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RESEARCH OF THE CONTENT OF ZINC AND LEAD
IN THE LIGHT-CHESTNUT SOILS ON THE TERRITORY
OF ISLANDS “POLKOVNICHII” (KAZAKHSTAN)

Abstract. The aim of the work was to study and evaluate the main regularities of distribution of zinc and lead
compounds in light chestnut soils. The study was carried out to assess the impact of man-made pollution on the
environment and monitoring of soil pollution. The objects of research were the natural typical light chestnut soils of
“Polkovnichii” island, located in the city of Semipalatinsk (Semey), Kazakhstan. For the monitoring, samples of all
available genetic horizons of the soil section were applied. It is established that with increase in content of physical
clay in the soil the maintenance of a bulk form of lead increases. With increase in maintenance of a humus in the soil
the tendency to increase in maintenance of a bulk form of Zn is observed. The total lead content varies from 4.91 to
12.24 mg/kg; the total content of zinc is in the range of 14.84-23.67 mg/kg. It has been revealed that, according to
the level of the average content of the mobile form of zinc, the researched soils are related to the average soils
provided by these elements. The authors conclude that it is necessary to study the effect of the physical and chemical
properties of the region’s soils on the effectiveness of zinc fertilizers and to continue research in this direction.
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Introduction

The soil produces minerals from the substances which are contained in it, the introduced fertilizers,
pollinators. The minerals which are contained in them pass into plants. Therefore the plants going to food
reflect features of microelement structure of this soil and its geological structure. Emissions of industrial
plants also contain harmful impurities deposited on the soil. So, in the soil around the enterprises of non-
ferrous metallurgy there are oxides of lead, tin, molybdenum, arsenic, etc.; around factories of ferrous
metallurgy contain zinc, lead, phenol, arsenic, sulfur [1-3]. Excess of minerals, such as mercury, lead,
cadmium or selenium, obtained from vegetable or animal food, can cause the human body poisoning,
whereas copper deficiency, iron, manganese, zinc, iodine, fluorine, cobalt and molybdenum cause a
variety of problems related to nutrition [4, 5-8]. In natural, uncontaminated reservoirs and in places where
there are no enterprises for production and processing of minerals and where mineral substances are not
brought in the soil as fertilizers or growth factors of plants, minerals contain, as a rule, in thousand or ten-
thousand shares of milligram on water liter.

At the solution of practical questions of environmental protection from anthropogenic pollution the
important place is taken by data on the content of toxiferous ingredients in soils of the concrete region. At
pollution level assessment as background usually take uncontaminated territories with a similar soil cover
for which concentration of heavy metals are known. The way of analogy in this case is very difficult to
observe, since city soils are urban soils, strictly speaking there are no analogues in natural conditions. In
this regard, there is an urgent problem of finding a local urbanized background that could be used to
assess the level of soil contamination.
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The aim of the work was to study and evaluate the main regularities of distribution of zinc and lead
compounds in light chestnut soils.

The natural typical light chestnut soils of “Polkovnichii” island (fig. 1), located in the city of
Semipalatinsk (Semey), Kazakhstan, were chosen as objects of research. The city of Semey is divided by
the Irtysh River on left-bank and right-bank. In the middle of the Irtysh River there is an island
“Polkovnichii” (fig.2). The original and present name of the island is associated with the name of Matvei
Ivanovich Geytsig, the lieutenant colonel (later Colonel), who was appointed commandant of the
Semipalat fortress in 1787. The name of the island “Polkovnichii” is mentioned in plans from the 19th
century [8]. The island “Polkovnichii” is one of the main sights of Semey. During its long history, it
experienced different periods. To restore the island to its former glory, it is necessary, first of all, to
change its consumer attitude to natural resources. Today, the fate of the Polkovnichii’s Island is also
worried about environmentalists, public figures, and law enforcement agencies.

Figure 2 — General view of the island location map

For tests were taken samples of all of the genetic horizons of the soil profile. Definition of
macrocomposition of all tests of soils (pH, a humus, CO, of carbonates, granulometric composition) was
carried out by standard methods [9].

Among the heavy metals as studying objects lead and zinc have been taken. The choice of these
clements is due to two factors: firstly, the physiological importance of zinc in living organisms and in
particular for plants, and second - the lack of information on the biogeochemistry of these elements on the
island “Polkovnichii” needed to solve a number of scientific and practical issues [10, 11].
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Lead (Pb) is a metal that has long been extracted and used by man in various spheres of economic
activity. Just as long ago, the negative impact of lead on human health is known: already in the II century
of BC signs of “saturnism”, lead poisoning of the organism, were described. In urban conditions, the most
studied is lead contamination: it is more where there is more humus (the soil of the city is parks, gardens,
squares, transport arteries). In the soils of transport highways lead is detected even at great depths.

Zinc (Zn) is one of the most important trace elements: it is part of the enzymes that lead and regulate
many vital processes. Zinc increases the heat and frost resistance of plants. With its lack in the soil, the
inorganic phosphates are slowed down into organic plant compounds. On the other hand, a significant
increase in the content of zinc in the components of the environment and foodstuffs negatively affects
living organisms, accompanied by a deterioration in human health. Plants have a different ability to
absorb zinc from the soil. Of all heavy metals, zinc is the most mobile element and is well absorbed by
plants.

The content of heavy metals in the explored soils was determined on the KFK-3 device by a
photocolorimetric dithizone method by G.Ya.Rin’kis’s recipe [9, 12, 13]. The reproducibility of the
method was equal to + 4.2%. Selection of fractions of Pb and Zn was carried out by method of parallel
extraction. All analytical data were processed by mathematical analysis and mathematical statistics in soil
science according to E.A . Dmitriev [14].

Results and discussion

Results of the performed researches (table) show that the average total content of lead in the general
set of soil samples of the investigated territory in 1.2 time, of zinc — is 2.4 times lower than their clark
contents in soils.

Table - The total content of lead and zinc in the light chestnut soils of “Polkovnichii” island (in mg/ kg)

Metal K., Mztm, V., % Clark in a Clark in the Maximum concentra-tion
soil [15] lithosphere [15] limit in the soil [5]
Pb 491-12.24 832+1.05 34.0 10.00 16.0 100
Zn 14.84-23.67 20.86+ 1.37 17.0 50.00 83.0 300

Note: K, - a range of a variation, M=m — an arithmetic average and its mistake, V — variation coefficient.

The studied heavy metals on magnitude of the average total content are arranged in such a way:
Zn>Pb. On value of coefficient of a variation (in %) heavy metals in the researched soils are located in the
following decreasing order: Pb (34)>Zn (17).

It was found that the content of total forms of heavy metals on a profile of soils is distributed
unevenly. The maximal content of lead is characteristic of the illuvial horizon of By, minimum - of the
humic horizon A. The maximal content of a total form of Zn is characteristic of the humic horizon of A,
and the humic and accumulative horizon of A;, minimum - of the transitional horizon of BC. The
increased content of a total form of Zn in the humic and humic and accumulative horizons is explained by
the increased contents in them of the maximum quantity of a humus, and also higher value pH. In turn, the
increased content of a total form of lead in the illuvial horizon B, is explained by the increased contents in
this horizon of the maximum quantity of physical clay (<0.01 mm), possible carbonaceous and alkaline
geochemical barriers.

According to numerous researches, organic matter and its components form various complex
compounds with heavy metals [6, 11], and the fine-grained mineral phase is the strong adsorbent of heavy
metals [7]. Results of the carried out researches show that with increase in content of physical clay in the
soil the content of a bulk form of lead increases, and also with increase in content of a humus in the soil
the tendency to increase in content of a bulk form of Zn takes place. Reaction of aqueous soil slurries in
the humic and humic and accumulative horizons is neutral. Namely at values pH, the close to neutral, the
maximum of absorption of heavy metals by organic matter and clay minerals is reached [7, 16]
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Amplitude of fluctuation of content of elements in the soil is a little various: for lead accumulation in
the top horizon of the soil sharply increases with a depth, on the contrary, accumulation in the humic and
accumulative horizon which gradually decreases is characteristic of Zn. It indicates that lead in the
researched soils is less mobile metal, is capable to form steady compounds with finely dispersed mineral
phase of the soil. It should be noted that zinc in these investigated soils relates to metals less mobile in the
soil; a key role in this belongs to an organic substance capable of forming stable complexes with zing,
which is very important and has great practical significance for the management of migration and
bioavailability of this element in the soil. The research of the work showed that the observed the unequal
correlation between the total content of heavy metals and indicators of humus, soil pH and physical clay.
A positive reliable correlative dependence of content of a total form of lead only on availability of
physical clay is revealed. In the investigated light chestnut sandy loam soils reliable positive correlative
dependence between the total content of Zn and existence of a humus, and also value pH is found. The
established level of total contents in soils of the studied urbanized background is much lower than the
recommended maximum permissible limits. V.V Kovalsky established the threshold concentrations of
some elements in soils according to their possible pathological influences on farm animals [17]. When
compared with these threshold concentrations total zinc content is within the lower threshold boundary.
The investigated light chestnut soils of “Polkovnichii” island are characterized by low total zinc content
in comparison with soils of different regions [12, 13, 16, 17]. According to gradation to Ya.V Peyv and
G.YaRin’kis [9, 12-14], by the level of average content of the mobile form of Zn the researched soils
belong to the medium soils accordingly presence of this element.

Data on the background content of zinc and lead in the studied soils are very valuable, give the
possibility of systematic observations in this natural region and improve the objectivity of the evaluation
of the emerging environmental conditions. In recent years farmers to the soil introduce Zn-containing
fertilizers therefore carrying out a research of influence of physical and chemical properties of soils of the
region on effectiveness of zinc fertilizers has applied value. Thus, as a result of the research it was found
that the studied soils are characterized by deficiency of zinc content and by the level of the average
content of mobile forms of zinc belong to the medium soils by the presence of this element. This must be
considered when using zinc-containing fertilizers into the soil. It is necessary to carry out detailed
investigation of the influence of physical and chemical properties of the soil in the region on the
effectiveness of zince fertilizers, and to continue research in this direction.

Conclusion

The researches on the soils of the territory of the island “Polkovnichii” (Kazakhstan) for an
assessment of the main regularities of distribution of forms of finding of Zn, Pb in light chestnut soils
were carried out. It is found that the total content of lead fluctuates from 4.91 to 12.24 mg/kg, the average
value is equal to 8.32 mg/kg, the coefficient of a variation is equal to 34.0%; the total content of zinc is in
limits of 14.84-23.67 mg/kg, the average value is equal to 20.86 mg/kg, the coefficient of a variation is
twice less, than for lead and amounts 17%. Average total content of lead in 1.2 times, zinc - 2.4 times
lower than their clark contents in soils. The total content of zinc in the soils of investigated area is located
within the lower threshold limits. Migration of forms of finding of lead and zincum on a profile of the soil
happens nonuniformly: accumulation of zinc is noted in the top horizons of the soil — humic A, and the
humic accumulative horizon of A;. It indicates the leading role of soil organic matter in accumulation of
this element. Lead accumulation occurs in the illuvial horizon B; of the investigated soils, due to the
increased content of physical clay in this horizon.
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O0XK: 543.5
MLIIL Axmerxanmesal, JLP. CacbixoBa'’, E.A. OyGoKipoB L A.C./KymakaHoBa 2 3C. CenguBenan

19J1—<I>apa61/1 aThIHIarbl Kazak YITTHIK YHUBEpCHUTETI, ATMATH K., Kazakcram,
2j:[.B. CoKkomnbCcKuit aThIH/Iarbl JKaHapMali, KaTam3 jKoHE RIIEKTPOXUMUS HHCTUTYThL, ATIMaTthl K., Kazakcran
*FBUIBIME-3epTTeY HHCTHTYTHI, yHUBepeuTeT, Chennai-600095, Tamur Hazy, YHticTaH

«IIOJIKOBHAYMIA» APAJIBIHIAFBI AIIIBIKKAIITAH/IBI TOIBIPAK,
KYPAMbBIHAH MBIPBIII )KOHE KOPFACBIH MOJIIIIEPIH 3EPTTEY

Tipek ce3/ep: aIbIKKaIITaH/IbI TOIBIPAK, MBIPHIITL, KOPFACHIH, MOHUTOPUHT, «IlonkoBHUUMIDY apaisl, CeMel.

AnHoTarust. JKYMBICTBIH MakcaThl albIKKAIlTaH/bl TOIBIPAK KYPaMbIHAH MBIPBII YKOHE KOPFACHIH KOCBHUIBICTAPHIHBIH
TapaTybIHBIH HET13T1 3aHBUIBIKTAPBIH OaFaiay MEH 3epTTey GOJBIT TabhUiapl. 3epTTey KopIlaraH opTara TEXHOTEH/II JlacTay-
IIBDIap/AB! Garanay MEH TOIBIPaKTBIH JacTaHybIHA MOHHTOPHHI Kacay YIIH >KYPri3uiii. 3epTrey HblcaHbl peTiHae Cemelt Kaa-
CHIHBIH MaHbIH/la OpHalackaH «lI0IKOBHMYMID) apaibIHBIH TaOHFU allbIKKAIITAH/bI TOIIBIPAFsl albH/BL MOHHTOPHHT Kacay
YIIIH MeHETUKAIBIK TOPU30HTAILBI TOIBIPAKTHIH GapibIK YITici KOLaHULBL. ToIbpak KypaMbIHIa (QU3HKABIK Ca3/bH Mell-
Tepi apTKaH calibIH KOPFACHIHHBIH BAIJIBIK TYPIHIH YIleci Jie apTajpl. ToIbIpak KypamblH/a ITyMyC MeJIepl apTKaHia MbIPBITI-
TBHIH BaJJIBIK TYPL apTaThIHBl Gaifkanapl. KoprachHHBIH Bamiplk Memmepi 4,91-1en 12,24 wmr/kr, am MuIpsonn Merepi 14,84-
23,67 Mr/kr Gonmajpl. 3epTTeNreH TOIBIPaKTa MBIPBIIITHIH OpTalia KO3raaMalbl TYPl TOIBIPAKTBl OCHI SIIEMEHTIIEH KaMTaMachl3
eTy/IiH opTalla JieHrefiHe KaTaTbIHBI aHBIKTAIBl. ANMAKTHIH TOIBIPAFbIHBIH (HH3HUKAIBIK-XUMUSIIBIK KACUETIHE MBIPBITITHIH ThI-
HAWTKBITIEIHBIH THIMALTITIHE KeTKUTIKT1 3epTTey KaKeT JeTeH TYKBIPhIMFa Kelil, Gy GarbITTarbl 3epTTey Il KAIFacThIPy Kepek.

VJIK 543.5

MLIIL Axmetkamnesa’, JLP.CacbikoBa', E.A.AyﬁaKI/IpOBl, A.C.)KyMaKaHOBaz, 3C. CenmnBenan

"KazaxcKuil HAIMOHATBHBII YHUBEpCHTET UM.ab-Dapatu, AMatsl, Kasaxcray,
e} «HCTHUTYT TOIUIMBa, KaTanu3a U 3rekTpoxumud uM. J[.B.Cokonbckoroy, Anmartsl, Kasaxcran,
3 HayuHo-Hcclie/IoBaTelbeK it HHCTHTYT, YHHBepenteT YeHHai-600093, TaMumHay, MHms

HUCCIEJOBAHUE CONEPKAHNS NUHKA U CBUHIA B CBETJIO-KAIITAHOBBIX ITOUYBAX
HA TEPPUTOPUH OCTPOBA «IIOJIKOBHUYINH» (KASAXCTAH)

Annorarus. [{enpio paGoThl SBISIETCS M3YUEHHWE W OIEHKa OCHOBHBIX 3aKOHOMEPHOCTEH pacIpejielieHus] COeTMHEeHMH
IIMHKA ¥ CBUHITA B CBETIO-KAIITAHOBLIX IToUBax. llccrmemoBaHme MpoBOAMIOCH TS OIEHKU BIMSIHUS TEXHOTEHHOTO 3arPsI3HEHIS
Ha OKPY>KaloMIyIo cpely U MOHHUTOPHUHT 3arpsi3HeHus mouB. OGBHEKTH HCCIeJOBAHHUM — ATO €CTeCTBEHHBIE TUIMIHBIE CBETIIO-
KallTaHOBbIE TIOUBHI ocTpoBa [lonkoBHUUMIL, Haxoamerocs B depte ropoja Cemmmanarunack (Kazaxcran). J[mst MoHUTOpHHTa
OBITH WICIIONB30BAHB OOPa3Ibl BCEX WMEIONMMXCS TEeHETHUeCKMX TOPU30HTOB IOUBEHHOTO pa3pe3a. YCTAaHOBIEHO, YTO C
YBeIMUIEHUEM CcoiepKaiusl (pU3IIecKol TTIMHBL B IOYBE YBEIMUMBACTCS CofleprkaHue BalloBoi GopMbl cBuHIa. C TIOBBITICHUEM
CoJIep KaHMs TyMyca B IToUBe HaGIIOIAeTCs TEHICHIMS K YBENIUEHHUIO COJIepKaHusl BaToBoi GopMbl IMHKa. BarmoBoe cojepika-
HUe cBUHITA Konebnercs oT 4,91 no 12,24 Mr/kr; BamoBoe cojiepkaHre ITMHKA HaxoMuTcsl B Tipefenax 14,84-23.67 mr/kr. Briss-
JIEHO, HUTO TI0 YPOBHIO CPETHETO COAEPKaHMS TIOABMKHOM (GOPMBI ITHHKA HCCIeyeMble TIOUBBI OTHOCSITCS K CPEAHUM 10 obecrie-
UEHHOCTH 3THUMH 3JI€MEHTaMH IouBaM. ABTOPHI JICTAIOT BBIBOJ, UTO HEOOXOAUMO TIPOBECTH WCCIENOBAHUS BIVISTHUIT (HHU3HKO-
XUMHIYIECKUX CBOMCTB IMOUB pervoHa Ha d(HQPEKTUBHOCTD IHKOBLIX yAOOPSHUA U IPOJOIKUTE UCCIESIOBAHMS B HTOM HallpaB-
JICHUH.

KiroueBble ciToBa: CBETIIO-KAIITAHOBHIE TIOUBHI, IHHK, CBUHEI], MOHUTOPHHT, 0cTpoB «I lomkoBHrmminy, CeMHITaTaTHHCK.




