acta universitatis lodziensis
2009
Folia Biologica et Oecologica 5: 5-19
(Acta Univ., Lodz, Folia Biol. et Oecol.)

KATARZYNA PARASZKIEWICZ, ALEKSANDRA FELCZAK & JERZY DLUGONSKI

Department of Industrial Microbiology and Biotechnology, University of L.6dz, Banacha 12/16, PL-
90-237, Lodz, Poland

APPLICATION OF FUNGAL WASTE BIOMASS ORIGINATING FROM
STEROID HORMONE MANUFACTURE FOR HEAVY METALS
REMOVAL

Abstract: The biomass of Curvularia lunata, used previously for hydrocortisone
production, was investigated as a heavy metal biosorbent. Removal of lead, zinc and
cadmium ions was evaluated as a function of biosorbent dosages, initial ion
concentrations, mode of mycelium modifications, initial pH of metal solutions and
when these metals ions where presented in binary as well in ternary combinations.
The results presented in this paper indicate the potential utility of C. lunata waste
biomass for lead and, to a lower extent, for zinc and cadmium ions removal from

acid solutions.

Key words: Curvularia lunata, heavy metals, hydrocortisone production, waste

biomass

1. INTRODUCTION

Pollution of the environment by heavy metals is a serious ecological
problem. The main sources of these contaminants are wastes from metallurgical and
metal finishing industries, galvanizing, electroplating, battery and chemical

manufacturing. After being released into the environment, toxic ions of heavy
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6 Application of fungal waste biomass

metals are bioaccumulated throughout food chain, which can cause ecological and
health hazards (MALIK 2004; IQBAL, EDYVEAN 2004). There are two groups of
methods for removing heavy metals from wastewaters: conventional and biological.
Conventional processes include physico-chemical reactions such as filtration,
precipitation, oxidation, reduction and ion exchange. The mentioned techniques
appear to be costly and ineffective in case of effluents with low metal concentration,
particularly in the range of 1-100 mg I’ (SAEED et al. 2005). Due to this fact,
biological methods, like biosorption, have focused a great deal of attention, as an
attractive alternative for heavy metal removal (AHLUWALIA, GOYAL 2007).

Many studies demonstrated that diverse materials of biological origin such as
plants, bacteria, algae, yeast and filamentous fungi can be successfully used to take
up heavy metals from aqueous solutions (IQBAL, EDYVEAN 2004; SAEED et al. 2005;
Lo et al. 1999; SOARES et al. 2002; HAN et al. 2006; AKsU, DONMEZ 2006;
MELGAR et al. 2007). Nevertheless, commercial application of sorbents originating
from microorganisms may be limited due to the costs involved in the production of
biomass. Filamentous fungi and yeast are widely used in a variety of industrial
fermentation processes (e.g. production of antibiotics, organic acids, enzymes and in
brewery industry). Additionally, since fungal biomass is an abundant by-product and
is of little use, it may be an inexpensive source of biomaterial for heavy metal
remediation processes. It is well documented that waste biomass derived from fungi
of biotechnological importance (mainly species of Aspergillus, Fusarium,
Penicillium, Mucor and Saccharomyces) can be used as heavy metal biosorbents (L0
et al. 1999; KAPOOR et al. 1999; JIANLONG et al. 2001; GOKSUNGUR et al. 2005;
PARK et al. 2005; MUNGASAVALLI ef al. 2007).

The 11B-hydroxylation of cortexolone is a transformation widely used in
pharmaceutical industry. It is a direct way to obtain hydrocortisone, an effective
anti-inflammatory drug as well as an important precursor of other pharmaceutical
corticosteroids (FERNANDES et al. 2003). Filamentous fungus Curvularia lunata is
one of the most promising cortexolone 11B-hydroxylators (PARASZKIEWICZ et al.

1998; LU et al. 2006). To our knowledge, no research has been carried out on the
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heavy metal removal by waste mycelium of C. /unata obtained after cortexolone
conversion to hydrocortisone.

The aim of the presented study was to investigate the ability of dead biomass
of C. lunata to remove heavy metals from aqueous solutions. For experiments was
chosen the wild strain of C. Iunata IM 2901 with the confirmed ability of 11f-
hydroxylation of cortexolone (WILMANSKA ef al. 1992; PARASZKIEWICZ et al. 1998;
KANWAL et al. 2001). The basic characterization of heavy metals binding by
growing mycelium of this fungus and by its emulsifier had been previously
described (PARASZKIEWICZ et al. 2007). Microbial uptake of metals is significantly
decreased in wastewaters of low pH. In experiments described in this paper pH
values of metal solutions were from 4 to 6 because we were particularly interested in
the possibility of heavy metal removal from acidic wastewaters, without preliminary

pH adjustment.
2. MATERIALS AND METHODS
2.1. Microorganism and maintenance

The filamentous fungus Curvularia lunata (Wakker) Boedijn IM 2901 from
the collection of the Department of Industrial Microbiology and Biotechnology,

University of Lodz was used in the study. The fungal strain was maintained on ZT

slants (PARASZKIEWICZ et al. 2002) at 4°C and transferred at 2-month intervals.
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SUHFXOWXUH FRUWH[RORQH GLVVROYHG LQ HWKDQRO ILQDO FR
DQG HWKDQRO LQ WKH FXOWXUH Y Y 7KH DFKLHYHG K ROG
PO ZDV LQWURGXFHG LQWR (UOHQPH\HU IODVNV FRQWDLQLQJ

DQG VXSSOHPHQWHG ZLWK FRUWH[RORQH GLVVROYHG LQ HWKDQ
VWHURLG J = DQG HWKDQRO LQ WKH FXOWXUH Y Y )LQDO
RQ D URWDWRU\ VKDNHU LQ FRQGLWLRQV GHVFULEHG DERYH IRU

, VRODWLRQ DQG SUHWUHDWPHQW RI WKH IXQJDO ELRPDVYV

$IWHU IXQJDO JURZWK DQG FRUWH[RORQH WUDQVIRUPDWLRC
FXOWXUH D PL[WXUH RI FKORURIRUP DFHWRQH ZDV DGGHG
UHSHDWHG WKUHH WLPHV 7KH FROOHFWHG ZDVWH ELRPDVV ZDV
GHLRQLVHG ZDWHU IRU FXOWXUH EURWK DQG RUJDQLF VROYHQW)
,Q WKH QH[W SDUW RI WKH ZRUN ELRPDVV SUHSDUHG LQ WKLV
XQPRGLILHG RU ZDVWH ELRVRUEHQW
,Q VRPH H[SHULPHQWYVY P\FHOLD PRGLILHG SUHWUHDWHG ZL
K\GUR[LGH 1D2+ ZHUH XVHG (WKDQRO WUHDWHG VDPSOHV RI EI
E\' VXVSHQGLRJ Z&HHWOXQBIRIPDVY RQ RI HWKDQRO 7KH
PRGLILFDWLRQ SURFHGXUH ZDV FDUULHG RXW DW URRP WHPSHU
USP IRKRXU $IWHU SUHWUHDWPHQW SURFHGXUH WKH ELRP
ZDVKHG VHYHUDO WLPHV ZLWK GHLRQLVHG ZDWHU DQG WKHQ O\F
1D2+ ZDV FDUULHG RXW DFFRUGLQJ AR "MMMHDROHWKRG GHVFULEHG
1D2+ WUHDWHG P\FHOLXP ZDV S RHIZMHWHGLR\PPRVRILQ J
1 1D2+ VROXWLR@ IRALRPDVYV SUHWUHDWHG ZLWK VRGLXP K\GL
ZDVKHG ZLWK GHLRQL]HG ZDWHU XQWLO WKH S+ UHDFKHG WKH C
DQG WKHQ LW ZDV O\RSKLOLVHG

OHWDO VRUSWLRQ VWXGLHV

7KH VWDQGDUG VWRFN VROXWLRQV 0 ZHUH SUHSDUHG
UHVSHFWLYH QLWUDWH VDOWY RI WKH PHWDOV LQ GHLRQLVHG Z
VROXWLRQV 0 ZHUH DGMXVWHG WR UHTXLUHG YDOXHV



6RUSWLRQ H[SHULPHQWV ZHUH FDUULHG RXW LQ PO (U
FRQWDLQLQJ PO RI RU PO VLQJOH PHWDO VROXWLRQ DQ!
ELRPDVV DW D ILQDO FRQFHQWUDWLRQ RI RU J = JRU VWXG
IURP ELQDU\ DQG WHUQDU\ VROXWLRQV WKH FRQFHQWUDWLRQ |
VROXWLRQ ZDV PO 7KH VDPSOHV ZHUH LQFXEDWHG RQ D URWD
DW f& IRU KRXUV 7KHQ PHWDO ORDGHG P\FHOLXP ZDV VHSE
OLOOLSRUH ILOWHUV ZLWK DP SRUH VL]H DQG GULHG DW
OHWDO FRQFHQWUDWLRQ LQ WKH P\FHOLXP VDPSOHV ZDV DQDO\]
DEVRUSWLRQ VSHFWURPHWHU 6SHFWUD @ABFERUGLQJ WR WKH P/
DQG xJR VNL 7KH HIILFLHQF\ RI PHWDO LRQV UHPRYDO ZDV FDOF
RQ WKH ZHLJKW RI PHWDO LRQV FRQWDLQHG LQ WKH ELRPDVV SHU
PHWDO LRQV ZHLJKW LQ WKH VROXWLRQ SHU $00 GDWD UHSI
LOGHSHQGHQW H[SHULPHQWYV $Q DYHUDJH VWDQGDUG GHYLDWLRQ

5(68/76
&RPSDULVRQ RI WKH HIITHFWLYHQHVV RI GLIITHUHQW KHDY\ PHWI
ELRPDW BXKQDWD

,Q WKH ILUVW SDUW RI WKH ZRUN WKH UHPRYDO RI VHYHQ YD
VWXGLHG OHWDO XSWDNH ZDV FRQGXFWHG E\ XQPRGLILHG P\Ft

FRQFHQWUDWLRQ R J = VXVSHQGHG LQ VLQJOH PHWDO VROXW
S+ 7KH UHPRYDO HIILFLHQF\ IRU 3E =Q &GaU &X &U 1L
IRXQG WR EH DQG UHVSHFWLYHO\

%HFDXVH WKH KLIJKHVW UHPRYDO HIILFLHQF\ RFFXUUHG LQ JV I =
WKHVH WKUHH PHWDOV ZHUH VHOHFWHG IRU IXUWKHU LQYHVWLJDW

(I "THFW RI WKH ELRVRUEHQW GRVDJH DQG WKH LQLWLDO FRQFL!
DQG FDGPLXP RQ WKH UHPRYDO HIILFLHQF\

(INMLFLHQF\ RI 3E =Q DQG &G UHPRYDO zZ®»V H[DPLQHG DV D
OXQEWWPDVV GRVDJH DQG J = DV ZHOO DV WKH LQLWLDO FR



PHWDO DQG PO OHWDO XSWDNH ZDV FRQGXFWHG E\ XQP
VDPSOHV VXVSHQGHG LQ VLQJOH 3E =Q RU &G VROXWLRQ D
UHPRYDO HIILFLHQF\ RI KHDY\ PHWDO LRQV ZDV LPSURYHG DOPR
RI'D KLIJKHU GRVH RI ELRPDVV )LJ ORUHRYHU DV VKRZQ LQ )L
LQ WKH LQLWLDO FRQFHQWUDWLRQ RI KHDY\ PHWDO IURP \
LQFUHDVH LQ 3E =Q DQG &G UHPRYDO HIILFLHQF\ ZDV DFKLHY

WR DQG UHVSHFWLYHO\ ,Q FRQFOXVLRQ FRQG
IXQJDO ELRPDVV DQG KHDY\ PHWDO LRQV DW WKH LQLWLDO F
SURPRWLQJ WKH UHPRYDO RI OHDG ]JLQF DQG FDGPLXP ZHUH XVt
VWXG\

3E =Q &G & X & U 1L u
+HDY\ PHWDO

)L 5HPRYDO HIILFLHQF\ RI 3E =Q &G &X &U 1L DQG &R IURI

VROXWLRQV DW S+ E\ & DO XWODWIIR FHRQWF HRQWUDWLRQ R J =
VXVSHQGHG LQ VLQJOH PHWDO VROXWLRQV PO 'DWD DUH PHEL

(IM"HFW RI ZDVWH ELRPDVV PRGLILFDWLRQ RQ OHDG ]JLQF DQG
HIILFLHQF\

(IMHFWLYHQHVY RI KHDY\ PHWDO UHPRYDO IURP VLQJOH PHW
E\ XQPRGLILHG 1D2+ SUHWUHDWHG DQG HWKDQRO SUHWUHDWH
OXQWWDFKHG IRU 3E a DQG IRU =Q DQG



%LRVRUEHQW FROAFRH@ WUDWLRQ

)LJ 7KH LQIOXHQFH RI ELRVRUEHQW GRVDJH RQ 3E =Q DQG
HIILFLHQF\ I[IURP VLQJOH PHWDO VROXWLRQV PO DW S+ %ODF
=Q ZKLWH EDUV &G 'DWD DUH PHDQ “ 6' Q

+HDY\ PHWDO FRQFHQWUDWLRQ >P0@

)LJ  7KH LQIOXHQFH RI WKH LQLWLDO FRQFHQWUDWLRQ RI 3E
PHWDO LRQV UHPRYDO HIILFLHQF\

IURP VLQJOH PHWDO VROXWLRQ)
RI &XQDWDD FRQFHQWUDWLRQ R J = %ODFN EDUV 3E

&G 'DWD DUH PHDQ “ 6' Q

JUH\ ED|



&G DQG UHVSHFWLYHO\ )LJ 7KH GDWD PHQWLRQ
WKDW ERWK FKHPLFDO SUHWUHDWPHQW SURFHGXUHV XVHG LQ \
3E VRUSWLRQ FDSDFLW\ RI WKH ELRPDVV DQG KDG RQO\ OLWWO
UHPRYDO
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3E =Q &G
+HDY\ PHWDO

)L ,QIOXHQ@FHORQRDDNWH ELRPDVV PRGLILFDWLRQ RQ 3E =Q D«
UHPRYDO HIILFLHQF\ IURP VLQJOH PHWDO VROXWLRQV DW S+ El
= LQLWLDO FRQFHQWUDWLRQ RI KHDY\ PHWDO PO :KLWH ED!
JUH\ EDUYV 0 1b2+ SUHWUHDWHG ELRPDVV EODFN EDUV

ELRPDVV 'DWD DUH PHDQ “ 6' Q

5HPRYDO RI OHDG ]JLQF DQG FDGPLXP IURP ELQDUN DQG WHUQ

,QGXVWULDO HIIOXHQWY DUH XVXDOO\ FRPSRVHG RI VHYHUI
7TKHUHIRUH UHPRYDO RI 3E =Q DQG &G IURP VLQJOH PHWDO VR
ZLWK WKH HIILFLHQF\ RI WKLV SURFHVV UHFRUGHG IRU ELQDU\
FRPELQDWLRQV 5HVXOWY SUHVHQWHG LQ )LJ UHYHDOHG WKDW
DQG FDGPLXP LRQV GHFUHDVHG DSSUR[LPDWHO\ E\ DQG UHV
WZR PHWDOV ZHUH SUHVHQWHG WRJHWKHU 7KH SUHVHQFH RI 3E
WKH VRUSWLRQ RI JLQF DQG FDGPLXP LRQV S$ERXW IROG GHF



HIILFLHQF\ ZDV GHWHFWHG IURP ELQDU\ =Q 3E DQG WHUQDU
VIVWHPV DV FRPSDUHG ZLWK VLQJOH =Q VROXWLRQ UHVSHFWLYF
ZLWK 6LPLODU VWURQJ GHFOLQH RI UHPRYDO HIILFLHQF\ ZD
ZKHQ WKHVH PHWDO LRQV RFFXUUHG LQ FRPELQDWLRQ ZLWK 3E R
FRQWUDVW WKH UHPRYDO RI 3E IURP DOO H[DPLQHG PHWDO V
3E &G DQG S3BE =Q &G ZDV DOPRVW DV HIILFLHQW DV QRWHG
FROQGXFWHG LQ WKH VLQJOH 3E VROXWLRQ UHVSHFWLYHO\
FRPSDULVRQ WR

=Q XSWDNH
+HDY\ PHWDO

)L 5HPRYDO HIILFLHQF\ RI 3E =Q DQG &G IURP ELQDU\ DQG
VROXWLRQV DW S+ E\ ZODYVOQVCHMERRRPODENOQRM BRQFHQWUDWLRQ J =
LQLWLDO FRQFHQWUDWLRQ RI HDFK KHDY\ PHWDO PO % ODFN

VROXWLRQ JUH\ EDUV ELQDU\ RU WHUQDU\ PHWDO PL[WXUH 'DWI

7KH HIIHFW RI S+ RQ OHDG ]JLQF DQG FDGPLXP UHPRYDO

$V VKRZQ LQ )LJ WKH XSWDNH RI 3E =Q DQG &G FRQGXF

PHWDO VROXWLRQV RFFXUUHG WR EH S+ GHSHQGHQW 7KH LQFUF

YDOXH IURP WR DFFHOHUDWHG WKH UHPRYDO HIILFLHQF\ RI 3E
DQG UHVSHFWLYHO\ WR DQG
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3E =Q &G
+HDY\ PHWDO
)LJ ,QIOXHQFH RI S+ RQ 3E =Qa DQG &G ~ UHPRYDO HIILFLHQF\
VROXWLRQV E\ ZDVWHXGDRERVRUEH®QW FRQFHQWUDWLRQ J = |
FRQFHQWUDWLRQ RI KHDY\ PHWDO PO :KLWH EDUV S+ JUt
EDUV S+ 'DWD DUH PHDQ * 6' Q
', 6&866,21

7KH GHDG ELRPDVV Rl ILOOPHOWRXREDOQQIRWM G DIWHU
K\GURFRUWLVRQH SURGXFWLRQ YLD FRUWH[RORQH FRQYHUVLRQ
PHWDO ELRVRUEHQW $PRQJ VHYHQ KHDY\ PHWDOV 3E =Q &G
WHVWHG WKH P\FHOLDO ELRPDVV H[KLELWHG WKH KLJKHVW UHPF
DQG &G $ VLPLODU RUGHU RI XSWDNH LQWHQ®WLW\ 3E!=Q!&G!1L
DQ®&O5$5%*+%$9%1 IRU GHDG P\BXPRYNPURK[IDLKHDY\ PHWDO
ELRVRUEHQW 7KH KLIXHUPWHBHQLXR WR&HDG WKDQ WR RWKHU K
PHWDO LRQV LV LQ OLQH ZLWK PDQ\ VWXGLH¥Y¥oRQ GLYHUVH X!
(G\YHDQ OHoJDHIW DO .psrRRHW DO *gNvxQdHW DO
6a DED'O XJ®., 7TKUHH VWUDLQV R &XOUYRBDOQWIRX\O XXQ@M D

WKH VDPH DV XVHG &XQ YWRDW LDR WX EH U X0 W D
SDHFLORP\FHV PDUTX®PQYHBYILRXVO\ WHVWHG E\ XV GXULQJ WKH J
OLTXLG PHGLXP DOVR DFFXPXODWHG OHDG ZLWK KLJKHU HIILFLHC



3DUDVINLHZHW] DO $FFRUGLHOR XWER XML \DO D JUHDWHU
VRUSWLRQ RI 3E WKDQ RI PDQ\ RWKHU KHDY\ PHWDOV H J =Q &
EH SDUWLDOO\ H[SODLQHG E\ D KLJK VWDELOLW\ FRQVWDQW IRU 3
IXQJDO VXUIDFH

7KH SRVVLELOLW\ WR HQKDQFH KHDY\ PHWDOV UHPRYDO DV I
FKHPLFDO SUHWUHDWPHQW RI SODQW DQG PLFURELDO ELRVRUEH
UHVHDU®KHWBEW DO .$3225 HW DO *g.681*85 HW DO
0xQJbvbypkdhW DO 7KH LPSURYHPHQW RI PHWDO ELQGLQJ SURSHI
PRGLILHG ELRVRUEHQWY FRXOG EH H[SODLQHG E\ WKH LQFUHDVH
PHWDO ELQGLQJ VLWHY DWWULEXWHG WR WKH FOHDQVLQJ HIIHFW
RI ELQGLQJ VLWHV RU FKDQJLQJ LQ$3WXsHHWYBI@WDOO VXUIDFH FKD!
*g.681*85 HW DO 'DWD SUHVHQWHG LQ WKLV SDSHU UHYHDOHG WK
PRGLILFDVELRQXVQOPBWIDOLXP ZLWK 1D2+ RU HWKDQRO GLG QRW HQKD
3E =Q RU &G VRUSWLRQ FDSDFLW\ 7KH VDPH H[SHULPHQWDO U
HWKDQRO DV ZHOO DV & D@ X CGAMWEDDNR/HRDWXRH G WKH UHPRYDO RU D
OHDVW LQDFWLYDWLRQ RI WKH VLWHV LQYROYHG LQ OHDG XSWDI
385%1,.DQ¥® NQLNDU ILQGLQJYV ZKLOH XVLQJ WKH PRGLILHG ELRVRU
ObUJH VFDOH WKH FRVW HVFDODWLRQ GXH WR SUHWUHDWPHQW Q

6RUSWLRQ RI OHDG JLQ¥ DQRGQGIOBWWPLEPRPDVY ZDV DOVR
HIDPLQHG E\ XV ZKHQ KHDY\ PHWDOV LRQV ZKHUH SUHVHQWHG LQ
FRPELQDWLRQV (IILFLHQF\ RI WKH P\FHOLXP WR UHPRYH OHDC
3E =Q RU 3E &G DV ZHOO DV IURP WHUQDU\ 3E =Q &G PHW
RFFXUUHG WR EH VLPLODU WR WKH RQH DFKLHYHG ZKHQ 3E y
I1HYHUWKHOHVYVY WKH SUHVHQFH RI OHDG LRQV VLJQLILFDQWO\ GH
DQG &G 2XU UHVXOWY DUH LQ DJUHsRRHW BDWK WKRVH REWDLQF
DQG LQGLFDWH WKDW DQWDJRQLF LQWHUDFWLRQV EHWZHHQ YDUL
PXOWLSOH PHWDO VROXWLRQVY 7KH GURS LQ WKH VRUSWLRQ RI =
WKUHH PHWDO FRPELQDWLRQV LQGLFDWHY D FRPSHWLWLRQ DPRQ.
VDPH ELQGLQJ VLWHV SUHWHOWKRERL.\RBDWYKH*UXDWHH RIILQLW\ RI
OHDG WKDQ RI WZR RWKHU H[DPLQHG KHDY\ PHWDOV WR WKH ELRYV



E\ D ODUJHU LRQ VL]H RI 3E LQ FRPSDULVRQ WR =Q DQG &Ga

QP UHVSHBMWLWBIKEO\

,Q WKH SUHVHQW VWXGLHV WK& XOX\GD RWHDORLIXRHDDM PHWDOV E\
IRXQG WR EH LQIOXHQFHG E\ WKH LQLWLDO S+ RI PHWDO VROX
LQFUHDVH LQ S+ YDOXH 7KH UHPRYDO RI 3E =Q DQG &G |
VROXWLRQV UHDFKHG DW S+ WKH KLIJKHVW OHYHOV RI I
$FFRUGBQ:BIMWRQIBNQLNDU OHDG DQG JLQF XSWDNH E\ ZDVWH ELR
R6 FLQQDPRDWXROVR LQIOXHQFHG E\ S+ RI WKH PHWDO VROXWLI

HVWDEOLVKHG LQ WKDW VWXG\ DV WKH RSWLPXP IRU JLQF
UHVXOWY EXW PD[LPXP WKH OHDG UHPRYDO GHWHUPLQHG DW S
WKD Q&I RUXODIMMMRUEHQW 1HYHUWKHOHVY WKH S+ RI WKH OHDG
IURP WR GXULQJ WKH DGVRUBWER@QOPPRMHEY FRQGXFWHG E

WKH PD[LPXP FDSDFLW\ Rl OHDG XSWDNH ®@WODARRUVWLPDWHG ZL\
URX[LY D PHWDO ELRWRDE& H@WHWRDO XVHG ELRPDVV RI
ILODPHQWRXY¥YKDRGIIARFKDHWH FIKRUN\WWRE SRIIHPXRPYDO DQG DOVR
GHWHUPLQHG WKH RSWLPXP S+ YDOXH IRU ELRVRUSWLRQ DV
DJUHHG WKDW S+ YDOXH RI PHWDO VROXWLRQ FDQ VWURQJO\ LQI
Rl ELRVREH®RANGA YHDQ OHoJpboWW DO *gnNnvxQixuW DO

081*$6%$9%//, HW DO 'XH WR WKH LQFUHDVHG K\GURJHQ +
K\GURQLXP GaH FRQFHQWUDWLRQV DW WKH KLJK DFLGLF S+ VR
HITHFWLYHO\ ZLWK PHWDO LRQV LQ ELQGLQJ WR QHJIDWLYHO\
ELRVRUEHQW VXUIDFH &RQVHTXHQWO\ WKH LQFUHDVH LQ KF
LQFUHDVLQJ S+ FRXOG EH DWWULEX®54G . WH . OKHYYV LRQLF FRPSH

JURP WKH UHVXOWYV SUHVHQWHG LQ WKIOXYWWGB\ LW FDQ EH
ELRPDVV D SRWHQWLDO ZDVWH E\ SURGXFW IURP K\GURFRUWLYV
FRQVLGHUHG DV DQ LQH[SHQVLYH PDWHULDO IRU OHDG DQG W
FDGPLXP LRQV UHPRYDO IURP DTXHRXV HITOXHQWYV

$FNQRZOHGJHPHQWYV
7KLV VWXG\ ZDV VXSSRUWHG E\ WKH 8QLYHUVLW\ RI /RG] JUDQW
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$Kkoxzbpofép 6*rR\DO "’ OLFURELDO DQG SODQW GHULYHG ELRPDV
UHPRYDO RI KHDY\ PHWDOV IURP ZDVWHZDWHU %LRUHVRXU 7HF|
$.68 = '|QPHI* %LQDU\ ELRVRUSWLRQ RI FDGPLXP ,, DQG QLFN

GULHKEORUHOOD&RXDRQ UHIWVHFW RQ PRQR FRPSRQHQW LVRWKHUP S
BURFHVV ®%LRFKHP

$QJ\D B - &RPSOH[HYVY RI PHWDO FDWLRQV ZLWK FDUERK\GUD
$G &DUERK\GU &KHP %LRFKHP
JHUQDQGB VU] $ @WIHOR YWDBLOKHLYUR ORDEUDO O 6

OLFURELDO FRQYHUVLRQ RI VWHURLG FRPSRXQGV UHFHQW Gt
OLFURE 7HFKQRO

*g.681*85 < h5(1 6 *hyH& 8 %LRVRUSWLRQ RI FDGPLXP DQG OHD
LRQV E\ HWKDQRO WUHDWHG ZDVWH EDNHUYV \HDVW ELRPDVYV

+D Q5 /L+ /L\ =KkDQJX¥ ;LDR+ 6KL- %LRVRUSWLRQ R I FRSSHU
DQG OHDG LRQV E\ ZDVWH EHHU \HDVW - +D]DUG ODWHU %
JTJEDAAD (G\YHDUY * - %LRVRUSWLRQ RI OHDG FRSSHU DQG ]LQ

ORRID VSRQJH LPPRELGKBHQGHBREFRDWWHR IFKUQWRVSRULXP
(QJ

-0%$1/21* ;01001 H=F D L' tQa = %LRDGVRUSWLRQ RI OHDG
IURP DTXHRXV VROXWLR Q $8AS IKWRIILDOD0 K%Y RGP MUWKRIR O

.DQzDO$ S3DUDVINLHZLF] 4XJR VN-L 7TUDQVIRUPDWLRQ RI
&XUYXODULDOOXQDANMWK S$1 O LQIOXHQFHV VHOHFWHG SK\VLR
SURSHUWLHV RI WKH IXQJXV OLFURELRYV

.DSRR® 9LUDUDJIKDYD®&XOOLPRUHD 5HPRYDO RI KHDY\
PHWDOV XVLOQIWBKH IXQOX%VRQUHWRXU 7HFKQRO
/IR : & XD + D/IP . + L% 3 $ FRPSDUDWLYH LQYHVWLIJDWLRQ RQ

ELRVRUSWLRQ RI OHDG E\ ILODPHQWRXV IXQJDO ELRPDVV &KHPR



/X 1 < "X [ poi0 :HOQ- 36Xx0%AXR < : (ITHFW R
WZR VWHSV VXEVWUDWH DGGLWLRQ &QUY WOLRLIE O X @ WDG UR [\
&1 %LRFKHP (QJ -

0s$/,. $ OHWDO ELRUHPHGLDWLRQ WKURXJK JURZLQJ FHOOV

OHOJDW - $ORQVR *DUFLID $ 5HPRYDO RI WR[LF PHWDOV IURP
DTXHRXV VROXWLRQV E\ $IXmUIDRX E LFRIPAOWRN. SRRFAIRW/D O
(QYLURQ

0XQJDVDYDDOLB®IO9LUDUDJIKDYYDRQ < %LRVRUSWLRQ RI FKURPLXP
IURP DTXHRXV VROXWLERQYHEILOOKWDGE BMHHIZ G FROXPQ
VWXGLHV &ROORLGV 6XUI $ 3K\WLFRFKHP (QJ $VS

BDUDV]NLHZLF]" 4XJR VN-L &RUWH[RORQH % K\GUR[\ODWLRQ
SURWRSQRQRRUVUWXORULD @XQWWBKQRO
SBDUDVINLHZLF)U\VFLE 6aDEOH 'aXxXJR VNL (QKDQFHQPHQW R

HPXOVLILHU S URGIXPVOLDRQ DRNOPOQEDPALX P JLQF DQG OHDG SUHVHQF
%LRPHWDOV

SBDUDVINLHZLFIDQzZD®& '4aXJR VN-L (PXOVLILHU SURGXFWLRQ E\
VWHURLG WUDQVIRUPLQEXILODPHOVWPERRY IXVDFE SURGXFW
FKDUDFWHUL]DWLRQ - %LRWHFKQRO

3DUN' <XQ <3Bun- O 8VH RI GHDG I1XQJDO ELRPDVV IRU

GHWRI[LILFDWLRQ RI KH[DYDOHQW FKURPLXP VFUHHQLQJ DG
%LRFKHP

3XUDQLB 530NQLNDUD %LRVRUSWLRQ RI OHDG DQG JLQF IURP V
XVLOWUHSWRYHUWLFL,OZXPWH GQRPRQWXP %LRWHFKQRO

6OHHG$S TEDOO $NKkwDO 5HPRYDO DQG UHFRYHU\ RI OHDG ,,
IURP VLQJOH DQG PXOWLPHWDO &G &X 1L =Q VROXWLRQV I
EODFN JUDP KXVN - +D]DUG ODWHU

60\ 5 '"HQL]O% WMFP < %LRVRUSWLRQ RI FDGPLXP ,, OHDG ,,
FRSSHU ,, ZLWK WKH [I2I0OD®@ H @RVFROOMH WKH) FRYURVRIYKRXWL X P
THFKQRO



6a DEDO 'aXJR VN-L =LQF DQG OHDG XSWDNH E\ P\FHOLXP L
UHJHQHUDWLQJ SURWWBEBRIDOOALXP RPOPWAOKDQGLEURELRO
%LRWHFKQRO

6R D U H V( 9 H'FRQLQFN XD UW H R6D U H V+ 8VH RI
6DFFKDURP\FHV IRUOUBXLVUBMRYDO IURP VROXWLRQ WKH DGYDQ
XVLQJ D IORFFXOHQW VWUDLQ %LRWHFKQRO /HWW

: LOPD VND QOF]DUHNSXPLMRZVNSD DWW QLF.NDGBHGO DF]HN
/ (OLPLQDWLRQ RI E\ SMROABEUWY\QADWLRQ RI 6XEVWDQFH 6 XVLQJ
&EXUYXODULBOREAVOWMHIHQHUDWHG IURP 17 WUHDWHG SURWRSODVYV
OLFURELRO %LRWHFKQRO

<DQ * 9LUDUDJYKDYD®RHDY\ PHWDO UHPRYDO IURP DTXHRXV VROX
E\ IXQOX¥RU URBWHU 5HV

=R XER X008 Vv528628( * ObwLvS$ +DQFRFN & 5HPRYDO RI
WR[LF PHWDOV IURP DTXHRXV PL[WXUHV - &KHP 7HFKQRO %LR\



