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Abstract

The content and distribution of organochlorine pesticides of the DDT group and
polychlorinated biphenyls (PCBs) in water, amphipods, fish and sediments of the Salgir
River, as well as in bottom sediments of the Biyuk-Karasu River, were determined.
Samples were collected in May and July 2023. An analysis of organochlorine xenobiotics
was performed using a GC Chromatec-Crystal 5000 (Russia), equipped with an electron
capture microdetector. The > DDT concentration in water ranged from 0.53 in the area of
the village of Dobroye up to 14.91 ng/L in the village of Molochnoye, whereas > 6PCB
changed from 0.50 to 37.87 ng/L, respectively. The lowest Y DDT content (9.06 ng/g)
in sediments was detected in the village of Dobroye, the highest one was registered
in the village of Molochnoye (71.69 ng/g). The minimum ) 6PCB concentration (3.41 ng/g)
was determined in the area of the village of Beloglinka, the maximum one was in the village
of Molochnoye (61.88 ng/g). The pollutants distribution in water and bottom sediments
indicates the presence of local DDTs and PCBs sources along the river between the villages
of Beloglinka and Molochnoye. The lowest pollutants concentrations in hydrobionts were
determined in muscles of schneider caught near the village of Dobroye. The highest ones
were registered in the spined loaches caught near the village of Novogrigoryevka and
in the bleak caught near the village of Molochnoye. In these fish, the maximum permissible
concentration Y DDT (300 ng/g wet weight) was exceeded. The obtained results were
compared with water and sediments pollution in other Crimean, European and Asian rivers.
An environmental risk assessment showed that pollution levels are not of concern
in the area above Simferopol. In other sampling sites, high environmental risk was noted.
The results showed that the environmental risk of PCBs pollution near the village of
Molochnoye was higher than that of DDTs pollution.
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AHHOTaNMA

OmnpeneneHo conepKaHue U pacTpeelIeHue XJIOPOPraHnIecKux necTuuuaos rpymmst AT
u nonuxiopupoBaHHbx Oudennios ([1XB) B Bome, ampunogax, pprdax u JOHHBIX 0CAAKaX
p. Canrup, a Takxe B JOHHBIX OTJIOXKEHHUSX ee IMpuToka burok-Kapacy, oroOpaHHBIX B Mae
u mone 2023 1. AHamW3 XJIOPOPTaHWYECKHX KCEHOOMOTHKOB IIPOBOAWIM Ha Ta30BOM
xpomarorpade «Xpomarak-Kpucramr 5000», OCHAIIEHHOM MHKPOAETEKTOPOM 3JICKTPOHHOTO
3axBata. Kommenrpamms Y JIAT B Bome W3MeHsJIach B IMIMPOKOM amama3one: oT 0.53
B paifone c. [lo6poro no 14.91 ur/n B c¢. Monounom, Y 6I1Xb — ot 0.50 no 37.87 ur/n
cootBeTcTBeHHO. Haumenpiiee conepxanue Y JJAT (9.06 Hr/r) B DOHHBIX OTJIOKEHHUSX
obOHapykeHo B c. Jloopom, Hambosbimice — B ¢. Monounom (71.69 Hr/r). MunumanbHas
koHuenrpauus y 611Xb (3.41 ur/r) onpeneneHa B paiione c. benorinHka, MakCUMabHas —
B ¢. Monoutnom (61.88 Hr/r). PacnipeneneHue 3arps3HuTencii B BOAC M JOHHBIX OTJIOKCHHUSIX
CBHUJIETENIECTBYET O TOM, YTO IO TEUYEHHUIO PEKU MEeXTy celamMu benoriuHka 1 MoJIOYHBIM
pacrtionoxxeHsl JTokanbHeie ucTogankn moctymierns AT u IIXB. B mpobax runpoOnoH-
ToB HambOonee Hm3kue koHmeHTpauuu JAT u [IXB ompeneneHsl B MBIIIIIAX OBICTPSIHOK
y c. lobporo. MakcumanbHOe CopepKaHHe 3arpsa3HUTeNeld 00HApyKEHO B TKAaHAX IHUITOBOK
y c. HoBorpuropseBka n ykien y ¢. MoJIOYHOTO, Y KOTOPBIX OBLIIO OTMEUEHO ITPEBBIIICHHE
OAK > AAT, cocraBmsromierr 300 HI/r ceipoit maccel. IlomydeHHBIE pe3ymbTaThl OBLIH
COTOCTaBJICHBl C 3arpsA3HEHWEM BOABI W IOHHBIX OTIOKEHHH B Ipyrux pekax Kpsima,
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EBponbl 1 Asun. OneHka 5KOJIOTMYECKOTO pHCKa IMOKa3ana, 4TO ypOBEHb 3arps3HEHHs
Canrupa Beime Cumdeporions He BbI3bIBaeT OecrokoicTBa. Ha ocTambHBIX TEppUTOPHSIX
OTMEYEH BBICOKHI 3KOJIOTMYECKUN pUCK. Pe3ynbTaThl MOKa3ajd, 4TO 3KOJIOTMYECKUH PUCK,
cBs3aHHBIA ¢ 3arpssHeHueM IIXDB B paiioHe c¢. MonoyHOro ObUT BBINIE, YeM CBSI3aHHBII
¢ 3arpssHenuem JJ/IT.

Karouessie cioBa: JI/IT, I[1XB, Boga, TOHHBIEC OTIOXKECHUS, THAPOOUOHTHI, SKOJIIOTHICCKUI
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6uopasHoobpasus u OuopecypcoB AzoBo-UepHoMopckoro OacceliHa W APYruxX paioOHOB
Muposoro okeana» u 121040500247-0 «DyHnaMeHTaIbHbIE HCCIIEIOBAHNS MOMYIIIIMOHHOMN
OMOJIOTUH MOPCKUX JKUBOTHBIX, KX MOP(OJIOTHYECKOT0 ¥ TeHETHYECKOTO pa3HOO0pa3ush».

Jnsi uurupoBanus: XJIOpOpraHWYECKHe KCCHOOHMOTHKM B dKocucTeMe peku Canrup:
colepkaHUe, pacmpeneneHue, skoiormdeckuit puck / JI. B. Mamaxoa [u np.] //
Okonornveckasi 0€30MacHOCTh MPUOPEKHON U mIenb(hoBoii 30H Mops. 2023. Ne 4. C. 116—
133. EDN LZDHFW.

Introduction

Organochlorine pesticides of the dichlorodiphenyltrichloroethane (DDT)
group and polychlorobiphenyls (PCBs) are among the most common and
dangerous persistent organochlorine compounds (OCs) synthesized by humans.
In this regard, the content, distribution and influence of OCs on environmental
components became the subject of study all over the world in the 1970s. It was
determined that OCs have a toxic effect on aerobic organisms, leading to various
pathologies of the reproductive, nervous, immune and endocrine systems [ 1-4].

In May 2001, the United Nations Environment Programme adopted
the Stockholm Convention on Persistent Organic Pollutants, which prohibits
the production and use of twelve hazardous chemicals, including DDT and PCBs .
However, OCs are still found in significant concentrations in the environment [5],
including freshwater and marine coastal waters of the Crimea [6, 7].

The largest Crimean river system is the Salgir River with its side streams.
The study of pollution in the Crimean rivers is carried out by the Crimean
Department of Hydrometeorology and Environmental Monitoring, which conducts
observations including analysis of water quality in accordance with sanitary and
hygienic standards. In general, according to reports from government agencies,
the water of the Salgir River is characterized as “dirty” ?, and according to
the indicators of biological and chemical oxygen consumption, the water of
the Salgir River in the area of the village of Dvurechye was characterized as

D UNEP, 2023. History of the Negotiations of the Stockholm Convention,; Nations Environment Programme.
Auvailable at: https://chm.pops.int/ TheConvention/Overview/History/Overview/tabid/3549/Default.aspx
[Accessed: 19 November 2023].

2 Council of Ministers of the Republic of Crimea, 2023. [Report on State and Protection of
Environment of Republic of Crimea]. Simferopol: OOO Print, 448 p. (in Russian).
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“very polluted” » in 2020. However, data on the content of persistent organic
pollutants DDT and PCBs in the Salgir River ecosystem are not provided either
in reports or in any other open sources.

The paper aims to study the current pollution of the Salgir and Biyuk-Karasu
Rivers ecosystem with DDT and PCBs. To achieve this purpose, the following
tasks were solved: determination of the OCs concentration in the water and soils
of the Salgir River and the soils of the Biyuk-Karasu River; assessment of the OCs
accumulation in hydrobionts; determination of the components of the Salgir middle
course ecosystem that accumulate OCs as much as possible; assessment of
the environmental risk from the OCs effects.

Materials and methods

To achieve this goal, in May and July 2023, samples of water, sediments,
crustaceans and fish fauna were taken in four districts of Salgir above (in the area
of the village of Dobroye — Stations / and 2) and below the city of Simferopol
(the village of Beloglinka — Stations 3 and 4), near the village of Molochnoye
(Station 5), near the village of Novogrigoryevka (Station 6). In three districts of
the Biyuk-Karasu River near Belaya Skala (Station 7), the villages of Zybiny
(Station 8) and Uvarovka (Station 9), samples of bottom sediments only were taken.

Water samples were taken in glass jars with a volume of 6 liters. The OCs
in the water were determined with the help of gas chromatography in accordance
with the environmental requirements PND F 14.1:2:3:4.204-04 (2014). Sediments
(0-5 cm layer) were also taken directly into glass containers. In a stationary
laboratory, the soils were thoroughly homogenized and dried in air. The natural
humidity as a percentage of the wet weight was calculated from the difference
between the wet and dry weight. The OCs in sediments were determined
in accordance with the standard procedure GOST R 53217-2008 (ISO 10382:2002).

The fish were selected with a dragnet, gill and hand nets with a mesh from 3
to 18 mm. The fish were identified using determinants 4. Bottom invertebrates were
collected manually with tweezers from rocks and also with a hydrobiological
scraper and sieve. The collected material was not fixed, but cooled for further pro-
cessing. The determination of the material was carried out using profile determinants .

The OCs content was determined in the tissues of amphipods (Amphipoda)
Dikerogammarus villosus (Sowinsky, 1894), in the gonads, muscles and internal
organs of the following male and female fish (Teleostei): schneiders Alburnoides
maculatus (Kessler, 1859), chubs Squalius cephalus (Linnaeus, 1758), juvenile
bleaks Alburnus alburnus ( Linnaeus, 1758) and zopes Ballerus ballerus (Linnaeus,
1758). The whole bodies of juvenile specimens of round gobies Neogobius
melanostomus (Pallas, 1814) and spined loaches Cobitis taenia (Linnaeus, 1758)
were analyzed.

3 Trofimchuk, M.M., ed., 2021. [Quality of Surface Waters of the Russian Federation. Information
on the Most Polluted Water Bodies of the Russian Federation (Annex to Year-Book for 2020)].
Rostov-on-Don, 160 p. (in Russian).

4 Movchan, Yu.V. and Smirnov, AL, 1981. [Fauna of Ukraine, Vol. 8. Fishes, Issue 2 Cyprinidae,
Part 2]. Kiev: Naukova Dumka, 360 p. (in Ukranian).

3 Tsalolikhin, S.Ya., ed., 1995. [Keys to Freshwater Invertebrates of Russia and Adjacent Lands.
Vol. 2.] St. Petersburg, 629 p. (in Russian).
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In the samples of hydrobionts, the OCs concentrations were determined
in accordance with the method MVIL.MN 2352-2005, and the content of total lipids
was determined gravimetrically [8]. The sum of total extracted lipids is expressed
in fractions (%) per wet weight.

Qualitative and quantitative analysis of OCs was carried out with the help of
the gas chromatographic method in the Shared Use REC “Spectrometry and
Chromatography” of IBSS of RAS using a CG Chromatec-Crystal 5000 (Russia),
equipped with an electron capture microdetector. The content of p,p’-DDT, its
metabolites p,p’-DDE and p,p’-DDD, as well as six congeners of polychlorinated
biphenyls (according to IUPAC: 28, 52, 101, 138, 153 and 180), were determined.
Quantitative determination of the OCs was performed by absolute calibration
within the linear range of the detector. The detection limit for the OCs varied from
0.05 to 0.1 ng/L in water samples, from 0.01 to 0.05 ng/g in sediments and
hydrobionts. The OCs concentration in sediments is calculated for the dry weight
of samples, in hydrobionts — for the wet weight.

According to the OCs data in water, sediments and hydrobionts of the Salgir,
the accumulation factor (AF) in sediments and bioaccumulation factor in hydrobionts
(BAF) were calculated using the following formula: AF(BAF) = Cs(h),g/Cw-1000,
where Cs,h — concentration of OCs in sediments or in tissues of hydrobionts (ng/g);

Cw — concentration of OCs
T able 1. Organochlorine compound (OC)

toxicity data for fish and crustacea in freshwater in water (ng/L). )
ecosystems To assess the environ-
mental risk from the effects of
EC50, mg/L ® OCs on the Salgir hydrobionts,
oc he i ionall

Fish Crustacea t. e 1nterr.13‘F10na y accepted
risk coefficient RQ was used,
p,p'-DDE 0.0960 0.0535 which was calculated using
p.p-DDD 0.1100 0.0090 equation [9]: RO = MEC/PNEC,
where MEC — measured con-
p.p-DDT 0.0800 0.0090 centration of OCs in hydrobionts;
PCB 28 0.1600 0.1600 PNEC — concentration of OCs,
PCB 52 0.0030 0.0030 below which no harmful effects
on organisms will occur with

PCB 101 0.0100 0.0100
prolonged or short-term expo-
PCB 138 0.0026 0.0010 sure. PNEC is usually calcu-
PCB 153 0.0013 0.0013 lated by dividing toxicological
PCB 180 0.0250 0.0010 dose descriptors (LC50 or
' i EC50) by assessment factor [9]:

9 EPA. ECOTOX Knowledgebase. 2023. [online] Available at: https:/cfpub.epa.gov/ecotox/
search.cfm [Accessed: 19 November 2023].
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PNEC = (LC50 or EC50)/Assessment Factor. Most commonly used mortality
indicator LC50 and AF = 1000 factor were taken for calculating PNEC during
the study. Toxicological parameters EC50 were taken from the open ECOTOX
database ® (Table 1).

An RQ value greater than one means high environmental risk, in the range
from 0.1 to 1 — average environmental risk, from 0.01 to 0.1 — low environmental
risk, and below 0.01 — insignificant environmental risk [9].

Results

At Stations /-4, the DDT and PCBs concentration in the water was low in May
and July. On average, the sum of the concentration of DDT and its metabolites
(ZDDT) was 1.30, the sum of the concentration of PCB congeners (Z6PCB) was
1.85 ng/L (see Fig. 1, a). The composition and the same content of DDT and
metabolites at these stations indicate a single source of pesticide intake in the
Simferopol Region. Among PCB congeners at Stations /—4, only PCBs 138 and 153
were found in all samples. The low content of X6PCBs indicates the absence of
significant sources of PCBs in the areas of these stations.

Downstream of the Salgir, at Stations 5 and 6, a significant increase in the OCs
concentration was observed (Fig. 1, @). The highest ZDDT content was determined

at Station 5 in the area of the village of Molochnoye (Table 2). At this site, the
content of the initial DDT was 72% of the total concentration of DDT
and metabolites, which means its recent entry into the river area. Downstream,

Table?2 Concentrations (ng/L) of DDT, its metabolites, and indicator PCB congeners
in the Salgir River water in May and July 2023

Station | Sampling Lé é é § i § g g %
no. date - -, Sy O O ) ) @ ®
= = S - A & - - &

1 23.05 023 027 BDL 0.12 164 020 041 029 BDL

2 06.07 1.02 020 1.04 N/D N/D ND 009 041 N/D

3 23.05 0.83 047 022 041 236 N/D 032 048 N/D

4 06.07 035 024 030 0.13 N/D ND 028 0.14 N/D

5 18.07 536 521 2729 130 281 624 159 298 N/D

6 18.07 202 115 ND 129 254 746 1.04 132 N/D

Note: BDL — below detection limit; N/D — not detected.
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at Station 6, the initial DDT pesticide was not detected in the water, and the sum
of the concentrations of its metabolites DDE and DDD turned out to be an order
of magnitude lower than at Station 5, but three times higher on average than
in the Simferopol Region.

The content of X6PCB at Stations 5 and 6 turned out to be almost the same and
amounted to 14.91 and 13.65 ng/L (Fig. 1, a), respectively. In the areas of Stations 5
and 6, the sum of the concentrations of OCs in water exceeded on average 11 times
their total content at Stations /—4.

No DDT and PCBs should be recorded in the water of fishery reservoirs,
and the approximate permissible level (APL) is 10 ng/L 7. In the Salgir water above
and below Simferopol, both in May and in July, the OCs APL was not exceeded.
At Station 5, an excess of the Y DDT APL was detected by 4 times, and that of
the > 6PCB APL by 1.5 times. At Station 6, the Y DDT APL was exceeded 1.3 times.

The results of geochemical analysis showed that at different sampling points,
the sediments of the Salgir and the Biyuk-Karasu differed in natural moisture (NM)

and, as a result, in granulometric

a > composition. The sediments of
J . the Salgir River were represented by

5 | multigrained sands with varying
& degrees of siltation. Thus, at Sta-
tions / and 3, it was silted coarse

odorless sand with an NM content

| of 33 and 38%, respectively, at

s Shiterogd Station 5 — sandy silt (NM —40%)
¥ - Sampling station ‘ with putrid odor, at Station 6 —

21 D SR TECHaET pelitic silt (NM — 54%). In the area
Suni of concentration of Station 7, the soils of the Biyuk-

BB DPT gk Karasu River contained 95% of

% coarse cobbled gravel (from 0.5

40

Hlack Sce i to 3 cm) and 5% of aleuritic silt
(NM - 19%) with putrid odor,
b "}i;;,’ at Station 8 — yellow-gray silt with
d 3 % 27% of NM with inclusions of
- A , g - 2 gravelly fractions, at Station 9 —
_\3’-‘“\ A & black silt with algae residues and
& £a with 55% of NM.
;;- ; « Sampling station
¥ » mSum of DDT, ng/L
5 iu‘.’::ffoﬂii}:itn Fig 1. YDDT and }6PCB concent-
3  Simferopol "PCB and DDT, ng/L rations in the Salgir River water (a)

» 150 and sediments of the Salgir River
i » (Stations /—6) and the Biyuk-Karasu
® River (Stations 7-9) (b)

" On the Approval of Water Quality Standards for Water Bodies of Commercial Fishing Importance,
Including Standards for Maximum Permissible Concentrations of Harmful Substances in the Waters of
Water Bodies of Commercial Fishing Importance: Order of the Ministry of Agriculture of Russia
dated December 13,2016, No. 552 (in Russian).
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The amount of OCs concentration in sediments varied in a wide range from 3.03
to 133.57 ng/g (Fig. 1, b). The lowest concentrations of ZDDT and X6PCB were 2.73
and 0.30 ng/g at Station 7, the maximum was 71.69 and 61.88 ng/g at Station J,
respectively.

In the Russian Federation, there are only regional permissible levels (PLs) of
the OCs content in sediments ®, where a safe level of 2.5 ng/g is set for XDDT.
With the XDDT concentrations from 2.5 to 10 ng/g, precipitation is considered
slightly polluted, at higher concentrations — polluted. The regional ¥DDT PLs
coincide with the norms accepted in international practice in the Dutch Sheets 2,
where there is also XPCB PL, which is less than 20 ng/g of wet weight. According
to the above standards, sediments in terms of the level of PCB contamination
in the area of Stations 7-9 can be classified as clean, at Stations / and 4 — slightly
polluted, at Stations 5 and 6 — polluted, according to the level of ZDDT pollution
at Stations /, 7 and 9 — slightly polluted, at Stations 4—6, § — polluted.

Fig. 2 shows the results of the determination of lipids and OCs in samples of
hydrobionts. The content of total lipids varied from 1.3% in the muscles of female
chub to 29.8% in the internal organs of bleak (Fig. 2, ). The concentration of OCs
in fish tissue samples varied in a wide range: for XDDT — from 0.94 to 1153,
for X6PCB — from “not detected” to 739 ng/g. The lowest concentration of OCs
was determined in the muscles of male and female schneider at Station I/,
the highest — in the internal organs of bleak at Station 5 (Fig. 2, »). The DDT
metabolites, DDE and DDD, were found in all samples of hydrobionts, and in 80 %
of samples — the initial DDT. At Station /, PCBs were not detected in the muscles
of male schneider, as well as in the muscles and gonads of female schneider.
At more polluted Stations 5 and 6, the concentration of XDDT in the bodies of
juvenile individuals of bleak, goby and spined loach exceeded the content of
26PCB by 1.5 times on average.

A comparison of the OCs concentration with the MPC, which in freshwater
fish for ZDDT is 300, for ZPCB — 2000 (in the liver — 5000) ng/g of wet weight,
showed that the MPC of OCs was not achieved in muscles, which are a food
product. It is obvious that there is no health risk for people when eating fish caught
in the studied areas.

In such benthophages as spined loach and round goby, the ZDDT and X6PCB
concentration exceeded on average 4 and 7 times the concentration in potential
food items — amphipods (Fig. 2, b). This can indicate the process of biomagnifi-
cation — an increase in the level of OCs content in living organisms of the river
trophic chain.

® LenmorNIlproekt, 1996. [Standards and Assessment Criteria of Bottom Sediment Pollution
in Water Bodies of St.Petersburg, Regional Standard]. St. Petersburg: LenmorNIIproekt, 20 p.
(in Russian).

9 AMAP, 2004. PTS Limits and Levels of Concern in the Environment, Food and Human
Tissues. In: AMAP, 2004. Persistent Toxic Substances, Food Security and Indigenous Peoples
of the Russian North. Final Report. Oslo, 2004. Ch. 3, pp. 29-32. Available at: https://
www.amap.no/documents/download/1069/inline [Accessed: 6 December 2023].
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Fig. 2. Total lipids (a) and OCs concentrations (b) in Salgir hydrobionts: I — gonads;
II — muscles; III — internal organs; IV — whole body; n.d. — not determined;
J — juveniles, a* — amphipods, sI* — spined loach. Digits indicate station numbers

Discussion

Reasons for uneven distribution of OCs in the abiotic components of the Salgir
ecosystem

The unequal contamination of the abiotic components of the Salgir ecosystem
with the OCs indicates that between Stations 4 and 5, there are sources of OCs intake,
which influenced a significant increase in the concentration of pollutants at Stations 5
and 6. At this stage of study, it is impossible to determine the exact source of OCs
in this area. Potentially, pollutants can come with wastewater from municipal
facilities [1]. It is known that in the Crimea, treated and untreated wastewater is
discharged in the Salgir River, the Black Sea and Lake Sivash ». DDT can appear
in residential wastewater from pharmaceuticals. Despite the fact that DDT has been
prohibited by the Russian government for several decades, pharmacy chains
still offer DDT as an insecticide, as well as insecticidal soap containing DDT,
in the 21st century [10]. Drainage waters of more than 80 water consuming
enterprises, which take the Salgir water for irrigation of agricultural lands, can also
be a source of OCs pollution 9.

10 Rodyushkina, N.N., 2017. [Information on Providing Water Bodies for Use on the Basis of Water
Use Agreements and Decisions on Providing Water Bodies for Use in the Republic of Crimea as of
11 October 2017] (in Russian).

124 Ecological Safety of Coastal and Shelf Zones of Sea. No. 4. 2023



In the late 1990s, 6.04 kg/ha of pesticides, including DDT, were applied to
1 hectare of farmland to control pests !V. The appearance of DDT in the river water
can indicate its possible flushing from the drainage area, where warchouses of
obsolete pesticides are located. On the territory of the Crimea, 866.9 tons of
prohibited and unidentified pesticides are accumulated at 28 solid waste landfills,
and the number of unofficial landfills of obsolete pesticides has never been
recorded [11]. Filtrates containing dangerous chemical compounds and products of
their metabolism enter aquifers from such landfills [1]. In addition, stock-raising
facilities (including poultry farms) are the sources of OCs intake to the environment
[1]. In the Krasnogvardeyskoye District, at least 11 large stock-raising farms are
located in the Salgir drainage area '?. Thus, high local contamination of water and
sediments at Stations 5 and 6 can be a consequence of the integral influence of
the above-mentioned potential sources. It can be assumed that the main sources of
DDT at Stations 5 and 6 were warehouses of obsolete pesticides stored in improper
conditions, and the sources of PCBs were atmospheric transport precipitation and
residual amounts from previous years of active use of OCs in industry and
agriculture. The low concentration of OCs in the water at other stations, which is
comparable to the pollution of the Crimean open marine areas [12], can be
a consequence of so-called background pollution. Such a background is created
by atmospheric transport from southern latitudes, where DDT is still allowed to
be used to control insect vectors of malaria, typhus, tick-borne encephalitis, etc.
[13, 14].

To identify the factors influencing the accumulation of OCs in sediments,
correlation analysis was performed. Close ratio was found between
the concentration of DDT, its metabolites and hexachlorobiphenyls 138 and 153
in sediments and their content in water (Fig. 3). For tri-CB 28, such ratio was
absent (R%pce2s = —0.09), and for tetra- and penta-CB 52 (R?pcgs2= 0.38) and 101
(R*»cBio1 = 0.40), it was weak. Thus, the concentration of DDT and highly
chlorinated PCB congeners in the Salgir soils is closely related to water pollution.

The granulometric composition of sediments can be another factor influencing
the accumulation of OCs by them. Indirectly, the granulometric composition can
be judged by the NM: the higher the NM, the higher the content of silty fractions.
The coefficients of determination (R?) between the NM and the concentration of
2DDT and Z6PCB in the sediments of rivers were 0.36 and 0.25, respectively,
which indicates a low correlation between fine fractions and the OCs content.
Consequently, the content of pollutants in water was a more significant factor
affecting the accumulation of OCs in soils.

') Goskomgidromet, 1988. [Yearbook of the Content of Residual Amounts of Pesticides in the Natural
Objects of Certain Regions of the Soviet Union. Book II]. Obninsk: Goskomgidromet, 132 p.
(in Russian).
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Comparison of the OCs concentration in water and sediments with other rivers

A comparison of the contamination of water and river soils showed that
the concentration of XPCBs was higher in the Salgir than in the studied Crimean
rivers — Chernaya and Uchan-Su [6, 12], as well as Biyuk-Karasu (Table 3), and
was comparable to the data obtained in the Czech Republic [15]. At the same time,
in such European rivers as the Sele, the Volturno, the Bahlui, the Somesul Mic
[16, 17] and the Moscow [18], as well as in the rivers of India [19, 20],
this indicator was lower. The content of ZDDT in the sediments of the Salgir
middle course turned out to be one of the highest among the compared areas.
The pesticide concentration was three times higher only in the Indian Yamuna
River (Table 3).

Mechanisms of removal of OCs from the Salgir waters

The intensive accumulation of OCs from the water by both sediments and
biotic components of the Salgir ecosystem is evidenced by the calculated
accumulation factor (AF) and bioaccumulation factor (BAF) of OCs (Fig. 4).
In different areas of the Salgir, the EDDT AF in sediments varied from 2-10°
at Station 5 to 1-10* at Station 6. The AF of Z6PCB in sediments was lower and
ranged from 9-10? at Station 3 to 4-10* at Station 5.

10 1

9 4

8 4

|34

56

z 5
= 4 E F i g. 4. Accumulation factor (AF) of OCs
3 % in sediments and bioaccumulation factor
2 (BAF) of OCs in fish and amphipods of
14 E _% the Salgir River. Horizontal lines show
0 == . . median, crosses are the mean, boxes are
sediments fish amphipods interquartile ranges (25 and 75%),
ODDT [156PCB whiskers are ranges of AF and BAF values
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Table3. OCs concentration in water and bottom sediments of freshwater ecosystems

Area Date Object Ranges (mean) of Y DDT Ranges (mean) of ) PCB Work
Bahlui River, Romania 2002 Bottom sediments (37) ng/g 24-158 (59) ng/g [16]
Nove Mlyny Reserv()ir’ Water N/Dtm (1778) ng/L *1
South Moravia, Czech 2007 [15]
Republic Bottom sediments N/Dtm 2.09-38.11 (9.02) ng/g
dry weight *?
January 2012 Water 0.1-354 (83+26) ng/L 2-779 (99+38) ng/L [19]
Yamuna River, India
June 2018 Bottom sediments 0.41-18 ng/g dry weight 553-20 983 ng/g dry weight [20]
Moscow River 2014 Water N/Dtm BDL - 180.7 ng/L *3 [18]
Somesul Mic River, Romania May 2017 Bottom sediments 1.00-39.24 ng/g dry weight 2.74-252.72 ng/g dry weight [21]
April — July Water N/Dtm 22.3-24.5 ng/L *2
Volturno River, South Italy 2017, April — [17]
July 2018 Bottom sediments N/Dtm (64.4) ng/g dryweight
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Continued Table 3

Area Date Object Ranges (mean) of Y DDT Ranges (mean) of Y PCB Work
April-February Water ND - 1.96 ng/L *3 20.8-39.3 ng/L *3
Sele River, South Italy 2020, April — [5]
February 2017 Bottom sediments 0.10-6.12 ng/g dry weight (79.3) ng/g dry weight
Chernaya River mouth, 2020-2001 Water (0.57) ng/L (3.45) ng/L [12]
south-eastern Crimea Bottom sediments 7.3-13.6 (10.0) ng/g dry weight 3.9-27.4 (13.98) ng/g dry weight| [6]
Uchan-Su River (Yalta) 2020-2021 Water (0.32) ng/L (1.09) ng/L [12]
Water 0.53-37.87 (7.71) ng/L 0.50-14.91 (5.99) ng/L
Salgir River Mag —2Ju1y T™W
023 . 9.06-71.69 (32.91) ng/g 3.11-61.88 (23.80) ng/g
Bottom sediments ) )
dry weight dry weight
Biyuk-Karasu River July 2023 Bottom sediments 2.73-13.08 (8'02) ng/g BDL -2.70 (.1 00) ng/g ™
dry weight dry weight

Note: N/Dtm- the values were not determined; ND — not detected; BDL — below detection limit, TW — this work.
*1 Sum of concentrations of six PCB indicator congeners.

*2 Sum of the dissolved and weighed forms.

*3 Sum of concentrations of 28, 42, 45, and 49 PCB congeners.
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Another mechanism of the aquatic environment purification is the extraction of
hydrophobic OCs from water by hydrobionts [22]. According to our data, at a low
concentration in the water, ZDDT BAF and Z6PCB BAF in the muscles of the Salgir
fish at Station / were 9-10% and 8-102%, respectively. At Station 6, where
the concentration of OCs was two orders of magnitude higher, BAF was higher
than at Station /, and reached a maximum of 9-10* for XDDT and 1.5-10%
for X6PCB (Fig. 4). The highest BAF were determined in crustaceans:
the components at Station 3 averaged 7-10* for ZDDT and 4-10* for Z6PCB.

Assessment of the environmental risk from the effects of OCs on hydrobionts

Depending on the research area, the values of the environmental risk
coefficients RQ of individual OCs varied in a wide range from 0.00001 to 25.8
in hydrobionts (Table 4). In general, the RQ of highly chlorinated PCB congeners
turned out to be higher than the RQ of DDT group compounds and low-chlorinated
PCBs. At Station /, RQ did not exceed the high risk threshold for all types.

T able4. Environmental risk coefficient RQ for fish and crustaceans in the Salgir River

ecosystem
oC Sa;%nze(i)ieer Chub Amphipods | Bleak Goby Spined
(St. 1) (St. 2) (St. 3) (St. 5) (St. 6) | loach (St. 6)

p,p-DDE 0.0018 0.21 0.066 1.94 1.0 1.9
p,p'-DDD 0.0002 0.012 1.1 0.38 0.45 0.81
p.p-DDT 0.0036 0.0014 1.9 0.38 0.17 0.29
PCB 28 0.0003 0.012 0.00001 0.038 0.025 0.045
PCB 52 0.27 2.2 1.4 1.68 1.1 2.2
PCB 101 0.012 4.9 0.47 5.4 4.0 8.4
PCB 138 0.61 4.5 6.1 20.8 21.7 31.9
PCB 153 0.19 1.5 5.8 16.8 16.8 25.8
PCB 180 0.003 0.0053 0.063 0.13 0.18 0.29

Note: RQ values of high environmental risk are given in bold.
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Thus, it indicated average environmental risk for PCBs 52, 138 and 153 and no risk
for DDT group compounds. At Stations 5 and 6, the DDE RQ exceeded the high risk
threshold for fish, and at Station 3, RQ exceeded such a threshold for crustaceans
concerning DDD and DDT content. The highest RQ coefficient was determined
for hexachlorobiphenyls 138 and 153 for fish at Stations 2, 5 and 6 and amphipods
at Station 3.

The results obtained at Stations 5 and 6 suggest that, despite the higher level
of DDT pollution, PCB pollution poses a higher environmental risk for these areas
of the Salgir ecosystem.

Conclusion

It is difficult to overestimate the economic importance of the Salgir River.
The quality of life of people living on the banks of the river and the work
of enterprises that are supplied with the Salgir water, depend on the condition
of its water. The conducted studies of the levels of pollution of the components
of the Salgir and Biyuk-Karasu ecosystems with such organochlorine xenobiotics as
DDT and PCBs made it possible to identify the areas of environmental danger
for biological objects and, possibly, for people near the villages of Molochnoye and
Novogrigoryevka. The results of the study showed that the contamination of the OCs
components of the Salgir middle course ecosystem was a serious environmental
problem. Therefore, the task is to identify the OCs sources and prevent their intake
to the river.
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