Hayunas ctaThs
YK 597.593.4:24
EDN TUWYZA

Bausinue 0ypoBoro pacresopa
U TAMIIOHAKHOM KMIKOCTH HA BUAbI-MHAUKATOPbI
MOPCKHMX NPUOPEKHBIX 0EHTOCHBIX IKOCHCTEM

HU. U. Pyauesa ' *, B. I. lllaiiga 2, M. B. Measinkuna >, O. B. Illaiixa '

! Mopcxoii audpogusuueckuti uncmumym PAH, Cesacmonons, Poccus
2 000 «3xoCepeuc-A», Mockea, Poccus

3 Mockoeckuii 20cyoapcmeeniblil yHueepcumen mexHoio2ull u ynpaeienus

um. K.I'. Pasymosckoeo (Ilepswiil kazauuil ynusepcumem), Mockea, Poccus

* e-mail: svg-41@mail.ru

AHHOTAIUSA

HccnenoBann TOKCHYHOCTH MCIOIb3YEMbIX B MOPCKHX HE(TEra30BbIX ONEparuix OypoBo-
r0 pacTBOpa M TAMIOHAXKHOM xuKocTH B KoHeHntpaimu 10, 50, 100, 500 u 1000 mr/n s
MaCCOBBIX BHJOB OCHTOCHBIX MOPCKHX COOOIIecTB MpHOpekHON dacTh UepHOro Mops —
3octepy Nanozostera noltii u ambunon Chaetogammarus olivii. AHATU3UPOBANN BIHSHUE
9TUX TOKCHUYHBIX CMECEH Ha MMpUpPOCT 61/IOM8.CCI)I, JIUCTHECB U KOpHeﬁ 30CTCPbI 1 HA BBIXKU-
BaeMocTh ampumno uepe3 10, 20 u 30 cyr. [Tokasana GOJbIIAs TOKCHYHOCTH OYPOBOTO
pacTBopa 10 CPaBHEHHUIO C TAMIIOHAXKHOM JKUIKOCTBIO JIsi MCCIIENYyEeMBIX OpraHHW3MOB.
[ox Bo3neticTBueM OypoBOro pacTBopa B KOHIEHTpauuu 10 Mr/im mpupoct 6momaccsl pac-
TeHust cHu3uics Ha 49 % uepes 10 cyT nocnie Hauana skcrepuMenTa, a uepes 20 u 30 cyT —
Ha 62 u 78 % cooTBeTcTBeHHO. [Ipy MOBBIIIICHUN KOHIIEHTpAIMU OypoBOro pactsopa jo 50
u 100 MT/)1 3TOT TIOKa3aTENb MPOJIOIDKAT MHTCHCUBHO CHIKAThes 10 60 u 80 % cooTBet-
CTBEHHO I10 OTHOIIEHHIO K KOHTPOJIO, a pu KoHueHTpanuu 500 n 1000 Mr/n pactenus
norn6nu. KopHu 30cTepbl okazanuck Oosee 4yBCTBHUTENBHBI K JICHCTBHIO TOKCHKAHTa,
YeM JINCTHS: MPUPOCT KOPHEH HMMEN BBIPAKCHHYIO TEHACHILHWIO K CHIXKEHHIO Ha 48 %
10 OTHOIICHHIO K KOHTPOJIFO TIPH KOHIEHTpaIwsix TokcukanTa 50 u 100 mr/a yxe gepe3 10 cyT.
BpenHoe BiusHHE TaMIOHAXXKHOW JKUIKOCTH Ha 30CTEpy OBUIO BEIPaXEHO B MEHBIIECH
CTETeHH, YeM BIHsiHUEe OypoBoro pactBopa. [log Bo3neiicTBHEM TaMITOHAKHOM KUIKOCTH
B caMoii BeicoKo# KoHIeHTparmu (1000 Mr/m) pactenust morubim yepe3 30 cyT MHKYOaum.
JIOCTOBEPHBIX pa3IHUYMid MEXIY MPUPOCTOM JIMCTHEB B ONBITHBIX M KOHTPOJIGHBIX BapHaH-
Tax He YCTaHOBJICHO, HO MPHUPOCT KopHeil yxe Ha 10 u 20 cyTKH AOCTOBEPHO YMEHBIIWICS
Ha 64 u 90 % npu KOHLEHTpALUsIX TaMIoHaXHOH xuakocty 500 n 1000 mMr/n cootBer-
CTBEHHO. Ha mpoTspKeHNM BCero SKCnepruMEeHTa BBDKHBAEMOCTh PaKOOOPa3HBIX, IKCIIOHH-
POBaHHBIX B PacTBOpax ¢ KOHIEHTpaluei OypoBoro pactBopa oosee 10 mr/in, 6pu1a gocTo-
BEpHO HIKe KOHTpoist Ha 30—85 %, Toraa Kak Nmpu WHKYOAlMHM B PacTBOpax C TaMIOHAX-
HOMW JKHJIKOCTBIO JJOCTOBEPHBIEC PA3IN4Msl OTMEUEHBI TOJIBKO NMPH CaMON BBHICOKON KOHIICH-
tparn 1000 Mr/n. DKOTOKCHKOJIOTHYECKas! OLlEHKa TOKCHYHOCTH BEIIECTB, IPHUMEHIEMBIX
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npy OypeHUH HeTSIHBIX CKBaXXHH, HEOOX0AMMa IJIsL ONPESNICHUS HX ONACHOCTH IIPH Hed-
Te- U ra3ofo0bIue, a TAKKe Ui BbIOOpA ONTHMAIbHBIX KOMIOHEHTOB B MX COCTaBe, CIO-
COOCTBYIOIIMX CHHKEHHUIO 9KOJIOTMIECKOT0 BPE/ia JUIsl JOHHBIX MOPCKHX COOOIECTB.

KioueBsbie ciioBa: UepHoe Mope, He(Tera3oBblil KOMILIEKC, aMpHIIOIB], 30CTepa, OHOTe-
CTHPOBaHHUE

Jns uuTupoBanus: BimsHue OypoBoro pactBopa M TaMIIOHQ)KHOW KUAKOCTH Ha BHJIBI-
MH/MKATOPBl MOPCKUX NPHUOPEKHBIX OeHTOCHBIX 3kocuctem / U. . Pynnesa [u ap.] //
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Abstract

The paper studies toxicity of drilling and cementing fluids, used in offshore oil and gas op-
erations, at concentrations of 10, 50, 100, 500 and 1000 mg/L for the mass species of ben-
thic marine communities in the coastal part of the Black Sea: the eelgrass Nanozostera
noltii and the amphipod Chaetogammarus olivii. The paper analyses effect of these toxic
mixtures on the increase in biomass, leaves and roots of the eelgrass and on the survival of
amphipods after 10, 20 and 30 days of exposure. Drilling fluid was shown to be more toxic
than cementing fluid for the test organisms. Exposure to 10 mg/L of drilling fluid reduced
the plant biomass growth by 49% after 10 days and by 62 and 78% after 20 and 30 days,
respectively. With increase in the drilling fluid concentration to 50-100 mg/L, this indicator
continued to decline rapidly to 60—80% relative to the control, and at a concentration of
500-1000 mg/L, the plants died. The roots of eelgrass were more sensitive to the toxicant
than the leaves: the root growth showed a marked tendency to decrease by 48% relative to
the control at toxicant concentrations of 50-100 mg/L after only 10 days. The harmful
effect of the cementing fluid on the eelgrass was less pronounced than that of the drilling
fluid. Exposed to the cementing fluid, the plants died at the highest concentration of the
toxicant (1000 mg/L) after 30 days. No significant differences were found between the leaf
growth in the test and control variants, but the root growth decreased significantly by 64
and 90% at 10 and 20 days at cementing fluid concentrations of 500 and 1000 mg/L, re-
spectively. Throughout the experiment, the survival rate of the crustaceans exposed to over
10 mg/L drilling fluid was significantly lower than the control (30-85%). During exposure
to the cementing fluid, however, significant differences were observed only at the highest
concentration of 1000 mg/L. An ecotoxicological assessment of substances used in oil well
drilling is necessary to determine their hazard when used in oil and gas production, as well
as to select optimal components in their composition that contribute to reducing environ-
mental damage to benthic marine communities.
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Beenenne

PaboTa HedrerazoBoro kommiekca Ha melb(e MOpPEH U OKEaHOB HEU30EIKHO
COTIPOBOXK/IAETCS TOTAlaHUEM TPOIYKTOB ATOM JEATENHHOCTH B OKPY)KAIOIIYIO
Cpeny, a ero CTPEMHUTEIBHOE PAa3BUTHE CYLIECTBEHHO YCHUIIMBAET 3TO BO3JACHCTBHE.
[TpubpexHble 30HBI OTIMYAIOTCS HAWUBBICIIEH OMONOTMYECKOW NMPOLYKTUBHOCTHIO
Y MHTEHCHUBHO JKCIUTyaTUPYIOTCS JIFOABMH JJIsl phIOOJIOBCTBA, aKBaKYJIbTYpPBI, OT-
JIbIXa, CIOPTa, CYJOXOJCTBA M JOOBIYM TOJE3HBIX MCKOMAeMbIX. AHTPOIIOTEHHAs
Harpy3ka Ha 3TH aKBaTOPMM MaKCHMaJlbHa U Pa3HOIUIAHOBA, YTO HETaTHUBHO OTpa-
JKaeTcsl Ha MPUPOAHBIX KOMIUIEKCaX, NIPUBOJUT K UX TpaHCPOpPMALMH U Aerpaja-
MU C TMOJHOM IMOoTepeil pecypcoB WM HEBO3MOXHOCTBIO HX HCIOJIb30BaHUS
BCJIEJICTBUE 3arpsi3HEHMs MOJUTIOTAaHTAaMHU W THOenu TruapoOnoHTOB. s aHanm3a
MOOOHBIX MAaryOHBIX MPOLIECCOB M IOMCKa CIIOCOOOB MX NPENOTBPAILCHUS HC-
MOJIB3YIOTCSl 3KOTOKCHKOJIOTHYECKHE METObI, KOTOphIe B MPUPOIHBIX M Jlabopa-
TOPHBIX YCJIOBHUSAX MO3BOJIAIOT OIICHUTH TOCIECTBHS TONaAaHus B MOPCKYIO Cpeay
Yy>KEPOJHBIX COEAMHEHUH aHTPONOTEHHOTO IMPOUCXOXACHUS, BBIABIATh WX BO3-
JeiicTBUE Ha MPUPOIHBIE OOBEKTHI C LEJIBI0 U3YUCHUS TIOBEACHHS 3arps3HSIOIINX
BEILIECTB, UX JAOIYCTHMBIX YPOBHEH U BIMSHUS HA MOPCKYIO OHOTY.

Pazpaborku HedTH m raza Ha menb(e COMpPOBOKAAIOTCS BEIOPOCOM B MOP-
CKYIO Cpelly He TOJbKO He)TH U ee MPOU3BOIHBIX, HO U OypoBbIX pacTBopoB (BP)
1 APYTHX KOMIIOHEHTOB, HCIOJB3YEMBIX IPH CTPOUTENLCTBE CKBaXWH. bP — 310
CJIOKHBIE CMECH, COCTOSIILIME U3 BOABI, CYyCIIEH3HUI, SMYJIbIaTOpOB, a3pHUPOBAHHBIX
JKUJIKOCTEH, OpraHMYeCKUX pacTBOPUTEIEH, TSHKEIIBIX METAJIOB U INIMHBI, KOTOPbIE
UCTIOJIL3YIOTCS JJISl IPOMBIBKH CKBaXKMH mipu Oypenud [1, 2]. ITocne ucnons3zoBa-
Hus BP monanaroT B KaTeropuio MPOMBIIIICHHBIX OTXOMO0B U JOJKHBI OBITh YTHIIU-
3UPOBaHbI, OCKOJIbKY MHOTHE M3 HHUX SBIISIIOTCS TOKCHYHBIMH, 00JafaloT MyTa-
TeHHBIMHU U KaHLIEPOTeHHBIMH CBoWcTBaMU. Kpome Toro, mpu OypeHUH HCHONb3Y-
IOTCS CrenajIbHble TaMIoHaxkHbIe *kuAKocTH (12K), ocHOBHOE Ha3zHadeHHe KOTO-
PBIX 3aKJIIOYAETCS B IIEMEHTHPOBAaHMM CKBa)XKMH. OHU Tak)Ke UMEIOT CIIOXKHBIM CO-
CTaB M BKJIIOYAIOT OMACHBIE M TOKCHYHBIE BelecTBa [3, 4]. CnenyeT oXuaate yBe-
JMYEHUS 00bEMOB IMOCTYIUIEHUS 3THX KOMIIOHEHTOB B MOPCKYIO Cpeay, TaK Kak
eciu B 2020 r. 6u10 1pobypeno 39 000 ckBaxkuH, TO B 2022 T. UX YUCIIO YBEIHYH-
noch 110 49 600, a xk 2026 T. BX KOJIMIecTBO MOKeT Bo3pacTu 10 60 000 [5].

[Ipu pasnuBax HeTH B OCHOBHOM CTPAJAIOT IIOBEPXHOCTHBIC BOJIBI H X O0H-
TaTelH, Torda Kak npHu BeiOpocax BP — GentocHble coobmiecta. [Ipu sToM HH-
(dopmanus 0 3arps3HEHHH MOPCKOH cpeabl U ruapobroHToB BP u npyrumu Bee-
CTBAaMH, UCIIOJIb3YEMBIMHU NPpH OypoBbIX padoTax, KpailHe OrpaHHYeHHa U HEOIHO-
3Ha4yHa [6, 7], a 3¢ EeKTH MOTYT CYLIECTBEHHO Pa3jIn4aThCsl y NMPENCTaBUTENCH
Pa3HBIX TAKCOHOMHMYECKUX rpynt [8, 9].

MaxpodhuTsl 1 BbICIIast BOJHAS PaCTUTEIBHOCTh, KOTOpasi B MPHUOPEKHBIX TOH-
HBIX OHMOIICHO3aX B OCHOBHOM IIPEACTaBJIEHAa 30CTEPOH, SABIAIOTCS Hauboiee ys3-
BUMBIM 3BEHOM INIPH HpoBeAeHUU OypoBbIX padoT [10]. DTo yHHKanmbHas rpynma
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PacTEeHHH, INUPOKO paclipocTpaHEHHas B MOPAX U okeaHax. VX coolmecTBa Urparot
Ba)XKHEHIIYIO POJIb B CTPYKTYpE M (YHKIHMOHHUPOBAHUHN IPUOPEKHBIX 3KOCHCTEM,
TaK Kak CIy)KaT KOPMOM M YOEKHILEM AJsi MHOTMX MOPCKHX OOMTaTreseil, B TOM
qucie MMEIOIUX IMPOMBICIOBOE 3HAYEHHE. 30CTepa XapaKTepU3YeTCs BBICOKOM
npoAyKTuBHOCTHIO [11, 12] 1 BMecTe ¢ IpyruMH MOPCKUMH Makpoduramu ydacTt-
ByeT B YTWJIN3AIlMM OMOTEHOB, BKIIOYAs YIJIEPOJ, YTO MMEET BAXXKHOE 3HAUYCHHUE
B OnochepHoM oOMeHe 1 OMOTreOXMMHUYECKUX LUKIAaX ATHX 3JIEMEHTOB. JDKOCHCTe-
MBI MOPCKHX BOJIOPOCIICH M TpaB MOJACPKUBAIOT NACTOUIIHbIC, IETPUTHBIC U MH-
[IEBBIC CETH, CTAOWIM3UPYIOT OCaJ0YHbIC OTJIOKEHHS M BaXKHBI B TII00aIBHOM
KpYroBOpOTE yIjiepoJa U MUTATelbHBIX BeuiecTB. MHorue Bubl Guiopsl U (ayHsl
0OUTAIOT B 3THX AKOCHCTEMaX, 00pa3ys cloKHbIe nuileBbie cetu [12]. beuto mon-
CUYATAHO, YTO TOAOBAs IKOJOTHYECKAs IEHHOCTh OJTHOTO aKpa MOPCKOTO JIHA, I0-
KPBITOI'O BOAOPOCIAIMU M TpaBamu, coctarisgeT oT $9000 mo 28 000. BroreHo3b1
BOJHOHN PacTUTENBHOCTH BBIMOJHSIIOT MHOKECTBO 3KOCHUCTEMHBIX (PYHKLUH, Ta-
KHX Kak 3alluTa OT IITOPMOB, oOecreueHnue MUTAHUS MPOMBICIOBBIX BHIOB PHIO
1 0ecro3BOHOYHBIX, KPYTOBOPOT IMHUTATENBHBIX BEIIECTB U YIJIEPOAa, YTO BAKHO
B HacToslIee BpeMs Ui IOHUMaHHUs COBPEMEHHOT'O COCTOSHMS LIMKJIA OMOT€HHBIX
aneMeHToB B Onocdepe [13, 14]. B To ke BpeMs: cooOriecTBa 30CTephI MOABEpra-
IOTCS MHTEHCHBHOMY aHTPONOI€HHOMY BO3JIEWCTBHIO, B YAaCTHOCTH CO CTOPOHBI
HeTera30BOro KOMILIEKCa, B pe3yIbTaTe 3arps3HeHus cpeqpl He(ThIO, TUCTIEPreH-
tamu, bP u cogepxamumucs B UX cocTaBe TspKelbIMU MeTauiamu [ 15—18]. Pacre-
HUE TOTJIOMAET U HAaKaIUIMBAaeT KOMIIOHEHTHI, BXOJSIINE B COCTAB ATHX BEILECTB,
B CBSI3H C UeM SIBIISICTCS XOPOIIMM (PUTOPEMETUATOPOM U WHIUKATOPOM 3arpsi3HEH-
HBIX BOJ. 30CcTepa IHPOKO MCHOIb3YETCsl B YKOTOKCHUKOIOTMUECKUX HCCIIEIOBAHUAX
IUIl aHaJIM3a HAKOIUIEHUS M TOKCUYHOCTH Pa3lUYHBIX 3arps3HUTENCH, MO3TOMY
nH(opManus 0 pa3HOKaueCTBEHHBIX d(P(eKTax HeoOXOAUMA IS OLIEHKH COCTOSHHS
cpensl ee 0OUTaHusS U pa3pabOTKH KpUTEPHEB PEENIbHO JOMYCTUMBIX 103 [16].

OnHako MHTEHCUBHAs aHTPOIIOTEHHAS AEATEIIBHOCTh KpaliHe HEraTUBHO BIIWS-
eT Ha 3octepy [19]. CmocoOHOCTh pacTeHUsI K aKTHBHOMY HAKOTUICHHUIO 3arps3HU-
TeNell O3BOJISIET UCIIONB30BaTh €r0 B KauecTBe OMOMHIMKATOPA LIS SKOJIOTHYe-
CKOIl OLIEHKH COCTOSIHHSI HMPUOPEKHBIX 30H MOpS, a TakXKe MpU pa3paboTKe TecT-
CHCTEM [yl aHaju3a TOKCUYHOCTH BpeOHbIX BemlecTs. Ilpu 3ToM ciexyer mpuHu-
MaTbh BO BHUMAaHHE KOHLEHTPALMH TOKCUKAHTOB, KOTOPbIE MOTYT BBI3bIBATH HEOI-
HO3Ha4YHbIC 3PQEKThl, YTO OBLJIO MOKa3aHO Ha MpHMepe HE(PTIHOTO 3arps3HEHHS
B pabote [20].

Amdunonsl MMPOKO PacHpOCTPAHEHB! B MPUOPEKHON 30HE M 3aHUMAIOT JI0-
MUHHPYIOLIEE IOJIOKEHUE B COCTaBE OCHTOCHBIX COOOLIECTB, BKJIIOYAs 3apOCIH
3ocTepbl. OHU HCHOJB3YIOTCS B SKOTOKCHKOJIOTMYECKUX MCCIEOBaHMAX, TaK Kak
XOPOILIO KUBYT B Ja0OPaTOPHBIX YCIOBHUSAX U pEarupyroT Ha HaJW4He 3arps3HHUTe-
neit. IlockoNbKy TMYNHOYHBIE CTAANH OTCYTCTBYIOT, TO B KA4€CTBE TECT-O0BEKTOB
HCIONB3YIOTCS KaK IOBEHMJIbHBIE, TaK M B3POCIbIE MOJIOBO3pENble 0COOH paKooO-
passbIx [21, 22].

[lenpro paboOTHI SBISETCS HCCIeN0BaHHEe TOKCUYHOCTH BP Ha BOJHOW OCHOBE
u ToK, nmpumensieMoll Tpu IIEMEHTUPOBAHWM CKBAKUH, ISl TUMMYHBIX MacCOBBIX
BUZIOB OEHTOCHBIX OPraHU3MOB NPHOPEKHOM yacTu YepHOro Mopsi — MOPCKOTO
pacteHus 3octepsl Nanozostera noltii (Hornemann) n amdumnozn, odurtaromux

84 Ecological Safety of Coastal and Shelf Zones of Sea. No. 3. 2025



B 3apociiax dtoro pacteHus, Chaetogammarus olivii (H. Milne Edwards, 1830).
HUccnenoBanre HaNpaBiIeHO HA H3YYEHHUE BIHMSHUS CTPECCa, BRI3BAHHOTO HATMYUEM
B cpene BP u TXK, ucnonb3yeMsix npu n1o0bYe HeQTH U ra3a, Ha MOKa3aTeNd BbI-
JKUBACMOCTH, POCTa M Pa3BUTHS THMIPOOHOHTOB C IIENILI0 CPABHEHUS TOKCUYHOCTH
3THX BEIIECTB IO PEAKIUSIM TECT-OPTaHU3MOB COOOIIECTBA MOPCKOM TpaBbl U pa-
KOOOpa3HBIX.

MarepuaJj 1 MeTOAMKA

BP mpencrasisier co0o0i BSI3KYIO KHJIKOCTh CBETIIO-KOPHYHEBOTO IIBETA C 3a-
naxoMm ammuaka, pH B nuanazone 10—11, remMneparypoil kurneHus, NpeBbIlIaONIeH
100 °C, otHOCUTENnpHOU mIOTHOCTHIO IpH 20 °C, paBHoii 1.1-2.0. BP cmemmuBaer-
¢4 ¢ BOJIoi. B cocTaB BeliecTBa BXOASAT XJIOPHUJ HATPUS, KDEMHE3EM U JIpYTUE JI0-
OaBkH. BemecTBo cTaOMIBHO B HOPMANTBHBIX yenoBusx. TOK (pacTBop st 1eMeH-
TUPOBaHUSI CKBXXUH) B OCHOBHOM COCTOHT M3 CyXOH IIEeMEHTHOW CMECH, IIeHOTa-
CUTEJIsl, MPONJICHTIUKOS, COSTUMHEHUN KaJIbIHs U APYTUX JOOABOK.

3ocrepy u amdunon codupanu B mpubdpexaoi yactu 0. Kazauneit (paiion Ce-
BAcTOIOJS) U HEMEMJIEHHO AOCTABISUIM B JlabopaTtopuio. PacTeHus ormbiBanu
OT 3arpsA3HeHUH U SNUGUTHON (IIOPHI, aaNTHPOBAIN K YCIOBUSAM DKCIEPUMEHTA
B MOpCKOM Bozie B TeueHue 3 cyT mpu Temneparype 22 + 2 °C. Tokcukonoruue-
CKMe SKCIIEPUMEHTHI POBOIMIM B COOTBETCTBUM C PEKOMEHAIUAMHE V),

OnHoNeTHUE BereTaTuBHBIC MOOETH 30CTEephl cpenHei maccor 328.5 + 56 mr
MOMEIIAIi B CTEKJITHHBIE eMKOCTH 00BheMOM 1.5 11 Mo Tpu pacTeHHs B KaXIyIO
(pabouwnii 06beM coctaBisi 1 1), BeIIEpKUBAIH NpU Temiiepatype 22 + 2 °C u npu
MMOCTOSTHHOM HCKYCCTBEHHOM ocBemieHuu 1500 k. B3pochbix monoBo3pensix aM-
(duron momemanu B akBapuyMbel 00beMoM 500 M1 1o 10 9K3eMIUISIPOB B KaXIBIH
Y aIalITUPOBANIN K YCIIOBUSIM 3KCIIEPUMEHTA B TEUEHUE HENEIH MPU €CTECTBEHHOM
OCBEMICHUH (TIPOJOIKUTEIIEHOCTL CBETOBOTO MHS 12 1) m temmepatype 22 £ 2 °C.
OnpITHI TPOBOJIUIIN B TPEXKPATHOW MOBTOPHOCTH B TeueHue 30 cyT.

PactBops Bemiects B koHueHTparusax 10, 50, 100, 500 u 1000 mr/n go6aBis-
JIM HEMOCPEACTBEHHO B Boxy. KoHTposeM ciy’Kuina mpupogHas MOpcKast Boja Co-
TeHOCThIo 18 %o 0e3 mobamneHus BemecTB. Bony MeHsum depe3 kaxasie 5—7 CyT.
AHaTM3UPOBAIM MPUPOCT OMOMACCHI PACTEHUM, X JIUCTHEB M KOPHEH depe3 Kaxk-
oeie 10 cyT. BaussHEe TOKCMKAaHTOB HAa PaKOOOPa3HBIX OLEHUBAIN 1O UX TMOENTH
yepe3 kaxzaple 10 cyT B Tedenne 30 cyT. B mpouecce s3kcniepumMeHTa raMMapycoB
KOPMHJIM U3MEJIbUEeHHBIMH OYPBIMU BOJOPOCIISIMH U CYIICHBIMH JaQHUSIMHU.

Pe3ynprarer 00pabaThiBaii CTATHCTUYECKH, BRIYHUCISUIN CpeaHee 3HadeHue M,
omnOKy cpennero m. CpaBHEHHE PE3yJIbTaTOB MIPOBOIMIN C TOMOILIBIO KPUTEPHS
Crerofenta mpu ypoBHe 3Hauumocta p < 0.05. Koppensamuio Mexay KOHIICHTpa-
Mell TOKCMKAaHTOB U TMOKa3aTeNsIMH BBDKMBAEMOCTH aM(UION OCYIIECTBIISIN
C MOMOILIBI0 KoMITbIoTepHOH nporpammbl CURVEFIT (Bepcus 2.10-L).

) 06 yrBepxuennn MeToguuecKuX yKa3aHuii 0 pa3paboTke HOPMATHBOB KAYECTBA BOIbI BOJHBIX
00BEKTOB PHIOOXO3STHCTBEHHOTO 3HAYCHUs, B TOM YHCIE€ HOPMATHBOB IIPEIEIHHO JOIYCTUMBIX
KOHIICHTpPALUi BPEJHBIX BELIECTB B BOJAAX BOAHBIX OOBEKTOB PHIOOXO3SHCTBEHHOTO 3HAYCHHUS :
npuka3 Pocpeidonoscta Ne 695 ot 04.08.09 .
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PesyabTarsl

Pe3ynbrarel nuccnenoBaHui MO3BOJIMIN YCTAaHOBUTH 3aKOHOMEPHOCTH U OCO-
OCHHOCTH BJIMSHUS TOKCHKAHTOB Ha HCCIEIyeMble BHIbI-UHINKATOPbI OCHTOCHBIX
cucreM. bpuio 0OHapykeHO HEOIHO3HAYHOE JCHCTBHE BEIIECTB HA POCT U pa3BU-
THE 30CTephl pH pa3HbIX KoHIeHTpauuax bP u TXK (puc. 1-3). Kak MoxxHO BUIETH
Ha puc. 1, yxxe depe3 10 cyT nocie Hadana 3KCIEpUMEHTa MpHU KOHUEeHTpanyuu bP
50 Mr/n wm BBIIIE TIpom3onuIo MoctoBepHoe (p < 0.05) cHwkeHne mpupocta Ono-
MacChl PaCTCHMsI MO CPABHEHHUIO C KOHTposieM. Takoi jxe 3PQeKT OblI OTMEueH
yepe3 20 cyT npu MeHblIel kKoHueHTpauu bP — 10 mr/n, a npu xoHuexTpanun 500
u 1000 mr/n pactenust moru0mu. Yepes 30 cyT TeHAEHIUS K CHIDKCHUIO MPUPOCTa
OroMacchl paCTEHHMsI 10 OTHOIICHUIO K KOHTPOJIIO COXPAaHsIIach, HO pa3lIuuusi ObLIH
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Puc. 1. Ipupoct 6uomaccel 3octephl N. noltii (M + m)
NpU MHKYOAuu B cpene ¢ OypOBBIM PacTBOPOM (@) U TaM-
MOHaKHOH >kuaKocThio (b) B koHneHtpanuu 10 (OI'10), 50
(0I'50), 100 (O1'100), 500 (OI'500) 1 1000 (OI'1000) mr/n

Fig. 1. Increase in seagrass N. noltii biomass (mg/speci-
men, Mean £ SEM) exposed to drilling fluid (a) and ce-
menting fluid (b) in concentrations of 10 (OI'10), 50 (OI'50),
100 (OI'100), 500 (OI'500) and 1000 (OI'1000) mg/L
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HeocToBepHbI. Koppemnsiuu Mexay koHueHTpaiueit BP u npupoctom Onomacchr
30CTepHI He 00HAPYKEHO.

[Ipu makyOaum 3octepsl B pactBopax TXK ¢ mccrnenqyeMbIMi KOHIEHTpALM-
Mu B TedeHue 10 cyT He yCTaHOBIIEHO Pa3IMYHNi 10 CPAaBHEHHUIO C KOHTPOJIEM, XOTS
MOYXHO OTMETHTH OMpPEAENCHHYI0 TeHACHIIUIO K CHM)KEHHIO 3TOTO MOKa3aTens.
Yepes 20 cyt BosiBIIeHO gocToBepHOE (p < 0.05) yMeHblIeHHe MPUPOCTa PacTCHUS
IIPA BCEX TECTHPYEMBIX KOHIeHTparmsx. Yepe3 30 cyTt npu konneHTparmu 1000 mr/m
pacteHust OTUOU, B OCTAIBHBIX OIMBITHBIX TPYNIIAX JOCTOBEPHBIX PA3IUYHN T10
OTHOLICHHUIO K MOKa3aTeNsIM KOHTpOJISl He 0OHapykeHo. Koppensuun Mexay KoH-
LEHTpaLUe TOKCUKAHTa ¥ IPUPOCTOM OMOMAcChl 30CTEPHI HE BBISBIICHO.

W3meHnenue mpupocTa JHCTHEB 30CTEPHI MOJ BIUSHHEM TOKCHKAHTOB IpHBE-
JeHo Ha puc. 2. BP B HccienyeMbIX KOHIIEHTpalMaX HE OKa3asl CYIIECTBEHHOTO
BIIMSIHMSI Ha MIPUPOCT JIMCTHEB PACTEHUS B TEUEHUE BCErO MEPHOJIa IKCIIEPUMEHTA,
HO MOXXHO OTMETHUTH TEHIECHIIMIO K CHIDKEHHIO ITOTO IOKa3aTessl MpH OOJBIINX
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Y TaMIIOHAXKXHOW XHUIKOCTHIO (b) B KoHNeHTpanmu 10—
1000 mr/n. Obo3HaveHus cM. Ha puc. |

Fig. 2. Growth of seagrass N. noltii leaves
(pcs./specimen, Mean + SEM) exposed to drilling fluid
(a) and cementing fluid () in concentrations of 10—
1000 mg/L. Notation: See Fig. 1
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(500 1 1000 Mr/m) KOHIIEHTpaKsIX TOKCHKaHTa. [Ipr HHKyOannu pacTeHus B cpesie
¢ TXK Taroke He OBUIO OTMEUYECHO CYIICCTBEHHBIX OTIMYMI OT KOHTpoJs 4yepe3 10 cyT
mocae Havyana skcnepumenTta. Yepes 20 cyt mocrosepHoe (p <0.05) cHmkeHHe
IIPUPOCTA JIUCTHEB OBUIO YCTAHOBJIEHO NPHM HU3KUX KOHLEHTPALUAX TOKCHKAaHTa
(10 u 50 mr/m), mpu Gosee BEICOKUX CHIDKEHHE He oTMedeHo. Yepes 30 cyT pasnu-
YHUsT MEXIY KOHTPOJIEM M ONBITHBIMU TPYIIIaM{ HE BBISIBICHBI IIPH BCEX KOHIICH-
Tpanusx, 3a UCKIodeHueM KoHmeHtpamuu 1000 Mr/m, mpu KOTOPOH pacTeHUS
noru6iyn. [Ipu BO3AEHCTBUN 000MX TOKCHKAHTOB HE OBLIO OOHAPYKEHO KOppEJs-
LIUOHHOHN 3aBHCUMOCTH MEXY IPUPOCTOM JINCTHEB U KOHIEHTPALIUEH BEIIECTB.
Ha puc. 3 npuBeneHsl naHHbIE O BIUSHUM TECTUPYEMbIX TOKCUKAHTOB Ha IIpH-
poct xopHel 3octepsl. JloctoBeproe (p < 0.01) cHIKeHHE pUpPOCTa KOPHEU pac-
TeHHs, HHKyOupoBanHoro B bP, mpouzomuio mpu konuentpammu 500—1000 mr/n
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Fig. 3. Growth of seagrass N. noltii roots (pcs./speci-
men, Mean + SEM) exposed to drilling fluid (¢) and cement-
ing fluid (b) in concentrations of 10-1000 mg/L. Notation:
See Fig. 1
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yxke uepe3 10 cyr. Uepe3 20-30 cyT Takoit xe 3ddekr Habmomamu npu Oomee
Hu3KkuX KoHIeHTpanusx BP 10 u 50 mr/a. Yepes 10 cyT ycTaHOBIIeHa yMepeHHAs
KOppesiiys MEXAY IPUPOCTOM KOPHEH pacTeHHUsl U KOHLEHTpauuel TOKCUKAHTa
(Y=610—420.9X, r = 0.490, R* = 0.37).

[Ipu nHKYOanuu 30cTephl B cpesie ¢ pasHbIMU KoHIeHTpauusMu TXK depes
10 cyT oOHapyxkeHO noctoBepHOE (p < 0.01) cHIXEHHE MPUPOCTa KOPHEH MpH KOH-
meatpanusax 500 u 1000 mr/m, gepes 20 u 30 cyT ObIT OTMEUYEH TOT XKe 3¢ ¢exT,
HO B TOCJIEHEM cliydae npu KoHieHTparuu 1000 mr/n pactenue moru6io. Creny-
€T OTMETUTHh YMEPEHHYIO KOPPEIALHUIO MEKAY MPUPOCTOM KOpHEW W KOHLIEHTpa-
uueit Tokcukanta epes 10 cyt (Y =0.94 =X, r = 0.39, R* = 0.23).

Ha puc. 4 npencraBieHsl JaHHBIE [TO0 BEDKHBAEMOCTH aM(pHIION, SKCIIOHUPYE-
Meix B BP u TXK. JocroBepnoe (p < 0.05) cHUkeHHE BEDKMBAEMOCTH PakooOpas-
HBIX ObTO oTMeueHo yepe3 10 cyT mpu xonuentpauuu BP 50 mr/n. Yepes 20 cyt
skcnio3unuu B cpene ¢ BP mocroseproe (p < 0.05) cHMKEHHE BRDKHBAEMOCTH pa-
KOB OBUIO BBIABIICHO NpW KoHueHTparmu 100 mr/a u Beimie. [Ipu 3ToM ycTaHoBIe-
Ha BBICOKasl KOPPEeJsIIUs MEXIy BHDKMBAEMOCTBIO aM(HIION U KOHIeHTpanueld bP
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Fig. 4. Survival of amphipods (%, Mean + SEM) exposed
to drilling fluid (@) and cementing fluid (b) in concentrations
of 10-1000 mg/L. Notation: See Fig. 1
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(Y=544-0.05X, r=0.87, R>=0.89). Uepe3 30 cyT B ONBITHBIX Ipymnmax ¢ BP Ten-
JICHITUSI COXPaHUIIach, HO KOppesiiws Obuta Oosee cnabdoii (Y =41.9 — 0.04.X, r=0.48,
R*=0.59). Ipu conepsKaHWH raMMapycoB B PACTBOPAX C Pa3HBIMH KOHIIEHTpAIIH-
smu TXK mocToBepHOE CHIDKEHHE BRDKIBAEMOCTH O0OHAPYKEHO MPH KOHIICHTPAIINU
1000 Mr/;1 Bo BCe HCCIIeayeMbIe MIEPHOIbI, HO HE YCTAHOBJICHO B3aUMOCBS3H MEXK-
Iy WX BEDKHBA€MOCTHIO M KOHIICHTpAIel TOKCHKAHTA.

Oo6cy:xneHne pe3yabTAaTOB HCCIEI0BAHMA

PesynbTaTel Hccnea0BaHUM MPOAEMOHCTPUPOBAIN TOKCHUECKOE ACUCTBUE Te-
CTHPYEMBIX BEIIECTB HA TUITUYHBIX MPEJCTaBUTEICH JOHHOTO COOOIIECTBA 30CTEPY
1 pakooOpa3HbIx. HaOmomaembie 3G eKTh 3aBHCETH OT KOHIIEHTPAUN U BpEeMEHU
BO3/ICHCTBHSA TOKCHKAHTOB, YTO IMMO3BOJIMJIO CHENATh MPEANOIOKEHHEe KaK O MeXa-
HU3MaX TOKCHUYHOCTH BELIECTB, TaK U BO3MOXKHBIX IOCIIEACTBUSIX JUIsI UCCIEdye-
MBIX OPTaHU3MOB OEHTOCHOTO COOOIIECTBA.

Hamm nccrnepoBanns moxaszaiy, 9To MPHUPOCT OMOMACCHI 30CTEPHI, HHKYOHPO-
BaHHOW B cpelie ¢ modasienueM bP, yxe gepes 10 cyT mocie Havana SKCIIepUMEHTA
nipu KoHIeHTparmu bP 10 mr/n camsmics Ha 49 %. [Ipu mpomomkaroniemMcst BO3-
JIEUCTBUU CHUKEHHE ITOr0 MoKazarelisl Mpy JaHHOW koHIleHTpanuu bP cocraBuiio
62-78 %. Ilpu Gonee BricOKUX KoHIEHTpanusax (50—100 mr/i) mpupoct Grnomaccsl
MPOJIOJKA] MHTEHCUBHO CHMKaThes (Ha 60—80 % IO OTHOIIEHUIO K KOHTPOJIIO),
a pu koHrentpamuu 500-1000 mr/nm pactenus: nmorudnu. Jpyrue ucciemoBarenu
Takke OOHAPYXHMJIIM CHIDKEHHE TPOAYKTHBHOCTH (TI0 TIOKa3aTessiM TOTJIOIIEHHUS
yIJIepoAa U CKOPOCTH POcTa) MOPCKOH TpaBbl poaa Thalassia npu 10-cyTounom
Bo3zeiicTBun KoHIeHTpanuii bP 200 n 1000 mxu/n [17]. Bmecre ¢ Tem B Hammx
WCCIIEIOBAHNAX HE YCTAHOBJICHO PA3IMINA MEXAYy IPUPOCTOM JIUCTHEB Y 30CTEPHI,
MOJIBEpruyTOol Bo3nelcTBui0 bP, U KOHTposieM, a MPUPOCT KOpHEH HMMeEINl BhIpa-
KEHHYIO TEHJEHIMIO K CHIDKeHHUIO (Ha 48 %) 1Mo OTHOLIEHMIO K KOHTPOJIIO MpHU
KOHIeHTpaIusax Tokcukanta 50—100 mr/n yxe gepe3 10 cyt. B mocnenyromme me-
PHOIBI 3Ta 3aBHCHMOCTH IIPOSBHJIACH NPH BCEX TECTUPYEMBIX KOHIEHTPAIIHX.
Crienyer oTMETHTB, YTO POCT KOpPHEW 30CTephl 3aBUCHT OT MHOTHX (paKTOPOB, Ta-
KHX KaK IMOYBEHHBIN CyOCTpaT, HAIMYHe KUCIOpoa U OMOTEeHOB, TIepeMeIIBaHNe
BOJHOHM Cpellbl, a TaKkKe€ MPUCYTCTBHE TOKCHUKAHTOB, YTO OBLIO yCTAHOBIEHO U
B HaIIMX HCCIIeoBaHUsIX. TakuMm oOpa3om, Ha Bo3zaeiicTBue bP pa3ubie wactu pac-
TEHHS pearupoBajy MO-pa3HOMY, IIPH 3TOM KOPHU OKa3aJIUCh OoJiee UyBCTBUTEIb-
HBIMH K HEOJIarOMPHUATHBIM BO3JEUCTBUSAM, YEM JIMCThS, YTO COTJIACYeTCA C JaH-
HBIMHU JAPYTUX Uccienoparenei [23].

Bpennoe Bausane T)K Ha 30cTepy OBIIO BBIpaKEHO B MEHBINIEH CTEHEHH, YEM
pnusinue BP. Ilpu BozpeiictBum TXK pacTenus moruOnm mpu caMoil BBICOKOI
koHIeHTparuu TokcukanTa (1000 mr/m) gepe3 30 cyt makyoOarmu. Yepes 10 cyt
HE YCTaHOBJICHO DPa3iIMYMii MEXIy 3HAYCHHUSMHU NPUPOCTa OMOMACCHl U JIMCTHCB
pacTeHus y KOHTPOJIS M HCCIEeNyeMBbIX 00pa3loB NPH BCEX TECTUPYEMBIX KOHIICH-
Tpanusax, HO MPUPOCT KOPHEH MOCTOBEPHO YMEHBIIWJICA TPH KOHIIEHTPAIUIX
TXX 500-1000 mr/n. B mocnenytomiie mepuoIsl 3KCIIEPUMEHTa MTPUPOCT JTUCTHEB
HE OTJIMYaicid OT KOHTPOJIA, TOT/Aa KaK MPUPOCT OMOMACChl PacTEHUS TOCTOBEPHO
cokpatmics depe3 20 cyT mpu KoHneHTpauuu 50 mr/a u Beimre. MHruOmpoBaHnue
npupocTa kKopHer B mepuoz 20-30 cyT coXpaHSIOCh NPU TeX K€ KOHIIEHTPAIHIX
TOKCHKaHTa, a MPUPOCT Ouomacchl yepe3 30 CyT He OTIMYAIICS OT KOHTPOJsL. Takum
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00pa3oM, MOKHO OTMETUTh pa3HOE BIMSHHE TOKCHKAHTA Ha pa3Hble YacTH pacTe-
HUsI, YTO OBLIO YCTAHOBJECHO NpHW M3ydeHMu BiusiHUA BP Ha 3octepy. IIpu sTom
KOpPHH OKazajuch Ooliee UyBCTBUTENBHBI K Bo3aedcTBuI0O TOK, Wem JMCThs, 9TO
OBIIIO OTMEYCHO U TpH BoznelicTeun bP.

bru10 nokaszaHo, 4To pa3Hble TOKCHHBI, B TOM YHCIIE TUTATEIbHBIC BEIIECTBA U
Cynb(GUABl B BEICOKAX KOHIIEHTPAILUSAX, MOTYT OBITh KpaifHE BPETHBIMHU IJIS KH3-
HEJCATEIBHOCTH W PACIIUPEHUS TOMYIIAIH 30cTephl [19]. IIpu aTOM pasHbie da-
CTH pacTeHHs MOTYT IO-pPa3HOMY pearvpoBaTh Ha JEWCTBHE TOKCHKAHTOB, BKJIIO-
yass OMOTEHHBIE 3JIEMEHTHI, YTO CBSI3aHO C OoJyiee BBICOKMM CpPOJICTBOM JIMCTHEB
K aMMOHHUIO N0 CPaBHEHUIO C KOpHAMH. OTpULATENbHOE BIUSHUE Ha MPUPOCT
o6uomaccel Zostera noltii 6pU10 0OOHAPYKEHO TIPY KOHIICHTPAITNH CYJIb(pHuIa B BOJE
menee 200 MKMOJB/N. B MpUPOAHBIX yCIOBUSX pPacHIMPEHUE YYaCTKOB OOMTaHHS
pacTeHusi He IPOUCXOIMIIO MPU KOHIEHTpalusax cyiabduna comee 1000 MkMoIb/1,
YTO CBSI3aHO CO CHM)KEHHEM JKU3HECTIOCOOHOCTH KOpPHEH MpH KOHTAKTE UX C CyIIb-
¢bumamu. BMecte ¢ TeM McciaenoBaTeNd OTMEYAKOT, YTO Ha ypoxait T. festudinum
B JIa0OPaTOPHBIX M IMOJIEBBIX YCIOBUAX HE BiIMsIA OypoBast *KHIKOCTh TOCHE 0- U
12-HeaenbpHOTO TIeproaa BO3ACHCTBHUA [24], uTo elmie pa3 MOATBEpPXKITAeT HEOOXO-
JMMOCTh HMCCJIEIOBaHUS Pa3HOKAYECTBEHHBIX d((EKTOB BIUSHUS OYPOBBIX KHII-
KOCTEH Ha MpeacTaBUTENIeH TOHHON (IIOPHI.

Brustaue BP Ha 30cTepy MokeT OBITh MPSMBIM U KOCBEHHBIM. Hempsimbie 3¢-
(hexTs! Oypenus u bP 00ycioBieHbl n3MeHeHNEM (YXYAIICHHEM) CpeIbl OOUTaHU.
[pu Gypennu ckBaxuH 00pa3yeTcsi MHOKECTBO B3BEIICHHBIX YaCTHII, KOTOPHIE 3HA-
YUTENIbHO CHIKAIOT MPO3PAuHOCTb BOJBI, YTO 3aTPYAHSAET MPOHUKHOBEHUE COJIHEY-
HBIX JTy4ei. DTO HHrHOUpyeT POTOCHHTETHUECKHE PEAKIINN PACTEHH U YTHETAeT X
JKU3HEACSTeTFHOCT, B TOM YHciie dmruduTHYI0 MuKkpoduiopy [25]. Korma B3Bemen-
HBIE YaCTUIIBI OCENAIOT Ha THO, OHM 00pa3yIoT CIOH, HEMIPOHUIIAEMBIH IS TTOCTYII-
JICHUS TIUTATEIBHBIX BEIIECTB K KOPHSAM 30CTEPHI, YTO OCOOSHHO SPKO MPOSBISIETCS
npu ucrons30BaHuu 12K, 3To OBIIIO IPOIEMOHCTPHPOBAHO B HAIIIMX HCCIIEOBAHMSIX.
Takum oOpazom, HapymaeTcs oOMeH MeXIy cpeloil u pacteHueM. [lomumo 3Toro,
MonagaHue KCeHOOMOTUKOB B BOLY HapyllaeT ee (U3MKO-XMMHUYECKHE CBOMCTBA,
YTO TaK)K€ OTPUIATETHHO BIHUAET Ha KU3HEACITeILHOCTh THAPOONOHTOB.

[Ipssmoe Bo3zeiicTBue BP okaspiBaeT TOKCHUECKUit 3G heKT BCIEACTBUE HAIM-
YUs B €r0 COCTaBE TSKENBIX METAJIOB M OPraHUMYECKUX COEAMHEHUH, KOTOPHIE
HAaKaIUIMBAIOTCS B PACTCHUSIX M HAPYLIAIOT UX KU3HENEATEIbHOCTh. B cOBOKyIHO-
CTH 3TO TIPOSIBIISIETCS B YTHETEHWH POCTA LEJOT0 PacTeHUS M OTAEIBHBIX €ro 4a-
CTel (JIMCThEB M KOpPHEH, 4TO MOKa3aHO B HAIlIEM HCCIIEOBaHUH ), HEBO3MOKHOCTH
paccenenus u penpoaykuuu. Kpome Toro, 3apociu 30cTepsl MOTYT OBITH HENpU-
TOMHBI JUI JPYTHX MOPCKUX OOWTaTeNed, KOTOpble HCIIONB3YIOT UX B KadyecTBE
MecT OOMTaHMIA, HAIpUMeEp ATl paKooOpas3HBIX, PBIO, MOJITFOCKOB.

Tak, Hanpumep, B MPUPOAHBIX U IKCIIEPUMEHTANBHBIX YCIOBUAX HCCIEN0BA-
TEW OTMEYalI U3MEHEHHS B YHCICHHOCTH OCHTOCHBIX 0€CIO3BOHOYHBIX. Makpo-
(hayna, moaBeprirasicss Bo3nelicTeuio bP wiy rimHbBI, TpUMEHIEMO# TPH IIEMEHTH-
pPOBaHUM CKBaXXHMH, ObLIa CYIIECTBEHHO OOCAHEHA MO CPaBHEHUIO C KOHTPOJIBHON
rpynnoi [26]. Hamu uccnegoBanus mokasanu, yto TXK okaszanack MeHee TOK-
cuuyHa ansa amdunon, yem bP. Ha mpoTsskeHnn Bcero sKcriepuMeHTa BbDKHBae-
MOCTh PaKooOpa3HbIX, IKCIIOHUPOBAHHBIX B PACTBOpax ¢ KOHIEHTpamued Ooiee
10 mr/71, 6bpU1a TOCTOBEPHO HIKE KOHTpoiA Ha 30—85 %, Torna kak npu MHKyOanuu
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B pactBopax ¢ TK goctoBepHbi€ pa3inuiusi OTMEUEHBI TOJIBKO MPU CaMOU BBICOKOM
koHueHTpamu 1000 Mr/m, Koraa 3TOT mokasarenb okasaics Ha 46 % HiKe Mo cpas-
HEHHIO C KOHTPOJIbHOU rpymnmnoi. Takum o0pa3oM, MposBIEHHE TOKCHYECKOTO JIeH-
cTBus Ha amuron Oputo cerubnaasM st TOK n BP.

HccnenoBareny oTMeYaroT, YTO B MPUPOTHBIX YCIOBHUAX HEKOTOPHIE MOPCKHE
TpaBbl OKA3aJMCh MEHEE YyBCTBUTEIBHBIMU K HEPTH, TUCTIEPTUPOBAHHBIM MacliaM
u bP, 4eM mpuiIMBHO-OTIIMBHBEIC COOOIIECTBA (KOPAJUTBI, TYOKH, UTJIOKOKHE, MaH-
TPOBBIE 3apOCiH, 0ECITO3BOHOYHBIE U MOJUTIOCKHU [27]. UHTEepecHO OTMETUTh, UTO
YHCIEHHOCTh OCHTOCHBIX OECIO3BOHOYHBIX PE3KO COKpallajach MoJ BO3ACHCTBU-
eM bP B mabopaTopHbIX yciaoBUsX, HO 3TH 3¢ deKTh He HAOIIOIANCh B IPUPO/I-
HO# cpene. IIMOTHOCTH OECIO3BOHOYHBIX B TIOJIEBHIX YCIOBHUAX ObIIa CXOMHOM
Ha KOHTPOJIBHBIX U 00paboTaHHBIX BP ydacTkax, HO 3HaYMTENBHO HIDKE HAOIIO-
JaBIleics B KOHTPOJIE, IPU 3TOM BHIOBOE pazHooOpas3ue B MOJIEBBIX U Jaboparop-
HBIX YCIOBUSX HE pa3nuyanock [23].

Takum oOpa3om, IpoIoIKAIOIIAsLCS TI00ATbHASI TEHACHINS K pOCTY HedTera-
30BOW JIOOBIYHM B MPUOPEKHBIX palioHAX MOpPEH W OKEaHOB MPE/ICTAaBIISCT 3HAYH-
TENBHYIO YIpo3y Uil OEHTOCHBIX DKOCHCTEM U MX oOutareneil. I3mMenenue ¢uzu-
KO-XMMHUYECKIX CBOWCTB BOJIbI, YBEIMUEHHNE €€ MyTHOCTH U CHHKEHHE JIOCTYITHO-
CTH CBeTa JJIsl THIPOOMOHTOB MOXET UMETh KacKaaHble d(Q(EKThl 1T MOPCKOM
9KOCHCTEMBI B LIEJIOM. YUHTBIBasl KJIIOYEBYIO pOJb, KOTOPYIO MOPCKHE TpPaBbl
1 oOUTaroIIKe B HUX OECII03BOHOYHBIE HTPAIOT B MPUOPEKHBIX SKOCUCTEMAX, JaH-
HOE HCCIIEI0BaHNE TIOTICPKUBACT YA3BUMOCTh OMOIIEHO30B K monaganuio bP u ux
KOMIIOHEHTOB, O0COOCHHO Ha ()OHE MEHSIOIIUXCS YCIOBUI OKpYXKaloIlel cpebl
[28, 29].

3aki0ueHne

HmurensHoe BoznelicTBue bP M MX KOMIIOHEHTOB HE TOJILKO HapylllaeT MeTa-
Oonnveckre peakiy 30CTEePhl, HO U BBI3BIBAET OTMUPAHUE JIMCTHEB U JIETPaJAIHUIO
TKaHEW, YTO MOXKET MOCTABUTh IO/ Yrpo3y oOliee 310pOBbE U KU3HECIOCOOHOCTD
MOpcKoM TpaBwl. Hamm uccnenoBaHus mokasaiu, 4To moj BosneicTBueM bP yxe
npu kKoHHeHTpanuu 10 mr/m guepe3 10 cyT mociie Hadana 3KCIEPUMEHTa MPUPOCT
Oouomacchl pactenus causmics Ha 49 %. Uepes 20—30 cyT CHMXKEHHUE 3TOrO MOKa-
3aTens NpU AaHHOM KoHueHTpauuu BbP cocraBmiio 62—78 % COOTBETCTBEHHO.
IIpu noseimennu koHIeHTpanuu A0 S0—100 Mr/m mpupoct GuoMacchl IPOIOIIKAI
WHTEHCUBHO CHIDKAThCA 10 60—80 % MO OTHOIIEHHIO K KOHTPOJIIIO, a MPU KOHIICH-
tpauu 500—-1000 mr/n pacrenus nmorudiau. KopHu 30ctephl okazanucek 6onee 4yB-
CTBUTENBHBI K JEHCTBUIO TOKCHKAaHTAa, YEM JHCThA: HE YCTAHOBJICHO pa3IH4YUil
MEXKIY IPUPOCTOM JIUCTHEB Y 30CTEPHI, MOABEPIHYTON BO3AeHCTBUIO BP, 1 KOHTpoO-
JeM, a IIPUPOCT KOPHEHW MMEN BBIPAXKCHHYIO TEHIECHIMIO K CHUXKEHUIO Ha 48 %
10 OTHOIICHHIO K KOHTPOJIIO TIPY KOHIIEHTpausAX TokcukanTta Ha 50—100 mr/im yxe
yepe3 10 cyt. Bpennoe Bnustare T2K Ha 30cTepy OBUIO BBIpaXKeHO B MEHBIIEH cTe-
neHyu, yem Biusaue BbP. Ilpu BozneiictBum TXK pactenus morubnu mpu camoit
BBICOKOW KOHIeHTpanuu TokcukaHTa (1000 mr/m) gepe3 30 cyT uHKyOamww.
JlOCTOBEpHBIX pPa3nUUnil MEXAY MPUPOCTOM JINCTHEB B ONBITHBIX U KOHTPOIBHBIX
BapHaHTaxX He yCTaHOBJIEHO, HO MPUPOCT KopHel yxe Ha 10—20-e cyT 1ocTOBEpHO
ymenbimics Ha 64-90 % npu koHuentpanusx TXK 500-1000 mr/n. M3menenus
CKOPOCTH POCTa MOPCKHMX TpaB (30CTEpPhl) W COKpallleHHE 4YHcia OCHTOCHBIX
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0CCII03BOHOYHBIX B Pe3yJibTaTe HApYLICHHUS yCIOBUH cpenbl oOuTaHus, ee (u-
3UKO-XMMUYECKUX CBOMCTB MOXKET NPHBECTH K HEOOpAaTHMMBIM MOIM(PHUKALUSIM
MPUOPEKHBIX OEHTOCHBIX CO0OMmIEecCTB B IenoM. 1)K okazamace MeHee TOKCHYHA
ot amdurnon, uem bP, o yem cBuaeTenscTByeT TOT (akT, YTO BEDKMBAEMOCTh pa-
KOOOpa3HBIX, IKCIIOHUPOBAHHEBIX B pacTBOpax bP ¢ koHmenTpanmeit 6onee 10 mr/m,
ObuIa TOCTOBEPHO HIKE KOHTpOJsL Ha 30-85 %, Torna kak nmpu MHKyOauuu B pac-
TBOopax ¢ TJK mocToBepHbIE pa3iuyuns OTMEUEHBI TOJBKO MPU CaMOM BBICOKOM KOH-
uentpanuu 1000 mr/i. B ¢Bsi3u ¢ 3TuM HeoOXoauMa pa3paboTKa Mep 0 COoXpaHe-
HHUIO KOCHCTEM M 3alUTe MX OT IOCIEACTBUIA MpoLeccoB OypeHus Ha menbde.
TecTsl HA TOKCHYHOCTH TTO3BOJISIOT OICHUTh OMOJIOTHYECKIE OTKIIMKU M KOHIICHTpa-
UM, TIPA KOTOPBIX pasnudHbie BEIOpocsl BP n copockr OypoBoro murama OyayT oka-
3bIBaTh BO3JICHCTBUC HA MHJUKATOPHBIC BUBI U TECT-O0BEKTHL. BO3eHCTBIE BKIIIO-
YyaeT M3MEHEHUs KaK aBTOTPO(HBIX, TaK M TETEPOTPOPHBIX 0COOSH/MOoMmyIsu,
W3MEHEHHS] B KOMIIOHEHTaX CTPYKTYPHI COOOINECTBAa M B MPOIECCAX, CBI3aHHBIX
C MIOTOKOM JHEPTrHH B YKOCHCTEMaX MOPCKUX TPaB M OOHMTAIOIIMX B HUX OECI03BO-
HOYHBIX. DKOTOKCHKOJIOTMYECKHE METOJbl MO3BOJIAIOT OLEHUTHh BO3/IEHCTBUE Ha
OKPYKAOIIYI0 Cpeay Ha MPOTSHKEHHH BCEro IUKIA OypeHHs. DTOT KOMIUIEKCHBIH
MOJX0J JaeT IEeHHYI0 WH(GOpPMAIMIO O MOCIEeNCTBUSAX OypoBBIX paboT, crocoO-
CTBYS MIPUHSATHIO OOOCHOBaHHBIX PELICHUI B COOTBETCTBUH C MPUHIMIIAMH KOJIO-
TUYECKO 0e30MacHOCTH, OMOTAeT B COCTABICHMM JKOJOTHYECKUX NpOoQHIIeH u
OIIEHKE BO3JIEHCTBHSA JUTS PA3INYHBIX ITyTE€H YIPABICHUS OTXOJaMH.
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