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METO/IU 3ACTOCYBAHHSA IITAMIB XJIOPEJIN

dainuyk Bosioaumup

acHipaHT

HamkeBu4a Jleonin

acripaHt

Kadenpa exosorii, xiMii Ta TEXHOJIOTIA 3aXUCTY JOBKIIIIS
BinHuIbKUM HAIlIOHATBLHUM TEXHIYHUM YHIBEPCUTET, Y KpaiHa

MeToau BHECEHHS XJIOPENU Y 00’ €KTH JOBKUUIS JUIs iX ounilieHHd (01o0pemeiaiii
IPYHTIB, OUMIIICHHSI CTIYHUX BOJ, BJIOBItOBaHHS CO2) pI3HOMaHITHI Ta 3ajJeXaTh BiJl
Ty 00’€KTa, 3aBJaHb OYMIICHHS Ta YMOB 3aCTOCyBaHHS. Ha OCHOBiI cydacHUX
nociipkeHb [1-6], 30kpeMa TUX, IO CTOCYIOTbCS BHKOPHUCTAHHS XJIOPEIU B
EKOJIOTTYHHUX TEXHOJIOTISX, MOKHA BUJIUIMTA OCHOBHI METOJIM BHECEHHS, SIKI OIMCaH1
HIUDKYE:

1. BHeceHHsl cycmneH3ii >KMBUX KINTUH Xjopenu. CycCneH3ito »KMBHX KIITHH
XJIOpEJIU, BUPOIIIEHUX Y KOHTPOJIbOBAHUX YMOBAX (Hampukial, y poTtodiopeakTopax),
BHOCATh 0€3M0ocepeiHbO B 00’ €KT TOBKULIS, TaKUW SIK IPYHT, BOJOMMH a0O CTIYHI
Boau. CyCIeH3110 3a3BUYail TOTYIOTh Y PIIKOMY MOXKHUBHOMY CEPEIOBUII 3 BUCOKOIO
koHreHTpaiiero KtuH (10108 kimitua/Mi). Takuil METOT MOYKHA 3aCTOCOBYBATH JIJIsI
Oiopemeialtii IpyHTIB, Jie CyCIEH310 PO3MILTIOIOTH a00 3MIMIYIOTh 13 3pOITYBAIBEHOIO
BOJIOIO JUIsl PIBHOMIpPHOTO po3nonauty B rpyHTi. Jochimpkenas [7] mokaszano, Iio
BHeceHHs cycrnensii Chlorella vulgaris y rpynTtH, 3a0pyaHeHi HadTONpoAyKTamw,
CIPHSIIO 3HMKeHHIO iX BMicTy Ha 40—60% 3a 60 nniB. Takok maHUil METOJ MOXHA
BUKOPHCTOBYBATH ISl OYUIIICHHS CTIYHHMX BOJI, JIE CYCIICH31I0 JOJIAl0Th Y pPe3epByapH
31 CTIYHMMU BOJIaMU JIJIsl BUJIaJICHHS a30TY, pocdopy Ta Baxkkux metainiB. Hanpukiaz,
[8] moBigomuau ipo 80% BumAICHHS HITPATIB 13 KOMYHAJIBHUX CTOKIB 3a 7 JIHIB.

Meton npocTuil y 3acTOCYBaHHI, BOJIOJAIE IIBUJIKUM TOIIMPEHHS KIITUH Ta
BHUCOKOIO OIOJIOTIYHOIO AaKTHUBHICTIO, TMPOTE€ YYTIWBUA O 3OBHINIHIX YMOB
(remneparypa, pH, koHTaMiHallisl) Ta TOTPeOYy€e perysipHe BHECEHHS XJIOPEIU.

2. Bukopucranns 6iomnpernapatiB Ha 0ocHOBI xjopenu. CyieHi, 1iodiizoBadi abo
IMMOOLTI30BaHl KIITHHU XJIOpeIH (POPMYIOTh y BHUIVISIAI TpaHyJ, IMOPOIIKIB abo
reJieBUX MaTpUllb, SIKI BHOCATH y TPYHT ab0 Boay. IMMoO1Ti3allist MiABHIY€E CTIHKICTD
KIITAH 70 HecnpustiuBux ymoB. Lleit merton moke OyTH BHKOPUCTaHMM JUIs
Olopemeianli r(pyHTIB, 1€ TPaHyJId a00 MOPOILIOK 3MIIITYIOTh 13 BEPXHIM HIApOM IPYHTY
JUIS BUJAJICHHS BaXKKHUX METaliB 1 opraHidyHux 3a0pynaHroBadiB. JlocmimkeHHs [9]
nokasanu, mo Oionpenapatu Ha ocHoBI Chlorella vulgaris miBHIYyIOTH 010J0TTYHY
aKTUBHICTB TPYHTY Ha 25% 1 BugamsaroTh 10 70% kaamito 3a 30 gHiB. Takox maHmit
METOJI MOXXHAa BHKOPHCTATH JJIs OUMINECHHS BOJONM, 1€ IMMOOLII30BaHI KIITHHU
XJIOPENIA JTOAAI0Th y 3a0pyaHEHI BOAOWMHM i TOTJIMHAHHS TMOXWBHHUX PEYOBHH 1
tokcuHiB. [Jocmimkenns [8] mpogemonctpyBaio 85% unanenus ¢ocdatis i3 BOIONM
3a IONOMOI'0K0 IMMOO1J1130BaHO1 XJIOPETH.
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Merton 3pyunuii y 30epiranti i TpaHCIIOPTYBaHH1 XJIOPEJIN, Ma€ TPUBAIHIA TEPMIH
Jii Ta CTIMKICTH JI0 30BHIMIHIX YMOB. IIpoTe BiH Mae BWIII BUTPATH Ha MIiATOTOBKY
OlompenapaTiB Ta NOBUIbHIIIE BUBUIbHEHHS aKTUBHUX KJIITHH.

3. Buxopucranas ¢otobiopeakTopiB Uisl MONEPEAHHOTO KYJIBTUBYBAaHHS Ta
BHECEHHS. XJIOpeTy BUpOLIYI0Th Y doTobiopeakTopax [10] a1 oTpuMaHHS BUCOKOI
KOHIIEHTpallii 6i0Macu, Ky MOTIM BHOCSTh Y 00’€KTH JOBKULISA y BUTIIAI CyCHEH31l
a00 KOHIIEHTPOBAHOI O10Macu. MeToj Moke 3acTOCOBYBaTUCA 1Jis BioBIoBaHHS CO»,
1ie 010peakTOpu BCTAHOBIIIOIOTH HA MPOMUCIOBUX 00’ €kTax s yjositoBaHHs CO; 13
auMoBuX rasiB. OtpumaHy OlomMacy MOXHA BHUKOPUCTOBYBATH MJisi MOJAJIBIIOT
nepepoOkn abo BHECEHHs B IPyHT. Y gociikeHHi [11] moBimommiu mpo 95%
edextuBHICTh ynoBmoBaHHsS CO, y Tpybuactux dorodiopeaktopax i3 Chlorella
vulgaris. Takox JaHuil METOJ MOKHA BUKOPUCTATH JJI OUMILEHHS CTIYHUX BOI, J€
O6iomacy 3 0l0peakTOpiB JOJAIOTh Yy CHUCTEMHU OYMINCHHS CTOKIB IS BHUIAJICHHS
MMOKUBHUX PEUOBMH 1 TOKCHHIB. Y jgociijpkeHHl [12] mokaszamm, mo Oiomaca
Chlorellasorokiniana 3HMKy€ BMICT aMOHII0 B CTIUHUX Bojiax Ha 90% 3a 5 1HiB.

Meron wmae BHUCOKY NPOIYKTUBHICTh, KOHTPOJHOBAaHI YyMOBH, a TaKOX
MOXJIMBICTh ~MacHITaOyBaHHs, TMPOTE BOJOJIE BHUCOKUMH KaliTAIbHUMU Ta
eKCIUTyaTallliHUMH BUTPATH 1 Ma€ MOTpedy B CHEIlialli30BaHOMY O0JIaJHAHHI.

4. Inrerpariss 3 IHIIMMHU OIOJOTIYHUMH areHTamu (CHHEPreTHYHI METOJIN).
Xiopeny BHOCATh y KOMOIHAIT 3 IHIIMMHU MIKpPOOpTaHi3MamMu (Hampukiai,
OakTepisiMu yu rpubamu) abo pociMHAMH ISl TocuiieHHs edekTy Oiopemeniarii. [lei
MeTOo/1 nepeadavae BHECEHHS CycreH3ii abo OlompenapariB 13 CyMILIIIIO OpraHi3MiB.
Moskna 3acTocoByBaTH sl OlopeMeniallii TPyHTIB, /€ KOMOIHAIIIO XJIOpeNnu 3
BYIJICBOJAHE OKHUCIIOBAIRHUMU OakTepisiMu (Hampukiana, Pseudomonas spp.)
HiABUILYE e(QEeKTUBHICTh JAerpajgamnii HapTompoaykTiB. Y mgochimkeHHi [13]
noBimoMmwik 1po 92% BumaneHHs HAPTONPOAYKTIB 3 IpyHTYy 3a 20 IHIB TIpH
cnuibHOMY BukopuctanHi Chlorella vulgaris 1 6akrepiii. Takox ueil MeTon MOKHA
BUKOPUCTATU 715 (iToOpeMeniailii, 1e XJopeay BHOCITh y puszochepy pociauH s
XJIOPEJH B IPYHT 13 pOCIUHAMH KYKYPY/I3H MiABUIIY€E BUAaTIeHHs IUHKY Ha 30%.

MeTtoj BOJIOJII€ CHHEPTETUYHM e(PEKTOM, 1110 MiABUIIYE €(PEKTUBHICTh OUUILICHHS
Ta HAJla€ MITPUMKY I'PYHTOBII MIKpOO10Ti, IPOTE BIH CKIAJHUN Y MIA00PI CYMICHUX
OpraHi3MiB JJISI YOT'O IMOTPIOHO MPOBOJIUTH JIOJATKOBI JOCIIKEHHS I ONTUMI3aIlii.

5. Ilpsime BUpOUTYBaHHS XJIOpENH B 00’ €KTax MOBKULISA. XJIOpeNy KYJbTUBYIOTh
6e3mocepeHbO B 3a0pyTHEHUX BOJOWMAaxX a00 BIAKPUTHX CTaBKaX, pO3TAIIOBAaHUX HA
3a0pyJTHEHUX TEPUTOPISX, BUKOPUCTOBYIOUM TMPUPOAHI abo IITydHI Kepena
MOKUBHUX PEYOBWH (HAMPUKIIA, CTI4HI BOJAW). METOJ MOXKHAa BHKOPHUCTATH IS
OUYHUIIEHHS BOJOWM 1 CTIYHUX BOJ, JI€ XJIOpETy BBOJATH y 3a0pyJAHEHI 03epa, CTaBKU
a00 KaHaIM JJIs TOTJIMHAHHS TMOKUBHUX PEUOBMH 1 TOKCHHIB. [JlochimkenHs [15]
nokasaino, mo Chlorella pyrenoidosa 3HMXYy€e KOHIIEHTpaIlii0 HITpaTiB 1 docdaTiB y
BojoiiMax Ha 70-80% 3a 10 nHiB. TakoX MeETOJ MOXKHA BUKOPUCTATH IS
BiJTHOBJICHHS JIETPATOBAHUX 3€MEJIb, 1€ XJIOPETy BUPOIIYIOTh Y BIAKPUTHX BOIONMAX
Ha 3a0py/IHEHUX AUISTHKAX, a OTpUMaHy 0ioMacy BHOCSTh y IPYHT JJIsi TOKPAIICHHS
Horo CTpykTypu Ta OI10JOTiYHOI aKTUBHOCTI. BiH Mae JOCUTh HU3BKI BUTpATH,
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MOJKJIMBICTh BHKOPWCTAHHS TPHUPOJHUX PECypcCiB, MPOTE € PU3MK KOHTaMiHAIil
THIITMMU MIKpOOpraHi3MaMH Ta 3aJIeKHICTh B/l KIIIMAaTUYHHUX YMOB.

6. Bukopucranas reHeTuuyHO MoaudikoBaHux mramiB xjopenu (I'MILIX) [10].
I'MIIX 3 migBUINEHOK CTIMKICTIO JO TOKCHHIB a00 TOKpPAIEHOI 3JaTHICTIO 10
MOTJIMHAHHA 3a0pyIHIOBaviB BHOCATH y BUTJISAAI CycieH31i abo Oionpenaparis. Meron
Ma€ BHCOKY €(EeKTHBHICTh Yepe3 MOMEPEIHIO aIanTallilo XJIOpeau J0 CherudiaHux
yMoB. [IpoTe HOBI mITaMU XJIOpPEJIH MOXKYTh HECTU €KOJIOT1UHI PU3UKHU, MOB’sA3aH1 3
BunyckoM ['MO Ta MaroTh BUCOKI BUTPATH Ha PO3POOKY.

CnucoK BUKOPHCTAHUX JKepet
1. R. Singh, R. Birru, and G. Sibi, “Nutrient Removal Efficiencies of Chlorella
vulgaris from Urban Wastewater for Reduced Eutrophication,” Journal of
Environmental Protection, vol. 08, no. 01, pp. 1-11, 2017, doi:
https://doi.org/10.4236/jep.2017.81001.
2. S. S. Bulynina, E. E. Ziganshina, and A. M. Ziganshin, “Growth Efficiency of
Chlorella sorokiniana in Synthetic Media and Unsterilized Domestic Wastewater,”
Biotech, vol. 12, no. 3, pp- 53-53, Aug. 2023, doi:
https://doi.org/10.3390/biotech12030053.
3. Z. Wang et al., “Sulfate induced surface modification of Chlorella for enhanced
mercury immobilization,” Journal of environmental chemical engineering, vol. 10, no.
4, pp. 108156—-108156, Jun. 2022, doi: https://doi.org/10.1016/j.jece.2022.108156.
4.  S. R. Subashchandrabose, K. Venkateswarlu, K. Venkidusamy, T. Palanisami, R.
Naidu, and M. Megharaj, “Bioremediation of soil long-term contaminated with PAHs
by algal-bacterial synergy of Chlorella sp. MM3 and Rhodococcus wratislaviensis
strain 9 in slurry phase,” Science of The Total Environment, vol. 659, pp. 724-731,
Apr. 2019, doi: https://doi.org/10.1016/j.scitotenv.2018.12.453.
5. E. Kyratzopoulou, N. Kyzaki, L. Malletzidou, E. Nerantzis, and N. A. Kazakis,
“The Efficiency of Chlorella vulgaris in Heavy Metal Removal: A Comparative Study
of Mono- and Multi-Component Metal Systems,” Clean Technologies, vol. 7, no. 2, p.
35, Apr. 2025, doi: https://doi.org/10.3390/cleantechnol7020035.
6. Miguel A. Vale, Antonio Ferreira, Jos¢ C.M. Pires, Ana L. Gongalves, CO2
capture using microalgae, Woodhead Publishing, 2020, Pages 381-405, ISBN
9780128196571, https://doi.org/10.1016/B978-0-12-819657-1.00017-7.
7. V. Grishko, V. Zotsenko, N. Bogatko, and D. Ostrovskiy, “Biological features,
biotechnology, cultivation and areas of stagnation of microscopic single-cell algae of
the genus Chlorella: (review of the literature),” Scientific Messenger of LNU of
Veterinary Medicine and Biotechnologies, vol. 26, no. 101, pp. 329-340, Sep. 2024,
doi: https://doi.org/10.32718/nvlvet-a10150.
8. L. Wang et al., “Cultivation of Chlorella vulgaris in sludge extracts: Nutrient
removal and algal utilization,” Bioresource Technology, vol. 280, pp. 505-510, May
2019, doi: https://doi.org/10.1016/j.biortech.2019.02.017.
9. V. Kirsanova, “The expediency of cultivating and using microalgae (chlorella) as
organic fertilizers,” Ecological Sciences, no. 1(28), pp. 324-327, Jan. 2020, doi:
https://doi.org/10.32846/2306-9716/2020.eco.1-28.52.

33


https://doi.org/10.32718/nvlvet-a10150
https://doi.org/10.1016/j.biortech.2019.02.017
https://doi.org/10.32846/2306-9716/2020.eco.1-28.52

Modern The Integration of Research, Innovation and Economy

10. O. Ulytsky and L. Pashkevich, “Use of Chlorella vulgaris Polikarp microalgae
strain for purification of freshwaters from technological pollution” Ecological
Sciences, no. 6 (51), pp. 5867, 2023, doi: https://doi.org/10.32846/2306-
9716/2023.ec0.6-51.9

11. A.M. Miranda, F. Hernandez-Tenorio, D. Ocampo, G. J. Vargas, and A. A. Séez,
“Trends on CO2 Capture with Microalgae: A Bibliometric Analysis,” Molecules, vol.
27, no. 15, p. 4669, Jul. 2022, doi: https://doi.org/10.3390/molecules27154669.

12. K. Kumar, S. K. Mishra, G.-G. Choi, and J.-W. Yang, “CO2 Sequestration
Through Algal Biomass Production,” Springer eBooks, pp. 35-57, Jan. 2015, doi:
https://doi.org/10.1007/978-3-319-22813-6 2.

13. V.R.V. Ashwaniy, M. Perumalsamy, and S. Pandian, “Enhancing the synergistic
interaction of microalgae and bacteria for the reduction of organic compounds in
petroleum refinery effluent,” Environmental Technology & Innovation, vol. 19, p.
100926, Aug. 2020, doi: https://doi.org/10.1016/;.€t1.2020.100926.

14. X. Li et al., “Nutrient removal from swine wastewater with growing microalgae
at various zinc concentrations,” vol. 46, pp. 101804-101804, Mar. 2020, doi:
https://doi.org/10.1016/j.algal.2020.101804.

15. J.K.CA,M.Z. Alam, M. W. A.,K.B. Y., A. J.,, and A. T. Hossain, “Removal of
Nitrate and Phosphate from Municipal Wastewater Sludge by Chlorella vulgaris,
Spirulina platensis and Scenedesmus quadricauda,” IIUM Engineering Journal, vol.
12, no. 4, Jan. 1970, doi: https://doi.org/10.31436/iiumej.v12i4.214.

SOIL POLLUTION WITH HEAVY METALS AS A
RESULT OF MILITARY ACTIONS

Mykhaylova Viktoriia

Postgraduate

Tykhonova Olena

Ph.D., Associate Professor

Department of Ecology and Botany

Sumy National Agrarian University, Ukraine

Military operations are a powerful factor in disrupting the ecological balance. One
of the most dangerous consequences is soil contamination with heavy metals that enter
the environment as a result of explosions of ammunition, destruction of military
equipment, combustion of fuel and petroleum products [1]. Studies show that the
affected areas are characterized by an excess of background levels of lead by 5.4 times,
zinc by 3.9 times, cadmium by 1.4 times, copper by 4.6 times, and manganese by 4.8
times [2]. High concentrations of these elements are especially dangerous for
agricultural soils, since they accumulate in plants and enter the human body through
the food chain, provoking toxic, carcinogenic and mutagenic effects.

Heavy metals have high chemical stability, are well sorbed by soil colloids and
form sparingly soluble compounds with phosphates and hydroxides, which contributes
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