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MNpepucnosue

Llenn, ocHOBHblEe MPUHUWNLI U 06l Me npaBuia NpoBefeHns paboT Mo MexXrocyapCTBEHHON cTaHfapTu-
3aumm yctaHoBneHol FTOCT 1.0 «MexrocygapctseHHasa cuctema crtaHgaptusauun. OCHOBHbIE MOMIOXEHUA» W
FOCT 1.2 «MexrocyfapcTBeHHas cuctema ctaHgaptmsaumun. CtaHfapTbl MeXrocyfapCcTBeHHble, npasBuia n pexo-
MeHJaLuuy No MexrocyaapcTBeHHO cTaHgapTusauunv. Mpasuna paspaboTku, NPUHATUASA, OOHOBIEHNSA U OTMEHbI»

CBefieHusa o cTaHfapTe

1 MNOAMOTOBJ/IEH ®efepanbHbiM rocyAapCTBEHHbIM YHUTAPHbBIM NpeanpmuaTuem «Bcepoccuiickuii Ha-
YyYHO-uccnenoBaTeNbCKUn LLeHTp cTaHgapTmM3aunm, nHdopMmaunm u ceptudmkauum cbipbs, matepmanos n Be-
wectB» (Pryn «BHULLCMB»), TexHn4eckum KomMMTeTom no ctaHgapTusaumm TK 339 «be3onacHoOCTb CbipbSA,
mMatepuasnoB 1 BewecTB». MexXrocygapCTBeHHbIM TEXHUYECKUM KOMUTETOM Mo cTaHgapTtusauum MTK 339
«be3onacHoCTb CbipbA, MaTepnanos 1 BeLecTB»

2 BHECEH ®epepanibHbiM areHTCTBOM MO TEXHUYECKOMY PerysiMpoBaHuio U MeTposiornm

3 MPUHAT MexrocygapCcTBeHHbIM COBETOM MO CTaHfapTu3auun, meTposiorum n ceptudukayumn (npo-
TOKoN OT 5 Hosi6pa 2013 1. Ne 61-11)

3a npuHATME nporosiocoBasnu:

KpaTkoe HaumMeHoBaHWe cTpaHbl Kop cTpaHbl no MK CokpalleHHOe HauMeHOBaHWe HaLWOoHaNbHOro opraHa
no MK (MCO 3166)004-97 <NCO 3166)004-97 no ctaHgaprtusauuun
AsepbaiigpxaH AZ AscTaHgapT
ApmeHns AM MuHaKoHOMUKM Pecnybinkn ApmeHus
Benapycb BY locctaHgapt Pecny6nvkvn Benapycb
KazaxcraH KZ locctangapt Pecny6nukn KasaxcraH
Knpruans KG KblpreisctaHgapt
Mongosa MD Mongosa-CraHgapT
Poccusa RU PoccTtaHgapt
TamxvknctaH TJ TamkvkcTaHgapT
TypKkmeHus ™ nasroccnyxba «TypKkMeHcTaHaapTIapbI»
Y36ekncTaH Uz Y3crtaHgapt
YkpavHa UA MWH3KOHOMPa3BUTUA YKpauiHbl

4 Mpukaszom defepasbHOrO areHTCTBa Mo TEXHUYECKOMY PEerysimpoBaHuio 1 MeTponorum oT 22 HoAbps
2013 r. Ne 778-cT mexrocyfapcTBeHHblil ctaHgapt FOCT 32426—2013 BBefeH B AelicTBMe B KayecTBe Ha-
uMoHanbHOro ctaHgaprta Poccuitickoin depgepaymn ¢ 1 aBrycta 2014 r.

5 HacToswumii ctaHfapT MAEHTUYEH MeXAyHapoaHOMY AokyMeHTY OECD. Test No. 221:2006 «UcnbiTa-
HUe pACKM Ha yrHeTeHune pocta» («Lemna spp. growth Inhibition», IDT).

HanmeHoBaHue HacToslero crtaHgapTa U3MEHEeHO OTHOCUTE/IbHO HauMEHOBAHWUA YKa3aHHOro Mexay-
HapoAHOro AOKyMeHTa Ans npusegeHus B cootseTcTBue ¢ FOCT 1.5 (nogpasaen 3.6)

6 BBEJEH BMNEPBbIE
7 NEPEVW3OAHME. Maii 2019 1.

NHdopmauma o BBeJeHUN B feiicTBMUe (NpekpaleHnn eiicTBUSI) HacTOsALWero cradjapTa u usme-
HEHWII K HEMY Ha TeppuTOopUN yKkasaHHbIX Bbllle FOCYyAapCcTB Ny6/nkyeTCa B ykazaTensax HaunoHanbHbIX
CTaH4apTOB, M3gaBaeMblX B 3TUX rocyfgapcTBax, a Takke B ceTu IHTepHeT Ha caliTax COOTBEeTCTBYIO-
L MX HAUMOHANbHbIX OpraHe No cTaHAapTu3aunu.

B cnyyaB nepecmoTpa, M3MEHEHUS UNM OTMEHbl HAacTOALWero craHgapTa cooTBeTCTBylLWas
nHhopmaunsa 6ygeT onybnmkoBaHa Ha ouuManbHOM MHTepHeT-caliTe MexrocygapcTBEHHOro coBeTa
no cTaHjapTu3auun, MeTponorun n cepTudukaunm B kaTanore «MexrocyfapcTBeHHble CTaHAapTbi»

CrtaHpapTuHdopm, odpopmneHne. 2014. 2019

B Poccwiickoii degepanmy HacTOAWMA cTaHfapT HEe MOXET 6biTb NOTHOCTLIO UK
4yacTMYHO BOCMPOU3BEAEH, TUPAXMPOBAH M pacnpocTpaHeH B KayecTBe oguuuasnibHOro
n3paHna 6e3 paspeweHus degepasbHOrO areHTCTBa N0 TEXHUYECKOMY PeryiMpoBaHuio
n MeTposnorum
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BBepeHne

HacToswwuii ctaHAapT onucbiBaeT onpefeneHne TOKCUYHOCTW BeLecTB C UCMONb30BaHNEM BUAOB: ps-
cka ropbatasa (Lomna gibba) n packa manasa (Lemna minor). TakcoHoMuUss Lemna spp. ABAseTcs TpyA0EeMKO
no Npu4YnHe cyLiecTBOBaHUS 6O/bLIOTO KomMyecTsa (PeHoTMNoB. X0Ta Lemna MOXeT NposBUTb reHeTu4eckyto
M3MEHYMBOCTb B KauyeCTBe OTBETHOW peakuunu Ha AAbl. B HacTosllee BpPeMs HeAoCTaTOYHO AaHHbIX NO BO-
npocy 3TO0i N3MEHUYMBOCTM, YTOObLI peKOMeHAOBATb A/18 NCMO/b30BaHUA KakKylo-N11Mbo onpefenieHHyo reHeTu-
Yyeckyto NMHMI0. Heo6x0AMMO OTMETUTb, YTO TECT He MPOBOAST B CTEPWU/IbHbIX (AKCEHHbIX) YCMIOBUSIX, HO OH
BK/lOYaeT npouefypbl MO MAHUMMU3ALUN APYTUMUW OpraHu3Mamu.

MeToA OocHOBaH Ha pykoBoAasAwmMx npuHuunax [1]—{6]. Ho BkIYaeT mMoAandMKaLUN 3TUX METOAOB, OT-
paxas HefaBHWe MCCNEA0BaHUSA U KOHCYNbTaUWI0 B psAfe K4YeBbiXx BONPOCOB. MpeAnoXeHHbll MeTos 6bin
YyTBEPXAEH MeXAyHapoAHbIM MexnabopaTopHbIM TecToM [7].

OnucaHbl geTann TecCTMpoBaHna ¢ 06HOBIeHNEM (MoycTaTUYeCcKnii U MPOTOYHBIN 3KCMEPUMEHTHI) 1 6e3
06HOBNEHUs (cTaTUYecknii) KyNbTUBALMOHHOI cpefbl. B 3aBMCUMOCTM OT Lieneil pekomeHyeTcs NpUMeHATb
nonyctaTuyeckuii 1 NPOTOYHBIA aKCNEePUMeHTbI AN NeTyunx, poToAerpagnpyemblx. BbinagaoLnx B ocagok
1 6uopasnaraembix BelWeCTB, 4ONO/HNTETbHOE PYKOBOACTBO AaHo B [8].
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M E X O C Y O AP CTBEWHHUGbB 1 C T A HOAPT

METOZAbl NCMBITAHUA XUMUYECKOW MPOAYKUMW, MPELCTAB/IAIOWEN OMNACHOCTb
019 OKPYXXAIOUWEW CPEAbI

McnbiTaHNe pACKM Ha YTHeTeHue pocTa

Testing of chemicals of environmental hazard. Lemna spp. growth inhibition test

[Jara BBegeHns — 2014—08—01

1 O6nacTb NpUMeEHeHUA

HacToawuii ctaHfapT ycTaHaB/MBaeT MeTO[ OLEHKM TOKCMYHOCTM BELLecTB Mo AeiCTBUIO HA MPEecHOo-
BOAHblE pacTeHus poga Lomna (psicka).

2 TepMuHbI 1 onpegeneHns

B HacToAlweM cTaHfapTe NPUMEHEHbI creayolmne TeEPMUHbI C COOTBETCTBYHOLWUMY ONpeAeneHnammn:

2.1 6uomacca (biomass): Cyxoil BeC XMBOro Bel,ecTsa, NpuCcyTCTBYOLWEro B nonynsayui. B pamkax ato-
ro tecta 6uomacca n3mepseTca KOCBEHHO, Kak NpaBuio, N0 KONNYECTBY NNACTUHOK U NaoLWaan Ux nokpbITUs,
Nno3TOMYy TEPMUH «6MoMacca» OTHOCUTCA K 3TUM napameTpam.

2.2 xnopo3 (chlorosis): NMoxenteHne 3eN1eHON NNACTUHKN.

2.3 knoH (clone): OpraHn3m WUnn KneTka, NOSBMBLUKECSA OT O4HOM 0CO6U HENOMOBbLIM NyTeM. OpraHu3mMbl
OflHOTO W TOTO X€e KNIOHA reHeTUYeCKN NAEHTUYHBI.

2.4 xonoHua (colony): O3HayaeT COBOKYNHOCTb MIACTUHOK MaTePUHCKOW W AovepHeli ocobeit (06bIYHO
ABe — yeTbIpe), NPUKPEneHHbIX APYT K Apyry. IHorga ucnonb3yloT TEPMUH «pacTeHne».

2.5 ECX KoHLeHTpauunsi TECTUPYEMOTO BeLlecTBa, pacTBOPEHHOIO B TECTUPYEMOWA cpeae, KoTopas npu-
BOAMT K COKpallieHuio pocta Lomna Ha x % (Hanpumep. 50 %) B npeAenax yCTaHOB/IEHHOTO nepnoga Bo3gei-
CTBMA (C TOYHBIM yKa3aHMeM Ha CTaHA4apTHYH NPOAOMKUTENBHOCTL AW NPOAO/IKUTENBHOCTL TecTa). YTobbl
0flHO3HAYHO pa3nuyaTb 3HavyeHuss EC Ha nsmepsaemble TeMNbl pocTa, UCNONL3YIOT CMMBON «EIC» ansa Temna
pocTa n «EyC» ans ypoxaiHocTu.

2.6 NpoTOUHbIN (AnHamnuecknii) TecT (flow-throwing): TecT, B KOTOPOM TeCTOBble pacTBOpbl Henpe-
pbIBHO O6HOBNATCA.

2.7 nnacTuHka (3eneHas nnacTtunka) (frond): MHanBmpyanbHas/eANHCTBEHHAs «IMCTONOLO0GHASA»
CTPYKTYpa pacTeHus pscku. PegyunpoBaHHble NUCT U cTebenb pacTeHns. 3TO HaMMeHbLIasa eAuHULA PACKK,
cnocobHasa K BOCNPOU3BOACTBY.

2.8 rop6 (gibbosity): BagyTue nnu ytonueHne, noABAsioLLeecs Ha nnacTuHKe.

2.9 pocT (growth): YBenunyeHne namepsieMoil nepemMeHHol (HanpumMmep, KoanyecTBa NaacTUHOK, CyXoro
Beca, XXWBOro Beca Wan nnowagn noKpbITUA NNacTUHOK) 3a Nnepuog TeCTUPOBAHUSA.

2.10 ckopocTb (Temn) pocTa [cpeAHWIt yaenbHbIli Temn (ckopocTb) pocTa] [growth rate (average
specific growth rate)]: lorapupmuyeckoe ysennyeHme 6momacchl BoO Bpems nepmoga Bo3gencrams.

2.11 HaumeHbwas appekTMBHasA Habngaemas koHueHTpayus [lowestobserved effectconcentration
(LOEC)]: Camasi HU3Kasi KOHLEeHTpaumsa, npyu KOTOPOii BELeCcTBO OKka3biBaeT CTATUCTUYECKN [OCTOBEPHbIN UH-
rméunpyowmnini adhg ekt Ha pocT (p < 0.05) npu cpaBHEHUN C KOHTPOIEM, B Npeaesiax onpegesnieHHoro nepvoga
Bo3gelicTBusi. OgHaKo BCe TecTupyemble KOHLeHTpauun Bbiwe LOEC A0/MKHbI MMeTb TOKCUYecknini addpexT,
paBHbIii unn 6onbwnii LOEC. Ecnu 3T ABa ycnoBUS HE MOTYT GbiTb BbINO/IHEHbI, AO/XHO 6bIThb faHO pas-
BEpPHYTOE 06bsACHeHMe Ansa nosnydeHHoro LOEC (u, cnepgoBatensHo, NOEC).

W3paHue ouymansHoe
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2.12 nsmepsaemblie nepemeHHble (measurement variables): Bce Tunbl nepeMeHHbIX, KOTOpble N3Meps-
I0TCA B TeYeHue TecTa NO O4HOMY WAW HECKONIbKUM napameTpam. B HacTosiwem cTtaHfapTe uMelTcsa B BUAY
KO/IMYeCTBO NNAaCTUHOK, XMNBOW 1 CyXoii Bec.

2.13 MmoHokynbTypa (monoculture): KynbTypa c 04HOro Buaa pacTeHuil.

2.14 Hekpo3 (necrosis): MepTBble TKaHM NAACTUHOK (TO ecTb NobeneBLlIne NN YTOHYBLUKE).

2.15 HeadhhekTMBHaa Habnwgaeman KoHueHTpayusa [no observed effect concentration (NOEC)]: Te-
cToBas KoHUeHTpauus, meHbwaa LOEC.

2.16 cpeHoTun (phenotype): Buanmbie 0CO6GEHHOCTM OpraHvM3ma, onpeaeseHHOro B3aMMofencTenem
ero reHoB C oKpyxatouieli cpenoi.

2.17 n3yvyaemas nepemeHHas (response variable): NepeMeHHble AN1A OLEHKU TOKCUYHOCTU, NONYYEH-
HOW 13 N6oro nsmepsemMoro napameTpa, onucbiBawLwme 6nomaccy pasnnyHbiMyu MetTogamu pacyeTa. B Ha-
cToslleM cTaHfapTe 3TO TeMN pocTa U YpOoXalHOCTb, MOJIyYEeHHbIe U3 TaKuX U3MEepPsieMbIX NMEepPeMeHHbIX, Kak
KO/IMYeCTBO NNACTUHOK, XNBOW MU CyXoii BecC. naowafb NOBEPXHOCTN NIACTUHOK.

2.18 nonyctatuyeckunini TecT [semi-static (renewal) test]: TecT, B KOTOPOM TECTOBbI pacTBOp Nepuoamn-
Yecku 3aMeHsieTCs B onpefie/ieHHble UHTepBasibl BpeMeHN BO BpeMA TecTa.

2.19 cTaTnueckunii TecT (static test): MeTog TecTupoBaHnsi 6e3 06HOBNEHNS TECTUPYEMOrO pacTBopa BO
Bpems akcnepumeHTa.

2.20 nsyyaemoe BnusiHue (test endpoint): O6wunii hakTop, KOTOpbIli ByAET N3MEHSATHCS MO CPABHEHUID
C KOHTPO/IbHbIM (fanee — KOHTPOJIb) TeCTUpPyeMoro BeliecTsa. B HacTosuwem cTaHgapTe nsyvyaemoe BAU-
AHNEe — WHTMOGMpPOBAaHMEe PoCTa, KOTOPbIA MOXeT 6biTb BblpaXeH pas/MyHbIMU U3yYaeMbiIMU NepeMeHHbIMU,
OCHOBAHHbLIMU Ha OAHOW NN 6onee N3MepsAeMbiX NEPEMEHHbIX.

2.21 TecToBas (akcnepumeHTanbHan) cpega (test medium): MonHOCTbIO CUHTETUYECKAS cpeja, B KO-
TOpOW pacTyT TECTOBble pacTeHWs U B KOTOPYI A06aBNAIOT TeCcTMpyemoe BelecTBO. TecTupyemoe BelecTBo
06bIYHO pacTBOpseTCs B TeCTOBON cpefe.

2.22 ypoxaliHocTb (yield): 3yyaemas nepemeHHas, Bblpaxatlas 6uomaccy B KOHLe nepuoja BO3-
[eNCcTBMSA 3a BblYeTOM 3TOM NepemMeHHOol B Havane TecTta.

3 lMpuHuMn Tecta

3.1 OCHOBHble NOJIOXEeHUA

3.1.1 MoHOKynbTypa pacTeHuit poga Lemna B aKCnNoHeHUManbHOW hase pocTta CoaepXuTca B pasaiuny-
HbIX KOHLEeHTpaLusax TeCTUPYeMoro BellecTsa B TeueHne cemun gHeli. Llenb Tecta cocTonT B TOM. 4TO6bI Onpe-
[ennTb KOIMYeCTBO CBSA3aHHbIX C Bel,ecTBOM 3h(heKTOB Ha POCT pacTeHuii 3a 3TOT Nepunof, OCHOBAHHbIA Ha
oLeHKax Bbl6paHHbIX NepeMeHHbIX. KoNnuecTBo 3e/1eHbIX N1acTUHOK — OCHOBHAas U3 U3MepsieMblX NepemMeH-
HbIX. HO TakKXe U3MepsaT Mo KpaliHeli mepe ele oAHY nepemeHHyo (06LWy nnowanb AUCTbEB, CyXOW Bec
WAN XUNBOW BecC), Tak Kak HEKOTopble BeljecTBa MOTYT BANATb Ha Apyrve napaMeTpbl 3HAYUTENIbHO CU/bHEe,
4YeM Ha KOMIMYeCTBO 3e/IeHblX NIaCTUHOK. [115 KONYeCTBEHHOM OLeHKN atheKTOoB, CBA3aHHbIX C BELLECTBOM,
POCT pPACKM B TECTUPYEMOM pacTBOpe CPaBHMBAIOT C KOHTPOMIEM, N KOHLEHTPaLMWI0, Bbi3biBAKOLWY X % UHIU-
6upoBaHusa pocta (Hanpumep. 50 %), onpegenstT kak ECx (Hanpumep. EC50).

3.1.2 B gaHHOM unccnegoBaHun Habnwgaemblil ahekT TOPMOXEHNA pocTa BblpaxaeTcs B BUAe nora-
pUMUYECKOTO YyBENMYEHUA NepeMeHHOol (CpefHAs yAenbHasa CKOpOCTb pocTa) B TeYeHUo nepuoga Bo3fein-
cTBMA. KoHueHTpaumsa, Bbi3blBalowas npoueHT nHrmbuposaHua pocta (Hanpumep. 50 %), onpegensercs no
cpegHeii yaenbHO CKOPOCTK pocTa No OTHOLWEHWIO K cepumn pas3baBneHunii n Bolpaxaetca B EIC, (Hanpumep.
ErCS0). OT cpefHuX onpeAenieHHbIX TEMNOB POCTa, 3aperncTPUPOBaHHbIX B PAAY UCMbITATENbHbIX peLleHuni,
KOHLUEeHTpauus, Bbi3biBaOLWasa ykasaHHoe 3ame/fsieHue Temna pocrta Ha x % (Hanpumep. 50 %), onpegenexHa
n BblpaxeHa Kak EIC, (Hanpumep, E ,*).

3.1.3 OCHOBHOI TecCT Takxe BKAlYaeT pas/iniHble AONONHUTENIbHbIE UCCNeA0BaHUA, UCNOMb3yeMble
B MeTOAUKAxX HeKOTOPbIX cTpaH. OHW onpeAenalnTCsa Kak pasHuua Mexay M3MepeHusmMu B KoHUe U B Havane
nepuoga Bo3geiicTeus. KoHUeHTpauus, Bbi3biBalolas NpoLeHT HrmbnposaHusa pocta (Hanpumep. 50 %),
onpegenseTcsa no cpefHel yaenbHON CKOPOCTM pocTa NO OTHOLEHUIO K cepun pa3baBneHnin n BblpaxaeTcs B
ErCx (Hanpumep. E ,~). OT ycTaHOBJIEHHOrO CpejHero Temna pocTa, 3apermcTpupoBaHHOIo B CEPUN TECTHU-
pyeMbIX KOHLeHTpaunii, KOHLeHTpauus, Bbi3blBaloLas ykasaHHoe X % nHrnbuposaHue Temna pocta (Hanpu-
mep. 50 %), onpegeneHa n BbipaxeHa kak EICX (Hanpumep. EIC50).

3.1.4 lono/IHUTENBHO MOTYT 6bITb CTATUCTUYECKM ONMpefesieHbl camas Hu3kas Bbi3biBalowas add ekt
KoHUeHTpauunsa (LOEC) n koHueHTpauus, He Bbi3biBaolWwasa apdekra (NOEC).
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3.2 WVNHpopmauna oOTHOCUTENIbHO TECTUPYEMOTO BelecTBa

3.2.1 [lonxeH cywecTBoBaTb AOCTATOYHO YyBCTBUTE/bHbI aHaAUTUYECKUA MeToq ANA onpefeneHuns
KonuuyecTBa BellecTBa B TeCTUpPYeMOii cpege.

3.2.2 IHdhopmaumsa o TecTUpyeMOM BellecTBe Bk/IYaeT CTPYKTYPHY (hopMysy, YACTOTY, pacTBopu-
MOCTb B BOfle, CTabuIbHOCTb B BOoAe 1 Ha cBeTy. pKa, KQN gaBneHne napos 1 cnocobHOCTb K 6rogerpagaunm.
PacTBopMMOCTb B BOAO U faBfieHMe /1lapoB MOXHO MCMO/b30BaTh A9 pacyeTa KOHCTaHTbl FeHpu, KoTopas
nokasbiBaeT BEPOATHOCTb CyLLeCTBEHHbIX NOTEPb TECTUPYEMOrO BellecTBa BO BpeMsa TecTupoBaHus. 970 no-
MOXEeT y3HaTb, HYXHbl U cneuunduueckme Mepbl 415 ynpaBneHus Takumu notepamu. Ecnu nHdopmauyus
OTHOCUTE/IbHO PacTBOPMMOCTU U CTAbUILHOCTU TECTUPYEMOTO BeLeCTBA COMHNTE/IbHA, PEKOMeHAyeTcs npo-
BECTW OLEHKy B YC/I0BUSIX TecTa, TO eCTb B Ky/bTMBaLMOHHOW cpefe, TeMnepaType, pexume OCBeleHuns,
KoTOopbIii ByfeT ncnonb3oBaH B TecTe.

3.2.3 KoHTponb pH cpeabl MOXeT 6biTb 0COGEHHO BaXeH, HanpuMep, Npu TeCTUPOBaHUN MeTas0B UImn
HecTabunbHbIX BeLWeCcTB B Bofge. B aToM cnyyae pekomeHAyeTCcs fONOMHUTEIbHO K Ky/IbTMBALMOHHOW cpefe
ncnonb3oBaTb 6ydep (cm. 4.4). Bonee NnoapobHbIE NOACHEHWUSA MO TECTUPOBAHMIO BELLECTB C (PU3NKO-XUMUYe-
CKUMW CBOCTBaMMU, 3aTPyAHAIOWMMUN NCCefoBaHne, npejcrassieHsl B (8).

3.3 MpumMeHMMOCTb TecTa

Pe3ynbTaTbl TeCcTa cuuTalT OCTOBEPHbLIMW, €C/IN BPEMSA YABOEHUA KO/IMYecTBa 3es1eHblX N1acTUHOK B
KOHTpONe cocTaBnsieT MeHble 2.5 gHA (60 yacos), COOTBETCTBYS NPUOGAN3NTENBHO CEMUKPATHOMY yBennye-
HUI Yepes CeMb AHEeN 1 cpeaHUM yaenbHbiM Temnam pocTta 0.275 geHb"1. icnonb3oBaHue Ky/nbTUBALWUOHHOW
cpefbl W yC/IOBUA 3KCMEPUMEHTA, ONUCaHHbIE B HACTOSALWEM cTaHAapTe, NO3BONAKT AOCTUYb 3TOTO KpUTEpPUS
B CTaTUYHOM TecTe [5]. ITOT KpuTepuii Takke AOCTUXUM NPU MOAYCTAaTUYHOM U NPOTOYHOM IKCNEPUMEHTAX.
Pacuet BpemeHu yaBoeHus npusegeH B 5.1.

3.4 PedhepeHTHOe BewWecTBO

[na npoBepkn npoueaypbl TeCTUPOBAHWUA MOXHO WUCMONb30BaTb peepeHTHble BellecTBa, Takue Kak
3.5-AnxnopeHoN. CNOb30BaHHbI B MeXAYHapoOAHOM MexnabopaTtopHoMm TecTe [7).

XenaTenbHo npoBepsiTb pedepeHTHOe BelecTBO NO KpaiiHeli Mepe ABa pasa B rof Uin. ecin TecTupo-
BaHWe BbIMOJIHAT pefKo, napasie/lbHo C onpejeseHNemM TOKCUYHOCTU TECTUPYEMOTO BellecTsa.

4 OnwucaHne meToga

4.1 O6opypoBaHune

4.1.1 Bce ob6opyfoBaHue, BCTynalollee B KOHTAKT C TeCTOBOW cpefoii, A0/MKHO 6biTb BbIMOSTHEHO U3 CTEK-
na nav gpyroro XMMmn4Yeckn MHepTHoro matepuana. CTeknsaHHaa nocyga, Mcnonb3yemas Ana KynbTUBUPOBAHUA
1 TECTUPOBAHWA, [0/KHA ObITb CTEPUIM30BAHA M OUMLLEHA OT BCeX XMMUYECKNX 3arpsa3HeHnid, KoTopble MOF/n
6bl MonacTb B TECTOBYIO cpefy. TeCToBble eMKOCTU A0/KHbI OblTb 4OCTATOYHO WMPOKUMMN 415 3e/1eHOl Macchl
pPas3NNYHbIX KOMIOHWI B KOHTPOJ/IbHbIX EMKOCTAX, YTO6bI pacTu, He HaknafblBasch APYr Ha Apyra K KOHLy TecTa.

He umeeT 3HauYeHMs, eCNN KOPHU KacalTCsa OCHOBaHWI TECTOBOrO cocyAa, HO MUHMMasnbHas rnybuHa He
[ONMXHa 6bITb MeHee 20 MM ¥ MUHMMaNbHbI 06beM He fo/mKeH 6biTb MeHee 100 M ANSA KaX[0ro TeCToBOro
cocyfia. Tun TeCTOBOW €MKOCTW He BaXeH, eC/i OH oTBeYaeT 3TUM TpeboBaHUAM. OTO MOTYT 6blTb CTEKNAH-
Hble CTakaHbl, KpUCTaNIN3aTopbl UK Yawku MeTpn COOTBETCTBYHOLLUX Pa3MepoB.

TecToBble eMKOCTU AO/MKHbI 6bITb HAKPLITHI 41 MUHUMU3ALUN UCNAPEHNa U CyYaliHblX 3arpA3HeHui,
He Hapywas Heobxogumoro Bo3ayxoobmeHa. CoOoTBETCTBYHOLME TECTOBbIE EMKOCTU, 1 OCOBEHHO NOKPbITUE,
He [O/IKHbI co3faBaTb 3aTEHEHUA NN U3MEHEHUS B CMEKTPE OCBELLEHMS.

4.1.2 KynbTypbl 1 TECTOBblE EMKOCTW He c/ieAyeT cofepxaTb BMecTe. DTO flydlle BCero caenartb, Uc-
nonb3ys oTAesNbHble NOMeLWeHnsa ANA KynbTusauun, nukybatopsl. OcBelleHne n Temnepartypa go/KHbl 6bITb
ynpasnsembl 1 noagaepXuBaTbCsA Ha NOCTOAHHOM ypoBHe (cm. 5.8.1 1 5.8.2).

4.2 TecToBblli OpraHuam

42.1 OpraHn3smMom, ncnonb3yembiM A8 3TOr0 TecTta, aBnseTtca Lemna gibba (L. gibba) unm Lemna
minor (L. minor). KpaTkue onucaHua BUAOB PACKM, KOTOpble UCMOMb3YIOT 418 TECTUPOBAHWNA TOKCUYHOCTH,
JaHbl B NpUNOXeHUn A. PacTuTesnbHbIii Matepnan MOXeT ObiTb NOMYYEeH W3 KOMNEKUUWU KynbTypbl, ApYroi
na6opatopun unu cobpaH B npupoge. Ecnu matepman cobpaH B npupoge, pacTeHus cnegyeTt cofepxaTb B
TOl Xe nuTaTefnbHOI cpefe, KOTOPYI UCMOb3YIOT ANA TecTa, MUHUMYM BOCEMb HeAesNb [0 UCNOMb30BaHUA.

YyacTkm oT6opa 06pasuoB ANA CTAPTOBON KyNbTypbl B NpUpoAe L0/KHbI 6biTb CBOGOAHBIMWU OT OYEBUA-

HbIX UCTOYHWKOB 3arpsA3HeHnsa. Ecnu o6pasubl NosyyYeHbl U3 Apyroit naéopatopun U Konnekumm KynbTypbl,
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OHU JO/KHbI 6bITh TaKXe BblAepXaHbl MUHUMYM Tpu Hegenn. O6 NCTOYHUKE pacTUTeNbHOro Martepuana, Tak
Xe Kak 0 Bufe pacTeHuit n knoHa (ecnn U3BECTHO), UCMOMb3yeMbIX AN IKCNEepUMeHTa, HYXHO Bcerja coob-
waTb B OTyeTe.

4.2.2 CnepyeT Ncnonb3oBaTb MOHOKY/IbTYpPbl, KOTOPblEe SBHO CBOOOAHbI OT 3arpsi3HeHnsa Apyrumu opra-
HM3MaMu. TakKMMW Kak BOAOPOC/N U npocTeiilne. 340poBble pacTeHns L. minor 6yayT COCTOATb U3 KOJIOHWUIA,
cogepxalynx OT ABYX 40 MATU 3e/ieHblX NJaCTUHOK, B TO BpeMs Kak KonioHun L. gibba moryT cogepxatb go
ceMun NAacTUHOK.

4.2.3 KayecTBO 1 OJHOPOAHOCTb PacTEHWA, NCMOMb3YeMbIX ANA TecTa, MMelT CyleCTBEHHOE BUSHUE
Ha pe3ynbTaT TecTa 1 MO3TOMY [OJ/DKHbI 6GblITb 0TO6GPaHblI C 0CO6bIM BHUMaHneM. CnegyeTt Ucnosb3oBaTb MO-
nogble. 6bICTPO pacTywne pactTeHns 6e3 BUAUMbBIX NOBPEXAeHUA nnn obecuseynsaHus (xaoposa). KynbTypsl
Xopollero kayecTtsa VMeloT 60/blIOe KOSIMYECTBO KOTOHWIA, cofepxaliux He MeHee ABYX NIacTUHOK. Bonb-
Loe KO/IMYeCTBO KOJIOHWIA C OAHOW MAaCTUHKOWN ABAAETCSA MPM3HAKOM cTpecca, Takoro kak HefocTaTok nuTa-
Te/NbHbIX BeLecTB, U pacTUTe/bHbI MaTepuan Takux Ky/ibTyp He cnefyeT UCNO/b30BaTb A1 TECTUPOBAaHUS.

4.3 KynbTypa

4.3.1 UT06bl YMEHbLWUTb HACTOTY 06CNYXUBAHUA KYNbTYpbl (HAanpumep, KOrga He NiaHupylT TecTbl C
Lemna). KyNbTypy MOXHO cofepXaTb Mo YMeHbLIEHHbIM OCBelLeHneM npu Temnepatype 4 °C — 10 X . fe-
Tanu Ky/fbTUBUPOBAHUA AaHbl B NpUaoXeHun B. OueBuHble NpuU3HaKku 3arpa3HeHnsa BoAOPOCAAMU UK ApPY-
rTMMM opraHn3mamu mMoryT notTpe6oBaTb NOBEPXHOCTHOW cTepunmnsauuy obpasua nnacTMHKM Lemna u CMeHbl
cpefibl Ha cBexylo (CM. npunoxeHue B). B aTom cnyyae Heo6X04MMO OTKa3aTbCA OT COXPAHEHUS 3arpsa3HeH-
HOI KyNbTypbl.

4.3.2 Mo KpaliHeli Mepe 3a ceMb AHEN [0 TeCTUPOBAHUA KY/NbTypy acenTuyeckn nepecaxmBaloT B CBe-
XY cpefy U KyNbTUBUPYIOT B TeyeHne 7— 10 gHel npu ycnosmuax TocTa.

4.4 TectoBasa cpefa

4.4.1 PekoMeHAYOTCA pas3nuyHblie cpefbl Ana L. minor n L. gibba. onucaHnHble Huxe. Heob6xoanmo c
OCTOPOXHOCTbIO Mcnonb3oBatk pH-6ydepbl B TecToBoli cpege [MOPS ((4-mopchonmHo)nponaH cynbgoKuc-
nota. CAS 1132-61-2) B cpege ans L. minorn NaHCO03 B cpege ana L. gibba], ecnn ectb nogospeHue, 4to
6ychep MOXeT pearnpoBaTb C TECTUPYEMbIM BELLECTBOM W OKas3aTb BAWSHWE Ha nokasaTesn TOKCUYHOCTW.
Cpepy [9] WTelin6epra (Steinberg) MOXHO MCNoNb30BaTb NPU COGNIOAEHNN KPUTEPUEB LOCTOBEPHOCTH.

4.4.2 Moaudukauma cpefbl Wweeackoro ctaHgapta (SIS) ana Lemna pekomeHayeTcsa ANsA KynbTUBUPO-
BaHUA n TectuposaHua L. minor. CoctaB 3ToW cpefbl AaH B npuaoxeHuu C.

4.4.3 Cpepa pocta 20X—AAP. onucaHHas B npunoxeHun C. pekomeHayeTcsa ANA KyNbTUBUPOBAHUA 1
tocTupoBaHusa L. gibba.

4.4.4 Cpepa WTenHb6epra. onucaHHas B npuaoxeHun C. Takke noaxoaut ansd L. minor, HO MOXeT 6bITb
Takxe ucnosnb3osaHa Ana L. gibba. ecnu otBevaeT Kputepuam JOCTOBEPHOCTU.

4.5 OKkcnepuMeHTanbHbI pacTeop

4.5.1 SKcnepuMeHTabHble pacTBOPbl 06bIYHO TOTOBSIT pa3baB/ieHNeM MaTOYHOro pacTeopa. MaTouHble
pacTBOpbl 06bLIYHO TOTOBAT PACTBOPEHNEM TECTUPYEMOro BeLlecTBa B Ky/bTUBALWOHHON cpeje.

4.5.2 Camas BbiCOKasi TecTupyemasi KOHLEHTpaLus MCNbITYeMOoro BelecTBa He [0J/KHa MpeBbiwaTb
€ro pacTBOPMMOCTb B BOJE NPUW YC/IOBUAX TECTUPOBaHWSA. HyXHO OTMeTWUTb, OA4HaKo, YTO BUAbl Lemna spp.
naaBalT Ha MOBEPXHOCTU M MOTYT 6bITb NMOABEPIHYTHI BO3AEWCTBUIO BELWECTB, KOTOPbIe akKyMy/MpylTcs B
BOAHO-BO3AYLWIHOM NMPOCTPAHCTBE (Hanpumep, N0X0 PacTBOpUMble B BOAe, rMApPod06HbIE UM NOBEPXHOCT-
HO-aKTUBHbIE BellecTBa). B aToM cnydyae Bo3geiicTBue GyfeT pe3ynbTaToM ApYruX KOHLEeHTpauuii, OTNYHbIX
OT TECTOBbIX U NPEBbILIAIOLLMX PACTBOPUMOCTL UCCEfyeMOoro BelecTea B Boge.

[Ns NN0X0 pacTBOPUMbIX BELLECTB MOXET NOTPE60OBATLCS NOATOTOBUTL KOHLEHTPUPOBAHHbIM MATOUHbI
pacTBOp MW SUCNEPCUI0 BewecTBa, WCNONb3ys OpraHuuYeckuii pacTBopuTenb WK gucnepratop Ans obner-
yeHUst fo6aBNEHNS TOUYHbIX KOMIMYECTB TECTUPYEMOro BellecTBa K UCMbITaTeNbHOM cpefie u ee 6osiee nerkoi
ZAVCrnepcun n pacTBOpeHusi. Micnonb3oBaHWs 3TUX BELECTB HE0O6XOAMMO MO BO3MOXHOCTW u3beraTb. PacTBo-
puTenu u gucnepraTopbl He LO/MKHbI 061a4aTb (PUTOTOKCUUYHOCTLIO. Hanpumep, aueToH n gumeTundopma-
MUA SBASIOTCA NpUMepaMy pacTBOpUTeNEell, KOTOPble He BbI3bIBAOT (PUTOTOKCUYHOCTbL MPU KOHLEHTpauusx
£,0 100 Mkn/n. Ecnv Ucnonb3yrT pacTBOPUTENb WA JUCTEPTAaTOP, UX KOHEYHAsH KOHLeHTpaLuus omkHa 6biTb
cBeAeHa K MUHUMYMY 1 He npeBbiwaTte 100 MKN/N. KOHUEHTpaunsa 3Tux BEWecTB f4o/MKHA 6bITb OAUHAKOBO
BO BCeX TecTax, M 3To A0/KHO 6bITb yKa3aHo B oTueTe 06 uccnegoBaHun. Bonee nogpo6Hoe pykKoBOACTBO NO
MCMoNb30BaHUI0 AMCNepraTopos AaHo B [8].
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4.6 TecTOBble Y KOHTPO/IbHbIE TPYyMMbl

4.6.1 flaHHble 0 NpeABapuTeIbHOW TOKCUMYHOCTM TECTMPYEMOro BelecTBa A8 pAacku Lemna mMoryT 6biTb
nosiesHbl B 0T60pe MOAXOAALWMX TECTOBbLIX KOHUEHTpauuii. B hnHanbHOM TecTe No onpefeneHnto TOKCUYHO-
CTW A0/DKHO ObITb MO KpaiiHell Mepe NATb 3KCNepUMEeHTasIbHbIX KOHLLEeHTpaLnii, B3sSTbiX B reOMeTpuyeckoii npo-
rpeccuu. XXenaTenbHo, YTO6bI hakTOp pasBefeHNs Mexay TeCTOBbIMU KOHLEHTpauusaMu He npesbiwan 3.2. Ho
MOXeT ObITb MCNONb30BaH 60NbLINIA hakTop, ecnn KpuBas KOHUEHTpauns — apdekT nMeeT HyeBOl HaK/MOH.
Mcnonb3oBaHne MeHee MATU KOHUEHTpauuii fOMKHO 6blTb 060CHOBAHO. [LO/MKHO 6bITb NO KpaiHel mepe Tpu
Ay6nupoBaHna AN KaX[0i TeCTOBOW KOHLeHTpauuu.

4.6.2 Bbl6Op funana3oHa TeCTOBbIX KOHUEHTpaumnii (TecT Ans onpegeneHns gnanasoHa nywm puHanb-
Hblli TECT onpeAeneHns TOKCMYHOCTU) AOKEH yUnNTbiBaTb clejyolee.

- AnsA onpepenexnna ECATecToBble KOHLEHTPaLMW AO/MKHbI 6bITb NOATBEPXAEHbI BenuunHamu ECA He-
06X04MMOro YPOBHSA AOCTOBEPHOCTH.

Mpumep — TlMpu oueHke ECIO camasn BbicOKas TecToOBas KOHUeHTpauus Ao/KHa OblThb 60/blie, YeM
BennmunHa EC50. Ecnn ECM BbIXoAMT 3a npegensl Anana3oHa TeCcTOBbIX KOHUEeHTpauuii, 4OBEPUTe/NbHbIl
WHTepBas C/IMLIKOM BE/INK, eCTb PUCK TOro, YTO cfleNaTb COOTBETCTBYOLWYIO CTaTUCTUNYECKYIO OLEHKY
Mofenu He NnpeAcTaBNseTCA BO3MOXHbIM;

- ecnu uensto Asnsetca oueHka LOEC/NOEC, camas HuM3Kas TecToBas KOHLEHTpauusa fosikHa 6biTb
[oCTaToO4YHOW AN5 TOro, 4To6bl POCT He OblN 3HAUNTENIbHO MeHbLUEe, YeM B KOHTposie. Kpome Toro, camas Bbl-
cokaa TecToBas KOHUeEHTpauusa fo/KHa 6biTb OCTATOYHO BbICOKOM AN1A TOro, YTo6bl POCT Obl/1 3HAUNTENBHO
HWXe, 4eM B KOHTpone. Ecnu feno o6CTONT nHayve, TecT A0J/IKeH 6biTb NOBTOPEH C UCNOJIb30BaHNEM APYroro
Anana3oHa KOHLEeHTpaLuii (C y4eTom TOro, YTo camasi BbiCOKas KOHLEeHTpaLus He f0/KHa NpeBblllaTb Makcu-
MasibHYl0 pacTBOPUMOCTb UN BEPXHUI pa3peLleHHbll npegen KoHueHTpauumn, Hanpumep 100 mr/n).

4.6.3 Kaxablii TECT AO/IKEH BKOYATb KOHTPO/b, COAEpPXaLLunii Ty e camyt NuTaTenbHy cpeay, Konu-
4YeCcTBO MIACTUHOK U KOMIOHWI, YCIOBUSA OKpyXatolei cpeabl v npoueayp TeCTUPOBaHUSA, Kak U TECTOBbIe eM-
KOCTU. HO 6e3 nccnegyemoro Belectsa. ECnv 4ONONHUTENbHO NPUMEHSIOT PacTBOPUTENb AN gucnepratop,
NPOBOAAT AONONHUTENbHbIA KOHTPO/Ib C PACTBOPUTENIEM UAWN AUCNEPTaTOPOM B TEX Xe KOHLeHTPaLKax, 4To un
B 9KCMEepUMeHTa IbHbIX EMKOCTAX. YNCN0 NOBTOPHOCTE B KOHTPO/Ie (M KOHTPO/Ib C pacTBOPUTESIEM, EC/IUN NPK-
MEHUMO) AO0/IKHO 6bITb NO KpaiiHel mepe paBHbIM U B naeane ABaxAbl NpesbillaTb KOIMYECTBO eMKOCTeN,
MCNob3yeMblX AN KaXAO0N TECTOBON KOHLEeHTpaLmn.

4.6.4 Ecnun onpegeneHne NOEC He TpebyeTcs, KOHUeNUWs akcnepuMeHTa MoxeT O6biTb M3MeHeHa B
CTOPOHY yBENMNYEHUA KONUYeCcTBa KOHLEHTpaLuii 1 cokpaleHns konvyecTsa NOBTOPHOCTeR. Konnyectso no-
BTOPEHWII KOHTPOSA AO/MKHO O6biTb HE MEHbLUE TPex.

4.7 Bo3peiicteue

4.7.1 KonoHuu, cocToflmne n3 gByX — 4YeTblipex 3efleHblX NNacTUHOK, 6epyT U3 MaTOYHON KyNbTypbl W
NepeHOCAT B TECTOBble €MKOCTM B acenTUYeckmx ycnoBumax. Kaxpas akcneprmeHTanbHas eMKOCTb JO/DKHA
cofepxaTtb B 06l el CNOXKHOCTM 9— 12 NNacTUHOK. YnCno NAacTUHOK JO/KHO 6biTh O4MHAKOBbLIM BO BCEX IKC-
nepuMeHTanbHbIX eMKOCTAX. OnbIT, NONYYEHHbI B X0f4e MeXAYHapoAHbIX MexnabopaTopHbIX UCNbITAHWUW C
3TUM MeTOoAOM, MoKasas, YTo MCNOMb30BaHe Tpex MOBTOPOB, COAepXalyux n3HavyanbHo Mo 9—12 nAacTUHOK
KaxAblii, 4OCTATOYHO A1 06HAPYXeHNsA pa3nuumsa npubansntenbHo 4 % — 7 % no MHrMbrupoBaHunio B Temnax
pocTa (10 % — 15 %, paccuuTaHHbIX Ha ypoxai) mexay obpaboTkamu [7].

4.7.2 PacnonoxeHne aKkcnepumeHTa/ibHbIX €MKOCTE B MHKyb6aTope AO0/MHKHO 6biTb C/Ay4YaliHbiM, YTOObI
MUHUMU3NPOBATb BAWSAHME MPOCTPAHCTBEHHbLIX Pas3/fINynii B MHTEHCMBHOCTKU CBeTa unu Temnepartype. Pac-
NonoXeHne eMKocTel BO BpeMs HabnwaeHnsa (MNu yalie B caiyyae nepemelleHns emKkocTell) Takxe cnegyet
NpoOBOAUTL B C/ly4yalitHOM Mopsifke.

4.7.3 Ecnu npeaBapuTesbHbIi TeCT CTabuNbHOCTM KCCNeQyeMOoro BellecTsa nokasbiBaeT, YTO TecToBas
KOHUEeHTpauns He MOXeT 6biTb BblAepaHa (TO ecTb M3MepeHHan KOoHUeHTpauua nageHus Huxe 80 % Ha-
YyanbHOW) B Te4eHNe akcnepumMmeHTa (CeMb AHell), pekoMeHyeTCsi MPOBOAUTb MOyCTATUYECKNI S3KCNEePUMEHT.
B aToM cnyuyae KynbTUBaLMOHHAA cpefa B KOHTPOJIE U 3KCMEPUMEHTaIbHbIX €EMKOCTAX A0/KHA 06HOBNATLCA
MUHUMYM [iBaX/Abl BO BpeMsa TecTa (Hanpumep, Ha TpeTuii 1 NATbIA AeHb). YacToTa 3aMeHbl cpefbl 3aBUCUT
OT CTabuNbHOCTM TECTUPYEMOrO BelecTBa; 601ee BbicOKasa yacToTa 06HOBMEHNS MOXeT noTpe6oBaTbCsa 415
noagepxaHus Heo6XoANMbIX KOHL,EHTpaunii oueHb HecTabunbHbIX UK IETYYNX BellecTB. B HeKoTopbIX cay-
yasix MOXeT noTpeboBaTbCs AUHaMMUeckunii (NPOTOUHbIA) akcnepumMeHT (8). [10].

4.7.4 MyTb BO3AENCTBMA Yepe3 NMNCTBEHHbIE annaukauumn (pasbpbi3rnBaHue) He onucaH B HacTosLWeM
cTaHgapTe, B3aMeH cMm. [11].
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4.8 YcnoBua nHkybayum

4.8.1 MpuMeHAT HenpepbiBHOE ocBelleHne dlyopecL,eHTHON naMnoi Tenaoro UM xonogHoro 6eno-
ro ceeTta A1 o6ecnevyeHns KOHEYHON MHTEHCMBHOCTMN OCBelleHns B gnanasoHe 85— 135 pErrr2s 1c AnuHow
BOJIHbI B Anana3oHe oTtocuHTesa (400— 700 uM) Ha TakoM Xe pacCTOSHUM OT UCTOUYHMKA CBeTa, Kak 3ene-
Hble nnacTuHkn Lemna (akBuBaneHT 6500— 10 000 nk). OTKNOHEHUS OT yKa3aHHOW WHTEHCMBHOCTW cBeTa
He [O0/KHbI npesbiwaTb ¢ 15 %. MeTog onpefeneHns U n3MepeHus cseTa, 0CO6EHHO TUN gaTtyuka, Bnuset
Ha TOYHOCTb M3MepeHus. Cdrepnyeckne gaTumkn (KOTopble onpefenifaoT CBET CO BCEX YII0B BbIlle U HMXe
YPOBHS U3MepeHnst) N KOCMHyconalbHble faTunku (KoTopble onpefenstoT CBET CO BCEX YI/10B BblLle YPOBHSA
n3MepeHuns) npegnoyTuTebHee ofHOHaNPaBeHHbIX AaTYNKOB 1 AadyT 60/1ee BbICOKY TOYHOCTb A/15 MHOIO-
TOYEYHOro UCTOYHMKA CBETa, ONMCAHHOIo B HacToALWEeM cTaHjapTe.

4.8.2 TemnepaTtypa B 3KCNepUMeHTaIbHbIX EMKOCTSAX A0/KHA 6bITh (24 + 2) °C. pH cpeabl B KOHTpone
He [0/1XKeH yBennunTbea 6onblue yem Ha 1.5 eguHuubl 3a Bpemsa tecta. OTKNoHeHne 6onee 1.5 eguHuubl He
[O/MKHO BAUATL Ha TecT, ecnun Co64eHbl KpUTepun focToBepHoCTU. HeobxoAnMO 6biTb 0COBEHHO BHUMA-
Te/IbHbIM K U3MEeHeHUsAM pH B psje cnyyaes, Takux Kak HecTabubHble BellecTBa UK MeTanbl (8).

4.9 MpoAoONXNTENTBHOCTb

TecT 3akaHuYMBaeTCs yepes ceMb OHel nocne nomelleHuns paCTeHMVI B 3KCNepumMeHTa/ibHble eMKOCTU.

4.10 N3mepeHUsa n aHannTuyeckue onpepesieHns

4.10.1 B Hayane TecTa He06X04MMO NOACUMNTATb KOIMYECTBO 3€/1eHbIX NIACTUHOK B 3KCMEPUMEHTabHbIX
cocyfax, He nNponyckas BCce OTYET/IMBO BUAMMbIE NAACTUHKN. KONMYECTBO NNACTUHOK, KaXKyLUXCA HOPMasbHbl-
MW WM HEHOPMasbHbIMUW, A0/KHO 6bITh ONpejesieHo B Havase TecTa, No KpaliHeli Mepe OAWH pa3 Kaxable Tpn
[HS BO BpeMms nepuoga Bo3feicTBus (To ecTb Mo KpaiiHeli Mepe ABaX/Abl BO BpeMA CEMUAHEBHOTO Nepnoaa), u
B KOHLIe akcnepumeHTa. CnefyeTt oTMeuaTb U3MEHEHUA B Pa3BUTUM pacTeHuii (Hanpumep, B pasmepe 3eseHblX
NIacTUHOK, NMPU3HaKax Hekposa, x/0po3a Uan crop61eHHoCTU, pacnaja KOOHUN WX NOTepu nsaByyvyecTu, B
ANVHe 1 nosiB/ieHUn kopHeit). CylecTBeHHble 0COBEHHOCTU TeCTOBOW cpeAbl (Hanpumep, Haanyne nepacTtso-
peHHoro Matepuana, passutme BOAOPOC/el B 3KCNePUMeHTalbHbIX EMKOCTSAX) Takxe [O/KHbl O6blTb OTMEYEeHbI.

4.10.2 B TeyeHue TecTa B AOMNOJIHEHNE K ONpefeneHNAM Yncna NNacTUHOK Takke U3MepsioT gelicTBue
TeCcTMPYeMOoro BelecTBa Ha OfHY Uau 60nblue criefyloWwnx NnepeMeHHbIX:

- o6uaa NoBepxXHOCTb NNACTUHOK:

- CyxoW Bec;

- XUBOW Bec.

4.10.3 OnpepgeneHune o6Lieil naowaam NoOBEPXHOCTU NAACTUHOK UMeeT NpenMyLLecTBO B TOM. YTO OHa
MOXeT BbITb yCTaHOBJIEHA A1 KaX/[0ro aKCnepuMeHTasibHOro cocyja v N1 KOHTPONA B Havane, BO BPeMsA 1
B KOHUe TecTa. Cyxoii Wam XUBOI Bec fO/KEH O6bITb ONpeAesieH B Hayase Tecta oT o6pasya, B3ATOrNO U3 UC-
no/sib3yeMOoil MaTOYHON KyNbTypbl B Hayase 1 B KOHLEe TecTa M3 KaXAoWh aKCnepuMeHTa ibHOW 1 KOHTPOJIbHOW
emkocTeii. Ecnv nnowaab NOBEPXHOCTN He N3MepseTcs, Cyxoii Bec 60/iee NpeAnoYTUTESIEH XNBOMY.

4.10.4 O6bwasn naouwasb NOBEPXHOCTN NIACTUHOK, CYXOii 1 XWBOI BeC MOryT 6biTb ONpeAeneHbl cnegy-
owmnm obpasom.

- obuwas naowanb NOBEPXHOCTW: 06LWan naowab NOBEPXHOCTUN BCEX NNACTUHOK MOXET ObITb onpepge-
neHa aHanusom cotorpadun. Mpoekymnto TeCTOBOK €MKOCTU W pacTeHWUn MOXHO CHATb Ha Bugeokamepy (To
ecTb Nomellas eMKOCTb B CBETOBOM KOP0O6) M nonyvakwlieecs nsobpaxeHve nepesectu B LudpoByo gopmy.
KannbpoBky ocylecTBASOT MO M3BECTHOW naoujagn NMOBEPXHOCTW TeCTOBOW eMKOoCTM, KoTopas no3sosnset
onpefenuTb naowadb NOKPbITUS IMCTOBLIX NAACTUHOK. HeobxoAnMo cobnofarb 0CTOPOXHOCTb, cTapaschb
He TporaTb pacTeHus B TeCTOBOW emMKoCcTU. [ipyrumu 6onee TpyJoeMKuMu MeTofaMu ABASOTCA dpoTorpadm-
poBaHVe TecTOBOW €MKOCTW U pacTeHWii, pacneyaTbiBaHue oTtorpadum, Boipe3aHue CUIy3ITOB KOMIOHUU K
AanbHelwnii aHann3 ¢ NOMOLLbI0 MUIIMMETPOBON bymaru. ipyrne mMeToAbl Takxe NoAXoAsAT (Takue Kak co-
OTHOLWEHNe KoahhuumeHTa BECOB MeXAy 061acTblo CUNyaTa KOOHWI 1 obueli nnouablo NOBEPXHOCTN);

- Cyxoil BeC: BCe KO/IOHNW CO6MpaloT B KaX40M TECTOBOM COCYy/e 1 ONoJiackuBaloT AUCTUAIMPOBAHHOM
NN AenoHN3NPOBaHHON BOAOIW. PacTeHnsa packnaabiBaloT Ha uabTpoBasbHYy0 Bymary A8 NOrNOWeEeHNs N3-
6bITKa BOAbI 1 BbiCYLUMBAIOT Npu Temnepartype 60 °C A0 NOCTOAHHOrO Beca. Bce chparmeHTbl KOPHEW J0/KHbI
6bITb BKAOYEHbI. Cyxoil BeC AO/MKEH ObiTb BbIPaXeH C TOYHOCTbIO A0 0.1 MF MUHUMYM;

- XUNBOW Bec: BCe KOJIOHUM NEepPeHOCAT B NpeABapuTe/ibHO B3BELEHHYI0 NOIMCTUPONOBYIO TPYOKYy (Mnn
Tpy6Ky M3 N060ro Apyroro MHEPTHOro mMaTtepuasna) ¢ NPOCBEP/IEHHbIMU MaNeHbKUMU (1-MUAAUMETPOBbLIMU)
OTBEPCTUSAMM B 3aKPYI/TIEHHOM OCHOBaHuW. Tpybku ueHTpudyrupyoT npu 3000 06/MuH B TeyeHue 10 MuH npu

6
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KOMHaTHOI TemnepaTtype. 3aTem cofepxnMoe Tpy6OoK B3BELIMBAIOT 1 PACCUMTLIBAIOT XMNBOI BEC pacTeHUit 3a
BblYETOM Beca Moo Tpybku.

4.11 YactoTa M3MepeHnii n aHanuTUYeckux onpegeneHni

4.11.1 B ycnoBusX CTaTU4eCKOro akcnepuMeHTa pH B Kaxaoli emMKocTu cnegyeTt u3MepsaTb B Havane u
KOHUe TecTa. MNpu nonycratnyeckoMm akcnepumeHte pH uamMepsoT B Kaxefoli napTuy HOBOrO TECTOBOrO pac-
iBopa [lo 3aMeHbl 1 Takke B CTaApOM «TOLEeM» pacTBope.

4.11.2 NIHTEHCUBHOCTb OCBELL,EHNSA U3MEPSAIOT B POCTOBOI kamepe, NHKybaTope U B KOMHaTe B TOUKax,
HaxosLWMXCca Ha TOM Xe pacCcToOAHMN OT UCTOYHUKOB CBeTa, Ha KOTOPOM BYyAYT HaX0AUTbLCA NUCTbA pAcKK. UN3-
MepeHVe NpoBOAAT NO KpaiiHeil Mepe 04HO BO BpeMs TecTa. TemnepaTtypa TecTOBOI cpefbl, MHKyb6aTtopa unm
pOCTOBOI kKaMepbl U3MEPSAIOT He pexe OA4HOro pasa B fieHb.

4.11.3 Bo BpeMs TecTa KOHLUeHTpaLuun TeCTUPYeMOro BelecTsa onpefensatoT Yepes COOTBETCTBYOLW e
MHTEepBanbl BpeMeHun. Npu npoBeeHnmn cTaTUHeCcKoro Tecta KOHUeHTpaLumsa TeCTUPYeMOro BelecTsa Ao/HKHa
6bITb M3MEpPeHa MUHUMYM B Hayane n KOoHLe TecTa.

4.11.4 B nonyctaTuyecknx aKcnepumeHTax, rae npegnonaraertcs, 4To KOHUEHTpaLus TeCTMpyemMoro se-
LecTBa He ocTaHeTca B nHTepBase = 20 % HOMUHaNbHOW, HEO6XOAMMO aHaNn3npoBaTb BCE HeAaBHO Npu-
roTOB/IEHHbIE UCMbITaTe/IbHbIE PACTBOPbLI MPU KaX[0M O6GHOBMEHWUM TecTupyemoli cpedbl (cM. 4.7.3).

OfHako fns TecTos, rae HavyanbHas KOHUeHTpauusa TecTupyeMoro BelecTBa He ocTaeTcs B npegenax
+ 20 %. HO rfe cyuiecTByeT [0CTATOYHOE KO/IMYECTBO (PaKkTOB, NOATBEPXAAIOLNX, YTO HaYyasibHble KOHLEH-
Tpauum NoBTOPSAKTCA U CTabubHbl (TO €CThb HaxXo4ATCA B npejenax gvanasoHa 80 % — 120 % HayanbHOW),
XUMUYECKNI aHaNnM3 MOXHO AenaTb TOMbKO A8 CaMbIX BbICOKUX U CAMbIX HU3KUX TECTOBbIX KOHLEHTPaLWiA.

B no6om cnyvae onpefeneHne KOHUEHTpauun TeCcTMpyemoro selwecTsa nepef o6HOB/IEHNEM [O/IKHO
6bITb BbIMOSIHEHO ANS KaXA0/ NOBTOPHOCTU KaXAol TeCTUPYEMOl KOHLEHTpauum (U1 B eMKOCTH, B KOTOPOIA
CMelWmnBalT MaToYHbIl pacTBOpP TECTUPYEMOro BelecTBa A4NA nocnegyouwero pasbabneHuns).

4.11.5 Cxemy, nNpefnioXeHHY0 4N1A N10/lyCTaTUYEeCKOro 3KCNepPMMeHTa, MOXHO NMPUMEHATbL U A4NA AnHa-
MUYECKUX TeCTOB C aHa/IM30M B Hauyane, cepefuHe 1 B KOHLe aKCNeprMeHTa, Ho 6e3 aHann3a ctapoil cpeabl.
B 3TOM Tune TecTOB CKOPOCTb MOTOKa pa3baBuTens u TeCTUpPyemoro BeliecTBa WAW MaTO4YHOro pacTtBopa
lecTupyvMuln BewecTsa cnegyet NpuBepsATb eXeAHEBHO.

4.11.6 Ecnu okaxeTcs, 4TO KOHLEHTpaLua TeCTUpyeMoro BelecTsa octaeTtcs B npegenax + 20 % Homu-
HaNbHON KOHLUEHTpauun, n3MepeHHoW B Havyane TecTa, Npu aHannse pesynbTaToB MOXHO yUMTbiBaTb HOMU-
Ha/bHYI0 WM U3MEPEHHYI0 KOHLLEHTpaLnio B Hayane Tecta. Ecnn oTkIOHeHMe OT HOMWHAbHOW WK nepBo-
HayanbHOW KOHLEHTpauun He 6onblue Yyem + 20 %, aHanM3 pesynbLTaToB A0/KEeH 6biTb OCHOBAH Ha cpefHei
reoMeTpuyeckon KOHLEHTpaLMm BO BPEMSA 3KCNO3ULMM UNN HA MOAENAX, ONUCHIBAKOLWNX CHUXEHNE KOHLEH-
ipauun TecTUpyemoro seljecTtsa.

4.12 NuMmnTupylwmnidi Tect

B HekoTOpbIX cnydasx (Hanpumep, Korga npefBapuTesibHblli TECT NOKasbliBaeT, UTO TecTUpyemoe Be-
LLecTBO He UMeeT TOKCUYecKoro adpdpekrta nNpu KoHueHTpaumnsax go 100 mr/n unu B npegenax ero pacTtsopu-
MOCTN B TeCTUpyeMoii cpefe) MOXHO NpoAo/XaTb TECT B LeNIIX CPaBHEHUS peakuun KOHTPOIbHON rpynnbl €
aKcnepumeHTanbHol (100 Mr/n unn KoHUeHTpauumsa, paBHas npegeny pactsBopumocTu). HacTtoAaTeNnbHO peko-
MeHAyeTCsl MOAKPENIATb 3TN TeCTbl aHaIM30M KOHLEeHTpauuy Bo3faeiicTBusl. Bce paHee onucaHHble yC/oBuUs
JKCNepuMeHTa v KpuTepun OCTOBEPHOCTN OTHOCATCA K 3TOMY TeCTY, 3@ UCK/IIOYEHNEeM TOro, YTO KOJIN4ecTBO
TECTOBbIX €MKOCTEW [0/KHO 6biTh YABOEHO. POCT PSACKM B KOHTPO/IbHON W 3KCMEPUMEHTasIbHOW rpynnax Mo-
XeT 6bITb NpoaHaM3npoBaH C NOMOLLbIO CTATUCTUYECKUX METO/0B, MPUMEHAEMbIX A1 CPABHEHUA CPefHUX,
Hanpumep t-tect CTblogeHTa.

5 Pe3ynbTartbl 1 oTyeT

5.1 Bpems yABOeHUs

YTo6bl onpesenuTb Bpems yaBoeHus Td yucna 3eneHblx NAacTUHOK U NPOBEpUTL UCCiefoBaHue Ha co-
OTBETCTBME KPUTEPUIO LOCTOBEPHOCTH, UCNOML3YIT CaeaytoLyto dopmyny

Td * Ini. (h)

M
rae p — CpefHuii Temn pocTa, onpegensiemblil, kak onucaHo B 5.3.1 1 5.3.2.
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5.2 MNepemeHHble

5.2.1 Llenb Tecta cOCTOMT B TOM. 4TOObI onpeaenuTb AelicTBME TECTUPYEMOro BellecTBa Ha pocT pac-
TeHuin pofa Lomna. HacTtoAawuii cTaHAapT onucbiBaeT ABe NepemMeHHble oTkAuka. na pe3ynbTatoB akcnepu-
MeHTa npuemnembl nepemMeHHble oTknuka (a) n (b):

(a) cpegHunii Temn pocTa: 3Ty NepeMEeHHY0 paccyuTbiBaldT B COOTBETCTBUU C NOSYYEHHbIM OTK/IMKOM W
BbIYMCNAIOT HA OCHOBE florapudma ymcna naacTUHOK U U3MEHEHU B norapudmax gpyroro napamerpa msme-
peHus (naowanb NOBEPXHOCTU MIACTUHOK, CYXOW WK XUBOI BEC) MO OTHOLLIEHMWIO KO BPEMEHU (BbIpaXeHHOMY
B AHAX) B KOHTPONE N KaxA0l aKCnepuMmeHTanbHOW rpynne. 3TOT napaMeTp MHOrAa Takke HasblBalT «OTHO-
cuTenbHas CKOpocTb pocTa» [12]:

(b) ypoXXaiiHOCTb: 3Ty NepeMEeHHYI0 PacCUnTbIBAIOT HA OCHOBE U3MEHeHWIi B Ynce NAacTUHOK 1 APYyroro
napameTpa nsmepeHuii (nnowanb NOBEPXHOCTU NAACTUHOK, CyXOW WAWN XUBOW BeC) B KOHTPOJSE U B KaXnol
3KcnepuMeHTanbHON rpynne 4o KoHua TecTa.

5.2.2 LleHHOCTb pacyeTHO TOKCMYHOCTW C 3TUMW ABYMS MEepeMeHHbIMU HeconocTaBuMa, U cnepy-
eT yunTbiBaTb 3Ty pasHuuy B pe3ynbTaTax TecTa. 3HavyeHns ECX ocHOBaHHble Ha cpefjHeM Temne pocTa
(EIMCX), 6yayT Bbllwe, 4yemM pe3ynbTaTbl, OCHOBaHHble Ha ypoxaiHocTu (EyCx), ecnu BblgepXxuBakwTcs uc-
nbiTaTeNibHble YC/OBUSA HaCTOSsILero craHjapra M3-3a MaTemaTu4yeckux OT/Muuii Kaxporo mogxoga. drta
pasHuua cBa3aHa TO/IbKO C MaTeMaTMYeckumMmn pacyeTaMu U He CBUETeNIbCTBYeT O YyBCTBUTENbHOCTU 3TUX
[BYX NepeMeHHbIX.

MoHATHMe cpefiHero yAebHOro Temna pocta 0CHOBAHO Ha 3KCMOHEHLUNA/IbHOM POCTE PSACKN B HEOTPAHU-
YEHHON KynbType, rae TOKCUYHOCTb OLEeHNBaEeTCs Ha OCHoBe 3(h(heKTOB Ha CKOPOCTb pocTa, He3aBUCUMO OT
abCcoNIOTHOIO YPOBHA ONpeAeeHHOro Temna pocta B KOHTPO/1e, HaKNoHa KPUBOWN peakunn Ha KOHLEeHTpaLuuo
UNN Ha NPOAO/IXUTENIBHOCTL TecTa.

Pe3ynbTaThl, OCHOBaHHble HAa NEPEMEHHOI ypoXxaliHOCTN, 3aBUCAT OT BCEX APYTUX NepeMeHHbIX. EyCx
3aBMUCUT OT BUAOCAELNMUNYECKNX TEMMOB POCTa PACKU, UCNOMb3YEMbIX B KaXAO0M TecTe, U OT MakCumasbHOW
CKOPOCTU poCTa, KOTOPbI/i MOXET BapbMpPOBATHLCA MEXAY pasHbiMU BUAAMMN U faXKe MeXAy PasHbIMU KTOHAMMU.
OTy NepeMeHHyl He creflyeT UCNONb30BaTb AN CPABHEHUSA YYBCTBUTENLHOCTM K SA4aM pasHbiX BUAOB WK
[axe pasHblX KNTOHOB PACKW.

5.2.3 OueHKa TOKCUYHOCTW [O/DKHA 6biTb OCHOBaHa Ha KOMIMYEeCTBE 3e/1eHblX MAACTUHOK W OA4HOW f0-
NOJIHNTENbHON NepeMeHHO (naowanb NOBEPXHOCTN NIACTUHOK, CYXOli UK XUBOI Bec), KOTOopble B 6onbLueit
CTeNeHu oTpaxalT BAUAHWE HA pacTeHune BellecTBa, YeM KOIMYeCTBO NAacTUHOK.

5.2.4 KonnyecTtso NIacTUHOK, TakK Xe Kak nobble Apyrne nimepsemolie napameTpbl (Takve kak obuias
nnowanb NNacTUHOK, CyXOl WU XNBOI Bec), CBOAUTCA B TabnvLy BMecTe C KOHLEeHTpaLusimm TecTupyemMmoro
BellecTBa A1 KaXAoro namepenus. rocnegywwmnii aHanns gaHHbix (Hanpumep, ansa oueHkn LOEC. NOEC
nnn ECX) gonxeH 6biTb OCHOBaH Ha Bece KaXoll 04MHaKOBOI NMepeMeHHOW, a He yCpeAHEeHHOro 3HayeHus
ONA Kaxaol rpynnbl 06paboTku.

5.3 CpepgHana yaenbHas CKOpOCTb pocTa

5.3.1 CpefHI010 yaenbHy CKOPOCTb pOCTa B TeYeHNe onpeAeieHHoro nepmoja paccumTbiBaldT Kak S10-
rapucpMuyeckoe yBesmyeHne Temna pocta — KoJMyecTBa NAacTUHOK U ApYroii mepeMeHHoi (nnowagb no-
BEPXHOCTN NNACTUHOK, CyXOii U/ XNBOW BEC) — C NOMOLLbI0 hopMynbl (2) ANSA KaXXA0W napanfiienn onbiTHbIX
M KOHTPONbHON rpynn

n(w,
( 2

rae u(  — cpefHsas yaenbHas CKOPOCTb pocTa OT BpeMeHu / 4o j:
Nj — u3MepeHHas nepemMeHHas B TECTE UN B KOHTPOSIbHOM COCYAE BO BpeMs

Nt — n3mepeHHaa nepemeHHas B TeCTe UM B KOHTPOJSIbHOM cocyje BO Bpems /;
t — nepuopa BpemeHu ot/ ao}.
[ns kaxpol onNbITHOW TPpynnbl U KOHTPOJISE PACCYMUTLIBAKT BENIUYMHY YAENbHON CKOPOCTM pocTa Hapagy
C pacxoxXpgeHnem oLeHOK.
5.3.2 CpefHi0l0 yenbHYl0 CKOPOCTb pocTa c/iefyeT paccuuTbiBaTbh A8 BCEro nepuoja aKkcnepumeHta
(Bpems / B BbllEYNOMSIHYTOW (hopMy/ie — Hayano TecTa, Bpemsa / — KoHel TecTta). N kaxAol TecToBOW 1
KOHTPO/IbHOW KOHLUEHTpaLuuy BbiCUMTbIBAKOT CPEAHI0 CKOPOCTb U pacxoxieHune. Kpome Toro, fo/KeH 6biTb
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paccuyMTaH Temn pocTa AN OUeHkn achdekTa TeCTUPyeMoro BellecTsa B Nepunoj BO3geicTsuna (Hanpumep,
aHanu3 log-npeobpasoBaHHbIX KPUBbIX pocTa). CylwecTBEHHble pasfnyus Mexay Temnamum pocta pasHbliX
rpynn n cpefHuM TEeMMNOM pocTa NoKasblBalOT OTK/JIOHEHMEe OT 3KCMOHeHuuanbHoro pocrta. B atom cnyuvae
KOHCepBaTUBHbI MOAXOA MO3BOMISIET CPABHUTL OTAE/bHbIE TEMMbl pocTa Ky/bTyp BO BpeMms nepuofa Makcu-
MasibHOr0 UHIMBUPOBAHUS C KOHTPOJIEM B TO XE camoe BpeMs.

5.3.3 MpoueHT nHrnbuposaHnsa Temna pocTta /I MOXeT 6biTb BbIYNCAEH AN1A KaXA0A TeCTUPYeMOi KOH-
LeHTpauumn (onbiTHaa rpynna) cornacHo copmyne

%/ " -F1.100. (3)
roe %/t — nNpoueHT UHIMBUpoBaHNA cpefHero Temna pocra;
Lc — cpefHee 3HauYeHue L, B 3KCMepuMeHTasbHO rpynne;
.ur — cpejHee 3HauyeHue L B KOHTPO/IbHOI rpynne.
5.4 YpoxaiHocCTb
5.4.1 AhhekTbl Ha ypoXaliHOCTb OMpefenstoT Ha OCHOBE [ABYX MepPeMEeHHbIX; KonyecTsa naacTUHOK

N [ONONHUTENBHOW NepemMeHHol (nnowasb NOBEPXHOCTU NAACTUHOK, CYXOi WU XNBOW BeC), MI3MEPEHHbLIX B
KaX[loM TEeCTOBOM COCY/le B Hauyane v KOHLe 3KcnepumeHTa. [/ CyXoro Wam XuBOro Beca HauasnbHyl 61o-
maccy onpefensioT Ha ocHoBe obpasua NAacTUHOK, B3ATbIX OT TOW Xe caMoil mapTuu, UCNoNb3yeMoi AN
BHECEHNS B TECTOBble €MKOCTU. NS KaXAol TeCTUPYeMOi KOHLEeHTpaLuuy U KOHTPOS BbIYUCNSAIOT cpejHee
3HaYeHNe ypoXamHOCTM Hapaay C OUEeHKOW BapuaHTbl. CpeaHuii NPOLEHT UHIMOGMPOBaAHUA YpoXalhHOCTN Y%/y
MOXEeT ObITb BbIYMC/IEH A5 KaXAOW 3KCNepuMeHTaNbHOI Tpynnbl cefylowuM o6pasom;

(8-M 1100, (4

roe %/y — npoueHT yMeHbLIEHUS YPOXanHoCTK;
bc — dmHanbHaa 6uomacca B KOHTPOILHON rpynne;
br — dmHanbHas 6uomacca B ONbITHOW rpynne.

5.5 Kpusas KOHUeHTpauus — apdekxT

[o/XHbI 6bITb MOCTPOEHbI KPMBbIE KOHLEHTpauna — adpekT, onuceiBaloLw e NpoLeHT NHIMbnposaHus
B 3@BMCUMOCTMW OT KOHLEHTPaLuy C MOMOLLbI0 NepeMeHHbIX (/y unu /r 4OMKHbI 6bITb MOCTPOEHBI, Kak NoKasaHo
B 5.3.3 1 5.4.1) n log-kOHLEHTpaLuii.

5.6 OueHka ECX

OueHka ECx (Hanpumep. EC50) gonxHa 6biTb OCHOBaHa Ha cpegHeMm yaenbHoM Temne pocTta (EICX
1N Ha ypoxaliHocTu (EyCx). KaxAblii U3 KOTOpbIX, B CBOK o4yepedb, AO/DKEH ObiTb OCHOBAH Ha Kon4yecTBe
3e/1eHblX NN1aCTUHOK N OJHOW [ONONHUTENIbHOI NepeMeHHOol (naowaab NOBEPXHOCTU NAACTUHOK, CYXOW unm
XWBOW Bec), Tak kak HEKOTOPble BeLl,ecTBa He OKa3biBalOT 3aMETHOr0 BAUSIHUA Ha KONMWYECTBO NIACTUHOK
1 gpyrue nepemeHHble. [1ns pacyeTa napameTpa TOKCUYHOCTU A5 KaXKAOr0 YPOBHSA WHIMOMPOBAHUS X He-
06x04nMbl YeTbipe 3HauyeHns ECX EICX (konnyecTBO naactuHok). EMCX (nnowafb NOKPbITUA MAACTUHOK,
cyxoi nnu xunBol Bec). EyCx (konnuyecTBo nnacTtuHok) n EyCsa (nnowagb NOKPbITUA NAACTUHOK, CYXOW mUnu
XWUBOIi Bec).

5.7 CrtaTuctnyeckne meTopnbl

5.7.1 Llenblo siBNsieTcA ycTaHOB/eHME KOJIMYECTBEHHbIX OTHOWEHWUI KOHLeHTpauusa — 3ad ekt ¢ no-
MOLLbIO PEFPECCUOHHOr0 aHann3a. Bo3MoXHO ncnonb3oBaHne B3BELIEHHON IMHENHON perpeccuun nocne npo-
BefeHns npeobpasoBaHunii NMHeapusauum 3HavyeHuii Habnwpaemoro apdekra, Hanpumep B Npo6GUT- NAK
norut-aHanuse unu aHanuse Belibynna [13]. HO NpeANOYTUTENIBHO UCNOMb30BaHNE HENIMHENHOro perpeccu-
OHHOrO aHasnu3a, KoTopblii o6pabaTbiBaeT HEM3OEXHbIE HETOYHOCTU JaHHbIX U OTK/IOHEHUSI OT NPSAMOTo pac-
npepeneHna. 3T OTKNOHEHUA MOTYT OblTb CBEAEHbI K HY/0 UAM K 6/IM3KUM K HY/0 3HAYEHUAM C NOMOLLbIO
npeo6pasoBaHusa 1 BMellaTenbcTBa B aHanus [13]. Hy)XHO OTMeTUTb, YTO UCMNOb30BaHME CTaHAAPTHbIX Me-
TOAOB aHanusa, Takux kak mpobuT-, noruT-aHanus unu npeobpasosaHve Belibynna, npegHa3HayeHo AN
KOMIMYECTBEHHbIX AaHHbIX (Hanpumep, CMEPTHOCTb WKW BbIKXWBAHWE) U AO/MKHO ObiTb NpucnocobneHo Ans
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nepeMeHHbIX YypPOXaiHOCTb UM CKOpPOCTb pocTa. [Mopafok onpegeneHns 3HadeHnii ECX 0T HenpepbIiBHOMO
pAja faHHbIX MOXHO HalTn B [14]—[16].

5.7.2 nA KaxAoW aHanu3upyemoli nepemMeHHOl MCNOoMb3ylT OTHOLWEHWE KOHUeHTpauusa — addekt
ANs pacyeTa OoueHKM BennumHbl ECX o BO3MOXHOCTU A0/KHbI ObITb onpeaeneHbl 95%-Hble npegensl fo-
CTOBEPHOCTWN ANA KaXAolh oueHkn. KpuTepum [OCTOBEPHOCTW, ONUCbIBaKOLWME AaHHble MOAENN perpeccuu,
[OMKHbI 6bITb OLEHEeHbl CTaTUCTUYECKN UK rpadduyeckn. PerpeccuoHHbIil aHann3 AoMxeH 6bITb OCHOBaH Ha
ahbhekTax, BbIABMAEHHbIX B KaXA0N €MKOCTW, & He Ha CpefHUX pe3dynbTaTax rpynnebl.

5.7.3 OueHka ECM u goBepuTenbHble UHTEPBa/bl MOryT 6bITb NOMYYEHbl C MOMOLLbI NIMHEWHOW WH-
Tepnonsuum ¢ nomowbio BOOTSTRP-nporpammbl [17], ecnm gocTynHble moaenv/meTofbl perpeccMoHHOro
aHanu3a [alT HEKOPPEKTHbIE flaHHble.

5.7.4 Ona oueHkn LOEC wn. cnegosatenbHo. NOEC Heo6Xx04MMO CpaBHUTbL CpefHMe 3HavyeHns akcne-
pUMeHTanbHbIX FTPynn ¢ NOMOLWb0 MeToga aHanusa BapuaHToB (ANOVA). CpefHee 3HayeHue ANa Kaxaown
KOHLeHTpaLumn f0/HKHO 6biThb CPABHEHO CO CpeAHel KOHTPOA C MOMOLLbI0 TPeHA4a MHOrOKPaTHOTO CpaBHEHNS
unn Metoda Tecta TpeHAoB. MoryT 6biTb Mose3Hbl TecTbl [JaHHeTTa uau Yunbamca [18]—[21]. Heobxoaun-
MO MPOBEpPUTb TMNOTE3y ANCNEepPCMOHHOro aHanmsza ANOVA Ha ogHOPOAHOCTb pasnuuunii. 3Ta oueHka MoxeT
6bITb BbINOJIHEHA rPadUYeckn Uan ¢ Nomolblo gopmManbHoro tecta [22]. MoAaxoAAWwMMN ABASAIOTCA TeCTbl
NleBeHa (Levene) unu bapnetta (Bartlett). OnpoBepxeHne npeanonoxeHmsa 06 OA4HOPOAHOCTW Aucnepcuu
MOXHO MCNpaBuUTb NyTeM forapumMmnyeckoro npeobpasoBaHna AaHHbIX. Ecnn HeogHOpoAHOCTL Aucnepcumn
3aKCTpeMasibHa U He MoXeT 6bITb ucnpasneHa npeobpasoBaHneM, paccMaTpusBalT Takne mMeToAbl aHanusa,
KaK perpeccuoHHasa teHgeHuusa JxoHkupa (Jonkheere). lononHUTeNbHOE PYKOBOACTBO A/ OnpefeneHuns
NOEC mM0oXHO Halitn B [16].

5.7.5 HepaBHMe OTKPbLITUA NPUBENN K peKOMeHAaunn otkasatbcsa oT KoHuenuun NOEC un 3ameHuTh ee
ECX OCHOBaHHOW Ha TOYEYHOI perpeccum OLeHKU. Hukakoil LeHHOCTU ANA X B 3TOM TecTe He 6bl/10 ycTa-
HOBNEHO AN Lemna. OgHako B AnanasoHe 10 % — 20 % uenecoobpasHee (B 3aBUCMMOCTM OT BblOpaHHOM
nepeMeHHoOl 0TBETA) U NpeanoyYTUTENbHEE ycTaHoBUTL EC10 n EC20-

5.8 Ortuer

OTueT 06 UccnefoBaHMAX LO/DKEH BKIOYATbL cnefyollee:

5.8.1 TecTupyemoe BeLLeCTBO.

- hm3nyeckoe cocTossHNE N PU3NKO-XMMUYECKNE CBONCTBA, BKIOUYAsA PacTBOPMMOCTb B BOAE;

- MHdoOpMauua 0 Xummyeckol ngeHtudmkauum (Hanpumep, Homep CAS), BkIOYas YucToTy (npumecn).

5.8.2 TecTupyemblii BUA:

- Hay4yHoe Ha3BaHue, KNOH (eCcnn N3BeCTHO) N UCTOYHUK.

5.8.3 Ycnosusa akcnepumeHTa:

- NpUMeHsAemMas 3KcnepuMmeHTasbHas npouefypa (CTaTuuyeckuiti, NOAycTaTUHYOCKUIA VAN NPOTOYHbIN
TecT);

- [gaTa Havana TecTta v ero npofo/IKMTeNbHOCTb;

- cpefia Ky/IbTUBUPOBaHUS;

- onucaHue aKCMeprMeHTasNbHOTO An3aiHa (TecToBble eMKOCTU U MOKPbITWe, 06beMbl PacTBOPOB, YunC-
10 KOMIOHWIA 1 NNACcTUHOK B 9KCNEepUMeHTe B Havyane TecTta):

- TecToBble KOHLEeHTpaLum (HoM1UHanbHas U n3MepeHHas, ec/ii Heo6xXo04MMO) 1 YNC/10 NOBTOPOB B KaX-
[0V KOHLeHTpauuu;

- MeTo/bl MPUrOTOB/IEHNSA MATOYHOro pacTBopa U TeCTOBbIX PacTBOPOB, BK/IOYas MCNO/Mb30BaHUE i0-
6bIX pacTBopuTEnei unn aucnepraTopos;

- TemnepaTypa BO Bpems TecTa:

- UCTOYHWK CBETa, MHTEHCUBHOCTb U OJHOPOAHOCTb OCBELEHNS:

- pH TecToBOro pacresopa u KOHTPONS:

- KOHUEeHTpauum TecTUpyemoro BeliecTBa U MeTOo/[, aHa/m3a C COOTBETCTBYIOLMMU KayeCTBEHHbIMU
JaHHbIMU OLeHKM (MccnefoBaHNsA JOCTOBEPHOCTU, CTaHAAPTHbIE OTKIOHEHUS WK npeesbl U3MepeHus);

- MeToAbl ANA onpeAeneHns ynucna 3eeHblX NAacTUHOK U APYTUX U3MEepPSAeMbIX NepeMeHHbIX (Hanpu-
Mep, CYXOil BeC. XXMBOW BeC WM naowagb NOKpbITUSA MNIACTUHOK):

- BCe OTK/IOHEHWS OT HacTosLWero cTaHjapTa.

b.8.4 Pesynbrarbl:

- HeobpaboTaHHble faHHble (KOIMYEeCTBO NACTUHOK U PYTUX NepeMeHHbIX B KaX/J0M TeCTOBOM cocy/e
1 B KOHTpOJie B Kaxjoe HabnoaeHne n Kaxablii aHanms):

10
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- cpefcTBa M CTaHAApTHbIE OTKNOHEHUA AN KaXA0W nu3mepsemoii nepeMeHHoIk;

- KpUBble pocTa ANA KaxAolh KoHueHTpauun (pekomeHayetcsa ob6aBnaTe norapudmmyeckoe npeobpa-
30BaHNEe M3MepsAeMOli BENUYNHBI, CM. 5.3.2);

- Bpems yasoeHus, Temna pocTta B KOHTPO/IE, OCHOBAHHOM Ha KO/IMYeCTBE MAAaCTUHOK;

- pacuyeTHble NepeMeHHble OTKuKa ANS KaXAol O4WHAKOBOWN KOHLEHTPaLumn co cpefHUMMN 3HaYeHNaIMn
1 KO3 puumeHT Bapnauuv Ana pennvkaumu;

- rpaduyeckoe npeAcTaB/ieHNe OTHOLEHUI KOHLeHTpauma — adekT;

- OUeHKa Tokcumyeckoro adppekTa ANna namepsiemMmblx nepemeHHbix. EC50. EC,0, EC20 n foBepUTENbHbIN
MHTEepBanbl, cBA3aHHble ¢ HAMU. Ecnmn paccunTtanbl. LOEC n/unn NOEC n ctatuctudyeckne metoabl, UCMOb-
3yemble 418 UX onpefenieHns;

- ecnu npoBefeH aHanu3 oTknoHeHuit ANOVA, cnna ycTaHOB/MEHHOrO BO34elCTBMA (Hanpumep, Hawu-
MeHee CcylleCTBEHHOE pa3/inyunBe);

- nbas o6HapyXeHHas CTUMYNsAUUA pocTa B 11060 TECTOBON KOHLEeHTpaLuu;

- nob6ble BU3yanbHble NPU3HaKM (UTOTOKCUMYHOCTK, a Takxke HabnwaeHna 3a TeCTOBbIMU pacTBopamu;

- aHanu3 pe3ynbTaToB, BKOYasA MobOble BAUAHUS Ha pe3ynbTaTbl TeCTa, BbiTekalol e U3 OTKIOHEeHU
OT HacToslero craHgapra.
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Mpunoxexve A
(cnpaBoyHOE)

OnuncaHne Lemna spp.

BogHoe pacTeHue, 06bI4HO MMeHyeMoe psckoli (Lemna spp.), NPUHAAIEXUT K CeMeliCTBY PACKOBbIX, KOTOpPOe COo-
CTOMT 13 YeTbIpex PoAoB. VX BHELUHWI BUA M pa3fMuHble TakCOHOMUM 6blan onucaHbl B [23]. [24]. Bugbl L. gibba n
L. minor npeacTasneHbl B 061aCTAX C yMEPEHHBIM KIMMATOM U LLIMPOKO MCMO/b3YHOTCA 151 TECTOB Ha TOKCMYHOCTb. Oba
B/AA MMEIOT NnaaBaroLLlylo Ha MOBEPXHOCTU UK MOTPYXEHHYI0 B BOAY AWCKOOOPa3Hyto NNacTuHKy (cTebenb € NNCTbAMM)
1 0YeHb TOHKMI KOPEHb, NCXOASALLMIA N3 LEeHTpa HWKHEel MOBEPXHOCTW KabKAOro incta. Lemna spp. peaxko LBeTyT u pas-
MHOXaIOTCs1 BEreTaTMBHO, NMPOAYLIMPYSt HOBbIE NAACTUHKM [25]. [0 cpaBHEHWIO CO B3POC/IbIMU PaCTEHNSIMU MOJIOAbIE, KakK
npaBsunno, CBeT/iee, NMELOT 6osiee KOPOTKME KOPHW W COCTOAT M3 ABYX-TPeX MacTUHOK pasHbiX pasmepoB. ManeHbkuii
pasmep Lemna spp.. ee npocTtas CTpykTypa, 6ecnonoe pasMHOXeHWE 1 6bICTPast CMeHa NoKoneHuii aenatoT AaHHbIl BUA,
OuYeHb NoAXoAAMM A58 NabopaTopHbIX UCNbITaHwuit [26], [27].

M3-3a BEpOATHOrO MEXBWAOBOIO N3MEHEHUSI B YyBCTBUTE/IbHOCTN TO/IbKO CPABHEHUS YyBCTBUTENIBHOCTY B Npeje-
nax Buaa ABNATCA AeACTBUTENbHBIMU.

Mpvmepbl BUAOB Lemna, KOTOpble NCNO/b30BaIUCh B UCMbITAHUSX:

Lemna aeouinoctialis: Eklund B. (1996). The use of the red alga Ceramium strictum and the duckweed Lemna
aequinoctialis in aquatic ecotoxicotogical bioassays. Licentiate in Philosophy Thesis 1996:2. Dep. of Systems Ecology.
Stockholm University.

Lemna major: Clark N. A. (1925). The rate of reproduction of Lemna major as a function of intensity and duration
of light. J. phys. Chem.. 29: 935—941.

Lemna minor: United States Environmental Protection Agency (US EPA). (1996). OPPTS 850.4400 Aquatic Plant
Toxicity Test Using Lemna spp.. Public draft. EPA 712-C-96-156. 8pp. Association Fransaise de Normalisation (AFNOR).
(1996). XP T 90-337: Diitermination de lilnhibition de la croissance de Lemna minor. 10pp. Swedish Standards Institute
(SIS). (1995). Water quality — Determination of growth inhibition (7-d) Lemna minor, duckweed. SS 02 82 13. 15pp.
(in Swedish).

Lemna gibba: ASTM International. (2003). Standard Guide for Conducting Static Toxicity Test With Lemna gibba G3.
E 1415-91 (Reapproved 1998). pp. 733-742. United States Environmental Protection Agency (US EPA). (1996). OPPTS
850.4400 Aquatic Plant Toxicity Test Using Lemna spp.. Public draft. EPA 712-C-96-156. 8pp.

Lemna oaucicostata: Nasu Y.. Kugimoto M. (1981). Lemna (duckweed) as an indicator of water pollution. I. The
sensitivity of Lemna pauocostata to heavy metals. Arch. Environ. Contam. Toxicol.. 10:1959— 19609.

Lemna perousilla: Clark J. R. etal. (1981). Accumulation and depuration of metals by duckweed (Lemna perpusilla).
Ecotoxicol. Environ. Saf.. 5:87-96.

Lemna tnsulca: Huebert D. B.. Shay J. M. (1993). Considerations in the assessment of toxicity using duckweeds.
Environ. Toxicol, and Chem.. 12:481—483.

Lemna valdiviana: Hutchinson T.C.. Czyrska H. (1975). Heavy metal toxicity and synergism to floating aquatic
weeds. Verh.-Int. Ver. Limnol.. 19:2102-2111.

VMcTouHunkm BrgoB Lemna:

University of Toronto Culture Collection of Algae and Cyanobacteria
Department of Botany. University of Toronto

Toronto. Ontario, Canada. M5S 3 B2

Tel:+1-416-978-3641

Fax:+1-416-978-5878

e-mail: jacreman@botany.utoronto.ca
http://iwww.botany.utoronto.ca/utcc

North Carolina State University
Forestry Dept

Duckweed Culture Collection
Campus Box'8002

Raleigh. N027695-8002
Etats-Unis

Tel: 001 (919)515-7572
astomp@unity.ncsu.edu
Institute of Applied Environmental Research (ITM) Stockholm University
SE-106 91

STOCKHOLM
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SUODE
Tel: +46 8 674 7240
Fax: +46 8 674 7636

Umweltbundesamt (UBA)

FG I 3.4

Schichauweg 58

12307 Berlin

Germany

e-mail: lemna@uba.de
http:/iwvftv.umw8ltbundesamt.de7contact.htm

MpunoxeHne B
(cnpaBo4Hoe)

O6CcnyXuBaHMe MaToOuHON! KynbTypbl

MaTouHas KynbTypa MOXET coAepxarbcsi npu 6onee HU3Koi Temnepatype (4 "C — 10 'C) B Te4eHue 4MTeNbHOro
BpemeHu. Cpega Ky/nbTMBMPOBaHKS Lemna rnoxeT 6biTb TOW e camoid, HO Takke MOryT GbiTb UCMOMb30BaHbl 1 Apyrve
6onee 6oraTble NUTaTENbHLIMU BELLLECTBAMMW Cpefpl.

Meprognyeckn MHOTOUYUCIEHHbIE MOOAbIE CBET/I0-3€/1EHbIE PACTEHUS YAANAOT B CTEPUIbHBIX YCNOBUSX U Nepe-
HOCAT B HOBbIE EMKOCTY C Ky/IbTYPOIA, cofepialLeil HoByto cpegy. [pu coaepXaHun pacTeHuii B 6onee NpoxiagHbIX ycio-
BWAX. NPELIOXEHHBIX B HACTOALLEM CTaHAapTe, CyOKyIbTUBMPOBaHNE MOXHO NPOBOAMTL C MPOMEXYTKaMu B TpY Mecsaua.

[nsa BblpalmBaHns pacTeHuii cnegyeT UCMONb30BaTb XMMUYECKN YUCTble (BbIMbITbIE B KUC/IOTE) U CTEPUSIbHbIE
CTEKNAAHHbIE EMKOCTMW, NOArOTOB/IEHHbIE C MPUMEHEHNEM acenTUYecknx MeTofoB 06paboTku. Ecnm matoyHas KynbTypa
3arpsi3HeHa BOAOPOCSMU UM rpmbamu, He0OX0AMMO MPUHATL Mepbl MO IMKBUAALMK 3arpsasHeHus. UTo kacaeTcsi BOJO-
pocnein n 60NbLUMHCTBA APYrMX 3arpAa3HAOLLMX OpraHM3MOB, MOXET OblTb AOCTATOYHO NOBEPXHOCTHOW CTepunmn3aLuu.
[Ans atoro 6epyT obpasel, 3arpsi3HEHHOTO PacTEHNs U OTpPe3atoT KOPHW. 3aTemM 3HEepPriyHO NMPOMbIBAIOT PacTeHus B Yu-
CTOW BOAe, Mocne Yero norpyxarTt pacteHusi B 0.5%-Hbllii pacTBOp runoxsoputa Hatpusi Ha nepuog ot 30 ¢ 40 5 MUH.
3aTrem pacTeHVsi MPOMbIBAOT CTEPWU/ILHON BOAOI M NEPEHOCAT B HECKO/bKO Pas/IMuHbIX EMKOCTEN, CoAepXaLlyiX CBEXYH0
nuTatenbHyto cpedy. 3Ta 06paboTka yomBaeT 60/MbLUYH0 YaCTb pacTeHuii, 0CO6EHHO NpU ANUTENbHON 3KCNO3ULMK, HO
HEMHOrVe BbIXWBLUME pacTeHnsl, Kak NpaBusio, OkasbiBaOTCA CBOOOAHbLIMU OT 3arpA3HeHns. B aTom ciyyae nx MOXHO uc-
nonb30BaThb A5 NoceBa HOBbIX Ky/bTyp.
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Mpunoxexunsa C
(pekomeHgyemoe)

MutatenbHan (KynbTuBayMoHHas) cpega

C.1 PekomeHAylOTCA pas/nyHble cpedbl AN5 BbipalwysaHus L minor u L. gibba. Ana L. minor MOXHO NpUMEHATb 13-
MeHeHHy0 MoancuLmpoBaHHyto cpedy LLiBeackoro MHCTUTYTa cTaHgapTusauum (SIS), a gns L. gibba — cpegy 20X—AAP.
CocTaBbl 06enx cpef fAaHbl HWxe. Mpyu NPUroToBAEHUN 3TUX Cpef UCNOMb3YHT PeakT!Bbl UM XMMUYEeCKne BeLLecTsa
aHaNIMTUYECKOl CTENEHN YUCTOTbI 1 EVOHU3UPOBAHYHO BOAY.

C.2 MogudhmumpoBaHHas KynbTuBauMoHHasn cpeda (cm. Tabnuuy C.1) Ans BbipalliyMBaHna psacku LLIBeAcKoro HCTH-
TyTa cTaHgapTos (SIS):

- MaTOuHble pacTBopbl —V cTepunu3ytoT aBToknasuposaHnem (120 'C. 15 MWH) nam meMmbpaHHoi donnibTpaumeit
(pa3mep nop 0.2 MKm);

- MaTouHblii pacTeop V1 (1, ecnv Heo6X0AMMO, AONONHUTENbHBIA VII) CTepUAn3yoT ToNbKO MeM6paHHol hunbTpa-
Leit; OH He JO/MKEH ObITb aBTOK/TABUPOBaH:

- CTepu/ibHble MaTO4Hble PacTBOPbl XPaHAT B MPOX/J1afHOM TEMHOM MecTe. PacTBopbl —V yHuuTOXAlOT Yepes
6 Mec. B TO Bpemsl kak pactsop VI (1 gononHuTenbHblii VII) umeeT cpok rogHocTn Ao 1 mec.

Ta6nuya C.1 — Bugbl MaToYHbIX pacTBOPOB

r* KoHueHTpaLys KoHueHTpaLma [oToBan cpepa
MaTO4HOro Bettiectoo a MaTo4HOM B FOTOBOI Cp«ae.
pacTteopa pacTBeope, r/n MmN 2nemeHT KoHueHTpaums, Mr/n
1 NaNOa 8.50 85 Na; N 32; 14
kH2po4d 134 134 K; P 6.0; 24
I MgS047H20 15 75 Mg; S 7,4;9.8
1] CaC12+2H20 7.2 36 Ca; Cl 9.8; 17.5
\% N32C0O2 4.0 20 C 2.3
\% H3BO3 1.0 10 B 0.17
MnC12-4H20 0,20 0.20 Mn 0.056
Na2Mo04-2H20 0,010 0.010 Mo 0.0040
ZnS04 7HroO 0,050 0.050 Zn 0.011
CuS04-5H20 0,0050 0,0050 Cun 0.0013
Co(NO3*-6H 20 0,010 0.010 Co 0.0020
\ FeCl3-6H20 0.17 0.84 Fe 0.17
Na2-EDTA-2H20 0.28 14 — —
Vil MOPS (6ycpep) 490 490

[na NnpyrotoBneHns ogHoro nuTpa cpedpl SIS fo6aBnsoT cneaytowme nHrpegmeHTs! K 900 M A4ENOHU3MPOBaHHON BOAb!:
- 10 mn MaTo4Horo pacrsopa I;

- 5 mn1 matouHoro pactsopa |l

- 5 mn matouHoro pacteopa ll;

- 5 M1 matouHoro pactsopa 1V,

- 1 M1 maToyHoro pacteopa V;

- 5 mn maTtouHoro pacteopa VI;

- 1wmn (Heobsa3aTenbHO) MaTouHoro pacteopa VIl.

MpumeuyaHne — MartouHblii pactop VIl (Bydep MOPS) MoxeT 6biTb HEOGXOAUM [/11 HEKOTOPbIX TECTUpye-
MbIX BewecTB (cM. 3.2.3);

- pH gomxeH paBHsTbeA (6.5 + 0,2) ¢ 0,1 wam ¢ 1 M HCI unm NaOH, n ganee o6bem A0BOAAT A0 11 AENOHU3NPO-
BaHHOI BOAOA.

C.3 Cpepa 20X—AAP

MarTouHbIii PacTBOP rOTOBSAT B CTEPU/ILHOI ANCTUNIMPOBAHHON MW AEONHU3MPOBAHHON BOAE.

CTepunbHbIli MaTouUHbI pacTBOp CreayeT XpaHUTb B NPOX/1aAHOM TEMHOM MecTe. B 3TUX yCNOBUSIX MaTOUHBbI pac-
TBOP XpaHAT He 6onee 6—8 Hep,
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MATb NUTaTeNbHbIX MaTouHbIX pacTBopos (Al, A2. A3. B 1 C) (cm. Tabnuuy C.2) rotossT Ans cpefibl 20X—AAP
C UCMO/Ib30BaHWEM PEeakTMBOB aHa/IMTUYECKOW CTeneHN YnCToThl. KynbTvBaUMOHHas cpeja cocTouT u3 20 M1 KakAoro
MaTO4HOro pacTeopa, A06aBieHHbIX NpUMepHO K 850 MA fenoHM3npoBaHHOV Bogbl. pH ycTaHasnmsatoT (7,5 + 0.1) ¢
nomopto 0.1 nam 1 M pacteopoB HCI nnm NaOH. [lanee o6bem pacTtBopa f0BOAAT A0 1 1 AeMOHU3MPOBaHHOWN BOAONA.
Cpepy onsA AOCTUXKEHUSI CTEPUNBHOCTY (DUNLTPYIOT Yepes unbTp C AYelikoli pasmepom 0.2 MKM (MPUGAN3NTENbHO)
B CTEPW/bHbIA KOHTEHEP.

MuTatensHyo cpefy He06X0ANMO NPUrOTOBUTL [0 UCMNOJIb30BAHNA 3a OAWUH-ABA AHA ANs cTabunusauymn pH.
pH KynbTUBaLMOHHON Cpefbl HYXXHO NPOBEPUTHL A0 UCNONb30BaHNA 1 B C/lyYae He06X0ANMMOCTY AOBECTU A0 HYXHOIO 3Ha-
yeHus 0.1 nam 1M pacteopamu NaOH vamn HCI.

Ta6nuya C.2 — Bugbl MaTo4HbIX pacTBOPOB

to KoHueHTpauma KoHueHTpaums Forosan cpefa
MaTQ4HOrO BelectBo B MaTO4HOM a Ky/bTUBALWOHHOM
pactsopa pacrtsope, bi cpege, Mi/n SreveHT KOHL‘WJ_’?*M'
Al NaNO03 26 510 Na. N 190;84
MgCl2-6H20 12 240 Mg 58.08
CaCl12-2H20 4.4 90 Ca 24.04
A2 MgS04-7H20 15 290 S 38.22
A3 K2Hpo4-3H20 14 30 K:P 9.4; 3.7
B HaBes 0.19 3.7 B 0.65
MnCl2-4H,0 0.42 8.3 Mn 23
FeCI3 6H20 0.16 3.2 Fe 0.66
Na-JEDTA- 2HrO 0.30 6.0
ZnCl, 3.3 mr/n 66 MKr/n Zn 31 mKr/n
CoClI2-6H20 1.4 mr/n 29 mkr/n Co 7.1 mkr/n
Na2Mo004+2H20 7.3 mr/n 145 mkr/n Mo 58 mKr/n
CvC12m2H20 0.012 mr/n 0.24 wkr/n Cun 0.080 mkr/n
C NaHCOj 15 300 Na;C 220;43

* ECnn He yKa3aHo MHoe.

MpumeyaHne — KoHeuyHas KOHLEHTpaumus GukapboHaTa TeopeTuyeckn (4To6bl N36exaTh CyLLeCTBEHHON! Kop-
pekuumn pH) coctasnset 15 mr/n. a He 300 mr/n. Cpega 20X—AAP ncnonb3yeT KoHueHTpaumo 300 mr/n [28].

C.4 Cpepa WTeiH6epra (Steinberg)

C.4.1 KoHueHTpauym n MaTouHbIii pacTBop:

- B cooTtBeTcTBUM ¢ MICO 20079 moamcuumpoBaHHyto cpesy LUTeliH6epra ncnonb3yT ToNbKo A8 Lemna minor
(Tak kak Tobko Lemna minor BBeAeHa B HACTOALLMIA CTaHAAPT), HO TECTbI MOKa3an, YTO MOXHO MOJTy4MTb XOpoLune pe-
3yNbTaTtbl U NPU KyIbTUBMPOBaHUM Lemna gibba:

- 3Ty cpefy roTOBAT U3 peakTUBOB YNCTOTOW aHAINTNYECKOI CTEMEHN YACTOTbI U [ENOHN3NPOBaHHON BOAbI;

- MOArOTOBUTbL MUTATE/NbHYIO CPpefy M3 MaTOYHbIX PACTBOPOB MM PacTBOpOB, B 10 pa3 60/11eB KOHLEHTPUPOBAHHbIX
(819 BOCTUXEHMST MaKCMMaUIbHOW KOHLIeHTpaumn, He fonyckas 06pa3oBaHus 0cagka);

Ta6nuya C.3 — Cpepa LWTeliH6epra pH cTabunusnpoBaHHas [MoandguumpoBaHHas AnbTeHbyprepom (Attenburger)j

BeluectBo [vTarensHas cpefa
MakpoanemeHThI MonapHbiil nec mr/n MMonbta
KNOj 101,12 350.00 3.46
Ca(N032mHro 236.15 295.00 1.25
KHZ2po4 136.09 90.00 0.66
k2Hpo4 174,18 12.60 0.072
MgS04.+7H20 246.37 100.00 0.41
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OkoHuaHue Tabnuubl C.3

BeLuectBo MuTatensHas cpepa

MaKpoanemeHThi MonspHelii Bec Mun MMOnb.'n
H3BO3 61.83 120.00 1.94
ZnS04+7H.O 287.43 180.00 0.63
Na2MoQ4 2H20 241.92 44.00 0.18
MnCI2 4H20 197.84 180.00 0.91
FeCI3 6H20 270.21 760.00 281
SATA purnapat Na 372.24 1500.00 4.03

Ta6nnya C.4— MaToyHble pacTBOpbl (MakpO3/1IEMEHTbI)

MakpoanemeHTbl (CKOHUEHTpUpoBaHHble B 50 pa3) rin

MaTouHbIli pacTBop 1

KNO3 17.50
KH2po 4 4.5
K2upod 0.63

MaTouHbIli pacTBop 2
MgS04+7H40 5.00

MartouHblii pacTeop 3
Ca(NOj)-44"0 14.75

Ta6nuya C.5— MaroyHble pacTBOpbl (MUKPO3/IEMEHTbI)

MukKpoanemeHTbl (CKOHLEeHTpUpoBaHHbie B 1000 pas) Mr/n

MartouHblii pacTeop 4

H3B03 120.0
MartouHblii pacTeop 5

ZnS04w7H20 180.0
MartouHblii pacTeop 6

Na2Mo04+2H20 44.0
MaTouHbIli pacTBOp 7

MnC12-4H20 180.0
MaTouHbIli pacTBop 8

FeCl3<6H20 760.00
EDTA gurngpat Na 1500.00

- MaTo4Hble pacTBopbl 2 U 3 MOryT GbITb 06BEANHEHBI, TaK Xe Kak M MaToYHble pacTBopbl 4—7 (yuuTbiBas Tpeby-
emMble KOHLeHTpaLumm);

- ONA YBENIMYEHUA ONTENIbHOCTU XPAHEHUSI MaTOuYHbIX PacTBOPOB UX CTEPUIU3YIOT aBTOK/1IaBMPOBaHWEM NpK
121 "C B TeueHune 20 mvH nnu connbtpoBaHnem (0.2 4T). Ana ctepuansaumm pactsopa 8 CTporo pekomMmeHayeTcs UCMnosb-
30BaTb TOMbKO ounbTpaumio (0.2 4T).

C.5 MogaroToBka MoanduLmpoBaHHol cpefbl LLreliH6epra B KOHEUHbIX KOHLEHTpaLusXx:

- po6asutb no 20 mn pacteopoB 1—3 (cm. Tabnmuy C.4) Npn6amsmTenbHo kK 900 M1 AEVOHU3MPOBAHHOW BObI,
4TOObI N36eXaTb 06pa3oBaHNA 0caaKa;

- Bo6asutb no 1.0 mn pacteopoB 4—8 (cm. Tabnuuy C.5);

- pH ponxeH 6bITb paBeH (5.5 + 0.2) (406aBNTb ANA f0BEAEHNA MUHMMANbHOE KonnyecTBo pactBopos NaOH
wnn HCI);

- poBecTtn 06bem go 1000 mn;
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- ecnu (JaTouHbIl pacTBOP CTEPUIN30BaH M NPUrOTOB/IEH Ha BOZE COOTBETCTBYIOLLErO KAYecTBa, HUKaKoW fAanbHel-
el ctepuamsauum He Tpebyetcs. Ecnm ctepununsoBaH rHabHbIA PacTBOp, MaTouHbI pacTBop 8 fo6aBnsAoT nocne
aBToKnasupoBaHus (npu 121 *C B TeyeHne 20 MUH).

C.6 MopgrotoBka pacTtBopa LUTeiH6epra. koHUeHTpupoBaHHOro B 10 pas. 4151 NPOMEXYTOUYHOro XpaHeHUs:

- po6asuTb no 20 mn pactBopoB 1—3 (cMm. Tabnuuy C.4) npubnmantensHo Kk 30 M BoAbl ANS TOrO, Y4TOObI
He [onyCTUTb 06pa3oBaHns ocagka:

- fo6asuTb no 1.0 mn pactesopos 4—8 (cM. Tabnuuy C.5), go6asuTb BoAbl 40 100 mn;

- eCNN MaToYHbI PacTBOp CTEpUIM30BaH M MPUrOTOB/IEH Ha BOLE COOTBETCTBYIOLLEIO KayecTBa, HUKaKon Aasb-
HeliLe cTepunu3aumy He TpebyeTcsl. ECm comHanbHbIA pacTBOp CTEPUIN30BaH, MaToUHbIA pacTBop 8 Ao6aBuTb nocne
aBToknaBunpoBaHus (Npu 121 *C B TeueHue 20 MuH);

- pH cpegb! (3aknounTenbHas KOHUEeHTpaums) 4o/keH 6biTb paseH (5.5 + 0.2).
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KnioueBble cioBa: xuMuyeckas npoaykuusi, BO3LeiCTBME Ha OKpYXaloLlyl cpedy, okpyxawuwias cpega, ps-
cKa, yrHeTeHue pocTa
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