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BIOMASS ACCUMULATION BY RICE CULTIVARS DEPENDING
ON HEAVY METALS SALTS SOLUTIONS CONCENTRATION

Abstract. Heavy metals accumulation in a plant results in significant negative effect on physiological and
biochemical processes going on in an organism. In this respect, the present article considers particular features of
heavy metal salts solutions (Cuprum - Cu, Zinc - Zn, Cadmium - Cd) of various concentrations on biomass
accumulation by Marzhan, AiSaule and Titan rice cultivars. Increase in heavy metal salts content results in
significant slowing down the biomass accumulation by rice cultivars in the beginning of vegetation. Solutions of
cadmium salts exert significantly greater influence on biomass accumulation by rice cultivars as compared to copper
and zinc. Effect of heavy metals on biomass accumulation by rice cultivars is in the following order of sequence:
cadmium> copper> zinc. At the low concentrations (5mg/l) of the copper and zinc salts solutions, Marzhan rice
cultivar is more stable; nevertheless, at the higher concentrations (10 and 25mg/1) the above named cultivar turned
out to be less stable as compared to the AiSaule and Titan cultivars. The research results obtained may be used in
the process of morpho-physiological modelling of future new cultivars of rice that are more resistant (tolerant) to
stressful influence of ecological factors (for example, heavy metal salt solutions).

Key words: rice, varieties, heavy metals: copper, zinc, cadmium; effect of heavy metals on biomass
accumulation by rice cultivars.

Introduction. In modern conditions as a result of intensification of industry and agriculture, mining,
fuel burning by all types of vehicles, obtaining and using fertilizers, pesticides for agriculture, improper
recycling of waste, the amount of heavy metals emitted into the environment, which pollute the
atmosphere, hydrosphere and soils increased dramatically [1,2,9]. Gas and aerosol emissions from
industry, cars and transport vehicles are oxidized and react with water vapor and as a result acid rain drops
into the soil. Most of these harmful gases are sulphuric and nitrogen oxides. In summer, these aerosol and
dustlike substances settle on the surface of plant leaves and penetrate through the mouths inside the tissue
and have adverse effects. In autumn, these substances, together with the leaves, enter the soil when they
fall down. The contamination of soil in such ways causes worries to scientists and specialists of
agricultural enterprises. Soils of agricultural lands and pastures of Kazakhstan on large areas are polluted
in such ways. Then, through trophic connections these substances enter into human organism and have
negative influence on health of population [3-10]. Many heavy metals are highly toxic to all organisms,
including plants. They accumulate in the environment and do not decompose.
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The majority (60-80%) of heavy metals such as zinc, copper, nickel and others are trace elements and
some of them are part of pigments, enzyme systems and physiologically active substances. However, the
accumulation of heavy metals in plants, animals and humans have an adverse effect on physiological and
biochemical processes in their bodies, and other metals, such as cadmium, are potentially toxic in any
concentration. Therefore, the content of heavy metals in soils, water reservoirs and the atmosphere should
not exceed the permissible (harmless) level. Otherwise, through a trophic connection through plant and
animal products enter the human body and have a negative impact. Therefore, study of the regularities of
their intake and accumulation in plant organisms and their influence on biomass formation contributes to
correct assessment of heavy metals impact [3-9]. According to many researchers, as a result of the
influence of heavy metals, especially cadmium, photosynthesis and other physiological processes are
disturbed, absorption of trace elements and nutrients is reduced, enzyme systems are disrupted, plant
growth slows down, mass accumulation of roots and aboveground biomass decreases. In toxic
concentrations, heavy metal ions can cause significant deviations in cell metabolism. As a result, root
growth and branching are slowed down. This leads to a decrease in the total and adsorbing surface of the
root, and then the plant gradually dies [11-15]. Therefore, studying the influence of heavy metal salts
solutions on rice biomass accumulation has a certain practical interest.

The purpose of scientific research. To study the influence of different saline concentrations of
copper-Cz, zinc-Zn, cadmium-Cd on the accumulation of dry biomass of types of rice Marzhan, AiSaule,
Titan and the reaction of these varieties.

Materials and methods of research. The object of research are varieties of rice Marzhan (standard),
AiSaule (newly zoned variety of Kazakhstan selection), Titan (variety of Russian selection). Various
saline concentrations of copper (CuSQy), zinc (ZnNOj;), cadmium (CdCl,) - (5 mg/l, 10 mg/l, 25 mg/l)
were used as heavy metals. Experience was conducted on 30 variants by variety. Scheme of experience:

For variety Marzhan: 1 - control (without applying saline of heavy metals); 2 variant - 5 mg/l
solution of copper salt; 3 variant - 10 mg/1 solution of copper salt; 4 variant - 25 mg/1 solution of copper
salt; 5 variant - 5 mg/1 solution of zinc salt; 6 variant - 10 mg/l zinc salt solution; 7 variant - 25 mg/1 zinc
salt solution; 8 variant - 5 mg/l cadmium salt solution; 9 variant - 10 mg/l cadmium salt solution;
10 variant - 25 mg/l cadmium salt solution.

For variety AiSaule: 11 - control (without applying saline of heavy metals salts); 12 - variant -
5 mg/1 of copper salt solution; 13 variant - 10 mg/1 of copper salt solution; 14 variant - 25 mg/1 of copper
salt solution; 15 variant - 5 mg/1 of zinc salt solution; 16 variant - 10 mg/1 zinc salt solution; 17 variant -
25 mg/l zinc solution; 18 variant - 5 mg/l cadmium salt solution; 19 variant - 10 mg/l cadmium salt
solution; 20 variant - 25 mg/l cadmium salt solution;

For variety Titan: 21 variant - control (without making solutions of heavy metals salts; 22 variant -
5 mg/1 of copper salt solution; 23 variant - 10 mg/l of copper salt solution; 24 variant - 25 mg/1 of copper
salt solution; 25 variant - 5 mg/1 of zinc salt solution; 26 variant - 10 mg/1 zinc salt solution; 27 variant -
25 mg/1 zinc salt solution; 28 variant - 5 mg/l cadmium salt solution; 29 variant - 10 mg/l cadmium salt
solution; 30 variant - 25 mg/l cadmium salt solution. Experience is repeated three times. Full seeds of the
named rice varieties were washed 3-4 times with household soap, then several times treated with 16%
hydrogen peroxide solution, then several times washed with distilled water. Seeds were grown according
to the above mentioned variants.

Results of research and discussion. As shown in table 1 and figure 1, 2 on the variant without
heavy metals (control) the accumulation of dry biomass of Marzhan varieties will be considered 100%.

With low (5 mg/l) concentration of copper salts, the accumulation of dry biomass of Marzhan rice
varieties was 57.7% of the control, i.e. the weight reduction of plants was 42.3%. At the same
concentration of zinc salts solutions, the accumulation of dry weight of plants was 43.9% of the control,
i.e. the reduction of dry biomass accumulation was 56.1%. At the same concentration of solutions of
cadmium salts the accumulation of dry biomass was 17.8% of control, i.e. the weight reduction of
Marzhan variety plants was the greatest - 82.2%, compared to solutions of copper and zinc salts (table 1,
figure 1, 2). When applying the average (10 mg/l) concentration of solutions of copper salt, the
accumulation of dry biomass of Marzhan rice was 39.4% of the control, i.e. the weight loss of plants was
60.6%. With the same concentration of zinc salt solutions, the weight of plants was 29.3%, i.e. the decrease
in rice biomass was 70.7%. At the same concentration of solutions of cadmium salt, the dry biomass of
plants was 14.4% of the control, i.e. the weight reduction of plants was 85.5% (table 1, figure 1, 2).

20
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When applying a relatively high (25 mg/l) concentration of copper salt solutions, the accumulation of
biomass was 24.7% of the control, i.e. the decrease was 75.3%. With the same concentration of zinc salt
solutions, the accumulation of dry biomass was 13.9% of the control, i.e. the biomass decrease was
86.1%. At the same concentration of cadmium solutions, the accumulation of dry weight of Marzhan rice
was 7.2% of control, i.e., the negative influence of cadmium salt solutions was strong in comparison with
solutions of copper and zinc salts, and the weight reduction of plants was 92.8% (figure 1, 2). As shown in
table 2 and figure 3, 4, the indicator of rice biomass weight of AiSaule variety in the control version
(without heavy metals) is 100%.

Table 1 — Influence of heavy metals on biomass accumulation for 10 day seedlings of Marzhan rice variety

Experimental Average dry biomass, (Cu) Average dry biomass, (Zn) Average dry biomass, (Cd)
Options mg % mg % mg %
Control 1,516 100 1,505 100 1,579 100
5 mg/l 0,874 57,7 0,660 43,9 0,281 17,8
10 mg/1 0,598 39,4 0,442 29,3 0,227 14,4
25 mg/l 0,374 24,7 0,209 13,9 0,113 7,2

100
80
60 OControl
ES5mg/l
40 O10mg/l
025mg/1

20

copper zinc cadmium

Figure 1 — Influence of heavy metals on biomass accumulation for 10 day seedlings of Marzhan rice variety

Figure 2 — Influence of heavy metals on the variety Marzhan: cadmium - CdCl, (left side) and zinc - ZnNO; (right side)

At a low concentration (5 ml/l) of copper salt solutions, the weight of AiSaule rice biomass was
45.7% of the control, i.e. a 54.3% decrease in the weight of plants compared to the control. With the same
concentration of zinc salts, the weight of the plants was 58.8% of the control, i.e. the biomass decrease
was 41.1%. At the same concentration of cadmium salts, the weight of biomass was 22.7% of the control,
i.e. the weight reduction of plants was 77.3% (table 2, figure 3, 4).
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At an average (10 mg/l) concentration of copper salts, the weight of AiSaule rice biomass was 37.1%
of the control, i.e. the weight reduction of plants was 62.0%. At the same concentration of zinc salts, the
weight of rice plants was 26.2% of the control, i.e. the decrease in dry biomass was 73.8%. At the same
concentration of cadmium salts the weight of rice plants was 18,9%, i.e. the decrease of dry rice biomass
in comparison with the control was significant - 81,1% of table 2, figure 3, 4.

At higher (25 mg/l) concentration of copper salts, the accumulation of dry rice biomass of AiSaule
variety was 10.4% of the control, i.e. the weight reduction of plants was 89.6%. At the same concentration
of zinc salts, the accumulation of biomass was 18.2% of the control, i.e. the weight loss of biomass was
81.8%. At the same concentration of cadmium salts, biomass accumulation of rice plants was 14.5% of

the control, i.e. the weight reduction of plants was the largest in comparison with the control (without
heavy metals) - 85.5% (table 2, figure 3, 4).

Table 2 — Influence of heavy metals on biomass accumulation for 10 day seedlings of AiSaule rice variety

Experimental Average dry biomass, (Cu) Average dry biomass, (Zn) Average dry biomass, (Cd)
Options mg % mg % mg %
Control 1,613 100 1,297 100 1,133 100
5 mg/l 0,737 45,7 0,762 58,8 0,257 22,7
10 mg/1 0,598 37,1 0,340 26,2 0,214 18,9
25 mg/l 0,168 10,4 0,236 18,2 0,166 14,5

100
80
60 OControl
B5mg/l
40
0O10mg/1
20 025mg/1

copper zinc cadmium

Figure 3— Influence of heavy metals on biomass accumulation for 10 day seedlings of AiSaule rice variety

Figure 4 — Influence of heavy metals on AiSaule: copper - CuSO, (left side) and zinc - ZnNO; (right side)

As shown in table 3, figure 5, 6, if the control (without heavy metals) of Titan rice biomass is 100%,
then at a concentration of 5 mg/l of copper salt solutions the weight of biomass was 48% of the control,
i.e., the decrease was 52%. At the same concentration of zinc salt solutions, the dry biomass was 67.2% of
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the control, i.e. 32.8%. At the same concentration of solutions of cadmium salts the weight of dry biomass
was 37% of the control, the reduction of biomass accumulation was much higher - 63%.

At an average concentration (10 mg/l) of copper salt solutions, the weight of dry biomass of the
grade Titan was 42% of the controls, i.e., biomass accumulation was reduced by 58%. At the same
zincconcentration, the dry biomass was 67% of the control, i.e. the weight reduction was 33%. At the
same concentration of cadmium salts the dry biomass was 28% of the control, i.e. the reduction was much
higher than the option without heavy metals (control) - 72% (figures 5, 6).

When applying a higher concentration (25 mg/l) of copper salts, the dry biomass of Titan rice was
37% of the control (without heavy metals), i.e. the decrease was 63%. At the same concentration of zinc
salts, the accumulation of plant dry matter was 37.5% of the control, i.e. the decrease was 62.5%. At the
same concentration of cadmium salts, the accumulation of dry rice biomass was 27.7% of the control, i.e.
the weight reduction of plants was 72.3% (figure 5, 6).

Table 3 — Influence of heavy metals on biomass accumulation for 10 day seedlings of Titan rice variety

Experimental Average dry biomass, (Cu) Average dry biomass, (Zn) Average dry biomass, (Cd)
Options mg ‘ % mg ‘ % mg ‘ %
Variety Titan
Control 1,543 100 1,493 100 1,576 100
5 mg/l 0,739 48 1,003 67,2 0,583 37
10 mg/1 0,648 42 0,996 67 0,440 28
25 mg/l 0,571 37 0,560 37,5 0,437 28
100
90
80
70
60 OControl
50 B Smg/l
40 O010mg/1
30 025mg/l
20
10

0
copper zine cadmium

Figure 5 — Influence of heavy metals on biomass accumulation for 10 day seedlings of Titan rice variety

Figure 6 — Influence of heavy metal salts solutions CuSO, on Titan variety
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With the same concentration of cadmium salts, the accumulation of dry rice biomass was 27.7% of
control, i.e., the weight reduction of plants was 72.3% (figures 5, 6).

Conclusion. With increasing salt concentrations of heavy metals (copper, zinc, cadmium) the
accumulation of rice plant biomass decreases. At the same time, the influence of cadmium salt solutions
concentration was stronger compared to the same concentration of copper and zinc salts. The negative
influence of solutions of salts of heavy metals on the accumulation of biomass of varieties of rice
Marzhan, Titan and AiSaule can be shown in the following sequence: cadmium > copper > zinc.
However, Marzhan and AiSaule rice varieties were less resistant than Titan.

K. H. Kaiiabi6aii', T. K. Mez[eyosal, A. H. Kaauesa’

Kasak yiTTBIK KbI3Aap MeJarorukaliblK YHUBepCUTeTi, Anmatel, Kazakcran;
Abaii aTeiHmare! Ka3ak YITTHIK TeAaroruKaislK YyHUBepcHTeTi, AnMatsl, Kazakctan

AYBIP METAJUI T¥3IAPBIHbIH KOHHEHTPALIIUSICBIHA
BAWJIAHBICTBI KYPIIII COPTBIHBIH BUOMACCA KUBIHTBIT'bI

AnHoTanus. PecryOnmkaHbIH KOIl aiiMarbl Ta3, CYWBIK JKOHE KAaTThI KYHIEri eHMipic KaJABIFBI, TPAHCIOPT
HIBIFAPBIHABICHI, CYJb(aT kKOHE ayblp MeTanJapMeH JacTaHyna. Ayblp MeTajiap/bl Kep KbIPTHICHIHBIH CiHIpYi
TOTIBIPAKTHIH OpTa peakIusicbiHa Toyenai. COHPIMEH KaTap, TONIBIPAK EPIiTIHAICIHIH aHUOHABIK KYPaMBIHBIH Aa 30D
MaHbI3bI 0ap. KeIIIKBIT opTaga KOPFAchlH, MBIPHINI, MBIC, aJl CUITUIIK OpTaja KaaMHUKA MeH KOOaabT CIHIIpIITeH.
AybIp MeTangap TONbIpaK KYpaMblH/a OPraHUKAaNIbIK 3aTTapMEH KypAeii KOMIUIEKC Ty3yre KaOijaerTi. OciMaikTep
JICHECIHIC ayblp METAJbIH KUHAKTAIYbl OPraHU3M/IC KYPETIH MaHBI3AbI (PH3HOIOTUSIIBIK-ONOXUMHSIIBIK Yepic-
Tepre aifrapibIKTai Tepic acep ereni. COHIBIKTaH XKOFapblIa alThUIFaH KYp/elli 9KOJIOTHSIIBIK MACceliesiep OChI 3epT-
TEY JKYMBICBIHBIH MaKCcaThl MEH MiHIETTEPiH aHBIKTAIbI.

3epmmey scymoicvinbiy makcamsl. Kypim nakpUtelHBIH Mapikan (ctanmapt) skoHe AiCayne (kaHamaH
ayJlaHAACTBIPBUIFaH) COPTTapbIHBIH Kyprak OMomacca KHMBIHTBIFbIHA KaJMUH, MBIC )KOHE MBIPBIII METAJUT TY3aphl-
HBIH TYPJIi KOHIIEHTPAIUACHIHA PEAKIIUSACHIH CaTBICTRIPMAIBI TYPAE 3€PTTEY.

3epmmey HcYMbICHIHBIH, HBICAHBL JHCIHe d0icmemeinepi. 3epTTey HBICAHBI PETIHAE KYPIlll JaKbUIBIHBIH MapskaH
)koHe AMCayne copTTaphIHBIH ASHI jkoHE ayblp metainn periage Mbic (CuSQOy), Meipeim (ZnNOs) xoHE KaaMUiA
(CdCl,) ty3mapeiabie Typmi (5 mr/m, 10 mr/m, 25 Mr/m) KOHIEHTpAUMsIBI CPITIHALICP] alblHABL. ToxipnuoOe
20 BapuaHT OOMBIHIIIA BUTFAJIBI OpTaa KYPTi3iii.

AiuCayne copmsr: 1 — Gakpuiay BapuanThl, 2 Bapuant — 5 mr/n CuSO, Ty3b epitingici; 3 Bapuant — 10 mr/n Cu
Ty3 epiTingici; 4 Bapuant — 25 mr/n Cu Ty3 epitiHmici; 5 BapuanT - 5 mr/in ZnNO; Ty3 epitinmici; 6 Bapuant — 10 mr/n Zn
TY3 epitiHzuici; 7 Bapuant — 25 mMr/n Zn 1y3 epirinaici; 8 Bapuant — 5 mr/n CdCl, ty3 epitinaici; 9 Bapuant — 10 mr/n
Cd ty3 epitinmici; 10 Bapuant — 25 mr/it Cd Ty3 epiTiHmici;

Mapiwcan copmer: 11 Bapuant — 6axpuiay; 12 Bapuant — 5 mr/n CuSO, Ty3 epirinaici; 13 Bapuant — 10 mr/n
Cu 1y3 epitingici; 14 Bapuant — 25 mr/a Cu ty3 epitinnuici; 15 Bapuant — 5 mr/n ZnNO; Ty3 epitinuici; 16 Bapuant —
10 mr/n Zn ty3 epiringici; 17 Bapuant — 25 mr/n Zn ty3 epitiagici; 18 Bapuant — 5 mr/n CdCl, ty3 epitinmici;
19 Bapuant — 10 mr/n Cd Ty3 epitiamici; 20 Bapumant — 25 mr/m CdCl, (Mapxan copThl) Ty3 epiTiHZiciHe
€CenTeNreH. Op BapuaHT 3 KalTanay apKbUIbl XKYPri3iii.

3epTTeyre ajblHFAaH OCIMIIK MOHIH OHAIpyre KoiMac OYpBIH, TONBIK KAJBINTACKAH IOHMAI IpIKTEN aJIbIIl,
3-4 xaiftapa Kapa caOBIHMEH XybIN, 16% cyTteri TOTHIK epiTiHziciuae 5-10 MuHYT eHzmen, omaH KeifiH GipHerre
KaWTapa TUCTWIBIEHTEH CyMEH JKYBUIBIIN, 3aJIAICHI3AaHABIPEUIABI. TYKBIMAAp OHIipyre ayslp MeTajchl3 Oakbuiay
BapUaHThI )koHE 18 BapuaHT ayblp METaJUI TY3 epITIHAUIEPIHIH 9pTYPIli KOHLIEHTpauUsIapbl OOWbIHILIA KOHBUIIBL.

3eprrey HoTHKeCi. Makanana Mapykan, AiiCayie, Tutan Kypilll COPTTapbIHBIH OMOMacca KHUbIHTBIFbIHA MbIC-
Cu, MbIpbi- Zn, kanmuid- Cd ayslp MeTaml TY3bIHBIH dcepi 3epTTelNill, TAIKbUIAaHFaH. AybIp METaJll TY3bIHBIH
KOHLICHTPALMSICHl apTKaH J>Kardaiijia Kypilll COPTTapbIHBIH SJEIKiZeri OMOMacCachbIHBIH JKUBIHTBIFBI TEXKeNel
(a3asgpl). ATanFaH Kypilll COPTTapbIHBIH OMOMAacca >KHBIHTBIFBIHA MBIC, MBIPBIII TY3 €pITIHALIEpiHE KaparaHaa
KaJMUH TY3BIHBIH acepi KyITipek OoJibl. Ayblp MeTajiap TY3IapbIHBIH KYpIll JaKbUIBIHBIH KypFrak Ouomacca
JKUBIHTBIFBIHA OCepi KelleCi PeTIeH KY3ere acaabl: KaaMHA > MBIC > MBIPHIIL. TeMeH KOHIEHTpamwsaa (5 Mr/m)
MapxaH COpTBIHBIH OMOMAacca >KHBIHTBIFBI KYIITIpeK OonraHbIMeH, oprama (10 mr/m) s>xoHe >koFapbl (25 wmr/m)
KOHIICHTpaLUsIAa J)KaHalaH ayJaHnacTeipbuiran ACayne xone TuTal (peceid ceJIeKIUACh) COpTTaphlHA KaparaHaa
ecy yaepici kebipek Texenmi. ANBIHFAaH FBUIBIMHA HOTIDKEIep OoJamak >KOFapbl OHIMII opl JKOIOTHSIIBIK
(akTopiapasH (MBICANBIL, aybIp METAJUI TY3 epiTiHAICiHE) Te3IMAl (TOJIEPAaHTTHI) COPTTAPABIH MOPHOPH3HOIOTHSI-
JIBIK MOJICITIH JalbIHAAaFaH A TaliAaanyFa Oomazsl.

Tyiiin ce3mep: Kypimi, coprrap, ayblp MeTajjap: MbIC, MBIPBILI, KaJMHUH Ty3JapbIHbIH KYpIII COPTTaphI
0MOMAaCCAChIHBIH KHUBIHTHIFBIHA 9CEPI.
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HAKOIIVIEHUE BHUOMACCBI COPTOB PUCA B 3ABUCUMOCTHU
OT KOHIIEHTPAIIUA PACTBOPOB COJIEM TSI)KEJBIX METAJLJIOB

AHHoTanusi. bonbumHCTBO TeppuTopun Kaszaxcrana 3arpsi3HeHbl ra3000pa3HbIMH, XHIKUMUA W TBEPABIMHU
OCTaTKaMH TPOMBIIUICHHOCTH, BBIJEICHUSIMH TPAHCIIOPTOB, a TaKxKe Cylb(aramMu M TSOKENbIMH Meraiuiamu. Ha
HAKOIJICHHE TSDKEIBIX METaJUIOB CYIIECTBEHHOE BIMSHHE OKa3blBaeT peakuus pH pacTBopa THOYBHI, a Takxke
AQHMOHHBIN COCTaB MOYBEHHOTO pacTBopa.Tak, B KHCIION cpee MHTEHCHBHO IOTJIOMIAIOTCS CBUHEII, IIMHK, MeJ, a B
IIETIOYHON cpeae — KaaMui M KoOambT. TspKenmple MeTaulbl ¢ OPraHWYECKMMH BEIIECTBAMH IIOYBHI 00pasyer
CIIO)KHBIE KOMIUIEKCHBIE COeQuHEHHUs. [lo3ToMy BBIIIE W3JI0KEHHBIE CIOXKHBIE JKOJOTHYECKHE TPOOIIEMBI
OTIpeNeIHI UETh U 3a4a49H UCCIICIOBAHMS.

Martepuanbpl U MeToAuKa HccjeAoBaHusA. OOBEKTOM HCCIIEIOBAaHUS SBILIIOTCA copTa puca Mapowcan
(cranmapt), AuCayre (BHOBb pPalOHHPOBAaHHBIM COPT Ka3axCTAaHCKOW cenekiuu), lumar (COPT POCCHHCKON
celleKnH), B kadecTBe THKETBIX METAJIOB HCIIONB30BAHO PAa3UYHBIC KOHIEHTPAIMH PACTBOPOB COJEH Mead
(CuSO,), muaka (ZnNOs3), kagmus (CdCly) - (5 mr/mn, 10 mr/m, 25 mr/m). OnsiT nposeaeH o 30 BapuaHTam IO
copram. Cxema ombITa:

Juist copra puca Map:kan: 1 — konmpons (0€3 BHECEHHUS pAaCTBOPOB COJIEH TSHKEIBIX METAIIOB); 2 6apuanm —
5 Mr/i pactBopa cosn Meau; 3 eapuanm — 10 Mr/n pactBopa coiau Meau; 4 eapuanm — 25 Mr/i1 pacTBOpa COJIM ME.IH;
5 sapuanm — 5 Mr/n pacTBopa coyid HUHKA; 6 éapuanm — 10 MI/a pacTBopa COJMHM IWHKA, 7 BapuaHT — 25 mr/i
pacTBOpa ColM IHHKA; 8 6apuanm — 5 MI/JI pacTBOpa cojiM Kaamus, 9 BapuanT — 10 Mr/ia pacTBopa COM KaaMus,
10 BapuaHT — 25 Mr/1 pacTBOpa COIM KaJMHSL.

Has copta AiiCayae: /1 — konmpons (6€3 BHECEHUS PaCTBOPOB COJIEH TSDKEIBIX METAUIOB); /2 — sapuanm —
5 mr/n pactBopa conu meau; 13 eapuanm — 10 mr/n pactBopa coiam meau; 14 sapuanm — 25 Mr/i pacTtBopa CoJId
menu; 15 eapuanm — 5 Mr/im pactBopa cosv uHKa; 16 eéapuanm — 10 Mr/n pactBopa coiu HMHKA; 17 sapuanm —
25 wmr/n pactBopa 1MHKa; I8 eapuanm — 5 mr/a pactBopa coiu kaamus;, 19 eapuanm — 10 Mr/m pactBopa conu
kaamust; 20 eapuanm — 25 MI/a pacTBOpa COH KaaMHUS,

Jdasi copra Twurau: 2/ sapuamm — xoumponb (0€3 BHECEHHS DPACTBOPOB COJIEH TSXKEIBIX METalIOB;
22 sapuanm — 5 Mr/in pactsopa coiu meau; 23 eapuanm — 10 Mr/n pactBopa conu menu; 24 eapuanm — 25 mr/n
pacTBopa coiu Meau; 25 eapuanm — 5 MI/J pacTBOpa CONX IMHKA; 26 sapuanm — 10 MI/i1 pacTBOpa COJIM IIMHKA,
27 eapuanm — 25 MI/a pacTBOpa CONM HUHKA; 28 éapuanm — 5 Mr/i pacTBopa coiu kaamust;, 29 eapuanm — 10 Mr/in
pacTtBopa conu kaamust; 30 eéapuanm — 25 MT/I1 pacTBOpa coyii KaaMusi. [IoBTOPHOCTE OIBITa TpeXKpaTHasl.

[HomHOLIEHHBIE CeMeHa Ha3BaHHBIX COPTOB PHCa U C IENbI0 00EBPEKUBAHMS MX MOMBLUTH 3-4 pa3za X03HiCTBEH-
HBIM MBLJIOM, 3aT€M HECKOJIbKO pa3 oopaborainu 16%-HbIM pacTBOPOM IMEPEKUCH BOAOPOIA U HECKOJIBKO pa3 MPOMBbI-
JU TUCTWIUTUPOBAHHOM Booil. CeMeHa BBIpAIMBAIH COTJIACHO BBIIICYKa3aHBIM BapHaHTaM.

PesyabTaThl HccaenoBaHMsi. HakoruieHWe TSKENBIX METAUIOB B PACTEHHI OKAa3bIBAIOT CYIIECTBEHHOE
HEeraTMBHOE BJIMSHHE HA NPOXOXKJeHHE (H3HOJIOr0-OHOXMMHYECKUX MPOIECCOB B OpraHu3Mme. B cBsi3u ¢ 3THM, B
CTaTbe PaCCMOTPEHBI OCOOCHHOCTH U BIMSHHUE PACTBOPOB CONIEH TSHKEBIX MeTaiwioB (Menu-Cu, UHKa-Zn, KaaMus-
Cd) paznmuHON KOHIICHTpAaMH Ha HAKOIUIEHHS Omomacchl cOpToB puca Mapxan (ctanmapt), AnCayne (BHOBb
paiionupoBannsid) 1 Tutan (poccuiickoil ceneknmu). [Ipu yBenW4eHNN KOHLIEHTPAINH COJICH TSKENBIX METaJIOB
WHTCHCHUBHOCTh HAKOIICHHWS OHOMAacChl COPTOB pHCa B Hadaje BereTallld 3HAYWTENBHO CHIDKaroTca. Ha
HaKOIUIEHHs1 OMOMAacChl COPTOB pHCa BIHUSIHUE PACTBOPOB COJIEW KaaMHs 3HAYMTENILHO OOJbIIE 0 CPABHEHHUIO C
MEIbI0 M IIMHKOM. BIMsiHME TSDKENbIX METaUIOB Ha HAKOIUICHWE OMOMACCHI COPTOB pHCA OCYILECTBISIOTCS B
CIIEAYIOIIEM TMOps/IKe: KaAMUH > Me/ib > UMHK. [Ipy HM3KMX KOHUEHTpalusx (5 Mr/i) pacTBOPOB colieil Meau u
IUHKA cOpT pruca MapikaH OoJiee yCTONYNB, OJHAKO IpH Ooiee BRICOKUX KoHIeHTparmax (10 u 25 Mr/m) Ha3BaHHBINA
COpPT OKa3ajcsi MEHEe YCTOWYHMBBEIM II0 CPAaBHEHHIO C BHOBb PAalOHMPOBaHHBIM copToM AiCayne u copToMm
poccuiickoit  cenekumu  Turtan. Pesynbrarhl  MccienoBaHusT  OyIyT — HCIONIB30BaHBl  NPU  CO3JAHUM
MOP(OPHU3HONOrHIECKO MOJIENN BBHICOKOYPOXKAWHBIX M YCTOWYMBBIX HETaTUBHBIM JKOJIOTHYECKHM (akTopam
(HanmpuMep, BIUSHUIO TSKEITBIX METAIIOB).

KuroueBble ci10Ba: prc, COpTa, TSDKENbIE METAJIIBI: MelIb, IIMHK, KaJIMUH, BIMSHAE PACTBOPOB COJIECH TSIKENBIX
METaJIJIOB Ha HaKOIJICHUE OMOMACCHI COPTOB PHCa.
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