM OHHM MOJIBEPXKEHBl CEPbe3HOMY 3arpsA3HEHUI0

MIPOMBINLIIEHHBIMU, CeJIbCKOX03AMCTBEHHBIMU
u ObITOBBIMU cTokamMu. K Haubojsiee oOIacHBIM
AHTPOINOTeHHBIM 3arpA3HUTEJIAM OKpYyXalolleil cpeabl
OTHOCAT TaK{e CTOMKUe OpraHuyeckue 3arpA3HUTeNN
(CO3), kak xJIopopraHuveckue mecTuruab (In,Ir-
AAT u ero metabosutel mi-AJ0 u mu-JOJ) u
nosixyiopbudennsie  (I1IXB). C cepeguasl XX Beka
3TU COeQUHEHHUsA HallIM IIHpoKoe IpUMeHeHUe B
MPOMBIILJIEHHOCTH U CeJIbCKOM XO3AUCTBE, YTO MIPUBEJIO
K X MacTabHOMY pacinpOCTpaHEHUI0 B OKpYKaromiein

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: malakhovalv@ibss-ras.ru (JI.B. Majyiaxosa)

INocrynuna: 13 utonia 2025; [Ipunara: 04 asrycra 2025;
Omny6sinkoBaHa online: 31 aBrycra 2025
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urore u 4vesoseka. [IIT u IIXB oTHeceHB K rpymnime

KCEHO3CTPOTeHOB, WX BO3JlelicTBEe Ha paboTy
SH/IOKPDMHHON CHCTEMBI IIPOBOIMPYET  pPa3BUTHE
3JIOKQYeCTBEHHBIX HOBOOOpPA30BaHUN  IIMTOBUIHON

xesne3sl (Ejaz et al., 2004).

Ocobyo omacHocTh CO3 mpencTaBsIANT [JIA
dKOocHCTeM MaJibiXx peK. OrpaHUuYeHHbIN BOOHBIN 00beM
omnpejessfeT HU3KYI0 pa30aBiIAIyl0 CIIOCOOHOCTh
TaKUX BOJOTOKOB, YTO CYIIECTBEHHO CHIXKAWT UX
ecTecTBEHHOe camoouulieHue. BciieicTBue BBICOKOH

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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W3MEHYUBOCTU T'HJIPOJIOTHYECKOrO0 COCTOAHMA MaJlbIX
peK TPaAuIMOHHBIY MOHUTOPHHI KauyecTBa BOJbl He
Bcerga obecrneurBaeT MOCTOBEPHYIO OLIEHKY YPOBHA
3arps3HeHus HX JKOCHUCTeM. B cBaA3m ¢ stum ana
6oJjiee TOYHOIN OLIEHKH 3KOJIOTMYECKOr0 COCTOSAHUA
pek B oTHoweHnu CO3 u3yyalT WX HaKOIUIeHHE B
OMOVHVUKATOPHBIX BUAAX, B 4aCTHOCTH, B OObeKTax
Majako- MU uxtuodaynsl. Ha cerogHAmHWUMN JeHb
CBeJlecHUA O CojepXaHWM OSTUX 3arpsAsHUTesel B
rupoOMOHTaXx MaJjblx pek KpblmMa orpaHuyeHbl
AByMs MNyOjuKaluAMH, B KOTOpPBIX cOOOIIaeTca O
3HauuTesibHOM 3arpssHeHun JAT u I[1XB B peibax u
amdunojax B 3KOCUCTeMe cpefHero TeyeHus Cajarupa
(Malakhova et al.,, 2023) u o cogepxanuu CO3 B
BOJHBIX pacTeHMUAX M MOJUIIOCKaX B HIDKHEM TedeHUU
p- Yepnoit (ManaxoBa u Ap., 2020). WHopmarus
0 koHUeHTpamusax CO3 B TruApOOMOHTAX JpPYTIUX
BOJOTOKOB pervoHa, Takux kak AsjibMma u bBesbbek,
paHee OTCyTCTBOBajia. B CcBA3M C 3TUM IieJIbl0 AAHHOM
paboThI cTasio ornpeiesieHre YpoBHel HakorieHus CO3
B OMOTHYECKHX KOMIIOHEHTaX 5KOCHCTEeM MaJIblX peK
KpriMa 7151 OLleHKU UX COBPEMEHHOI'0 3KOJIOTHYeCKOro
COCTOAHUA.

2. MaTepuanbl U MEeTOADI

Jl714 BBINOJIHEHUA 1ieii paboThl B JIETHUM Ce30H
2024 r. 66111 cOOpaHBI 00Pa3Iibl TPeX BUOB PhIO U3 PeK:
OBICTPSAHKYM KpeIMcKOH Alburnoides maculatus (Kessler,
1859), rosasiua Squalius cephalus (Linnaeus, 1758) u
opruka-nmecouHuka Neogobius fluviatilis (Pallas, 1814).
BeicTpsHKa U roJjilaBjb OTHOCATCA K IOACEMeEHCTBY
Leuciscinae (Leuciscidae: Cypriniformes). DTu BuzbI
OTINYaTcA  OHMOJIOTUYeCKUMU 0COOEHHOCTAMU.
BricTpsnka, HeOosbIIasa peiba, peodusi, HepXUTCA Ha
TeueHUM B CTepPXXKHEBBIX ydacTKax peku. He coBepmaioT
JaJIbHUX Ce30HHBIX MUTpaLlUi, lepeMellleHNe 110 PyCIy
PeKH CBfA3aHO C IOMCKOM HaubOosiee OJIaronpHUATHBIX
yc0BHUI 0cOOEHHO BO BpeMA 3acyX. B KppIMCKUX pekax
BCTpevalnTcA IOYTU IMOoBceMecTHO. CHeKTp NIUTaHuA
JOCTaTOYHO ILIMPOKUM, B HEro BXOAAT pa3JIdyHbIe
GeHTOCHBIE U IUITAHKTOHHBIE 6eCII03BOHOYHEIE, TUYNHKHU
U B3pOCjble HAaceKoMble MoNajaiyue B BOAY, pexe
BoJopocsiyd. UyBCTBUTEJIBHEI K COAEPKaHUIO KUCJIOPOAa.
B coobmecTtBax peI6 B KPHIMCKUX peKax aOCOIOTHBIN
JOMMHAHT II0 YHCJEHHOCTH. IIpogosrKUTeIbHOCTD
JKU3HU OTHOCUTEJIBHO He BeJIMKa, 10 S JieT, HO OOBIYHO
3-4 ropma. I'onaBibp 3BpUOUOHT U 3BpuUdar, B pycie
PeKH OH cTapaeTcs JepXaTbCsA CIOKOMHOro TeueHUs. B
pekax KpeimMa o6bpyHO BeIpacTtawoT Ao TL = 20-25 cm
IIpY Bo3pacTe [0 6 jieT. BoJbINX Ce30HHBIX MUTrpaIuii
He coBeplllaeT, [10 pycJly IIJIaBaeT B IoucKax HauboJiee
6J1arONpPUATHBIX YCJIOBUH. BeryoK-mmecouHnK Neogobius
fluviatilis (Pallas, 1814) (Gobiidae: Gobiiformes)
JOHHBIA OCeJJIbIA BUJ, IMUTaeTcs 6ecro3BOHOYHBIMMU,
MEeJIKUMU pbidbamu (MmasypkamMu), JINYMHKaAMU
HaceKoMbIX. JlepXUTcA Ha [ecyaHOM U WJIMCTOM JIHe B
HauboJiee CIIOKOMHBIX yyacTkax peku. B pexkax Kprima
oH He BoIpacTtaeT kpynHsM (TL go 12,5 ¢cM, HO 0OBIYHO
MeHbllle, Bo3pacT 10 3-4 JeT).

B Anbme 6puTM 0TOOpaHbI 38 0cobell OBICTPSHKU
co cpenHeii anuHoi (TL) 45 MM, cpeaneit maccoit (W) -
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1,1 r, ronasib (4 ocobu, nuamnas3oH TL ot 42 10 116 MM,
W -ot 3 10 20,7 r) 11 66IYKu-nmecoyHuku (2 ocobu, TL—oT
70 1 104 mm, W 3,8 1 13,8 1), B Bentbbeke — ObICTPSIHKU
(52 ocobu, cpenuss TL - 55 mm, W — 3,6 ). B o3epe y
cesa[lecuanoe (pacrosioxxeHHOM Ha BogocOope AJIbMEI)
OBLIIN OTJIOBJIEHH! 5 ocobel (cpenusasa TL cocraBuia 116
MM, W — 26,5 1) cepebpsiHoro kapacs Carassius gibelio
(Bloch, 1782) (Cyprinidae: Cypriniformes). 3To Buz-
BCeJIeHell, SBpUOMOHT U 3Bpudar ¢ oueHb MHUPOKUM
CIeKTpOM IUTAHUA paclpoCTpaHeH B KPBIMCKUX
CTOAYMX BoJoeMax (Kapbepsl, 03epa, Ipyabl U T.A.).

B p. UépHas B BeceHHe-neTHUl nepuop 2024 r.
OTJIaBJIMBAJIN TPaBsHBIX KpeBeTOK Palaemon adspersus
(Rathke, 1837), y KOTOpHIX IJiA aHAJM3a OTOHUpaIA
MBIIIEYHYI0 TKaHb oT 20 ocobeil caMIlOB U CaMOK, a
TakXe UKpy (B JIETHUX npobax).

INocJie oTJ10Ba 1 6M10JIOTMYECKOr0 aHAJIN3a IPOOH
ruApoOHOHTOB 3aMopaxuBajid U xpaHuau npu -20°C.
[IpoGonoaroroska BKJOYaia JUOPUIBHYIO CYLIKy B
TeueHHe 48 dyacoB c IocJjieAylollell roMoreHu3anuen
MaTepuana. /[{yia aHaiM3a B [ABYX [OBTOPHOCTAX
oTOUpay HaBeCcKU MO 5 I' roOMoOreHara pbIOB, IO 3
I' MBIIIEYHON TKaHU KpeBeTOK U o 1,5 I' UX WKPHL
HanpHetimas o6paboTka npob BKJII0Yaia TPEXKPATHYIO
yJIbTPa3ByKOBYIO SKCTPaKIUIoO B TeueHNU 30 MUHYT NIpU
TeMmnepaType 35°C c UCII0JIb30BaHKEM CMECH ITOJIAPHOTO
1 HeIOJISIDHOT'O pacTBOpuTesell (aleToH:rekcaH, 1:3),
[OCJIeAYIOIIyI0 OYMCTKY U ylapuBaHHE 3SKCTPAaKTOB
B cootBeTrctBUM ¢ MBU MH 2352-2005.Ananus
IIPOBOJWJIM Trasoxpomarorpa®uyeckuM MeTOJIOM B
HOLKIT «CnextpoMmerpusa u Xpomartorpadpus» OUL]
HNHBIOM Ha xpomatorpade Xpomatak Kpucrasma 5000
(Poccus) ¢ MUKPOAETEKTOPOM 3JIEKTPOHHOTO 3axBarTa.
Omnpegensnu cofepxanue n,im’-A0T (ganee AAT), ero
mertabosuto IL,I’-JJ0 u nu-A0J (manee OO u
A1), u mectu koHreHepos IIXB (mo IUPAC Ne 28, 52,
101, 138, 153 u 180). KosuecTBeHHOe olipeieieHNe
CO3 BBINOJIHAIN METOOM aOCOJIIOTHOM KaJIMOPOBKU B
Ipefesiax JUHENHOro Auana3oHa aeTekropa. [Ipeaesnt
oOHapyxeHHUs [Jid aHaJIW3UpPyeMBIX COeAUHEHUN
cocraBwim 0,1 HIr/r cbIpoll Macchl JIi KOHIeHepOB
XB, o,n’-AAT u o,’-JAJ u 0,05 Hr/T cbipoil Macchl
- ana o,un’-AJ9, npenensl onpenenenusa — 0,1 u 0,05
HT/T CBIPOY MacChl COOTBETCTBEHHO. AHAIUTUYEeCKUN
MeTOo[l BaJuMJUpOBaH B XOJie MHTepKaJuOpallOHHBIX
ucneiTanuii Mopckoii jaboparopuu MAT'ATD (IAEA-
MEL). OrtcytctBue J1abopaTOPHOTO 3arpsi3HEHUsA
MOATBEPXKEHO aHAJIM30M «XOJIOCTHIX» IIPO0, B KOTOPBIX
YPOBHU aHAJIUTOB OBLIM HUXe Npejiesia OOHapyXeHHA.

Konunenrpauuu otgensHeix CO3, a Takxke
cymmapHbele mokazatenu (AT mma AAT u ero
MeTabosuToB u 26IIXB pAA 1miecTM KOHreHepoB
[1XB) paccuuTaHbl Kak cpeJiHMe 3HauYeHUs U3 Tpex
aHaJIUTUYEeCKUX IOBTOPHOCTE W BHIpaKeHbl B HI/T
CBHIPOYI MacCCHI.

JkoJiornyeckuil puck BosfedictBusa CO3 Ha
rUApOOMOHTHL OLIEHUBAJIU € MOMOIIbI0 Ko3dduliireHTa
pucka RQ (Lin et al., 2020): RQ = MEC/PNEC, rue
MEC o3HavaeT wu3MepeHHyKH KoHIeHTpauuwn CO3
B ruppobuoHtax, a PNEC - xonneHtpaiusa COS3,
HUXe KOTOpOM He BO3HUKHET HHUKAaKUX BpeaHBIX
MOCJIeICTBUM JJIs1 OPraHU3MoB Iipu Bo3aelicTeuu. PNEC
OOBIYHO pAaCCUMTHIBAIOTCA [ieJIeHHeM [JeCKPUIITOPOB
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ToKcuKojiormueckux fo3 (LC50 wam EC50) Ha
onieHouHbIH koadpunmenT: PNEC = (LC50 unu EC50)/
Assessment Factor. B paboTe ucrnoJsb3oBain Haubosee
yacto npuMeHsieMbiii [iisi pacuetra PNEC noxka3zaTesb
cMeptHOocTh  LC50, u koadppuuuent AF=1000.
ITokazaTenu LC50 B3ATH 13 OTKPBITON 0a3bl JAaHHBIX
ECOTOX (Toxicology data...) (Tabsuua 1). 3HaueHUA
RQ> 1 os3nauawT BBICOKHI puck, 0,1 < RQ = 1 -
cpennuii puck, 0,01 < RQ <0,1 — Huzkuii puck, RQ
< 0,01 - He3naumuTesbHBIN puck (Lin et al., 2020).

CraTHCcTUYeCKHe  pacyeTbl  BHINOJHEHH B
nporpamme Microsoft Excel 2016. OnA oueHKU
CTaTUCTUYECKON 3HAaUMMOCTH Pa3/IM4Ui B HAKOIIJIEHUN
CO3 mnpumeHsnu Henapamerpudeckuil U-kpurepuit
ManHna-YutHu.

3. Pe3ynbTarthbl

Konrnentparuss CO3 B ucciefoBaHHBIX Ipobax
rUApoOMOHTOB M3MeEHsJIach B IIMPOKOM JMara3oHe:
SA0T - ot 1,3 no 360,8, 26IIXbB — oT «He OOHapyXeHO»
1o 186,2 ur/r (Tabaums 2, 3).

Bo Bcex wuccieloBaHHBIX MPoOax OCHOBHEIM
kommioHeHTOM Tpuasl /[T okazasicsa metaboaut /02,
Torgakakucxoansifinectuua JATuBTopoiiMeTaboIuT
A0 mubo He obHapyxXeHBl, JIMOO MPUCYTCTBOBAIM
B HEBBICOKMX M CJIEJIOBBIX KoJjinuecTBax (4,2 Hr/r
A0 B ObicTpsinke u3 p. Bensbexk u 0,44 ur/r JAT B
rojaeje B p. Asbma). HaubGosbline KOHIEHTpanuu
JOD obHapyxeHBl B mpobax cepebpsHOro Kapacs
U3 o3epa Ha BoOocOGope HIXXHEro TeueHUs p. AjbMa
(351,1 ur/r), 6eicTpsaHke u3 p. benbbek (356,5 Hr/T). B
npobax MBI KpeBeTOK ObLI 0OHapyeH ToJibko /[0
B OTHOCHUTEJIbHO HeBBICOKUX KOHLeHTpauuax (1,3-3,1
Hr/T), B UKpe KpeBeToK ypoBeHb /I3 (28,4 Hr/r)
okaszasica ot 10 go 20 pa3s Beillle, YeM B UX MBIIIIAX.
Y caMLoOB KpeBeTOK KOHIeHTpauuu [AJ[D B MbIax
ObLsIU BhINIE, YeM y camok (1,9-3,1 ur/r mportus 1,3—
2,6 HI/T), HO 3TH pa3jNuuA He OBUIM CTAaTUCTHUYECKU
3HauuMmbiMu (p > 0,05).

MaxkcumaJsibHbie KOHILIeHTpaluu 26I1Xb
HalileHbl B UKpe KpeBeToK u3 p. YépHas (186,2 Hr/T),
npeumytiectBeHHo 3a cuét [1XB 153 (73,3 ur/r) u PCB

Ta6suna 1. IMokazaTtenu LC50 AJIT u ero MmeTaboJIJINTOB
u koHreHepoB IIXb nya pei0 U pakooOpasHbIX B IIPECHOBO-
IHbIX 3kocucreMax (Toxicology data...)

CO3 LC50 (mr/J1)
PoIOBI PakooGpa3Hsie

-9 0,096 0,0535
- 00 0,11 0,009
- JUIT 0,08 0,009
I1XB 28 0,16 0,16
I1XB 52 0,003 0,003
I1XB 101 0,01 0,01
I1Xb6 138 0,0026 0,001
I1Xb 153 0,0013 0,0013
I1Xb 180 0,025 0,001

138 (93,9 ur/r). B mbImmax KpeBeTOK cofepXaHue
26IIXB 3HauutenpbHO Hmxe (11,4-37,2 Hr/T), yeM B
ukpe (Tabsuma 3).

HecmoTpss Ha OTCyTCTBHE CTaTHUCTUYECKOU
sHauumoctu (p=0,133), koHuenTpaumu =6I1Xb y
caMmI[OB KpeBeTKM OoJiee yeM B 1,5 pasa mpeBbILIaId
TakoBele y camoK. HaGmogaemass BbIpaXXeHHAs
TeHJeHIVA TpebyeT JOMOJIHUTEILHOTO UCCJIEqOBAHNA.

B ObicTpsinke u3 p. Bensbexk IIXb He ObuIH
oOHapyxeHb, a cogepxanue IIXB B OBICTpsAHKE,
rosiasje, ObluKax u3 p. AjJbMa OKa3aJ0Ch HEBBICOKUM
(0,4-7,7 ur/r).

4. 06¢cyxpenue

Bepyuue Hayajlo Ha CeBEpPHBIX CKJIOHAxX
KppiMckux rop pexku AsibMma, Benbbek u UépHaa nasnee
IIPOTEKA0T MpPeUMYIIeCTBeHHO 0 JOJIMHAM, IJle UuX
BOJ10cOOpHBIE HACCENHBI [TO/IBEPTAIOTCSA CYLIECTBEHHOMY
aHTPOIIOTeHHOMY BO3/elCTBUIO. OCHOBHBIMU
HCTOYHUKAMU 3arpsA3HeHUs ABJIAIOTCA HeOo4MIlleHHBbIe
XO03s1ICTBEHHO-OBITOBBIE CTOKH, CEJIbCKOXO035HCTBEHHEIE
cTtoku (B koHIle 1980-x rogos B KpeiMy nprUMeHsIOCH

Ta6suna 2. Konrentpanusa JAT u ero meTabosanuToB (Hr/T CBIpOil Macchl) B rufjpobuoHTax p. Aynbma, benbbek, UepHas

Ne PaiioH oT60pa JlaTa orbopa OO0BeKT ITox Tkauu u | - | mir’'- | o’- | 2AAT
opranel | AAD | AAN | AAT
1 p. UepHas 17.05.2024 KPEeBETKU - HUKpa 28,4 | H.0. H.O. 28,4
2 p- YepHas 17.05.2024 KpeBeTKU caMIIbl MBIIIIBI 3,1 -«- —«- 3,1
3 p- YepHas 17.05.2024 KpEeBeTKU caMKu MBILII[BI 2,6 -« -« 2,6
4 p- YepHas 06.08.2024 KpeBeTKU caMIIbl MBIIIIIBI 1,9 —«- —«- 1,9
5 p- YepHas 06.08.2024 KpeBeTKU caMKu MBILII[BI 1,3 -« -« 1,3
6 p- Benbbek 05.08.2024 OBICTPSAHKA H.omp. | nemuxom | 356,5| 4,2 -«- 360,8
7 | p- AnbMma, cpenHee Teuenue | 09.08.2024 OBICTPsAHKA -« neaukoM | 99,6 | H.0. -« 99,6
8 | p. AnbMma, cpenHee Teuenue | 09.08.2024 roJiaBJib ~«- uenukom | 47,8 —«- 0,4 48,2
9 | p.- AnbMma, HUXxHee TeueHue | 09.08.2024 OBIYKU [TECOYHUKU —«- neaukom | 31,4 —«- -«- 31,4
10 03epo Ha BogocOope 09.08.2024 | xapach cepeOpAHBIN -« neaukoM | 351,1 | -« -«- | 351,1
HIXXHero TeyeHus p. Ajgpma

IIpuMeyaHue: H.OMp. — He ONpPEJEsUIN, H.0. — HE OGHAPYXKEHO
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Ta6suna 3. Konrentparnus [1XB (Hr/r ceipoii Maccel) B ruipobuonTax p. AnsMma, benbbek, YepHas

No PaiioH oT6opa O0BeKT PCB 28 | PCB 52 |PCB 101|PCB 153(PCB 138|PCB 180| ~6II1Xb
p. YepHas KpeBeTku, ukpa 2,1 1,6 5,1 73,3 93,9 10,3 186,2
p. YepHas KpeBeTku, ¢, MBILIIBI 0,1 1,0 1,5 14,7 17,4 2,5 37,2
p. Yepnas KpeBeTku, 9 H.O. 1,2 1,3 7,8 10,0 1,1 21,4
MBIIIITBI
4 p- YepHas Kpesetku, J, 0,5 0,5 1,3 5,4 5,9 0,6 14,2
MBIIIITBI
5 p. YepHas KpeBeTku, 9, H.0 0,1 0,5 4,5 5,5 0,7 11,4
MBIIIITBI
p- benbbex bricTpsAHKa, LeTUMKOM H.O. H.O. H.O. H.O. H.O. H.O. H.0.
p- AnbMa, cpefHee TeueHue | BeICTpsAHKA, [[EJIMKOM 0,8 0,6 3,0 1,0 2,2 0,1 7,7
p- AnbMa, T'onaBJib, LIEJIMKOM 0,1 0,3 0,6 0,3 H.O. H.O. 1,3
cpeliHee TeueHUe
9 p- AnbMa, BBIUKY TIECOYHUKH, H.O 0,1 H.O 0,2 1,3 0,1 1,8
HIXHee TeueHue 1[eJTUKOM
10 03epo Ha Bogocbope Kapaco cepebpsHbIii, H.0 0,4 H.O H.0 H.O0 H.0 0,4
HIXHeEro TeyeHus p. Ajbpma L[eJTUKOM

IIpuMeuaHue: H.0. — He OGHAPYXKEHO

Jo 6 kr/ra nectunupaos, Bkmouyasa JAT (lamuyiauH u
ap., 2019), croku ¢ MyCOpHBIX HOJUroHOB. Tak, Ha
Teppuropuu Kpeima Ha 28 noiMronax TBepabIX OTXO/10B
HakoIUIeHO 866,9 T 3ampelleHHBIX U HeONMO3HaHHBIX
nectunugos ([yoposuH u lyoposus, 2017).
[Tpeobnamanue 13 B mpobax rugpoOHOHTOB
CBUAETEJIbCTBYET 00 OTCYTCTBUU CBEXKETr0 OCTYILIICHNUA
UCXOQHOIO MeCTUNMAAa B TeYeHHe [AJIMTEJIBHOIO
BpeMeHH, MOckoJibky JIJ[3 obpasyercsa B Ipolecce
OTHOCUTEJIBHO MeJJIEHHOro aspoOHOro Mertabosn3Ma
AAT. O3 otianyaeTcss BBICOKOM YCTONYMBOCTBIO
K [JajJpHENIer [Aerpajaiiii W CHOCOOHOCTBI0 K
HAKOIUIEHUI0 B JIMOWJHBIX TKAHAX T'HUOAPOOHMOHTOB.
[IpeBbimienne KoHueHTpanuu JJI3 B poibax, B
CPaBHEHMHU C KpeBeTKaM{, MOXeT OBITh CBS3aHO C
TpodUUeCKUM YpPOBHEM: PBIOB, OyAy4YM XUITHUKAMU
WIN BCesAAHBIMU, NojyyanT /IO mo muimeBoi Ienu.
Kpome ToOro, BaxxHyi0 poJjib, UTpaeT u 00Jiee BHICOKUI
YPOBEHb MECTUIUAHOTO 3arpA3HeHUA cpefibl OOUTaHUsA
pbi6. HaubGosnbmune koHneHTpanuu /[0 y peid B P.
Benpbex u B o3epe Ha BogocOope B HUXXHEM T€YEHUH P.
ArnpMa CBUAETENIBCTBYET O CyLeCTBOBAHUH JIOKAJIbHBIX
WCTOYHUKOB NOCTymyieHuA J[J13 B UX 5KOCHUCTEMBI.
HabJtr0/1aeMoe nipeBbiiieHre KoHIeHTpanui /10
u 26IIXB B MKpe TpaBAHBIX KPEBETOK IO CPaBHEHUIO
C MBIIIEYHOH TKaHbI0 BIEPBble 3aperucTpHUpOBaHO
AJA JAHHOTO BUJA. DTU pe3yJbTaThl COTJIACyHOTCA C
U3BECTHBIMU JINTEPAaTyPHBIMU AAHHBIMU O MeXaHu3Me
TpaHcreHepalmoHHoro nepeHoca CO3 (Robaire et al.,
2022) OoT 4epHOMOPCKUX I'MAPOOHMOHTOB K IIOTOMCTBY
yepe3 IIOJIOBBle MPOAYKTH. Tak, y 4YepHOMOPCKOIO
kasikaHa (Scophthalmus maeoticus) KOHIIEHTpAIUu
JAT n ero MeTaboJIMTOB B MKpPE IPEBHIIAIN TaKOBHIE
B MBIIEYHON TKaHu caMok B 10 pa3 (Malakhova et
al.,, 2014), a y uepHomopckux mumuii (Mytilus gallo-
provincialis) BEIMET MOJIOBBIX HPOAYKTOB IMPUBOAMI K
2-KpaTHOMYy CHWXeHUIo cofepxaHusa CO3 B roHagax
BCJIE[ICTBHE WX BBIBeJleHUA C AdlleKJeTKaMu U
crepmarto3oujamu (HukoHosa u 1ip., 2017).
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CpaBHeHune koHIeHTpanuii CO3 c IIJAK pgida
IIPECHOBOAHBIX PbIO NoKazajo, uro Ayt T (300 ur/r
ceipoii Maccer) I1/IK 6bL1a mpeBbillieHa V¥ OBICTPSAHKU B
peke Bennbek u y cepeOpsaHOro kapacsa B o3epe. A
2IIXB ycTaHOBJIEHHBIE HOPMBI KOHI[EeHTpal[U, KOTOpPbIe
coctaByaloT 2000 HI/T CBHIpOH Macchl, B IeYeHU —
5000 wur/r, mnpeBwimeHsl He ObUtn (TexHUYECKUN
perjaMeHT...).

CpaBHeHue koHneHTpauuii [IXB B oOpasnax
pBIOBI M3 pek KpbIMa ¢ aHaJIOTMYHBIMU MOKa3aTesIaIMU
B MPECHOBOAHBIX BOJIOEMAaxX APYTUX PEerrMOHOB EBpOIHI
MOKa3bIBaeT, uyTo cojiepxkanuie [IXB B KPHIMCKOU phibe
0/1M3K0 K YPOBHI0O HauMeHee 3arpsA3HEHHBIX PalioHOB
KoHTHUHeHTa. B orsmume ot IIXB, comepxanue AT
B phibax u3 pek AnpMma u Benpbek xapakTepusyercs
yMepeHHO-BBICOKOI CTeleHbl0 3arpA3HeHus, 3aHuMasd
MIPOMEXYTOYHOE IIOJIOKEeHHEe MeXAy HU3KUM YPOBHEM
B Bosrapyu 1 BeICOKMMU 3HayeHUAMU B McnaHuu u
IMonsine (Tabnuna 4).

Pacuetsl RQ BBIABUIU CYI[eCTBEHHEBIE PA3IAYUA
B 3HAYEHUA DKOJIOTMYECKOIO0 pHCKa MeXOy BHIAAMU.

OcoOeHHO TpeBOXHAsA CUTyalus CJIOXWIach C
HnomyJiAMell TpaBAHOM KpeBeTKW, [Jid KOTOpOH
MaKCUMaJIbHBII  5KOJIOTHYECKUN PpUCK IpeBbIlIal

KpUTHYecKue 3HaueHusA B JlecATKU pa3. HaubGosibuine
3HaYeHMsA IMOJIyuyeHBl AJiA rekcaxyiopbudennior 138
(RQ=2-93) u 153 (RQ = 3-56).

Ananu3 K03pOUINEHTOB 5KOJIOTMYeCKOro prcKa
UL uXTuogayHbl BBIABUJI pervoHaJIbHbBlE pa3jIdyus.
[TpeBrimenusa Ge3onacHbIX 3HaueHHUI RQ ob6HapyXeHbI
y ZIBYX BUJOB: ObICTpsAHKU B peke Benbbek (RQ=3,7)
U cepeOpsAHOroO Kapacs B 03epe B HIDKHEM Te4eHUU p.
Ansma (RQ=3,7). [{yia ronasiis u OBIYKA-IIECOYHUKA B
ArnbMe puck ot 3arpsAasHeHud /D okasasicA B peaesiax
cpensero pucka (RQ = 0,1-0,5).

B xome wucciegoBaHUI OTMeEUYeH OJaBHUHN
SKOTOKCUKOJIOTHYeCKUHN napajoxc, Korja
rugpoOUOHTE,, C€ OOHON CTOPOHH, 3(pdeKTHBHO

OUYMIAIT BOAHYK cpefy OT TuApo¢obHEX CO3,
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Ta6suna 4. Conepxanue JJAT, ero metabosmtoB u [IXB (Hr/r ceipoii Macchl) B pbibe 13 3arpsA3HeHHbBIX U “(POHOBBIX” PeYHBIX

pationoB EBponst

OOBeKT T'oxpl Paiion AAOT, 2IIXB, Ccpuika KoMMmeHTapuii
HCCJIeOBaHUA | HCCJIeqOBAaHUA HI/T HI/T
T'onassib . .
. Osepo Uzeo 1 105,9 (Binelli and )
Leuctscus cephalus 2001 Wrams ) -786,4 |Provini, 2003) A
(MBIILILIBL)
2002 H.0GH. Beire 3aBoja 1mo
Veau IIPOU3BOACTBY AUKO(dOIa
Barbus bocagei Peka CuHKa, i (Lacorte et al., -
g e 616 Hr/ 2006) Psagom c gericTBYIOMNM
(Mbimmen) 2003 (S6JUIT) 3aBOJ/IOM IO TIPOU3BOJICTBY
aukodosia
12 BUOB NIPECHOBO- Peka ipowm, (Mazet et al.,
JHBIX pbIO (MBIIIITBL) 2003 OdpaHIua ) 7,8-56,9 2005) HA.

[InoTBa Peka Jlu B 88 = 70 (s el Hepasneko pacnosioxeH
Rutilus rutilus 2011 Yurxomicrene, Hr/T! - g201 6) | 6piBIME 3aBog AT, KOTO-
(uesnas pri6a) Benuko6puranus | (Z60T°) PHBIi1 6611 3aKpHIT B 1982 T.

Jlem Abramis brama Peka Buciia 654 (Niewiadowska
(MBILIITB) 2011-2012 Kpaxos, Ionbma | (Z60T) ) et al., 2014) HA.
CepebpsAHBIN Kapach 2014 O;e&zggggac 3,99 1,6 (Georgieva et _—
. s . . .
Carassius gibelio e (Z344T1°) | (Z1511XB7) | al., 2015)
E?E;ZZZK;H%Ii;pb 9020 Peka Pama, |4,97-17,3| 2,31-32,8 G(ilé?f‘;‘t";l o
. . .
(MbIIIIE) XopBaTusa (Z344T) | (Z7TIXB®) 2023)
3 Buna phid 0024 131:11:2 e‘I\(m;(MiI 3 31,4-360,8| 1,3-7,7 JlaHHoe .
(1esIKOM) POC(’:I/I}IP > | (E344T) | (Z6I1XB°) |wucciemoBaHue ta

IIpuMeuanue: ! — He onpeaesisiyiM, 2— HET AaHHBIX, ° — He OOHApyXeHo, 4 — mepeBefjeHO U3 MKI/KT, KaK yKa3aHO B MEPBO-
KUCTOYHUKE,, °— cyMMa KoHueHTpauuu o,n’ -AAT, n,n’ -AAT, o,n’ -AAE, n,n’- AME, o,n’-qA0, n,n’-JO0, ®— cymMMa KOHIEHTpaIuu
nn’ -AAT, nn’- AO3, n,n’-A0[, 7 — cymMMa KOHIIeHTpaluy NATHaAuaTH KoHreHepoB [1XB, 8 — cymMMa KOHI[eHTpaluy ceMyu UHAU-
KaTOpHBIX KoHreHepoB [1XB (Ne28, 52, 101, 118, 138, 153 u 180), ° — cymMa KOHI[€HTPAI[UHU [IECTU UHANKATOPHBIX KOHT€HEPOB

ITXB (Ne28, 52, 101, 138, 153 u 180).

BBICTYIass B POJIA NPUPOAHBIX OHODUJIBTPOB, a
C [JOpYrol - CTaHOBATCA XepTBaMU XPOHUYECKOH
VHTOKCUKAMM IIpU AJIUTEJIbHOM HaxoxpaeHuu CO3
B opraHusMax. I[loaToMy IIOJiyueHHble pe3yJIbTaThl
CBU/IETEJIbCTBYIOT O HEOOXOOUMOCTH pa3paboTKu Mep
110 MOHUTOPUHTY KPUTUYECKHU 3arpA3HeHHBIX YYaCTKOB,
naeHTUUKAIMU OCHOBHBIX NCTOYHUKOB MOCTYIIJIEHUA
CO3 B 3TU palioHB U MpeNOTBpallleH!us AaJbHeNIero
3arps3HeHUs SKOCHCTEM MaJIbIX pPeK 3TUMH OMaCHBIMU
3arpsA3HUesIIMU.

Takum o6pa3oM, HeCMOTpsA Ha JIOKaJbHbIE
MpEBHINIEHNA YCTAaHOBJIEHHBIX HOPM  COAepXaHUA
CTOMKUX oOpraHuvyeckmx 3arpssHuresied (CO3) B
OTHeJIbHBIX BUAAX PHIO, 0OIlee COCTOSHNE BOJOEMOB
KppiMa OTHOCUTEJIBHO CTaOUJIBHO.

5. 3aknioueHue

dta paboTta sABJsAeTCA TEePBON, B KOTOPOH
onieHeHsl ypoBHHU JT u I1XB B rugpoOMOHTaX TaKUX
MaJbIX KpBIMCKUX pek AmnbMma, Benpbex m UYéphnas,
B CEBEpHOM IIOHTUICKOM pervoHe, 4TO pacmupseT
COBpEMEHHOe IIOHMMAaHNe MIPOCTPAHCTBEHHOI'O
pacnpefesieHHA U NOTEeHINaJIbHBIX PHCKOB, CBA3aHHBIX
C BJMsAHNEM CTOMKHUX OpPraHWYeCcKUX 3arpA3HUTesIeH B
Boctounoi1 Epomne. Priba B pekax AnpMa, besbbek u
KpeBeTKU B p. UepHasa 3arpsasHeHH [[/ID, yCTOHUYNBEIM
metabosmutoM (T, 4TO CBUAETEJSIbCTBYET O AaBHEM
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sarpsasHeHuu. Konnenrtpanuu JIJIE  npesblnanu
IpeJieJIbHO AOIyCTHMBIEe KOHIIEHTpaluu B OBICTPAHKE
B p. besbbek u cepeOpsAHOM Kapace B 03epe B HIXKHEM
TedeHUU p. Anbma. IIXB B TkaHAx pei6 Jsubo He
ObUIM OOHapyXeHbl, JINOO ompefeseHbl B CJIeJOBBIX
KOJINYeCTBax, YTO yKa3blBaeT Ha OTCYTCTBUE KPYIHBIX
MPOMBIIIJIEHHBIX HCTOYHUKOB 3arps3HeHusA, B TO
BpeMs KakK CeJIbCKOXO3ANCTBEHHOEe 3arps3HeHue B
3TUX peKax OCTaeTCsA 3HAUYUTEJIbHBIM. JTU pe3yJIbTaThl
IOAYEePKUBAIOT Heo0X0ANMOCTh IIOCTOSAHHOTO
MOHUTOpPUHTa U IpPUHATUA Mep [0 CHIXEHUIO
MOCTYyTJIEHUsA TOKCUKAHTOB B PEKMU.

B p. UepHasa B TKaHAX KpeBETOK HaOJII0JAINCh
pasimuua B HakomleHMM CO3: ukpa cojepxajla B
10-20 pa3 OoJjiee BBICOKHE YPOBHU 3arpA3HAIOIMINX
BellleCTB, YeM MBIIIeYHasa TKaHb, YTO CBUAETEIbCTBYET
o] TpaHCTeHepalOHHON nepegaue CO3. B
opraHax TpaBsHON KpeBeTKU OIlpedesieH BBICOKUN
SKOJIOTUYECKHNI PHUCK OT BO3JEMCTBUA HaKOIJIEHHBIX
koHrenepos I1Xb 138 u 153.

TaxuMm o6pa3om, ucciieqoBaHue cogepxanusa CO3
B I'MApOOMOHTAaX BHICTYNAaeT BaXXHBIM WHCTPYMEHTOM
U1 OLEHKU 3KOJIOTUYeCKOTO COCTOSTHUA MaJIbixX
pek KprlMa B OTHOIIEHUU 3arpsA3HEHHOCTHU STUMU
TOKCMKaHTaMH, B YCJIOBUAX, KOrga B BOJe OSTHX
BOJIOEMOB KOHI[eHTpalisA YacTO OKa3bIBAeTCs HIXe
npejena oOHApyXeHNUsA aHAJIMTUYEeCKOro MeToa.
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