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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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CONTENT OF MANGANESE IN SOILS
OF THE ALAKOL HOLLOW

Abstract. The soils of the Alakol depression are investigated. The physical and chemical properties of brown,
meadow-brown and gray-brown soils, meadow saline, sands of ridge-hummocky half-fastened, marshy (flood plain)
soils, also the gross content and concentration of the mobile form of manganese (Mn) are considered. The concen-
tration of the elements was studied by profiles of soils. The gross content and concentration of the mobile form of
Mn in soils were determined by the atomic absorption method. The statistical processing of the obtained data was
carried out by N. A. Plokhinsky using Microsoft Excel. The level of the concentrations of the element under investi-
gation is estimated, and the character of its intra-profile distribution is considered. The coefficients of the correlation
dependence of manganese content on the physicochemical properties of soils are calculated. Investigations were
carried out to determine the content of total manganese and its exchange form in soil-forming rocks and soils of the
Alakol depression, and their ecological and geochemical assessment was given. Specifically, the content and dis-
tribution of gross manganese in soils and the correlation dependence on the clay fraction, carbonates, pH of the
medium. It was revealed that in the mobile pool of manganese compounds in soils, the share of the mobile form
accounts for 10.5% of the gross content. The information obtained on the content and accumulation of manganese
reflects the patterns of distribution of Mn in the desert soils of the Alakol depression. Their basic physicochemical
properties, the gross content and the exchange (mobile) form of Mn are determined.

Key words: soil, chemical elements, heavy metals, manganese, gross content, exchange form, background con-
tent.

Introduction. Soil is a specific component of the biosphere, a poly-phase, multi-component, poly-
disperse and poly-functional open system possessing significant buffering due to the aggregation of na-
tural properties including chemical pollution by heavy metals [1]. One of the ecological characteristics of
heavy metals is the knowledge of the normal (background) content in soils and parameters of its possible
technical genetic pollution. The knowledge of the level of the background content of heavy metals
including manganese in soils has a significant practical importance for the development of the strategy of
the rational nature use and improvement of the organization of the soil geo-chemical monitoring.

Manganese in plants participates in the breathing process, nitrogen metabolism, protein biosynthesis,
and others. In animal organisms, manganese is essential for normal insulin secretion, reproduction, skele-
tal development, central nervous system functioning and more. According to various researchers data,
manganese is a component of more than 10 enzymes that catalyze a variety of metabolic processes [2, 3].

The soil cover of the Alakol hollow is rather different, but the element-chemical structure is studied
little and demands the ecological- geochemical research as far as the territory has the economical valuable
and recreational significance. The soils of the Alakol hollow are used mainly as the land for pastures and
haymaking,
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The research objective is to study inside the profile and spatial distribution of manganese and its
mobile forms in soils of the Alakol hollow.

Methods. The Alakol hollow occupies the inter-mountainous lake hollow between the mountainous
system of Tarbagatay, Barlyk and Zhetysu (Dzhungar) Alatau in the eastern part of Kazakhstan. In the
west the hollow is attached the eastern part of Lake Balkhash, in the south-east - to the foundation of Lake
Ebinor, situated in China.

The objects of the research are soil-forming rocks and the spreading soils of the Alakol hollow:
brown, meadow-brown and grey-brown soils, grey soils (sierozems), meadow saline soils. There were also
studied the sands of the bed-lumped, semi-fixed, marshy (flood-marshy) soils situated on the low banks of
Lake Alakol. The soil cover of the Alakol hollow is represented mostly by deserted types.

The study of the concentration of the elements was conducted on the profiles of the soils. The content
of the gross and the concentration of the mobile form of manganese in the soils were defined by the
atomic-absorbing method with the use of the spectrometer «k<AAC KBAHT-2A», The physical- chemical
properties of the soils were defined by the general methods used in soil-studying.

The statistical processing of the received data in the course of the research was conducted with the
use of the program of Microsoft Excel on N.A. Plokhinsky [4].

While working up the data there were used the following statistical indices: n-the number of tests;
X £ SX - medium arithmetic and its mistake; (mg/kg); Cy — coefficient of variation (%); lim — limits of
variations (mg/kg); ¢ — standard declining (mg/kg); r — coefficient of correlation.

Results and their discussion. The surface of the alluvial plain of the Alakol hollow is composed of:
clay, loam, sand and less of crushed stone pebbled material. The foot-hill plain of the ridges of Barlyk and
Maily is composed mostly of boulder- pebbled deposits mixed with crushed-stony sands and also in the
Alakol hollow there are sands, which are usually composed of the sorted medium- and small grainy quatz-
field spar sands.

The manganese content in the parent rock material of the investigated region varies from 189.90 to
664.60 mg/kg. The highest concentration of manganese is found in clay-loam and sandy-loam parent rock
materials. Low concentration of manganese is typical for sandy parent rock material.

As the results of the research showed, the average content of humus in the soils of the Alakol hollow
in the horizon (A) is 1.52 %; varying within the limits of 0.10- 3.41 %. The content of carbonate in the
humus horizons varies within the limits of 0.53-18.55 %. The reaction of the soil solution in the upper
horizons is strongly alkaline (pH water within the limits of 8-9.8). The average content of the muddy
fraction on the whole profile of the soils is 12.82 % and varies within the limits of 0.16-30.86 %.

The total manganese in soil of humus-accumulative horizon varies from 354.40 to 749.40 mg/kg, in
average equal to 500.21 mg/kg. According to health-based exposure limit found average content is3 times
lower and total content is 1500 mg/kg [2].

In soil horizon of Alakol hollow the gross manganese content is evenly distributed. Sands, brown
mean clay-loam and gray-brown clay-loam soils achieve the elements content level of parent rock material
(diagram).

As we see in table 1 the maximal average content of total manganese is typical for meadow-brown
sandy-loam soil and minimal average content of total manganese is typical for meadow-brown light-clay-
loam soils.

In brown loamy soils down the horizon decreasing of the element content is seen from 716.8 to
465.5 mg/kg, and also is visible an interaction with humus content decreasing. The humus (r=0.99) has a
great impact on behavior of the element in considered soils.

An average content of manganese in meadow-brown sabulous soils equal to 671.42, and variation
coefficient for meadow-brown sandy-loam soil is 6.92%. Correlation relationship with humus is positive
and strong (r=0.83).

Total manganese content in grey-brown highly skeletal sabulous soils varies from 621.95 to
654.10mg/kg, variation coefficient — 2.55%, average concentration — 636.77mg/kg. The element content is
decreased down the horizon, a strong invert correlation with humus is seen (r=-0.99).

Total manganese content in grey soils varies from 414.6 to 531.40 mg/kg, variation coefficient equal
to 12.36%, average concentration — 472.68 mg/kg. A high positive connection with humus is made
(r=0.89).
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Gross manganese content in humus plane (A) and pedogenic stratum plane (C) diagram for Alakol hollow soils:
1 - Meadow-brown light-loamy soils; 2 - Brown medium-loamy soils; 3 - Brown loamy soils; 4 - Light-loamy grey land;
5 - Meadow-brown sabulous soils; 6 - Grey-brown highly skeletal sabulous soils; 7 - Overflow-marsh soils;
8 - Ringe-uneven half-durable sands; 9 - Sands desert-steppe durable; 10 - Meadow heavy heavy sabulous saline soils.
The average content and the limits of varying of manganese in the soil cover of the studied territories are presented in table 1

Table 1 — Content of gross manganese in soil cover of the Alakol hollow

Soils n fim | X £5x c COV’
mg/kg Yo

1 Meadow-brown light-loamy soils 5 169,9-364,55 265,77+37,60 84,23 31,69
2 Brown medium-loamy soils 5 309,6-598.,40 480,31+56,97 127,61 26,57
3 Brown loamy soils 5 466,5-716,80 591,32449,55 110,99 18,77
4 Light-loamy grey soils 3 414,6-531,40 472,68+33,76 58,40 12,36
5 Meadow-brown sabulous soils 5 629,35-749,40 671,42+20,73 46,44 6,92
6 SC(')rfl’z'br"W“ highly skeletal sabulous 3 621,95-654,10 636,77+9,38 1622 | 2,55
7 Overflow-marsh soils 3 274,65-359,80 314,74+11,90 29,17 9,27
8 Ringe-uneven half-durable sands 4 354,4-369,90 358,40+3,83 7,67 2,14
9 Sands desert-steppe durable 5 404,6-429,50 410,55+4,82 10,79 2,63
10 Meadow heavy sabulous saline soils 4 289,9-364,80 331£16,60 33,19 10,03

Morphological horizon of sands is characterized by weakly separated genetic horizons, ashy struc-
ture, and fluffy consistency. There is seen an equal element content in sands down the horizon. Total man-
ganese content in sands varies from 354.4 to 369.90 mg/kg, average concentration equal to 358.40 mg/kg,
variation coefficient is 2.14 mg/kg.

In the horizon of marshy soil total manganese content varies from 274.65 to 359.80 mg/kg, variation
coefficient — 9.27%, average concentration — 314.174 mg/kg. Correlation connection with humus is
positive with mean power (r=0.74).

Total manganese content in meadow heavy sabulous saline soils varies from 289.9 to 364.80 mg/kg,
average concentration 33 mg/kg. Concentration of manganese is in direct dependence of humus (r=0.86).

The concentration of moving forms of manganese in soils varies between 8.9-149 mg/kg; the average
concentration of this form is 47.26 mg/kg. Mobile manganese in the soil horizon distributes ambiguously,
however, large differences between horizons is not seen. It should be noted that the higher concentration
of moving manganese in lower horizons are situated in most studied soils. The lowest values of the avera-
ge content of mobile forms of manganese are found in the ringe-uneven half-durable sands— 26.15 mg/kg
and in meadow heavy sabulous saline soils — 24.02 mg/kg. The highest mobile forms manganese content
is typical for marshy soils with concentration of 124.33 mg/kg and for the meadow-brown light-loamy
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soils with concentration of 51.10 mg/kg. Correlation between the mobile form of the manganese and its
gross content in most cases is inverted (r — from -0.33 to -0.99), humus (r — from-0.34 to -0.94) — reverse
to the weak and average power. In most soils, the correlation between mobile forms manganese and pH
medium is positive to the strong and average power(r — from 0.58 to 0.94). Between carbonates and man-
ganese mobile forms a positive relationship of strong power is visible only in the meadow heavy sabulous
saline soils (r-0.89). The content of mobile forms manganese has a reliable direct connection of strong
importance with silt fraction in the light-loamy grey soils r=0.93, grey-brown highly skeletal sabulous
soils (r =-0.89).

According to «Classification of soils on the content and the degree of pollution by moving forms of
heavy metal compounds» [5], based on detected concentration of mobile form of manganese in soils, the
Alakol hollow can be considered as unpolluted soils with an average content of this metal.

Resume:

1. There were conducted researches on determination of total manganese concentration and its
mobile forms in parent rock materials and soils of Alakol hollow, and were evaluated ecologically and
geochemically.

2. In most cases the content and distribution of the total manganese content in soils and correlation
dependence from the clay fraction, carbonates, pH of medium has reversed character or has a connection
of weak power.

3. In the exchangeable bank of manganese compounds in the soil the share of mobile forms is 10.5%
of the total content.
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AJIAKO.JI OMBICBIHBIH
TOIIBIPAK KYPAMBIHIAT'BI MAPI'"AHELL

AHHOTaNusA. AJIaKeJl OMBICHIHBIH TOIMBIpAKTaphl 3epTTenreH. KyOa, manFpiHap-Ky0a, cyp-Ky0a, Cyp TOMBIpaK,
IIAJIFBIHIBI COPTAH TOIBIPAK, TOOCIIIKTI-TI30CKTI KyMAap, OATMaKThl TOMBIPAKTAPIBIH (H3HMKAIBIK-XUMHSIBIK Ka-
cuertepi anbikTasFaH. COHbIMEH Oipre MbIphIIITHIH (Mn) jKaIibl xKoHE KO3FalIMalibl KOHIEHTPALHSCH KapacThIPbLI-
FaH. DNEeMEHTTep KOHIEHTPAIUSICHIH aHBIKTAY TONBIPAK KECKiHi OOMbIHIIA XYpTri3inai. MeIpeimTeiH (Mn) Kajmsl
YKOHE KO3FaIMaJIbl KOHIICHTPAITMAICH aTOMIBI-a0COPOIIMOH/IBIK 9ICTIEH aHBIKTaJIIbI. AJIBIHFaH MasiMeTTep Microsoft
Excel 6armapmamacel kemerimern H.A. [InmoxuHCKkul OOUBIHIIA CTATHCTUKANBIK OHICY XKYpriziami. KapacTepsuibin
OTBIPFaH JIEMEHT MOJILEpiHIH JeHreline Oara Oepislin, TONMBIPAaK KEeCKiHIHIE Tapally epeKIIeTiKTepi KapacThIpbLI-
FaH. MBIPBIIITHIH TOMBIPAKTHIH (DU3UKATBIK-XUMISUTBIK KOPCETKIMTepiHe OaIaHBICTHI KOPPEISAIHSIIBIK TOYCIIUTIK
ko3 dunmeHTTepi ecenteni. Anakesl OWBICHIHBIH TONBIPAKTAPBIHA XKOHE aHAIBIK Tay *KBIHBICTAPBIH/IA MBIPBIIITHIH
YKaJIIBI KOHE KO3FaJIMaNbl MOJIIEPiH aHBIKTAY 3€PTTEY KYMBICTAPhI )KYPri3il, SKOJIOTHSIBIK-XUMHUSUIBIK Oara Oepin-
Ji. TonbIpakTarbl KaJbl MBIPBIIITHIH MOJIIEPI MEH Tapajlybl aHBIKTAIBIN Jailnbl Gpakuus, kapoonarrap, pH opra-
CBhIHA 0aJIaHBICTHI KOPPEILIMIIBIK TOYSIAUTIK aHBIKTaIAbl. TOMBIpaKTaFbl MBIPBIII KOCBUIBICTAPBIHBIH KO3FaIMAIIbI
KOPBIHIAFBI KO3FaIMaibl (hopMara skaibinsl MemmepaeH 10,5% Tuecini eKeHIir aHbIKTaiIbl. MBIPBIIITEIH MOJIIepi
MEH JKUHAKTaTybl OOWBIHIIA ANBIHFAH MATIMETTep Mn AJakelsl OWBICHIHIAFBI II6J KOHE IIONICHT TOMBIpaKTaphIHIA
Tapany 3aHIbUIBIKTAPBIH KepceTeai. TombIpakTapAblH HETi3rl (U3MKaJIBIK-XUMHUSUIBIK KACHETTEPl aHBIKTAJIBIIL,
MBIPBIIITHIH, KB )KOHE KO3FaJIMajIbl MOJIIIIEpiHe CUNITTTaMa Oepisii.

Tyiiin ce3mepi: TOMBIPaK, XUMISUIBIK 3JIEMEHTTED, ayBIp METAIIIAApP, MBIPHIII, KAIIBl MOJIIEPi, KO3FaIMalIbl
opmacsl, pOHIBIK MeIIepi.
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COJEP)XAHUE MAPTAHIIA B ITIOYBAX
AJIAKOJIbCKOU BITAJUHbI

AnHoranusa. VccrnemoBaHbl TOYBBI AJTaKOJNBCKON BIAaTUHBL. PaccMOTpPEeHBI (H3MKO-XUMHUYECKHE CBOWCTBA
OypBIX, JIyroBO-OyphIX U Cepo-OyphIX IOUBBI, CEPO3EMOB, COJIOHYAKOB JIYTOBbIE, IECKOB IPSAIOBO-OYTIPUCTHIX IIOJTY-
3aKpEIUICHHBIX, [IaBHEBO-00JIOTHBIE (TOWMEHHBIE OOJIOTHBIE) MOYB, TAKXKE COJEPKaHHE BAJIIOBOM M KOHIIEHTpALIUS
noJBwkHOM (opmbl Maprania (Mn). M3yueHue KOHIEHTpALMU 3JIEMEHTOB MPOBOAWIMCH MO NPOQMISAM MOYB.
CopeprkaHe BaJOBOTO W KOHIIEHTPAIMIO IMOABMXHON (GopMbl Mn B IOYBaxX OINpeNeNsuIN aTOMHO-a0COpOIIMOHHBIM
MetozoM. [IpoBenmeHa craTmcTUdeckas oOpabOTKa IMONYyYeHHBIX NaHHBIX mpoBommnack nmo H.A. IlnoxwmHCKOMY C
ucnoibp3oBanueM mporpammbel Microsoft Excel. JlaHa olleHKa ypoOBHS KOHIICHTPALMH HCCIIEAYEMOTO JJIEMEHTA,
pPaccCMOTPEH XapakTep ero BHYTPHIPOMUIBHOTO pacmpeieicHus. PaccunTanbl KOIQQPHUIMEHTH KOPPEIAIHOHHON
3aBHCHMOCTH COJICP)KaHHsI MapraHiia OoT Mokaszareied (U3UKO-XMMHUYCCKHX CBOMCTB MOYB. [IpOBEICHBI HCCIEN0-
BaHMs 10 ONPEEIICHUIO CO/IEPIKAHUS BAJIOBOI'O MapraHia U ero 00MEeHHOH (OpMBbI B TOYBOOOPA3YIOIINX OPOAAX U
moyBax AJIaKOJIBCKOW BITAUHEI, JaHA WX IKOJOTO-TeOXMMHUYecKas oneHKa. OmpeIenHo coepKaHnue U pacipeene-
HHUE BaJIOBOTO MapraHiia B TIOYBAX W KOPPEIAIHMOHHAS 3aBICHMOCTh OT WINCTON (ppakimm, kapOoHaTOB, pH cpersl.
BrrsBiieHo, 9TO B MOOMIIEHOM (DOHZE COSAMHCHHUI MapraHIla B IMOYBaX Ha JOJO MOIBIKHOW (OPMBI IPUXOIUTCS —
10,5%, ot BanoBoro coxepskanust [1oaydeHHBIC CBECHHUS 110 COJICPIKAHHMIO ¥ HAKOIUICHUIO MapraHIila OTPaXaroT 3a-
KOHOMEPHOCTHU pacripCACICHUA Mn B MOJYIMYCTBIHHBIX U MIYCTBIHHBIX IMOYBaX AHaKOHbCKOﬁ BIIaIUHBI. OHpeﬂeﬂeHbl
HX OCHOBHBIC (PH3MKO-XHMHUYECKHE CBOMCTBA, BAIOBOE COAEPIKaHHe W 0OMeHHas (ImoaBrkHasn) popma Mn.

KiaroueBble c/ioBa: 1MOYBa, XUMHUYECKHE SJIEMEHTHI, TsDKENBIE METaUTbl, MapraHell, BaJOBOE COJEpIKaHWE,
obmenHas opma, HOHOBOE COnepIKaHHE.
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