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COPBIIMAI NOHOB ME/IM BYPBIMHU BOJOPOCJIAMU SARGASSUM SWARTZII

JlanHas paboTa MpeACTaBIsIeT Pe3yIbTaThl H3YUEHHS! COPOIIMH HOHOB MM MOPCKUMH OYPBIMH BOZOPOCISAMHU Sargassum swartzii,
npenocTaBIeHHBIME MHcTuTyTOM OHONorun (BeeTHaMm) B paMKkaxX HayqHOTO COTpyIHHYECTBA. Ha OCHOBE dKCIIepUMEHTAIBHBIX pe-
3yNIFTATOB ONPEIEIICHbI XapaKTEPUCTHUECCKHUE YCIIOBHS H3BIIeueHHs HOHOB Cu’’ M3 BOITHBIX PaCTBOPOB OYPHIMH BOIOPOCIAMH Sar-
gassum swartzii. CooTHOIIeHHE cOPOEHT : copbat coctapiser 1 : 17, B mpomecce copOiuu HOHOB Menu pH pacTBOpOB M3MeHseTCs
B auamnasone 2,0-2,8, makcuMansHoe u3Biedenue (70%) mocturaercs npu pH = 3.5, onTuManbHas TemrepaTrypa COpOIHU COCTaB-

sser 323 K.

KioueBbie c10Ba: KHHETHKA C0p6LII/II/I; MEIOn, 6prIe BOAOPOCIH; 3arpA3SHEHUE; TAXKEIIBIC METAJIIbL.

BBenenne

B ycnoBusix akTHBHON aHTPOIIOTEHHOH JesTeIbHOCTH
3arps3HEHUE TPUPOMHBIX MPECHBIX BOJA THKEIBIMH Me-
TalJIaMu cTajio 0co0o octpoil mpodiemoit. JloctaTouHo
CKa3aTh, YTO IS TSDKEIBIX METAJUIOB HE CYIIECTBYET
Ha/ISKHBIX MEXaHU3MOB camoouuieHns. CopOIroHHbIE
METO/Ibl YCIICITHO MPUMEHSIOTCS ISl PEICHHs 3TOH Ipo-
omemsr [1. C. 3].

UzBectHO, uTO BOmopochu Sargassum swartzii o0na-
JIAIOT BBICOKOW KAaTMOHOOOMEHHOW EMKOCTBIO 3a Cuer
coJIepKaHMsl B HUX aJIbTUHOBBIX KHCIOT M MX COJed. JTo
MIO3BOJISIET MCIOJIB30BAaTh WX B KA4ECTBE HOCHTENS JUIS
ouocopbentos [2. C. 54; 3. C. 4311]. Kpome Toro, onu
YIIOBJIETBOPSIIOT TPEOOBAHUSIM, NPEIbIBISIEMBIM K COp-
OcHTaM U1 OYMCTKH BOABI W TPOAYKTOB IUTAHUS, a
HMMEHHO HE COAEPKaT TOKCHYHBIX KOMIIOHEHTOB, yJI0OHBI
B HCIOJB30BAaHUM M HMEIOT HEBBICOKYIO CTOMMOCTh. B
JTAaHHOM paboTe NpEeANpHHATA IONBITKA OLEHHUTH ITOTJIO-
TUTEJIBHYIO aKTUBHOCTH MOPCKHX OypBIX BOJOpOCIeH
Sargassum swartzii (BbeTHam).

OO0BbEKTHI 1 METOABI HCCJIET0BAHNSA

OOBbeKTaMu HCCIIEOBAaHMS SIBISIOTCS Oypble BOJO-
pocnu Sargassum swartzii, TPEeAOCTaBICHHbIE HUHCTUTY-
ToM Ononornn (BreTHaMm) B paMKax HaydHOTO COTPYAHH-
gectBa [4. C. 511]. O6pasern Bomopociei moaroTaBiInBa-
JIM, pacTUpas U MpOCEUBasi Yepe3 CUTO C JUAMETPOM OT-
Bepcruit 0,35 MMm. B kadectBe copbaTta HCIIOIB30BAIN
pactBop Menu. Bribop o0yciioBiieH BBICOKOH TOKCHYHO-
CTBIO M HAIMYMEM B CTOYHBIX BOJAaX ME/IH, 00pa3yromen-
csl B pe3yabTaTe MCIONB30BAHUS MEIbCOAEPIKAIINX S0
XMMHKATOB.

Usyuenne copOuuu noHoB Cu’’ IPOBOIMIM B CTATH-
YECKUX YCJIOBHSIX IPHM KOMHAaTHOM Temmneparype. B koin-
Obl, cofeprkamye HaBecKy copOeHTa, MOMeIaal MOJIEIb-
Heli pactBop CuSO, C ompeneneHHONM KOHLIEHTPALUeH.
Conepxumoe B K0OJIOe MEpHOANIECKH BCTPSXHUBAIH, Bpe-
Ms 3Kcnozuuu cocraBmio ot 30 muH 10 5 4. HMccneno-
BaHHs COPOIMOHHON aKTUBHOCTH MTPOBOAMIIM IIPH Pa3HBIX
3Ha4eHUAX pH, KOTOpBI yCTaHaBIMBAIM JOOABIECHHEM
HCI paznnunoii koHneHTpauuu. PactBopsl otaensiu or
TBepAoi (hazbl GpruibTpoBaHMEM uepe3 OyMakHBIN GUIIbTp

«cuHsis enTa». Konnentpamuo nonos Cu”' onpenensiu
(hOTOKOTIOPUMETPUIECKUM METOIOM Ha (POTOKOIOPUMET-
pe LEKI SS 1207 [5. C. 330]. B manHoit pabote HeoOXo-
JUMYIO TEMIICPaTypy IMOIICPKUBAIIM C HCIOJIB30BAHUEM
TepMoCTaTa.

D¢ dexTrBHOCTD TpoIlEcca copOLMK OLECHUBAIIN CTe-
TICHBIO M3BJICUCHUSI HOHOB Meau u3 pactsopa (S, %), Ko-
TOPYIO PACCUUTHIBAIIH 1O (hOpMyJie

S = M x100,
Co
rae Cy — ucxoaHasi KOHIICHTPALs HOHOB MEAU B pacTBO-
pe, Mmmonb/i; C, — pPaBHOBECHAs KOHLEHTPAlUs HOHOB
MEJIM B pacTBOpPE, MMOJIB/JI.

B 3amauy mccienoBaHus BXOAMIO OIPEAEIHUTH OITH-
MAaJIbHYI0 MAacCy HaBECKH COpOEHTa, BIHMSHUE TEMIICpaTy-
psl 1 pH Ha 3ddekTuBHOCT copOuMKM MOHOB Meau Oy-
PBIMH BOJIOPOCTISIMH.

Pe3yabTaThl U X 00Cy:KIeHHE

Jnst ycTaHOBIICHUSI ONTUMAIBHOW MAacchl HaBECKH TO-
ToBmIM cepuro HaBecok (+0,01) ot 0,5 no 5 r OypsIX BogO-
pociieii, KoTopsle 3aauBasid SO MJI CTaHIAPTHOTO PacTBOpa
Menu. CopOnyIo IPOBOAMIIN B CTATHYECKUX YCIIOBUSIX TIPH
MIEPHOIMYECKOM BCTPSIXUBAHUH, BPEMS SKCIIO3UIINH COCTa-
Bwio 20 muH. 3areM (GWIBTPOBAaHWEM OTHEILUIM PacTBOP
Cu*'. 3aBucHMOCTb CTeneHH m3BiedeHus HoHOB Cu’' oT
Macchl cCOpOeHTa MpecTaBiIeHa Ha puc. 1.

Kak Buano, npu macce copbenra m = 3,0 T creneHb
W3BJICYCHUS TSDKEIOr0 MeTajula ObUla MakCHMalbHOW U
cocraBmiia okoio 14%.

Jl1s cciienoBaHus 3aKOHOMEPHOCTEH copOIK MOHOB
Cu®" (uxcuposamu u3menenne pH (uisTpaToB Mpy pas-
JIMYHBIX HAYaJIbHBIX KOHIEHTPALMIX MOJEIBHBIX PAaCTBO-
POB W CTENEHb M3BJICYCHHUS IIPU 5TOM HOHOB Memu. Pe-
3yJbTATHI IPEJCTABICHBI HA pUC. 2.

[pu B3aumonetictBun copbeHT — copbar pH ¢uibTpa-
TOB YBEJIMYHMBACTCS, CJIEI0BATEILHO, KOHIEHTPALUS PO-
TOHOB B pacTBOpE B IIpOLiECcCe COPOIMHI YyMEHBIIAETCS. DTO
TIO3BOJISIET NPENIIONIOKUTE, YTO IMpOoLecc COpOIMU Ha BO-
JIOPOCIISAX UJIET TT0 HOHHOMY 0OMeHY (KaTHOHHBIH 0OMeH).

Kak BumHO W3 puc. 2, CTENECHb W3BICUCHHS HOHOB
Cu®" 1npu  HauanibHOH  KOHIEGHTPAlMM  MeTajlia
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Cy=0,05M mpumepHo B 4 pasza BbIIIE, YeM MpHU
Co=0,2 M, 9TO COOTBETCTBYET OTHOLICHHIO MEXIY HC-
XOIHBIMH KOHIICHTPAIMSMH, OIHAKO Ha HCXOAHBIX Ma-
JIBIX KOHIIGHTpAUMSAX CTENEHb M3JIedeHus: Oonpiie. DTOT
(akT MoATBEp)KIAET, YTO OOMEHHBIH XapakTep copOoumu
CBSI3aH C HAJMYHEM KapOOKCHWIBHBIX TPYMIT aJbIHHOBBIX
KHCJIOT, a TaKKe KapOOKCWIIBHBIX TPYII I'aJIaKTYpOHOBBIX
KHCJIOT TIEKTUHOINOIOOHBIX COEIMHEHHWH, NMPUCYTCTBYIO-

” S, %
14
12
10

(= LA

mUX B OYpBIX BOXOPOCISX B KadyecTBE OAJIaCTHBIX Be-
IIECTB.

B skcnepuMeHTax 10 M3y4EHHMIO KWHETHKH COpO-
i wono Cu’’ yCTaHOBIEHO, YTO COPOIHOHHOE PaB-
HOBECHE YCTAaHABJIMBAETCS JOCTATOYHO OBICTPO — de-
pe3 60 mMuH mocie B3aMMOICHCTBHUS COpPOCHT — CoOp-
6at, MakcuManbHast copbuust cocrasnsger 0,6 MMOIB/T

(puc. 3).

Puc. 1. BnusHue macchl copﬁeHTa Ha CTCICHB IOTJIOMEHUA HOHOB MEIN
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Puc. 2. smenenue pH QUIbTPaTOB (¢) M H3MEHEHHE CTEIIeHH M3BJIedeHus (6) mocie copbumu Cu’’ Ha Bopopoc
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Puc. 3. Kuneruka cop6uun noxos Cu”" Ha Bojopocax

CopbunoHHas CIOCOOHOCTh OypbIX BOJOpOCIEH B
OCHOBHOM O0YCIIOBJICHA HAJTMYUEM AJBIHHOBBIX KHCIOT
u ux coieit. CormacHo gaHHBIM paboTHl [6. C. 85] more-
KyJibl QJIbIHHOBOM KHCIOTHI JIMHEHHBI U COZIEPIKAT
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OCTaTKM JIBYX TEKCYPOHOBBIX  KHCIIOT B-D-
MaHHYpOHOBOH M a-L-rylnypoHOBOW, HaxopnsIUXCS B
MMUPAaHO3HOH (hopme 1 CBs3aHHBIX 1-4-cBsizamu (puc. 4).
AJIBTUHOBBIE KHCIIOTHI MOT'YT pa3iu4aTbCs COOTHOIIE-



HHEM MaHHYpoHOBOI (M) u rymyponoBoii kuciot (G), a
TaKXKe paclperesieHHeM MOHOMEpPHBIX 3BEHBEB BJIOJIb
LIENH TTOJTNMeEpa.

Baxnyto ponp npu pabore ¢ copbeHTaMu, copaepxka-
MU TPYIIBI KUCIOT MOAOOHOrO THIA, UTPAET KHUCIIOT-
HOCTB CPEJIbl, ONPEEIISIONIAsi COCTOSHUE U PEaKINOHHYIO
CHOCOOHOCTh (DYHKIMOHANBHBIX Tpymnm copbenra. Ot

o cooy,
Nor S OH |
H -

@]
. 0
# SoH | ] “H
HH 00"

KHCJIOTHOCTH CpPE/Ibl TAaK)K€ 3aBHCHT M COCTOSIHHE MOHOB
Metaiia B pactsope. Ilpu pH < 2,64 mens Haxomurcs B
BUJE KAaTHUOHA Cu2+, mpu 2,64 < pH < 4,82 — B BuAe
Cu(OH)" u npu pH > 4,82 obpasyercs ocamox Cu(OH),
(Ccusos=0,05 M). Iosromy B nmaHHOW paboTe M3ydan
BinusHue pH pacTBopa Ha CTeneHb H3BICYCHUS MeEAU

(puc. 5).

COOH

Coenunennsie of 1 —4) cBsssmu octatku L-rymyponoBoii kucinotsl (GG)

Coenunennsie B(1—4) cBs3smu ocratku D-MaHHYpOHOBO# Kuciors! (MM)

Puc. 4. ITonumepHsbIe 6J10KH aabruHOBOW KHCIO0ThL. GG —TyiIypoHaTHas 1OC/Ie0BaTeIbHOCTh, MM — MaHHYpOHATHAS 1OCIIEA0BATEIILBHOCTh
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Puc. 5. Bmusuue pH Ha creneHb U3BICUCHUS HOHOB MEU

BunHo, 4TO MoNydeHHbIE KPUBBIE BO BCEX HCCIEMye-
MBIX obnactsax pH mmeror skcrpemanbHBIA Xapakrep. B
obnacty Hu3kmx 3HaveHuid pH (pH = 1,95) mornomenne
00YCIIOBJICHO NOHAMH MEJH, C YMEHBIICHHEM KHCIIOTHO-
CTH W3MEHEHHE CTEeMEHH IIOIJIOMEHHE O0yCIOBIECHO

JIEKTPOCTATHYECKAM B3aUMOJICHCTBHEM THAPOKCOKOM-
JIEKCOB MEIM U, BO3MOXHO, /1a)Ke YaCTHYHBIM OCaXKICHH-
eM Menu B Buae ruzapokcuna. CienosarensHo, pH HeoO-
XOIMMO KOHTPOJIMPOBaTh M €ro 3Ha4eHHWE HE JIOJDKHO
IIPEBBIILATS 3,5.
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Brnusiare TemniepaTypsl Ha COpOIIMOHHYIO aKTUBHOCTh
[OKa3aHo Ha puc. 6.

MO>KHO OTMETHUTh, YTO CTCIICHb U3BIICUCHHS MEIH BO3-
pacTaer ¢ pocTOM TEMIIEPATYPhl U PABHOBECHUE JAOCTUrAET-
cs nociie 30 MuH KoHTakTa. OJIHAKO NPU BBICOKOM TeMIIe-
parype (7= 358 K) nocie omHOro yaca KOHTaKkTa CTEHEHb
M3BIICUCHUS TIofaeT. Takoi XapakTep MOTJIOMICHHUS MOXKET

OBITH CBSI3aH C MEpepacnpee/ICHIEM MOHOMEPHBIX 3BEHb-
€B MO BCEW IeMM MOJUMEPa, MOTOMY YTO TyITypOHATHAs
MOCJIEIOBATEILHOCTh CO3/1A€T MPOCTPAHCTBEHHBIE YCIIOBHS
JUISL TIPOYHOTO CBSI3BIBAHUSI JIBYXBAICHTHBIX KATHOHOB Me-
tayoB [6. C. 85]. YeenmaeHue 3pPeKTUBHOCTH COPOIIUH C
MOBBIIICHUEM TEMIIEPATYPhl YKa3bIBAET HA JHAOTEPMUYIC-
CKHii XapaKkTep MPOUCXOISIINX TPOIIECCOB.
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Puc. 6. Bnusaue TEMIIEPATypPhl Ha CTEIICHb U3BJICYCHUS HOHOB MEIN 6ypI>IMI/I BOOOPOCIIIMUA

3akiaroueHne

[Tomyuennsle pe3ynbTaThl MO3BOJSIOT KOHCTATHPO-
BaTh, 4YTO Oypble BOMOpOCHH Sargassum Swartzii MOXXHO
WCTIONB30BaTh B Ka4eCTBE COPOEHTA PAaCTUTEIBHOrO IPO-
HCXOXKJICHHS. Y CTAaHOBJIEHO, YTO OHU HomIomarT 10 70%
MOHOB MEJH, TIPH 3TOM B IPOLIECCe COPOLNH IIPOUCX OJUT

u3menenue pH or 2,0 no 2,8. IIpoBeneHHbIe Hccaen0Ba-
HUS TO3BOJIUIIA ONPEICITUTh ONTUMAIBHBIC YCIOBHUS W3-
pireuerns Cu’’ M3 BOJHEIX PACTBOPOB: COOTHOIICHHE
copbeHT : copbaT coctaBmwio 1:17, KHCIOTHOCTH Cpeibl
IIPH 3TOM COCTaBIIICT 3,5, ONTHMAaNbHAs TEMIIEpaTypa
copbommu cocrasisier 323 K. Ilpomecc copbumu nmeer
SHIOTEPMHUYCCKIIA XapaKTep.
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Instead of using mainly bacteria, it is also possible to use mainly algae to clean waste water because many of the pollutant
sources in waste water are also food sources for algae. Certain heavy metals are also important for the natural functioning of algae.
Because marine environments are normally scarce in these metals, some marine algae have developed efficient mechanisms to gather
these heavy metals from the environment and take them up. These natural processes can also be used to remove certain heavy metals
from the environment. The use of algae has several advantages over normal bacteria-based bioremediation processes. One major
advantage in the removal of pollutants is that this is a process that under light conditions does not need oxygen. Instead, as pollutants
are taken up and digested, oxygen is added while carbon dioxide is removed. Uptake of metals by living microalgae occurs in two
steps: one takes place rapidly and is essentially independent of cell metabolism — "adsorption" onto the cell surface. The other one is
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lengthy and relies on cell metabolism — "absorption" or "intracellular uptake". Nonviable cells have also been successfully used in
metal removal from contaminated sites. Since copper is a widely used material, there are many actual or potential sources of copper
pollution. Copper may be found as a contaminant in food, especially shellfish, liver, mushrooms, nuts and chocolate. Briefly, any
processing or container using copper material may contaminate the product, such as food, water or drink. Copper is essential to hu-
man life and health but, like all heavy metals, is potentially toxic as well. This work reports the results of a study regarding the cop-
per binding equilibria of dead biomass from the seaweed Sargassum Swartzii (Vietnam). The adsorption study on removal of copper
ions from aqueous solution by brown marine algae Sargassum Swartzii was performed under static experimental conditions. In this
work the optimal weight of algae in sorption copper ions was determined. The effect of pH and temperature on biosorption of copper
ions by brown algae was studied. The biomass of the marine algae Sargassum species demonstrated a good capacity of copper bio-
sorption, highlighting its potential for effluent treatment processes. This biosorbent is widely available and easy to find. The kinetics
of copper biosorption by inactive biomass of marine algae Sargassum species was fast, reaching 60 % of the total biosorption capaci-
ty in thirty minutes. Thermodynamically, the biosorption of copper ions is endothermic. Therefore, marine algae can be used to treat
effluents with heavy metals, with an advantage that it can be regenerated and is widely available along the seashores.
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