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Abstract

For 2022-2023, the concentrations of trace elements (Be, V, Fe, Co, Ni, Cu, Zn, As, Se,
Mo, Cd, Sb, TI, Pb, Ag) were determined in the aquatic ecosystem of the North Crimean
Canal, adjacent irrigated soils and cultivated irrigated agricultural crops. The content of all
studied elements was determined in their acidic concentrates and mineralizates in accord-
ance with State Standard of Russia 56219-2014 by mass spectrometry with inductively
coupled plasma on a PlasmaQuant MS Elite mass spectrometer (AnalytikJena, Germany)
on the basis of the collective use center “Spectrometry and Chromatography”, A.O. Ko-
valevsky Institute of Biology of the Southern Seas of RAS. The concentrations of heavy
metals and trace elements in the aquatic ecosystem of the North Crimean Canal allowed
safe use of the Dnieper water both for drinking and for other economic needs of Crimea.
The maximum relative increase in the heavy metals pool due to irrigation of fields with
the Dnieper water was for Mo (up to 0.1 %), Zn, Sb and Pb (no more than 0.04 %), which
cannot affect the ecological state of the irrigated lands. In soils, a systematic excess of
the maximum permissible concentrations was observed for Cd (up to 230 %) both in rice
and wheat fields as well as in virgin lands. In rice and wheat crops, the maximum permissi-
ble levels for grain and grain fodder for Fe, Ni, Cd, As were exceeded. In the wheat ear,
maximum permissible levels were exceeded for Fe (by 24 %), Ni (by 110 %) and As
(by 70 %). Maximum permissible concentrations in rice grain were exceeded for Cu (by 29 %),
Cd (by 150 %) and Pb (by 438 %), and in wheat grain — for Cd (by 360 %) and Pb (by 300 %).
It was revealed that insignificant amounts of trace elements brought with the Dnieper water
through the North Crimean Canal cannot have a noticeable effect on the irrigated farmland
of Crimea. The detected excesses of maximum permissible concentrations and maximum
permissible levels of trace elements in soils and agricultural crops are probably due to
the activities of industrial enterprises in the north of the peninsula.
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AHHOTAUMSA

B 2022-2023 rr. B BogHoi 3kocucteMe CeBepo-KpbIMCKOTro KaHana, OpoIIaeMbIX MOYBAX
BJIOJIb HETO U BBIPALMBAEMBIX MMOJUBHBIX CEIHCKOXO3IUCTBEHHBIX KYJIbTypax OBLIU OIpe-
JleJIeHBI KOHIIEHTpanuu MukposnemeHToB Be, V, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Cd,
Sb, T1, Pb, Ag. ConepxaHue BCeXx U3y4aeMbIX 3JICMEHTOB ONMPEACISUIA B UX KUCIOTHBIX
KOHLEHTpaTax 1 MuHepanuszatax B coorBerctBuu ¢ I'OCT P 56219-2014 meronom Mmacc-
CIIEKTPOMETPUH C WHIYKTUBHO-CBA3aHHOH IJIa3Moi Ha Macc-cnekrpomerpe PlasmaQuant
MS Elite (AnalytikJena, ['epmanns) na 6aze HO LKII «CrextpomeTpus U XpoMaTorpa-
¢us» OULL UebIOM. KoHneHTpanuy TsSKETBIX METAJUIOB M MHKPOAJIEMEHTOB B BOJHOM
skocucteme CeBepo-KpriMckoro kaHaiga ObutH 0€30MACHBI IS MCIIONB30BAHMS JHETPOB-
CKOW BOJIBI B KaueCTBE NMUTHEBOW, a TAKKe UL IPYTUX XO3SHCTBEHHBIX HYXI KpviMma.
MaxkcumanbHOE OTHOCHTEIBHOE YBEIWYEHHE ITyJla MUKPOIJIEMEHTOB BCIEACTBHE OpOIle-
HUS TIOJISH THENPOBCKOW BOIOH OBLIO ompeneneHo it Mo (mo 0.1 %), a Taxke st Zn, Sb
u Pb (ue 6osee 0.04 %), 4TO HE MOXKET CYIIECTBEHHO BIHMATH Ha KOJIOTHYECKOE COCTOSIHHE
OpOIIIaeMbIX 3eMelb. B mouBax Kak pHCOBBIX U MIICHUYHBIX TIOJICH, TaK M IEIWHHBIX 3eMeIh
HaOJII0aI0Ch CUCTEMATHYECKOE TIPEBBIILICHNE MPEAEIBbHO J0MyCTUMOM KoHIeHTpauun Cd
JUIs ouB cenbxo3yroauit (mo 230 %). B kynpTypax puca u HIICHHIBI OOHAPYKEHO TIpe-
BBIIIICHHE MAaKCUMAaJIbHO JOMYyCTUMBIX ypoBHe# cozepikanus Fe, Ni, Cd, As mis 3epHa
u 3epHO(dypaxka. B Kojoce MIIEHUIBI MaKCHMalbHO JOMYCTHMEIE ypoBHH Fe Obum mpe-
BhIieHbl Ha 24 %, Ni — Ha 110 %, As — Ha 70 %. B 3epHe puca ObLIM MPEBBINICHBI Mpe-
JIETIbHO JIOIyCTHMbIE KOHIIEHTpAIMH Jits mpoaykToB nuranus Cu (Ha 29 %), Cd (ua 150 %)
u Pb (ua 438 %), a B 3epue mmeHuisl — Cd (Ha 360 %) u Pb (wa 300 %). BeisiBieHo,
YTO HE3HAYUTEIbHBIE KOJMYECTBA MUKPOAJIEMEHTOB, MPHHOCUMEIC C JTHEIIPOBCKOH BOJIOM
o CeBepo-KpbsIMCKOMY KaHaly, HE MOTYT OKa3aTh OIIYTHUMOro 3¢d¢eKra Ha opoliaeMbie
cenpxo3yronest Kpeima. OOHapy)KeHHBIE TPEBBIICHUS NPEACTbHO JOIMYCTHMBIX KOHIICH-
Tpanuii ¥ MaKCUMalbHO JOMYCTHMBIX YPOBHEH MHUKPORJIEMEHTOB B MOYBaX U CEIbCKO-
XO3IMCTBEHHBIX KYJIbTYpaX 0OYCIOBICHEI, BEPOSATHO, NEATCIBHOCTHIO IPOMBIIIICHHBIX
MpEeANpPUITHI Ha ceBEpe MOTyOCTPOBa.

KaroueBble ciioBa: CeBepO-KpI)IMCKI/Iﬁ KaHal, TAXCJIBIC MCTAJIJIbl B ITOYBEC, TAXKCIIBIC MC-
TaJlJIbl B paCTCHUAX, TSAXKECIBIE METAJJIBI B BOAC, OPOHIAEMBIC TTOYBBI, CEIbCKOXO03SHCTBECH-
HBIC paCTCHUS, 3arpsA3HCHHUC TSAXKCIBIMU METalJlaMU

BaarogapHocTH: paboTa BhIMOJHeHa B paMkax rpanta PH®, mpoekt Ne 23-26-00128:
«Poxp opocurenpHoit cuctemsr CeBepo-KpbrIMCKOro KaHaza B mpolieccax MepeHoca JIoJro-
KHUBYIUX PaIAOHYKIHIOB YSPHOOBUIECKOTO MPOUCXOXKIACHUS, TSHKEIBIX METAIIIOB, a TAKKE
YTIEBOIOPOAOB C JTHETIPOBCKOM BOJIOW HA IMOJIMBHBIC CEIbX03YroIbs KpbimMay.
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Jnsi uuTupoBanus: MUKpPO3JEMEHTHl B KOMIIOHEHTaX BOJHOM skocucteMbl CeBepo-
KpriMmckoro kanama u opomaembix cenbxosyroauii / B. 0. Ilpockypuun [u ap.] //
Oxosnorudeckas 6e30IacHOCTh IPHOPEKHOH 1 menb(oBoit 30H Mopst. 2024. Ne 3. C. 123— 138.
EDN MHWSYU.

Introduction

The North Crimean Canal (NCC) was constructed and brought into operation
in 1971 with the objective of providing a sustainable water supply to Southern
Ukraine and Crimea. The arid climate of the Crimean peninsula presents significant
challenges to agricultural production. Consequently, the operation of the NCC sys-
tem is of great strategic importance for the water supply of the vast agricultural
lands in the northern and north-western parts of the peninsula® [1]. Among the agri-
cultural crops grown on the peninsula, rice and wheat are of particular importance
[2, 3]. In 2022, after an eight-year break in the regular operation of the canal,
the supply of the Dnieper water to Crimea via the NCC was resumed [4]. One of
the most important indicators of the quality of used water is the content of heavy
metals (HM) and other trace elements in it. It is advisable to monitor this indicator
both in soils irrigated with this water and in agricultural crops grown on them [5, 6].
In order to ascertain the potential adverse effects of the Dnieper water supplied
by the NCC on the quality of irrigated agricultural crops cultivated on the penin-
sula, it is essential to gain an understanding of the patterns of HM redistribution
within the following system: water — irrigated soils — irrigated agricultural crops.

The objectives of the study are as follows:

a) determination of the current quality of the Dnieper water supplied along
the NCC with respect to trace elements (Be, V, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Cd,
Sh, Tl, Pb, Ag), including heavy metals;

b) quantification of the levels of transfer of these elements from water to irri-
gated soils located along the NCC and agricultural crops grown on them;

¢) comparison of the obtained results with the sanitary norms established
in the Russian Federation regarding the content of HM and other trace elements
in the studied objects.

This study is the first of its kind to examine the objectives set and the number
of elements studied in the sampled objects in the NCC area and in the adjacent
irrigated farmland. Consequently, it is a pioneering piece of research.

Material and methods

To determine trace elements, including HM, water and suspended matter sam-
ples were taken directly from the NCC bed and diversion canals. Soil samples of
fields irrigated with water from the NCC as well as rice and wheat grown on them

D Sokolov, A.A., 1964. [Hydrography of the USSR (Land Waters)]. Leningrad: Gidrometeoizdat,
535 p. (in Russian).
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were taken in the areas of the villages of Krepkoe and Ilyinka and the city of
Dzhankoy (the village of Pobednoe), (Fig. 1, Table 1). Samples were collected
between April 2022 and May 2023, and the concentration of 15 trace elements (Be,
V, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Ag, Cd, Sh, Tl, Pb) was determined. The dis-
solved forms of the determined elements were extracted from water by their
extraction concentration as diethyldithiocarbamates using carbon tetrachloride,
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Fig. 1. Scheme map of sampling in the area of the North Crimean Canal (2022—-2023).
Sampling stations: 1 — main bed of the NCC, Armyansk area; 2 — main bed of the NCC,
Krasnoperekopsk area; 3 — the village of Krepkoe, Krasnoperekopsk area; 4 — branch of
the NCC, the village of llyinka, Krasnoperekopsk area; 5 — the village of Pobednoe,
Dzhankoy area). Water reservoirs: MR — Mezhgornoe, SKR — Starokrymskoe, FR — Feodo-
siyskoe, FrR — Frontovoe, LR — Leninskoe, SR — Samarlinskoe, StR — Stantsionnoe
(Kerchenskoe)
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Table 1. Coordinates of sampling stations

Sampling coordinates
Study area (N, E)

1. NCC main bed
(Armyansk area) 46°07.208’, 33°41.426°
2. NCC main bed
(Krasnoperekopsk area) 45°57.261°, 33°49.184°
3. The village of Krepkoe
(Krasnoperekopsk area):

wheat field 45°55.419°, 33°54.223°

paddy fields 45°56.097°, 33°55.029°
4. NCC branch
(Krasnoperekopsk area), the village of Ilyinka 45°50.067’, 33°45.600°
5. NCC main bed,
the village of Pobednoe (Dzhankoy area),
irrigated field 45°45.500°, 34°26.230°

in accordance with Regulatory Document 52.10.243-92. The determined elements
were extracted from solid samples (soils, suspended matter, stems and grains of
rice and wheat) by acid mineralization followed by filtration in accordance with
Federal Environmental Regulations 16.2.2:2.3.71-2011. The content of all studied
elements was determined in their acidic concentrates and mineralizates in accord-
ance with State Standard of Russia 56219-2014 by mass spectrometry with induc-
tively coupled plasma on a PlasmaQuant MS Elite mass spectrometer (AnalytikJena,
Germany) on the basis of the collective use center “Spectrometry and Chromatog-
raphy” A.O. Kovalevsky Institute of Biology of the Southern Seas of RAS.
The mass spectrometer was calibrated using standard solution “Calibration Multi-
element Standard 1V-28, HNOs/HF, 125 mL” (Inorganic Ventures) by plotting
a calibration straight line across solutions with dilution degrees of the standard
covering the full range of element concentrations to be determined. The mea-
surement procedure included at least seven repetitions for each measured element
in each sample. The measurement time of each m/z ratio was determined by the in-
tensity of the detector response to the presence of a particular element in solution
and ranged from 0.01 to 0.1 s. The relative error of measurement was determined
for all measured elements, with a maximum value of 10 % observed.
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To assess water quality, the obtained values of element concentrations were
compared with the maximum permissible concentrations (MPC) established
by Sanitary Regulations and Standards 1.2.3.3685-212 for domestic and drinking
water use (MPCpp). It should be noted that such MPCs are also applied to waters
used for irrigation. As the local population catches and consumes the fish that
inhabit the canal, the obtained values were also compared with MPC recommended
for waters of water bodies for fishery purposes® (MPCrsh). The values of element
concentrations determined in soils were compared with MPC (MPCsil) (or approx-
imately permissible concentrations (APCsi))) values established for agricultural
soils 2. In addition, since farming in Crimea is primarily based on chestnut soils
with pH > 5.5, the MPCsii (APCsoi) values for clay and loam soils with pH > 5.5
were used where applicable. The transfer of elements with the NCC waters to irri-
gated fields was estimated based on the average norm of specific mass of arable
horizon of soil 3000 t-ha™! (in accordance with Sanitary Regulations and Standards
2.1.7.573-96) and maximum water consumption rates for irrigation of fields with
spring grain crops in Rostov Oblast as similar in soil type and climatic features
to the Crimean peninsula, up to 4140 m*-ha!-year! (in accordance with State
Standard of Russia 58331.3-2019). Agricultural crop quality was assessed accord-
ing to the temporary maximum permissible levels (MPL) for grain and grain fodder
for farm animals® and MPC for cereals as a human foodstuff (MPCrood) (Sanitary
Regulations and Standards 2.3.2.560-96). Regularities of trace elements accumula-
tion by agricultural crops from soils were characterized by conversion factors (Fc)
calculated as the ratio of the concentration of the element in the crop (part of
the crop) Cerop to the concentration of the element in the soil under this crop Csil.

Results and discussion

Table 2 shows the results of measurements of trace elements concentrations
in the Dnieper water of the NCC used for irrigation, in irrigated soils and crops.

Fig. 2 shows the assessment of the NCC water quality in relation to trace ele-
ments content in 2022-2023.

2 Popova, A.Yu., 2021. Sanitary Regulations and Standards CanlluH 1.2.3.3685-21 Hygienic Norms
and Requirements to Ensure Safety and/or Harmlessness of Habitat Factors for Humans (as
Amended for 30 December 2022). Moscow, 469 p. (in Russian).

3 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)

4) Tretyakov, A.D. and Zaichenko, A.l., 1987. Temporary maximum permissible level (MPL) of
the content of some chemical elements and gossypol in feed for farm animals and feed additives
(approved by the Main Veterinary Department of the State Agro-Industrial Committee of the USSR
on 7 August 1987). Moscow.
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Table 2. Concentrations of trace elements in the water (ug-L™), in the soil and in the agri-
cultural crops (mg-kg* D.W.)

Element Water Soil Agricultural
Dissolved form Total concentration crops
Pb 0.05-0.19 0.70-1.96 8.63-70.82 0.86-7.68
Cd 0.02-0.37 0.10-0.61 0.56-6.64 0.07-1.00
Zn 6.42-113.83 8.51-117.38 63.47-122.07 3.70-26.79
Cu 0.64-2.29 1.16-3.01 20.02-59.43 1.24-12.87
Fe 0.63-2.83 36.69-230.71 1402"27'_110;; 332941
Co 0.02-0.06 0.04-0.14 11.33-15.42 0.02-0.89
Ni 0.76-1.39 1.24-2.26 38.22-51.65 0.39-4.21
Mo 0.02-0.21 0.34-0.65 0.45-2.85 0.03-1.33
Sh 0.008-0.015 0.014-0.023 0.03-0.22 <0.01-0.03
As 0.01-0.20 0.06-0.27 4.91-10.91 <0.10-0.85
\Y 0.16-0.61 0.33-0.96 43.94-76.39 <0.10-5.40
TI <0.001-0.005 0.001-0.006 0.11-0.27 <0.001-0.017
Se <0.03-0.19 <0.03-0.19 0.75-3.29 <0.30-0.32
Ag <0.001 <0.001-0.11 0.12-0.32 <0.01
Be <0.01 <0.01-0.01 0.80-1.30 <0.001-0.086

It should be noted that RF normative documents 2 ¥ ®: © regulate the content
of dissolved forms of elements only. On the basis of the analysis of the data ob-
tained, it was found that the concentrations of trace elements in the water (both
in their dissolved and total (suspended) forms) did not exceed MPCpp 2> :©
throughout the period of the studies.

With regard to MPCrisn®, a single exceedance of twice the standard for zinc
concentration in the water (dissolved form) was observed in March 2023 under low
level conditions prior to the start of water supply.

5 Kurlyandsky, B.A. and Sidorov, K.K., eds., 2003. Hygienic standard 7'/ 2.1.5.1315-03. Maximum
permissible concentrations of chemical substances in the water of water bodies of household and
cultural and domestic water use: approved by the Decree of the Head State Sanitary Doctor of
the Russian Federation from 30 April 2003 no. 79. Moscow: Neftyanik, 152 p. (in Russian).

6 Mazaev, V.T., 2002. Sanitary Regulations and Standards SANPIN 2.1.4.1074-01. Drinking Water.
Hygienic Requirements for Water Quality of Centralised Drinking Water Supply Systems. Quality
Control (Approved by the Chief State Sanitary Doctor of the Russian Federation on 26 September
2001, no. 24). Moscow, 103 p.
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Fig. 2. Ratio of average (Ca) and maximum (Cmax) concentrations of dissolved
forms of trace elements (TE) in the North Crimean Canal water to MPCpp (a) and
MPCiish (b) in 2022-2023

It was determined that the maximum concentration factors (Cs) of elements by
suspensions were observed for Fe — n-107, slightly lower values of Cr were ob-
served for As, Mo, Cd and Pb — n-(10°+10°), the values of Cs did not exceed n-10°
for V, Co, Ni, Cu, Se, Sb and TI, and the values of this coefficient were minimal
for Zn and varied in the range of n-(103+10%). Such high values of Cr determine
the most efficient sedimentation self-purification of the NCC waters from Fe, As,
Mo, Cd and Pb, to a lesser extent from V, Co, Ni, Cu, Se, Sb and Tl and the least
efficient from Zn.

Concentrations of dissolved forms of Be and Ag were below their detection
limits: for Be — 0.01 ug-L%, Ag - 0.001 ug-L™. Fig. 2 shows the ratios of the de-
tection limits to the corresponding MPC values for these elements.

Fig. 3 shows the assessment of the quality of arable soils of agricultural lands
and adjacent virgin land plots in the north of Crimea with regard to the content of
trace elements in them.
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Fig. 3. Ratio of trace elements (TE) concentrations (Cve) in soils of arable (a)
and virgin (b) land plots in the north of Crimea to the maximum (MPCsil)
and approximately (APCsi) permissible concentrations of TE in soils in 2022-2023

A systematic excess of MPCs; was observed for Cd — up to 230 % — both
in rice and wheat fields (the village of Krepkoe, Fig. 1, Table 1) as well as in virgin
lands (the village of Krepkoe, the village of Ilyinka, Fig. 1, Table 1). The vertical
distribution of Cd in arable soils indicated an increase in its concentration with
the depth of the bedding layer. Maximum exceedance of MPCs; for Cd in the rice
field in this area appeared to be due to homogenisation of surface soil layers
by mechanical processing. Minor exceedance of MPCg for As was observed only
in virgin soil adjacent to the rice field near the village of Ilyinka (Fig. 1, Table 1),
with no exceedances observed in the arable soil itself.

Fig. 4 shows the results of calculation of ranges of specific pools of trace ele-
ments in arable soils of the studied fields and of elements supply with the NCC
waters used for irrigation.

The results of calculations (Fig. 4) show that the maximum values of metal
supply to irrigated soil with irrigation water are expected for Fe — 0.43+0.95 kg-ha™*
(0.001 % of the pool) and Zn — 0.05+0.11 kg-ha* (0.03 % of the pool).
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Fig. 4. Ranges of specific pools of microelements (a) in arable soils of
Crimea (Pte) and assessment of the absolute (b) and relative (c) changes
in these pools (APte) due to the supply with the North Crimean Canal waters
used for irrigation
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At the same time, the maximum relative increase in the pool of trace elements
due to irrigation is expected for Mo (up to 0.1 %), Zn, Sb and Pb (not more
than 0.04 %), which, obviously, will not affect the ecological state of the irrigated
lands.

Calculations of conversion factors (Fc) of elements from irrigated soils to rice
and wheat crops grown on them show that with respect to many elements their
concentration in grain in relation to the stem of the studied crops is observed.
To quantify this concentration, magnification coefficients (Crn) were calculated
as the ratio of the concentration of trace elements in the grain to the concentration
in the plant stem. Figs. 5 and 6 show the results of such calculations.

It was demonstrated (see Figs. 5 and 6) that, of the trace elements (Fe, Ni, Co,
Cu, Zn, Mo, Sh, Cd and Pb) reliably measured in rice cultivation, all elements
except Cd exhibited a greater accumulation in the grain than in the stems. In con-
trast, the accumulation of Cd in wheat grain was found to be significantly higher
than that of other elements, while Sb and Mo were more concentrated in plant
stems. This discrepancy highlights the distinctive physiological characteristics of
rice and wheat crops.

Fec
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Fig. 5. Coefficients F¢ (conversion factor) (a) and Cn (magnification coeffi-
cient) (b) of the trace elements for rice crops in the village of Krepkoe
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Fig. 6. Coefficients F¢ (conversion factor) (b) and Cn (magnification coeffi-
cient) (b) of the microelements for wheat crop in the village of Ilyinka (Krasnope-
rekopsk area) and the village of Pobednoye (Dzhankoy area)

Fig. 7 shows the results of quality assessment of the studied crops with respect
to their trace elements content.

In a rice crop from the village of Krepkoe, maximum permissible levels for Fe
content in grain and grain fodder as animal feed were exceeded in grain by 49 %
and for Ni — by 214 %, while Cd concentrations in rice stems reached maximum
permissible levels®.

In a wheat crop from the village of llyinka, maximum permissible levels for Fe
were exceeded in ear by 24 %, for Ni — by 110 %, for As — by 70 %, and in wheat
stems, Fe and As content exceeded maximum permissible levels by 52 and 68 %, re-
spectively. MPCrod > ® in rice grain were exceeded for Cu by 29 %, for Cd — by 150 %

) Trukhachev, V.I., Tolokonnikov, V.P. and Lysenko, 1.0., 2005. [Food as an Environmental Factor:
A Textbook for the Discipline of Biology and Bioecology]. Stavropol: AGRUS, 182 p. (in Russian).
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Fig. 7. Ratio of trace elements concentrations in rice and wheat crops (Crec)
to MPL (maximum permissible levels for grain and grain fodder for livestock
feed) (a) and MPCso0a (MPC for grains and cereals as human food products) (b)

and for Pb — by 438 %, and in wheat grain from a field near Dzhankoy, the Cd con-
tent exceeded MPCroq by 360 %, Pb — by 300 %.

The findings of the study indicated that during the 2022-2023 period,
the Dnieper water in the NCC met the standards set forth by the Russian Federation
for the concentration of trace elements in water intended for household use, drink-
ing and irrigation. Exceedances of MPCs for Cd and As were detected in both
arable and virgin soils, which, as noted earlier, is due to the activities of industrial
enterprises, including chemical industry, located in the north of the peninsula
[13, 14]. Exceedance of maximum permissible levels of some trace elements
in agricultural crops was also observed, which is connected with transfer of these
elements from soils and their concentration by plants.

8) State Committee for Sanitary Supervision and Disease Control, 1997. SANPIN 2.3.2.560-96. [2.3.2
Food Raw Materials and Food Products. Hygienic Requirements to Quality and Safety of Food
Raw Materials and Food Products]. Moscow: Goskomepidnadzor Rossii, 269 p. (in Russian).
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Conclusion

In 20222023, during the period of the NCC operation from the moment of
resumption of the Dnieper water inflow through the canal system (March 2022,
after eight years of its absence since 2014) and until the termination of water sup-
ply to the canal ecosystem (after the destruction of Kakhovka Hydroelectric Power
Plant in June 2023), studies were conducted to determine the concentrations, mi-
gration and distribution of trace elements (Be, V, Fe, Co, Ni, Cu, Zn, As, Se, Mo,
Cd, Sb, TI, Pb, Ag), including HM, in the NCC water, irrigated soils and growing
irrigated crops.

It was determined that the concentrations of HM and microelements in the aqua-
tic ecosystem of the NCC allowed safe use of the Dnieper water both for drinking
and for other economic needs of Crimea.

The concentrating capacity of suspended matter in the NCC water was de-
termined, expressed by concentration factors (Cs), the values of which varied
in the range from n-107 (for Fe) to n-10® (for Zn). Such high values of Cs of
the investigated elements cause effective sedimentation self-purification of the NCC
waters from HM and other pollutants.

Systematic exceedances of MPCsi for Cd up to 230 % were observed both
inrice and wheat fields and in virgin soils. Exceedances of MPCiq for Cu
(by 29 %), Cd (by 150 %) and Pb (by 438 %) were noted in rice grain and MPCiyoq
for Cd (by 360 %) and Pb (by 300 %) — in wheat grain from a field near Dzhankoy.
The revealed exceedances of MPC and maximum permissible levels of trace ele-
ments in soils and crops are probably caused by the activities of industrial enter-
prises in the north of the peninsula.

The results of calculations of trace elements and HM pools supply to irrigated
soils showed that even maximum values of metals supply with irrigation water
(they do not exceed 0.001 % of the pool for Fe) would not affect the ecological
state of irrigated lands. In other words, insignificant amounts of trace elements
brought with the Dnieper water through the NCC cannot have a noticeable effect
on the irrigated farmland of Crimea. At the same time, estimation of trace elements
content in agricultural crop grain and grain fodder requires additional monitoring
studies.

The results obtained can be used to devise strategies for the prevention of
chemical contamination of irrigated agricultural lands in Crimea, thereby address-
ing the challenges of sustainable development in the Crimean region and the Black
Sea regions of Russia as a whole.
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