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MEXTIOCYAAPCTBEHHbBIN CTAHAOAPT

METO/Abl UCMNbITAHUA XUMUUYECKOW MPOAYKLINN,
NPEACTABAIOLLEN OMACHOCTb A/19 OKPYXAILLEW CPEAbI

OnpeaeneHne ocTPoOi TOKCUYHOCTU ANst AadpHUIA

Testing of chemicals of environmental hazard

Daphnia sp. Acute Immobilisation Test

Jata BBepeHna - 2014-08-01

1 O6nactb NpUMeHeHNs

HactoAwmii ctaHgapT ycTaHaBnAMBaeT MeTof onpefeneHns OoCTpou
TOKCUYHOCTU A8 gadHuin (Daphnia) npu BO34eNCTBUM XMMUYECKUX BELLECTB
B TeyeHue 48 u.

2 TepMUHBbI 1 onpeaeneHvs

B HacTtoswem craHgapte nNpuMMeHeHbl TePMWHblI C COOTBETCTBYHOLLMMMU
onpegeneHnaMu:
2.1 nonyadgdgektmBHaa  KoHueHTpauna (EC50 @ KoHueHTpauus
nccrefyemMoro BelecTsa, kKotopas npuBOAUT K YTHETEHUIO NoABMXHOCTU 50%

JadHuii B TeyeHne yCcTaHOB/IEHHOIO nepuoaa BO3AeiCTBUS.

MpumeuaHune - Ecnm ncnonb3yetcs Apyroe onpegeneHne, To HEO6XOAMMO MPUBECTU

€ro B OTYETE O MPOBEAEHUN TECTA CO CCbIIKOM Ha UCTOUYHMK MHpopMaLmK.

N3paHne ocuymanbHoe



21 yrHeTeHue nOABWMXHOCTU (MMmMobununsauyms): Ocobu pgadHuii,
HecrnocobHble nnaBaTtb B TeyeHue 15 cek nocne erkoro BCTPSAXUBAHUSA
TEeCTOBOr0 CoCyfa, CUMTarTCA HENOABWXHbIMU (MMMOBUIN30BAHHBIMIY), faXe
€C/IN OHWN CMNOCO6HbI NaaBaTb C MOMOLLbIO CSXKOB.

3 MNpuHuMn Tecta

Monogble paukum padHuii B Bo3pacTe MeHee 24 4 B Havane TecTta
nogsepratoTca BO3LEWCTBUIO UCCNefyeMOro BewecTBa B ONpefesieHHOM
AnanasoHe KOHUEeHTpauuii B TedeHne 48 4. MiMmobunmsauns perncrpupyertcs
Ha 24 ”n 48-1 4 TecTa N CpaBHMBAETCA C KOHTPOJ/IbHbIMU BENYMHAMMU.
MpoBoanTCcAa aHanui3 pes3ynbLTartoB B uUenax BbluucneHna ECD gna 48 .
OnpepgeneHne EC50 ans 24 4 ansietca dpakyNbTaTUBHbIM.

4 NHdopmaumsa o6 nccrnenqyemMomM BeLLecTBe

NHpopmauusa 06 nccnegyeMom BellecTBe A0/DKHA cofepXaTb cBefeHns
O pacTBOPUMOCTM WUCC/efyeMOro BellecTBa B BOAE W [AaBJ/IeHUM Mapos.
KonunuectBeHHoe onpefeneHue wuccnefyemMoro BellecTBa B TeCTUPYEMbIX
pacTBopax  Heob6xoAUMO  MPOBOAWTL  C  MOMOLWLIO  AOCTOBEPHOrO
aHanIMTM4eckoro metofa C U3BECTHOM TOYHOCTbIO U NpesenomM obHapyXeHus.

MonesHol Takke MOXeT OblTb MHGPOpMaLms O:

- CTPYKTYpHOW chopMy/ie nccriegyemMoro BelecTBa,;

- 4YucToTe mccnefyemoro BeLlecTBa;

- CTabunbHOCTH nccnegyemMmoro seujectea B Boae 1 Ha CBETY,



- Koa(hpmumeHTe pacnpegeneHnsa H-oktaHon/soga Pow,

- pe3ynbTatax WUCMbITaHUSA Ha  NOTEHUMasibHYldD  CNOCOBGHOCTb K
6rnopasznoxeHuto (FTOCT 32295).

5 CtaHOapTHble BelecTBa

VccneposaHne ctaHgapTHOro Belwectsa Ha ECS moxeTt npoBognThLCA B
Lenax MpoBEepKM NpaBU/ILHOCTM YCNOBWUI nNpoBefdeHus TecTa. B kayecTtse
CTaHAapTHbIX  BeLLecTB pekomMmeHayeTcs ncnosb3oBaTtb BellecTBa,
NpoTecTUpOBaHHblE B MeXAyHapoaHbliXx NnabopaTopHbix Tectax (ISO 6341,
ECH (24 4u) gna guxpomarta kamma (K2Cr2 7) coctasnsetr 0,6 - 2,1 wmr/n).
TecTbl CO CTaHAAPTHLIMU BeLLECTBAMM A0/HKHbI MPOBOAUTLCA KaXAblii Mecsl
NN Kak MMHUMYM [iBa pasa B rog.

6 JocToBEepPHOCTb TecTa

YcTaHaBnuBalTCsa cregyrolme Kputepmum 4OCTOBEPHOCTN TecTa:

- B KOHTpPO/IbHOM TecTe, B TOM 4ucne B KOHTPO/SIbHOM TecTe C
pacTBopuTenem, He 6onee 10% gadHWUn AOMKHBLI ObITb UMMOGUNN30BaHbI;

- KOHUEHTpauus pacTBOPEHHOro Kucnopoga MO OKOHYaHuM TecTa
[0/DKHA ObITb > 3 MI/N1 B KOHTPOJIbHOM M TECTOBbLIX 06pasuax.

MpumeyaHue - [ns nepBoro KpuTepusi He 6onee 10% KOHTPO/IbHBIX OCo6el
OacbHNiA [OMKHBI AEMOHCTPUPOBAaTbL MMMOBWUIN3AUMIO UKW ApYTrMe MPU3HAKU MOPaKeHus!
WM cTpecca, Harpumep, obecuBeuYMBaHMEe WM aHOMaIbHOE TOBEAEHME, Takoe, Kak

HaxoxaeHne Ha NnoBepxHOCTU BOAbI.



7 O6opypoBaHne

7.1 Tpu TecTMpoBaHUM UCMONbL3YIOTCA CcOCyabl U Apyroe obopynoBaHue,
N3roTOB/IEHHbIE M3 CTeK/la WINW MHOTO XUMWYECKM WHEePTHOro martepuana. B
KayecTBe TEeCTOBbIX COCYAOB OObIYHO WMCMOJMb3YIOTCA CTEK/ISAHHbIE MNPOGMPKM
NN MEH3YPKY; nepeps KaxabiM UCNofb30BaHNEM UX HEO6X0AUMO NPOMbIBaTb
00bl4HbIM nabopaTopHbiM cnocobom. TecToBble COCYyAbl [O/MKHbI  ObITh
YKyrnopeHbl A1 TOro, 4Ttobbl YMEHbLWNTL MOTEPH BOAbl K3-3a UCMapPeHusd u
nsbexatb nonagaHus nblaM B TeCcTUpyemble pacTBopbl. MccnepgosaHus
NeTyuynx BeLWeCTB [AO/DKHbl MPOBOAUTLCA B  3aMNOJIHEHHbIX TepPMEeTUYHbIX
cocygax, AoCTaTto4HO 60MbWKX ANs TOro, YTobbl NPpefoTBPaTUTh YpesmMepHoe
CHMXeHne cogepxaHus kucnopoga (n. 6 n 11.1.6.1).

7.2 TIOMMMO 3TOr0 MOXET UCMO/b30BaTbCA:

- npubop L4/ U3MEPEeHua cofepXaHusa kucnopoga, okcumetp (c
MWUKPO3/IEKTPOAOM WM ApyruM  noaxogdawmm  obopypoBaHuem  Ans
N3MepeHUa pacTBOPEHHOIO KMCNopoha B MasieHbKUX ob6bemax);

- pH-meTp;

- obopypgoBaHue OJ/1 KOHTPOA 3a TemnepaTypoi;

- obopypoBaHue A1 onpejeneHna obLlero opraHuyeckoro yrnepoja
(O0Y);

- obopypoBaHuMe Ana  onpegenieHUs  XMMUYECKOro  notpebneHus

knucnopoga (XrK);



- obopypgoBsaHve ANA onpefesieHns XeCcTKOCTU BOAbl.

8 TecTOBble OpraHU3mMblI

Haunbonee npegnoututenbHbiM BUAOM fiBnigetca Daphnia magna Straus,
HO Apyrve nogxogswme suabl Daphnia Takke MOryT MCnNosnb3oBaTbCA B
JaHHoOM TecTe (Hanpumep Daphnia pulex). B Hauase Tecta gaHun OOSKHbI
O6bITb B BO3pacte He MeHee 24 4, U [ONA CHWKEHUA WU3MEHYMBOCTHU
pekoMeHAyeTCA MCNonb30BaTb AaddHUIA He U3 nNepBoro notomcTea. dadHuu
[O/MKHbI ObITb MONYy4YeHbl OT 340pPOBONM nonynauum 6e3 CMMNTOMOB CTpecca,
Takux Kak BbICOKass CMEPTHOCTb, MPMUCYTCTBUE MYXCKMX O0cCO6el 1 adhmnnuii,
npucyTcTBMe 6GecuBeTHbIX 0cobeli u np. Bce opraHM3mbl, UCMONb3yeMble B
OTAE/IbHOM TecTe, MoJiy4yalT U3 Ky/NbTyp, OCHOBaHHbIX Ha OAHON W TOW Xe
nonynsumn padHuin. OCHOBHasi MNONyASUMS AO0/HKHA Ky/bTMBMpPOBATbCA B
ycnosuax (oceBeleHne, TemnepaTtypa, cpega), O/IM3KMX K YC/IOBUSIM
nposepeHna  Tecta. Ecnm nuTatenbHadA  cpepa,  koTopas  6yger
ncrnonb3oBaTbCca ANA faHuini B Tecte, oT/iM4aeTca OT cpenbl, UCMOb3yeMOi
ANs 0ObIYHOrO  KynbTUBMpOBaHWA padHuil, TO JdadHuii  Heobxo[ummo
noABEpPrHyTb NpeABapuTeNnibHON akkiMmatmsauun. [Ona  aT1oro  gadoHui
cogepxaTt B Boge, UCNOMb3YyeMON ANA NpoOBeAeHus TecTa, Npu Temnepartype
TecTa B TeYeHue kak MMHUMYM 48 4 10 Havyana TecTa.

9 Bopga

9.1 MpupogHass Boaa (MOBEPXHOCTHbIE WAU  TPYHTOBbIE  BOAbI),



MoguuunpoBaHHaa Boda WM Aex/iopupoBaHHas BOJoOMNposBogHas Boja
cunTalTcA npuemMnemMbiMM  ANA  cofepxaHus padHuin, ecnu  pgadHUn
BbDKMBAKOT B Takol BOAEe BO BpeMs Ky/ibTUBMPOBaHWA, akknumartmsauum u
TecTa 6e3 Kakumx-nmbo npu3HaKoB cTpecca. XUMUYECKMe XapakTepucTuKu
BOAbl, NPUeMNemoit g npoBefeHus TecTa, NpuBefeHbl B NPUAOXKEHUN A.
MoanduumposaHHass Boga MOXeT ObiTb MojslydyeHa MyTemM pacTBOpPeHus
onpenenieHHoro KoanyectBa peareHToB WM3BECTHOW aHa/IMTUYECKON 4YUCTOTbI
B OWUCTWUANIMPOBAHHON WM AEeVWOHU3MpoBaHHOW BoAde. [Mpumepbl cocTaBa
MoaMdMUMPOBaHHON BOAbl NpuMBeAeHbl B npunoxexHun b, Heobxoanmo
OTMEeTUTb, 4YTO Cpenbl, coAepxXalwue Un3BECTHble KOoMMaekcoobpasyoume
BellecTBa Takume, kak M4 n M7 B npuioxeHun b, He A0MKHbI UCMOMb30BaTbCA
AN uccnefoBaHMsA BeLWeCcTB, cogepxawmx meTannbl. 3HadeHne pH Boabl
OO/MKHO HaxoguTbCA B Amanas3oHe oT 6 pgo 9. Ana Daphnia Tagna
pekomeHayeTca XecTkocTb Bogbl oT 140 go 250 wmr/n (B nepecyeTe Ha
CaCO03), 60nee HU3KME 3HAYEeHUSA XECTKOCTM MOryT WUCNo/sb30BaTbCsA A/
apyrnx sugos Daphnia. [Ana Toro 4TtoObl KOHUEHTpauus pacTBOPEHHOrO
Kucnopoga pocturna HacbILWEeHNs, HenocpeacTBEHHO nepepg
MCNosib30BaHNEM B TECTE MOXHO MPOBOAUTL aspaunio BoApl.
9.2 Ecnn wucnonb3yetca npupogHas BoAa, TO napamMeTpbl KayecTBa

AOJDKHbI U3MEPATLCA Kak MMHMMYM fABa pasa B rof, Wiv Kaxaplil pa3 B cnyvae

BO3MOXHOr0 M3MEHEHMS1 [aHHbiXx napameTpoB (N. 9.1 u npunoxeHve A).



Takke Heob6XxoAMmMO MNPOBOAUTL aHa/In3 COAEPXaHUSA TSHKEeNbIX MeTas/ioB
(Hanpumep Cu, Pb, Zn, Hg, Cd, Ni). Ecnm ucnonb3yeTcsa aexnopupoBaHHas
BoAONpoBogHass BoAa, TO HeoO6XOoAMMO MPOBOAUTbL EXEAHEBHbI aHanus
cogepxaHusa xnopa. Ecnm ucnonb3yeTcs MNOBEepXHOCTHAs WM TPyHTOBas
Bo4a, TO HeoO6XoAMMO W3MEPATb €€ 3/IeKTPUYECKY MNpoBOAUMOCTbL U
cofepxaHue B Hel obuero opraHuyeckoro yrnepoga (OOY) nam xummyeckoe
notpebnenusn kucnopoga (XMK).

10 TecTupyemble pacTBOpbI

10.1 TecTupyemble pacTBOpPbl BblOPaHHbIX KOHUEHTpauuin O06bIYHO
roToBsATCA NyTem pas3baBfieHMsi OCHOBHOro pactBopa. OCHOBHble pacTBOpbI
roTOBAT MyTeM pacTBOPeHUs uccnegyemblx Bewects B Boge (n. 9). B
HEKOTOpPbIX CAyyasax ANs NOArOTOBKM pacTBopa C HYXHOW KOHUeHTpauunen
Heo6Xxo4AMMO WUCMONb30BaTb COMOOMAN3ATOP (pacTBOpPUTESNb, 3MYJ/ibraTtop
nnu gucnepratop). Ecnam aTo BO3MOXHO, TO UCNONb30BaHWUA contobununsartopa
cnepyet nsberatb. B ntobom criydyae cogepxaHue nccnefyemoro Bellectsa B
TECTMPYyEMOM pacTBOpEe He AO0/DKHO NpeBbiwaTb npegesia pacTBOPMMOCTU B
BOZe.

10.2 TecT Heob6xoaumo npoBoAuTb 6e3 perynuposaHua pH. Ecnn pH
He coxpaHseTcsa B AmanasoHe 6 - 9, TO MOXeT 6biTb NpoBefieH BTOPOW TeCT C
npusegeHnem pH ocHOBHOro pactBopa K pH wucnonb3yemol Bogbl nepes

foGaBneHneM uccreQyemoro  BellecTBa.  PerynupoBaHue pH  [0O/MKHO



NnpPoOBOAUTLCA TakMM 06pa3oM, UYTOObI KOHUEHTpaLnsa OCHOBHOIO pacTBopa He
MEHsS1aCb B 3HAYUTE/IbHON CTENEHU N HE NMPOUCXOLANN0 XMMUYECKON peakuum
WNM  ocaxieHwsa uccnegyemoro BewecTtBa. Haubonee npuemsiemMbiM
peareHTamu A1 peryamposaHus pH OCHOBHOIO pactBopa uccriefayemoro
BellecTBa Asnaerca conaHaa kucnota HClI n NaOH.

11 MNMpouenypa TecTMpoBaHUA

11.1 YcnoBusa Bo3genicTBus

11.1.1 TecTOBble N KOHTPOJIbHbIE TPYNMbI

11.1.1.1 TecToBble COCYAbl 3aMO/IHAT COOTBETCTBYHOLWNMN 0ObeMaMK
BOAbl M pacTBOpamMu uccnegyembix Bewects. CoOOTHOWEHMEe 06bEMOB
BO34yxXa W BOAbl B COCyAe [AO/DKHO ObiTb WMAEHTUYHbIM O/19 TEeCTOBbIX M
KOHTPO/MbHLIX rpynn. B cocyabl nomewatoT gaHuin. Kak muHumym 20 ocob6eii
fadHnii, pasfgeneHHbIX Ha 4YeTbipe T[pynnbl, MO NATb OCOGEN B KaxAoid,
NCMNONb3YKTCA ANA KaXA0N TECTOBON KOHLUEHTpauMM U B KOHTPO/SIbHOM TecTe.
[Ons kaxaoin ocobu gaHUn HEO6XOANMMO 06ecnevynTb Kak MUHMMYM M0 2 M/
TecTupyemoro pactsopa (1.e. 10 mn gna 5 padpHuin B 0gHOM TECTOBOM
cocyae). TecT NpoBOAAT C NOyCTaTUMYECKUM OOHOBJIEHMEM WU B NPOTOYHOM
CUCTeME C HEMOCTOAHHOM KOHLUEeHTpauuein nccnefyemMoro BelecTsa.

11.1.1.2 T1OMMMO OCHOBHOW Cepun TECTOB HeobXxoAMmo MNpPOBOAUTb
OAVH KOHTPO/IbHbLIA TECT C BOAOI M NpuM HEOOXOAMMOCTU OAWMH KOHTPOJIbHbIN

TeCcT C COJ'HOGVU'IVB&TODOM C VICI'IOJ'IbByeMOVI B OCHOBHOM TecTte



KOHLeHTpauuen.

11.1.2 TecT no nogdbopy AnanasoHa KOHLUEeHTpauuii

11.1.2.1 TecT no nopbopy AumanaszoHa KOHUEHTpauui uccnegyemoro
BelLecTBa MOXeT NMPOBOAUTLCA ANA onpefesieHna ananasoHa A1 3Ha4YnMmMoro
nccrnefosBaHMs B TOM  Cnyyae, €ecnu  MHQopmaumsas 0O  TOKCUYHOCTU
nccnefyemoro Bewiectsa HegocTynHa. C aTol uensko gadHun nogsepratorcs
BO34ENCTBUIO pPasfIMyHbIX KOHLUEHTpauuin uccnegyemoro BeuwectBa. [MaTb
fAadoHMiA  HeobxoAMMO nogBepratb BO3AEWCTBUI KaXAol WCNOoNb3yemol
KOHUeHTpauun B TedyeHue 48 4, napannesibHble WUCCNefOBaHUA He
nposogAaTca. Mepuog 3KCNO3MUUM MOXHO COKpaTuTb (Hanpumep A0 24 u),
eCNn [daHHble, HeobxoAMMble AN onpefeneHns AnanasoHa 3HauYnMbIX
KOHUEeHTpauuii, MoryT 6biTb NOAyYEHbl B 60/1EE KOPOTKME CPOKMU.

11.1.2.2 Tect npoBOAAT KaK MWUHUMYM C MNATbIO  pasIMUYHbIMU
KOHUeHTpauusamn. KoHueHTpauum [OJKHbI  COCTaBAATb [E€OMEeTPUYECKyHo
nporpeccuto co 3HameHaresieMm, He npesblwarwmm 2,2. MNpn ncnonb3oBaHumn
MeHee MATWM KOHUEeHTpauuii B OT4YeTe O MNpoBeAeHun TecTa Heobxoanmo
npusect o060CHOBaHMe. Haubonbwas TecToBas KOHLUEHTpauus [O/DKHA
npusoantb K 100%-HO MMMOOMNM3aUUK, a HaMMEHbllas - He okKasblBaTb
HUKaKoro 3aMeTHOro BO34eNCcTBus.

11.1.3 YcnoBuAa npoBefeHuns TecTa

11.1.3.1 Temnepartypa nogaepxusaeTca B gmnanasoHe ot 18 go 22°C, B



Kax4oM OTAeslbHOM TecTe Temnepartypa [Ao/DkHa OblTb  MOCTOSIHHOM,
pornyckaetcs OTK/IOHEeHune +1°C. PekomeHgyemas nepuoguyHoOCTb
ocselleHusa: 16 4 - ceeT, 8 4 - TeMHOTa. [lonyckaeTcsd nposefeHne Tecta B
NONMHOM TEeMHOTe, B YaCTHOCTU MpW UCCMefOBaHUN BeLLeCTB, HeCTabu/ibHbIX
Ha cBeTy.

11.1.3.2 B TeuyeHue TecTa nNpoBOAAT aspauunio TeCcTOBbIX COCYAOB.
MpoBegeHne TecTa He TpebyeT perynnpoBkn pH. Bo Bpemsa Tecta gadHuii
HeNb351 KOPMUTb.

11.1.4 TlpoAo/mKUTENbHOCTb TecTa

MpoAo/MKNTENBHOCTL TEeCTa cocTasifeT 48 u.

11.1.5 Ha6nwaeHus

11151 Kaxabli TecToBblli cOCyd NPOBEpsitoT Ha NpucyTcTBue
NMMOOWIN30BaHHbIX AaHuii nocne 24 n 48 4 ¢ MOMeHTa Hayana Tecta. B
OOMNOJIHEHNE K YrHEeTEeHU MNOABMXHOCTUM B OTYET O MNpoBefeHUU TecTa
Heo6XxoAMMO BK/OYaTb COO6LLEHNE O NHObIX aHOMalbHbIX MPOSIBAEHUAX UMK

nosefeHun gadoHuii.



11.1.6 AHannTM4Yeckne n3mepeHuns

11.1.6.1 PacTBOpEeHHbI Kucnopod M pH M3MepsaloT B Hayane U KOHUEe
TecTa B KOHTPO/IbLHOW rpynne W TecTOBOW rpynne C Haubonbluel
KOHUeHTpauuein wuccrnegyemoro BeuwlectBa. KoHueHTpauus pacTBOPEHHOrO
Kncnopoga B KOHTPOJIbHbIX Fpynnax LO/HKHA Haxo4uTbCA B COOTBETCTBUU C
Kputepmammn poctosepHoctn (n. 6). BenvumHa pH B obwem cnyyae He
JO/MKHA M3MEeHATbCS 6onee yem Ha 1,5 eanHuubl B nto6om TecTte. B TeueHune
BCEro TecTa HEeMNnpepbiIBHO pPerucTpupyoT Temnepatypy B KOHTPOJSIbHOM
cocyge unu TemrnepaTypy OKpyxawuw,ero Bosgyxa. Ecnm ato HEBO3MOXHO, TO
HEoOX0ANMMO KakK MUWHUMYM W3MEPUTb TemMnepaTypy B KOHTPOJIbHOI rpynne
NN TemMnepaTypy OKpyxatLiero Bo3ayxa B Hadasie 1 KoHue TecTa.

11.1.6.2 KoHueHTpayus muccnegyemoro BelllecTBa [O/MKHA
onpenenATbCa B Hayane U KOHUe TecTa Kak MUHMMYM AO/15 Hanmbonbliein u
HauMeHbLUEl TeCTOBbIX KOHUEHTpauuii. PacueT pe3ynbTaToB pekoMeHayeTcs
NPOBOAUTbL HA OCHOBaHUW U3MEPEHHbIX KOHLEeHTpauuin. Ho ecnn cyuwecTsyer
noATBeEPXAEeHWEe TOro, 4YTO KOHUEHTpauum wuccnenyemoro Bewectsa MOryT
YyA,0BNEeTBOPUTE/IbHO noagepxuBatbca B npegenax +20% OT HOMWHa/IbHOrO
WM N3MEPEHHOro HavyasibHOro 3HavyeHus B TeyeHue TecTa, TO pes3y/bTaTbl
MOryT OblTb OCHOBaHbl Ha HOMWHA/IBHOM WAN W3MEPEHHOM Ha4vasibHOM

3Ha4YeHnN.



12 Moporos.blil TeCcT

12.1 Wcnonb3ysa npoueaypbl, OMMcaHHble B HacToAWEeM cTaHgapTe,
NMOPOroBbIi TECT MOXET ObITb BbINOSIHEH NPW KOHUEHTpauum uccrenyemoro
Bewectea 100 w™Mr/n wanm  nNpy KOHUEHTpauuu, paBHOW  npegeny
pacTBOPUMMOCTM  UCCMedyeMOoro BelwecTBa B TecToBolW cpefe  (npu
KOHUEHTpauun, HammeHbllel W3 AaHHbIX), ANA NOATBEPXAEHMS TOro, 4to
ECX 6onble, yeM faHHaa KoHUeHTpauusa. [Ona npoBefeHWs noporosoro
Tecta ucnonb3ywTcsa 20 gadHuin (kenatenbHO pasfenieHHbIX Ha 4veTbipe
rpynnbl N0 NATb 0co6eit), a Takke 20 gadHuiA Ana KOHTpons. Ecnn npoueHT
NMMO6MIN30BaHHbIX 0cobeil gadHuii npesBbiwaeT 10% B KOHUe TecTa, TO
HeobxoAMMO MpPOBEeCTM MOMHOe wuccnegosaHne. Jlioboe Habnwgaemoe
aHomasibHoe nosefeHne A0/HKHO ObiTb 3aperncTpupoBaHo.

13 [laHHble 1 OTYeT O NpoBeAeHUN TecTa

13.1 AaHHble

13.1.1 [aHHble TecTa nNpeAcTaBnsAlT B Buae Tabnuupl. Ons Kaxaown
TECTOBOM W KOHTPO/SIbHOW rpynnbl B Tabnuiue npuBOAAT [AaHHble 006
NCrnoNb3yemMoM Konuyectse padHuin M mMMobunmMsauun A8  Kaxaoro
HabnwogeHnsa. Takke HeobxoAMmMO rpaduyecky npeactaBUTb 3aBUCMMOCTb
NnpoLeHTa MMMOBGUIN30BaHHbIX 0cobel gaHMA OT TECTOBOW KOHUEHTpauun
nccriegyemMoro  Bewectsa. AHanM3  [AaHHbIX NPOBOAUTCA  NMOAXOAALLUM

CTATUCTUYECKMM MeToAO0M (HanpvMep C NoMollbio Npo6UT-Npeo6pasoBaHns),



BbIUNC/IAT HakMoH KpuBbix W ECH ¢ 95%-HbiM  [OBepuUTE/IbHbIM
NHTEepBasIOM.

13.1.2 B cnyyae ecnu craHgapTHble MeToabl BbluncneHna ECH He
MOTYyT  UCMONb30BaTbCA  O/1A NOJSTYYEHHbIX  [AHHbIX, HanbosbLas
KOHUEeHTpauusa, He Bbi3blBawWasa wuMmobunvMsaumm, U1  HaMMeHbllas
KOHUeHTpauusa, npusogawas Kk 100%-omy yrHeTeHUO MOABUXHOCTU, AOJDKHbI
ncrnonb3oBaTbCca AN NpubAMmKeHHONn oueHkn ECH0 (npegnonaraeTcs, 4TO
ECaBnaeTcsa cpeHUM reoMeTpuyecknm ABYX AAaHHbIX BEJINYMH).

13.2 Ortyer 0 npoBefeHUn TecTa

13.2.1 OTyeT 0O npoBefeHMN TecTa LO/DKEH coepXaTb CriefyloLlyro
nHcopmauunio oob:

nccnefyeMom BelecTBe:

- arperaTHoe COCTOSlHME W COOTBETCTBYKLWME (PUIMKO-XUMUYECKne
cBoiicTBa:

- NOEeHTU(UKALNOHHbIE faHHble, BK/IYas YNCTOTY.

TECTOBbIX BMAaXxX:

- UCTOMHWK W BWA padHuin, nocTtaBwMK (ecnm OH MW3BECTEH) M
NCMoNb3yemble YC/MOBUA Ky/IbTUBUPOBAHMA (BKMHOYAA WCTOYHUK, BUL U
KONIMYeCTBO MULLM, YACTOTY KOPMJIEHNSA).

YyCNoBUAX NpoBeAeHNs TecTa:

- XapaKTepucTVUKU TEeCTOBbIX COCY[I0B: TWM M 06BLEM COCYA0B, 06bLEM
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TecTUpyeMbIX pPacTBOpPOB, KOJMYECTBO JadpHWUiA B TECTOBOM cCOCyAe, 4YMCNo
TEeCTOBbIX COCYA0B (NapannesibHbix Npo6) ANsi O4HOV KOHUEHTpaLuu;

- onucaHve TnpPUroTOB/IEHUS OCHOBHbLIX W TeCTUPYEeMbIX pPacTBOPOB,
BK/IHOYASA ncnosib3oBaHne  60ro pactBopuTens, ncnosb3yemble
KOHUEeHTpauuu;

- XapaKTepuCTUKN BOAbl: MCTOYHMK W XapaKTepUCTUKM KayecTBa BOAbl
(pH, xecTkocTb, cooTHoweHue Ca / Mg, cooTHoweHne Na / K, WenoyHocTb,
aneKkTpuyeckass NPoOBOAMMOCTb); COCTaB MOAUMIMUMPOBAHHON BOAbI, €CNK
OHa Mcnonb3yeTcs;

- Temnepartypa, WHTEHCMBHOCTb W MNEPUOANYHOCTb  OCBELLEHUSA,
cofiepXaHne pacTBOpPEHHOro kucropoga, pH v np.

PesynbTaTthl TecTa:

- KO/IMY4EeCTBO W NpoueHT pgadHuiA, ANA  KOTOpbIX Habnwpganucb
yrHeTeHne MNOABWMKHOCTU WAW M06ble HeratuBHble MPOSABEHUS, BK/IOYas
aHoManbHOe noBefeHMe, B KOHTPOJIbHbIX W KaXAoW TeCcTOBOW rpynne Ans
KaXagoro nepuoga HabGAWAEHUA U onucaHue npupogbl  Habngaembix
NPOSIBNEHWNIA;

- pesynbTtatbl M garta nNpoBeAeHMs Tecta CO  CTaHAApPTHbIMU
BelwecTBaMun, ecsiv Takne AaHHble JOCTYMNHbI;

- HOMMVHa/ibHble  TEeCTOBble  KOHUEHTpauunm 1  pesynbTaTbl  BCEX

ccnefioBaHUii Ha onpefenieHne KOHLEHTpauuu uccrelyeMoro BellecTBa B



TEeCTOBOM  cocyfe; BOCMPOU3BOAMMOCTb W npegen  obHapyXeHus
aHanIMTU4yeckoro meToAa,;

- BCe JaHHble 06 u3MepeHuax TemnepaTypbl, pH M pacTBOPEHHOro
Kucnopoaa,;

- ECH (48 u) gna ummobunumsaumn ¢ AoBepuTeibHbIMU UHTEpBanamu un
MeTo/bl, UCMNOJIb3yeMble A1 UX pacyeTa; Hak/OHbl KPUBbIX KOHUEHTpauus -
OTKNMK W UX CcTaHdapTHOe  OTK/IOHEeHue, CcTaTucTuyeckne MeTofbl,
ncrionb3lyemble nna pacyeta EC” (cooTBeTcTByWLWME faHHble 00
nMmmobunmsauum gna 24 4 O0/DKHbI Takke OblTb NpuBeAeHbl, €C/lN OHU
N3Mepsanch);

- 060oCHOBaHME /OOGOr0  OTK/JIOHEHUS OT TEeCTOBOW npoueaypsbl,

N3/I0KEHHOI B HAcTOsILLEM cTaHAapTe, U coo6LeHne 0 BAUSHUN OTK/TOHEHWI

Ha pes3ynbTaTbl TecTa.



MpunoxeHne A
(cnpaBo4yHoOe)
HekoTopble XMMU4Yeckne xapakTepucTukn BoAbl, NpnemsaeMon ons

npoeeageHmMAa Tecta

Tabnuua A.1 - XuMUYECKME XapaKTepuUCTUKM BOAbl, Npuemnemon Ans

npoBefeHusi Tecta

BewecTtBo KoHueHTpauva
B3BelleHHbIe YacTuLbl < 20 mr/n
MonHbIA opraHnyeckuii yrnepog < 2 mr/n
HenoHn3npoBaHHbI aMMOHWA < 1 mkr/n
OcTaTou4HbIN X10p <10 wmKr/n
O6wue opraHogocopHble necTnymapl < 50 Hr/n

O6Lwwne opraHOX/I0pHbIe NecTuunabl u
< 50 Hr/n
NoANXNOpPUPOBaHHbIE BUdIeHU b

O6WKmin opraHNyYecKnin xsop < 25 Hr/n



MpunoxexHve b
(cnpaBo4yHoOe)
Mpumepbl MOANMULVUPOBAHHOW BOAbl U NUTaTes/IbHbIX cpen AN

NCrnosJsib3oBaHNA B TECTE

B.1 Mpumepbl MOANMULMPOBAHHOI BOAbI AN UCMO/b30BaHUS B TecTe

npueegeHsl B Tabnuue b.1

Tabnuua b.1 - Boga gna tecta ISO (1)

OcHoBHoOIM pacTBop (04HO BELLECTBO)

Ana npurotoBneHus
MOANGMLNPOBAHHON BOAbI
K 11 AucTMnanpoBaHHOM’

KONnM4yecTBO ANa NN AENOHN3NPOBAHHOA
BeLlecTBO pobaBneHus k 1 n BOAbl f06aBNAT
BOAbI cnepywouwme o6beMbI

OCHOBHbIX pacTBOpPOB

Kanbuna xniopug

11,7 2
CaCl12*2H20 76T > Mn
MarHua cynbart

ynbo 493 25 mMn
MgS04*7H20
Hatpusa
rmgpokap6oHar 259 25 mn
NaHCO03
Kanusa xnopu

A 023 ¢ 25 mn

KCI
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B.2 VickyccTBeHHble nuTatesibHble cpeabl Elendt M4 n M7

b6.2.1 Apantauusa k cpegam Elendt M4 n M7

B HekoTOpbIX cryvyasx Habniw[arTcsa TPyAHOCTU Npu nepecajgke AadHuii
HenocpeACTBEHHO B nutaTtenbHble cpegbl M4 n M7. [daHHble TpygHOCTHU
MOXHO MpeofosieTb NyTemM MNOCTEMEHHOW akkiMMmaTtus3auuum, TO ecCTb
NocTeneHHoli nepecagkon padHuiAi OoT cobcTBeHHO cpeabl K 30%-0M,
60%-0oii n 3atrem Kk 100%-oi Elendt. MMepuogbl akkaumatTmusayum MOryT
cocTaBnATbL 6onee 1 mec.

b.2.2 MNMpurotoBneHune

MWKPO3NEMEHTHI

OcHoBHble pacTtBopbl  (I) OTAENbHbIX  MUKPO3/IEMEHTOB  CHavasna
roToBATCA B BOAE NOAXOASILLEN 4YMCTOTbI, Hanpumep, AUCTUNNPOBAHHOMN,
OENOHN3NPOBAHHOM WM OYMLLEHHON O06paTHbIM OCMOCOM. W3 AaHHbIX
OCHOBHbIX pacTtBopoB (I) roTtoBuTCA BTOPOA €AWHCTBEHHbLIA OCHOBHOW
pactBop (Il), KOTOpbIN COAEPXUT BCE MUKPO3NEMEHTbl (KOMOWHUPOBAHHBDI

pacTteop) (npumep npueefeH B Tabnuue b.2).



Tabnuua b.2 - MNpurotoBneHe OCHOBHOIO pacTBopa MUKPO3/IEMEHTOB

[nsa npyrotoBneHust

KOMOGWHMPOBaHHOIO
OCHOBHble B::’;IQ:GBZT:C_)M KoHueHTpaums ocHoBHoro pactsopa (If)
pacTteopbl (1) (Mo OTHOLEHMIO K A0GABNSAIOT CrieAytolee
(ogHo BelecTBO) AoBaBNeHNs K cpene M4) KO/IN4eCTBO OCHOBHOIo
BoAe (Mrin) pacTBopa (1) k Boae (Mn/n)
M4 M7
H3BO3 57 190 20 000-kpaTHasd 1,0 0,25
MaC12*4H20 7210 20 000-kpaTHasi 1,0 0,25
LiCl 6 120 20 000-kpaTHas 1,0 0,25
RbCI 1420 20 000-kpaTHas 1,0 0,25
SrCI2x6H20 3040 20 000-kpaTHas 1,0 0,25
NaBr 320 20 000-kpaTtHas 1,0 0,25
Na2MoOcx2H20 1230 20 000-kpaTHas 10 0,25
CuCI2x2H20 335 20 000-kpaTHas 1,0 0,25
ZnCl2 260 20 000-kpaTtHas 1,0 1,0
CoCI2x6H20 200 20 000-kpaTHas 1,0 1,0
Kl 65 20 000-kpaTHas 1,0 1,0
Na25e03 43.8 20 000-kpaTHasa 1,0 1,0
NHiVOs 11.5 20 000-kpaTHas 1,0 1,0
Na20fITAXx2H20 5 000 2 000-kpaTHas - -
FeS04x7H20 1991 2 000-kpaTHas - -

PactBopbl bBZOATA 1 FeSOa rotoBaTcA OTAE/NBHO, CNMBAaKOTCA BMeCTe U HeMea/leHHO
NOMeLLATCA B aBTOK/1aB, BC/eACTBME Yero noslyvyaeTca cieiyowmii pacTBop:
21 Fe-34TA 1 000-kpaTHas 20.0 5.0

Cpeabl M4 1 M7 roTtoBAT C Ucnonb3oBaHMeM oOcHOBHoOro pactsopa (Il),

MaKpoa3/1eMeHTOB U BUTaMNHOB B COOTBETCTBUUN C TaGJ'IVILI,EVI b.3.
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Tabnuua B.3 - MNutatensHble cpeabl M4 n M7

Konwnyectso KoHueHTpauuu KonuyectBo OCHOBHOro
KOMIMOHEHTa (oA cpenbl M4) pactBopa (1) gns
onsi npuroTosieHnst cpegbl (M/)
[ob6aBneHns K
M4 M7
BoZe (Mr/n)
OCHOBHOI/ pacTBOp
(1) (cnepoBble 2 o -KpaTHas 50 50
3/1EMEHTHI)
OCHOBHOIA pacTBOp
MaKpO3/IEMEHTOB
(ogHO BeLecTBO)
CaCl.*2H20 293 800 1 000 -KpaTHasA 1,0 1,0
MgS0sx7HD 246 600 2 000 -KpaTHas 0,5 0,5
KCl 58 000 10 000 -KpaTHas o1 01
NaHCOs 64 800 1 000 -KpaTHasd 1.0 1.0
Na:Si0s*9H 2D 50 000 5 000-kpaTHasa 0,2 0,2
NaNOs 2740 10 000 -KpaTHas 0.1 0.1
KHo PO+ 1430 10 oo o -KpaTHas 0,1 0,1
K:HPO. 1840 10 000 -KpaTHas 0.1 0.1
O6BbeAVNHEHHbI 10 o000 -KpaTHas 0.1 0.1
BUTAMWHHbIM
pacTBop

KOMGVHUPOBaHHbI BUTaMVHHbI PacTBOP FOTOBST MyTeM A06aBNeHUst 3 BUTAMUHOB K 1 /1
BOAb! B C/1eAYyHOLLMX KOMMYECTBaxX:

TramuHa 750 10 000 -KpaTHas
rMapoxIopug,
LinaHoko6anammH 10 10 o000 -KpaTHasa
(B.2)
BuoTtuH 7,5 10 o000 -KpaTHas

KOMOGUHMPOBAHHbIA BUTAMWHHbI PacTBOP XpaHWUTCA B 3aMOPOXEHHOM
BUAE B MasblXx MNOpUUSIX. ButaMuHbl [A06aBAAKT K NUTaTeNbHON cpene

HenocpeACcTBEHHO nepej UCMOoNb30BaHNEM.



Ons Toro, 4To6bl NPeAoTBPATUTL OCAXAEHWe COJieil NMpu NPUroTOBIEHWN
nuTaTenbHbIX cpep, A06GaBNSAT MOPLMM OCHOBHOIO pacTBopa K NPUMeEpHO

500 - 800 mn AenoHM3NPOBaHHOM BOAbI M 3aTeM A0BOAAT A0 MeTku 1.
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