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Kirov Military Medical Academy, St. Petersburg, Russia

Introduction. Prior to use in the production of food additives, ingredients, and biologically active substances, wild plants should be assessed
in terms of heavy metal (HM) accumulation. This task is also relevant because wild plants can be consumed by the survived after accidents,
disasters, or military operations at sea.

Objective. To assess the HM-related danger of coastal flora in the areas of potential landing of shipwrecked crews in the seas of the Russian
Federation.

Materials and methods. The study objects were coastal algae and higher plants growing in the coastal area of the Gulf of Finland. Plant sam-
ples were collected in the Bolshoy Beryozovy Island, Hogland Island, and the Kurgalsky Peninsula. Prior to elemental analysis, the samples
were dried at 80°C to a constant weight; their dry weight was estimated with an accuracy of 1 mg. The raw mass was estimated based on the
dry weight data and the assumption that the water content in native tree leaves comprises 75%, in grass leaves — 85%, and in F. vesiculosus
thalli— 70%. The dried material was mineralized by an MS-6 microwave sample preparation system (Volta, Russia). Elemental analysis was
performed using an MGA-915M atomic absorption spectrometer. The measurement results were processed using the Statistica software.
Results. The Cu and Pb content in the studied plants was found to range within permissible limits. The permissible level of cadmium was
exceeded by 2-4 times in A. ptarmica, C. angustifolium, and U. dioica on the Kurgalsky Peninsula, indicating the risk of food consumption. The
minimum values of Mn content (less than 20 mg/kg of dry matter) were typical of two plant species (L. japonicus and Salix sp.) from the Bol-
shoy Beryozovy Island and A. podagraria from the Kurgalsky Peninsula. The toxic effects of Mn begin to appear when the daily intake exceeds
2 mg/day, while the maximum Mn content in the studied objects was 11.9 mg/kg. The high Zn content was typical of all plants on the Hogland
Island, as well as T. repens and A. podagraria from the Kurgalsky Peninsula and Salix sp. and L. japonicas from the Bolshoy Beryozovy Island.
The maximum amount of plant material that can be safely consumed was calculated to be approximately 0.17 kg/day of raw leaf mass.
Conclusions. The absence of daily intake limits for essential elements in regulatory documents makes it difficult to assess the severity of
consequences of using plant raw materials for food and medicinal purposes and to apply a risk-based approach to assessing food safety.
The high degree of danger associated with the use of plants from the Kurgalsky Peninsula (A. ptarmica, C. angustifolium, and U. dioica) is
due to a significant excess of Cd limits. The Cu and Pb levels in all the studied plants was below the limits, indicating the absence of danger
associated with these elements. The Zn content can be considered safe, since more than 1 kg of raw leaf mass must be consumed daily to
meet the daily requirement, which is practically impossible in actual conditions.
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COOEP>XAHVE TAXKE/bIX METAIIOB B PACTEHUSAX MOBEPEXXbSI BANTTUCKOO MOPS
B POCCUICKOW ®EAEPALN

B.I'N. AHgpees, E.C. MapTbiHoBa, XK.B. MNnaxotckaa™, E.®. CopokoneToBa

BoeHHo-MeguumHekas akagemust M. C.M. Knposa, CaHkT-IeTepbypr, Poccus

BeepeHue. Vicnonb3oBaHne OUKOPACTYLMX PacTeHUA B MPOM3BOACTBE MULLEBLIX MPOAYKTOB, A0OABOK, MHIPEONEHTOB 1 B1ONOrnMHYecKu
aKTUBHbIX BELLECTB TPebyeT OLEHKN Cbipbs HAa COAepKaHne Tskenblx MeTannos (TM). OTo BaXKHO y4ecCTb 1 B CBS3M C UCMOb30BaHNEM
OVKOPOCOB B MKILLY MPW BbPKMBAHWN MOCe aBapui, KatacTpod 1nm 60eBbIX AENCTBMI Ha MOPE.

Llenb. OueHnTb NOTEeHLMAaNbHYKO ONaCHOCTb YNOTPEONeHNs B NULLYY NPUBPEXHOM hiopbl, CNOCOOHOM akkymMynmposaTb TM, B MecTax BO3-
MOXHOW BbICa[IKM SKUMNaXKen cyaoB, Tepnsamx 6eCcTBMe B akBaTopumn Mopein Poccuiickon ®epepaumm.

MaTtepuanbl u MeTogbl. O6beKTamMu UCCegoBaHns CY>XUN NPUOPEXHbIE BOAOPOCN U BbICLLVE pacTeHWs], NporspacTarolme Ha nobe-
pexxbe PrHCKoro 3anmea. ObpasLipl pacTeHnn cobpaHbl Ha y4acTkax nobepexxunini PUHCKoro 3anmea: 0-sa bonbluon Bepesosein, 0-Ba Mo-
rnang, a Takke Kypranbckoro n-osa. [Jo NpoBeAeHVst 3N1eMeHTHOro aHannsa obpasLbl Bcex pacTeHuin gocylumsany npu 80 °C [o NOCTOSH-
HOrO Beca 1 OLEHMBANM UX CYXYH MaCCy C TOYHOCTbIO A0 1 M. OUeHKY CbIpO MacChl OCYLLECTBASN, ONMPasiCb Ha AaHHbIE MO CyXOn Macce
11 YCNIOBHO MPUHMMAs, YTO COAEePXaHne BOObl B HATUBHBIX INCTbAX AEPEeBbEB COCTaBnaeT 75%, B nMMCTbax TpaB — 85%, a B cnoesuLiax
F. vesiculosus — 70%. MuHepanunsaumo BbICyLLIEHHOro MaTepuana ocyllectsnsnu B CBY-muHepanmaatope MC-6 («<Bonsta», Poccus). One-
MEHTHbIN aHann3 BbINOHAAN Ha aTOMHO-abCopPOLIMOHHOM cnekTpomeTpe MIA-915M. Pe3ynetaTthl M3mMepeHuit obpabdbaTbiBan C MOMOLLbIO
nakeTa npvknagHbix nporpamm Statistica for Windows 7.

PesynbraTbl. CogeprkaHne Meay 1 CBUHLLA Y U3YYeHHbIX pacTeHni 6binm B rpanvuax MAY. JonycTumbli ypoBeHb KaamMmns Obin NpeBbilleH
B 2-4 pasa y A. ptarmica, C. angustifolium v U. dioica Ha n-oBe KypraibCKuii, 4TO ONpeaensieT pUcK MCMONb30BaHUs X B nuLly. MuHu-
MaJibHbIE BENVYMHBI COAepXKaHVsa MapraHua (MeHee 20 MI/Kr Cyxoi MacChbl) XapakTepHbl ANs AByX BUOOB pacTeHui (L. japonicus v Salix sp.)
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c 0-Ba bepesosbIn 1 ansa A. podagraria ¢ n-osa Kypranbckunin. Tokcu4eckoe aencramre mapraHya (Mn) Ha4mHaeTcs Npy NpeBbILLEHNI HOPMbI
CYTOYHOro NOTPebneHnst 2 Mr/cyT, B TO BPEMSt Kak MakcuMalibHoe codepykaHne Mn y nayyeHHbix 06bekToB cocTtasnsno 11,9 mr/kr. Bel-
COKOE COofepKaHue Zn xapakTepHo ANa BCex pacTeHun o-Ba fornang, a takxke T. repens n A. podagraria ¢ n-osa Kypranbsckuii n Salix sp.
n L. japonicas ¢ o-Ba bonbLuoi bepesoBbit. BbiNo paccymTaHo NpeaenbHoe KOMMYeCcTBO PacTUTENIbHOro MaTeprana, KoTopoe MOXXHO 6e3-
OMacHo ynoTpebnTb B MKLLLY; OHO COCTaBMI0 NpnbananTensHo 0,17 Kr/CyT Cblpoi MacChl IMCTLEB.

BeiBogbl. OTCYTCTBME B HOPMATUBHbIX AOKYMeHTax BLY cyTO4HOro NoTpebneHns aCCeHUmManbHbiX 91EMEHTOB 3aTPYAHSET OLEHKY TSXKECTUN
nocneacTBUIA NCMONBb30BaHNS PACTUTENBHOIO Chipbs AN MULLEBbIX 1 IEKAPCTBEHHbIX LieNei 1 MpUMeHeHVe PUCK-OPUEHTUPOBAHHOMO Nof-
XOfa B OLeHKe 6e30MacHOCTY NTaHus. Beicokasi cTeneHb OMacHOCTU MCMOb30BaHMs B MULLY pacTeHuii n-oBa Kypranbckuii (A. ptarmica,
C. angustifolium v U. dioica) o6ycnosneHa cyLLecTBeHHbIM npeBbieHnem MY no Cd. Copepxxanne Cu, Pb BO BCex N3y4eHHbIX PaCTEHUSX
Hwke MY, T.e. onacHOCTb Mo 3TUM 3nieMeHTam oTcyTcTeyeT. CopeprkaHune Zn aBnsieTcs 6e30nacHbIM, MOCKONbKY A5 06ecneyenns cyTou-
HOW NOTPEBHOCTN B HEM HEOOXOAMMO YNOoTPebnsATb 6os1ee 1 KIr CbIpOi MacChbl IMCTLEB EXXEAHEBHO, YTO B PeasibHbIX YCNOBUSX MPaKTUYECKM
HEBO3MOXKHO.

KntoueBble cnosa: ONKOpacTyLUMe pacTeHnd,; nvieBoe rnprMeHeHne OMKOpOCOB; MUKPOHYTPUEHTI; TAXXe ble MeTallbl

Ons uutupoBaHus: AHgpees B.I1., MapteiHoBa E.C., lNMnaxotckas >K.B., CopokonetoBa E.®. CopepxaHme TspKeNbIX MeTasnioB
B pacTuUTeNbHOCTH Nobepexxbsa bantunckoro mops B Poccurickon ®enepaunn. MeauimHa skcTpemasibHbix cuTyauymi. 2025;27(3):295-302.
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duHaHCcUpoBaHne: 1ccnegoBaHmne BbIMOHEHO 6e3 CMOHCOPCKOM NOAAEPKKM.

nOTeHLI,I/IaJ'IbeIVI KOHd)HI/IKT WHTEepeCOoB: aBTOPbI 3aABMAIOT o6 OTCyTCTBUMN KOHCbJ'II/IKTa MHTEPECOB.
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INTRODUCTION

The study of wild edible and medicinal plants combines
two seemingly unrelated research directions: the search
for safe food resources for human survival in nature and
the development of innovative technologies for special-
ized and functional foods, food ingredients (food organic
acids, enzymes, food and feed additives, biologically ac-
tive substances, etc.). The use of wild plants is impos-
sible without a related safety assessment of new types
of plant-based food raw materials obtained from plants
growing in areas that are not protected from pollutants
produced by modern industries, energy facilities, and
transportation vehicles.

Heavy metals (HM) are among the most dangerous
agents that pollute the natural environment. It is cus-
tomary to divide microelements into non-essential (not
necessary for vital activity) and essential (microelements
or indispensable nutritional factors). Excess amounts of
even essential elements, such as zinc (Zn), copper (Cu),
and manganese (Mn), have a toxic effect on living organ-
isms, including humans [1].

The above problem necessitated the development of
standards for physiological requirements for micronutri-
ents, as well as the identification of maximum permis-
sible levels (MPL) for their intake'2. The methodological
guidelines that establish the regulatory levels of mi-
cronutrients are revised on a constant basis; however,

the daily requirements for Zn, Cu, and Mn remain un-
changed at 12, 1 and 2 mg/day, respectively®+5, On the
contrary, the MPL values for Zn and Mn were revised
downward in 2004-2008 and, in the latest version of
20218, were excluded from the list of regulated param-
eters. This situation makes it difficult to assess the risks
of using wild plants for food and medicinal purposes.
However, paragraph 21 of the Food Security Doctrine of
the Russian Federation calls for the continued harmo-
nization of the characteristics and parameters of food
quality and safety based on fundamental research in the
fields of hygiene and nutrition science’.

In the above connection, research efforts aimed at
developing approaches to expert assessment of the
risks of using wild plants for nutritional and (or) medicinal
purposes due to their possible contamination with HM
seem highly relevant. In the present study, we set out to
assess the potential danger of consuming coastal flora
in terms of HM accumulation, with a particular focus on
the areas of potential landing of marine crews in distress
in the seas belonging to the responsibility zone of the
Russian Federation.

MATERIALS AND METHODS
Plant samples were collected along the coast of the Gulf

of Finland, including the Bolshoy Beryozovy Island, lo-
cated in the northern part of the Gulf, Hogland Island,

" MR 2.3.1.2432-08 Standards of physiological requirements for energy and nutrients for various population groups in the Russian Federation. Moscow: Federal

Center for Hygiene and Epidemiology of Rospotrebnadzor; 2009.

2 MR2.3.1.1915-04:2.3.1 Healthy eating. Recommended levels of food and biologically active substance consumption. Moscow: State Sanitary and Epidemiological

Standards of the Russian Federation; 2004.

¢ MR 2.3.1.2432-08 Standards of physiological requirements for energy and nutrients for various population groups in the Russian Federation. Moscow: Federal

Center for Hygiene and Epidemiology of Rospotrebnadzor; 2009.

4 MR2.3.1.1915-04:2.3.1 Healthy eating. Recommended levels of food and biologically active substance consumption. Moscow: State Sanitary and Epidemiological

Standards of the Russian Federation; 2004.

5 MR 2.3.1.0253-21 Standards of physiological requirements for energy and nutrients for various population groups in the Russian Federation. Moscow: Federal
Service for Supervision of Consumer Rights Protection and Human Welfare; 2021.

¢ Ibid.

7 Food Security Doctrine of the Russian Federation. Moscow: Rosinformagrotech, 2020.
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located in the center of the water area, and the Kurgalsky
Peninsula, which protrudes into the Gulf of Finland from
the south and separates its Narva and Luga bays. The
study objects were coastal algae and higher plants that
grow in the coastal area of the Gulf of Finland. These
plants have a long history of being consumed as food
and are known for their medicinal properties:

Atriplex prostrata Boucher — hastate-leaved (spear-
leaved) orache. It is widespread in the European part of
the Russian Federation, in the Altai region, and in Eastern
and Western Siberia. The leaves of this species contain
vitamins A, E, P, PP, rutin, proteins, essential oil, fiber,
and minerals. The leaves are a nutritious component of
salads, hot and cold vegetable soups, side dishes, and
omelets. The leaves are consumed before flowering.
This species contains a set of substances with antioxi-
dant and radioprotective properties [2].

Achillea ptarmica L. — pearl yarrow. In Russia, it is
widespread in the European part, and, as an adventive
plant, can be found in Western Siberia. The leaves have
a tart, spicy taste with a slight bitterness, as well as a
pleasant herbal aroma. The infusion reduces appetite
and lowers blood glucose levels. Fresh herbs are added
to ready-made dishes. The study of the phytochemis-
try and biological activity of substances extracted from
different species of the Achillea genus has shown the
prospects of their use in the food and pharmaceutical
industries [3].

Aegopodium podagraria L. — bishop’s goutweed.
It is widespread in the European part of the Russian
Federation, except for the Far North. Young light green
leaves are edible. By autumn, the vitamin C concentra-
tion increases, sometimes up to 60-100 mg. It contains
fiber, malic and citric acids, choline, beta-carotene, fla-
vonoids, coumarins, mineral salts and essential oils, in
noticeable quantities of iron, magnesium, potassium [4].
In terms of antioxidant activity, extracts of Aegopodium
podagraria L. are superior to those of other studied spe-
cies [5].

Chamaenerion angustifolium L. — narrow-leaved fire-
weed. It is widespread in the cold and temperate zones
of Russia, including the Caucasus, Siberia, and the Far
East, where it grows primarily on sandy and loamy sails.
Fireweed tea is rich in iron, copper, potassium, and cal-
cium. The above-ground mass contains 18.8% protein,
5.95% fat, 50.44% nitrogen-free extractive substances,
16.62% fiber, 8.14% ash, 0.75% calcium, and 0.43%
phosphorus [6].

Fucus vesiculosus L. — bladderwrack. In the marine
waters of the Russian Federation, it grows abundantly in
the tidal zone of the White Sea, the southern part of the
Barents Sea, and the western regions of the Baltic Sea,
including the coast of the Hogland Island. It is used for
making salads and as a fiber-rich additive to sea fish.
Currently, it is considered a promising source of biologi-
cally active substances [7].

Lathyrus japonicus Wild — beach vetchling or sea
pea. It is widespread in the northern territories of the

EXTREME MEDICINE | 2025, VOLUME 27, No 3

Russian Federation and in areas with a temperate cli-
mate. It is a conditionally edible plant. It is not recom-
mended for regular consumption due to the presence
of oxalyldiaminopropionic acid (ODAP), which has neu-
rotoxic properties. The aerial parts of the plant (stems,
leaves, and seeds) are used for food purposes, and de-
coctions are used to treat cardiovascular diseases [8].
Beach vetchling is rich in vitamins (A, B, B,, B,, B,, B,
B,, B,, and C) and minerals (sulfur, chlorine, phospho-
rus, potassium, calcium, sodium, magnesium, titanium,
nickel, cobalt, silicon, boron, molybdenum, selenium,
manganese, copper, zinc, iodine, and iron).

Polygonum aviculare L. — dooryard knotweed. It is
widespread in the Russian Federation, with the excep-
tion of the Arctic. Young leaves can be used in salads,
soups, and stews. The extracts of this plant have been
studied for their antioxidant, anti-inflammatory, antimi-
crobial, antitumor, and antidiabetic properties [9]. The
infusion of this herb is used in traditional medicine as an
anti-inflammatory agent due to its ability to remove kid-
ney and bladder stones. It is also used as a hemostatic,
hypotensive, diuretic, and astringent agent. It is included
in herbal preparations used for chronic gastritis, stom-
ach ulcers, bronchitis, kidney stones, uterine bleeding,
cystitis, pulmonary tuberculosis, and other diseases [10].
Moreover, in comparison with other Polygonum species,
knotweed extracts have the greatest potential in terms of
their pharmaceutical effects on the kidneys and urinary
tract [11].

Plantago media L. — hoary plantain. It is wide-
spread in the European part of the Russian Federation
and in various regions of Siberia. Young leaves are
rich in fiber, flavonoids, polysaccharides, vitamins, and
minerals, making them a recommmended food for vegan
and vegetarian diets as addition to cereals, sauces,
smoothies, juices, and other beverages. Young leaves
can be eaten raw (added to salads or cold soups),
boiled, or canned [12].

Salix L. — willow. It is a plant genus that includes
about 350 species. They are widespread in the Russian
Federation from the subtropics to the Arctic and from
the western borders to the east, including Kamchatka
and Primorsky Krai. Willow leaves, which are a source
of fiber, plant protein, organic acids, and vitamin C, can
be boiled or consumed without heat treatment, but after
being mashed and then fermented for 812 h [13].

Trifolium repens L. — white clover. It is ubiquitous
in the Russian Federation. Fresh leaves of young plants
are added to vegetable salads, soups, and stewed side
dishes for meals of vegetables, meat, and seafood. In
a dried and crushed form, fresh leaves are used in the
manufacture of sauces, cheeses, and bakery flour. The
results of research into the anticholinesterase and anti-
radical activities of T. repens extracts indicate their appli-
cability in the treatment of neurodegenerative diseases
[14]. It was found that clover flavonoids reduce intrac-
ranial and arterial pressure, relieve dizziness, improve
hearing, and reduce tinnitus [15].
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Urtica dioica L. — stinging nettle. In Russia, it grows
in the European part and Western Siberia, and has been
introduced to Eastern Siberia and the Far East. Young
shoots and fresh leaves are used after boiling to make
vitamin-rich green salads. The shoots and leaves are
also used to make soups. Leaf puree is used to make
omelets and casseroles. Stinging nettle leaves can be
salted, pickled, or marinated. U. dioica is a medicinal
plant that is widely used in various countries to treat hy-
pertension [16]. It is capable of reducing glucose levels
and regulating blood lipid levels, as well as exhibiting
anti-inflammatory and antioxidant effects [17].

Sample plants were collected in an open sea area,
simulating a survival situation on the coast, where help
can only be expected from the sea. The species of ter-
restrial plants were identified in the areas where they
were collected using the Plant Identification Guide for
the Leningrad Oblast [18].

Young leaves from the apical part of the shoot were
used for analysis. The collected leaves of higher plants
were placed between sheets of ashless filter paper and
dried in a plant press. Before placing the fragments of
the brown alga F. vesiculosus in the plant press, mois-
ture was removed from the fragments using ashless fil-
ter paper. Prior to elemental analysis, all plant samples
were dried at 80°C to a constant weight; their dry weight
was estimated with an accuracy of 1 mg. The raw mass
estimation was carried out indirectly, based on the dry
weight data and assuming that the water content in na-
tive tree leaves is 75%, in grass leaves — 85%, and in
F. vesiculosus thalli— 70%. The dried material was min-
eralized by an MS-6 microwave sample preparation sys-
tem (Volta, Russia) using the standard procedure [19]: in
three stages, with a temperature and pressure increase
from 120°C and 15 atm to 180°C and 25 atm. The total
process time lasted 12 min.

Elemental analysis was performed using an MGA-
915M atomic absorption spectrometer (Lumex, Russia)
at a wavelength of the studied element spectral line, us-
ing certified reference materials (CRMs) for elemental
analysis®. The content of all elements was identified by
parallel measurements of the same mineralized samples.

The measurement results were processed using the
Statistica softwire package. Sample collections were
formed by combining plant samples based on their spe-
cies and collection points. The sample size (4—6 speci-
mens) was determined by the availability and material
quantity at the point of debarkation. The distribution
type of the sample collections was assessed using the
Shapiro-Wilk test, which ultimately determined the use
of parametric methods. The results include the mean
values with confidence intervals for a significance level
of p = 0.05. Based on the latter, the values obtained by
direct measurements were rounded to three significant
digits. The data on the element content in the raw mass,

which is the result of converting the initial values on dry
weight basis, contains the same number of digits after
the decimal point as the initial values.

RESULTS AND DISCUSSION

The study of heavy metal accumulation, plant groups
without significant differences between the members
of relevant samples were determined. For example, a
high content of manganese (more than 40 mg/kg of dry
weight) was typical of three plants (L. japonicus, A. pros-
tratum, P. aviculare) growing on the Hogland Island, and
three (P. minuta, A. ptarmica and U. dioica) collected on
the Kurgalsky Peninsula. Minimum values of manganese
content (less than 20 mg/kg of dry weight) were typical
of two plant species (L. japonicus and Salix sp.) from
the Bolshoy Beryozovy Island and for A. podagraria
from the Kurgalsky Peninsula. The mean manganese
content (less than 40 mg/kg, but more than 20 mg/kg)
was identified in the F. vesiculosus thallus and plants
(Salix sp., C. angustifolium, T. repens) from the Kurgalsky
Peninsula, as well as C. angustifolium from the Bolshoy
Beryozovy Island (Table 1).

Plants were divided into two groups based on their
zinc content. Its high content (more than 30 mg/kg of dry
weight) was typical of all plants of the Hogland Island.
This category also includes T. repens and A. podagraria
from the Kurgalsky Peninsula, as well as Salix sp. and
L. japonica from the Bolshoy Beryozovy Island. In the
remaining plants, the Zn content was about 20 mg/kg of
dry weight, showing no significant differences.

The highest lead content (over 0.4 mg/kg) was found
in L. japonicus from the Hogland Island and in P. avicu-
lare from the Bolshoy Beryozovy lIsland, as well as in
A. ptarmica and U. dioica collected on the Kurgalsky
Peninsula. In six plants, lead was either not detected
(A. prostratum, T. repens, A. podagraria), or its content
was estimated as low, no more than 0.1 mg/kg (F. ve-
siculosus, P. minuta, and Salix sp. from the Bolshoy
Beryozovy Island). In the remaining three plants, the ele-
ment level ranged within 0.2-0.4 mg/kg (Salix sp. from
the Kurgalsky Peninsula and C. angustifolium from both
habitats), i.e., they contained a mean concentration of
the element.

It was difficult to compare plants in terms of their
copper and cadmium contents due to the significant
variation in the data in the studied sample collections.
However, the mean values used to compose a descend-
ing order of element contents in plants (Table 2) showed
that copper consistently ranks third, surpassed only by
the lead content in P. aviculare and L. japonicas from the
Bolshoy Beryozovy Island. The cadmium content was
almost always lower than the lead content. The predom-
inant sequences in the descending order of elements
are as follows: Mn = Zn > Cu > Pb > Cd.

& M 04-64-2017. Food products and food raw materials. Feeds, compound feeds, and raw materials for their production. Method for measuring the mass fraction
of cadmium, arsenic, tin, mercury, lead, and chromium using atomic absorption spectroscopy with an MGA-915, MGA-915M, MGA-915MD, or MGA-1000
atomic absorption spectrometer with electrothermal atomization. S. Petersburg; 2017.
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Table 1. Elemental content in plants from different locations

Elemental content, mg/kg of dry weight (upper values),
mg/kg of wet weight (lower values)

Location Plant
Mn* Zn* Cur Pb* Cd-
Hogland Island 46.7 +20.4 | 42.3+£9.3 | 0.327 + 0.485 | not detected | 0.019 + 0.013
A. prostratum
7.0+ 3.1 6.3+14 0.049+0.072 | not detected | 0.003 + 0.002
37.3+88 | 370+ 11.2 1.66 +2.30 | 0.070 + 0.046 | 0.306 + 0.413
F. vesiculosus
1.2+26 1.1 +34 0.49 +0.69 | 0.021 + 0.013 | 0.091 + 0.124
555+94 | 69.3+36.1 | 0.881 +0.931 | 0.506 + 0.192 | 0.030 + 0.025
L. japonicus
83+15 104 +54 | 0132 +0.139 | 0.076 = 0.029 | 0.004 + 0.004
79.2 +42.8 | 53.3 + 30.4 | 0.073 +1.34 | 0.479 + 0.158 | 0.007 + 0.004
P. aviculare
11.9+64 8.0+46 | 0.011 +0.201 | 0.072 + 0.024 | 0.001 + 0.001
Bolshoy o 30.6+9.8 | 30.6+9.8 1.99 + 0.35 | 0.299 + 0.042 | 0.106 + 0.045
Beryozovy Island C. angustifolium
46+ 1.5 4.6 +0.3 0.30 £ 0.05 | 0.045 + 0.006 | 0.016 + 0.007
176 £35 | 472 +4.6 | 0.548 + 0.025 | 0.585 + 0.143 | 0.007 + 0.002
L. japonicus
2.6 +0.5 71 +0.7 | 0.082 +0.003 | 0.088 + 0.021 | 0.010 + 0.000
172 +10.0 | 391 +71 | 0.544 +0.068 | 0.102 + 0.021 | 0.025 + 0.018
Salix sp.
43+25 9.8+ 1.8 | 0136 + 0.017 | 0.026 + 0.005 | 0.006 + 0.004
Kurgalsky 574 +13.4 | 256 +2.6 2.26 + 0.43 | 0.870 + 0.324 | 0.870 + 0.340
Peninsula A. ptarmica
8.6+20 3.8+04 |0.339+0.064 | 0.130 + 0.049 | 0.130 + 0.051
3.7+35 341 +3.7 | 0.562 + 0.410 | not detected | 0.010 + 0.006
A. podagraria
0.6 +0.5 51+0.6 | 0.084 +0.061 | notdetected | 0.002 + 0.001
34.0+46 | 211 +21 1.01 £0.43 | 0.213 £ 0.072 | 0.551 + 0.231
C. angustifolium
51+07 3.2+0.3 | 0152 +0.064 | 0.032 + 0.011 | 0.083 + 0.035
749 +125 | 21239 291 +2.06 | 0.040 +0.028 | 0.041 + 0.029
P. minuta
1.2+£19 3.2+06 0.44 + 0.31 | 0.006 = 0.004 | 0.006 + 0.004
312+40 | 199+71 2.09 +0.35 | 0.311 + 0.049 | 0.054 + 0.059
Salix sp.
7.8+ 1.0 50+18 0.52 + 0.09 | 0.078 + 0.012 | 0.013 + 0.015
36.0+78 | 427 +£184 | 240+ 178 not detected | 0.007 + 0.003
T. repens
54+12 6.4+28 0.36 + 0.27 not detected | 0.001 + 0.000
657 +282 | 229+14 416 £0.82 | 0.440 = 0.060 | 0.395 + 0.107
U. dioica
9.9+42 3.4+0.2 0.62 + 012 | 0.066 + 0.009 | 0.059 + 0.016

Table prepared by the authors using their own data

Note: * — human daily element requirement® (mg): Mn = 2; Zn = 12; * —element maximum permissible level™® (mg/kg of wet weight): Cu = 5;

Pb =0,5; Cd = 0,08.

¢ MR 2.3.1.0253-21 Standards of physiological requirements for energy and nutrients for various population groups in the Russian Federation. Moscow: Federal
Service for Supervision of Consumer Rights Protection and Human Welfare; 2021.
0 Technical Regulations of the Customs Union. TP TC 021/2011 «About food safety» dated 9.12.2011. No. 880.
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Table 2. Descending orders of elements in plants

Location Plant

Descending orders of elements in plants

Hogland Island A. prostratum

Mn > Zn > Cu > Cd

F. vesiculosus

Mn =Z7n > Cu > Cd = Pb

L. japonicus

Zn=>Mn>Cu>Pb>Cd

P. aviculare

Mn = Zn > Pb > Cu > Cd

Bolshoy Beryozovy Island C. angustifolium

Mn = Zn > Cu > Pb > Cd

L. japonicus Zn>Mn>Pb > Cu>Cd
Salix sp. Zn > Mn > Cu>Pb > Cd
Kurgalsky Peninsula A. ptarmica Mn > Zn > Cu > Pb = Cd

A. podagraria

Zn > Mn > Cu > Cd

C. angustifolium

Mn >Zn > Cu > Cd > Pb

P. minuta

Mn > Zn > Cu > Pb = Cd

Salix sp.

Mn > Zn > Cu > Pb > Cd

T. repens

Zn > Mn > Cu > Cd

U. dioica

Mn > Zn > Cu > Pb = Cd

Table prepared by the authors using their own data

Note: the decreasing orders of elements in plants are composed using the mean value and the standard error of mean (M + m).

In the group of plants from the Hogland Island, the
closest Mn and Zn concentrations were observed,
compared to other habitats. For example, two plants
(L. japonicus and Salix sp.) from the Bolshoy Beryozovy
Island and A. podagraria from the Kurgalsky Peninsula
accumulated significantly more Zn than Mn.

The copper and lead content in all studied plants did
not exceed the permissible limit"'. The zinc and cadmi-
um concentrations require our comment. Cadmium is
highly toxic not only to animals and humans, but also to
plants, including those used as food and pharmaceuti-
cal raw materials [20].

When the actual cadmium content was compared
with the maximum permissible level (MPL), the cadmium
level was 2—4 times higher in the plants of the Kurgalsky
Peninsula (A. ptarmica, C. angustifolium, and U. dioica).
In the leaves of the remaining 11 plants, the cadmium
concentration was within the MPL, or the excess was
not statistically significant. This also applies to the leaves
of willow, the most well-known accumulator of cadmium
[21, 22].

The zinc content in 1 kg of raw plant mass of all
the studied plants was found to be below the daily

requirement; thus, the dietary use of these plants is safe
in terms of this element.

The regulatory documents of the Russian
Federation do not regulate manganese concentration
(MPL) in plants; therefore, the safety assessment of
this element was carried out in accordance with the
norms of physiological daily requirements', compris-
ing 2 mg/day for manganese. Since the maximum
content of manganese, noted in the studied plant ob-
jects, was 11.9 mg/kg, the reference to this value al-
lowed us to determine the amount of plant material
that can be consumed safely, namely up to 0.17 kg/
day of raw leaf mass. However, the daily requirement
for manganese does not coincide with the maximum
permissible level, which requires knowledge of the ex-
cretion rate of this element from the body to assess its
maximum safe daily intake. The MPL'® value is 5 mg/
day, which suggests that the safe consumption will
be 0.42 kg/day. Unfortunately, the obtained value has
to be recognized as unreliable, since it relies on data
from a repealed regulation. In this regard, the issue of
returning MPL to the number of regulated parameters
becomes relevant.

M 04-64-2017. Food products and food raw materials. Feeds, compound feeds, and raw materials for their production. Method for measuring the mass fraction
of cadmium, arsenic, tin, mercury, lead, and chromium using atomic absorption spectroscopy with an MGA-915, MGA-915M, MGA-915MD, or MGA-1000
atomic absorption spectrometer with electrothermal atomization. S. Petersburg; 2017.

2 MR 2.3.1.0253-21 Standards of physiological requirements for energy and nutrients for various population groups in the Russian Federation. Moscow: Federal
Service for Supervision of Consumer Rights Protection and Human Welfare; 2021.

8 MR 2.3.1.1915-04:2.3.1 Healthy eating. Recommended levels of food and biologically active substance consumption. Moscow: State Sanitary and Epidemiological

Standards of the Russian Federation; 2004.
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CONCLUSION

It can be stated that the absence of daily intake norms
of essential elements in Russian regulatory documents
makes it difficult to assess the consequences of wild
plant consumption for food and medicinal purposes and
to apply a risk-based approach in assessing food safety.

Manganese becomes a hazard factor at moderate
daily intake doses of plant material provided that the
level of daily requirement is exceeded.

A high-degree danger of consuming plants from the
Kurgalsky Peninsula (A. ptarmica, C. angustifolium, and
U. dioica) has been revealed due to a significant excess
of the MPL for Cd. The Cu, Pb, and As content in all the
studied plants is below the MPL, i.e., presenting no dan-
ger. The Zn content can be considered safe, since it is
necessary to consume more than 1 kg of raw leaf mass
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