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PaspaboTaHa kmHeTuveckasi hoTomMmeTpuyeckas MeToauka aKCNpPeccHOro onpeaeneHns HATpar-
VOHOB B NMPUPOAHbLIX MPECHbIX U CONEHbIX BOAAX C UCMONb30BaHNEM LIMKITMYECKOro MHXEKLMOHHOMO aHa-
nu3a. MeTogmka ocHOBaHa Ha KaTanMTU4eCckoM BIIMSHUM HATPUT-MOHOB Ha peakLMo OKUCIIEHUS STUMEH-
AvamuHTeTpaaueTaTa MmapraHua (Il) nepokcugom Bogopoaa nocre npegsaputenbHOro BOCCTaHOBIEHMS
HUTPAT-MOHOB [0 HUTPUT-MOHOB MpU NOoMoLLM omeaHeHHoro Cd-pepykTopa. B pesynsrate peakuum 06-
pasyeTcsi OKpalleHHOoe coefuHeHne — aTuneHgnammHTeTpaauetat mapradua (lll). Msmepenue ontunye-
CKOW MIOTHOCTM pacTBOpa NPOBOAMIMM Npu AnnHe BonHbl 520 HM. [Inana3oH onpegensemMblx KOHLEHTpa-
uun 0.1-5 mr/n. Mpegen obHapyxenunsa 0.02 mr/n. OTHocKTENbHAA cnyyarHas NorpeLHoCTb onpeaeneHus
He npesbiwaeT 15 %.

PaccmoTpeHbl npenmyLLiecTBa 1 HeAOCTaTKM pacnonoxeHust omegHeHHoro Cd-peaykTopa B rugpas-
NINYECKMX CXEMAX NMPOTOYHO-MHXKEKLMOHHOTO M LUKIIMYECKOTO MHXXEKLMOHHOTO aHann3oB. PaccMoTpeH
npeacTaBrieHHbIN B MTepaType BapuaHT pacrnonoxeHus omegHeHHoro Cd-peaykropa B MeToAuKe, pea-
TIM30BAHHOM B LIMKIINYECKOM MHXEKLIMOHHOM aHanmn3e, u NnpeasioxkeH anbTepHaTUBHbIV BapuaHT pasmMeLLe-
Hus. lMpoBegeHa NpoBepka METOAMKN OnpeaerneHns HUTPaT-MOHOB B MPECHON 1 CONEeHON BOAe METOA0M
006aBoK 1 pedepeHTHbIM MeTogoM. OCHOBHBIMU NMPENMYLLECTBAMW AAHHON METOAMKN ABMAOTCA N30u-
paTenbHOCTb, 3KOHOMUSI UCMOMb3yeMbIX PeaKTUBOB M aBTOMaTUYECKN HacTpavBaemas YactoTa nposeje-
HMsA aHann3oB. MeToauka MOXeT ObITb UCMOSb30BaHa A1 aBTOMaTUYECKOro OnpeaesneHns HUTPaT-MOHOB
B NPMPOAHOW BOAE B HEMPEPBLIBHOM peXuMe C MakCMMarbHOW Npou3BoAnUTENbHOCTLIO 12 aHanu3os/y, a
TaKXe B PEXNME C MeHbLUEV NPON3BOANTENBHOCTLIO, C YCTAHOBIIEHHBIM MEPEPLIBOM MEXOY aHanM3amu.

Knroyeenble crosa: HUTpaT-UOHbI, (DOTOMETPUYECKOe onpeaerieHne, katannutmyeckas peakums,
BOAA, LUMKITMYECKNIN NHXKEKLIMOHHbIA aHanna.

For citation: Analitika i kontrol’ [Analytics and Control], 2015, vol. 19, no. 1, pp. 77-84.
DOI: 10.15826/analitika.2015.19.1.012

Catalytic photometric determination of nitrate in nature water
using stepwise injection analysis
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A new express technique for the kinetic catalytic photometric determination of nitrate by stepwise
injection analysis is introduced. The detection is based on the catalytic effect of nitrite on the oxidation of
ethylendiaminetetreaacetat manganese (ll) to red ethylendiaminetetreaacetat manganese (lll) by hydrogen
peroxide. Nitrate was preliminary reduced to nitrite using copperised cadmium reductor column. The
measurement of the red color absorbance was monitored at 520 nm wavelength. Determined the reliable
working concentration range to be 0.1 — 5 mg/dm? with 3o detection limit of 0.02 mg/dm3. The relative random
measurement error of the technique does not exceed 15 %. The advantages and disadvantages of the
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copperised cadmium reductor location in the hydraulic circuits of the flow-injection and stepwise injection
analysis methods were considered. Reviewed the copperised cadmium reductor placing using the stepwise
injection analysis method presented in the literature and offered another alternative of placing. The proposed
technique was tested by the added — found method and referent method with satisfactory results. The major
advantages of this technique are simplicity, selectivity and economy of reagents. The technique can be used
to automatically determine nitrate in continuous mode at a rate of 12 samples per hour, and in the mode
with a delay between samples. The technique could be applied successfully for the nitrate determination in

nature fresh and salt waters.

Key words: nitrate, photometric determination, catalytic reaction, nature water, stepwise injection analysis.

BBepeHue

[rnana3oH cogepxaHus HUTPaT-MOHOB B NPUPOA-
HOW BOAE He MPEBbILLAET HECKOMbKMX MUIIIMIpaMm Ha
NINTP Y MX HAVMEHbLUAs KOHLIEHTpaLus HabnogaeTcs
B 3UMHMI, a HanbonbLlasa — B NETHWUIA nepuog, Korga
MOBbILLEHA COMNHEYHas akTUBHOCTb M aKTMBHOCTb (hu-
TonnaHkToHa [1]. HecMoTps Ha TO, YTO HUTPAT-MOHBI
ABMNAKTCS YMEPEHHO-0MACHbLIM BeLLECTBOM (3 knacc
OMacHOCTN) 1 JOMYCKAKTCS UX BbICOKNE CoAepKaHMs
— NpeaenbHO-0oNyCTUMas KOHLEeHTpaLms Asi BOA, XO-
3A9NCTBEHHO-NMNTBLEBOTO U KYNbTYPHO-OLITOBOrO Ha-
3HayeHus (MAKB) coctasnsieT 45 mr/n [2], B cBSA3M C
MaclwTabHbIM NPUMEHEeHNeM a3oTHbIX yaobpeHui B
CenbCKOXO35NCTBEHHON AEATENBHOCTM BO3MOXHO Ce-
pbe3Hoe 3arpsi3HeHNe pek M BOGOEMOB, PACMONOXEH-
HbIX BONM3K arpapHoro kommnnekca. PerynsipHoe yno-
TpebneHve B NULLy BOAbI, COAEpPXKaLLEN NOBbILLIEHHbIE
COAEepXaHWs HUTPAT-UOHOB, BbI3bIBAET METIEMOTTIO-
OGUHEMWUIO 1, KaK CeACTBME, OTKIIOHEHNE pPa3BUTUS
rofIOBHOrO MO3ra, 4To 0COGEeHHO onacHo Ans aeten
rpyaHoro BospacTta [3, 4]. B npakTuke akonornyecko-
ro KOHTPOMS BaXXHO OnpeaensiTb KOHLUEHTPaUMO HU-
TpaT-MOHOB He Tonbko B obnactu MNAOKBe, HO 1 Ha ypoB-
He hOHOBbIX 3Ha4YeHuIn. Kak npaBuno, 4ns BoOAOEMOB
N3BECTHbI CE30HHbIE KonebaHnsa cogepXaHusa HUTpaT-
WOHOB 1 VX yBENUYEHME MOXET CBUAETENbCTBOBATL
O HanMynmM aHTPOMOreHHOro NCTOYHMNKA 3arpsi3HEHUS.

PaspaboTaHo 6onbLloe KONMYeCTBO METOANK,
HanpaBMEHHbIX Ha U3MEPEHNE KOHLEHTPaLUN HUTpaT-
MoHoB B Boae. OBLLENPUHATLIMY MeTOAMKaMU onpeae-
neHuns aensTca MCO 7890-1:2003, MCO 7890-2:2003
n NCO 7890-3:2006, ocHOBaHHbIEe Ha NPSIMOM B3au-
MOAENCTBUN HUTPAT-UOHOB C 2,6-ANMETUNdEHONOM,
4-pTOpdEeHONoM 1 CynbdocanuumnnoBon KUCNOTON
COOTBETCTBEHHO C 0Opa3oBaHMEM OKpaLUEHHbIX MPO-
OYKTOB peakuun [5]. MeToamku npegHasHadeHbl Ans
nabopaTopHOro onpefeneHns HATpaT-moHoB. Hanbo-
nee pacnpocTpaHeHbl METOAMKN KOCBEHHOIO onpeae-
NEeHNS HUTPaT-MOHOB MOCIE UX NPeaBapUTENBHOIO
BOCCTaHOBIEHUS [O HUTPUT-UOHOB. B akonornyeckom
aHanuae Takon noaxon onpasAaH, NOCKOMbKY KOHLEH-
Tpauusi HATPAT-MOHOB B NPUPOLHON BOAE Kak MPaBuio
NpeBbILLAEeT KOHLUEHTPALMIO HATPUT-MOHOB B AECATKM,
N gaxe B COTHM pas [6-8], N03TOMY KOHUEeHTpaumen
HUTPUT-MOHOB, NPUCYTCTBYHOLLMX B MPUPOLHON BOAE,
Yyalle Bcero MoXHo npeHebpeuys. [Nocne atana npeg-
BapUTENbHOro BOCCTAHOBMEHUSA ANSA onpeaeneHmns
HUTPaT-MOHOB LLUMPOKO MCNONb3YIT peakTus puc-
ca-Mnoceas [9-13]. HegoctaTkamu JaHHOro peakTu-
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Ba ABNATCA TOKCUYHOCTb U HU3KasA YCTOMYMBOCTb B
pacTBope, KOTOPbI peKOMeHAYeTCs CNOfb30BaTh B
[eHb NPUroToBMNeHWs. ATV HeJoCTaTKM AenatoT paboTy
¢ peakTuBom Ipucca-Mnoceasa HeygobHOM B NOABUXK-
HbIX TabopaTopusix, UCNOMNb3yeMbIX A1 SKCMPECCHOTO
aHanu3a npobkl BoAbl HA MecTe oTbopa. AnsTepHaTu-
BOW peakumu ¢ peakTneoM lpucca-Nnoceas aenstorcs
OKMCIMUTENbHO-BOCCTAHOBUTESBbHbIE PEaKLUK, KaTanu-
31MpyeMble HUTPUT-MOHaMKU. VI3BECTHO, YTO KaTanuTu-
Yyeckvne MeToauku obnagatoT ropasgo bonblien vys-
CTBUTENBHOCTBIO M 4acTo TakxXe n3bupartenbHbl. Tak,
B psifie paboT onpefeneHme HUTPUT- U HUTPAT-MOHOB
nocne BOCCTaHOBIEHNSA OCHOBAHO Ha Katanutu4ye-
CKOM BINSIHUM HUTPUT-UOHOB Ha peakLmm OKUCIEHNS
GpomaToMm Kanus Kpuctannm4yeckoro ouoneToBoro
[7], nuporannonoBoro kpacHoro [14], nuporannono-
cynbdoHedTaneunHa [15] n rannouyunanuHa [16]. Qua-
Na3oHbl onpeAeneHns KOHLEHTPALMA HUTPaT-MOHOB 1
npegenbl o6HapyxeHus (MO) ykazaHHbIX peakuuii co-
ctaunu 0.003-0.15 mr/n (0.001 mr/n) [7], 0.03-2 mr/n
(0.01 mr/m) [14], 0.004-0.1 mr/n (0.003 mr/n) [15] n 0.02-
3.5 mr/n (0.002 mr/n) [16].

CoBpeMeHHOoe pa3BuUTME IKONOTMYECKOro Mo-
HUTOPMHra BOOHbIX OOBEKTOB OCHOBAHO Ha npume-
HEHWW SKCMPECCHbIX MeToA4oB aHanu3a. OgHUM 13
CcambIX pacnpoCTpaHeHHbIX ABNSETCHA NPOTOYHO-UH-
XeKunoHHbIn aHanus (MUA) [17], koTopblii MO3BONSET
NpOBOAMTL ONpefeneHne nccrieyembix KOMMNOHEHTOB
HenocpeacTBEHHO Ha BOPTY 3KONOrMYecKoro cygHa B
pexume on-line. Mo NpnynMHe HenpepbIBHOrO NOTOKa
GonbluMHCTBa pacTBOpoB, B MeTode INMUA HabntogaroT-
Cs1 OTHOCUTENBHO OOMbLLON pacxos peakTUBOB U, CO-
OTBETCTBEHHO, 0Opa3oBaHue 60MbLIOro KoNMyecTaa
cnvBa. B meToe UMKNMYECKOro MHXEKLNOHHOMO aHa-
nn3a (UKA) peanmsoBaH NOCTaaUNHbBIA OTOOP anuK-
BOT NpoObl 1 peareHToB [18], 4TO NO3BONSAET NO OTHO-
weHuto kK Mmetoay NMNA B 5-6 pa3 cokpatuTe 06bEMBI
ncnonb3yeMbiX pacTBOPOB 1 06beM CNmnBa, YTo Hema-
NIOBa>HO B YCINOBUSAX KOMNAKTHOW CcyaoBon nabopaTo-
pumn. Kpome Toro, B cnyyae oTcyTcTBus Heobxoaumo-
CTV NPOBOAWTbL aHanM3 Ha MakCcuMaribHON CKOPOCTH,
B meToae LINA BO3MOXHO B aBTOMaTUYECKOM PEXU-
Me BBeJeHMVe nay3bl MeXAy aHanuaamu, 4To NpuBo-
OWT K elle Oonbluen 3KOHOMUM PeakTUBOB U YMEHb-
LWweHuo obbema cnmea.

B HacTosLwen paboTe HaMK NpeanoxeHa MeTo-
VKA LIMKIMYECKOro MHXEKLMOHHOTO OnpeaeneHmnst Hu-
TpaT-MOHOB B MPMPOAHbLIX MPECHbIX U COMNEHbIX BOoAaX,
OCHOBaHHasi Ha YyBCTBUTENbHOM KaTanuTU4YeCcKon pe-
aKLMW OKUCNEHUS aTUNMEHANaMUHTETpaaleTara (KoM-
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nnekcoHat) mapraHua (Il) Lo komnnekcoHaTa MmapraHua
(1) nepokcrnasoTUCTON KUCNOTON — NPOAYKTOM B3au-
mogenctaus H,0, ¢ HUTpUT-noHamm [19], nonyyeHHbI-
MW Ha cTaguv npegBapuTenbHOro BOCCTaHOBIEHNS
HWTPaT-MOHOB C UCMONb3oBaHMeM omeaHeHHoro Cd-
peayktopa (Cd-peaykTop).

3KcnepumeHTaanaﬂ 4yacTb

[ns peanusauum METOAMKM UCMONb30BanmM aHa-
nm3aTop NPOTOYHO-NHXEKLMOHHBIV NMINAKOH-03 npowns-
Bogctea 3A0 HIMO «paHnT-H3MI», 060opyaoBaHHbIN
BOCbMMVXOAOBbBIM CONEHOMAHbIM kKpaHom (Cole-Parm-
er, CLLA) (puc. 1).

Wcnonb3oBanu criefytolime peareHTtbl: HCI («x.4.»),
H,0O, (veanumnHckas), MnCl,-4H,0O («4.a.a.»), aTnneHau-
aMUHTEeTpaaleTaTa guHaTpueBasi corb (KOMMEKCOH
) («4.4.a.»), H,SO, («ocM.»), CuSO,-5H,0 («u.4.a.»),
NaCl («x4.»), MgSO, («x4.») KaaAMWii rpaHynpoBaH-
Hbln (Merck, lfepmanus), FTCO HuTpaT-noHoB 1.0 r/n
(MCO 6696-93). Bce pacTBOpbl rOTOBMMAN C UCNOSb-
30BaHMEM OUCTUNIIMPOBAHHOW BOAbI.

B kayecTBe pacTBOpPOB peareHTOB UCMOMb30-
Bamm 0.3 % pacteop H,0, 8 0.001 M H,SO, u pac-
TBOp KoMnnekcoHata mapraHua (1), koTopbi roToBm-
nn pacTBopeHuemM npu HarpesaHun 10 r KOMAeKcoHa
[l 8 150 mn BOAbI, C NOCREAYOLLUM PaCTBOPEHNEM B
Hem 200 r MnCl,-4H,0 npu knnaueHnn. OxnaxaeHHbin
pacTBop (hunbTpOBanu B MEPHY KONby BMECTUMO-
cTbto 500 cm?, goBOAMMM A0 METKM 1 NepeMeLLMBanm.

KoppekTupytomumn pactsop roToBunu pacTseo-
pexvem 0.74 r komnnekcoHa lll B 1 n pacteopa HCI ¢
KoHueHTpauuen 1.25-10° M [1].

OCHOBHOW pacTBOpP MMUTATOpPa COJNIEHOCTU
100 %o rotosunu pacteopenne 83 rNaClu 17 rMgSO,
B 1 n guctunnupoBaHHoW BoAabl. [ocne npuroTos-
neHus pacteop unsTpoBanun. Paboune pacteopbl
nmuTaTopa coneHoctu 5, 15, 25 n 35 %o rotoBunu
pasbaBneHnem MCXOOHOro pacTBopa ANCTUINPO-
BaHHOW BOAOMN.

Cd-pepykTop npeactasnsan cobon KONMOHKY Anu-
Hon 30 MM 1 AnameTpoM 4 MM, 3anOfTHEHHYO rpaHynu-
poBaHHbIM KagmueMm. lNepen ncnonb3oBaHMeM peayk-
TOp aKTMBUPOBAINV NOCNeAoBaTeNbHbIM MPOMbIBAHUEM
5 M HCI v pactsopom, coaepxawum CuSO,-5H,0 u
komnnekcoH |l B koHueHTpaumax no 1 r/n. NMocnegHni
pacTBOp B peAyKTope ocTaBnanu Ha 12 y, nocne 4ero
peaykTop Obin roTOB K UCNOMNb30BaHMIO.

PesynbTaTtbl M 06CyXAeHUsA

PasmeweHune Cd-pegykropa B ruapaBrnm4eckux
cxemax metogoB NMNA u LA

B kauecTBe ObICTpOro n adhpekTMBHOIro BOCCTa-
HOBUTENS HUTPAT-MOHOB A0 HUTPUT-MOHOB B MOTOKE
Haubonee YacTo nucnonsayoT Cd-pegykTop. N3BecTHO,
yTo Cd-peaykTop MMeeT OrpaHUYeHHbIA CPOK YyCTON-
4nBOM PaboTbl OT HECKONBKUX YACOB A0 HECKOMbKUX
OHen, nocne 4ero ero aPeKTUBHOCTb CHMXAETCH OT
aHanusa k aHanuasy [1, 20]. BBegeHue B npouecc aHa-

Ti

Pwc. 1. AHann3aTop NpoToYHO-MHXEKLUMOHHBIM NMINAKOH-03,
060pyAOBaHHBIN BOCbMUXOA0BbLIM CONEHOUAHBLIM KPaHOM:
1 — poTOoMeTpuyecknin geTekTop; 2 — 6ok yaaneHus npo-
6bl; 3 — BOCbMMXOA0BON KpaH; 4 — TepmocTaT; 5 — nepu-
CTanbTU4eCKnin Hacoc

n3a NpOMbIBKM peyKTOpa pacTBOPOM, COAEPXKaLLUM
komnnekcoH Il B kucnow cpefe, CywecTBeHHO npoa-
nesaeT cpok cnyx6bl Cd-peanykTopa, 40 HECKOMNBKMX
Hefenb [1]. B meTtoge MNWA 3a cueT HenpepbIBHOrO
npoTekaHus pacTBOPOB MO MHAUBMAYANbHbLIM KaHa-
nam BO3MOXHO Tak CKOMMYTUPOBaTb NOTOKM, YTOObI
Cd-penyKkTop NpoOMbIBancsi KOPPEKTUPYIOLLLMM PacTBO-
poMm B npoLecce aHanusa.

B metoge LINA ncnonb3ayeTtcs ogHa XnakocTHas
NIMHKUS, NO KOTOPOM OCYLLIECTBNAETCA NooYepegHas no-
Aada pactBopoB. [103aToMy ogHOBpEMEHHas nogava
OBYX pacTBOPOB M MX CMELLEHWNE B NOTOKE HEpeanuay-
€eMo, B pesynbraTe yero TpebyeTcst BBeAeHMe fonor-
HUTENbHOW KaMepbl, B KOTOPYO BCE PacTBOPbI HY)XKHO
no oyepean BBECTU U NepeMeLLaTh, YTO 3HAYUTENTbHO
yBenuuMBaeT BpeMsi aHanmaa. B pabote [13] npeano-
)KeHa rugpaenuyeckas cxema, B KOTOPOW B peaKLNOH-
HY0 EMKOCTb MOOYepeaHO 0TbMpatoTcs HeobxoanMble
pacTBOpbI, B TOM Yncre npoba u KoppekTUpYLWuin
pacTBop. 3aTeM CMeCb pacTBOPOB HanpaBsrisieTcs B
Cd-penykTtop, 3a KOTOpbIM pacnonaraeTcs BCoMo-
raTenbHasi EMKOCTb. /13 BcromoraTenbHOW eMKOCTH
CMECb pacTBOPOB C BOCCTAHOBJIEHHbIMW HUTPAT-MNO-
HaMW 00 HATPUT-MOHOB NepemelllaeTcst obpaTHoO B pe-
aKLUMOHHYI0 eMKOCTb, OTKya NofaeTcH B AETEKTOP.

MocTaguninHoe BbINOMHEHNE BCeX onepauui gaet
BO3MOXHOCTb B MeToae LUMA nHanesuayanbHO Nogon-
TW K HACTPOMKe Kaxk4on onepauum, HO 3aMeTHO yBe-
nuyMBaeT NPOJOIMKUTENBHOCTL aHanm3a. OcobeHHo
CUMbHOE YBENMYeHne BpeMeHn aHanunsa, B 2-3 pasa
Mo CPaBHEHMUIO C aHANOrMYHbIMU METOANKaMU, pea-
nuaoBaHHbIMK MeTogom MUNA, nponcxoant npu Bee-
OEHUM creumanbHbIX Npoueayp NpobonoaroToBku, K
KOTOPbIM, B JaHHOM CITy4ae, OTHOCUTCSI BOCCTaHOBIe-
HMe HUTpaT-MOHOB ¢ nomolubto Cd-peaykTopa. lNMoa-
TOMY NOWUCK ONTUMarbHbIX PELUEHWI MO NPOBEAEHMIO
aHanunsa metogom LINA aBnsaeTca Ha cerogHALWHMiA
OeHb aKkTyanbHOW 3agadven.
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Aapo-rwp,paBaneCKaﬂ cxemMa

B HacTosLen paboTe HaMm yaanocb COKpaTuTb
BpeMs onpeaeneHnsa HuTpat-moHoB Ha 40 % c 500 ¢
[13] mo 300 c 3a cyeT coBMELLEHNSI peaKLMOHHON eM-
KOCTM C KIOBETOM ileTEKTOPA, NepeHOCca KOPPEKTUPYIO-
LLIero pacTeopa Ha JIHUIO, Ha KOTOPOW pacrnonaraeTcs
Cd-pefnykTop 1 3a cYeT NPUMEHEHUS YyBCTBUTENBHOM
KaTanuTu4eckom peakumnn. Aspo-rugpaBnmyeckas cxe-
Ma LMKITMYECKOro MHXXEKLIMOHHOTO OnpeaeneHnst KOH-
LEeHTpauum HATPaT-MOHOB B NMPUPOLHbIX BOA4AX npea-
CTaBrieHa Ha puc. 2.

Boacux

Kpox flemexmop t
N r kobemou

Hococ

Cd-pedykmop

Teprocmam

1
J’ 2
Boadyx

Banx yinnesus
npodk

a e2
Puc. 2. Aspo-rugpaBnuyeckas cxema ans onpeaeneHnst Hu-
TPaT-MOHOB B NPMPOAHbLIX BOAAX: @ — KOPPEKTUPYIOLLMI pac-
TBOP; 6 — NP0o6a; B — KomnnekcoHat mapraHua (Il); r—H,0,;
0 —Bo3ayx; el, e2 — cnve
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CuzHaN U3MEPSHLA

Puc. 3. Mpouecc namepeHust n o6paboTkmn aHaNUTUYECKO-
ro curHana

OnpefeneHne KOHLEHTpaUUn HUTpaT-MOHOB NPo-
ncxoaut criegytowlem obpasom. Mpoba (6) no kaHany 1
NPOXOAMT Yepes KpaH, TepMOCTaT, HacoC 1 NoJaeTcs
B KIOBETY (POTOMETPMYECKOro AeTeKTopa, rae npoBo-
ONTCS n3amepeHue npu aAnnHe BonHel 520 HM onTu4ye-
CKOW MMOTHOCTN pacTBopa, COOTBETCTBYIOLEN (HOHO-
BOMY 3HAYEHWMIO KOHLEHTpaLMn HUTpaT-MoHOB (puc. 3).
lMocne peBepca Hacoca 1 NepPeKiYeHns KpaHa B no-
noxeHwe (e1), cogepxMmMoe KIoBeTbl HanpaBnseTcs Ha
cbpoc (e1, e2). 3atem B TepmocTaT OTOMpPaeTcs Npo-
6a (6), kpaH nepekntoyaeTcs B NosioXkeHme (a) n npo-
6a aAns BOCCTaHOBIEHWS HUTPAT-MOHOB HanpaBnseTcs
B Cd-peoykTop 1 fanee B yAepXXUBAKOLLYIO cnuparnb,
BbIMOJTHAIOLLYHO ponb 6ychepHOn eMKOCTM 4Ns NpeaoT-
BpaLLeHns nonagaHusi Npobbl B EMKOCTb C KOPPEKTU-
pytowum pacteopom (a). lNMocne nponyckaHus Bcen
oTobpaHHow B kaHan 1 npobbl yepes Cd-peaykTop Ha-
COC nepekntoyaeTcs 1 Nnpoba nogaeTcs B KIOBETY Ae-
TEKTopa, eLle pa3 npoxoas vyepes Cd-peayktop, npu
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3TOM KOPPEKTUPYHOLLMIA PacTBOP 3aMOSNHAET yaAEepXKu-
Batowyto cnupanb n Cd-pegyktop. [lanee B kioBeTy
noJarTcsa pacTBop koMnnekcoHata mapradua (1) (s),
pacteop H,O, (r), npv nocTosHHO noday4e BO3ayxa rno
KaHany 2 ons TwartensHoro nepemMelumBaHus. lNMocne
BCEX paCTBOPOB NoJaeTCs BO3OYyX (4), OCYLLEeCTBsA0-
LIV NOSTHOE BbITECHEHMWE BCEX PACTBOPOB M3 KaHana 1
B KIOBETY. B 3T0 e Bpemsi npoTekaeT kKaTanutuyeckas
peakuus. [lanee npoBoAUTCA N3MEPEHNE ONMTUYECKON
NNOTHOCTW pacTBOpa, COOTBETCTBYIOLLEN KOHLEHTpa-
unn HUTpaT-noHoB B npobe. NMocne peBepca Hacoca
N NepeKITYeHNst KpaHa B MonoxeHwue (e1), cogepxm-
MOe KIOBETbI HanpasnseTcs Ha copoc (e1, e2). 3atem
KioBeTa nocrnegoBaTenbHO MPOMbIBAETCH KOPPEKTU-
PYIOLLMM pacTBOPOM (a), UTO MO3BOSIET B TO Xe Bpe-
MS BOCCTaHOBUTb akTuBHOCTb Cd-peaykTopa, u npo-
6ow (6), nocrne Yero UMK N3MepeHnin NOBTOPSAETCS.

M3mepeHHble onTuyeckne NnoTHOCTH (HOHOBO-
ro pacteopa 1 pacTBopa, B KOTOPOM MPOLLFa XMMu4e-
ckasi peakuusi, ounpOBLIBAOTCA U NepeaarTcs Ha
NepCcoHarnbHYH 3NEKTPOHHO-BLIYUCITUTENbHYH MaLLm-
Hy (M3BM). Ha moHuTope N3BM B pexnme peanbHo-
ro BpeMEHM B KOOPAMHATax ONTUYECKON MIOTHOCTH (A,
0.e.) oT BpemeHu (t, ) oTobpaxaloTca ypoBHU U3Me-
PEHHbIX 3HAYEHMI POHOBOIO N aHANUTUYECKOTO CUr-
Hanos. [1porpamma ynpasneHus aHanusatopom [MA-
AKOH-03 BbluncnsieT pasHuLy Mexay yCpeaHeHHbIMN
3HAYEHMSAMY aHanMTUYECKOro U POHOBOrO CUrHaNoB
1 MO 3apaHee NOCTPOEHHOW rpagyMpOBOYHON 3aBUCK-
MOCTW BbIYMCASIET KOHLEHTPALMIO HUTpaT-MoHOB. Ha
puc. 3 cxeMaTU4HO NokasaH NpPoLecc N3MepeHUs on-
TMYECKOWN NNOTHOCTM pacTeopa 1 uudposor 0bpaboT-
KV aHanmTuyeckoro curHana Ha MN3BM.

Mpun HabnoaeHun B TedeHmne 10 gHel 3a adpdpek-
TMBHOCTBIO0 paboTbl Cd-pegykTopa, pacnonoXeHHOro
B COOTBETCTBMU C PUC. 2, UBMEHEHUIN UHTEHCHBHOCTU
aHaNUTMYECKMX CUrHAMOB NPY NPOYUX PaBHLIX YCIOBU-
SIX He 0OHapy»eHo. [laHHbIN hakT No3BONSAET caenatb
BbIBOJ O CTabunbHOM paboTe NpeanoXeHHOW CXeMbI.

Bbi60op onTMManbHbIX YCITOBUMN

Bcriegcteue TOro, YTo KOHLEHTpauum mapraH-
ua () n H,O, cunbHO BNUAIOT Ha CKOPOCTL NpoTeKa-
HWUS1 KaTanUTMYEeCKON peakummn, Hamu Gbinn nceneno-
BaHbl 3aBUCYMOCTU ONTUYECKOW MIOTHOCTM pacTBopa
OT KoHUeHTpauuu mapraHua (I1) n H,0, npu npouwx no-
CTOSIHHBIX YCIOBMSX. BbINo BbIABMAEHO, YTO NOBbILLIE-
HMe KoHLeHTpauum Mapradua (Il) npuBoauT K yBenu-
YEHMIO KaK aHanmMTM4YeCcKoro curHana, Tak u ooHOBOrO.
Hamun BbiOpaHa Takas koHueHTpaums maprandua (1),
npy KOTOPOW pasHuLa Mexay aHanmTuyecknm n ¢o-
HOBbIM CUMrHanamu Geina MakcumansHom — 2 M. Mak-
CcMMarbHble 3HaYEHNSI ONTUYECKOW NIOTHOCTU PacTBO-
pa Habnioganuce B AManasoHe koHueHTpauun H,0,
0.30-0.35 %, npu koHueHTpauun H,0, meHee 0.30 %
n 6onee 0.35 % Habnoganock yMmeHbLUEHUE OnTuYe-
CKOM NnoTHocTW. Hamu BeibpaHa onTumarnbHas KOHLUEH-
Tpauma H,0, —0.30 %. O6bembl 403MpOBaHMA Npobsl,
komnnekcoHata mapraxua (Il) n H,0, noa6upanu skc-
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Ta6bnuua 1
Matpuua nocnegosatenbHoCcTU AeicTeunii aHanusatopa NMAKOH-03 ana onpeaenenus koHueHTpauum NO,”
B npobe.
CkopocTb noga-
MonoxeHwne HanpaeneHue Bpa-
OTtan Bpewms, ¢ 4Yn pacTBOPOB,
KpaHa LeHnst Hacoca
MIT/MUH
25 6 — 5
MpombiBKa KoBETHI Mpoboi 15 I N 5
14 el — 5
MoproToBka hoHOBOroO pacTeopa 30 0 — S
2 el - 0
ViamepeHune curHana 7 el - 0
Cnus 14 el — 5
OT60p Npobbl 1 NponyckaHune Yepes Cd- 9 6 — 5
penykTop 40 a — 1,5
37 a — 2
5 B — 4,3
[MogroToBka aHanMTMYeckon bopmel 5 r — 1,4
20 4 — 5
2 el - 0
M3mepeHune curHana 7 el - 0
CnuB 14 el — 5
25 a — 5
[MpomebiBka KtoBeTbl 1 Cd-peaykTopa Kop-
PEKTUPYIOLLMM PacTBOPOM 15 A — >
14 el — 5

anIMe‘-laHVIﬂZ «—», «—» —HanpasneHne ABMXeHna pacTBOpOB B CTOPOHY AETEKTOPa U OT AETEKTOpPa; «-» —O0CTaHOBKa Hacoca.

nepuMmeHTanbHo 1 oHu coctaunu 0.75 mn, 0.36 mn n
0.12 mn cooTBETCTBEHHO. TakxXe B KIOBETY BBOAMITOCH
0.33 M KOppEKTMPYHOLLLErO pacTBOpPa 4151 KONMYECTBEH-
HOTro BbITECHEHWSA NMPOOLI 13 yAEepXKMBatOLLEN CnMpanm
n Cd-pegyktopa. CkopocTb nponyckaHus npobbl ye-
pe3 Cd-pegykTtop coctaBnsna 1.5 Mn/MuH npy nepeom
nponyckaHum n 2 Mi/MuH Npy BTOpoM. [1nMHa yaepxu-
Batowen cnmpanu 180 cM, BHyTpeHHWU gnameTp 1 Mm.
KioBeTa BbIMonHsANa oyHKLUI0 peakLMoHHON EMKOCTH
N uMena uunuHapuyeckyto opmy ¢ paboumm oobve-
MoM 3.0 MIT ¥t MUHMMaIbHLIM 0ObEMOM AN N3MePEHUI
1.5 mn, anuHa ontuyeckoro nytTn 1 cMm. B npoToyHOM
TepMocTaTe nogaepxuneanacb NOCTOAHHAsA Temnepary-
pa 30 °C. [Insa peanu3aunm meToamku beina coctaBne-
Ha MaTpuLa nocnegoBaTeNbHOCTU MaHUNYNALUMIA 45
aHanusa, kotopas npvMeegeHa B Tabn. 1.

Mo kaHanam 1 1 2 (puc. 2) ycTaHOBMEHbI CUMK-
KOHOBbIE TPYOKM AN NepucTansTUYecKoro Hacoca C
BHYTPEHHUM AnameTpom 1 1 2 MM COOTBETCTBEHHO.
Mo kaHany 2 ckopoCTb CNMBa pacTBOPOB U nogaun
BO3[yXa He HOPMMPOBANMUCH M BbINM MaKCUManbHbIMU.

B metoge UNA namepeHne aHanntnyeckoro
curHana npoBoAUTCS B HEPABHOBECHbIX YCITOBUSIX, @
B YCIOBUSAX MPOTEKAHNSA XMMUYECKOW peakumm, Yto
oTobpaxkeHo Ha puc. 3 B BUAE YBEMMNYEHMS ONTUYE-
CKOW NNOTHOCTM BO BpeMsi uamepenus. Ho, bnaroga-
psi IporpaMMHOMY ynpasneHuio aHanunsatopom MNMUNA-
KOH-03, cobntogaetcs cTporas BOCNPOM3BOAMMOCTb
3an0XeHHbIX B MaTpuLy onepauun, no3ToMy MOXHO
roBOpuTb 06 3MEpEHUN curHana B KBasncTaumoHap-
HbIX YCINOBMSX.

Mo okOHYaHUM 3Tana uMKna BO3MOXHbI ABa Ba-
puaHTa B 3aBUCMMOCTM OT 3ajauu, peLiaemon ¢ no-
MOLLIbIO aHanm3artopa:

- aHanu3aTop B LUMKIe BO3BpaLLaeTCcs K NnepBoMy aTa-
ny ¥ LMKI NOBTOPSIETCS HEOrPaHWYEHHOE YMCNOo pas.
[aHHbIN BapyaHT NoaxoauT A5 HENpPepbIBHOMO aHa-
nn3a co ckopocTbio 12 npob/yac;

- BKIl0YaeTcsa TarmMep, 3anoXeHHbI B nporpamme, m
BO3BpaLLEeHMe K aTany NpoMbIBKM TPOBOIN MPONCXOANT
C 3aaHHON 3afepXKKon. [1aHHbIN BapuaHT NOAX0ANT
5151 NOCTOB KOHTPOIS KayecTBa BOAbl B KOHKPETHOW
Touke 3abopa npobsbl.

MpapynpoBoOYHbIN rpadmk

pagynpoBOYHas 3aBUCMMOCTb ONTUYECKOM
NAOTHOCTM A OT KOHLEHTpaUUnM HATPAT-UOHOB C, Mr/n
(A =0.253C + 0.011) nMHerHa B Ananas3oHe n3meps-
eMbIx KoHueHTpauun 0.1-5 mr/n. Mpegen obHapyxe-
HUS NO KPUTEPUIO KTPEX CUrMa» (anOH =15, P=0.997)
0.02 mr/n. MNorpelwHocTb onpeaeneHnst He NpeBbILLa-
eT 15 %. lNpoBepka rpagyMpoBOYHOro rpaduka no
KOHTPOSbHBIM pacTBOpaM Mokasana cnegyowue pe-
synbrathbl. [py BBegermmn 0.50, 0.60, 2.00 1 4.00 mr/n,
6bino nonyyeHo 0.49 £ 0.01, 0.59 + 0.04, 212 + 0.04
n4.09 +0.08 mr/n. S (n=5, P=0.95) coctasuno 0.01,
0.03, 0.03 1 0.06 cooTtBeTcTBEHHO. [1pU NOCTPOEHMUM
rpagympoBOYHOrO rpadumka U ero KOHTPons pacTBo-
pbl FOTOBWIN Ha AUCTUNNIMPOBAHHON BOAE C UCMOMb-
3oBaHneM 'CO HUTpaT-NOHOB.
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Tabnuua 2
BnusHue coneHocTn Ha NpoTEKAHNE XMMUYECKON peakumm
ConeHocTb, %o 0 5 15 25 35
N3mepeHHas KOHLIEHTpaLUs HUTpaT-no-
2.02+0.10 2.05+0.10 210+£0.11 2.15+£0.09 218 +£0.14
HOB, Mr/n
S(n=5,P=0.95) 0.08 0.08 0.09 0.07 0.11
OTKMOHEHMe OT pearnbHON KOHLIEHTpaLUK
1.0 2.5 5.0 7.5 9.0

HUTPaT-MOHOB, %

BnusiHne mewarowmx KOMNOHEHTOB

OCHOBHbIMU MELLIAIOLLIMMI KOMIMOHEHTaMU SIBNSHOTCS
HUTPUT-UOHbI B MOJIAPHOM OTHOLLIEHWM K HUTPaT-MOHaM
0.6 : 1 nconeHocTb. NpoBepKy BUAHUS CONIEHOCTU Ha
npoTeKaHne XMMUYECKON peakLmn NpoBOAMITN Ha MO-
OenbHbIX pacTBOpax € pasfmMyHON CONEHOCTbIO C Npu-
MEHEHVNEM rpagyupoBOYHON 3aBUCUMOCTM, NOCTPO-
€HHOW MO CTaHAAPTHbIM pacTBOPaM HUTPAT-MOHOB B
ONCTUNNUPOBaHHOM Bode. B Tabn. 2 npeacTtaBneHsl
pe3ynbTaTbl U3MEPEHHbIX 3HAYEHWUI KOHLEeHTpaLmm
HUTPAT-UOHOB MPU UCXOLAHOWN KOHLUEHTpauun 2 Mr/n B
3aBMCMMOCTM OT COSNTIEHOCTM BOAbI.

MakcrmanbHoe OTKIOHEHNe OT pearnbHON KOH-
ueHTpaumm HuTpaT-moHoB B 9 % HaxoamTcsa B npe-

Aenax yCTaHOBIIeHHON AN npejnaraeMon Metoam-
kv norpeluHocTv onpegenenus 15 %, 4to nossonseT
rOBOPWTb O HE3HAYMMOM BIINSIHUN COMNEHOCTU Ha Be-
nVYMHY onpegensiemMmoun KoHueHTpauun. OgHako, 4To-
Obl M3bexaTb NOMNy4YeHNs CMCTEMaTUYECKON norpeLu-
HOCTM, peKoMeHayeTCcs NpoBOAUTL rPagyMpOBKY MO
CTaHAAPTHLIM PacTBOPaM, NPUroTOBIIEHHLIM HA UMU-
TaTope CONEeHOCTU, C CONEHOCTbLIO, COOTBETCTBYHOLLEN
BOAE 1ccnenyemoro permona.

TakKe Ha nokasaHWs M3MePEHUI BAKSIOT OKCuapbl
a30Ta ¥ CUINbHbIE OKUCIINTENM, KOTOPbIE B MPUPOAHbIX
BOAaXx He COAepXaTCs B KOHLEHTPaLMAX, MeLIaoLLmnx
peakuumn onpeaeneHns HUTpaT-MoHOB.

Tabnuua 3

Pe3yanaTb| onpeaeneHna HUTPaT-noHOB B pealibHbIX obbekTax MeToaom AobaBok.

OObekT aHanunsa Ho6GaBgka, mr/n

HanpeHo, mr/n S (n=5,P=0.95)

ApTesunaHckas soga Ne1 i 013001 0.01
1.00 116 £ 0.14 0.11
ApTesnaHckas Boga Ne2 i 0.93£0.04 0.03
4.00 5.01+0.27 0.22
- 0.89 £ 0.02 0.02
p. HeBa 1.00 1.92 £ 0.11 0.09
3.00 3.93+0.20 0.16
- 0.21£0.02 0.02
KpacHoe mope 1.00 1.30 £ 0.1 0.09
3.00 3.38 £0.22 0.18
MpumeyaHne: «-» — nob6aBKy He BBOAWMMN.
Tabnuua 4
ConocTaBneHne pesynsTaToB aHanmaa, NoNyYeHHbIX NpeanaraeMon MeTOAMKON U peddepeHTHON METOLUKOMN.
O6bekT [o6aska, MNpepnaraemas S(n=5, PedepeHTHas S(n=5,
aHanusa Mmr/n MeToauKa P =0.95) MeToauKa P =0.95)
Ouctunnar 4.00 3.95+0.14 0.11 4.07 +£0.21 0.17
ApTe3naHckas Boaa - 0.13£0.01 0.01 0.11 +£0.01 0.01
Ne 1 2.00 210+0.11 0.09 2.05+0.23 0.19
- 0.89 +0.02 0.02 0.92 +0.04 0.03
p. Hesa
0.60 1.45+0.10 0.08 1.53+0.12 0.10
BapeHLeso Mope - 0.22 +0.02 0.02 0.25+0.04 0.03
3.00 3.18+0.20 0.16 3.22+0.26 0.21

MpumMevaHue: «-» — 0o6aBKy He BBOAWNN.
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I'IpOBepKa MeTOAUKU Ha pealribHbIX o6beKTax.

BO3MOXHOCTb MPUMEHEHUSA METOAUKN LIS
nccrnefoBaHUs pearbHbiX 0OGbEKTOB NPOBOAUNM HaA
npobax apTe3naHCKMUX BOA, HEBCKOM BOAE W Ha Npo-
6e Boapl, 0TobpaHHON B KpacHom Mope, MeTo40M A0~
6aBok. [laHHble npeacTaBneHbl B Tabn. 3.

MNpennaraemyto MeTOAMKY MPOBEPAN pehepeEHTHLIM
MeTOAOM aHanum3a. [1ns 3Toro ucnonb3oBany METOANKY
BbInonHeHus namepenns (MBU) maccoBow koHLEHTpaLmm
HUTPAT-MOHOB B NPUPOAHBIX M OYMLLIEHHBIX CTOYHbIX BOAaX
hoTOMETPMYECKMM METOLOM B MPOTOYHO-UHKEKLIMOHHOM
aHanuse c npuMmeHeHnem peaktuea lpucca-Mnoceas
(cBnpetenbcTBO 06 aTTecTaumm MBI Ne 242/24-2007,
BblgaHHoe Oy «BHUNM um. .N.MeHaeneesa).
PesynbTaThl aHanmsa npefctaBneHsl B Tabn. 4.

BbiBoabl

PaspaboTtaHa meToauka LUKNNYECKOrO NHXEK-
LIMOHHOrO OnpefeneHns HUTPaT-MOHOB B NPUPOAHbIX
NPEeCHbIX M CONeHbIX Bogax. [lnanasoH onpeaensiembix
KOHUeHTpauuin Hutpat-moHos 0.1-5 mr/n. MNpegen o6-
HapyxxeHus 0.02 mr/n. Bpems ogHoro nsmepeHuns 5 mu-
HyT. [orpelwHocTb onpeaenexus He npesbiwaeT 15 %.

[MpennoxeHHas MeToAuKa NO3BONSAET OTKa3aTb-
Csi OT UCMNOMb30BaHWS TOKCUYHOTO peakTmsa pucca-
MnocBas, 3HaunTENbHO YMEHbLUUTL PACXOA, PacTBOPOB
n obbem crnmea oTpaboTaHHbIX pacTBOpPOB. [daHHbIe
npevMyLlecTBa nmetoT 6onbLloe 3Ha4YeHue B npak-
TUKE 3KOSOrMYeCKOro aHanm3aa.

[MpeanoxeHo ycoBepLUEHCTBOBaHNE CXeMbl Me-
Toga LA, 4To no3BONMMO UCKMOYNTL P LIAroB 1
YMEHbLUWUTb Bpems npoBeAeHns aHanusa Ha 40 %.
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