
��~ãªC�²æ B�² �B�̂ � ���a���� ����

-� RI WKH .RUHD 6RFLHW\ IRU (QYLURQPHQWDO $QDO\VLV

Particle-Associated Polycyclic Aromatic Hydrocarbons in
the Seawater from Gwangyang Bay, Korea
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Seawater particles sampled at 35 stations from Gwangyang Bay in March 2001 and polycyclic aromatic
hydrocarbons (PAHs) were analysed using gas chromatography coupled to mass spectrometer detector (GC/
MSD). Concentrations of total PAHs in seawater particles varied from 6.5 to 41.6 ng/L with a mean 16.4 ng/
L. Concentrations of potentially carcinogenic PAHs varied from 0.42 to 19.3 ng/L with a mean value of 3.1
ng/L and occupied about 25±10% to total PAHs concentrations. The most contaminated seawaters by PAHs
were found at the stations near industrial complex with static characteristics of poor seawater circulation, sug-
gesting that PAHs is mainly generated from anthropogenic and terrestrial sources. Correspondence analysis was
used to investigate source characteristics of PAHs in the studied bay. The results indicated that the PAHs con-
tamination patterns in the inner part of the bay mainly were associated with combustion activities of high tem-
perature from the adjacent industrial complex. The differences for PAHs compositions between seawater
particles and marine sediments are more significant for the lower molecular weight compounds than the higher
molecular weight compounds due to their high sensitivity to photooxidation and microbial degradation.
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,Q UHFHQW \HDUV� WKHUH KDV EHHQ DQ LQFUHDVLQJ

HPSKDVLV RQ WKH VWXG\ RI WKH HQYLURQPHQWDO IDWH DQG

HIIHFW RI SRO\F\FOLF DURPDWLF K\GURFDUERQV �3$+V��

6LQFH WKH\ KDYH FDUFLQRJHQLF DQG PXWDJHQLF

FKDUDFWHUV����� WKHVH FRPSRXQGV KDYH EHHQ LQWHQVLYHO\

VWXGLHG LQ YDULRXV HQYLURQPHQWDO FRPSDUWPHQWV VXFK DV

DLU� VRLO� ZDWHU� VHGLPHQW� DQG ELRWD�����

3$+V DUH XELTXLWRXV HQYLURQPHQWDO PLFURFRQWDPLQDQWV

LQ WKH DTXDWLF HQYLURQPHQW DQG GHULYHG PDLQO\ IURP

DQWKURSRJHQLF DFWLYLWLHV� 7KH PDLQ VRXUFHV RI WKHVH

FRQWDPLQDQWV LQ WKH PDULQH HQYLURQPHQW DUH D

FRPEXVWLRQ RI IRVVLO IXHOV���� GLVFKDUJH RI GRPHVWLF DQG

LQGXVWULDO ZDVWHZDWHUV�� DQG VSLOODJH RI SHWUROHXP RU

SHWUROHXP SURGXFWV E\ VKLSV������� 3$+V JHQHUDWHG IURP

YDULRXV VRXUFHV WUDQVSRUW WR WKH PDULQH HQYLURQPHQW

WKURXJK ULYHU LQSXWV DQG DWPRVSKHULF GHSRVLWLRQ� 0RVW

3$+V LQ ZDWHU FROXPQ WHQG WR DGVRUE WR SDUWLFOHV DQG WR

EH GHSRVLWHG WR WKH XQGHUO\LQJ VHGLPHQWV��� 7KH

SDUWLFOH�DVVRFLDWHG 3$+V LQ VHDZDWHU FDQ XQGHUJR

WUDQVIRUPDWLRQ SURFHVV EHIRUH WKH GHSRVLWLRQ RI WKH

ERWWRP VHGLPHQWV���� 3KRWRO\VLV DQG PLFURELDO

GHJUDGDWLRQ DUH UHJDUGHG DV WZR LPSRUWDQW SURFHVVHV

IRU 3$+ UHPRYDO IURP DTXDWLF HQYLURQPHQWV�������

,QGHHG� 3$+V LQ PDULQH HFRV\VWHPV FDQ XQGHUJR

GHJUDGDWLRQ E\ SKRWRR[LGDWLRQ LQ WKH VXSHUILFLDO VXUIDFH

ZDWHU��� DQG E\ PLFURELDO DFWLYLWLHV LQWR WKH
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PDWHULDOV LV JHQHUDOO\ VORZ� SDUWLFXODUO\ IRU WKH KLJKHU�

PROHFXODU�ZHLJKW 3$+V����

7KH FRQFHQWUDWLRQV RI GLVVROYHG 3$+V LQ VHDZDWHU
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WHQG WR EH VWURQJO\ DGVRUEHG WR SDUWLFOHV DQG
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RQ VHDZDWHU SROOXWLRQ LV QHFHVVDU\ WR JUDVS WKH SUHVHQW
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RI ZDWHU DQG VOXJJLVK FLUFXODWLRQ� +RZHYHU� WKH PDMRU

SRUWLRQ RI *ZDQJ\DQJ %D\ VKRZV UHODWLYHO\ JRRG

FLUFXODWLRQ WKURXJK DFWLYH ZDWHU H[FKDQJH ZLWK WKH

FXUUHQW ILHOG RI WKH 6RXWK 6HD���� 7LGDO F\FOH LV VHPL�
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VXUURXQGHG E\ VWHHO� SHWURFKHPLFDO DQG UHODWHG
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SDUWLFOHV ZHUH LVRODWHG E\ ILOWUDWLRQ WKURXJK JODVV ILEHU

ILOWHUV �*))V �� PP� ��� µP�:KDWPDQ� (QJODQG�� GULHG

LQ D GHVLFFDWRU DQG WKHQ ZHLJKHG� 7KH ZHLJKW GLIIHUHQFH

EHIRUH DQG DIWHU ILOWHULQJ ZDV XVHG WR GHWHUPLQH D

FRQFHQWUDWLRQ RI VXVSHQGHG SDUWLFOH� 3DUWLFOH VDPSOHV

ZHUH FXW LQWR D VL]H RI ��� FP� DQG WKHQ H[WUDFWHG ZLWK

��� P/ RI WROXHQH �8OWUD UHVLGXH DQDO\VLV� -� 7� %DNHU�

86$� IRU � KRXUV XQGHU UHIOX[ DIWHU VSLNLQJ ZLWK WKH �

VSHFLHV LQWHUQDO VWDQGDUGV �'��QDSKWKDOHQH� '��

DFHQDSKWK\OHQH� '���IOXRUDQWKHQH� '���SKHQDQWKUHQH�

'���S\UHQH� '���EHQ]R>D@S\UHQH DQG '���EHQ]R>J�K�L@

SHU\OHQH� (6 ����� &DPEULGJH ,VRWRSH /DERUDWRULHV�

,QF�� 86$�� 7KH H[WUDFWV ZHUH ILOWHUHG ZLWK JODVV ZRRO

DQG FRQFHQWUDWHG WR ��� P/ LQ D URWDU\ HYDSRUDWRU� 7KH

UHVLGXHV ZHUH WUDQVIHUUHG WR Q�KH[DQH �8OWUD UHVLGXH

DQDO\VLV� -� 7� %DNHU� 86$� DQG DGMXVWHG WR D YROXPH RI
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3DUWLFOH VDPSOHV ZHUH FOHDQHG RQ DQ DFWLYDWHG VLOLFD

JHO �$UW 1R� ����� ������ PHVK� 0HUFN� 86$� FROXPQ

FKURPDWRJUDSK\ ZLWK VXFFHVVLYH HOXWDQWV RI Q�KH[DQH

DQG ��� PHWK\OHQH GLFKORULGH �'LR[LQ DQDO\VLV� :DNR�

-DSDQ� LQ Q�KH[DQH� 7KH HOXWDQWV ZHUH FRQFHQWUDWHG WR

OHVV WKDQ � P/� DQG OHIW DW URRP WHPSHUDWXUH IRU RQH RU

WZR GD\V WR HYDSRUDWH WR ������ µ/� 7KH UHVLGXHV ZHUH
GLVVROYHG ZLWK �� µ/ RI Q�QRQDQH �3HVWLFLGH UHVLGXH

DQDO\VLV� )OXND� 6ZLW]HUODQG� DQG GHWHUPLQHG IRU 3$+V�

)LJ� �� 0DS VKRZLQJ WKH VDPSOLQJ VWDWLRQV LQ WKH VXUIDFH
VHDZDWHU RI *ZDQJ\DQJ %D\� .RUHD�
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WHPSHUDWXUH SURJUDP ZDV IURP ��R& �� PLQ� WR ���R&

��� PLQ� DW �R&�PLQ� 7KH FDUULHU JDV ZDV KHOLXP DW D
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XQGHU WKH VHOHFWHG LRQ PRQLWRULQJ �6,0� PRGH XVLQJ

PROHFXODU LRQV RI WKH LQYHVWLJDWHG 3$+V� 7KH LQWHUIDFH

WHPSHUDWXUH ZDV ���R&� 7KH VL[WHHQ QRQ�DON\ODWHG
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�'E$� DQG EHQ]R>J�K�L@SHU\OHQH �%JKL3���

$OO WKH VSLNH LVRWRSH FRPSRXQGV ZHUH GHWHFWHG

ZLWKRXW LQWHUIHULQJ SHDN� 7KH DYHUDJH UHFRYHULHV IRU DOO

SDUWLFOH VDPSOHV ZHUH LQ WKH UDQJH RI ��������

3URFHGXUDO EODQNV ZHUH SURFHVVHG LQ WKH VDPH ZD\ DV

UHDO VDPSOHV� DQG WKH\ ZHUH EHORZ ��� RI DQDO\WHV

DEXQGDQFH� %ODQNV ZHUH UXQ EHIRUH DQG DIWHU WKH

LQMHFWLRQ RI VWDQGDUGV WR FKHFN IRU DQ\ FDUU\RYHU�

�� 5HVXOWV DQG 'LVFXVVLRQ

���� 'LVWULEXWLRQV RI SDUWLFOH�DVVRFLDWHG 3$+V

7KH SDUWLFOH�DVVRFLDWHG 3$+V LQ WKH VHDZDWHU IURP
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VKRZV WKH FRQFHQWUDWLRQV RI WKH VL[WHHQ 3$+V LQ
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LQ VHDZDWHU SDUWLFOHV YDULHG IURP ��� WR ���� QJ�/ ZLWK

D PHDQ ���� QJ�/� 7KH KLJKHVW OHYHO RI Σ3$+ ZDV IRXQG

LQ WKH VHDZDWHU IURP 6WDWLRQ � LQ WKH YLFLQLW\ RI <XOFKRQ
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SUHVHQWHG LQ )LJ� �� 7KH KLJKHVW FRQWDPLQDWHG VLWHV E\

3$+V ZHUH VWDWLRQV QHDU <XOFKRQ LQGXVWULDO FRPSOH[
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,Q DGGLWLRQ� LW VHHPV WKDW SRRU ZDWHU FLUFXODWLRQ LQ WKH

KLJK FRQWDPLQDWHG VLWHV QHDU LQGXVWULDO FRPSOH[ RI WKLV

ED\ DFFHOHUDWHG WKH 3$+V FRQWDPLQDWLRQ LQ WKH ED\�

LQGLFDWLQJ WKDW WR[LF RUJDQLF FRQWDPLQDQWV VXFK DV 3$+V

FDQ EH WUDSSHG DQG WKHQ DFFXPXODWHG LQ WKH PDULQH

VHGLPHQWV DQG RUJDQLVPV LQ WKLV FRDVWDO ]RQH� 7KH

ORZHVW FRQWDPLQDWLRQV RI 3$+V ZHUH PHDVXUHG LQ

VHDZDWHU IURP <HRVX ZDWHUZD\� 7KHVH VLWHV ZLWK QRQ�

FRQWDPLQDWHG IUHVKZDWHU LQSXWV IURP 6HRPMLQ 5LYHU DUH

IDU DZD\ WKH LQGXVWULDO FRPSOH[ DQG JRRG ZDWHU

FLUFXODWLRQ�

���� 6RXUFH FKDUDFWHULVWLFV

7KH 3$+V GLVWULEXWLRQV DPRQJ WKH VDPSOLQJ VWDWLRQV

ZHUH FRPSDUHG XVLQJ WKH FRUUHVSRQGHQFH DQDO\VLV RQ

WKH SHUFHQWDJH FRUUHVSRQGLQJ WR WKH VL[WHHQ 3$+V

FRPSRVLWLRQV� 7KH UHODWLRQVKLS SORW RQ WKH IDFWRULDO

SODQH LV VKRZQ LQ )LJ� �� 6WDWLVWLFDO DQDO\VLV RI SDUWLFOH�

3$+V ZDV SHUIRUPHG XVLQJ 0963 �0XOWL�YDULDWH

VWDWLVWLFDO SDFNDJH� :LQGRZV ��� VRIWZDUH �.RYDFK

&RPSXWLQJ 6HUYLFHV� 8.��

$[HV , DQG ,, UHSUHVHQW ��� DQG ��� RI WRWDO YDULDQFH

RI WKH RULJLQDO GDWD� UHVSHFWLYHO\� 7ZR JURXSV �*URXS $

DQG %� ZDV GLVWLQJXLVKHG DFFRUGLQJ WR WKH PROHFXODU

ZHLJKW RI 3$+V� *URXS $ ZDV FKDUDFWHULVHG E\ D KLJK

FRQWULEXWLRQ RI WKH KLJKHU PROHFXODU ZHLJKW DURPDWLFV�

ZKLOH JURXS % LQFOXGHG WKH ORZHU PROHFXODU ZHLJKW

DURPDWLFV� 7KH VWDWLRQV IURP LQQHU SDUW EHORQJHG WR

*URXS $ DQG VWDWLRQV IURP WKH FHQWUDO FKDQQHO EHORQJHG

WR *URXS %� 7KH UHVXOWV LQGLFDWHG WKDW WKH 3$+V

FRQWDPLQDWLRQV LQ WKH LQQHU SDUW RI WKH ED\ PDLQO\ ZHUH

DVVRFLDWHG ZLWK D FRPEXVWLRQ DFWLYLW\ RI KLJK

WHPSHUDWXUH IURP VWHHO PLOO� SHWURFKHPLFDO FRPSOH[ DQG

UHODWHG LQGXVWULDO IDFLOLWLHV� )XUWKHUPRUH� WKH FRDVWDO

]RQH VKRZHG WKH KLJKHU FRQWDPLQDWLRQ E\ 3$+V WKDQ

WKRVH RI WKH RWKHU SDUW RI WKH ED\ DV PHQWLRQHG DERYH�

$FWXDOO\� VRPH DXWKRUV UHSRUWHG WKDW KLJKHU PROHFXODU

ZHLJKW 3$+V DUH JHQHUDWHG PDLQO\ E\ KLJK WHPSHUDWXUH

FRPEXVWLRQ VXFK DV LQGXVWULDO S\URO\VLV� VKLS DQG

DXWRPRELOH H[KDXVWV� IRUHVW ILUHV� XUEDQ FRDO DQG RLO

KHDWLQJ�������$FFRUGLQJO\� WKHVH UHVXOWV LQGLFDWH WKDW WKH

KLJK FRQWDPLQDWLRQ RI 3$+V LQ LQQHU EDVLQV LV GXH WR

DGMDFHQW WR D WHUUHVWULDO VRXUFH RI 3$+V ZLWK SRRU WLGDO

IOXVKLQJ�

���� &RPSDULVRQ RI 3$+V FRPSRVLWLRQV LQ VHD�

ZDWHU SDUWLFOHV DQG PDULQH VHGLPHQWV

3$+V GDWD ZHUH QRUPDOLVHG WR WKH WRWDO 3$+V E\

H[SUHVVLQJ HDFK FRPSRXQG YDOXH DV D SHUFHQWDJH RI WKH

VXP RI WKH VL[WHHQ 3$+ FRQFHQWUDWLRQV� ,Q JHQHUDO� WKH

FRPSRVLWLRQ RI SDUWLFOH�DVVRFLDWHG 3$+V ZDV GRPLQDWHG

E\ WKH ORZHU PROHFXODU ZHLJKW FRPSRXQGV VXFK DV WZR

DQG WKUHH�ULQJ DURPDWLFV� HYHQ WKRXJK WKH KLJKHU

)LJ� �� +RUL]RQWDO GLVWULEXWLRQ �QJ�/� RI SDUWLFOH�
DVVRFLDWHG 3$+V LQ VHDZDWHU IURP *ZDQJ\DQJ
%D\� .RUHD�

)LJ� �� &RUUHVSRQGHQFH DQDO\VLV RI WKH SDUWLFOH�
DVVRFLDWHG 3$+ FRPSRVLWLRQV LQ VHDZDWHU IURP
*ZDQJ\DQJ %D\� .RUHD� &LUFOHV LQ WKH SORW ZHUH
JURXSHG E\ WKHLU PROHFXODU ZHLJKW RI 3$+V�
6WDWLRQV IURP � WR �� �û� DUH ORFDWHG DW WKH LQQHU
SDUW DQG VWDWLRQV IURP �� WR �� �=� DUH ORFDWHG DW
WKH FHQWUDO FKDQQHO RI WKH ED\�
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PROHFXODU ZHLJKW 3$+V VXFK DV EHQ]R>E@IOXRUDQWKHQH

DQG EHQ]R>D@S\UHQH RFFXSLHG UDWKHU KLJK SURSRUWLRQV

�)LJ� ��� 7KHVH 3$+V FRPSRVLWLRQV LQ WKLV VWXG\ ZHUH

VLPLODU WR WKRVH RI PHDVXUHG LQ D GLIIHUHQW ORFDWLRQ

SUHYLRXVO\����

,Q RUGHU WR LQYHVWLJDWH WKH HIIHFW RI FHUWDLQ GHJUDGD�

WLRQ LQ VHDZDWHU FROXPQ� WKH 3$+V FRPSRVLWLRQV RI

VHDZDWHU SDUWLFOHV DQG PDULQH VHGLPHQWV ZHUH FRPSDUHG�

3$+V GDWD REVHUYHG LQ PDULQH VHGLPHQW IURP WKH VDPH

VDPSOLQJ VWDWLRQV RI *ZDQJ\DQJ %D\ ZHUH XVHG LQ WKLV

LQYHVWLJDWLRQ���� 'LIIHUHQFHV RI WKH VL[WHHQ 3$+V

FRPSRVLWLRQ EHWZHHQ VHDZDWHU SDUWLFOHV DQG PDULQH

VHGLPHQWV LV SUHVHQWHG LQ )LJ� �� /RZHU PROHFXODU

ZHLJKW FRPSRXQGV VXFK DV WZR DQG WKUHH ULQJ DURPDWLFV

VKRZHG SRVLWLYH YDOXHV ZKLOH KLJKHU PROHFXODU ZHLJKW

FRPSRXQGV RI IRXU DQG ILYH ULQJ DURPDWLFV ZHUH

QHJDWLYH YDOXHV� 1DPHO\� WKH VL[WHHQ 3$+V FRPSRVLWLRQ

LQ VHDZDWHU SDUWLFOHV ZDV GRPLQDWHG E\ ORZHU PROHFXODU

ZHLJKW DURPDWLFV LQ FRPSDULVRQ ZLWK WKDW RI VHGLPHQWV�

,Q FRQWUDVW� WKH KLJKHU PROHFXODU ZHLJKW 3$+V ZHUH WKH

SUHGRPLQDQW VSHFLHV LQ WKH PDULQH VHGLPHQWV DQG

RFFXSLHG WKH KLJKHU FRQWULEXWLRQV WKDQ WKRVH RI

VHDZDWHU SDUWLFOHV� 7KH GLIIHUHQFH RI 3$+ FRPSRVLWLRQ

IRU WKHVH PDWHULDOV ZDV OLNHO\ WR EH HQYLURQPHQWDO

SHUVLVWHQFH DQG GHFRPSRVLWLRQ DFWLYLWLHV RI LQGLYLGXDO

3$+ LQ WKH PDULQH HQYLURQPHQW� ,Q JHQHUDO� 3$+V

SHUVLVWHQFH LQ WKH HQYLURQPHQW LQFUHDVHV ZLWK LQFUHDVLQJ

PROHFXODU ZHLJKW� $SSUR[LPDWHO\ ��� RI ORZ PROHFXODU

ZHLJKW 3$+V LQSXW FDQ EH ORVW E\ YRODWLOLVDWLRQ IURP

VXUIDFH VHDZDWHU LQWR DWPRVSKHUH���� )XUWKHUPRUH�

PLFURELDO GHJUDGDWLRQ DQG�RU ELRWUDQVIRUPDWLRQ LV WKRXJKW

WR EH WKH PDMRU HQYLURQPHQWDO SURFHVVHV FRQWULEXWLQJ WR

WKH GHFRPSRVLWLRQ RI 3$+V LQ WKH DTXDWLF HFRV\VWHP�������

6RPH VWXGLHV KDYH SURSRVHG WKDW D YDULHW\ RI EDFWHULD

FDQ GHJUDGH FHUWDLQ 3$+V FRPSOHWHO\ WR &2� DQG

PHWDEROLF LQWHUPHGLDWHV������� $ ODUJH QXPEHU RI

EDFWHULD WKDW PHWDEROLVH 3$+V KDYH EHHQ LVRODWHG

�3VHXGRPRQDV VS�� $OFDOLJHQHV GHQLWULILFDQV� 5KRGRFRFFXV

VS�� 0\FREDFWHULXP VS��� 7KHVH VSHFLHV DUH ZLGHVSUHDG

PLFURRUJDQLVPV LQ WKH PDULQH HQYLURQPHQW RI .RUHD

LQFOXGLQJ *ZDQJ\DQJ %D\������� VXJJHVWLQJ WKDW WKHUH

KDV D SRVVLELOLW\ RQ ELRGHJUDGDWLRQ RI 3$+V LQ WKH

VWXGLHG ED\� ,Q WKLV VWXG\� WKH GLIIHUHQFHV IRU 3$+V FRP�

SRVLWLRQV EHWZHHQ WZR PDWULFHV ZHUH PRUH VLJQLILFDQW

IRU WKH ORZHU PROHFXODU ZHLJKW 3$+V WKDQ WKH KLJKHU

PROHFXODU ZHLJKW 3$+V VXFK DV LQGHQR>������F�G@S\UHQH�

GLEHQ]R>D�K@DQWKUDFHQH DQG EHQ]R>J�K�L@SHU\OHQH GXH

WR WKHLU KLJK VHQVLWLYLW\ WR SKRWRR[LGDWLRQ DQG PLFURELDO

GHJUDGDWLRQ� ,W PHDQV WKDW WKH KLJKHU PROHFXODU ZHLJKW

DURPDWLFV VHHP WR EH DGVRUEHG SUHIHUHQWLDOO\ WR

SDUWLFOHV LQ WKH VHDZDWHU DQG LQFRUSRUDWHG DQG

DFFXPXODWHG LQ WKH XQGHUO\LQJ VHGLPHQWV ZLWKRXW

GHJUDGDWLRQ�

)LJ� �� 1RUPDOLVHG SURILOHV WR WRWDO FRQFHQWUDWLRQV RI
SDUWLFOH�DVVRFLDWHG 3$+V LQ VHDZDWHU IURP
*ZDQJ\DQJ %D\� .RUHD� 9HUWLFDO OLQHV UHSUHVHQW
WKH VWDQGDUG GHYLDWLRQV IRU D FRQWULEXWLRQ RI HDFK
3$+ FRPSRXQG�

)LJ� �� 'LIIHUHQFHV RI 3$+V FRPSRVLWLRQV LQ VHDZDWHU
SDUWLFOHV YHUVXV PDULQH VHGLPHQWV IURP
*ZDQJ\DQJ %D\� .RUHD� 'DWD ZDV FDOFXODWHG DV
WKH GLIIHUHQFHV RI PHDQ FRQWULEXWLRQ IRU 3$+V
FRPSRVLWLRQV LQ VHDZDWHU SDUWLFOHV DQG PDULQH
VHGLPHQWV�
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6XUIDFH VHDZDWHU ZDV VDPSOHG DW VHYHUDO VWDWLRQV LQ

*ZDQJ\DQJ %D\ WR H[DPLQH GLVWULEXWLRQV DQG FRP�

SRVLWLRQ RI SDUWLFOH�DVVRFLDWHG 3$+V� &RQFHQWUDWLRQV RI

3$+V YDULHG IURP ��� WR ���� QJ�/ DQG FDUFLQRJHQLF

3$+V YDULHG IURP ���� WR ���� QJ�/ ZLWK D RFFXSDWLRQ RI

DERXW ��� WR WRWDO 3$+V� 7KH KLJKHVW FRQWDPLQDWLRQ

ZHUH IRXQG LQ WKH VHDZDWHU IURP WKH LQQHU SDUW QHDU

LQGXVWULDO FRPSOH[ ZLWK VWDWLF FKDUDFWHULVWLFV RI SRRU

VHDZDWHU FLUFXODWLRQ� ,W VHHPV WKDW WKH 3$+V FRQWD�

PLQDWLRQ SDWWHUQ LQ WKLV VLWH PDLQO\ ZHUH DVVRFLDWHG

ZLWK D FRPEXVWLRQ DFWLYLW\ RI KLJK WHPSHUDWXUH IURP WKH

DGMDFHQW LQGXVWULDO FRPSOH[� 7KH GLIIHUHQFHV IRU 3$+V

FRPSRVLWLRQV EHWZHHQ VHDZDWHU SDUWLFOHV DQG PDULQH

VHGLPHQWV DUH PRUH VLJQLILFDQW IRU WKH ORZHU PROHFXODU

ZHLJKW FRPSRXQGV WKDQ WKH KLJKHU PROHFXODU ZHLJKW

FRPSRXQGV GXH WR WKHLU KLJK VHQVLWLYLW\ WR SKRWRR[LGD�

WLRQ DQG PLFURELDO GHJUDGDWLRQ�
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SKLD� 8�6�$�

��� &KDQJ� .�,�� &�.� .LP� 0�6� 1DP� 6�<� /HH DQG /�
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��� 326&2 �3RKDQJ 6WHHO &RPSDQ\�� ����� “(YDOXDWLRQ
RI HQYLURQPHQWDO HIIHFW RI *ZDQJ\DQJ VWHHO PLOO�
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