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Bioindication method of soil research in the landfill of municipal solid waste
in the North Kazakhstan region in 2016 and 2018

The methods of ecological assessment of soil condition in the territory of solid household waste landfills in
the North Kazakhstan region are considered in the article. The priority method for studying soil quality in the
North Kazakhstan region is the bioindication method. This method shows the state of the soil cover on the
landfill site. Based on the results of soil biotesting, different levels of pollution are obtained in the territory of
the North Kazakhstan region. This is due to the fact that unauthorized landfills have different years of for-
mation and the garbage stored in landfills has a different composition. In the majority of settlements on land-
fills there are remains of animals, organic garbage, liquid wastes. During the experiment, the method of bio-
logical monitoring was used in the territory of solid domestic waste landfills in the North Kazakhstan region.
Average soil contamination: Novoishimskoye of the district named after G. Musrepov; Ekaterinovka of
Zhambyl district. There is no pollution: Lomonosovka of the district named after G. Musrepov; Chagli of
Akkayin district; Svyatodukhovka of Zhambyl district; Rassvet of Kyzylzhar district; Bezlesnoye of Akkayin
district; Novokamenka of Kyzylzhar district. Despite the long-term accumulation of solid domestic waste on
individual soil samples, seeds of cress-lettuce sprouted even with sprouts with small deviations and slight de-
formations.

Keywords: solid household waste; landfill for household waste disposal; ecological monitoring; bioindicator
biotesting.

Introduction

Anthropogenic changes in the biota of terrestrial ecosystems are determined not only by direct human
impact, but also mainly by anthropogenic changes in environmental parameters: atmospheric air, soil, sur-
face and groundwater. For the bioindication of terrestrial ecosystems, indicators of the state of higher plants,
lichens, mosses, soil algae, bacteria, etc. are most often used. The correct choice of bioindicators plays an
important role.

Bioindicators are biological objects (from cells and biological macromolecules to ecosystems and the
biosphere) used to assess the state of the environment. When they want to emphasize that bioindicators may
belong to different levels of the organization of a living person, they use the term «bio-indicator systems».

Biotesting methods are increasingly used to determine the levels of pollution of our environment: air,
water, soil, industrial waste, materials, etc.

Cress-salad is a bioindicator plant. Cress-lettuce is an annual vegetable plant, which has an increased
sensitivity to soil pollution by heavy metals, as well as to air pollution by gaseous emissions from motor ve-
hicles. This bioindicator is distinguished by rapid germination of seeds and almost one hundred percent ger-
mination, which decreases markedly in the presence of pollutants.

In addition, the shoots and roots of this plant under the action of pollutants undergo noticeable morpho-
logical changes (growth retardation and curvature of the shoots, reduction of the length and weight of the
roots, as well as the number and weight of seeds).

Cress-salad as a bioindicator is also convenient in that the effect of stressors can be studied simultane-
ously on a large number of plants with a small area of the workplace. Very short periods of the experiment
are also attractive. Cress-lettuce seeds germinate on the third or fourth day, and most of the experimental
questions can be answered within 10-15 days.

When conducting experiments with watercress, it should be borne in mind that the water-air regime and
the fertility of the substrate have a great influence on the germination of seeds and the quality of the seed-
lings. In humified, well-aerated soil (black soil, upper horizon of gray forest soil), germination and quality of
seedlings is always better than in heavy clay soil, which, due to low permeability to water and air, has a poor
water-air regime. Therefore, as a substrate for control, one should take the soil of the same type as for the
experiments.

Thus, the experiment with seedlings of watercress is one of the fastest, and the plant itself allows you to
clearly judge the quality of the environment [1].
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Materials and research methods

Study area

North Kazakhstan region — the area of the region is 97,993 km? and makes up 3.6 % of the territory of
Kazakhstan with a population of about 572 thousand people. North-Kazakhstan region is located in the north
of Kazakhstan, occupies the southern edge of the West-Siberian Plain and part of the Kazakh Hills (Sary-
Arka). The climate of the region is sharply continental. The winter is cold and long, the summer is relatively
hot, with a predominance of clear, often dry weather. The North Kazakhstan region is located within the for-
est-steppe and steppe zones.

On the territory of North Kazakhstan region there is one landfill for solid waste disposal.

The objects of analysis were soil samples collected in the territories adjacent to landfills of solid house-
hold waste of the North Kazakhstan region. A total of 7 samples were selected in various parts of the region.
Soil samples were collected at landfills with a different composition and a different year of formation.

Representatives of the departments of natural resources and environmental management, energy and
housing and communal services, the department of ecology in the North Kazakhstan region, with the partici-
pation of representatives of the district housing and communal services departments, optimize landfills in the
North Kazakhstan region, conduct regular visits and inspection landfills in areas of the region.

At the end of 2015, there were 579 conditionally-organized landfills. The number of landfills in the
North Kazakhstan region exceeds the number of landfills in other areas of the Republic of Kazakhstan [2].

Soils were selected in the summer period of 2016, 2018 from the surface horizon of 0—20 cm by an en-
velope method with a side of 1 m square. The selection and preparation of soils were carried out according to
the requirements of State standart and soil analysis techniques for the components to be determined [3].

Studies were carried out according to the method proposed by A.L. Fedorova and A.N. Nikolskaya. Soil
toxicity was assessed by biotesting according to the germination and growth of cress seed. According to the
method, the assessment of substrates is carried out in the following variants:

— growing seeds of cress-lettuce on substrates, the pollution of which must be assessed (soil);

— watering the seedlings of an experimental plant with water taken from various sources.

Signs that were used for soil biotesting: seed germination.

For each selected soil sample, 3 samples were prepared at one landfill. As a result, mean values were
selected. Depending on the results of the experiment, the substrates are assigned one of four levels of pollu-
tion:

1. There is no pollution. Seed germination reaches 90-100 %, seedlings are friendly, sprouts are strong,
even. These signs are typical for the control, with which to compare prototypes.

2. Weak pollution. Germination 60-90 %. Seedlings are of almost normal length, strong, smooth.

3. Average pollution. Germination of 20—60 %. Sprouts compared with the control shorter and thinner.
Some sprouts have deformities.

4. Heavy pollution. Seed germination is very weak (less than 20 %). Seedlings are small and ugly.

Before setting up an experiment on bioindication of pollution using watercress, a batch of seeds intend-
ed for experiments is checked for germination.

Germination is carried out at a temperature of 20-25 degrees. Germination of 90 to 95 % of seeds with-
in 3 to 4 days is considered the norm. The percentage of germinated seeds of the number of sifted is called
germination. Watering was performed with settled tap water.

After determining the germination of seeds, the experiment is started in the following sequence:

1. Petri dish filled to half of the investigated substrate. In another cup they put the same volume of a de-
liberately clean substrate that will serve as a control with respect to the material under study.

2. Substrates in all cups are moistened with the same amount of tap water until saturation prizes appear.

3. In each cup, 25 seeds of watercress are placed on the surface of the substrate. The distance between
adjacent seeds is as much as possible.

4. Cover the seeds with the same substrates, pouring them almost to the edges of the cups and gently
leveling the surface.

5. Moisturize the upper layers of substrates to lower moisture.

6. For 10-15 days, seed germination is observed, and the substrate moisture content is approximately
the same.

7. The results of the observations recorded in the table.
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Statistical processing of monitoring results. Biotesting indicators expressed as arithmetic mean values
of the growth of test plants from the n-th number of definitions. The significance of the discrepancy between
the mean values was assessed using Student's t-test for a confidence level of P = 95 %. This criterion was
developed by William Gossett for assessing the quality of beer at Guinness. In connection with the obliga-
tions to the company on non-disclosure of commercial secrets, the Gosset article was published in 1908 in
the journal «Biometrics» under the pseudonym «Student». Student's #-test is used to determine the statistical
significance of differences in averages. It can be used both in cases of comparing independent samples (for
example, a group of patients with diabetes mellitus and a group of healthy ones), and when comparing relat-
ed sets (for example, the average pulse rate in the same patients before and after taking an antiarrhythmic
drug). In the case of watercress, seedlings grown on soil samples were selected on the territory of landfills
with seedlings that were grown in ecologically clean soil.

Results and discussion

1. Biological assessment of soil samples of the North-Kazakhstan region for the period of July-August
2016.

Soil sampling for the study was conducted in July 2016 at 7 points in the North Kazakhstan region:

1. Kiyaly, Akkayin district.

2. Bezlesnoye, Akkaiyn district.

3. Petrovka, Zhamby] district.

4. Svyatoduhovka, Zhambyl district.

5. Krasnaya Gorka, Kyzylzhar district.

6. Novoishimskoye, district named after G.Musrepov.

7. Druzhba, district named after G.Musrepov.

According to the results of the experiment, it was determined that the highest percentage of germination
of cress-lettuce seeds is noted at the sampling points: Svyatoduhovka, Zhambyl district (96 %); Bezlesnoye,
Akkayin district (92 %).

The smallest percentage of germination of cress-lettuce seeds is noted in the points: Novoishimskoye
district named after G. Musrepov (56 %). The average indicator has the following locations: Kiyaly of
Akkayin district; Petrovka of Zhambyl district.

During the study, the percentage germination of cress-lettuce seeds was calculated. Based on these data,
the level of soil pollution was calculated. It has been determined that:

— contamination is absent at points: Svyatoduhovka, Zhambyl district; Bezlesnoye, Akkayin district;

—low pollution at points: Kiyaly, Akkayin district; Petrovka, Zhambyl district; Krasnaya Gorka,

Kyzylzhar district; Druzhba, district named after G. Musrepov;

— average pollution at points: Novoishimskoye, district named after G. Musrepov.

The main natural resources of the region are the soils represented in arable land by 70 % black soil. The
territory, despite the general flatness, is characterized by heterogeneity of soil formation conditions. The
presence of highly developed meso and microrelief, the heterogeneity of the chemistry and lithology of the
parent and underlying rocks cause differences in soil moisture and salt regime even in relatively small areas.
Separate soil-forming processes are geographically severely narrowed, and often combined with each other.
All this causes the extreme diversity and complexity of the soil cover.

2. Biological assessment of soil samples of the North-Kazakhstan region for the period June-September
2018.

Soil sampling for the study was conducted in June-August 2018 at 7 points in the North Kazakhstan re-
gion:

1. Kiyaly, Akkayin district.

2. Bezlesnoye, Akkaiyn district.

3. Petrovka, Zhamby] district.

4. Svyatoduhovka, Zhamby]l district

5. Krasnaya Gorka, Kyzylzhar district

6. Novoishimskoye, district named after G.Musrepov

7. Druzhba, district named after G.Musrepov

According to the results of the experiment, it was determined that the highest percentage of germination
of cress-lettuce seeds is noted at the sampling points: Svyatoduhovka, Zhambyl district (94 %); Bezlesnoye,
Akkayin district (92 %).
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The smallest percentage of germination of cress-lettuce seeds is noted in the points: Novoishimskoye,
district named after G. Musrepova (67 %).

The average indicator has the following locations: Kiyaly of Akkayin district; Petrovka, Zhambyl dis-
trict; Krasnaya Gorka, Kyzylzhar district, Druzhba, district named after G. Musrepov.

3. Comparative characteristics of the biological assessment of soil samples of the North-Kazakhstan
region for 2016, 2018.

In 20162017, akimats of the districts carried out work to reduce the number of landfills. «On this is-
sue, it is necessary to note a formal approach, since work in this direction has been going on for several
years, and the number of completed landfills is not increasingy, said the chief ecologist of the region, «Opti-
mization was carried out according to the following criteria: unpromising villages, one waste disposal facility
for several nearby settlements. According to the results of optimization, the total number of waste disposal
facilities is 472, land plots are decorated for 235».

When studying the quality of the soil in the landfill site for two years, no dramatic changes have oc-
curred, since nature has been spending more than one hundred years to restore one centimeter of the fertile
soil layer (Fig. 1).
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Figure 1. Germination of watercress seeds for 2016, 2018

4. Statistical processing of monitoring results.

In biomedical research, it is sufficient to have a t value equal to or greater than 2, then the identified dif-
ferences are not accidental, reliable, statistically confirmed (with a probability of more than 95 %). If the
value of the criterion is less than 2, then the difference is not proven, is random, not statistically confirmed
(probability less than 95 %).

In 7 shoots of watercress for 2018, the average length of M1 was 6.64 cm (m1 =+ 0.17 cm). In the con-
trol group (7 shoots in 2016), these figures were: M2 =6.12 cm, m2 =+ 0.13 cm.

The difference in the average number of shoots 2018 length and the control group in 2016 was quite
convincing (Fig. 2).
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Figure 2. Calculations of the confidence factor

Conclusion

Soil is the bio-axial formation of the biosphere, the result of the interaction between the atmosphere,
hydrosphere, lithosphere and living organisms. Chemical, physical and biological processes constantly and
simultaneously take place in the soil.
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The principle of biological soil diagnostics is based on the idea that soil as a habitat constitutes a single
system with populations of different organisms inhabiting it. Depending on the combination of natural fac-
tors that determine the soil-forming process, different soils differ in the composition of their biota, the direc-
tion of biochemical transformations and the content of those chemical components that are products of these
transformations or their agents.

The strengthening of the anthropogenic press has led to the need to develop methods that can detect the
anthropogenically caused degradation of natural ecosystems in time, establish long-term trends and the buff-
ering capacity of biological systems in relation to diverse and mostly concurrent disturbing factors. The ac-
tive use of biological methods for diagnosing anthropogenic disturbances is currently associated primarily
with the rapid response of organisms to any deviations in the environment from the norm. In addition, such a
reaction makes it possible to evaluate the anthropogenic impact in terms that have a biological meaning and
often those that can be transferred to humans [4].

References

1  ®enopoa AWM. IIpakTHKyM IO DKOJIOTMH M OXpaHe okpyxkaromei cpenst / AWM. ®enoposa, A.H. Hukomsckas. — M.:
BJIAZIOC, 2003. — C. 149-165.

2 Ilporpamma MoIepHHU3aLMU CHCTEMbI YHpPABIECHUS TBEPABIMH ObITOBBIMH oTX0ndamu CeBepo-Kazaxcranckoil obmactu Ha
2015-2030 rogsr. — Ilerponasnosck, 2015. — 59 c.

3 Oxpana npupoasl. [Toussl. O6uue TpedoBanus k ot6opy mpod: TOCT 17.4.3.01-83. — M.: Craugaptundopm, 2008. — 6 c.

4 Baiineptr O. buonHaukaims 3arps3HeHuil HazeMHbIX dkocucteM / O. Baitnept, P. Bambrep, T. Betuens u ap.; moa pex.
P. lly6epra. — M.: Mup, 1988. — 348 c.

T.H. JIsicakoBa, A.M. Hykxanosa, [1.C. [Imutpues, An A. Benar

2016, 2018 xkpunapbinaa Coarycrik Kazakcran 00jbIcbIHAA
KATThI TYPMBICTBIK KAJIABIKTAP AyMaFbIHAAFbl TONIPAKTAPABI
3epTTey daicTepi peTiHaeri OMOMHIUKANMSA

Maxanazna Contycrik Kazakcran 0OJbICHIHBIH, KATThI TYPMBICTBIK KaJbIKTap MOJMIOHAAPBIHBIH ayMaFbIH/AA
TONBIPAKTHIH JKal-KYHiH SKOJIOTUsIIbIK Oaranay amicrepi kapacteipsurrad. Contycrik Kazakcran oGubIchIHIa
TOMBIPAK CAIaChIH 3ePTTEYAIH 6aChIMIBIKTHI 91iCi MOJIUTOHIAFbl TOMBIPAK KaMbUIFBICBIHBIH JKal-KY#HiH aHbIK
KepceTeTiH OHoMHAnKanus ofici Oomeim Tabbuiansl. brorecriney notmxkecinge Conrycrik Kaszakcran
OONBICHIHAA TOJUIOHIAP ayMaFblHOa TOMBIPAKTHIH OPTYPJl JlacTaHy JEHredi aHbIKTaigpl. By
CaHKLMIaHOAFaH MOJIMTOHIAPABIH SPTYPJli JKbUIAAPBI OOJNFaH/BIFBIHA JKOHE OPTYPJIi Kypamra ue GoiyblHA
OaitnanbicTel.  KaTThl TYPMBICTBIK KaJJBIKTapIblH IOJUTOHIAPBIHAA JKAaHyaplapJblH  KaJJIbIKTapbl,
OpraHuKajbIK KOKbIC, CYHBIK Kanablkrap Oap. Conrycrik Kaszakcran o67bICEIHAA KATThl TYPMBICTBIK
KaJJIBIKTAap TOJIMTOHAAPBIHBIH ayMaFblHAA TOIBIPAKTBIH JKal-KYHIH 3epaeney KesiHne OHOJIOTHSIBIK
MOHHTOPHHT dJIici maiiianaHpuLsl. TONBIPaKThIH OpTalla JIaCTaHybl HyKTenepae Oaiikananpr: F.Mycipenos
aynanbiHblH HoBoummmckoe aybuibl; JKamObu1 aynaHbiHbIH EkaTepuHOBKa aybuibl. Kenecine aybiimapaa
nacrany xok: F.MycipenoB aynanbiHblH JlomoHOcOBKa aybuibl; JKamObu1 aynaHbeiHbiH IIlaFnisl aybUibl;
Kespunkap aynanblHbIH CBATOAYXOBKa aybUibl; KpI3bUDKap aynaHbIHBIH PaccBeT aybuibl, AKKaibIH
aynanbiHbIH besnecHoe aybuibl; Kp3bunkap aynanbiHbIH HoBokaMeHKa aybuisl. IpikTenreH TombIpak yiriiaepi
OoiipIHIIA a3 ayBITKYJIApPMEH jkoHe can aedopmanusuiapMeH Oipre eciMIiK TYKbIMAAPhl OCIPETiH TYKbIMIAP
OCIII IIBIKTHI.

Kinm ce30ep: KaTTbl TYPMBICTBIK KaJABIKTap, TYPMBICTHIK KAJIIBIKTAPAbI KOMY IIOJIUTOHBI, SKOJOTHSIIBIK
MOHUTOPHHT, OMOWHINKATOP, OMOTECTINIEY.
T.H. JIsicakoBa, A.M. Hykxxanosa, [1.C. [Imutpues, An A. Benar

BuoMHIMKAIMOHHBINH MeTO HCCIeI0BAHNUS 0YB HA TEPPUTOPHH CBAJIOK
TBepabIX ObITOBbIX 0TX010B CeBepo-Ka3zaxcranckoii o01acTu
B nepuoxa 2016 u 2018 rogos

B craTthe paccMOTpeHBI METO/BI SKONOTHYECKON OIEHKH COCTOSIHUSI TOYB HA TEPPUTOPUM CBATOK TBEPABIX
661TOBEIX 0TX00B CeBepo-Kazaxcranckoii oomactu. [IpropuTeTHBIM METOIOM HCCIICIOBAHUS KA4EeCTBA ITOYB
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B CeBepo-Ka3zaxcranckoit 061acTi ABJISETCS OMOMHIMKALMOHHBIM METOX, KOTOPbIH HArJSAHO MOKAa3bIBaeT
COCTOSIHHE MTOYBEHHOTO TIOKPOBA HA TEPPUTOPUH CBAJIOK. B pe3ynbpTaTe 6MoTECTHPOBAHUS MOYBAM Ha TEPPH-
Topun cBasiok CeBepo-KaszaxcraHckoil 00macTu NpUCYXKICHBI pa3MuHbIC YPOBHHU 3arpsisHeHus. Jto 00y-
CJIOBJIEHO T€M, YTO HECAaHKIMOHHPOBAHHBIE CBAJIKM UMEIOT pa3JIMUHbIE TOJbI 00pa30BaHUs U MyCOp, CKIaIH-
pYeMBIil Ha CBaJIKax, UMEeT Pa3INIHbIH COCTaB. B GONBIIMHCTBE HACENEHHBIX ITyHKTOB HA CBAJIKax, peaHa-
3HAQUEHHBIX JJISI TBEPBIX OBITOBBIX OTXOMOB, BCTPEYAIOTCSI OCTAHKH JKHBOTHBIX, OPTaHUUECKUH MycOp, KHI-
kue oTxompl. [Ipy uccaenoBaHuN COCTOSIHUS ITOYB HA TEPPUTOPUH CBAJIOK TBEP/BIX OBITOBBIX 0TX010B CeBe-
po-Ka3zaxcranckoif 001acTd MCIOIB30BAICA METOJ OMOJIOrMYecKoro MOoHMTOpuHra. CpenHee 3arps3HEHHE
MOYBBl OTMEUCHO B TOYKax: ¢. Hoommmmckoe, paiion um. I.Mycpenosa; c. ExarepunoBka, XXaMmObuicKuii
paiioH, 3arpsi3HeHNE OTCYTCTBYET B TOUkax: ¢. JJoMoHOCOBKa, paifon uMm. [.MycpenoBsa; c. Yarmsl, AKKalbIH-
CKuil paiion; c. CBaToayxoBka, JKamOruickuil paiion; c. Paccer, Kel3punkapcekuit paiion; c. beznecHoe, Ax-
KalbIHCKUH paiioH; ¢. HoBokamenka, Kei3punxapckuii paiion. HecMOTpsl Ha AnMTeNIbHOE CKOIUIEHUE TBEPABIX
OBITOBBEIX OTXOZOB Ha OTOOPAaHHBIX IOYBEHHBIX 00pa3Iax ceMeHa Kpecc-canara IpopOoCIi POBHBIMH IIPOPO-
CTKaMHM C HEOOJIBIINMY OTKJIOHEHHSIMH ¥ HE3HAUUTEIILHEIMU YPOACTBAMH.

Kniouesvie cnosa: TBEPALIC OBITOBBIC OTXOJbI, ITOJUT'OH pa3sMCUICHUA OBITOBBIX OTXO/10B, 9KOJIOTUYECKUN MO-
HUTOPUHT, 6I/IOI/IHIII/IK8.TOp, 6I/IOTeCTI/IpOBaHI/Ie.
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