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OCOBJ/IMBOCTI TOKCUYHOI III CMUHTETUYHUX
ITOBEPXHEBO-AKTUBHUX PEYOBVH HA I'TIPO®ITU
(OI'JIAMm)

B 021101 y3aeanvreno HAyKO8i 0aHi ocmanHix pokie npo Oeski acnekmu 6nauey CuH-
memuuHux nogepxreso-axmusrux peuosur (CIIAP) na 0dopocmi ma suui 600Hi pocu-
HU. 30Kpema npoananizoearo ingopmaito npo uymausicmo ciopogimis do dii CIIAP, xa-
paxmep MoKCUMHUX epexmis, SAKi NPu Ubomy PO36UBAIOMbCA, MEXAHIZMU MOKCUUHOI 0if
CIIAP Ha 2idpogpimu ma ixHio Min6eud0sy 83aemo0ito. Taxoi po3eniHymo MoKaueocmi 6u-
Kopucmanns 2iopogimis 0ns 6iodezpadayii CITAP y 800Hux exocucmemax.

Knwouosi cnosa: cunmemuuni nosepxreso-axkmusui penosunu (CIIAP), 800Hi exocu-
cmemu, 8000poci, 800HI POCIUHU, 2i0popimu, mokcuuHicmo, 6iodeepadayis.

Ponb cuHTeTHMYHNX NOBepXHeBO-aKTUBHUX pedoByH (CITAP) sk Tokcu-
KaHTiB y BOZHOMY Cepe[JOBIIIIi IpUBepTae 3HAYHY yBary y 3B A3KY 3i 3pocTaio-
MM MacTabamu iXHbOTO CBiTOBOTO BMPOOHMUIITBA i 3aCTOCYBaHHS.

Binburicts CITAP nerko miggaoTbest 6ioferpaarii, a iXHsI KiIbKiCTb 3HAY-
HO 3MEHILIYEThCA IiJ 4ac BTOPMHHOI 00poOKM Ha OuMcHuX cnopypax. Hait-
Oinblile 3aHETIOKOEHHS BUK/IMKAE CKUJL HEOUMIEHNX ab0 HEZOCTAaTHbO OYU-
IIeHNX CTOKIB, IO MicTATH 3HauHi KoHIeHTpauii CIIAP. He3Baxaroun Ha BI-
COKy eeKTVBHICTh BUJJaJIeHHA IIPU OUYMINEHHI CTiYHMX BOJ, IeBHA 4YacTKa
CITAP 3aBxu 6yae HaIXOAUTY y BOAHI €KOCUCTEMY BHACTIIOK BETUKUX 00-
CATiB IXHbOTO CIIOKMBAHHS, HacaMIlepe[ y CK/Iajii JeTepreHTiB Ta MUIOYMX 3a-
co6is [20, 57].

bionoriuni edpextn BBy CITAP Ha rigpo6ioHTiB B 1inomy, i rinpodiru
30KpeMa, aBHO CTa/IV IIpeMeTOM HOCTipKeHb [1, 2, 27], ame o Lboro Yacy
BMBYEHI HEJOCTAaTHDO. JIOC] 3aNMIIAIOThCA MUTAHHA Yy PO3yMiHHI MeXaHi3MiB
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TokcryHocTi CITAP, 3axmucHuUX peakuiit rifpodiris Ha ixHIo Aito, BIVIUBY Cy-
IIyTHIX P€YOBMH Ha CTYIIiHb TOKCMYHOCTI, POJIi BOGHIX POC/INH i BOGOPOCTEN Y
npouecax gerpaganii CITAP Ta 6arato iHIIMX, PO 1[0 CBiAYNTD aHasi3 i y3ara-
NbHeHHS iH(opMalil HayKOBMX JKepesl OCTAaHHIX POKiB, AKMM IPVCBIYEHO
e oryIsp,.

Yymnusicmo 2iopogimise 0o 0ii CIIAP. Toxcnuni edpexrn aii CITAP nHa
rifpodity ckrapHi, pisHOMaHITHI i 3anexHi Bix iHAUBiKyanpHOI YyT/IMBOCTI
a0b0 TONEPAaHTHOCTI [0 iXHBOTO BIUIMBY [3, 25]. ToMy meBHa KilbKiCTb poOiT
IPOBOAWIACA B HAIIPAMKY 3 ACYBaHHSA CTiMIKOCTI TMX 4M iHIIMX BUJIB Tifi-
poditis fo pii pisHux npepcrasaukis CITAP.

B HaykoBil1 niTeparypi 3asHavaeTbcs [27], W0 YyTAMBICTh PisHUX BUAIB
Boptopocreii fo nepHoro CITAP Moxxe BifpisHATICH Ha TPU MOPSAAKY, a BIUINB
Pi3HUX pe4OBMH Ha OJHAKOBi BUJM BOZOPOCTEI MOXKE BapiloBaTy Ha YOTUPHU
HOPANKIL.

OTpumaHO pe3ynbTaTy TECTIB, AKi 3aCBiJYNIIN, 1110 YyTAMBICTh OPraHi3MiB
pisHMX Tpo(iYHUX PiBHIB [IO leTePreHTiB 3MEHIIYETbCA B PAMY: OCTPAKOAM >
MiKpOBOAOpOCTi > 60KOIIaBM > Kiajouepu > pubu > makpodiru. Kpim Toro
BCTAQHOBJICHO, 1110 BU/IY, sIKi MEIIKAIOTh y TPOIiKax, 6ibu uyrnusi go CITAP y
CKJIaJii MUIOYNX 3ac006iB, HDK OpraHi3Myu MOMipHUX KIiMaTMYHUX 30H [50].

HocnimkenHs, siki 6y MpoBefieHi 3 METOI0 OLIHKM 3HATHOCTI 1o 6ios0-
IiYHOrO PO3K/IaJaHHsA Ta TOKCUMYHOCTI KaTtioHHOI CIIAP mopeunnrpumernia-
MOHiI0 X7I0puay y npo6ax Mmopcbkoi Boau 3aToku Kagic (Icnanis), mokasanmn,
110 cTiiikicth MikpoBogopocteit no fii CITAP sHmxyBanach y HaCTyITHOMY I10-
panky: Tetraselmis chuii > Nannochloropsis gaditana > Chaetoceros gracilis =
Isochrysis galbana ~ Dunaliella salina, To6T0 3eneni mikpoBopopocri Tetrasel-
mis chuii BUSIBUINCH HatO1IbII TO/IepaHTHUMIU [42].

[TopiBHAHHA YyT/IMBOCTI IPiCHOBOJHMX 3€lIeHMX BojopocTeit Pseudo-
kirchneriella subcapitata i Scenedesmus subspicatus, a TaKOXX MOPCHKVX iaTO-
MOBUX Bopopocteil Skeletonema costatum i Phaeodactylum tricornutum pno
KiZTbKOX BU/JIiB PO3NOBCIOJpKeHMX Y noBepxHeBux Bofiax CITAP nmoxkasaino, mo
MOPCBKIi J1iaTOMOBI BOJLOPOCTIi 6y}11/1 3HAYHO Oi/IbII YYTIMBUMU 1O IXHBOI Ail,
HiK npicHoBopHi 3eneHi. bimpuricts CITAP 6yny Bu3HaHI TOKCUYHUMM [T
Pseudokirchneriella subcapitata i my>e TOKCUMHUMM — JJIS PELITH KOCITifKe-
HUX Bojopocrei [40].

HaasHi B niTeparypi maHi cBigyaTh IpoO Te, O Pi3Hi BUAM BOJOIEPUII
(Myriophyllum spp.) BusABLAIM 3HauHy TonepanTHicTh 1o Aii CITAP. Tak Bcra-
HOBJIEHO, 1[0 NepPTOPOKTAHOBA KIC/IOTA, SIKA BITHOCUTDLCS [0 Ay>Ke CTIMIKuX
CITAP, Mmo>xe MaTy TOKCUYHMII BIVIMB Ha BOfHI pociau Myriophyllum sibiri-
cum i Myriophyllum spicatum, aje nuiie y BiTHOCHO BUCOKJX KOHILIEHTPAIisiX
(6inpue 30 mr/mm?) [15].

M. spicatum BUABWIACH JOCUTD CTiliKolo 10 Aiii aHionHoi CIIAP niniitHoro
aKinbensoncynbQoHaTy y KoHILeHTparisax go 10 mr/pv’. 3arubens M. spica-
tum HactaBaya nuire mpu 500 mMr/am’® ankinbeH3o1CcynbGOHATY Y BOFHOMY Ce-
penoBuii. XapakTepHO, 1[0 OKMCHE MOIIKOKeHHsI MaKpodiTa, BUK/INKaHe
TOKCUYHUM CTpecoM, depe3 28 nHiB 6y10 MeHIINM, Hik yepes 14, iiMOBipHO,
BHACTIIOK /JalITUBHMX 3MiH [35]. Takok He criocTepiraioch BIVIMBY aHiOHHOI
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CITAP niniitHoro ankinerokcucynbdary Ha Myriophyllum aquaticum HaBiTh
3a HaBMIIOI JOCTiKeHOT KoHueHTparii (10,18 mr/gm’) [36].

Possumox mokcuunux egpexmis y 2iopogimie. 3HauHa KiIbKiCTh FOCTO-
BIpHUX eKCIIepMMEHTAJIbHMX JJAHUX CBifuuTbh npo Tokcuuuuit Bims CITAP
Ha rigpo6ioHTiB ycix Tpodiunmx piBHiB [19, 26, 31].

3a monekynsapHow 6Oygosoio CITAP xmacudikyoorbcs Ha ioHOTeHHI
(anionHi, kaTionHi, aMCbOTepHi) Ta HEIOHOT€HHI CIIONTYKMU. Cepe;c[ AQHIOHHUX
CITAP Haii6inpIn noumMpeHMI y IpiCHOBOJHNX CepeJOBMIIAX € IOXifHi Ji-
HiliHOTO ankin6ensoncynbponary (LAS). Vloro TOKCMYHICTb /151 BOFHUX POC-
NVH i BogopocTell 6e3mocepefHbO MOB’sI3aHA 3 KOHIIEHTPALI€l0, TOBXXUHOKO
QJIKIIBHOTO JIAHIIOTA i Ma€e BUROBY crenuQiky.

B pob6ori [14] mokasaHo, mio fis romosnoriB LAS Ha MOpChKi MiKpOBO/[0-
pocti (Nannochloropsis gaditana, Tetraselmis suecica, Rhodomonas salina Ta
Isocrysis galbana) mpusBoaWIa 10 MPUTHIYE€HHA IXHBOTO POCTY, IPOSIB SKOTO
3pocTaB 3i 30i/IbIIEHHAM TOBXXIMHU BYIJIEBOJHEBOTO JIAHI[IOTA i 3ajIe)KaB Bif
BUJY BOJOPOCTeil. 3 YOTUPbOX JOCTI/)KEHUX BUMIB HAMBUILY 9yT/IMBICTb O
nii LAS npopgemonctpysas Rh. salina.

Cepeli OCHOBHUX YMHHMKIB, 5Ki 3yMOB/IIOBa/IN TOKCUYHMI edpekT LAS y
Mopcbkux Mikposopopocreit (Tetraselmis chuii, Rhodomonas salina, Chaeto-
ceros sp., Isochrysis galbana (T-iso), Nannochloropsis gaditana), BigMidaoTh
TaKOXX IT0YaTKOBY LIIbHICTD KIITVH 1 KOHIIEHTPAIil0 TOKCUKAHTY [9].

Busisneno, mo anionHa CITAP FFD-6 (sika TakoX € Ipe[iCTABHNKOM KJIa-
cy LAS) imnmykyBanma yTBOpeHHS KOJOHil MikpoBopopocTi Scenedesmus ob-
liquus y xoHIeHTpaLisX, Ha Ki/IbKa MopsKiB HIbK4MX (Big 0,001 o 0,01 r/mm?)
BiJj THX, 3a IKMX CIOCTepirajioch mpurHideHHs ii pocty (Bix 1 mo 10 r/pm’).
[IpumyckaroTh, 10 3peITOI0 Lie MOXKe BIUIMHYTY Ha MDKXBMUJOBI BilHOCHHU,
BIVDKVIBaHHA BUJIIB i OTIiK eHeprii y XxapyoBoMy /aH1o3i [37].

Jlis mopiBHsAHO HM3bKMX KoHIeHTpariit LAS (<10 mr/gm’) BopomoBx
12 pHiB cTMMYyITIOBana picT CMHbO3€NEeHOI BoflopocTi Microcystis aeruginosa,
nigBumyBana ii MakcuManbHy (OTOXIMiUHY eeKTUBHICTb i MaKCUMalIbHY
HIBUZIKICTh TPAHCIIOPTY €/IeEKTPOHIB y KniTuHax. HaromicTh BIMCOKI KOHIIEHT-
pauii (20 mr/am?) LAS npusBopmim 10 mpUrHideHHsI POCTy BOJOPOCTI i 3HaY-
HOTO 30i/IbIIeHHA BMICTy ITO3aKTiITMHHOTO Ta BHYTPilIHbOK/IITUHHOTO MiKpO-
LVICTUHY. 3a BUCHOBKaMU aBTOPiB, B eBTPOQHMX 03epax IPUCYTHICTDb L€l
CITAP moxxe 3611pIINTY PUSUK «IBITIHHA» BOAM i BUI/IEHHA MiKPOLCTUHY
[53].

BuB4eHHs (i3ioNOriYHMX Ta POCTOBUX peakliili 3aHypeHuX MaKpodiriB
Potamogeton perfoliatus Ha nito pisHux KoHLeHTpauiit LAS mokasano, mo B
KOHI[eHTpawil Buie 10 Mr/gm’ i1oro BIUIMB IPU3BOAMB O IPUTHIYEHHS POC-
Ty, 3HVDKEHHS BMIiCTY (OTOCHMHTETMYHYX IIIrMEHTIB Ta aKTMBHOCTI pepMeHTiB
AQHTMOKCUIAHTHOI CHCTeMM POCIUH [62].

Bcranosneno, mo kationHi CITAP € 6ib1 TOKCUIHMME [7151 BOLOPOCTEIT
IIOPiBHAHO 3 AHIOHHMMM, IMOBIPHO, 3aBAAKN HAABHOCTI HETaTUBHOTIO 3apALY
Ha IIOBEePXHi K/IiTHH, 10 MiABMIIYE iXHI0 cOpOILiliHY 3aaTHICTD [24].

ITpu xynsrusyBauni Chlorella vulgaris y npucyrnocti 0,3 Mr/gm’ katioH-
Hoi CITAP nernntpumeTniaMoHiio X10puy epeKTUBHICTb IPUTHIYeHHS poc-

ISSN 0375-8990. I'igpobionoriunmii >xypHai. 2024. 60(4) 37



Top6amiox J1.0., Ilaciuna O.O.

Ty 6ioMacu Bomopocreit 3a 8 gHiB gocsrana 70,7%. IIpu ubomy BinOyBaBcs
IIa3MOJIi3 KIiTMH, fedopMmaliia mipeHoiny Ta HabpskaHHA nmisocoM. Croc-
Tepirajoch TaKOX 3POCTAHHS M3eTa-IOTeHLiany KIiTMH BojopocTeil (3
-12,5 MB 10 -6,7 MB), 1110 TpM3BOAMIIO KO YIIOBi/IbHEHHS MOITIMHAHHA a30TYy i
3ayi3a Ta 3HVDKEeHHs aKTMBHOCTI Kucioi ¢pocdarasn [56].

OpHak BUABWIOCH, IO Ais Ay>ke HU3bKMX (<10 Hr/ IM?) KOHIIEHTpaILiit 11e-
TWITPUMeTIUIaMOHIN xnopupy Ha Ch. vulgaris F1068, HaBIakm, Mana CTUMY-
morunit epexT (ropMe3nc), AKUI BUABIABCA y 301/IbIIIeHH] BMiCTY IIO)KMBHIX
pedoBMH i akTMBHOCTI QepMeHTiB (rmyramiHcumHTeTasa, kucna docdarasa,
H(+)-AT®as3a, ectepasa), mjo 3ab6e3nedyoTs il MeTab01i3M, Ta CYIIPOBOIXKY-
BaBCsI MOCWIEHHSIM (DOTOCMHTETUIHOI aKTUBHOCTI KJIITMH BOOPOCTi. € mepc-
IIEKTUBY TOTO, 1[0 TOPMe31C MiKpOBOJopocTeit, infykosanuii ciigamu CITAP,
MO>Ke OYTM BUKOPUCTAHMIL Y pO3POOIIi METOAIB OUMCTKY IPUPOJHNUX Ta CTid-
HUX BOf, [63].

BcraHoBieHo, 110 [iif LeTWITPUMETIIAMOHII0 OpOMifly IepeIKompKana
npoliecy 6i00TiYHOTO OUNINeHH CTIYHNX BOJL 3e/IeHOI0 BoztopicTio Ch. vulga-
ris BHACTiZOK (PyHKIIOHaTBHOTO NMpUTHiYeHHs 1i KIiTMH. 30i1blIeHHs KOH-
uenTpauii uiei CITAP Big 0 1o 0,6 mr/ o’ NIPU3BOAWIIO 1O 3HAYHOTO 3HVDKEHH A
edextuBHOCTI mormHaHHs itoHiB NH; i3aramsrHoro ¢pocdopy (3 88 go 18% ta
3 96 1o 15%, BigIIOBiKHO), aKTMBHOCTI pOTOCUHTE3y Ta ecTepas [30].

Tectu 3 BusHayeHHsA TOKCMYHOCTI HeioHorenHux CITAP, moxigHux ankis-
HOJITIIOKO3KIB, 3 BUKOPUCTAHHIM MiKpOBOJOPOCTi Selenastrum capricornu-
tum MpOIeMOHCTPYBA/IM 3HA4YHY Bapiallilo TOKCMYHOTO BIUIMBY CTPYKTYPHO
cnopigaerux CITAP Ha ocHOBI r/m0Kk031. TOKCUMYHICTD a/IKiIOMITTIOKO31/IiB
3pocTana 3i 3HVYDKEHHSIM KPUTUYIHOI KOHI[eHTpallil Miljes, 30iblIeHHAM 10-
BXXMHI aJIKITBHOTO JIaHIora ta rifpodobuocti CITAP [23].

Hesixi CITAP, 30kpema ¢ropoBaHi CIIONyKy, € MeTabOMiYHO Ta XiMi4HO
IHEpTHUMM, CTIIKUMU [0 abioTMYHOro i 6GiOTUYHOrO PO3K/IaflaHHA, a OTXKe
3maTHUMM 0 OiOHaKONMMYEeHHs y BOTHOMY cepepoBuiii. Cepes HUX HailOinbLI
MOCITiIPKEH] Ta Hall4acTille BMKOPUCTOBYIOTbCA Y IIMPOKOMY CIEKTpPi Ipo-
MIC/IOBYX i CIIOKVMBYMX IIPOAYKTIiB IepPTOPOKTAHOBA KUCTIOTA i MepTOPOK-
TaHCynb(oHOBA Kiucmora. IIpore ixHiit BIyMB Ha rifpoditn 10 LbOro yacy
BYBYEHMIT HEJOCTATHDHO [6].

OmniHka TOKCMYHOCTI IepPTOPOKTaHCYIb(YOHOBOI KUCIOTH, IIPOBEieHa
Ha 3e/leHNX Bopopoctax Selenastrum capricornutum i Chlorella vulgaris ta
w1aBaoyoMy Makpoditi Lemna gibba, mokasaina, 10 IPUTHiYeHHS POCTY LIUX
BIJIiB MaJjIO MicCIje 3a KOHILIEHTPallil TOKCMKaHTa y CepefoBuIli BifmoBigHo 5,3,
8,21 6,6 mr/oM>[5].

3’scyBanoch, 10 BIUIMB NepPTOPOKTAHOBOI KUCIOTY B KOHI[EHTpallii
100 ur/pm® i 100 Mxr/mm® Ha MikpoBogopicts Chlorella pyrenoidosa depes
6 OHIB IIPU3BOAMB IO NIPUTHIYEHHH II POCTY, a IPOTATOM 12 mHIB — 10 Hera-
TMBHOTO BIUIMBY Ha Oi/IbIIICTD IeHiB, TOB’A3aHNUX 3 GOTOCHHTETUYHIM MeTa-
6071i3MOM, @ TaKOX [0 3HVDKEHHA (POTOCMHTETMYHOI aKTMBHOCTI Ta BMICTy
xnopodiny [29].

Toxcuuni epekmu 8i0 chinvroi 0ii kinvkox munie CITAP. [lenani yacriuie y
pisHUX npopyKTax i 3acobax 3acTocoBy0Th KoMOiHalif0 Kinbkox Tumis CITAP
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y TIOIIYKaX CMHEePTiYHOTO eeKTy MK HMMU IS TOCWIEHHS IXHIiX BTaCTUBO-
creit. [1icna BUKOpUCTaHHA 3aMMIIKY LIMX CyMilllel 3a3BUYai IOTPAIIATD y
BojoiiMu. OT)Xe, aKTya/IbHUM IUTAaHHAM € OL[iHKAa TOKCUMYHUX e(eKTiB Bif
CIIiIBHOI A1 pisHuX 3a XimMivHOIO pMpoporo CITAP Ha 6ioTy BogoIiM, IO 110
CBigunTh pAp my6mikaniint. Tak, HaIpUKIa®, B eKCIepUMEHTaxX 3i CIiIbHOTO
BIUIMBY Ha MOPCbKy MikpoBojopictb Phaeodactylum tricornutum aHiOHHUX
(edipxapboHOBUX NOXifHNX) i aMdoTepHuX (Ha ocHOBI okcupy aminy) CITAP
BUABJIEHO, IO AesAKi 6iHapHi cyMillli IpogeMOHCTPYBaIV MEHIIY TOKCUYHICTb,
HDK O4iKyBasoch, TOOTO TXHs B3a€MOJis Majla aHTarOHICTUYHMII XapaKTep
(45].

[TokasaHo, mo cymicHa fis anionHoi CITAP (nomenmn6ensoncynbdoHary
Hatpiro) i karioHHo1 CITAP (ueTwnTpuMerniaMoHilo XJI0puy) Ha 3eJIeHy BO-
nopicts Dunaliella bardawil npusBopmia f0 aHTaroHi3aMy Ta IOM SAKIIECHHS
CyMapHOI TOKCMYHOCTI, BHAC/TIJOK YOTO NPY KYJAbTUBYBAaHHI IIi€l BOLOPOCTI y
6iHapHiit cucreMi 3a 61IbIII HUSBKUX KOHIIeHTpalil 3a3HayeHux CITAP crioc-
TepiraBcs eekT ropmesncy. [Ipu Bucokux konneHTpauiax cymimi CITAP, na-
BIIaKM, MaJIO MicClle CM/IbHillle IPUTHIYeHHA aKTUBHOCTI KaTa/lasy y KIiTHHaX
BOJOPOCTI, HDK 33 BIUIMBY KOXKHOI CIIOJIYK! OKpeMo. IIpuiyckaroTs, o Byr-
neBopHesi maHtory cyminreit CITAP maroTb 6ib1ry 3B’s13yBasbHYy fiito Ha dep-
MEHTATMBHi CTPYKTYPU BOJOPOCTEIL, a OTKe, 1 MiABUIEHY 30aTHICTD KO IXHBOI
feHaryparii [43].

Tokcuuna dist CITAP Ha ziopogimu y npucymuocmi iHuux mokcuuHux pe-
4osuH. B 3abpynHenux npupopnux sogoiimax CITAP 3aspnyaiit fitoTh y npu-
CYTHOCTi iHIINMX TOKCUKAHTIB (Ba)XXKMX MeTaJiB, HaQTONPOAYKTiB, (peHOTiB
TOII0), OJHAK €KOJIOTiYHi PU3UKM IXHBOTO ITOENHAHHS /1A rifpodiTiB 10 11bO-
TO 4acy BMBYEHI HEJOCTATHHO, TOMY CTAHOBJIATH 3HAYHUI iHTEpeC A moc-
JIITHUKIB.

Hocnimkenns rokcnunocti kagmito (Cd) ta anionnoi CITAP gomennnben-
307ICY/1b()OHATY HATPIiIO IO BiJHOIIEHHIO 1O IPiCHOBOAHOI 3€/IeHOI BOJOPOCTi
Scenedesmus obliquus y ipucyTHOCTi 260 3a BificyTHOCTi Qy/IBBOBOI KUCTOTH
nokasanu, o Cd e 6inbur Tokcuanum, Hk CITAP, mpore crinpHa mist Cd i mo-
fennnbeH301CybGOHATy HATpil0 Mana CMHepridyHmit edeKT Ha BOJOPICTb,
AKUI OCUITIOBABCA 3a MIPUCYTHOCTI y/IbBOBOI KitcmoT [61].

B naykosiii miTepaTypi HadBHI JJaHi JOC/I)K€Hb 3 BUBYEHH:A CIIiIbHOL
6iosnoriynoi nii Ha BogopicTh Sc. obliquus HAaHOPO3MiIPHOTO HY/Ib-BaJIEHTHOTO
3amiza (nZVI) i niniitHoro ankin6ensoncynbdonary (LAS). ITokasaHo, 1o cy-
MapHMI NPUTHIYYIOYNIT BIUIMB HA PiCT BOJOPOCTI 3a/Ie)KaB AK BiJj KOHI[EHT-
palil JOCHi/PKYBaHUX PEYOBMH Y BOJHOMY CEpelloBMIN, TaK i Bifj IXHbOTO
CIiBBiIHOIIEHH:A, 3MIiHIOIYNCDH Bifli CMHEPriYHOI B3a€MOJii IIpM CIiBBiJHO-
meHHi 3amiza i LAS 4:1 go a"TaroHicTuyHOro edexTy mpu ixHill 3BOPOTHIN
npormopuii [8].

3a3Bnyail B eBTpopHMX 03epax LAS Moske 3ycTpidaTych y MOETHAHHI 3
MiKpouMCcTMHOM-LR — TOKCMHOM, 110 IPOAYKY€eTbCsA IiaHOOaKTepiaMM mif
qac «1BiTiHHS» Bofu. PesynbraTu JOCTiKeHb 0COOMMBOCTEI IXHBOTO CyMic-
HOTO BIUIMBY Ha picT i ¢isionoriyni peakuii psicku (Lemna minor) 3acBigunnn,
o LAS HaBiTh npu HU3BKUX KOHIEHTpaIisx (mo 0,3 Mr/gm’) sHaYHO migBU-
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I[yBaB HAKOIMMYEHHA MiKPOIVICTUHY y pAcHi. Buasmiocs, mo 3a 6inbir Hu3b-
KUX KOHIeHTpariit Mikpounctuny i LAS (<0,1 mr/pm® + 1,0 mr/am’) ixHs
B3a€EMO/Iis1 Oy/Ia CHHEpTiuHOI0, IIPOTe 3 MiBUIIEHHSIM KOHIIEHTpallil 000X TOK-
CUKaHTIB CMHeprist 3Ha4HO cnabiana [52].

His anionnoi CIIAP — popmemwicynbdary Hatpito (SDS) Ta denony Ha
pict i pisionoriuni peakuii Ceratophyllum demersum mpusBoauIa 10 3HaYHO-
o 3HVDKEHHs BMICTy X/10podiny i pounHHOro 6inKa sK npu iHauBigyanpHo-
My, TaK i mpyu KoM6iHOBaHOMY cTpeci. 3a KoHUeHTpawill ¢peron+SDS <10 +
20 mr/mM’ crmocTepiraBcsi aHTAroOHICTMYHMIT e(eKT Bif IXHPOTO B3aEMHOTO
BIuBY. [1pu nboMy B kiiTnHax C. demersum 3HaYHO 3pOC/Ia aKTUBHICTD KaTa-
71a3y, CyIepOKCUANMCMYTa3) i IepOKCUIasy /i IPOTHUiI OKMCHIOBAIbHOMY
crpecy. BHacninok anTaronismy crinbha mig SDS i denomny y BogHOMY cepefio-
BUILi He IpUTHiYyBasa picT Makpoditis Oi/blie, H>X KOXKeH TOKCUKAHT OKpe-
MO, a HalOiNbII afleKBaTHUM IIOKa3HMKOM KOMOiHOBaHOI TOKcuHOCTI SDS i
¢denoMy BUABUBCA BMICT Xmopodiny [32].

HocmimxyBamu TakoxX TOKCMYHUI edekT B3aeMoaii cynbGoCyKIMHATHOL
CIIAP pokysaTy HaTpilo 3 IBOMa XJIOPOBaHMMU CIIOTYKaMM TPUKIO3aHOM i
2,4,6-tpuxnopdeHonoM y ixHix 6iHapHUX i MOTPiHMX CyMilllaX Ha CTYIiHb
HpUrHidYeHHs 6iomoMiHecueHIil peKkOMOiHaHTHOrO LITaMy IliaHobGaKTepil
Anabaena CPB4337 Ta picr 3enenoi Bogopocti Pseudokirchneriella subcapita-
ta. 3a BUHATKOM OCTaHHbOI, OiHapHi cymimn gocnimxenoi CITAP 3 xmopoBann-
MU CIIOJTyKaMy IT0OKa3a/iy CMHEPTiYHe MiCYIeHHA TOKCMYHOCTI JJOKy3aTy HaT-
pito s Anabaena CPB4337. OTxe, iCHy€e IOTEHIIIHUIT TOKCUYHUI PU3KK,
0B’ s13aHMit 3i ciizibHOMO pucyTHicTIO CITAP Ta iHIINX 3a0py/HIOBa/IbHIX pe-
YOBJMH y BOSHOMY CepemoBuILi [46].

Takox 6y/10 BUSBJIEHO, 1J0 Y KOMOIHOBaHNUX CUCTeMaX TOKCUYHICTD Ka-
tionHoi CIIAP mermnTpuMmermnaaMoHiil XIOpUAyY 1A 3€lIeHUX BOJOPOCTEN
Chlorella vulgaris mocmmoBanacsa HU3bKVIMY KOHI[EHTPALiAMM apOMAaTUIHUX
BYIJICBOZIHIB, 30KpeMa (IyOpaHTeHy, AKMIl 3[jaTeH BIUIMBATU Ha COPOILii0
CITAP xnmitmHamu Bopopocreit. OTpMMaHi pe3ynbTaTi 3acBiuman, 10 Ka-
tioHHi CIIAP Ta apoMaTnyHi Byr/1eBo[jHI MalOThb CMHEPIeTUYHMIT TOKCUYHMNIA
BIUIMB Ha BOAHY 6ioty [12].

3rooM MOX/IMBUI MeXaHi3M CIIIbHOI TOKCMYHOCTI 6iHapHNUX cymimteit
LeTIITPYMETWIAMOHI Xnopupny i ¢nyopanteny pnsa Ch. vulgaris BuB4amm
IIUIAXOM JJOC/IiPKEHHA JI0T0 CYyOK/IITMHHOTO PO3IIOAiTY BCepeiHi KITiTVH BO-
nopocrti. byno BcraHOB/IEHO, 1110 3 MiIBUIIEHHAM KOHIIEHTpallil (IyopaHTeHy
B 6iHapHiit cymint o 50—200 MKr/aM® cuHepridyamit eekT itoro B3aeMOii 3i
CIIAP 3miHIOBaBCs Ha aHTaroHisM. BusaBumiocs, 10 3a HU3bKOI KOHIJeHTpallii
¢ryopaHTeHy IepeBakHa JIOro Ki/IbKiCTbh 3B’s3yBaacs 3 LIUTO30JIeM KITUH
Ch. vulgaris, mpore 3i 3pocTaHHAM KOHIeHTpaii 7o 200 MKr/gm’ 6inbIna yac-
TiHa QryopaHTeHy Oy/Ia 3B’3aHOIO 3 PEINTKAaMM K/IiTVH, @ MeHIIa — 3 IXHiMu
opranenamu. [IpumyckaioTs, 1[0 came pisHUI XapakTep CyOK/ITiTMHHOTO po3-
noziny ¢IyopaHTeHy MOXKe BIUIMHYTHU Ha ITOTJIMHAHHA LeTVITPUMEeTIIaMO-
Hiil X7IOpUAY KIITUHAMIU BOJOPOCTEN, a OT>Ke 3yMOBUTH Pi3HUIL CTYIIiHb 110T0O
TOKCUYHOCTI [58].
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Hasasuicte CITAP Moxke, y CBOIO 4epry, BIUIMBATH Ha 0iOfOCTYIHICTH
HOMIIVIK/IIYHIX apOMAaTUYHNX BYI7IeBOAHIB. [TokasaHo, 10 3a KOM6iHOBaHOI
nii cymimni LAS i HadTaniny y KOHI[eHTpalisx = 5 Mr/gm’+5 Mr/aM° BiIOBigHO
Ha Hydrocharis dubia pocnyay BigdyBanu OKVCHIOBaTbHMIT cTpec. B ymoBax
KOPOTKOYAacHOTo BIUIMBY (14 fHIB) OCHOBHY POJIb Y 3aXMCTi MakpodiTiB Bifi-
rpaBaIy PO3YMHHI OUIKYM Ta CYIHEepPOKCUAAMCMYTa3a, a 3a OiIbII TPMBAIOro
(28 nHiB) — BaXX/IMBY 3aXVCHY (YHKIIiI0 BUKOHYBIM PO3YVMHHI I[yKpM i ac-
Kopbarnepokcupasa. [Ipore disionoriuna peaxuis H. dubia Ha fito koM6iHO-
BaHMX TOKCUKAHTIB Oy/1a C/ab1Io0, HDK Ha BIUIMB KOXXHOI CIIOJTYKM OKPEMO,
BHAC/TiZJOK QHTAarOHICTUYHOTO XapaKTepy iXHboi B3aeMOpil [7].

Mexanizmu moxcuunoi 0ii CIIAP Ha ziopogimu. PO3KpUTTA MexaHi3MiB
tokcuuHocTi CITAP 1151 BOGHMX pOC/IMH Ta BOJOPOCTEN 3a/IMIIAETCS MIPio-
PUTETHUM HANPAMKOM JOCTI)KeHb OCTAaHHIX POKiB, IIPO 11O CBiYUTDb TeMa-
TIKa HaYKOBUX Hy6nil<aui171.

Tak, 30kpemMa 3a3Hava€eThCsA, 0 POTOCUHTETVYHMIL anapaT rifpodiTis €
BpPAa3/IMBOI0 CUCTEMOIO, KA IePefyCiM CTa€ MillleHHI0 TOKCUMYHOI il pisHuX
kmacis CITAP [4].

Bigomo i mpo 3anexHe Bif KOHIJeHTpallil 3HIDKEHHA ayTogIyopeclieHIii
xnopodiny B kiritunax Chlorella vulgaris 6e3rnocepeHbo Iic/Ist 2-TOAMHHOTO
BIUMBY avKaTioHHOI CITAP 12-5-12 Gemini (aumernngopeniaMoHii 6po-
MiJT), [0 MO>Ke CBiuuTI PO AUCPYHKII0 POTOCMHTETUYHOI CUCTEMU BOJO-
pocri. OTpuMaHo KoKasu Toro, mo 3a aii gocnimxenoi CITAP Ch. vulgaris crae
rinepyyTanBOIO 0 HOPMAIbHNUX YMOB OCBIT/IEHHA, CIIPUIIMAIOYM IX AK CUJIb-
HUI CBIT/IOBMIL CTPeC, 10 IPU3BOAUTD /10 3arubesti 3HaYHOI Ki/TbKOCTI K/TiTMH
BiJl IlyKpOBOTI'O TOJIO/lyBaHHA Ta, IMOBiPHO, BTOPMHHOTO ITOMIKO/>KE€HH T1/1a3-
MaTUIHOI MeMOpaHu [54].

IToxasano, mo 3a fii karionHoi CITAP nerunrpuMernntaMoHiin XjIopumy
Ha 3e/ieHy MikpoBopopicts Ch. vulgaris OKMCHIOBaJIbHOTO CTpecy 3a3Hae ¢o-
tocucrema II. Ile npusBoguTD 10 YIIKOIKEHHA CTPYKTYPU XJIOPOIIACTIB TO-
JIOBHUM YVHOM 4epe3 YTBOPEHHs HaIMipHOI Ki/IbKOCTi akKTMBHUX (OPM KIIC-
Hio [60].

Metopom aToMHO-cmmoBoi Mikpockomii B kinitTuHax Ch. vulgaris F1068
BUABJIEHO MOP(OJIOTiuHi Ta CTPYKTYpHi nmomkomxeHHA ¢porocucremn II, Axi
iHgyKoBaHi Jieo eTunTpuMeTHaaMoHio xtopuay (0,6 mr/mgm*). Beranosne-
HO, o akTuBHicTb 6imKa (OEE2 abo PsbP), sAxuit BukoHye GyHKIIiO MifcuIo-
Baua BUJIJICHH: KUCHIO Ta 6epe y4acTb y IepeHeCeHHi e/IeKTPOHiB, Oy1a 3Hau-
HO IIPUTHiY€Ha, a M€XaHi3M TOKCUYHOCTI LIETUITPUMETIIAMOHII0 XJIOpULY
mis Ch. vulgaris F1068 mojsiraB mepeBa>kHO B iHTiOyBaHHI KOMIUIEKCY BH-
nineHHs kucHIo ¢porocucremu 11 [34].

OTtpumano 6arato JOKasiB TOro, 10 COPOIis KIITMHHOH MEMOPAHOIO €
KPUTUYHVM IIapaMeTPOM [i/I IPOTHO3YBAHHA Ta PO3YMiHHA €KOTOKCHYHMX
edexriB CITAP pgna rigpodiris [47]. BBaxators, mo npounkHeHHs CIIAP y
KTTHHY 3aBa)Ka€ MeMOPaHO3a/IeKHUM IIPOLiecaM, TaKVM K €HepreTHYHIIA
00OMiH i TpaHCIIOPTYBaHHs HOXKMBHIUX PEYOBVH Ta KMCHIO Kpi3b MeM6OpaHny [18,
25].
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Jna MOPCHKMX MiKPOBOJOPOCTEN Pi3HUX TAKCOHOMIYHMX TPYIL: 3€IEHUX
(Tetraselmis levis ta Dunaliella tertiolecta), niaromoBux (Thalassiosira pseudo-
nana ta Skeletonema costatum) i punodiroBux (Prorocentrum minimum) mo-
Ka3aHo, 1110 TOKcK4Ha Jiisl aHionHoi CITAP ninirtHoro ankinbeHnsoncynbgpoHa-
1y (LAS) 3ymoBIeHa cop61iieto Ha 6iomoriyHux MeMOpaHax KJIiTHH. 3a pe3y/ib-
TaTaMI JOC/IPKEHD 3€/IeHi BOJOPOCTi BUABWINCH HalIMEHII Yy T/IMBOI0 TAKCO-
HOMIYHOIO I'PyIO0. BiTHOCHO HM3bKa YyTIMBICTD 3€/IEHUX BOLOPOCTEN [0 Mil
LAS, iiMOBipHO, 3yMOB/IeHa 0COOMMBOCTAMY OY/I0BY IXHBOI K/IITMHHOI CTIHKI,
sIKa CKJIaJla€ThCs 3 MeMOpaHOoNoAiOHOI TpyIaMiHapHOI 000/TOHKY 3 HVDKYVMU
COPOLTHNMN BIaCTUBOCTSIMHU, HDK KITITMHU [JiaTOMOBUX i ;UHODITOBMUX BO-
nopocreit [44].

Hocnimpxenns BBy LAS Ha 3anypeni makpoditn Chara vulgaris noka-
3aJ1, 1110 MiHIMaJIbHA KOHIIEHTpallis, AKa BUK/IMKa/Ia OKMCHIOBA/IbHI IIOIIKO/J -
JKeHHsI KJIiThH, craHoBuTh 1,0 mr/gm’. ¥ Bigmosins Ha mito CITAP B pocinuax
BK/IIOYaBCsI MEXaHi3M aKTVBallii aHTMOKCHUIAHTIB sIK pepMeHTaTUBHOI (Cymep-
OKCUAIMCMYTa3a, MepPOKCHIA3a), TaK i HeepMEeHTaTUBHOI (KapOTHHOIAM Ta
PO3YNMHHI IyKpM ) IPUPOJY, AKi € BaXKTMBUMY KOMIIOHEHTAMM 3aXUCTy KITITUH
Bifl OKMCHIOBA/IbHOTO cTpecy [33].

3pocTaHHs aKTMBHOCTI aHTMOKCUJAHTHUX (epMeHTIB (KaTanasu, cymep-
OKCUAIMCMYTa3M) SIK 3aXVICHA peaKllid TaKOX CIOCTepiranoch y KIiTHHAX BO-
nopocrti Chlorella vulgaris 3a BBy karionHoi CITAP nerwitpumeTniamo-
Hilt xmopupy [60]. ITpoTe y pasi TpuBanoro BIIMBY BYCOKVX KOHIIEHTpAIIil
CITAP noTy>xHicTb aHTMOKCUJAHTHOI CUCTeMI BOJOPOCTENl MOXKe BTPAaTUTH
CIIPOMO>KHICTb HMPOTUIATH BUPOOTEHHIO aKTUBHMX HOPM KUCHIO, 11O TIPU-
3Bejle 10 OKVMCHOTIO MOLIKOIKEHHA OI/IKOBMX Ta JIIMITHNX KOMIIOHEHTIB TIIa-
KOITHMX MeMOpaH X/I0poIIacTis [22].

[TpuBepraroTh yBary po6oTy, CIpsIMOBaHi Ha PO3KPUTTS MOJIEKY/IAPHOI
BinoBizi i MexaHi3MiB Tokcu4HOI il mep¢ropankingochoHOBUX KUCIOT —
BiffHOCHO HOBOTO K1acy ¢dropsmicHux CIIAP, ski Bce 6ible BUABIAIOTLCA Y
IIOBEPXHEBMX BOJIAX Ta CTIYHUX BOJaxX o4ncHUX cnopyz. Ha npuxnapi seneHoi
Bogopocti Chlamydomonas reinhardtii mokasaHo, 1o BIUINB nepdTopxXimiu-
HUX CIIONYK IHAYKYE B Ii KIiTMHAX OKMCHIOBA/IbHUIN CTPEC, IPOTUIIA AKOMY
BiflbyBa€eThCs IUIIXOM aKTVBallil aHTMOKCUJAHTHUX PepMEHTIB, 30KpeMa Ka-
Tajas3n i ackopbarmnepokcuaasu [49].

TpaHCcKpUIITOMHUIT aHaIi3 TO3BOJIUB 3’ ICYBaTV ME€XaHi3M a/IbIiliMAHOT Aii
am¢orepHoi CITAP xokamifonporminberainy Ha picT AiaTOMOBOI MiKpOBOJO-
pocti Skeletonema costatum. Byno BcTaHOB/IEHO, IO 3a3Ha4YeHa peYOBMHA
3MiHIO€ MeTab0IiuHi IUIAXY BOZOPOCTi TAKMM YMHOM, 1[0 €KCIIPecii TeHiB, T0-
B’A3aHIX 3 IIPOTEacOMOI0, TpaHcnopTepamn ABC Ta MeTabosmisMoM aMiHOKYIC-
JIOT, 3HAYHO aKTUBI3yIOTbCH, TOAI SIK eKCIIpecii reHiB, 3a/Iy4eHnx 10 GOTOCKH-
Te3y, CMHTe3y KIITMHHOI CTiHKM, KacKaJiB IIPOTEIHKiHAa3, IO aKTUBYIOTbCA
MiTOTeHaMy, Ta aHTVOKCUJAHTHOI CUCTeMY, HaBIIaKy, 3HVDKYIOThCA [59].

Crnip BigpmiTiTy, 10 anbrinuazi BractuBocTi gesaxkux CIIAP npononyers-
Csl BUKOPUCTOBYBATH JI/IS 3MEHIIEHHS «1IBiTiHHA» BOAM BHACTIOK PO3BUTKY
BOJIOPOCTEN ¥ CUCTEMAX BOJOIIOCTAYAHHA, & TAKOXK AK aJblilUIHY SOMIIIKY
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1o ¢apb npoTy 06poCcTaHHA I PisHMX PapOOBaHMX IIOBEPXOHb, LIIO 3aHY-
peHi y Bogy a0 KOHTaKTYIOTh 3 Heto [54].

Busasneno, mwo pesiki kationHi CIIAP — nmoxinHi ankinTpuMeTrnaaMoHilo,
30KpeMa Jioro 6pominy, miloTh fAK LiaHOLMAM, IMpUTHidyoun (oTocuHTe3 i
pict niano6akTepiit. 3’AcyBaHHA MeXaHi3My TOKCMYHOI Aiii iboro kimacy CITAP
II0KA3a10, 110 BHACTIOK IXHbOTO BIUIMBY BifOyBamuch 3HaYHI JeCTPYKTUBHI
3MiHNM KITMHHOI yIBTPacTPyKTypy IjiaHOOAKTepili, a came: IOIMIKOKEHHS
1iicHOCTI 30BHILIHIX MeMOpaH, PyiiHyBaHHA i je30pieHTallis CTPYKTypu ¢o-
TOCHMHTETUYHMX TUIAKOIMiB, PYMHYBaHHA NENTULOIIIKAHOBOIO IIAPy MiX Cy-
CigHiMU KJIITMHaMU Ta BUTIKaHHA BHYTPIlIHbOK/IITMHHOTO BMIcCTY [55].

PesynpraTy npoBefeHNX NOCTIIPKEHDb BKa3yIOTh Ha MOXK/IMBIiCTb 3aCTOCY-
BaHHA CIIAP Ha 0CHOBI a/IKiNITPMMETN/IAMOHIIO J/II KOHTPOJIIO i yIIpaBIiHHA
IpolecaMi «IIBiTiHHA» NpUpogHUX BofoiiM. OfjHaK 3a3HAYA€ETHCA, 10 MIPU
IIbOMY MO>XYTb BUHUKHYTH IIeBHi IIp06JIeMI, TIOB’A3aHi, 30KpeMa, 3 pU3NKOM
BUKIJTY IIiaHOTOKCMHIB y BOZY i3 JlerpafoBaHux KiaituH. Kpim Toro, cnonykn
IKIITPUMETUIAMOHIIO Ta IIPOAYKTY IXHBOTO PO3K/Ia[y MOXKYTb OyTI LIKifIn-
BUMU /IS iHIIMX Tifpo6ionTiB [11].

BuABmIOCH, 1[0 BAK/INBY PO/Ib y 3aXMCTi MIKPOBOJOPOCTEN Bifi TOKCUY-
Horo BBy CITAP BifirparoTp mosaxniTuHHI nomiMepHi cybcrparu. Bera-
HOBJICHO, 1110 MiABUIIIeHA Ki/IbKICTh Iosticaxapuais i 6iKka y cknazi eksoMera-
6oniri Chlorella vulgaris F1068 3axuijae HopManbHi ¢isionoriuni gpyHkuii
BOZOPOCTEN (BK/IIOYAIOUy IIPOHUKHICTD KIITMHHOI MEMOpaHY Ta aKTUBHICTbD
IlyTaMiHCMHTeTa3M) Bifi MOIIKokeHHA KaTionHowo CITAP nermitpumernna-
MOHIiT X7TOpuoM B KOHIIeHTparisx Bif 0,1 mo 0,5 Mr/am’ 3aBpsiku eeKTUBHO-
My YTPMMYBaHHIO JIOHiB aMOHil0 [28].

Ha nymky aBTopiB [10], i makpoditis Lemna minor i Azolla filiculoides.
PaHHbBOIO peakiiieio Ha fifo aHioHHOI CITAP gomenmncynbdarty Hatpio (SDS)
MOYKHa BB)XaTy piBeHb NPOAYKTMBHOCTI piToropMoHy eTmneHy. Bin pie ax
CUTHAJIbHA MOJIEKY/IA 32 HU3bKMX KOHIJEHTpPaliil TOKCMKAHTY CITi/IbHO 3 iHIIN-
MM CUTHa/IbBHMMU crionykamiu. Brms SDS y nepui Tpu ;061 cipysiB IpopyKy-
BaHHIO eTmneHy B A. filiculoides i, HaBIlaky, ralbMyBaB Jioro cuHTe3 y L. minor.
[IpnmyckaroTh, o pisHa POJIb €TWIEHY B 3aXJMCHINl peaKlil IMX BUAIB MOXe
OyTy OB’ sA3aHa 3 Pi3HMMY CUTHA/IBHUMM IIUISIXaMU, SIKi POC/IMHY BUKOPUCTO-
BYIOTb 11 60pOTbOM 3 abi0TVYHUM CTPecOM.

Bnnus CITAP na minceéudosy 63aemodiio 2iopogimie. OCKiNbKM OHY 3 IIeH-
TPaJIbHMX poJiell y pOpMyBaHHI CTPYKTYpU YIPYIOBaHb rifpo6ioHTiB Biftirpa-
I0Th MDKBU/IOBI BiTHOCHHM, CJTifi BPaXOBYBaTy BIVIUB pisHMX KnaciB CITAP Ha
meit mporec i 6patu o yBaru npu ouiHmi exonorivnoro pusuky CIIAP pna
rifpodiris.

B miteparypi HaABHiI IOBiJOMJIEHHA IIPO Te, IO IPUCYTHICTD [NEAKUX
CIIAP, 30kpema KaTiOHHOI 6eH3a/IKOHII0 OpOMizy i HeioOHOTeHHOI IToTioKCHe-
TUIEHY HOHiN(peHonoBoro edipy, y HeleTalbHUX KOHIeHTpaniax (10 i
100 MKr/mM’) meperiko/pKana 3aXucTy IpiCHOBOAHMX BOJOPOCTeil Scenedes-
mus obliquus Bif cnoxuBaHHA KadHiAMM, TOCTA6/I0I0YM YTBOPEHH IXHIiX KO-
noHii. IIpuiyckaoTp, 110 3HVDKEHHSA 3/IaTHOCTI BOJOPOCTEN O yTBOPEHHA
KOJIOHIN 3a il IMX pe4OBMH MOIJIO BMHUKHYTU BHACTiOK IOPYLIEHHA Y
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CIIpUITHATTI XiMiYHUX CUTHAJIIB 0OMiHY iHpOpMaIli€o Mi>K BUIaM, 110 Haje-
XaTh 0 pi3HMX TpodiuHMX piBHIB [65].

Imityroun fito «iHpopManiiiHNX» XiMiYHUX PEYOBUH, IO BUIIIAIOTHCS
TBapuHamy, aHionHa CITAP popeumncynbdar Hatpito (SDS) y HU3bKMX KOH-
LEHTpaLliAX MOXKe iHAYKyBaTU YTBOPEHH:A KOJIOHIN y 3€/IEHMX BOJOPOCTEN
p. Scenedesmus, 3MEHIYI0UM TIOTIK eHepril B3[JOBX IeIAriYHOTO XapyOBOTO
naHiora Big Scenedesmus no 6e3xpebetHux. Busisieno, o SDS 3a 72 rop iHi-
1if0BaB YTBOPEHHA KOJIOHII y TpboX BUJIB pofi. Scenedesmaceae (Desmodes-
mus subspicatus, Scenedesmus acutus i Tetradesmus dimorphus) y Henetanb-
HUX i1 HUX KoHueHTparisx (0,1—10,0 mr/gm’). Takum gusowm, mist SDS Ha
cucreMmy Daphnia — Scenedesmaceae BuKmuKae MOpgoIOridHy peakiiito Bojo-
pocTeil Ipy KOHILIEHTPALifAX, HVDKYMX 3a Ti, IO COPUYMHAIOTD TOKCUYHUN
BIuB. OTxe, pyitHiBHUI BIyuB CITAP Ha B3aemogito Xmkak — >KepTBa CIIif
PO3IJIAATY B paMKaX OIIiHKM €KOJIOTi4YHOTO pU3UKY [39].

HepocratHbo 3’sicoBannM € Takox BB CITAP Ha KOHKYpeHTHI BifjHO-
CUHM MDX Pi3HUMM BUaMu BofopocTeit. B po6ori [64] mokasano, mo Micro-
cystis aeruginosa [oMinyBaB Hap Scenedesmus obliquus py CIiIBHOMY KY/Ib-
TUBYBaHHI 6e3 fopaBanHsA CITAP, Toxi K oJaBaHHA TiHIHOTO anKinbeH3o1-
cynbdoHaTy y KoHIeHTpanii 20 Mr/aM’ Ipu3BOAWIO SO abCOMIOTHO MPOTH-
ne>xxHol KoHKypeHIii Mk Humu. Tak, pict Sc. obliquus He 3a3HaB CyTTEBOTO
BIUIMBY B MOHOKY/IBTYPi, ajle 30i1pImBcs Ha 75% Hpy CIIIBHOMY BUPOILY-
BaHHI, B TOI 4Yac fK picT M. aeruginosa 3a I¥X yMOB IIOMIiTHO IIPUTHIYyBaBCA.
IIi pesynbraty cBif4aThb IPO CYTTEBUII BIUIMB MiIBUIIEHNX KOHIIEHTpaLill
CITAP Ha Mi>XBMJJOBY KOHKYPEHIIiIO Y IPiCHOBOJITHUX €KOCHCTEMaX.

Moswcnusocmi sukopucmanms 2iopogimis ons 6iodezpadayii CIIAP y 800-
Hux ekocucmemax. Bifomo, 1o 3aBjsaku cBoiM MOpPODYHKIIIOHATBHUM 0C00-
JIMBOCTSM BUILi BOHI pOCTMHY 1 BOZOPOCT 37aTHI 1o 6ioakymy/swii i moga-
JIBILO] ieTpafanii pisHUX 3a XiMIYHOIO IPUPOLOI0 TOKCUYHUX pedoBUH. ToMmy
MOCiTHUKY 3HAYHY YBary IpUAIAIOTE 3’ ACYBaHHIO PO rigpoditis y mpore-
cax copb6uii, HakonmueHHs i fectpykuii CITAP 3 MeToI0 IXHPOTO BUKOPYICTAH-
HA I JeTOKCHKallii 3a0pyIHEeHNX BOJOVIM.

ExcniepumenTy 3 BuBYeHH: cop61iii romornoris anionHoi CITAP niniitHo-
ro ankin6ensoncynbdonary (LAS) mopcbkumMu MikpoBogopoctsamu Nanno-
chloropsis gaditana i Dunaliella salina moxasasny, 1o B Iepiri YOTUPY TOAVIHN
BIUIMBY BiftbyBaeTbcs 6iokonuenTpyBanHsa CITAP xriTnHaMM JOCTiIKyBaHUX
opraHniamiB. BusiBieno 36inbueHHs koegilieHTy copO1il 3i 3MeHIIIEHHAM HO-
nsapHocti romororiB LAS. N. gaditana nokasas Buii xoedirieHTn cop6uiii,
HiX D. salina pns Bcix focmimpKeHnx cronyk [48].

Ouinka sgaTHOCTI psicku (Lemna minor) fo 6iogerpagauii LAS nmokasana,
o ii edexkTuBHICTD 3pocTana 3i 30inbleHHAM KoHIeHTpauii LAS, 6iomacu
pocnuH i Temneparypu. OnTumanbanii nokasuuk pH mna supanennsa CIIAP
craHoBuB 7,0—38,5. beHsoncynbdoHaTHe Kinblie Ta I ATb TOMOJIOTIB Cy1bdo-
¢eninkapbokcuaary 6y ifeHTHdiKoBaHi AK IPOMIXHI IPOAYKTI HOCTYIO-
Boi fierpaganii LAS. 3asHayaeTbcs, 1110 Mif| yac 1IbOro NpoIiecy B KIiTUHAX psic-
KI CIIoCTepiranach iHAyKLisa pepMeHTaTMBHYX i HeepMEeHTaTUBHUX aHTMOK-
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CUJIaHTIB, AKUM HAJI©KUTb BaXX/IMBA POJIb y 3HEIIKOPKEHHi BIIbHUX pajili-
KaJIiB, 110 yTBOpIooThcA 3a aii CITAP [38].

[loBefeHo 3a/1e)XHy Bifi KOHLEHTpallii CHPOMOJXKHICTD L. minor 1o mornm-
HaHHA | HAKOIMYEHHS CTiffKOoI Y BOJHOMY CepefoBuIli nepdTOPOKTaHOBOI
KJCIIOTH, 1[0 MOYKe OyTY BUKOPYCTAHO A1 pO3pOOKM (HiTOTEXHOMOTI 1eTOK-
cyKauii BogoM, 3abpynHenux ¢proposanumu CITAP [41].

[ToBiomMsA€THCA MPO yCIilllHe BUIIPOOYBAaHHS HEJOPOroi Ta eKOMIOTi4HO
YICTOI TEXHOJIOTII i3 3aCTOCYyBaHHAM MiKpoBojopocTeit misa 6ioTpancdop-
Manii kationHoi CITAP 6ensankoHito xmopupy. Lla pedoBuHa BUKOpPUCTO-
BYETBCA /IS CTBOPEHHS 6ap’€py Bij KOposil MeTasty i moTparise y cTidsi Boau,
1[0 YTBOPIOIOTHCA B IIpoIeci BUA0OyTKy HadTu Ta rasy. 3 BOCbMU BifiibpaHux
mraMiB MikpoBogopocteit (Rhodomonas salina, Nannochloropsis oculata,
Emiliania huxleyi, Dunaliella tertiolecta, Isochrysis galbana, Tetraselmis sueci-
ca, Dunaliella salina i Phaeodactylum tricornutum) HaliBUIMI CTYTIiHb BUJY-
yeHHA (6/m3pKo 100% y MoOpcbkiit Bofii Ta 54% — y BigmparpoBaHil Tex-
HiuHil) npogeMoHCcTpyBaB Bup Tetraselmis suecica, IKnit BU3HAHUI HalIIepc-
HeKTUBHIIINM 7151 6iocop6uii i mopanpinoi Tpancdopmariii 6eH3anKoHi0 XJ10-
puny B criunux Bogax. IIpomixkni npopyktu gerpaganii CITAP, mo yrsoproro-
THCA IIPY L[bOMY, MAIOTh 3HAYHO HIDKYi aMidinbHi BracTuBOCTi i 3faTHI BU-
HajaTy B 0caj y BifIpanboBaHMX IPOMUCIOBMX Bofax [21].

MeropmoM i0OHI3aliTHOI MAacCIEKTpPOMETpii JOCIIIKEHO MPOMIXKHI IIpo-
IYKTH, IO YTBOPIOIOTBCA B Ipoleci 6ioperpapanii anionnoi CITAP pomeryr-
6ensoncynbdoHary HaTpito Mikposopopictio Chlorella vulgaris. BugineHo tpu
OCHOBHIX €TaIly IIbOTO IIPOIIEeCY: OKUCHEHHA 3 YKOPOYEHHAM aliaTMIHOTO
JIAaHIIIOTA, MOJA/bIIe OKVCHEHHSA 3 PO3KPUTTAM LUKITy O€H30IbHMX Kilep i
HACTYIIHA JleTPafiallisg 70 MaauX HEOPraHiYHMX MOJIEKYTI, B KiHIIEBOMY PaXyHKY
1o Bojy i giokcupy Byryenio [13].

[Tonieroxcunatu HoHingenony (NPnEO), ocHOBHMII K/1ac HEiOHOTeHHUX
CITAP, Ta ixsi BifHOCHO cTabibHi MeTabOMITH y 3HAYHMX KiIBKOCTSIX ITOTpAIl-
JISIIOTD Y BOZIHE CepeJJoBHIIIe Yepes3 IXHE MacoBe 3aCTOCyBaHH: [16, 17]. Pesyb-
TaTV JOCTIIKeHb MOKasamy, o 3eneHa Bogopictb Chlorella vulgaris Moxxe
eeKTMBHO BUJAJIATH L1i CIIOJTYKY 3 BOZHOI a3y, a 6i0KOHIIeHTpallis Ta lerpa-
flallist 3a6e3nevyrTh NPUOIN3HO IOTIOBUHY BTPATH IXHBOI KinbKocTi. CTymiHb
nerpapanii saranpHux NPnEO sa yuaacri Ch. vulgaris cranoBus 95,7%, i nuiue
1,1% sanuuanock y BogHii ¢asi, a inmri 3,2% — y knituHax Bogopocrei [51].

BucnoBkn

HesBakatoun Ha BUCOKY edekTnBHICTb BufaneHHs CITAP npu ouniensi
CTiYHUX BOJ], II€BHA iXHA YacCTKa IOTPAIUIATMME Y BOHI €KOCHCTEMM BHAC-
JIIOK BEMKMX 0OCATIB IXHBOTO BUKOPUCTAHH:, HacaMIlepes y CKIafii fietep-
TeHTIB Ta MUIOYMX 3aCO0iB.

Yyrmusicts rifgpodiris go aii CITAP mae BunoBy cnenngiky. Bakarors,
10 BOHA 3yMOBJI€HA BiMiHHOCTAMM Y TOBIIMHI i 6y1103i KJIITMHHOI CTiHKMU,
AKa BM3HAYA€E Pi3HY 3[aTHICTb o cop6buii i mporukHeHHA CIIAP kpisp Kii-
TVHHY MeMOpaHy.

ISSN 0375-8990. I'igpobionoriunmii >xypHai. 2024. 60(4) 45



Top6amiox J1.0., Ilaciuna O.O.

Tokcnyna pis CITAP Ha rigpoditu 3anmexxnts Bif ixHbo1 XiMiuHOI 6yH0BH,
KOHIIeHTpalil i TpuBanocTi BimmBy. OJJHUM 3 BU3HAYa/IbHUX ITapaMeTpiB, 10
BIUIMBAIOTh Ha eKOTOKCMYHIcTh aHioHHUX CITAP, € 3MiHHa JOBXXMHA a/IKiIb-
HOTO JIaHLIIOTA.

Cepep TOKCMYHMX eeKTiB, 10 PO3BUBAIOTHCA Y rigpodiris 3a pii CITAP,
HalfyacTille CrocTepiraeTbcs NpUrHidYeHHA POCTY, 3MEHIIeHHS BMicTy ¢oTo-
CMHTETMYHMX IIiIrMEHTIB Ta 3HVDKEHHs aKTMBHOCTi aHTMOKCUIAHTHUX dep-
MEHTIB.

CuinbHa i kinbkox Bupgis CITAP a6o ixHa koM6iHallig 3 IHIIMMU TOK-
CUYHMMM PE€YOBMHAMM MOXKE MaTU K CUMHEPTIYHMI, TaK i aHTarOHICTUYHUI
CyMapHMIT BIUIMB Ha Trifpodity, 3ameXXHO Bij KOHIeHTpalii Ta XiMidyHOi pu-
poau Airounx pe4oBMH.

Mexanismu TokcnyHoi fiii CITAP nepeBa)xHO IIOB’A3aHi 3 ypaxkeHHAM ¢o-
TOCMHTETVYHOTO allapaTy BOAHMX POC/IVH i BOJOPOCTEN, OKMCHIOBa/IbHUM I10-
IIKO/KeHHAM 6iorosiMepiB KIITMHHUX MeMOpaH BHACIIIOK YTBOPEHHS HaJl-
MipHOI Ki/IbKOCTi aKTUBHMX (POPM KUCHIO, AeCTPYKTUBHMMY 3MiHaMV K/IiTVH-
HOI yIBTPAacTPYKTYpM Ta IPUTHIYEHHSAM aKTVBHOCTI (pepMeHTIB aHTMOKCHU-
JAHTHOTO 3aXMCTY.

3acnyroBye Ha yBary i cyrreBuii BB CIIAP Ha MiXKBUOBY B3aeMofilo,
KOHKYPEHTHI BiJJHOCVHM Ta 34aTHICTh BIVIMBATU Ha 0OMiH iHdopMaIliierno Mix
rigpodiTamMu Ta mpeCcTaBHUKAMY iHINX TPOpiYHMX PiBHIB, 1[0 HEOOXiTHO
BPaxoBYBaTM IIpy oLiHI ekonorignoro pusuky CITAP mns rigpodiris.

BusBena spatHicTb TifpodirtiB mo cop6uii, KOHIIeHTpyBaHHA i 6iomerpa-
pauii pisHux Bupis CIIAP BinkpuBae MOXXIMBOCTI IXHbOTO BUKOPUCTAHHA y
(biTOTEeXHOMOTIAX JeTOKCHKALlil 3a0pYHEHNX BOZOVIM.
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PECULIARITIES OF TOXIC EFFECT OF SYNTHETIC SURFACTANTS ON
HYDROPHYTES (A REVIEW)

The review summarizes scientific data of recent years on some aspects of the impact of
synthetic surfactants on algae and higher aquatic plants. In particular, the information on
the sensitivity of hydrophytes to the action of surfactants, the nature of the toxic effects that
develop, the mechanisms of the toxic effect of surfactants on hydrophytes and their inters-
pecies interaction has been analyzed. The possibilities of using of hydrophytes for biodeg-
radation of surfactants in aquatic ecosystems are also considered.

Key words: synthetic surfactants, aquatic ecosystems, algae, aquatic plants, hydrophy-
tes, toxicity, biodegradation.
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