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654(7$.

1DQN SURL]YRGL XNDSOMHQL QDIWQL SOLQ GL]JHOVNE
NRULVWH NDR JRULYD X PRWRULPD V XQXWDUQMLP L]JDUD
X QDIWQLP JRULYLPDDNR®RIVOWREDYDL XLIDWPRVIHUX X REOL!
QMHJRYR XNODQMDQMH SUHGVWDYOMDNBNBDEL RG SIREWROY
HNRORDNHINWNLNH JRULBDR BB ERVEUGY | RFH MIRVWLAX QDYH
FLOMHYL +LGURGHWXOINUVUNPERRMRPXNOMDQMD X XYMHWLF
WHPSHUDWXUH X] YHOLNE& &R WUWRPHUNFX WRGIL BRVWXSDN NRI
RJUDQLPHQMD X SRVWL]DQMX YUOR QLVNRJ VDGUADMD
DOWHUQDWLYQIOISURJPHYIMHGHM R aAWR VX HNVWUDNFLMD
GHVXOIXUL]DFLMD 1DYHGHQL SURENYIN IR XSYNRY\E GRD S WH E
WXSL YRGLN D SRVWL&H VH YH{iD UHDNWLYQRVW DURPDWV

8 RYRPMGM SURXpDYDQ XWMHRMBEDBOWRM BV R NSHEBIDWHDU P
NRQYHGUBMWQ]RWLRIHQR RBVLGDQV NRUL&AWHQ MH YRGLN
NDWDOL]DWRU GRGHNDIRVIRYROWLDP R PR QNIMHNO EQR PX]G \WNH
DNWLY QMO WR® R NVL S®RYE MH HNVWUDNFLMD UDILQDWQH |
$@LMXPSRUQLK VSRMHYD QDNRQ SURFHVD RNVLGDFLMH L
SOLQVNH NURPDWRWBBHMNIWURVNRSLMH L ,5 VSHNWURVNRS

.OMXPpQH RNWIHPDFLMVND GHEXQIPRWIBFH®DGRGHNDIRVIRYR
WHRMWMLO DPRQLMHY EURPLG HNVWUDNFLMD



6800%$5<

SHWUROHXP SURGXFWYVY OLTXILHG SHWUROMHXH LUQ W KHR
ILUVDWFH XVHG DV WKHFRAHEXWWRRQGHWHUQBY 6LOQFH WKH S
KLJK VXOIXU FRQWHQW ZKHUH WKH VXOIXU GXULQJ FRPE?>
IRUP RI R[LGH MXVW WKH HOLPLQDWLRQ RWVWWRCORNXYXOHXIWQF
SURFHVVLQJ LQ RUGHU WR LPSURYH WKH HFRORJLFDO FKD!
WKH FKDUDFWHULVWLFV RI IXHOV DUH DOVR LPSURYHG 9D
ZD\V E\ ZKLFK WKH DERYH PHDFWLRYOHG REMHBW RGHW OQIK U
VXOIXU LV HOLPLQDWHG LQ LQ FRQGLWLRQV RI KLIJK SUHV\
Rl K\GURJHQ +'6 LV FRPPHUFLDO SURFHVV ZKLFK VKRZV F
ORZ VXOIXU FRQWIHHDWRRDOQYD IRIR XWKDOWHUQDWLYH SURFHWV?
HIWUDFWLRQ DGVRUSWLRQ DQG R[LGDWLYH GHVXOIXUL]
OHQWLRQHG SURFHVVHV DUH UHDOL]J]HG LQ PLOGHU UHDFW
XVHG EXWVWWBKHIHBODRWLYLW\ RI DURPDWLF ,QX@ KLY FZARRIS\R M/
HITWFWI UDWH m®IVVAHOWO LD WKH WHPSHUDWXUH RI UHDF)
GLEHQ]RWKLRSKHQH '"%7 YHUH LQYHVWLJDWHG $V WKH R
WKH FDWDO\VW WKH WX\WQBWVUPR KK OB DFR\G VIXQHEVKRIDGEH D |
VXEVWDQFH $IWHU WKH R[LGDWLRQ WKH H[WUDFWLRQ RI
IRUPDPLGH 7KH DQDO\VLV RI VXOIXU FRPSRXQGV ZDV FRC
PHWKRI®5 VSHFWURVFRS\ DQG ,5 VSHFWURVFRS\

.H\ ZRUGR[LGDWLYH G HVE O BEXQ FOWKIRBKKHYMW RSKRULF
WHWUDRFW\ODPPRQLXP EURPLGH H[WUDFWLRQ
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1. 7(25,-6.892"'

6 REJLURP QD PLQMHQLFX GD =HPOMD QH PR&H DSVR
LVSX4&WHQH X DWPRVIHUX JUDN LOL YRGX SRWUHEQR MH
SURGXNDWD =ERJ WRJD SURSXLVYH D/ WUERAHV X GRINHRGELH [$ WOHD
SURGXNDWD NRML H PDQMH AWHWLWL RN RO®LEXQD | WVAQY.RG i
GDQDV LRNMXSELBMHQX RG pHJID RWSD®MD D GUADR QWIS
UD]JLQX VXPSRURYLKHVSBMMHYYWRMANRMULQLUDQRN SR UHIQRR/H
VDIJRUNVMAREW VSRMHYL VH SUHWYDUPD MXOX IR SHR P @ M VWRINAH
NRML XJUR&DYDMX JGUDYOMH OMXGL L X]JURNXMX QDVWDQD
WLK WDJOWMRHJIJRYR SNEGDYWDPEMMD MHGQX RG QDMYDAQLMLK
SUHUDYLYDpNH LQGXVWULMH 3UHPD 3UDYLOQLNX R NYDC
+UYDWAVINDRNRGQH QRYLQH®OP ENRIW DO Q D NRROSHQWIQDF L M D
XNXSQRJ VXPSRUD X GL]JHOVNRP JRULYX L]JQRVL PJ NJ =E
SURFHVD GHVXOIXUL]DFLMH NDR L QMHQD NRQWLQXLUDQD ¢

3URFHVL NRRGXMWQDMVNRM UD]JLQL EDYH REUDGRP Q
SULPMHQMXMXQNB PXROPILKMDV SRMRY P H UYKLRUDDFHYIL SRS XV
KLGURGHXUL]DFLN¥HGH®L BHLRAHRYLWR XNODQMD WLROQH
NDR L GLVXOILGH QR L]X]JHWQR WH&NR PRA&H VPDQMLWL
EHQJRQDIWRWLRIHQD EHQ]RWLRIISQ DM HDELEROWYABIRENH/DXKWKL |
XSUDYR MH RQD UD]JORJ WH&aNRJ RGOLOMIM B QMWD H,W WHRD WD N F
W HP SHIUHDWKNIXMH YHOLNX SRWURGQMX YRGLND L NDR WDNDY

8 RYRP UDGRYMEH®D RNVLGDFLMVND GHVXOIXUL]DFLM
'%7 '%7 VH QDOD]L X PRGHOCGRMLRWRBLQUH G RHRANMR NR
RWDSDX&RELNRY SHURNVLG D NDR NDWD O L] B WARKHE®RGKH X DI/ |
GYD NRUDND JGMH MH RNVLGDFLMD SUYL NRUDN L GUXJL N

SURFHV MH > UDWRHRP UHDINDWRUXYH XWMHFDM GYDMX
NRQYHU]LM&EW NoERDIMOH RNUHWDMD PMHADOD RG R PLQ
XWMHFRHW MWW XUH X UDG/RSRQ&X RG 2&



2. 7(25,-6., ',2
211$67%1$. 1$)7(

6PDWUD VH GD XJOMLNRYRGLFMWXUQDNRMDS RW MWH R GG
L]IXPUOH PRUVNH L NRSQHQH RUJDQL]PH ILWRSODQNWRQL
ELOMNMLKRYH OLSLGQH SURWHLQVNH OLJQYXBRWHEDRXFHO
YDAQRVW X DNXPXOLUDQMX RUJDQVNLK WYDUL NRMD VH
VWYDUDOD VHGLPHQWQH VWLMHQH OHYyXWLP LVWDOR&HQ
QHXUDYQRWHAHQD V RNROLAHP SDNWRLMWSNRpHIURFHMD L
SUHWYRUEH NRML VX VH NUR] GXJR YUHPHQVNR UD]GREON
VWDGLMX X] UHODWLYQR EODJH WHPSNUHEWNVRHP X UM B WH|
SUHW Y RetbDedPR® SOHNVQH PDNURPROHNXOH X NRMLPD VX N
ELOH PHYyXVREQR SRYH]DQH KHWHURDWRPLPD L DOLIDW
VHGLPHQDWD QDVODJH RERJDUHQH NHURLHELROMH GRYB MHHQ
SRYHUDQLP WHPSHUDWXUDPD L WODNRYLPD 8 WRP VWD
NUHNLUDQMD NHURJHQD L QDVWDMDQMD WHNXULK QDIW
WHPSHUDWXUH ELOL VX NUHNLUDQMX L]OR&HGKXJRGIRYRR I
XJOMLNRYRGLFL WUDQVIRUPLUDOL X PDQMH PROHNXOH L
SOLQRYL

226%$67%$9 1$)7(

.HPLMVNL VDVWDY VLURYH QDIWH PR&H SULORPQR YL
LIYRUQRP WLSX L MWHDBRWWILRXIJRRXKBQMX X OHALAQLP VWI
VHGLPHQWDFLMVNRP RNROLA&X 3 U RWNDRPE D MHICHP K Q WD O Q\L
HOHPHQDWD GR XJOMLND GR YRGLND GR

GXELND QDMYL&H GR NLVLND QDMYL&H

PHWDOD 6LURYD QDIWD SUHWH&QR VH VDVWRML RG YHC
]JDVLGHQL XJOMLNRYRGLFL L WR DONDQL SDUDILQL RG PH
LOL QDIWHQL X SUYRP UHGX GHULYDWL FLNORSHQWDQD L
EHQJHQ DONLOEHQ]HQL QDIWDOHQ DONLOQDIWDOHQL V
NRQFHQWUDFLMDPD D PDQMD MH ]JDVWXSOMHQRVW QDIWHZC
6 REJLURP QD JXVWR{X UDJOLNXMX VH ONDIP@D QD HEDQ MHX WA
QDIWD QR PA L QDHWNDD JXVWRUD YHUD RG NJ Pi
WHPHOML QD WUDGLFLMVNRP R]QD p EXIBraekicin PatuRiH VW)



Institute SUHPD NRMLPD MH ODJDQD QDIWD LPDOD JXVWRiX !
WH&ND f$3, %XGXiUL GD MH JXVWRUD QDIWH IXQNFLMD Q
WUL RVQRYQH VNXSLQH QORND S3@MDIMYD WHMDIBQH ED]H

f$3, L QDIWD QDIWHQVNH ED]H GR f$3, 3UHPD VDV
SDUDIIQQVWRFQVND QDIW QY NB O D] QPROIMYAFRPWONR. DURPTL
DVIDOWQD +UYDWVNDXQDNWSOLFEUOMIDQLK L VUHGQMH W
SDUDILQVNH ED]H

680325 , 1-(*29, 632-(9, 8 1%)7,

6XPSRU NDR SULURGQL VDVWRMDN VLURYH QDIWH QD
PQRaAWYX UD]OLPpLWLK NHPLMVISL®DVSRMHY D GHQWXW.@ L K DX
VXPSRURYLKROE®MEGMDL WLSRYL VSRMHYD VXPSRUD X QDIWI
RGQRVQR QDOD]LAWLPD 2SUHQLWR X QDMALUHP VPLVOX U
SRQHNDG QD]LYNDAPPMHLVVHO Q@B EK RQH NRMH VDGUAH YLAat
NLVHOH 3Q0IRIGMA O Y5sIDQL@D VDGUADMD VXPSRUD RG SSP L«
GRSXaWHQH X GDQDV YDaHULP VSHFLILNDFLMDPD GL]JHOVN
RAWULMXGREWLOGBXOM QPQXNECIMD YLAND SULBYXWRQYRRQFXXPSRL
JRGLIYJHM QFLMD ]D ]DG&MWH GIXQ RINHREDQ TS United States Environmental
Protection Agency86 (3% REMDYLOD XYMHWHBL QX &RPYSRRAOMNDH ® XG NolH (
JRULYX 2YDXGRGRARMXR@PROQMXMH GR]JYROMHQX NROLpPpLQX
QD SSP 2G VLVRIGODMD (XURSVNL SDUODPHQW MH GR
NYDOLWHWL GLIHB*SNRYI JRULYD 8 WRP"SXRSRWRIFPRERGQD
JRULYD MRMIX VHEL LPDMX PDQMH RGP RLGBPELAMIN YR \JW KX
JHPOMDPD pODQLFDPD (XURSVNGHXBRRWMH. RGVHIRYRGLRMH
QHSRAHOMQL MHU QH VDPR GD VX NDWDOLWLpPNL RWURYL L
LIJDDQMHP VWYDUDMX HNRORANDRYVA&ERS&WRWR®RNMLWMEH
QXWRL]YRG SUL GRELYDQMX QDIWHD BAMMN XGORESRAWL QOLLVH
GLRNVLG 6XPSRURY GLRNVLG MH EH]JERMDQ RWURYDQ SOL
VXPSRUDVWX NLVHOLQX 2YD UHDNFLMD VH RGYLM&OD X DWP
WOX NLVHOLQH J]DSRpPpLQMX VYRMH aWHWQR GMHORYDQMH
RVNXGQH EUGVNH SUHGMHOH MHUNVDR BQAIDME /@SB J KWDR,
KXPXVID VWDEOD RVWDMX EH] NDOFLMD NRML LP MH SRWU|
GLUHNWQR RaAWHIUXMX NRULMHQMH VWDEDOD LOL YRGRP G

3



QMLKR Y DL DV WIDADV®ID P IQ®R J REXBRWEAIRPIHQLFL L VWDUH FUNYH
X QL &WDOMDWMWEPSRURY LKWDSEFOMABD N F LMD I NKDWQ R [ON.L
DURPDWAXNLILGL GLNIXGUOGLY YWQAIRIGIQL EHQJRWLRIHQL Gl
OQDEMRWLRIHQL EHQ]RQDIWRWLRIHQL LWG

7TDEOLBDLRRUDDQVNLK L RUJDQVNLK VDVWDYQLFD QDIWH

632- 230% 632- 230% )2508/%
)2508/$

680325292",. +S %(1=27,2)(1,

$/.,/1, 7,21/, 56+ | ', %(1=27,2)(1

&,.1,y., 7,21/, 1-7,%',1,

$520%$76., %(1=21%$327,2)(1,

7,21,

", 68/),", 5555 | 7,(127,2)(1,

7,2)(1, &,.1,y., 681),",




2. '(68/)85,=$&,-$

3URFHVL GHVXOIXUL]DFLMH VX X GDQD&AQMH YULMHPH
VSRMHYL QLVX SR&HOMQL 2VLP AWR VXHY¥WRIWREUDGRINROL
NDWDOLWLpPNL VX RWURYL

6 REJLURP QD QDpLQ XNODQMDQMD VXPSRURYLK VSRM
VNXSLQH

2YLVQR R WRPH GDOL GROD]L GR UHDNFLMH
, JGYDMDQMHP L] QDIWQLK IUDNFLMD RVWDMX QHSURPLN
$NR VH X LVWRP SURFHVX VSRMHYL L]IGYDMDMX L ]DWLF

BURFHVL NRG NRMLK GROD]L GR NHPLMVNH UHDNFLMH

SURFHVL NRG NRMLK GROD]L GR SURPMHQH NHPLMVNH U|
1DMpH&UL SURFHVL VX KLGURGHVXOIXUL]DBLMD UHDNWL

SURFHVL L]GYDMDQMD L] QDIWQLK IUDNFLMD

SURFHVL VHSDUDFLMH VX VDVIDIMPHAUGLBUWRFBINH VYQG6H
DGVRUSFLMD RNVLGDFLMD HNVWUDNFLMD

.RPELQDFLMD UHDNFLMVNLK L VHSDUDFLMVNLK SURFHYV

.RPELQDFLMD VHSDUDFLMVNLK L UHDNFLMVNLK SURFHVD
UD]YRMD DOWHUQDWLYQLK GHVXOIXUL]DFLMVNLK SURFF
1DMpH&UL DOWHUQDWLYQL GHVXOIXUL]DFLMVNL SURFHVL
GHVWLODFLMD IRFRWRRHPLMVND GHVWLOD

221 +,'52'(68)85,=$&, {8DS)

8] SRPRU YRGLND VH XNODQMDMX F@RVDVAHBRGEH GMR LC
QDIWQLK SURL]YRGD 1D WDNDY QDpLQ VH SREROM&ADYDM:
BRWUHEDQ YRGLN VH GRERNRJXUHBHURFMHMKXD QW DLAUWSDUQ
SULURGQRJ SOLQD OHRGH REUDGH VH UD]JOLNXMX SUHF
KLGURGHVXGIKULPD¥LMBYhid@dkiekitanje YLAH RGP° VRURYLQH WH
VHOHNWLYQR KEGURREMX LEDQRBH PLQHUDOQRJ XOMD



+LGURGHVXOIXUL]DFLMD MH SURFHV EODJRJ KLGURNUF
NDWDOL]DWRUD UD]JJUDyXMX D SRWRP L XNODQMDMX VXPSF
WDNRYHU VPDQMXMH L X GWMHIG i$IU X8 RW Q HIE CPNHEARDIE GNHIOW D ¢
VX OKJ]GRGDQWLINMCDL N REXIBARRIV R ULIBR U R QoP X Q L M HRWR/R. G X
&ROR 1$23 1t0R $23 XU DPOPHRGLILNGIRFADMEGRA LY D

SBRVWXSNRP KLGURGHVXOIXUL]DFLMH VH REUDYyXMX VONMN

7TDEOLFD 6YUKD SURYRYHQMD KLGURGHVXOIXUL]DFLMH QL

6,529,1% SVRHA
%(1=,1 6PDQMHQMH XGMHOD ¢
',(6(/6.2 *25,92 , 3(752/(- 6PDQMHQMN SKIWHIYAL
0/$=12 *25,92 6PDQMHQMN SKGWHHYODD 6
3,52/,7,y.%(1=,1 SRYHUDYD VH NHPLMYV

]DVLULYDQMHP GYRVWUXNLK

9%$.8806., '(67,/%$7, 6PDQMHQMN SKGMWHYDD B R
MH VLURYLQD QDPLMHQMHQD N
NUHNLUDQMX

%%$=12 0,1(5%/12 8/-( SNODQ&MMDIQMH. QH]DVLUH
SREROWMADODMHR VWL L ERMH SUF

'(67,/%$&,-6., 267%$7&, 6POQOMHQMHVSEBMHYD B OR

1IDMYDAQLML SURFHVQL pLPEPIRQHEHPL YRGRN YURRNY DDV XV
WODN L SURVWRUQD EU]LQD

Omijer vodik/sirovinaX UDV@&RQX P YRGISRDR/LURYLQH .DNR EL VH |
RGYLMDOH EUJR L V YLVRNRP NRQYHUJLMRP X XOD]JQRM S
Y R G L2NSIW L Pten@p&@diuraSURFHR'® MH f& 3UL QLALP WWR SPHDUIHN X U
EUJLQH UHDNFLMH D L]QDG f& VX ]DVWEHKSEONRKEQNDQMSIRAF
UDVSRQX E®UDP RYLVQR R YUVWL VLURYLQH =D GLHVHOVN



EDBDRVWRUQBISEURYQNML R YUVWL VLURYLQK LaXwRIDMASRC
VLURYLQD WHAD RQD VH GXOMH |DGUaDYD X UHDNWRUX RG

222 %,2'(68/)85,=$& (BHS)

%LRGHVXOIXUL]DFLMD MH HQ]JLPVNL SURFHV X NRMHP
XNODQMDQMD VXPSRUD L] JRULYD .RULAWHQMH ELRNDW
WHKQRORJLMX XNODQMDQMD VXPSRUD L] VLURYLQD

7THRUHBIVNGHVXOIXUL]DFLMD VH PRaH SURYRGLWL X DHUF
DHUREQLP XYMHWLPD VXPSRURYL VSRMHYL VH SRVWXSQ
VXOIDWQH VROL X S UEIDWWHRRER. RURKCRoURpENtH{opolis' -

Gordona & <. 6 i Rhodococcus80 2UJDQVNL VXPSRURYL VSRMHYL VH
NRML VH ODNR PRaH XNORQLWL L] VDPRJ JRULYD SUL pHPX
1D VOLWH SULMBHW XNOVXMERQD L] VSRMD GLEHQ]RWLRIF
VSHFLILPpQLKIXWMQ]JUPDJUDGQMH VXPSRUD QD]JLYD VH 6
LOQWHUPHGLMDUD GLEHQ]RWLRIHQ VX GIRNEH@IH®LEXQ]R WD
W H VXOIDWL
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6 GUXJH VWUDQH X SURFHVX DQDHUREQH ELRGHYV
NRPSRQHQWH VH UHGXFLUDMX L] 6/L8 RR\LSIIR RVDYKRI HIDX NG 1 |
E DN W'HHWIX\DDR YapdwtfanB ,PNR VH DQDHXRE]@F LMDV ZRND]DOD NC
SXW GHVXOIXUVYDX¥EMHL SJUHPRDVURQJ HW DO QH]QDpDMOQI
L] JRULYD 6WRJD NDGBURFEHWYDG P D WO DM BELXVHD NKHY DV H
UD]PDWUD DHUREQD ELRGHVXOIXUL]DFLMD

YVLPEH®RML RIJUDQLPDYDMX SULPMHQMLYRVW %'6 VX E
VX RVMHWOMLYH QD XYMHWH NDR 4WR VX UDGQD WHPSHUI
MPIRIJXRY DM SURFHV BRULIPMIMN@MWLLEDMX QLVNX NROLpPLQX

2232.6,'$&,-6.$ '(68/)85,=$&,-3'6

3URFHYV FRNVVARKRMX O | X UL]DWFH W QIVEIDM QLP SBRRFHVRP
WHKQRORJLMH ]D GXERNR RQ@YV R RISKRR\DW® XN JDHDNBHOM W H
GYLMH ID]JH RNVLGDFLN S VYRS RAUHSDRIDYSRMIRNVLGLUDQRJ
VSRXMBUXJREMDHLIID SUHGQRVW RT5 \§ HR 5 H VW BWIOUNRIMWMPIDWH
SURYRGL YD WNDFERMEDKLGULGHVXOIX RLY|RFLIHRAHBR WLVWL YR
NRML MH VNXS -RZ'6DHGHYBXB/SRG YRGW 4D Q NVS BRINRE BIR
UHDNFLMD RNVLGDFLMH ELOD XVSMHa4QD SRWUHEQR MH RGI
VXYUHPHQLP SURFHVLPD RNVLGDFLMVNH GHVXOIXUL]DFLMH
+2 LEWWLO KLGURSHURNWDG SFRAHRBY VBWHM RANMLJGL MDY LAaH
RNVLGDFLMVNR VWDQMH X VXOBSRNVWLGMRGRRVYRJYNMDOQRQY HV
RWRSRWMLMHVW GUXJL VWXSDQM RYRJ SURFHVIOLUG®MH VH SL
SRPRiU VHOHNWLYQRJ RWDSDOD ]D HNVW B B MWLM X X @ DRIN\HLEG
'062 diPHWIU®PIDPLG '0) L DFHWRQLWULO 3UYD GYD RWDSD
YUHOLAWD &MWRJID VH QH PRJIXWIRIQRY QBRHNRHQBRRILXDWL SURH
GHVWLODFLMH 1DSURWLY DFHWRQLWWULO INRBIWMWHQ NDR
PRIXRBRWDEFHVWLODFLMRP DERUE LAWHWHEWBUNRMD L]QRVL
LPD YHOLNL SRWHQFLMDO G\ UDXGAHF INRDOSURRD YWIREG S M R FGIN/I
GHO XX UL]LQUDNRI XOMD
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6OLANDBHDNFLMVNL SXW RNVLGDFLMH GLEHQ]JRWLRIHQD X
GLEHQ]J]RWLRIHQ VXOIRQ

224 $'6253&,-6.% '(68/)85,=%&,-$ $'6

$GVRUSFLMVND GHBVeKOMXUMRFAEF MM DQ PRJXUL QDpLQ XN
JRULYD 8 RYRP SURFHVX VH DSVRUELUDMX RUJDQVNH \
DGVRUEHQVX 2YLVQR R LQWHUDNFLMDPD LDPRGAWRUSERWDN I
GHVXOIXULYBDBINWDL Y.OIY NIDG GRIWK O I XU IUBFILMWDN H RGH D@ IRKU L |
26 & HQQOrganic Sulfur @mpund PROHNXOH VXPSRUD NRMH VH QDOD
REUDGX VHOHNWLNQWRRVIB PLXNMRPQMD NNUXWRP DGVRUEHQVX
SUHWYRUEL X GUXJH NRPSRQHQWH 8VSMHAQRVW RYRJ SR
YLVRNLP DGVRUSFLMVNLP NDSDFLWHWRP NRML XMHGQR PF
IDMHGQR VD VYRMEBRXYODYMORLEDPOLPLWH DGVRUEHQVH WH
SULMHOD]QLK PHWDOD |JHROLIRNWMNLE LPD M BDADNLLYQ AR VWK O G
RGVXPSRUDYDQMH JRULYD SUL QLVNR ]DKWMHYQLP XYMHW
VX QHNH DGVRUNERDWIHAVR WYIAM-MVNLP VWXSQMHP WH MH SUF
NRML REXKYDuUuD VHOHNWLYQX DGVRUSFLMVNX GHVXOIXUL]
KLGURGHVXOIXUL]DFLMX LVWLK

.RAHDNWLYQH DGVRUSFLMVNH GHVXOIXUDNDX L&H X RO}
L XJIOMLNRYRSHNHG\DRYELUD RGIJRYDUDMXuL DGVRUEHQVRP
vVDGUaH SULMHOD]QL PHWDO NDR NDWDOL]DWRU L VRUEHQ\
ELWL L]PHyYX f L f& D WODNSBERUDVSR@D RGWUDALYDQC
UD]OLpLWH NRPELQDFLMH DGVRUEEGVR P WBOQ2DWRUD
1L $6L2 1L3 6LRE6L21IDMEROMLP VH SRND]BQD WRWPEDY D AL MWD
NRPSRQHQWH 1L L =Q2 SRND]J]DOH VX GD XNODQMDMX VXPS|



225 (.675%$.&,-6.% '(68/)85,=$&,-$ ('6

(NVWUDNFLMVND GHVXOIXUL]DFLMD (‘6 MH SURFHYV
PHWRGDPD GHVXOIXUL]DFLMH 1DLPH RYD PHWRGD QH ]DK\
DWPRVIHUVNLP XPOMHWKIMPHD @ /R RVOHR aANVHDW SURFHV VH WHPHI
VXPSRURYLK VSRMHYD L DURPDWD X RGJRYDUDMXULP RWD S

'D EL HNVWUDNFLMVND GHVX®AXQR] M. 8 B GEH.\DLDV K pX QN |
RGDEUDWL HNVWUDNFLMVNR VUHGVWYR NRMH MH VHOHNW
SRYHUDYD VH VHOHNWLYQRVW D XpLQNRYDOWERNRY LAVHRAX
GHVXOIXUL]DFLMH VX NRMD VX SRND]DOD NRPHUFLMDOQD
- 1DGDOMH PRJXUH MH SROYWQRIW HAH R S\RD/|WS ¥ ITDMQIMHV H |
VHNXQGL XNROLNR VH ODJDQD QDIWD PLMHAD V RUJDQVNLEF
VXOIRQ WM GLPHWLREMYIRIRNMVMAINHRPRDNRQ RYRILGRYMWESWL
YRGRP QDMSRIRCTIDNIWBEGNPHHERWNVLGDFLMVNH GHVXOIXUL]DFL
DURPDWVNLP XJOMLNRYRGLFLPD RGQRVQR ekSKdkSj RS RYLP V

konvencionalnim otapalima.

Ekstrakcija s ionskim kapljevinam& RGUD]XPLMHYD LRQVNH VROL pL
LVSRG ,Rf@VNH NDREGMHNYXIMMH QHKODSOMLYRVW QH|DSDOML
UDJOLNX RG NODVLpPQLK RUIJDQVNLK RWDSDOD LRQVNH WH
NDWLRQD L DQLRQD R NRMLPD RY IN\HP IL MQ/NHIDKER ¥ R MASEIE DG Dp C
SRVMHGXMX L KLGURILOQD L KLGURIREQD VYRMVWYD PRJ’
NRULVWH [JDRUGDOWINDIQVMRULYD RGQRVQR |]D GHVXOIXUL]DFLI

232.6,'$&,-%

3RPRIBRVWXSND RNVLGDFLMH MH PRJXUH WURMWQRULYV
EHQJRWLRIHQL GWEBIRNRWLIGRH HQV X)0R R O¥ E2 WL \KS\ROMRFOWLH Q L
HNVWUDNFLMRP DGVRUSFLMRP KODVHQMHP LOL SLUROL]
SRpHOD LVWUD&LYDWL YHE L RYDNR VH SURYRGLOD

2NVLGDFISWIRYWRGLOD VD SHURNVLGRP-X SBRVXYW.QMRWW L
WHPSHUDWXUH X YAVWMHY)XGROBD]JLOR GR WHUPLPNRJ UDVS
VXPSRURY GLRNVLG X SULVXWQRVWL &4HOMH]QRJ RNVLG
GHVXOIXUY s KM WRHIHQLUDQMH X SULVXW @QBDVYWQ H: RUDR ANLD
YUHOL&GAWHP L]QDG f& VH XNORQLOR VXPSRUD L X] S

10



2312'$%,5 2.6,'$16%$

6 RE]JLURP GD VH X RYRP UDGX SURYRGL RNMHGDFLM
RNVLGDFLMVNR VUHGVWYR 1DLPH GLEHQ]RWLRIHQ MH DUF
LIXJHWQR VWDELODQ 7R L SUHGVWDYOMDpPpSURB®KB URYRJ
VWUXNWXUL 8SUDYR MH WR UD]JORJ NRUVHWRQR J HRGXAIGD
UHDNWDQW NRML VH QDOD]JL X VXVWDYX UHGXFLUD .RQNL
SUHWYDUD X RGJRYDUDMXuL VXOIRQ 7LPH MH PRJXUH R
QDbUXabYDQMD DURPDWVNH VWUXNWXUH MHU RQD SRVWDM
DVLPHWULpPQR UDVSRUHYHQL 8 WX VYUKX VOXaH NLVLN R
NLVHOLQD LWG 2SWLPDOQR MH RQR VUHGVWYR NRMH QLME
MHIWLQR

92',.29 3(526,'

9RGLNRY SHZRNWH EH]ERMQD WHNXULQD NRMD VH pHVYV
VUHGVWYR 6PDWUD VH MHGQLP RG QDMEROMLK VUHGVWI
DNWLYQRJ NLVLND pDN 1DGDOMH ODNRHOHQGER VRWXESDOX
NRML VH GDQDV VYH pHauH NRULVWEHEWHYH@HRU RERXINWRIJ 08 @k
UbvSDGD YRGLNRYRJ SHURNVLGD MH YRGD NRMD QLMH &N
1HGRVWDWFL RYRJ VUHGVWY DNRXVE MR RY\INVRLQ X R G IDRREBAM D
WH SRGOLMHaH NDWDOLWLpPpNRP UDVSDGX

,DNR MH YRGLNRY SHURNVLG SRAHOMQR RNVLGDFL
NDUDNWHULVWLND VDPD UHDNFLMD RNVLGDFLMH MH VSRU
NRML OMVIXBJHDNFLMX 8 WX VYUKX VH NRULVWH NDWDOL]L
RNVLGDFLMVNLK VWDQMD L UHDNFLMD MH PRJXUD XQXWU
LQGXVWULMVNX SULPMHQX 1DGDOMH SUREOHMHBQMHGEVWD®
VXPSRU L YRGHQBE XWNRR MRM MHHIYDY NRD@WWHMQNM W YDUL NDN
RODNADR SULMHQRV WYDUL PHyX ID]DPD 'UXJL QDpPLQ RN
JUDpHQMHP 7DNR VH VSRM DNWLYLUD L WHN RQGD RNVLGL
VSRM PRUD L]ODJDWL JUDpHQMX PLQLPDOQR GDQD awRr
SURL]YRGQML QD LQGXVWULMVNRM UD]JLQL

11



6OLNRILNDVQRVW GHVOIXO kénddnireciidmd HO,SUL UD]OLpPLW

5H]XOWDVBLS VDXMELMHNDVQRVW GHVOIXNR®BHDFURFALSDP L
' RQFHQWWDMHMWDNRYHU LPD XWMH FHW XQD XAIM HDRNKS Q1D S |

%WQL YRGLNRY SHURNVLG SRND]XMH XpLQNRYLWR XNOLC
NRQFADMHIDPRIXUH XPLQNRYLWLMH XNORQLWL VWRERU L]
YRGLNRY SHOBMWIE VXPSRUD L] VSRMD a&WR XND]XMH Q
N R U L MV [} WLLM¥RyEH@LR\PX

233 32954,16., $.7,91( 79$B%7

3RYUALQVNL DNWLYQH WYDUL 3$7 LOL WH®DVGMRWX EL
VH RG HIpRa# L UMGD tal *ODYD MH KLGURILOQD WM VNOF
GXJDPNL XJOMLNRYRGLp QXL @®WIQNDFEY LKDMYRPIDH - KLGURIRED
OROHNXOVND VWUXNWXUD SRYUALQVNL DNWRNDQ DR WH D UV VX
NRMH LPDMX QDMUD]QLp®W5LWHI CGSHU D@ NBYQMH 74HLURNH NDW F
WHQGHQFLMD PROHNXOD WHQ]JLGD GD VH VNXSOMDMX
VDPRXGUXERYPIQMHMH W]Y PLFHOD G3/FRWIER KB NL VIDHINWLIMG
RPRIJXUXMX SURPMHQH SRYUALQVNLK VYRMVWDYD WYDUL R
PHYXSRYUALQVNDRGQRYQWRVMDMX VYRMVWYR VQLADYDQMI
RWRSLQUSADPMMY RMVWYR ID]JQLK JUPRQEQ L MWRDEDHHNEH DO

12



'HILQLUD VH NDR NRQWUDNWLYQD VLOD NRMD GMHORYDQM
VPDQMLWL SRYUALQX NDBRWBYRQHRD DDMOIGEDWRYIWLSRY UAEL
2YR VYRMMNWSYR.URGQR QDVWRMDQMH NDSOMHYLQD GD ]D)
VIHULPDQ REOLN GD EL PLQLPL]JLUDOH SRYUALQX L SRVWL

8 SURFHRNVLGDWX\OVNBILI®HFELMH VH NYDUWHUQH DPRQ
SRYUELQVNL DNWLYQH WYDUMHODDN WH VRW D QREDMIN 4.0 YR P G
ID]XXDGD VH UHDNFLMD RGYLMD3RYKH®E&MRPHPRPX MX QW DYR
SRYHUDYD NR®R MLDQ D HVYDAH GHHHEDIMHXV G U X J X

8 RYRP UDGX NRMH AWIN@PIRBOEVRPIES &+7] 1%U 3ULSDGD
VNXSLQL NYDUWHUQLK DPRQLMHYLK VSRMHYD

24 8/2*% .$7%$/,=%$7258%

.DWDOL]DWRUL VX WYDUL NRMH XEUQBY HRION MMPLAM VNINEKF
UHDNFLML 1DNRQ UHDNFLMH RNWRNX QIBSVERWLMNHPM M N X
PRJX SRPDNQXWL SRORA4DM UDYQRWHA&H 1MLKRYR MHGLQ
HQHUDNMMH YDFINWMWH(MH SULND]DQWDQ@L]|WWREL UHDJLUD V
UHDNWDQWLRXDSUNMEP VIDPFESEQMX GRN VH X VOMHGHULP VW
IDWLRRYRQR XNOMXpXMH X NHPVYMVHNRXUUM B R F3 VB GXD [SONRORDNBV/X L
WHRULML PROHNXOH ANHROUWADVREBMHOKDMXFXMHOMRUDMX SUL
SRWHQFLMDOQRP HQHUJLMRP SULMH QHJR aWR UH GDWL
priHOD]QR IMOANDWWALYDFLMVNL NRPSOHDW DSNHYI QDB E R PR Y
YHUHP EURMX HDOHUNBRMR GRBGOQRVQR GD VXGMHOXMX X UHDN

SHDNWDQWL .DWDOL]DWRBURGXNMHO D PURDDW IDWWRHL
=QDpDWRYBYQMH EUJLQH NDWDOL]LUDQHHNBY®BLNIHUBXQRWPS R U
RPRIXMH EU] XNXSDQ SURFHV3BRBY HEAEB M WRHABHU B WIX QL &R

YDaQD ]D HJJRWHUPQH UHDNFLMH KLGURJHQDFLMD DO
WHPSHUDWXUD QLMH SRYROMQD QL ]JERJ WHUPRGLQDPLpPNL

13



Energija

Produlcti

L

Realecijski put

6OMUNPUDILPNL SULND] VQLAHQMD HQHUJLMH DNWI

241 .$5%2.6,/1( .,6(/,1(

8 VNXSLQL NDUERNVLOQLK NLVHOLQD 8 XKMH DIMPDNMX XH
RFWHQD L PUDYOMD NLVHOLQD NDR QDMpHauH XSRWUHE
SUHWKRGQR RSLVDQRP PHKDQL]JPX NDUERNVLOQH NLVHOLC
SHURNVLINNSEWMRMQ W X MDPL]GNWHED@KIWH SR]QDWR MH GD
QDMpHauD RNVLGDFLMVND VUHGVWYD NRULAWHQD ]D VHOHI

242 32/,2.620(7$/$71( .,6(/,1(

SROLRHWROPWOHWXOH QDQRPHWDUVNH YHOLpPLQH yHV
PROLEGHQD WDQWDOD GXEQLMD X YLVRNRP RNVLGDFLM\
ED]QD L UHGRNV VYRMWDGLARYWLPHROHNXORHWDOQD FH
SRYH]LYDQMSRPOLHGUDn NRNVRHGMLIQD FLMV N.IRREURM) CPRHWDMAD |
XJODYQRP RMNHWIDHGDUVND NRRDGUQPRA&M ELWLOL N D LOL

14
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6OLNBULND] RNWDHGDUVNH NRRUGLQDFLMH NRG

6WDELOQRVWL SROLRNVRPHWDODWD -S3JEQ RGIRWDIN FLWNRE
PHWDOD V WHUPLQDOQLFUNIWRRR Y VY DNV FSARH WME Q D Q. RNQ LN
DWRP NRML LRDRBEIDVPOXG X NRMX PRAH SULPLWL HOHNW
RNVLGDFLMVNRJ GMHORYDQMD SROLRNVRPHWDODWD

3ROLRNVRPHWDODWL VX GXJR ELOL LVWRBDYL®DELMMNEC
RUJDQVNLK WYDUL 3RVHEQR VRINWRPREZDEIMPLIODR VM M WEL
SROLRNVRPHWDODWL V .HJJLQRYRP VWUXNWXURW QNRR/MLL V
YRGLNRYRJ SHUBRNMYHGDO SROLRNVRSHURNVR REOLN B6SHNW.L
VX VWUXNWXUH WLK VSRMHYD L] pHJD VH PRJOR ]DNOMXpL)
NRPSRQHQWH ]JDSUDYR NDWDOLWLPNL SUHNXUVRUL

2. 67(5,y., 87&8- 7,2)(16.2* 632-$ 8 352&(68 2.6,'$&,-6.(
'(68/)85,=$&,-(

3URFHV RNVLGDFLMVNH GHVXOIXUL]DFLMH PRAH LVSLWI
VX VDGU&ADQL UD]JOLPLWL WLRIHQVNL VSRMHYL L X PRGHO
MHGDQ WSRM GBVNVYWUDALY B REGQMHMWULMHGQRVWL NRQ'
GLEHQ]RWLRIHQH X VXVWDVM SROIL R RMHBMODMEH QDMY F
GLEHQ]RWLRIHQX &WR VH L YLGL QD VOLFL 5 FOOVNAWILHY Q R
NDNR VH SRYHUDYD EURM VXSVWLWXHQDWD 5D]ORJ WRPH
VXVWLWXHQDWD 6XSVWLWXHQW MH PHWLOQD VNXSLQD QD

15
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Konverzig

40% 1

[e DBT
|m 4-MDBT

|a 4,6-DMDBT

0 20 40 60 B0 100 120 140

Vrijeme reakcije, min

6O0OLND OksidacijaNdBBT4-4,6,DMDBT

=RUQR VH YLGL GD'POBROHPNDXQDMPDQMX UHDNWLYQRVW MH
VXSXMWQRMWD aWR XND]XMH QD QHIJDWLYDQ XWMHFDM EURMI

(.675$.&,-$ .$3/-(9,72 .$3/-(9,72

(NVWUDNFLMD MH RSUHQLWR UDYQRWHAaQL VHSDUDFL
NRPSRQHQWL L] pYUVWH LOL NDSOMHYLWH VPMHVH SRPRU)
VH VHSDUDFLMD QH PR&@H SURYHVWL GHVWLODFLMRP ]ER]J
NRPSRQHQWH VOLpQH KODSLYRVWL WRSOLQNNL RWXNAQED K
YUOR PDORM NROLpPLQL

(NVWUDNFLMDRRBWB®SDMALYPIMH WYDUL L] YRGHQLK RWR
QMHPX RWRSOMHQLK RHN\DWQWV DN K L-AMHDCSNOWEMBNMWE O\VCRE R U D W R L
LLQGXVWULMVNL SRVRGAMNEIDRIHRDERMD D NVRIMIDQRIDO WHPHOML
WYDUL L]JPHYyX GYLMX NDSOMHYLQD RWRSLQH L RWDSDOD
ID]JD L NRMH VX GRYHGHQH X WLMHVQL GRGLU X YUHPH
UDYQRWHA&H 3ULMHQRYV WYDUL RGYLMD VH GLIX]LMRP RWR
NDSOMLFD QDMpH&UH RWDSDOD X RWRSLQL 5DVSRGMHOD
LOL wybuL QDVWDOLK UHDNFLMRP V HNVWUDNWDRQWRP R
RERJDWVHWDDUL NRMD VH Hkstamt!lDD K RGH QO@DIIDMD RMHURPD&aHQ
rafinat 6WXSQMHP VHSDUDFLMH RGUHYyXMH VH HILNDVQRVYV
NRPSRQHQWL MH UD]GYRGMHMH |®WBDWMK RBMHU @HELVDPRRMHG
GRVHIDWL L QHNROLNR WLVXuUD ]QDpL GD VX NRQFHQWUD

16



IDJH MHGQDNH 3RQDYOMDQMHP HNVWUDNFLMH WM GRYR)
MHGQDNLP YROXPHQRP VYMHAaHJ BWRQB®O M DBRIIDK U\W ULH X VDS

AHOMHQH WYDUL 6HSDUDFLMVNL IDN
HNVWUDNFLMVNRJD SRVWXSND 1D XpLQNRYLWRVW L VHOH
HNVWUDNWDQWD PRJX XWMHFDWL L GUXJL pLPEHQLFL W
HNVWUDNFLMVNRJD VXVWDYD YROXPQL RPMHUL ID]D YL
XSRWUHEOMDYD YHOLN EURM SR]QDWLK RUJDQVNLK RWD
DONRKRO

(NVWUDNFLMDORWREDWIRRIL KX VOX&L ]D SUHNRQFHQWULUD
X]RUDND ]D DQDOL]X =D QDMMHGQRVWDYQLMH VH HNVW
RGMHOMLYDQMH V EUX&HQLP pHSRP VOLND X NRMHP
LIPLMHADIMKRMHJ VH QDNRQ SRVWL]DQMD UDYQRWH&H L R(
NUR] SLSDF QD GQX

60LND /ILMHYDN ]D HNVWUDNFLMX X NRMHP VH QDOD]H
251 2'$%,5 27$3%$/$%

2UJDQVND RWDSDOD VHUNRJERJWH & LWHRALINNER ML DOL
YHOLN EURM UHDNFLMD L]JYRGL RSUHQLWR X RUJDQVNLP
KODSLYRVW |]DSDOMLYRVW L pHVWR L]D]JLYDMX LULWDFLM:
]DKWLMBYMHNQER UXNRYDQMH WUDQVSRUW SUDYLOQR VNO
XSRWUHEH &WR LJLVNXMH YHOLNH ILOQDQFLMVNH L]GDWN|!
]JDPLMHQLWL VDPDHWERRPYRQEHEIROLPHDOLPD BN KDY RWDN DA

17



]D R N RH@XEHvironmentally Friendy ORJXUH LK MH GRELWL L] SROMRSU
SRIJIRGQD VX |DPMHQD SHWURNHPLMVNLP RWDSDOLPD 3U!
SROMRSUSYRHG QGO DWWHBDWL AHVWHU POLMHPQH NLVHOLQH N
I1MHJD RGOLNWMXY ELRUD]JJUDGLYRVW QLMH NRBRWDWQ (
GLPHWLOSLULPLGLQRQ PHWLOSLUROLGLQRQ VX PDQMH W
WRNVLPpQD DSURWRQVND SRODUQD RWDSDOD 6YH pH&auUH V
XYRGH NDWDOL]DWRUL NRML VX WRSOMLYL X YRGL L VXSHL
L WHNXULQH 'LSRODUQD DSURWLpQBPHIMXISDS R WG ID®LDQ RIL P
JUXSD QHSRAHOMQLK RWDSDOD NRMD QHPD SULNODGQX ]I
RWDSDQMD

252 692-679% 27%$3%/9%

1D XpLOQNRYLWRVW L VHOHNWLYQRVW HNVWUDNFLMH E
NRULVWL X SURFHVX NDSOMHYLQVNH HNVWUDNFLMH 7DE
RWDSDOD NRMD VWH MRNRNFVEH KFWANIDHUNDVWUDNFLMH

7TDEOLFD SULND] SRAHOMQLK VYRMVWDYD RWDSDOD ]D HN

692-6792 23,6

723/-,9267 27$3$/$ 324(/-1% 0( 862%1$%
1(0-(a/-,9267 1(723/-,9267

*86720% a72 9(0$ 5%$=/,.% 8
*86720%$0% ,=0( 8 )$=$% =%2F
/$.4(* 5$="9%-%1-9%

2(),&,-(17 5$632"-(/( 9(0, .2(),&-(17 5$632'-(/(
=1$y, 0$1-$ 327524a1-$
27$3%/$

9,6.2=1267 0$1-$ 9,6.2=1267 %2/-,

35(126 79$5,

0( 8)$=1% 3295a,1% 472 9(0$ .$.2 %, 6( 26,*85¢
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89-(7, =$ .2$/(6&(1&,-8

02*801267 5(*(1(5$&,-( 1$-y(aa( 6( 5(*(1(5,5%
"(67,/$&,-20 .$.2 %, 6(
60$1-,/$ &,-(1$ 5(*(1(5%&,-(
5(/$7,91% +/$3,9267 025%
%,7, 9(/,.$ $ /$7(171$
723/,1% ,63$5%$9%1-$ a72
0%$1-%

253 ,216.( 7(.80,1(

J RQVNH W H Ni¥nicLliquitls MXJ RUJDQVNH VROL V WHPSHUDW X
f& ]D NRMEKPQGRM OQWWHUDWXUL UDEH L GUXJLm@@&LYL SR

salts WHNXGH RUJD GQovitlstganR Galts HQ I 1X]LR QL UDXQHH & RWDLO VH\D .
3R]JQDWH VX JRWRYR FLMHORL@WR QMAMIDHMXAD N R QWD SWHING A E
JRGLQD ,RQVNH WHNXULQH RGOLNXMX QHKODSOMLYRVW
HNRQRPVNL VX SULKYDWOMLYD L YUOR VROYDWLUDQL $0OV
RUJDQVNLP RWDSDOLPD =D UD]OLNXLRG VNNGD WIHNXK. @i ADX
RG UD]OLpPpLWLK NRPELQDFLMD NDWLRQD L DQLRQD R NRM
NHPLMVND VYRMVWYD 1DMpH&UL NDWLRQL VX QHVLPHWUL
SLULGLQLMHYD DPRQLMHYDMIpHR¥LROMQMRHYLID WO WIREDR DH QL C
WHWUDIOXRUERUDW %)
,RQVNH WHNXULQH V REJLURP QD VWUXNWXUX VYRMVWYD 1
SUYH GUXJH L WUHiUH JHQHUDFLMH

,RQVNH WHNXUILQHVSIUYROIHQBPDFUMEBH RG NORUDOXPL
DQLRQD V RGJRYDUDMXiLP RUJDQVNLP NDWLRQLPD UD
SLULPLGLQLMHYL NDLRQL NRMH ]JERJ UD]JOLpPLWH KLJURVN
QDAOH 3LURNX SULPMHQX

lonske W H N XliugeQgeneacie QH VDGU&H KDORJHQLGH =ERJ VYRM
VX VWDELOQRVW X SULVXWQRVWL YODJH L YRGH QLVNH W
VWDELOQRVWL WH QLVNH YLVNR]JQRVWL VWHNXBOEBUDAZLL
JHQHUDFLMH
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lonske WH N XW U@ H JHERIQDRMLM WX L NDR IXQNFLRQDOQH L
VDGUAH X VWUXNWXUL QHNX IXQNEEROBDOMXWE XSLQX NDR -
6YRMVWYD LRQVNLK WHNXULQD

X %H]ERMQH

X ,PDMX UHODWLYQR YLVRNX YLVNR]QRVW
X *RWRYRPQWIDMDYUM ODN S

x THANR KODSOMLYH

x THUPLPpNL VWDELOQH

1LVND WHPSHUDWXUD wWDOLaAawb MH QDMLVWDNQXWLML
PDOH YULMHGQRVWL HQHUJLMH NULVWDOQH UHAHWNH ]JER.
VWUDQH DQLRQD NRML VX SUDYLOQH VWUXNWXUH

0(+%$1,=%0

.RQFHSWXDOQL PRGHO RNVLGDFLMVNH GHVXOIXUL]DFLMH M

VODENA FAZA

L1} a'PW. O + x

SULFID  SULFON™
5

ORGAMNIKA FAZA

M EATION 30LI Qr EVARTERNI KATION

¥ EVARTERNI ANION X- KVARTERNI ANION

6OBNBULND] PHKDQL]PD RNVIE GDFLMVNH GHVXOI>
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60OLNDKHPDWVNL SULND]XMH PHKDQL]DWHRNRMG D\VFH MWIN\HWV &
NRUDND
8] VXYLADN YRGLNRYRJ SHURMNSLGD SREBDPYNWRPH\
SROLSHURNVLPHWDIQDWH 732

SHDNFLMD VXSVWLWXFLMH DQLRQD NYDUWHUQH DP
NYDUWHUQH DPRQLMHY HSRCRGIHUBRMNY JLIPUHMVOXO DWDR P
SHURNVRPHWDODSWNRPSIO X NRWINRMLN X ID]X

RUQVNL VSRMHYL VXPSRUD VHVRYWMLBBGNUD MWW IXGCRQ I
VHOHNWLYQRVWL L XpLQNRYLWRVWL SHURNVRPHWIL

SHURNVRPHWDODWXKRBETRIOCHNRWWRHPHWDODWD L SRY
DPRQLMHYH VROL X YRGHQX ID]X

5 1(7,.$ 2.6,'$&,-6.( '(68/)85,=%&,-(

'RN VH WHUPRGLQDPLND EDYL VXVWDYLPD X VWDQMX
YUHPHQD L RGUHYyXMH UDYQRWHAQH XYMHWH V HQHUJLMV
SURPMHQDPD X VXVWDHPHRXDYWMWQRYMWMHREYYLQH NRMLPD ¢
VXVWDYD WHAH VWDQMX UDYQRWHAH 2SUHQLWR VH L] VWH
]JDNOMXpPLWL R NRMHP VM DNRB X QUDHPIRN PIRVOH NJOBLUQRVW QI
VSR]QDYDWL UHG UHDNFLMH L REUQXWR
3URFHV RNVLGD¥HMRIGYAMD X YLaAH NRUDND 5HIDRNWDQWL
PHYXVREQR GMHOXMX MHGDQ QD GUXJRJD 3UHPD SURYHG
]JDNOMXpPHQR GD MH ULMHp R UHDNFLML SWHX&RGYL RIHDN @&/
VXVWDY VH SRQD&ED NDR GD MH X QMHPX MHGDR2Q WWRMNWDQ'
VH XPMHVWR L]UD]D
$ % SURGXNW
YHVWR SL&H
$: 3URGXNW
6DPR VH KHWHURJHQH UHDNFLMH SRQD&DMX SUHPD QXOWI
U DG
'DNOH YULMHGL
$ % : SURGXNWL
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4 UN >3@>%@

6 REJLURP GD VH YRGLNRY SHURNVLG GRGDMH X YHOLNRP \
]JDQHPDULWL

1DGDOMH NDNR UHDNFLMD QD SWH & X BI®IMKRVH M QMBI P FIQWRDP ¢
L]UD]

Cosr MH NRQFHQW U D FLYIWDL & H P H QW\NBVIDIFRAMBHQ RCDWEU WLLQMHD Q M H F
XYUAWHQMHP JUDQULFDCVKVIWCEY DAy  C

N W

8YUAHQMHP SRGDWDND X MHGQDG&EX GRORLQH DAFD Q MHH |

WLPH SRWYUYyXMH SUHWSRVWDYND R UHGX UHDNFLMH

8YUAHQMHP SRGDWDND X MHGQDG&EX GRO RLLQH DAFRD Q MHHi |

WLPH SRWYUyXMH SUHWSRVWDYND R UHGX UHDNFLMH

2SGHQLWR VH RYLVQRVW EU]JLQH UHDNBRWR iIR$MIHRSRY B W

MHGQDGAEH

K Ae-Ea T

JGMW MIDPDMND IEHNYHQBLMEB DNWLYDFLMH X N- PRO 5 R
N- PROWHASHUDWXUD UHDNFLMH

2GQRVQR HNVSHULPHQWDOQR VH RED SDUDPHWUD X

LIJUDpXQDYDQMHP KRERGWDICAMHUBJOMPHVDL K/ RUBP S WPDR UD QM |

GRELMH VH

OQk GQA

WH VH JUDILPpNLP SULND]RP RGKRJIX®HQE D UMD MH GEYOLG T
RPRJIJXUXMH LJUDpX® SDUDPHWDUD A

22



28..$5%$.7(5,=$&,-$ 352'8.$7% 352&(6% 2.6,'$&,-6.(
'(68/)85,=$&,-(

3URGXNWL L WLMHN UHDNFLMH RNVLGDFLMH X SURFH
DQDOL]JLUDWL SRPRiUX SOLQVNH NURPDWRJUDILMH QXN
LQIUDFUY HORPNRSHNWRP LWG

28.13/,16.$.520%$72*5%),-%

SOLQWVINFDP D WNMIPLHDN RG Y OVRAMLD]D UD]GYDMDQMH NRPSRQH
20D XNOMXpXMH NUHWDQMH LRBEWQ YR K HRNPIVAH\RH) DRMDKX SIDY
pLPH VH GLMHOBYDWPMIMHVHLUDQLUDMX WH LK MH PRJXUH
RGUHGLWL .DR PRELOQD ID]D VOX&H SOLQRYL QRVDpL JUDI
8]RUDN VH SXWHP PLNURLQMHNWRUD XQRVL X XUHYyDM 6DV
VX MWUBYRDU V SOLQRP QRVDpHP UHJXODWRU WODND L SUR
VWXSDF L GBOMHMWRRRYM QWLUDQRPH GLMHOX VOLND

Sampla [

injecior

Flow controllar

<]

# W asis

|
N
_

Camer gas Column gven

60OLND 6KHPD SOLQVNRJ NURPDWRJUDID

282 0%$*1(76.% 5(=21%$1&,-% -(=*5{-NMR)

ODJQHWVND UHJRQDQFLMD 105 MH VSHNWURVNRSLMV N
XVPMHUHQMD PDJQHWVNRJ PRPHQWRPMEROMXX 10D GUND\WN RF
GRELMX LOQRRUWDRNWHKUQLP L GLQDPLPNLP VYRMVWYLPD P]
YH]D@HPHOM WPDHQWMRQDQFLMH MHVX RVRELQH MH]JUH
PHKDQLNRWRQ L]ODJDQMD PDJQHWVNRP SROMX SURWRQL
VPMHUX LOLVPAMISURWSQRPLMHQMHQRJ SROMD 8 PROHNXO
]JDNORQMHQL R® HWAMNRFD BIROMDI RYLVQR R VYRP RNUX&HQ
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JUDpHQMD UD]JOLPLWLK MDNRVWL 105 VSHNWURPHWDU PRL
JUDI NRML SULND]XMH RYLVQRVW DSVRUSFLMH HQHUJLMH R
.HPLMVNL VBERPORI&EDM VSHRE®UX SUL NRMHP QDVWXSD U}
MH]JUH RYLVQR R QMH]JLQRM RNROLQL ]DVMHQMHQRVWL
VWRJD MH IXQNFLMDHHBNRWURQVNHIMNBPWMHQMHQR SRGUX
SROMDLWRNHNYWQFLMH OLMHDR MO MHSHNVBRGUXpMH SR
IUHNYHQFLMH YLVRNRJ SROMD MH GHVQR QD JUDIX .HPLN\
MH]JUH QH GMHOXMH VDPR PDJQHWVNR SROMH NFOWHR VH Sl
PDJQHWVNR SROMH VWRJD MH RVMHWOMLY QD NRQILJXUL
8YLMHN VH GHILQLUD X RGQRVX QD QHNL VWDQGDUGQL UH
QXORPJQDOD MBWUDPHWEONMPLMYNL SRPDSNUBWRAB0LDRIRUL
XGDOMHQRVWL QMHJIRY B 0L QDDA B GDVYBAOPS SMtion
GD EL PRJOL NRYRYW JWV LUDYOMH WDH LQVWUXPHQWH

105~VSHNWURBRHWDWDQ QD VOLFL VH VDVWRML RG pHWLUL

ODIQWWYDUD PDIJQHWVNR SROMH

2GDALOMDp HOHNWURP D J@dismMited RJ JUDPHQMD HQJ
'"HWHNWRU

3LVDp

= T T T

sample tube 2

— ¥
RF 4q
transmitier |
| B ™ e S recorder

-
magnet

1 | magnetic eld

6OLND . Shema NMR spektrometra
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283 ,1)5$&59(1% 63(.7526.23,}%,5

,QIUDFUYHQD VSHNWURVNRSLMD MH WRGMDUXR MOQ WX
GHWHNFLMX IXQNFLRQDOQLK VNXSLQD ,5 VSHNWDU SUHG
IXQNFLMX YDOQH GXOMLQH $SVRUELUD VH VDPR VYMHWOR
YLEUDFLMD YH]H X PROHNXOL WVEM D FULIWNY PREDMMN EDW L MD/M
DSVRUSFLMH 9 XVWDHV WIHIIBRdtMD VX YHUH YULMHGQRVWL Y
VDY LMDYBbhding SULND]DQH MD EVEOLFDUQH UHODWLYQWDIUHNY
PRJX VH SUHGHN'IGMINEAD WV RFLEDLYDMX E U S\ R IBRWRRALIKP B D

)DNWRUL NRML RFELWHANOM S RABFRWR VK]H PDVD DWRPD X
YLEUDFLMH -DpLQX YH]H RGUHYyXMHPR L] HQHUJLMD GLVR
PR4AH DSWRUEQUIDFUYHQR JUDPHQMH DNR X WUHQXWNX DS
PRPHQWD $NR SDN WD SURPMHQD X UDVSRGMHOL QDERM
LQWHUDNFLMH V HOHNWULPQRP NRPSRQHQWRP JUDPHQMD
PROHNXQRMHBUL WDNYLK PROHNXOD VX KRPRQXNOHDUQL ¢
SOLQRYL ZOH 1H 7R VX GDNOH PROHNXOH NRMH SURSXA!
JD JRWRYR VYH RVWDOH DSVRUELUDMX OROHNXOH NRMH L
PROHNXOH X NRMLK QHPD SURPMHQH GLSROQRJ PRPHQWLE
DPSOLWXGRP LOL URWLUDMX QH GROD]L GR DSVRUSFLMH
LQIUDFUYHQRP SRGUXpMX ,5 VSHNWDU PROHNXOH RELpPQR
UH]XOWDW VX ISQNMOR S0MdritQIIKNRYD NRML X HNO/HELAMLIM H Q|
MHLQJHUPSRIOGMW XOH MHU MH MHGLQVWYHQ ]D VYDNX PROHN

1
B —
e R &

1
> -1
= \

"
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6OLND3ULND]XMH YLEUDFLRMMHQHVRIQBDIQEOHYD®HOMWH YLEUD
GHIRUPDFLMH YLAHDWRPQH PROHNXOH 6WUHOLFH R]QDpHC
L]IQDG D FUWNDQRP LVSRG UDYQLQH SDSLUD
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3.(.63(5,0(17%/1, ',2

8 HNVSHULPHQWDOQRP SUBXHOMN MEHUBROEL) HRVIDWHE DO D
WHPSHUDWXUH L YUHPHQD RNVLGDFLMH QD SURFHV RNVL
GLEHQ]J]RWLRIHQD X VXVWDYX YRGLNRY SUHRNVLG GRGHNDI
SURYHGHQL PHWR ®@ReFFa2tpp At aHid RGQRWMHRQD YD UMMDBM®DD VI
GRN VX RVWDOH NRQVWDQWOQH

310%7(5,-%/,

3ROD]QD VLURYLQD MH GLEHQ]RWLRIH®NORXPEBIRAM M H
UHDNFLMRP RNVLGDFLMH 3UL WRPH RNVLGDFLMVNR VUHG
SRPDAWDNIL]DWRU GRGHNDIRVIBYR®IUDPRVIH NIRVWLQ D
RUJDQVNLK- RMDSD@®GAPIPNVB GHNDQ 1IDNRQ &WR VH '%7
SRYUELQVNL DN W®KWQ D P RQIDWH YW EWRDL GY RG LR YN SBIMR N V-
GRGHNDIRVIRYROIUDPRYD NLVHOLQD 7DEOLFD SULND]XM
NHPLNDOLMD X RYRP HNVSHULPHQW X
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IDNRQ RNVLGDFLMH MH SURYHGHQ WHSORDRYNMYMD RYVYRB HW
XNODQMDQMHVERRMSRWRWOK |IDRVWDOL X VPMHVL QDNRQ RN
NRULAWRHWLOIRUPDPIDPVOGPRP SRpHWNX MH SRWUHEQR L]UI
NRML VH UDpXQD SUHPD L]JUD]X

6ROYHQW RGQRV MH SRWUHEDQ SDUDPHWDU X] WHPSH!
3RWRP VH ILOWULUDMX &XOMR QN INRWOLOV. XGQ B M O/ JIRO\DL R NA/Q. VI
OLMHYNX ]D RGMHOMLYDQMH UD]GYDMDMX UDILQDW L HNV\
QDGDOMH UD]GYDMD QD GYD GLMHOD X WRNIX XWSIHPBKY K
HNVWUDNFLMXVH1 DDRIQQBWE&D ID]D UD]GLMHOLPBRIGDMH Vt
JDSRPLQMH HBNRWILID NFL MDPLPD QDWRK) GDPIMHKWQDOL]LUD Q
NURPDWRJUDIX 6KLBDMDECRFL VX ISWNGIO@RMYIND V¥RMVWYLC
D

7DEOLBDLINPJNDNGI@RMVND V¥BMVWYD '0)
7(+1,y., 32'$7&, *,0(7,/)250%$0,"
,83%$& 1'10(7,/0(7$1%$0,"
352,=92 $y *5$0-02/
02/(.8/6.% )2508/% &+ 12

6758.7851% )2508/%

5(/$7,91$ 02/(.8/6.$ 0$6¢
J PRO

7(03(5$785% 95(/,a7% f& -
*86720% J PP

y,6720%
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3.2 $3$5%$785% =$ 2.6,'$&,-6.8 '(68/)85,=$&,-8

6OLND 6KHPD DSDUDWXUH ]D RNVLGDFLMVNX G
1D VOLFL MN KHANDDMDDWXUH |D RNVLGDFLMWRMNX GHVXOI
VOMHGHULK GLMHORYD

OLMH&DOR

5HDNWRU

6HQ]RU DSDUDWXUH

*ULMDp

8SUDYOMDpPNL VXVWDY DSDUDWXUH
+ODGLOR

+ODGQMDN UDVKODGQH YRGH

8 UHDNWRU VH GRGDMH PRGHOQD CKWRWIDQIPORM X pLQ
GRGHNDQD P/ KHNVDGHNDQD LZ/DWRULASWHPOMHQD PRGHOQD
PLMXERPRUPLMHGPOD POIMHADOR L]D]JLYD PLMH&G&DQMH X D
7THPSHUDWRBMHaAWPRRS SURJGD RPIlution LDNW  MEXUIR UXpPpQR
QDMHVWLW 7HPSHUDWXUQR RVMHWLOR MH WDNRYHU SRYH
WUHQXWQX WHPSHUDWXUX RWRSLQH
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321 $1$/,=$ 352'8.7%$ 0(72'20 3/,16.( .520$72*5%),-(

$QDOL]D SURGXNDWD QDNRQ RNVLGDRHINWRGRIRV BOIXQUMN
NURPDWRJUDILMB]QIDp MWRH ® VBN Bl QRetpBtiGnUINEY P QNRORQL MH
PRI¥XiINYDQWLWDWLYQR ROWDHERWSRQRIRSRID MAWMB 5 OD]L L
QDMPDIDWHIPM ]DGU&ADYDQMD MH XSUDYR QDMPOR®IH DN REDO M
PLQXWD
8 RYRP UDGXHMID INRMNIAWURPDWRJUDI 6KLPDG]X *&

LRQL]DFLVNLP GRODPWRBRRI@NW DRQ NRML VH JDINXIDW HMDX
.HPLMVNRJ LQ&HQMHUVWYD L WOHKQRORDNHHXLVADUINHE X
3KHQRPHQHRORRWOMHGHUH

f '"XOMLQD P
f 8QXWDUQML SURPMHU PP
f '"HEOMLQD ILOPD —P

/DEOILFDMHWL UDGD SOLQVNRJ NURPDWRJUDID

89-(7, 5%'%$
,1(571, 3/,1 1 JUDN
35272. P/ PLQ
7(0(3(5%$785% '(7(.725% fé&
7(03(5$785% ,1-(.725% fé&

95,-(0( 75%-$1-3%$1%/,=( PLQ
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60LND . 30O0LQVNL NURPDWRJUDI 6KLPDG]X *&

33$1%/,=% 352'8.7%$ 0(72'20 105

$QDOL]D NULVWDOD QDVWDOLK X SHIRBE HRHWRN\RFG ML |
LQVWLWXWX 5XyRIWL S4RKEQ R YIHIVW X X P H Q3 DMQ FHO L 6ID SuUL
VREQRM WHPSHUDWXUL X GHXWHWX]UDNGRR DNNO-RWIRI R UG B Q
VWDQGDUG

6OLND . ,QVWUXPHQW %UXNHU $YDQFH 105
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34%$1%/,=%$ 352'8.7%$),/563(.7526.23,-20

8]RUFX WDNRYBWMWHUY,5] MEHNWYRVNRSLMRP OMHUHQMLC
)-,5 VSHNWURIRW R®PMHAW B SHFWNLQP 2QH VOLND NRUL&
6QLPDQMH MH SURYHGHQR X SRGUXpMX WO QLHK] EORMHWLD |

1D $75 NRPRUL X]RUFL VX VQLPREBAQNXX YYRPNRVQYRPQ FERM
SUHWKRGQH SULSUHPH

6 O L1H DPerkhuilmer Spectrum One FIR spektrometar

3523,6 (.63(5,0(17$/12* 326783.%

(NVSHULPHQW MH SURYHOGBQRXHHEKXMWWVRGERM EURMD F
PMH&G&DOD L XWMHFDM WHPSHUDWXUPRGHOQGRMFRWR RNMLGD

SULSVRHEWND EDOMRIWUHEQR L]JUDPpXQDWL YROXPQH XGMHO
VDVWDY PRGHOAOQNRRWIR SIH) HHDGHRQ R XMBIMCHOL NRPSRQHQDWD
REJLURP GD VX PDVHQL XGMHOL GHILQLUDQL EDA&GDUQRP
SRPRU SR]QDWLK JXVWRUD RWRSLQD VH UDpXQDMX PDVH R\
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,] WDNR L]WPDP/EQBWREQDGAELGDOMH PRJX L]JUDpXQDWL PD\
LJUD]X

.DG VX SR]QDWL PDVHQL XGOKHIGLW B @ IGKE-NHBHDN \RINGHINDINGD
NRIM Y PRIG HRWR SGEREDMN K LEHQBRWERLHQ L XBIHR '%7RGQRVQR
a J WH MB SRWUHEQRRWRMHADQMHPP U H DNRHRWDX LDAARRI
PMHSDWARYDMH SULEOLA&QR PLQXWD 1D GRG BRI/ F/MHS/RO D]
SRYUALQVNL DN Wdki-DmR QMR P MGHWIDIR%% MH WDNRYyHU V
NULVWDOLpPQH VW UDNNVGX-USD LMMHERWAUHH R SULEOLA&AQR F
RWRSLOD 'D MH WYDU RWRSOMHQD JQDPR NDG VPMHVD SR
VWYRUHQH HPXRJHMH MH SRWUHEQR RGUHGLWL NROLpPL
GRGHNDIRVIRYROISDRRI HKKNXSBRPQXPSRUX X VXVMDYX 8G
UDpXQD VH SUHPD IRUPXOL

1DGDOMH SURL]OD]L

2GQRVL YRGLNRY®RSHUPRPNRLIRNRY HODFRIY ND VXPSRURP SR
SULMH WH MH SRWUHEQR L]JUDpXQ WL GAEGUBXR IS MWMIEGROSQ WX L 1
NDNR EL VH PRIJDR SURYRGLWL HNVSHULPHQW

8] SRPRU XSUINVKX@MONMDRVH QBBMWXWB R/GPEPRVQR EUW]LQD RN
YULMHPH WUDMDQMDVOHNNFLMH PLQXWD
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6OLND ,]JJOHG VXpHOMD XSUDYOMDpPNRJI SUR
IDNR®LQRW D5 R UHMINMBIIL PDXYI B RPRUO LIJOH SUYL RHRAURDGNRP D Q

SOLQVNH NURPDGDROMB I VMHXMRREKQPRVWRMWRPNMQ XWQD
VDPRP NUDMX HNWDY®HQXMMDQ W D -
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6OLND HDNHALSYRMSGDMH B8R PHNWNNDH
6OLND BDNAAIMRWNROGNRQ SURYHGHQRJ HNVSHULPHQWD PL

8]RUFL NXRMP DM D NSWRHUIR V'I$ MQHL KLIOILRRMLK VH GDOMH
MHGDQ —/ LQMHNWLUD 3WMHQVBDPRUROBMWRWILDDQMD X]RL
VYH SOLQRYH X RSWMHFDM ] XINND MCK% SXNHHL DYNR G L SIR NJRIW R PS
GC Solution X NRMHP VH RGDELUH RSFLMRealie X5 UDEOMDQ M
GRELYHQLK SRGDWDND $QDOL]D WUDMHDMD HEBQEW®Q D UD
DQDOL]JH VH XUHYDM KODGLPRHMWRWKNR BDGXQWDQDD G [ &WWHW
X]JRUDN 8 VYUKX SRVWL]DQMD WRpPQLMLK UH]XOWDWD VYD|
'%7ZD VH SUDWL RGUHYLYDQMHP JUDQLFD VILIN\RSY BV DPOS 6L Q
VX SULND]DQD YUHPHQD ]DGUADYDQMD NRULZWHQLK RWD S

SOLMD3ULND] NURPDWRJUDPD V NDUDNWHULVWLpPQ
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7DEOLBDLND] YUHPHQD |DGUADYDQMD SRMHGLQH NRPSRQH

.20321(17% 95,-(0(=$'54$9%1-$ PLQ

R+(37%1

Q2'(.$1

R+(.6%'(.%1

"% 7
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4.5(=817$7,
8 HNVSHULPHQWX VX VH SURSHDYW® D HG Y IE XMW @ B BRONLUH WA

LVSLWLYDQMX MHGQRJ SDUDPHWUD GUXJL MH NRQVWDQWD!

4187-(&$- 7(03(5$78MNA 2.6,'$&,-8 '%A

THPSHUDWXUD UHDNFLMH f&

60LND . .RQYHUK RDPLWIRVWL R YUHPHQX UHDNFLM}
R PLQ
7HPSHUDWXUD UHDNFLMH f&

38



60LND . .RQYHUK RDPLWIRVWL R YUHPHQX UHDNFLM}
R PLQ
7HPSHUDWXUD UHDNFLMH f&

60OLND ROYHUK.RDLWIRVWL R YUHPHQX UHDNFLM}
R PLQ
7HPSHUDWXUD UHDNFLMH f&

6OLND . .RQYHUK RDLWIRVWL R YUHPHQX UHDNFLM!
R PLQ
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60OLND ..RQY FaU{LRANVLUBYRVWL R WHPSHUDWXUL L YUHPHQ>
R PLQ

42 87-(&$- %52-$ 2.5(7$-$ 0-(a$/$1%$ 2.6,'$&,-8 %7

%URM RNUHWDMD PMHADOD R PLQ

60OLND .RQYHU]JLMD X RYLVBDRVWL R YPEPHQX UHDNEFI
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%YURMUHWDMD PMHaAbOD R PLQ

60LND . .RQYHU]JLMD X RYLVQRRVWL R YUYRPHQX UHDNFL

%URM RNUHWDMD PMHaAaDOD R PLQ

60LND . .RQYHU]JLMD X RYLVQRVWL R YYUKRPHQX UHDNFL
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%URM RNUHWDMD PMHADOD R PLQ

60OLND .RQYHU]JLMD X RYLVQRVWL R YPEPHQX UHDNFI

6O0RD.RQYHU]LMBE RP¥LVQRVWL R WHPSHUDWXUL L YUHPHQ
T f&
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4287-(&%$- 95(0(1$ 1$ (.675%$.&,-8 5$),1$71( )$=(

6OLND UtiecB@e@ D XpLQNRYLWRVW HNVWUDNFLMH UDILQD)
PMH&DOD R PLQ VROYHQW RGQRYV

43.,1(7,.%$ 352&(6% 2'6

6OLNOYLVQRWW ®&®©menu2 . 7 f& R PLQ
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60LBUDUDILPNLWHYMKSRYRHLLYBIDMHR G U

44 $1$/,=$% 352'8.7$%
441 ,1)5$&59(1$ 63(.7526.23,-$,57

60OLND 2. ,5 VSHNWDU GLEHQ]RWLRIHQ VXOIR(
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442 18./$51% 0$*1(76.$ 5(=21%$1&,-$ '%7

6 O L3R.IHNMR spektar molekule GLEHQ]JRWLRIHQ '%7

18./($51% 0$*1(76.$ 5p4$1&,-$ '987

6 OLNDHNMR spektar PROHNXOH GLEHQ]J]RWLRIHQ VXOIRQD
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6OLND 5 *& NURBREWRBQDIPVSLWLYDQMHP PRGHOQH
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5. RASPRAVA
8 RYRP UDGX VX RGUHRESERUDBDRYKNEHNBIOIH RNUHWDMD PHI

PMHEDMOLQHWLND UHDNFDRVMMHUREMRG BBHOHD N DEDRMWHQR D FL
SURGXN@WMDDFUYHQRP VSHNWURVNRSLMRP .5 RGQRVQI
UH]JRQDQFLMRP 105

\SLWDXQVMW AP BHUBWNXBIHMH X' @B DN B @ OHMAR M
YULMHGQRVWLPD RPMHUD RNVLGDQV NDWBIGD/®OW RG RG
R PLQ X YUHMBQM® UHDRIEQMBPRELYDQR V SRYHUDQMHP V
NRQYHUJEDDQD%YYLP MWISRSHDWNDWXUDPD V WLRLGMHGQR PW |
NRQYHUJLMH SRV WH5HQXXOMDD S/WLX WMHFDMD WHPSHUDWXUH Q
VOLNDPD,] JUDILPNLK SULND]D L YLGOMLY MH ]JQDWQR

SUL QLALP WHMSHAHDNWXRIDP@®H YSRVWHGOQRYYHU]JLMD VX Ql
RGQRVQR QD RM&P XQXWL UHDNFLMH 1DVXSURW WRPH
f& VOLNH RWHPLDOQOXWL VX GRVHIWEWHRRWRYRMH ]

SURID]L GD VH HNVSHURGHYW SWRLPIHHIRAM XUL V LVWRP XpL
RPRIXiUXMH RGUHYHQX XaWHGX HQHUJLMH

5H]XOWDWRDQD V®UKDND]XMX XWMHFDM EURMD RNUHWD
'%7ZD SUL VWDOQRM WHPSHUDWXUL RG f& L RPMHUX RNVL
WUDMDBNMDFLMH GR PLOQXWD 3ULLQBIMBPOQMHFSRURNNK RN
EODJL SRUDVW NEONWHBPLOGD YULMHGQRVW R® M NPRQXWRV V
SURFHVD 3UL EUMRHVED ®DNWRBNVDMIRPLQ RVWYDUHQWQWH X L
NRQYHU]J]LMD ODNVLPDOQD YULMHGQRVWDNREYHN YLSWH LN H
SURYHGHQ SUL RGQRVOQR R PLQR M GPLL @ XRWLR A NAWCSXHpLDL
6 REJLURP GD VX GRELYHQH YULMHGQRVW IO XRDN¥X GRRVIXIC
LGHQWRBRO®HVH |DNOMXpHWMHGED IMHR PRASMIHAQR NRULVWLWL
PMHADOD WLMHNRP HNVSHULPHQWD

3URFHV HNVWUDNFLMH QDNRQ RNVLGDFLMH SURYHGH
XYMHWLP WHPSHUDWXHWMIRMD FEHENRMX RRWPLQRWL L VF
3URYHGERP SURF R W NMNKDNFAUNME NRQYHU]RMHP LRV IH

X RM PLQXWYUIGWRHNGORMWRMKPLQXWL VX MHGQDNH L L]Q
QDYHGHQLP\WYMHWLPD

*UDILPNL SULND]DQ S¥NDPEMODQWOQ E Q HD UDUH RISQIR W B C
YLVRNRP YULBRW®BYXWMHS5GREUR VO D BOGENY RJ REI'GDUHD N F
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SURRISMHQLWR UDpPXQDMX VH NRQVWDQWH EUJLQH N ]D V)
SRGDWDND GRELMX VOLPQH YULMHGQRVWL NRQVWDQWL N
VUHGQMD YULMHGQRVW NRQ VWD QWM HE® QLRYHV LU HIMHFYL\WOHD 3
SUHWSRVWDYND R UHGX UHDNFQXWV E LW DG WXIRM SURWRSR
GUXJDPLMHP UH®X UDHDNFLWH WHPSHUDWXUHRGP&YyH QK
YULMHGQRVWL NRQVWDQWH EU]PQA L]QRYE PLQ
/ILWHUDW XU QRGN HY GERRPD YLQRIHGQRVWL NRQVWDQWH EUJLQF
4WR VH VODAH V SURYHGHQLP HNVSHULPHQWRP

SLND SULND]XMH NLQHWLNX SUREBND \RNVIWGHEUKHQRGC
L]UDI®UH VL YolBQUNMRN HGHQR|@HpLWLP WHPSHUDWXUDPD  f&
NRQVWDRPWHRIX RNVLGDQV NWW DL D WRRBG & D RMMLXQ
YUHPHQVNRP SHOLRGAXRM® ®R]LQD UHDNFLMH RYLVL R UD
XNOMXpXMXiL NROQFRQWUDFEMH ERE VUHG2EMDL RPHGW HWPIS
RNVLGDFLMVNR VUHGVWYR GRGDMH X VXYW NNKD R NHRD NVFHL |
SVd»SUYRJ UHGD WH VH ]JERJ WRJD [5 RB\WR WQR RBNSR G P HOMX
GRELYHQLK UH]XOWDWD L]JUDpXQDWD NQPR&OLMRV\WENWXYL
>&+71 &35 >+1D3:2 @ 2 /L L VXUDGQLNXIQ K IpXWOYDFLMH ]D
L '0'%7 od L N- PRO D S|RO VRN WORHWBWDWO M D
NLVHO2Z QRG + N- PRO ]D RNWAGDFLMX -

6OLNDSULND]XMH VSHNWDU LQIUDF U YNHQLY WG DN WQUIRMA
UHDNFRMRPGDFLMH PRGHOQHRRUWMISY QHPGMHQR R RIS HNW U X
R]QDpHQL NDUDNWHULVWLpPQL VLIQD®EZ2PROIHSXNOE BLEBIH ¢
FUYR@ERMRP VX GRND] EHQ]JHQVNH MH]JUH 2QL VH QDOD]H
FP- FPAWR MH NDUDNWHULVWLpPQR XSUDYR ]D DURPDW VN
R]QDPHQD SODYRP ERMRP VX strgngBec R2 @ D NIHHVXDRP®U X HVOQX
YDOQLK GXOMLQP RGFPL GRND] VX SRVWRMDQMD VXOIR
NDUDNWHULVWLpPQL VLIJQDOL VXO IR NVEK SNOW IS\W X L=UHEDQHLQ DV |
SUVWHQ NRML VH SULECAVRR/ Q@ DODRN MBS D QEP SIRGHD W F L P L
NRMLPD EL VH VLIJQDO WUHEDR QDODJLWL L]PHVX L FP

+105 VSHNWDLL'9%872X SULND]DQL LQD1BOLNDNPWUX '% 7 2
VOLNIYLGOMLYRRPHL GRGLND NRML VX R]QDpHQL FUYHQRP
VSHNWUHGVWDYOMDM XYE'SEHDMRYBR 2\DHLG\DIP RRGLN VWRJID M|
SUDYLQI)GMKHEWHRM YRGLND QDWRNBWEPIRMNRW®DDH/XLRIUYHQRI
ERMRP VXMHQMHIRP SRGUXPMX QLVNR SROM K XYX VCRNHH YULF
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GLR VSHNWUD }DWMPROLMRMRGVX R]QDpHQL OMXELpPpDVWRP E
XSUDYR EOL]JLQD VXOIRQD NRML VDGU&L HOHNWURQHJDWL
DQL]JRWURSLMD WM QHUDYQRPMHUQIREDODASRGHWMRPL JXN
R]QDpHQL SODYRP L JHOHQRP ERMRP NHPLMVNL HNYLYDO
LPDMX DWRPD YRGLND QD VXVMHGQLP & DWRPLPD =HOHC
YULMHGQRVW SRPDND RG SODYLK L2YWR/WRB WHH (P RDH RGHQ
XWMHFDMHP HOHNWURQD L] VDPRJ SHWHURpPODQRJ SUVWH (
JUDQLFDPDI9BGP SIS\P/R SRWYUYyXMH GD VH UDGL R DURPDWVN|

6OLNDSULND]XMH UH]XOWDW [SOLQLVMR B URY RBH\PRJI UL
SULOR&HQRP NURPDWRJUDPX VH YBGWH PNDAIDENGANRY IDYXEOMAME
YUHPHQX ]DGU&DYDQMX NRMD VX SLRMWLKSRIGQ) R BMHGRERH D 5 |
SRVWRMDQMD GLEHQ]RWMRIISQNVEOMRERBH 'YO7QUADYDQMD
RGQRVQR YLGH VH SDUDOHOQR L '%7 N@MSRWSWRODU NRIQY R L
'DNOH X RYRP UDGX VX SURYHGHQH UD]OLpLWH NYDOLWD
RYRJ SURFHVD RGQRVRRBRNVLGDFLMX '%7
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8 UDGX VX LVWUD&HQL XWMHFDML WHPSHMBRMXQUMN QDE
UHNDFLMX RN\DL GIDALRWHH U%\7X ]D LVWX UHDNFLMX RGUHVHQF
UHDNFLMH L HQHUJLMH DNWLYDFLMH

8 UDVSRQX LVSLWLYDQLK WHPSHUDWXUD f& & j
GHVXOIXUL]DFLMH QDM Y HIPV WHLGNRNIW MRS MU B WKIHVRG |
YHU XRM PLQXWL SRVWL&H NR @ WHIRN-MNRRREWLL P DO DG D
NRQYHU]LMD

3ULVSLWLYDQMX EUJLQH RWNHEHDVDDM@®D RHEKIIDLL NJRIJ XFO W D \
QDMYHULP EU]JLQDPD L R PLQW QDGR QIHHR YRAWD Y HQ
PLQXWILLOWHEDQMD RG L R PLQ QLVX EL®RMHRWIWDW
SD VX SRVWLJQXWH NRQYHU]JLMH ]QDWQR PDQMH

'RELYHQIOWBWL X LVSLWDQRP SRGUXpMX SURFHVQLK X
HNVSHULPHQW PR&H SURYRGLWL V LVWRP XpLQNRYLWR&UX
RPRIJXUXMH SRVWL]DQMH RGUHYHQLK HQHUJHWVNLK XaWHG

1DNRQ SURFHVD RNVLGDFLMH SURYHGHQD MH HNVWUD!
WH MH LVWUD&HQ XWMHFDM YUHPHQD SURFHVD SUL UDQLY
RG f& EURMX RNUHWDMD RROWHIADO R G QR RQROWL SURYHGHE
HNVWUDWELMHXS® MH XpLQNRYLWRVW RG

*UDILPNL SULND]DQ SXBNPMEDQDOQEQ HFD WG RIE@MIR W D Q
YLVRNRP YULBRW®BYXWMH5GREUR VO DBOGEWH RJ RBLEDUHD R'H
SURBHY pHPX VX LJUDPpXQDWH NRQVWBDR@H ERLJQQH UHDNFL!
PLQ PLQ 9ULMHGQRVW HQEUILJQRVDNWLEWRMMAE EOL]X
OLWHUDWXUQLP SRGDWFLPD

50



323,6 6,0%2/%

'0'% 7 "GLPHQLFOEHRIHQ

0" %7 -GLPHWLOGLEHQ]RWLRII
-0'%7 -PHWLOGLEHQ]RWLRIHQ
$'6 $GVRUSFLMVND GHVXOIXL
$02 $OXPLQLMHY ,, RNVLG
$3, $PHULPNL LQWLWXW ]D Q
$ U6 + $URPDWVNL WLRO
%' 6 %HQ]RWLRIHQ
% U %URPLGQL LRQ
% 7 %HQ]RWLRIHQ
% ) 7HWUDI®XRUERUD
&0 .ORULGQL LRQ
&0 .ORU
&' &0 _.ORURIRUP
&R OR .REDOW OROLEGHQ
"% 7 'LEHQ]RWLRIHQ
"% 72 'LEHQ]RWLRIHQVXOIRNVL!
"% 72 'LEHQ]RWLRIHQ VXOIRQ
'0'%7 'LPHWLOGLEHQ]RWLRIHQ
'0) 'LPHWLOIRUPDPLG
'062 'LPHWLO VXOIRNVLG
('6 (NVWUDNFLMVND GHVXOI)
(D (QHUJLMD DNLYDFLMH
)7%,5 JRXULHU WUDQVIRUP ,QIU
), 30DPHQR LRQL]DFLMVNL GHWHNW
* & *DV FKURPDWRJUDSK\
+ 2 9RGD
+2 9RGLNRY SHURNVLG

+S 6 XPSRURYRGLN

51



1H
105
1L

2'6
26&
3%7
3D
3SP

>6+
>SS 5
62

7%+3
706
72%%

ty

JRVIRYROIUDPRYD NLVHO
+LGURGHVXOIXUL]DELMD
+HOLM

J,RQVNH WHNXULQH
HOYLQ

3URVWRUQD EU]LQD
ODNVLPDO QD NGRRBXHGWHA QD
.RRUGLQDFLMVNL EURM P
'X&ELN

1HRQ

1XNOHDUQD PDJQHWVND
1LNDO

.LVLN

2NVLGDFLMVND GHVXOIXL
2UJDQLFFRPSIRNQ G
3RYUML@WWLYQD WYDU
3DVNDO

3DUWV SHU PLOOLRQ
2SiD SOLQVND NRQVWDQ"
$ONLOQL WLRO
'LVXOILGL

6XPSRURY GLRNVLG
9ULMHPH UHDNFLMH
7THPSHUDWDNBLMH f&
7H{EXWLO KLGURSHURNVL
7HWUDPHWLOVLODQ
WHWU P RNWIPOED RPLG
7HPSHUDWXUD YUHOLAWD
9DQDGLM
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[,7(5%$785%

KWWS Z7ZZ HQFLNORSHGLMD KU QDWXNQLFD DVS["LG
6 HW.RQGBURFHVL SUHUDGH QDIWH ,QWHUQD VNULSWD
WHKQRORJLMH =DJUHE

%DELFK , 9 ORXOLMQ - 6FLHQFH DQG WHFKQRORJ\
GHVXOIXUL]DWLRQ RI RLO UHILQHU\ VV\WUHDPV D UHZLHZ )>
-DQRYLUO = Naftniipetrokemijski ppoteRL]YRGL =DJUHE

&DP-IBUWLQ - 06D@PISHIO 0 &3UBNMDM] 3 JLHUUR - [ * 2
SURFHVVHV Rl '"HVXOIXUL]DWLRQ RI /LTXLG )XHOV ,QVWL
ODGULG 6SDLQ 6 WU

.LP- +0D; =KRX 6RQ& 8OWUD FOHDQ GHVXOIXUL]DWLRQ D
GLHVHO IXHO E\ VHOHFWLYH DGVRUSWLRQ RYHU WKUHH C
VHOHFWLYLW\ DQG PHFKDQLVP-8DWDO 7RGD\ 111
7 6WDQLVODXV ®DQDUDI&E $HFHQW DGYDQFHV LQ WKH VFI
XOWUD ORZ GLHVHO 8/'6 SURGXFWLRQ &DWDO 7RGD\

5D@J .DQ®R 2MD $GYDQFHV LQ GHVXOIXUL]DWLRQ UHVHDU

JRUG - \QH50 $ $GOLQIJIWRQ ' * '"HVXOIXUL]DWLRQ RI K

YRUG - ) 5D\QH 7 $ $GOLQJWRQ ' * 'HVXOIXUL]D
R[LGDWLRQ WQHDKMABHRW 86
0= :DQ Y -<HEhhance effiency of tetraoctylammonium fluoride applied to

ultrasound- DVVLVWHG R[LGDWLYH GHVXGhSYQDPDNDLRIPEABS2' SU
.RAXWLLILNDOQD NHPLMD ,, LQWHUQD VNULSWD ).,7 =D.
*UHHQVSDJLGDWIERVQL RBGYW ZLWK $OLSKDWIQR 38KIBFLGV
IDQMX & 6KDRKXL * 'LVKXQ = -LDOLQ : DQG 7RQJ
RYHU 6LOLFD *HO 8VLQJ +\GURJHQ 3HUR[LGH DQG )RUPLF
& P UH® Wiiprava i identifikacija polioksometalata GLSORPVNL UDG 3ULUR
PDWHPDWLpPpNL IDNXOWHW =DJUHE
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+DMGLORMMEROMADQMH (ILNDVQRVWL 2NVLGDFLMVNH "HVX
Aktivnih Tvari

7HO )DLUEU&GI3HQ¥ 2[LGDWLRQ UHDFWLYLWLHV Rl GLI
polyoxometalate/bD, and formic acid/HO, systems,$S S &D WID O HZ19 -

5DODOEBYRG X NHPLMX RNROLaAD LQWHUQD VNULSWD ).,

.HANLWGWDWLVWLPND DQDOL]D UDYQRWHAQRJ SURFHVD
kapljevinske ekstrakcije, GLSORPVNL UDG ).,7

. HQQHWK 0 'R[VHH -D P@r¥en( OrgaXievEhemistiy,(Btrategies, Tools,
DQG /DERUDWRU\,JBRBVRIQOQWBUQLQJ 86%

$MDP 0 OHWDWKHVLVY DQG K\GURIRUP\ODWLRQ UHDFWL
6YHXpLOLAWH X -RKDQQHVEXUJX

=KX =KX * /L + &KDR < =KDQJ O ‘X ' :DQJ 4
NLQHWLFV RI R[ILGDWLYH GHWXGS HX 8 RI®\R { BB MDD YWKHP | O E T
)XHO 3URFHVV 7HKQRO -

6XVOLFN . 6 6RQRFKHPLVWU\ 6FLHQFH -

*RP]L = .HPLMVNL UHDNWRUL +,186 =DJUHE
3DYLD /DPSPDQ * O . irdductionéo Spectroscopy 7KLUG HGLWLR
VWU

3 R SRY LUifracevena Spektroskopija 6NULSWD |]D LQWHUQX XSRUD
PDWHPDWLpPNL IDNXOWHW

KWWS ZHEERRN QLVW JRY FKHPLVWU\

-RVNLUO 5 ODUIHW.RQGDGHUANRULYD L PD]JLYD -
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35,/2=,
89 9,6 VSHNWUL SRpHONIQRUR/GRNMWD RNVLGDFLMH "'%72
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a,92723,6

, YDQD 6RNRO MHWDOIMRYMQIBRGLQH X 6SOLWX 5HSXEOLND +U
]IDYUADYD RVQRYQRFXNMDWX .BOM&EQH XSLVXMH 3ULURGRVOR?
6SOLWX ODWXULUD JRGLQH L LVWH JRGLQH XSLVXMI
WHKQRORJLMH X 3#OPLHWEXQ MHDXOGNMPLMD 1D GUXJRM JRGL
RGUDYyXMH X ODERRGRWRLE MXNWYDWINNDFLMD G R R 6SOLW
FINXOWHWX NHPLMVNRJ LQAHQMHUJRWGYQH WHKQRORJLMH ]D
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