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Levels of heavy metals in the «soil — medicinal plants» system
in relation to the geographical locationiand ecological
and genetic zone of the Irtysh river floodplain

The article provides the material on the levels of zinc, copper, and‘¢admium in the «soil-medicinal plants»
system in relation to the territorial location and ecoleg@icahand genetic zonality of the Irtysh river floodplain.
The heavy metals (zinc, copper, cadmium) contents'©f mediginal plants growing in the Irtysh river floodplain
(Semey, Ozerki village) were assessed in order to determing the safety of the medicinal plant therapeutic ap-
plication. Standard procedures for collectiongftransportatien, preparation and storage of soil and plant samples
and also for chemical analysis were applied in the study. The contents of all studied chemical elements in the
total aggregate of medicinal plants déscend,as follows: zinc 45.8 mg/kg; copper 6.2 mg/kg; cadmium
0.23 mg/kg. As is evident from thedindings (Ghcyrrhiza glabra (Zn=17.3 £0.79 mg/kg); Inula helenium
(Cu=2.3+£0.17 mg/kg); Taraxaeum officinale (Cd =0.12 + 0.01 mg/kg)), no average values were found to
exceed the maximum permissible limits. This information is certainly essential for selecting sites for harvest-
ing safe herbal raw material§)alsg, medicinal plants can be considered as indicators of environmental pollu-
tion. This determines thepratiohale for research study in this direction and puts forward a vital task: to
strengthen quality confrol oftherbal medicinal raw materials taking into account the content of heavy metals.

Keywords: zinc, gopper, cadmium, metals, floodplain soils, medicinal plants, chemical analysis.

Introduction

The prespects, for the use of medicinal plants are evaluated by their pharmacological properties and
chemical (composition. The use of many wild plants can be hampered by their capacity to accumulate toxic
elements i their natural vegetation areas. Regional scope of the study of a problem of contamination of
herbal/raw materials is conditioned by varying geochemical and climatic conditions of territories where the
rawfmaterials are harvested [1].

The study of the mineral composition of herbal raw materials has a two-part implication. In one respect,
medicinal raw materials contain a rich complex of macro- and microelements and are a valuable source of
substances essential for the human body. On the downside, the use of plants that accumulate elements,
among which are toxic ones, is a potential threat to human health, as heavy metals are capable of being con-
veyed along the soil-plant-human continuum.

Both the increasing demand for herbal preparations and worsening environmental pollution require
conducting regional research to study the impact of external conditions on the quality of herbal raw materials
and to assess its environmental safety.
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Scientists who dedicated their works to the study of heavy metal levels in various objects of the envi-
ronment are: V.I. Vernadsky with his disciple A.P. Vinogradov [2] (20—40-ies of XX century), works of
V.V.Kovalsky [3], A.L. Kovalevsky [4], V.B.Ilyin [5], V.V. Dobrovolsky [6]. Many scientists work on
solving the problem of reducing the levels of heavy metals and radionuclides in the soil — plant link [7].
A number of scientists are also involved specifically with the problem of heavy metal content of herbal raw
materials [8—15].

Experimental

The research was carried out in the period between 2013 and 2016 at the premises of the laboratory of

igure 1. Study areas

19 medicinal plant species el to 9 families were targets of research; plants were divided into
morphological organs — flowers, es, roots, which made a total of over 342 samples; and soil samples
were collected along with the p dy design) (Table 1).

Sanguisorba officinalis,
Potentilla erecta, Mentha
piperita, Taraxacum officinale,
Tanacetum vulgare, Plantago
major, Artemisia absinthium,
Matricaria chamomilla,
Glycyrrhiza glabra, Carum
carvi, Cichorium intybus,
Bidens tripartita Floodplain soils

Table 1
Study design
Analy- . . Plant parts Floodplam Ecologwal and Sampling | Number of plant
ils investigated . . locations | genetic zones . .
tes investigated | . . . times and soil samples
investigated | of floodplains
7@ aleriana officinalis, inflores- The Irtysh channel- during the | 342 plant samples
enitarea cyanus, Persicaria cences river flood- adjacent vegetation | (19 plant species x
hydropiper, Inula helenium, leaves plain: middle period — |3 eco-genetic zones
Melilotus officinalis, Trifolium roots Semey city terrace- August— x 2 investigated
pratense, Urtica dioica, vil. Ozerki adjacent September | areas of each flood-

plain x 3 morpho-
logical organs = 171
x2 floodplains) and
27 soil samples
(from 3 eco-genetic
zones %2 flood-
plains)
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Plant samples were collected by the average sample technique at the end of the vegetation season (Au-
gust-September). Samples were washed with running and distilled water and conditioned to air-dry basis.
Baitenov's illustrated field guide was used for the identification of plant species [16]. Latin names of medici-
nal plants are given according to Cherepanov [17].

Soils were collected by mixing 6—8 individual samples to obtain a composite sample. To determine the
total heavy metals, the samples were digested by concentrated mineral acid mixture. Mobile forms of heavy
metals in soil were also investigated: ion-exchangeable (acetate-ammonium buffer CH;COONH,, pH = 4.8),
water-soluble (H,0), acid-soluble (extraction agent 1 n. HC1).

The photocolorimetric dithizone assay by Rinkis [18] on the SF-2000 spectrophotometer was used to

Novosibirsk State Agricultural University.
The observational material was processed by statistical methods given in Plokhinsky!s guidances
with the use of Microsoft Excel software.

Results and discussions

The concentration of the element in soil is one of the main factors that determine
content of plants.

Horzon Depth, cm 7n |
Floodplain, chestnut, sod soils, Se

A 0-10 67.1 1.45
B 10-25 62.4 64.7+2(2.8) . 22.450.38(0.53) 1.16 1.33+0.12(0.17)

B-C 25-45 64.7 1.39

Floodplain meadow chest ate soils, Semey (central)

A 0-20 86.9 1.46
B, 2040 78.4 25.6+2.1(2.9) 1.30 1.55+0.25(0.35)

B, 40-60 66.0 1.89

Floodplain meados ehestnu aline soils, Semey (terrace-adjacent)

A 0-30 73.3 1.45
B 30-50 69.5 25.0£2.4(3.4) 1.35 1.52+0.17(0.24)

B-C 50-70 67.1 22.0 1.75

cht-brown stratified soils, Ozerki vill. (channel-adjacent)

16.4 1.40
14.6 15.3+£0.76(1.07) 1.11 1.28+0.12(0.17)

15.0 1.33

loamy soils, Ozerki vill. (channel-adjacent)

20.3 1.39
71.5€10.3(14.4) 16.9 19.6+2.1(2.9) 1.23 1.49+0.26(0.36)

59.1 21.7 1.84

Floodplain meadow light-brown saline, Ozerki vill. (terrace-adjacent)

65.7 21.6 1.40
62.3 62.9£2.1(2.9) 19.5 19.1+£2.3(3.2) 1.29 1.46+0.17(0.24)

60.8 16.2 1.69

ote. Arithmetic mean and its error (mg/kg); in brackets — standard deviations (mg/kg).

Elevated levels of zinc (77.1 mg/kg) and cadmium (1.55 mg/kg) were observed in the central zone of
floodplain within Semey city; however, concentrations of copper in the central zone (25.6 mg/kg) and ter-
race-adjacent zone (25.0 g/kg) within Semey city were virtually equal.

Low levels of zinc (62.9 mg/kg) in the terrace-adjacent zone of vill. Ozerki, copper (15.3 mg/kg) and
cadmium (1.28 mg/kg) in the channel-adjacent zone of vill. Ozerki were observed.
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No regular patterns of distribution in soil profile of the investigated analytes (Zn, Cu, Cd) were found.
There is accumulation in both upper and lower horizons. This distribution in the soil profile is probably due
to different types of soils and different anthropogenic load on the soil cover of the investigated areas of the
Irtysh floodplain.

In the soils of the channel-adjacent zone of the floodplain, the accumulation of the investigated analytes
is significantly less prominent due to the light mechanical makeup, lower humus content and deep ground-
water layer. Soils of the central and terrace-adjacent areas of the floodplain, that are characterized by more
complex structure of the soil profile, heavy mechanical makeup, water regime of which is determined by not
only surface but also ground waters, feature higher contents of the elements [20]. Table 3 provides the varia-
tion and statistical indicators of the total content of chemical elements in the aggregate in soils of the litysh
river floodplain.

Tableg 3
Variation and statistical indicators of total heavy metal content
in the aggregate in the soils of the Irtysh river floodplain, mg/kg
Analyte| n Horizon Average value in the | _Clarkein the | Clarke in
A B C profile depth lithesphere [6] | soil [6]
7n |27 72.943.22(13.2) | 66.6+2.55(11.5) | 62.8+0.99(4.71) 67.4+2.25(9.80) 3 50
9.65; 61.3-86.9 | 7.66; 55.2-78.4 | 2.96; 58.7-67.1 6.76; 5562—-86.9
Cu 27| 22.3+1.08(14.5) | 20.4+1.18(17.4) | 20.941.39(19.9) 21.2+1.22(07.3) 47 20
3.24;16.4-27.8 | 3.54;14.6-25.2 | 4.16; 15.0-28.7 3.65; 14.6-281
cd |7 1.43+0.008(1.68)| 1.2440.03(7.26) | 1.65+0.09(16.4) 1/44:£0.04(8.45) 0.13 05
0.024; 1.39-1.46] 0.09; 1.11-1.35 | 0.27; 1.33-1.89 0.13;11-1.89 ) )

Note. In the numerator — arithmetic mean and its error (mg/kg); infbrackets,— coefficient of variation (%); in the denomina-
tor — standard deviations (mg/kg); and variation limits (mg/kg); clarke (%); 7527

As is evident from the data, the highest contenf of‘the ‘element (mg/kg) in horizon A is typical for Zn
(72.9), Cu (22.3); for Cd (1.65) — it is in horizon‘Ci The lowest content (mg/kg) of Zn (62.8) falls on hori-
zon C, Cu (20.4) and Cd (1.24) — on horizon B

In terms of the total content in the humus horizon ‘of floodplain soils, the following geochemical rank
(mg/kg) is typical for the investigated elementsiZn(72.9) > Cu (22.3) > Cd (1.43).

According to GOST 25593-88, the term «mobility» is defined as the element capability to shift from
the solid phase of the soil to the soil selution)[21]. Table 4 provides data on the content of mobile forms of

heavy metal compounds in the seils of the Irtysh river floodplain.

Table 4

Content of mobile forms of chemical elements compounds in soils of Irtysh river floodplain, mg/kg

Compound

Soils Zn Cu Cd
forms
1 2 3 4 5

. . water-soluble | 0.1+ 0.03(0.05) | 0.14+0.07(0.11) | 0.04+0.01(0.02)
f:ﬁ;’gggfdf;?;gut sod soils, Semey = ngcable | 0.2620.03(0.05) | 1.120.2(0.29) 0.08+0.03(0.05)
acid-soluble | 0.54+0.11(0.16) | 2.941.3(1.83) | 0.56+0.15(0.21)

f oodnhin mow chestnut carbonate | 2tc-soluble [ 0.0620.03(0.05) | 0.2840.07(0.11) | 0.08+0.01(0.02)
exchangeable | 0.35+0.03(0.05) | 1.5+0.2(0.29) | 0.16+0.03(0.05)

soils, Semey (central)

acid-soluble

0.72+0.11(0.16)

6.0+1.3(1.83)

0.47£0.15(0.21)

Floodplain meadow chestnut alkaline
soils, Semey (terrace-adjacent)

water-soluble

0.15+0.03(0.05)

0.33+0.07(0.11)

0.09+0.01(0.02)

exchangeable

0.34+0.03(0.05)

1.6+0.2(0.29)

0.07+0.03(0.05)

acid-soluble

0.44+0.11(0.16)

5.5+1.3(1.83)

0.84+0.15(0.21)

Floodplain meadow light-brown strati-
fied soils, Ozerki vill. (channel-
adjacent)

water-soluble

0.03+0.07(0.1)

0.2840.07(0.11)

0.02+0.003(0.005)

exchangeable

0.14+0.04(0.06)

1.6+0.33(0.47)

0.22+0.1(0.14)

acid-soluble

0.3£0.05(0.08)

5.5+0.88(1.24)

0.48+0.12(0.17)

Floodplain meadow light-brown middle
loamy soils, Ozerki vill. (channel-
adjacent)

water-soluble

0.04£0.07(0.1)

0.1£0.07(0.11)

0.02+0.003(0.005)

exchangeable

0.18+0.04(0.06)

1.3+0.33(0.47)

0.370.1(0.14)

acid-soluble

0.21+0.05(0.08)

4.8+0.88(1.24)

0.41+0.12(0.17)
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Continuation of Table 4
1 2 3 4 5
water-soluble 0.2+0.07(0.1) 0.09+0.07(0.11) | 0.01%0.003(0.005)
exchangeable | 0.25+0.04(0.06) | 0.8+0.33(0.47) 0.47+0.1(0.14)
acid-soluble | 0.35+0.05(0.08) | 3.4+0.88(1.24) 0.19+0.12(0.17)

Floodplain meadow light-brown saline,
Ozerki vill. (terrace-adjacent)

Note. Arithmetic mean and its error (mg/kg); in brackets — standard deviations (mg/kg).

A geochemical sequence by the content of water-soluble form of the elements is established:
Cuyg20>Zn 16>Cdo g6.

By the exchangeable form content of elements, the investigated soils showed similar properties'The
following geochemical sequence was established: Cu; 4>Zng33>Cdy 6.

A geochemical sequence was derived by the content of heavy metals in the acid-soluble form for the'in-
vestigated types of the floodplain soils: Cuy>>Zng ¢6>Cdy 4.

In terms of the average concentration, heavy metals and their compound forms investigated,are ranked
in the following descending order: acid-soluble form>exchangeable form>water-soluble form:

The largest mobile portion of the elements is the acid-soluble fraction, followed by, the exchangeable
fraction, and then the water-soluble fraction.

The revealed wide range of variations for the investigated elements in all compound forms in the soil
and narrow range of variations in the total content of the elements are ekplained by'the'fact that the total lev-
el of the elements is determined by the granulometric and mineralogicalj€ompasition of parent rocks; the
extent of mobile elements is affected, in addition to the content of organic matter in the soil, by the soil solu-
tion reaction, oxidation-reduction processes, and the physicoehenieal properties of the soil [20]. Table 5
provides data on the average contents of elements in the soil in gemparison with their MPCs.

Table 5
Chemical element content in soils of Irtysh river floadplain versus MPC, mg/kg

Analyte | Content, mg/kg MPC,img/kg MPC, mg/kg [22]
Zn 67.4+2.25 100 55.5
Cu 21.2+1.22 100 33.0
Cd 1.4+0,04 3 1.0

Also, the content of heavy metals in medicinal plants depends upon the conditions of their growth.
The peculiarities of heavy metal aecumulation in different areas of the Irtysh river floodplains were in-
vestigated: Semey city; Ozerki village\(Table 6).
Table 6
Heavy metal cofitent of anedicinal plants in different areas of the Irtysh river floodplain, mg/kg

Area of the Irtysh Analyte
tiver floodplain Zn Cu Cd
Semey city 47.8+£3.8 5.840.45 0.20+0.01
16.0 (18.6-77.7) | 1.87(2.6-9.5) | 0.05(0.14-0.31)
vil. Ozerki 43,1+£3.8 5,3+0,45 0,16£0,01
) 15,8 (15,6-73,9) 1,87 (2-8,9) 0,05 (0,1-0,27)

Note: in the numerator — arithmetic mean and its error (mg/kg); in the denomina-
tor — standard deviations (mg/kg); and variation limits (mg/kg).

According to the findings, the highest concentrations of the investigated chemical elements are ob-
served in Semey city, the lowest ones — in the village of Ozerki. This may be due to different levels of an-
thropogenic load in the investigated areas, namely, the activity of the industrial facilities and transport.

Depending on the proximity to the river channel, the territory of the river floodplain is divided into
three ecological and genetic zones (parts) (by R. Williams): channel-adjacent, central and terrace-adjacent.

Peculiarities of heavy metal accumulation in medicinal plants growing within these ecological and ge-
netic zones were studied. The regularities in the HM distribution in the same species of plants depending on
their zone of growth are presented in Table 7.
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Table 7
Distribution of heavy metals in plants by different ecological and genetic zones of the Irtysh floodplain, mg/kg

Ecological and genetic 7n Cu cd
zones
Semey city
Channel-adjacent 45.3 5.6 0.18
Central 504 | 47.74£3.8 | 6.2 5.8+0.45 0.23 | 0.20+0.01
Terrace-adjacent 47.5 5.8 0.20
vil. Ozerki
Channel-adjacent 41.3 5.0 0.14
Central 450 | 43.1£3.8 | 5.5 5.3+0.45 0.18 | 0.16+0.01
Terrace-adjacent 43.1 5.3 0.16

As can be seen from the Table 8, all floodplain areas investigated are characterized by thellowest accu-
mulation of elements in the channel-adjacent zone. No pronounced pattern of the analyte distribution was
found in the central and terrace-adjacent zones: Semey city: central > terrace-adjacent> channel-adjacent;
vill. Ozerki: central > terrace-adjacent > channel-adjacent.

Table 8
Average levels of heavy metals in vegetation, mg/kg

. Summarized
Analyte Findings Rest of the world: research data
7n 45343 8 31 33.1
Cu 5.6+0.43 5.9 8.6
cd 0.18+0.01 0.21 -

According to A. Kloke (Kloke, 1980), MPC of Cd Typlants = 1 mg/kg. Comparing the data on Cd con-
tent in floodplain plants with the data by A. Kloke,iit can be concluded that the investigated plant species
accumulate Cd to lower values than the MPC yalué

The findings were multiple times read (@ver at conferences and workshops of various levels and also
were published in printed publications, aficluding four publications of the State Commission for Academic
Degrees and Titles of the Russian Federation [23].

Conclusions

None of the element comtentstin the soil exceed the MPC comparing with the data by A. Kloke [24];
comparing with the MPC (for Kazakhstan), the Cu content does not exceed the maximum permissible limit,
and the Zn content in thesseil exceeds the MPC by 1.2 times, Cd by 1.4 times.

Comparing the data obtained on the heavy metal content in plants of different areas of the Irtysh river
floodplain with théir lewels in the vegetation of different regions and countries of the world, it can be con-
cluded that a higher ‘€entent of zinc (45.3 mg/kg) and a lower content of copper (5.6 mg/kg) and cadmium
(0.18 mg/kg) is characteristic for medicinal plants of the Irtysh river floodplain.

Ther€ 1s a'rathér complex relationship between the content of heavy metals in plants and their concen-
tratiomyin Seil, which exerts differently for each chemical element in different systematic groups of plants and
their morphelogical organs. On that premise, it seems appropriate to conduct further research in this direc-
tiengthereby expanding the areal of research.
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EprTic e3eHIHIH @YMAaKTHIK OPHAJIACYBIHA JKOHE IKOJIOTUSIJIBIK-T€HETHKAJIBIK
aliMaEbIHA GANJIAHBICTHI «TONBIPAK — JIPUIIK 6ciMaikTep» Kylecinaeri
aybIp MeTaJ1apAbIH MeJilepi

Makanazna Epric e3eHiHiH anKaObIHbIH ayMaKThIK OpHAJIACYBIHA )KOHE 9KOJIOTHSUIBIK-TCHETUKANIBIK ailMarbiHa
0allIaHBICTBEI TOTBIPAK — JMOPUIIK ©CIMIIKTEp)» JKYHeciHIeTi MBIPHIII, MBIC, KaIMUH JIeHreiiepl Typaisl Ma-
Tepuan KapacTelpburrad. J[opinik eciMaikTepai eMIOik MakcaTTapia MaiaaiaHyAblH KayillCi3miriH aHbIKTay
yurin Eptic cy anka6sinna (Cemeit, O3epka aybuibl) 6CETiH AOPUTIK OCIMAIKTEpEri ayblp MeTaliapIbIH (Mbl-
pBILI, MBIC, KaAMH) AeHreili 3eprrenai. Tonblpak MmeH ociMIOiK YJrUIepiH ipikTey, TachiManaay, JalblHaay
KOHE CaKTay YIUiH, COHAAH-aK XUMHSJIBIK TalAay YIIIH CTAHIApTThl oficTep KoiAaHblibl. Jlopimik
OCIMAIKTEp/iH >KaJlbl CaHBIHIAFbl OApIIBIK 3EPTTEIreH XUMHSJIBIK 3JIEMEHTTEPAIH Ma3MyHbl MbIHAJIal
TOPTINIIEH TOMEHAEHAI: MbIphIm YIniH 45,8 wmr/kr; Meic 6,2 wmr/kr; kagmmid 0,23 Mr/Kr. AJBIHFaH
moamimertepre coiikec (Glycyrrhiza glabra (Zn=17,3 + 0,79 mr/kr); Inula helenium (Cu = 2,3 + 0,17 Mr/kr);
Taraxacum officinale (Cd = 0,12 + 0,01 Mr/kr)) pyKcaT eTiireH KOHIEHTPAIUSIHBIH OpTaIla MOHIEP OOMBIH-
IIa achlll KETyl aHBIKTAIMaJAbl. Byl akmapaTThIH Kayillci3 ©cCiMIIK IIMKI3aThlH NaibIHIayFa apHaJFaH
OpBIHIAP/IBI TAHAY YIIIH MaHbI3bI 30p, COHOAaN-aK JSPLITIK OCIMIIKTEp i KOpIaraH TaOUFH OPTaHBIH JaCTaHy
KepceTKilTepi peTiHae KapacTblpyra Oomazabl. Bysl ockl OarbITTaFbl 3epTTEYJEpAiH  OPBIHIBUIBIFBIH
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Levels of heavy metals in the «soil — medicinal plants» system ...

afKpIHAANIBl XKOHE ayblp METaJgapiAblH Ma3MYHBIH €CElKe ajia OTBIPBIN, ASPLTIK OCIMAIK MIMKi3aThIHBIH
carachlH 0aKbUIaYIbl APTTHIPY KAXKETIirl Typasibl ©3eKTi MOCEJICHI TYABIPaIbL.

Kinm ce30ep: MbIpblLlL, MBIC, KaAMUIi, METaJlap, TACTHI TOMNBIPAK, AOPLIIK 6CIMAIKTEDP, XUMUSIIBIK TaIAAY.

SI.W. ITomn, T.U. bokosa, E.A. Mcabaes

Coaepikanue TsZKeJIbIX METANIO0B B CUCTEMeE «II0YBa — JIEKAPCTBEHHbIE PACTEHUS»
B 3ABHCHMOCTH OT TEPPUTOPHAJIBLHOI PACIOI0KEHHOCTH
U IKOJIOT0-TeHEeTHYeCKOH 30HbI OMMBI peku UpThim

B crarbe u3nmoxkeH MaTepHall 10 YPOBHSIM COJEPKaHUS IIMHKA, MEJH, KaMHS B CHCTEME «I104YBa & JEKapCT-
BEHHBIE PAaCTEHUS» B 3aBHCHMOCTH OT TEPPHUTOPHUAIBHON PAaCHONOKEHHOCTH M IKOJIOTO-TEHETHUECKOM 30-
HaJIBHOCTHU MOiMbI peku UpThim. J{s BeIABICHUS 6€3011aCHOCTH HCIOIb30BaHMUS JIEKAPCTBEHHBIX PACTCHII B
Je4eOHBIX LEIIX UCCIIeIOBaHbl YPOBHH COCPIKaHHS TSDKENBIX METAUIOB (LIMHKA, MEM, KaaMKs) B JIGKapCT
BEHHBIX PACTEHHUSIX, IPOU3pACTaIONKX B noiiMe peku UpTtei (r. Cemeit, ¢. O3Epku). [Ipu orbepe, TpaHemop-
THUPOBKE, IOATOTOBKE M XPAHEHUH IIOYBCHHBIX M PACTUTENILHBIX 00pPA3IOB MUl MCCICHOBAHKS, A Fakke Uil
MPOBEICHUS XMMHUUECKOTO aHAIIN3a UCIIOIb30BAINCH CTaHAAPTHEIE MeToAUKH. ComepKaHie/BCex N3YHECHHBIX
XUMHYECKUX JIEMEHTOB B 00IIei COBOKYITHOCTH JIEKAPCTBEHHEIX PACTEHHI yOBIBaeT B CIgNYIOMEeM IOPsaKe:
it nuHKa 45,8 mr/kr; mean 6,2 mr/kr; kagmust 0,23 mr/kr. [lo nmoxyuendsiv AanaeM (Glyéyrrhiza glabra
(Zn=173+0,79 wr/kr); Inula  helenium (Cu=23+0,17 wmr/kR); sfaraxacum  officinale
(Cd=0,12 £ 0,01 Mr/kr)) HIpeBbILICHHs TPEACIBHO AOMYCTUMBIX KOHIEHTPAIIMH HO CPSAHUM 3HAYCHHSIM HE
BBISIBIICHO. DTH CBEJICHHS, HECOMHEHHO, IMEIOT BayKHOE 3HaUeHHUe fi1s BEIOOpa MEEM3aroTOBKY 06€30MacHOro
PACTUTETBHOTO CHIPBS, TAKXKE JIEKAPCTBEHHBIE PACTEHUS MOXHOWPACCMATPUBATH KaK WHIUKATOPHI 3arps3He-
HUSI OKpY’KaroIeH IIPUPOIHOI cpesbl. DTO ONpeaeNseT [eIeco00pa3sHOCTh HCCIEe0BAHIM B JaHHOM HaIpaB-
JICHUX W BBIIBHTACT aKTyaIbHYIO 3a/lady: YBEIMYNTH KOHTPOJb KaueCTBa PACTHTEIIHHOTO JIEKapPCTBEHHOTO
CBIPBSI C YUETOM COJIEPIKaHUS TSDKEIBIX METAIIOB.

Karouegvie cnosa: NMHK, MeJb, KaJIMUN, METaJIbl, TOMMEHHLIC MTOUBBI, JICKAPCTBEHHBIE PACTEHUS, XUMHUUE-
CKHUH aHaJu3.
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