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7KDQN \RX WR =HUR :DVWH (XURSH IRU HQDEOLQJ WKLV UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV
�323V�� 6SHFLDO WKDQNV WR DOO WKH SDUWLFLSDQWV LQ WKH YLOODJHV RI 'YRUQtN\� +RVĢRYFH� =iGLHO�
9þHOiUH DQG 7XUĖD QDG %RGYRX IRU WKHLU FRRSHUDWLRQ DQG WUXVW LQ DOORZLQJ WKH DQDO\VLV RI WKHLU
EDFN\DUG FKLFNHQ HJJV� YHJHWDWLRQ� IUXLW� DQG URRI GXVW� <RXU SDUWLFLSDWLRQ KDV FRQWULEXWHG
VLJQLILFDQWO\ WR HQKDQFLQJ RXU XQGHUVWDQGLQJ RI WKH HQYLURQPHQWDO KHDOWK LQ \RXU
FRPPXQLWLHV�

$87+256

$� $5.(1%287 � +HDG RI UHVHDUFK DW 7R[LFR:DWFK )RXQGDWLRQ
.� -� $� 0� %280$1 � 5HVHDUFK 7R[LFR:DWFK )RXQGDWLRQ

+$5/,1*(1� 7+( 1(7+(5/$1'6� 72;,&2:$7&+ )281'$7,21� 0$5&+ ����
38%/,&$7,21 180%(5� �����6.���
&/,(17� =HUR :DVWH (XURSH

',6&/$,0(5
7KH 7R[LFR:DWFK )RXQGDWLRQ FRQGXFWHG WKLV ELRPRQLWRULQJ UHVHDUFK RQ EHKDOI RI =HUR :DVWH
(XURSH� 7R[LFR:DWFK DFFHSWV QR OLDELOLW\ RU UHVSRQVLELOLW\ ZKDWVRHYHU WR DQ\ WKLUG SDUW\ IRU
DQ\ ORVV RU GDPDJH DULVLQJ IURP DQ\ LQWHUSUHWDWLRQ RU XVH RI WKH LQIRUPDWLRQ FRQWDLQHG LQ WKLV
UHSRUW RU UHOLDQFH RQ DQ\ YLHZV H[SUHVVHG KHUHLQ�

&RS\ULJKW � ���� 72;,&2:$7&+ )281'$7,21
7KLV SXEOLFDWLRQ FRQWDLQV FRQWHQW FUHDWHG DQG SURGXFHG IRU SXEOLF GLVVHPLQDWLRQ� 3HUPLVVLRQ
WR FRS\ RU GLVWULEXWH DQ\ SRUWLRQ RI WKLV PDWHULDO LV JUDQWHG XQGHU WKH FRQGLWLRQ WKDW LW LV QRW
XVHG IRU FRPPHUFLDO SXUSRVHV DQG WKDW SURSHU FUHGLW LV JLYHQ E\ UHIHUHQFLQJ WKH WLWOH DQG
FUHGLWLQJ WKH 7R[LFR:DWFK )RXQGDWLRQ� 7R[LFR:DWFK KROGV DFFUHGLWDWLRQ DV D 3XEOLF %HQHILW
2UJDQLVDWLRQ �3%2��

$OO SKRWRJUDSKV� JUDSKV DQG WDEOHV IHDWXUHG LQ WKLV SXEOLFDWLRQ DUH HLWKHU GHVLJQHG E\
7R[LFR:DWFK RU XVHG ZLWK SHUPLVVLRQ IRU SXEOLFDWLRQ�

ZZZ�WR[LFRZDWFK�RUJ

=HUR :DVWH (XURSH JUDWHIXOO\ DFNQRZOHGJHV ILQDQFLDO DVVLVWDQFH IURP WKH (XURSHDQ 8QLRQ
DQG 7KH 6LJULG 5DXVLQJ 7UXVW� 7KH VROH UHVSRQVLELOLW\ IRU WKH FRQWHQW RI WKLV HYHQW PDWHULDOV
OLHV ZLWK =HUR :DVWH (XURSH� ,W GRHV QRW QHFHVVDULO\ UHIOHFW WKH RSLQLRQ RI WKH IXQGHUV
PHQWLRQHG DERYH� 7KH IXQGHUV FDQQRW EH KHOG UHVSRQVLEOH IRU DQ\ XVH WKDW PD\ EH PDGH RI
WKH LQIRUPDWLRQ FRQWDLQHG WKHUHLQ�

� _ 7KH7UXH7R[LF 7ROO � %LRPRQLWRULQJ UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV LQ WKH
HQYLURQPHQW VXUURXQGLQJ WKH FHPHQW SODQW 7XUĊD QDG%RGYRX� 6ORYDNLD
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,QWURGXFWLRQ
7KH FLYLO VRFLHW\ RUJDQLVDWLRQ =HOHQê åLYHO R�]�� UHSUHVHQWLQJ HQYLURQPHQWDOO\
FRQVFLRXV UHVLGHQWV LQ 7XUQLDQVND .RWOLQD� WRRN WKH LQLWLDWLYH LQ ���� WR FRQWDFW =HUR
:DVWH (XURSH DQG 7R[LFR:DWFK �7:� IRU LQGHSHQGHQW UHVHDUFK RQ WKH GHSRVLWLRQ RI
SHUVLVWHQW RUJDQLF SROOXWDQWV �323V� VXFK DV GLR[LQV �3&''�)�GO�3&%�� 3RO\F\FOLF
$URPDWLF +\GURFDUERQV �3$+� DQG 3)$6� DV ZHOO DV KHDY\ PHWDOV LQ WKH HQYLURQPHQW
VXUURXQGLQJ WKH FHPHQW NLOQ &HPHQWiUHĖ 7XUĖD QDG %RGYRX� ORFDWHG LQ WKH .RãLFH
5HJLRQ LQ 6ORYDNLD�

$FFRUGLQJ WR WKH 7XUĖD QDG %RGYRX &HPHQW 3ODQW
V ZHEVLWH�� WKH SODQW LV HTXLSSHG ZLWK
VWDWH�RI�WKH�DUW %$7�%5(9 HTXLSPHQW� :DVWH JDVHV ZLWK D YROXPH IORZ UDWH RI ������
P��KRXU DUH GLVFKDUJHG LQWR WKH DLU WKURXJK D IDEULF ILOWHU DQG� VXEVHTXHQWO\� WKURXJK D
FKLPQH\ ZLWK D KHLJKW RI ���� PHWHUV� 7KH GXVW VHSDUDWHG E\ WKH ILEUH ILOWHUV LV WUDQVSRUWHG DV
GULHG FOD\ WR WKH UDZ PDWHULDO ODQGILOO� 7KH FRQYH\RU EHOWV XVHG IRU WUDQVSRUWLQJ WKH FOD\ IRU
FUXVKLQJ ZLWKLQ WKH SODQW WR WKH VLHYLQJ VWDWLRQ DUH GXVW�WLJKW�� &HPHQW SURGXFWLRQ UDQNV
DPRQJ WKH HQHUJ\�LQWHQVLYH LQGXVWULHV� 7KLV SODQW� ZKLFK LV VXSSRUWHG E\ (8 JUDQWV� EXUQV
ZDVWH PDWHULDOV� UDQJLQJ IURP SODVWLF DJJORPHUDWH� ZRUQ�RXW ROG XVHG FDU W\UHV� DQG 3&%
RLO�FRQWDLQLQJ ZDVWH� � DV D VXVWDLQDEOH DOWHUQDWLYH WR IRVVLO IXHOV� 7KHUH DUH SODQV WR LQFUHDVH
ZDVWH EXUQLQJ IURP ������ WR ������� WRQV DQQXDOO\ � D QHDUO\ ��� LQFUHDVH� &HPHQW NLOQV
DUH XWLOLVHG WR GHVWUR\ SHUVLVWHQW RUJDQLF SROOXWDQWV VXFK DV 3&%V DQG 3)$6� RZLQJ WR WKH
KLJKHU FRPEXVWLRQ WHPSHUDWXUHV WKH\ SURYLGH�

(PLVVLRQV RI SROOXWDQWV PXVW DGKHUH WR WKH HPLVVLRQ OLPLWV VHW E\ (8 'HFUHH 1R ��������
&ROO� �$LU $FW 1R� �������� &ROO� UHSHDOV VHYHUDO UHJXODWLRQV� DV DPHQGHG IRU FHPHQW URWDU\
NLOQV DQG VKRXOG UHIHU WR ,QGXVWULDO (PLVVLRQV 'LUHFWLYH DQG %5() ������ ,W¶V QRWHZRUWK\ WKDW
HPLVVLRQV RI GLR[LQV DUH PHDVXUHG RQO\ D IHZ KRXUV SHU \HDU� 7KH ODVW SXEOLFDWLRQ GDWHV WR
���� ZLWK OLPLWHG LQIRUPDWLRQ RQ GLR[LQ HPLVVLRQV DQG ODFNLQJ GHWDLOHG 7R[LF (TXLYDOHQW
�7(4� GLVWULEXWLRQ GDWD� 1R UHFHQW GDWD DUH DYDLODEOH RQ HPLVVLRQV DQG GHSRVLWLRQV RI RWKHU
SHUVLVWHQW RUJDQLF SROOXWDQWV �323V�� OLNH 3$+� IOXRULQH FRPSRXQGV �3)$6�� DQG GLR[LQ�OLNH
3&%V� 7KLV 7: UHVHDUFK GRHV QRW �\HW� LQFOXGH PRQLWRULQJ RI EURPLQDWHG GLR[LQV �3%''�)�
RU RWKHU KDORJHQDWHG 323V� EXW LW PLJKW EH QHFHVVDU\ WR LQYHVWLJDWH WKH HPLVVLRQ RI WKHVH
DEXQGDQW IODPH UHWDUGDQWV�

,Q WKLV UHSRUW� 7:¶V UHVHDUFK IRFXVHV RQ DVVHVVLQJ WKH HQYLURQPHQWDO LPSDFW DURXQG
WKH FHPHQW NLOQ 7XUĖD QDG %RGYRX�:H HPSOR\ ELRPRQLWRULQJ WHFKQLTXHV XVLQJ HJJV IURP
EDFN\DUG FKLFNHQV� DV ZHOO DV DQDO\VLQJ IUXLW DQG YHJHWDWLRQ IRU GLR[LQV� 3)$6� 3$+ DQG
KHDY\ PHWDOV� $ORQJVLGH FHPHQW SURGXFWLRQ� WKH UHJLRQ RI .RãLFH IDFHV DGGLWLRQDO LQGXVWULDO
VRXUFHV RI DLU SROOXWLRQ� 1RWDEO\� LQ 9þHOiUH DQG +RVĢRYFH TXDUULHV� OLPHVWRQH� �D EDVLF UDZ
PDWHULDO IRU FHPHQW SURGXFWLRQ� LV H[WUDFWHG� 7KHUH DUH HFRORJLFDOO\ VLJQLILFDQW DUHDV
DGMDFHQW WR WKH FHPHQW NLOQ� LQFOXGLQJ WKH 3URWHFWHG %LUG $UHD 6ORYDN .DUVW �6.&+9Ò ����
DQG WKH 1DWLRQDO 1DWXUH 5HVHUYH ± =iGLHOVND WLHVĖDYD �7KH =DGLHO *RUJH�� ZKLFK IRUPV SDUW
RI WKH 6ORYDN .DUVW 1DWLRQDO 3DUN�

� HHE�RUJ�ZS�FRQWHQW�XSORDGV���������8SJUDGLQJ�(XURSHV�DLU�SGI

� :DVWHV FODVVLILHG XQGHU FDWDORJXH QXPEHUV ������� ������� ��������� ��������� ������ DQG ������� ,Q DGGLWLRQ� ZDVWHV
DUH FODVVLILHG XQGHU FDWDORJXH QXPEHUV ������ �3ODVWLF DJJORPHUDWH� DQG ������ �:RUQ W\UHV��

� ,QFUHDVH LQ WKH RXWSXW RI WKH IXUQDFH OLQH 96+� D�V� 7XUĖD QDG %RGYRX WR ���� WRQV RI FOLQNHU SHU GD\ � 2%-(&7,9(
�ZZZ�GDQXFHP�FRP�VLWH���7XUĖD �QDG�ERGYRX�FHPHQW�SODQW

� _ 7KH7UXH7R[LF 7ROO � %LRPRQLWRULQJ UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV LQ WKH
HQYLURQPHQW VXUURXQGLQJ WKH FHPHQW SODQW 7XUĊD QDG%RGYRX� 6ORYDNLD

http://eeb.org/wp-content/uploads/2023/04/Upgrading-Europes-air.pdf
https://www.enviroportal.sk/eia/dokument/95736
https://www.danucem.com/site/2/turna-nad-bodvou-cement-plant


)LJXUH � � 7KH FHPHQW NLOQ 7XUĊD QDG%RGYRX

)LJXUH � � 6DPSOH ORFDWLRQV � ����PDURXQG WKH FHPHQW NLOQ 7XUĊD QDG%RGYRX

6DPSOLQJ
7KLV ELRPRQLWRULQJ UHVHDUFK IRFXVHG RQ DQDO\VLQJ YDULRXV ELRPDUNHUV� HJJV IURP EDFN\DUG
FKLFNHQV� HJJVKHOOV� SLQH QHHGOHV �3LFHD DELHV�� PRVVHV �%U\RSK\WD�� DQG IUXLWV VXFK DV

� _ 7KH7UXH7R[LF 7ROO � %LRPRQLWRULQJ UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV LQ WKH
HQYLURQPHQW VXUURXQGLQJ WKH FHPHQW SODQW 7XUĊD QDG%RGYRX� 6ORYDNLD



DSSOHV� JUDSHV� DQG ILJ OHDYHV� $GGLWLRQDOO\� PDWULFHV VXFK DV URRI GXVW� VHGLPHQW� DQG ZDWHU
ZHUH H[DPLQHG� 7KH DUHD RI UHVHDUFK HQFRPSDVVHG ILYH ��� VXUURXQGLQJ YLOODJHV ZLWKLQ D
�����PHWHU UDGLXV RI WKH FHPHQW NLOQ� 6DPOLQJ ZDV FRQGXFWHG DW IRXU ��� ORFDWLRQV LQ
'YRUQtN\� WKUHH ��� LQ 9þHOiUH� WKUHH ��� LQ +RVĢRYFH� WZR ��� LQ =iGLHO DQG RQH ��� LQ 7XUĖD
QDG %RGYRX�

(JJV
)RU HJJ VDPSOHV� ���� IUHVK HJJV ZHUH FROOHFWHG DW HDFK ORFDWLRQ� 7KH FRQWHQW �HJJ \RON DQG
ZKLWH� ZDV PL[HG DQG VWRUHG LQ DQ +'3( ODE FRQWDLQHU LQ D IUHH]HU XQWLO LW ZDV DQDO\VHG� 7KH
UHVHDUFK WHDP FRQGXFWHG D TXHVWLRQQDLUH DQG RQ�VLWH ORFDWLRQ LQVSHFWLRQ WR LGHQWLI\ DQ\
SRWHQWLDO FRQIRXQGLQJ IDFWRUV DW HDFK EDFN\DUG FKLFNHQ HJJ ORFDWLRQ�

)UXLW
)UXLW VDPSOHV ZHLJKLQJ ���±��� JUDPV ZHUH FROOHFWHG IURP IUXLW WUHHV DQG VKUXEV� SODFHG LQ
VSHFLDO +'3( ODE EDJV� DQG VWRUHG LQ D FRRO� GU\ HQYLURQPHQW�

9HJHWDWLRQ
9HJHWDWLRQ VDPSOHV� ���±����JUDPV RI IUHVK SLQH QHHGOHV IURP 3LQH WUHHV ± 3LFHD DELHV
DQG ���±����JUDP PRVVHV �%U\RSK\WD�� ZHUH FROOHFWHG IURP VKHGV¶ URRIV DW WKH VDPH
ORFDWLRQV DV WKH HJJ VDPSOLQJ� $GGLWLRQDOO\� PRVV �%U\RSK\WD� VDPSOHV ZHUH FROOHFWHG IURP D
UXUDO RSHQ ILHOG RQ D KLOO QHDU 'YRUQtN\� $OO YHJHWDWLRQ VDPSOHV ZHUH VWRUHG LQ +'3(�ODE
EDJV� LQ D FRRO� GDUN� DQG GU\ HQYLURQPHQW�

'XVW
5RRI GXVW VDPSOHV ZHLJKLQJ �� JUDPV ZHUH FROOHFWHG E\ GLUHFW VFUDSLQJ IURP D URRI DW
ORFDWLRQ 'YRUQtN\� $W WKH ORFDWLRQ LQ =iGLHO� ZH VDPSOHG URRI GXVW WKDW KDG QDWXUDOO\
GHSRVLWHG LQ D PHWDO ERZO�

:DWHU 	 6HGLPHQW
:DWHU DQG VHGLPHQW VDPSOHV� WRWDOOLQJ ��� PO ZDWHU�VHGLPHQW ZHUH FROOHFWHG GLUHFWO\ IURP
WKH GRZQVWUHDP IORDWLQJ LQWR %RGYD� QHDU WKH FHPHQW NLOQ XVLQJ DQ +'3( ODE FRQWDLQHU DQG
VWRUHG FRRO DQG GDUN HQYLURQPHQW�

$QDO\VLVPHWKRGV
7KH FROOHFWHG VDPSOHV XQGHUJR DQDO\VLV IRU SHUVLVWHQW RUJDQLF SROOXWDQWV �323V� XVLQJ ERWK
ELRDVVD\V �&$/8;� DQG FKHPLFDO DQDO\VHV� 7KH VXEVWDQFHV RI LQWHUHVW DUH 3&''�)�GO�3&%
�GLR[LQV�� 3HU� DQG SRO\�IOXRURDON\O 6XEVWDQFHV �3)$6�� 3RO\F\FOLF $URPDWLF +\GURFDUERQV
�3$+�� DQG DQDO\VHV RI ���� KHDY\ PHWDOV� $UVHQLF� &DGPLXP� &REDOW� &KURPLXP� /HDG�
1LFNHO� $OXPLQLXP� %DULXP� &RSSHU� 0DQJDQHVH� 0HUFXU\� 6LOYHU� 7LQ� DQG =LQF�

,Q WKLV UHVHDUFK� ELRDVVD\ DQDO\VLV HPSOR\V '5 &$/8;� IRU GLR[LQV�IXUDQV �3&''�)� DQG
GLR[LQ�OLNH 3&%V �G/�3&%V�� 3$+ &$/8; IRU 3$+ VXEVWDQFHV� DQG ),7&�7� IRU WKH 3)$6�
$GGLWLRQDOO\� '5 &$/8;�� 3)$6 &$/8;�� ),7&�7� DQG *&�06 DUH XVHG IRU GLR[LQV
DQDO\VLV LQ HJJV� ZKHQ UHVXOWV IURP '5 &$/8; H[FHHG WKH (8 /LPLWV IRU HJJV ���� SJ
%(4�J IDW IRU 3&''�) DQG ���� SJ %(4�J IDW IRU WKH VXP RI GLR[LQV �3&''�)�GO�3&%��� 7KH

� _ 7KH7UXH7R[LF 7ROO � %LRPRQLWRULQJ UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV LQ WKH
HQYLURQPHQW VXUURXQGLQJ WKH FHPHQW SODQW 7XUĊD QDG%RGYRX� 6ORYDNLD



DQDO\VLV LV SHUIRUPHG E\ %LR'HWHFWLRQ 6\VWHPV LQ $PVWHUGDP� WKH 1HWKHUODQGV �1/�� %'6 LV
DFFUHGLWHG XQGHU 5Y$ /���� &KHPLFDO DQDO\VLV IRU 3$+� 3)$6 DQG KHDY\ PHWDOV UH
FRQGXFWHG E\ WKH DFFUHGLWHG ODERUDWRU\ 1RUPHF� *URHQ $JUR &RQWURO� ORFDWHG LQ 'HOIW� WKH
1HWKHUODQGV �1/�� 3)$6 FKHPLFDO DQDO\VHV HPSOR\ /&�06�06 WR GHWHFW �� 3)$6� ZKLOH
KHDY\ PHWDOV DQDO\VLV XWLOLVHV ,&3�06�

5HVXOWV

(JJV
,Q 2FWREHU ����� 7: FRQGXFWHG D VDPSOLQJ RI HJJV IURP EDFN\DUG FKLFNHQV LQ VL[ ���
SULYDWH ORFDWLRQV DFURVV ILYH ��� QHLJKERXULQJ YLOODJHV QHDU WKH FHPHQW NLOQ� 7KH YDOXHV ZLWK
WKH '5 &$/8; UDQJH IURP ��� ± ��� SJ %(4�J IDW� 7KUHH ��� ORFDWLRQV H[FHHGHG WKH (8
OLPLW RI ��� SJ %(4�J LQ EDFN\DUG FKLFNHQ HJJV �'5 &$/8;�� ZLWK ���� SJ LQ +RVĢRYFH�
���� SJ LQ 7XUĖD QDG %RGYRX DQG ���� SJ %(4�J IDW �0%�� LQ =iGLHO� 7KH '5 &$/8;
PHWKRG DVVHVVHV WKH WRWDO WR[LFLW\ RI GLR[LQV� LQFOXGLQJ EURPLQDWHG� IOXRULQDWHG� DQG RWKHU
�PL[HG� KDORJHQDWHG FRPSRXQGV� &KHPLFDO DQDO\VHV� OLPLWHG WR �� FKORULQDWHG GLR[LQV�
IRXQG LQ HJJV RI 7XUĖD QDG %RGYRX ��� SJ 7(4�J DQG LQ HJJV RI ORFDWLRQ =iGLHO ��� SJ
7(4�J� 7KH OHYHOV RI GO�3&% DUH IURP ��� ± ��� SJ 7(4�J� 7KH KLJKHVW�OHYHO GO�3&% LV
IRXQG LQ =iGLHO� &KHPLFDO DQDO\VLV FRQILUPHG WKLV YDOXH ZLWK ��� SJ 7(4�J LQ =iGLHO DQG
PHDVXUHG ��� SJ 7(4�J LQ +RVĢRYFH� %RWK H[FHHG WKH (8 DFWLRQ OLPLW RI ��� SJ 7(4�
ZKHUH DFWLRQ LV QHHGHG WR GHWHUPLQH WKH VRXUFH� 7KH FRQJHQHU SDWWHUQV RI GO�3&% FORVHO\
UHVHPEOH DW DOO WKHVH ORFDWLRQV�

7KH FKHPLFDO DQDO\VLV �/&�06�06� ZDV GHWHFWHG LQ DOO HJJV 3)$6� 7KH KLJKHVW YDOXH IRU
3)$6 ZDV IRXQG DW ORFDWLRQ =iGLHO���� ZLWK ���� �J � �� 3)$6 �NJ� 7KH FRQFHQWUDWLRQ RI
3)26 �RQH RI WKH � (8�UHJXODWHG 3)$6 FRPSRXQGV DQG DPRQJ WKH �� DQDO\VHG 3)$6
FRPSRXQGV E\ /&�06�06� H[FHHGHG WKH (8 OLPLW E\ ���� ZLWK ��� �J�NJ� 7XUĖD QDG
%RGYRX 3)26 OHYHO QDUURZO\ VWD\HG XQGHU WKH (8 OLPLW DW ���� �J�NJ� 7KH ILQGLQJV RI �
GLIIHUHQW 3)$6 LQ WKH HJJV RI ORFDWLRQ =iGLHO QHHG IXUWKHU LQYHVWLJDWLRQ WR ILQG RXW WKH
VRXUFH�V��

)UXLW
'LR[LQV RQ IUXLW LQ 7XUĖD QDG %RGYRX FRQVLVW RI ���� SJ 7(4�ZHW ZHLJKW �0%� IRU WKH VXP RI
GLR[LQV �3&''�)�GO�3&%� DQG DUH MXVW EHORZ WKH (8 OLPLW RI ���� SJ 7(4�� 2WKHU ORFDWLRQV
PHDVXUHG DOO EHORZ WKH OLPLW RI TXDQWLILFDWLRQ ��/24� IRU GLR[LQV RQ IUXLW�

3)$6 ZDV GHWHFWHG LQ JUDSHV LQ 9þHOiUH� DQG ILJ OHDYHV LQ 'YRUQtN\� ZLWK ���� DQG ����
QJ �JUDP GZ �0%� IRU ��� )OXRURWHORPHU VXOIRQDWH ����)76�� UHVSHFWLYHO\� ,Q WKH RWKHU
ORFDWLRQV� QR 3)$6 FRXOG EH IRXQG DERYH WKH OLPLW RI TXDQWLILFDWLRQ �!/24�� $OWKRXJK WKH
SUHVHQFH RI ��� )OXRURWHORPHU VXOIRQDWH ����)76� LV ZLWK JUHDW FRQFHUQ� EHFDXVH RI
WKH WKUHDW RI VHULRXV KHDOWK HIIHFWV� DQG DFFXPXODWLRQ SRWHQWLDO LQ SHRSOH� WKLV 3)$6 LV
�VWLOO� QRW LQFOXGHG LQ WKH (8 UHJXODWLRQV�

7KH 3$+ OHYHOV RQ DSSOHV DUH EHWZHHQ ���� ± ����� QJ %HQ]R�D�3\UHQH HTXLYDOHQW SHU

� ���������(8
� ò /24 ´PHGLXP�ERXQG´ �0%�

� _ 7KH7UXH7R[LF 7ROO � %LRPRQLWRULQJ UHVHDUFK RQ SHUVLVWHQW RUJDQLF SROOXWDQWV LQ WKH
HQYLURQPHQW VXUURXQGLQJ WKH FHPHQW SODQW 7XUĊD QDG%RGYRX� 6ORYDNLD
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JUDP�SURGXFW ZLWK WKH 3$+ &$/8;� 7KH KLJKHVW OHYHO ZDV IRXQG LQ 7XUĖD QDG %RGYRX� ,Q
JUDSHV RI 'YRUQtN\� DQG 9þHOiUH ���� QJ DQG ���� QJ ��� 3$+ ZDV IRXQG ZLWK WKH FKHPLFDO
DQDO\VLV RI *&06�

0RVVHV
7KH YDOXHV RI GLR[LQV PHDVXUHG ZLWK '5 &$/8; LQ PRVVHV DW 'YRUQtN\ DUH ��� SJ 7&''
HT��J� LQ PRVVHV DW WKH WRS RI WKH KLOO QRUWK� DQG ���� SJ 7&'' HT��J LQ PRVVHV RQ D URRI
��� PHWHUV GLVWDQFH IURP WKH SODQW� 0RVVHV FROOHFWHG IURP URRIV LQ 9þHOiUH GLR[LQV
PHDVXUHG ��� SJ 7&'' HT��J� LQ =iGLHO ���� SJ 7&'' HT��J� DQG +RVĢRYFH ���� SJ 7&''
HT��J GZ �0%�� 7KH GLR[LQ LQ DOO WKH PRVV VDPSOHV H[FHHGV WKH OLPLW �IRU IHHG� RI ���� SJ
7&'' HT��J ��� GU\ ZHLJKW �PHGLXP ERXQG� 0%�� +LJK OHYHOV RI GLR[LQV ZHUH GHWHFWHG LQ
DOO PRVV VDPSOHV FROOHFWHG DURXQG WKH FHPHQW NLOQ� 7KH OHYHOV RI GLR[LQV
�3&''�)�GO�3&%V� LQ PRVVHV RI 6ORYDNLD DUH DPRQJ WKH KLJKHVW REVHUYHG LQ
LQWHUQDWLRQDO ELRPRQLWRULQJ UHVHDUFK FRQGXFWHG E\ 7:� )ROORZ�XS UHVHDUFK LQ ���� RQ
PRVV LQ WKLV 6ORYDN DUHD ZLOO H[SDQG WR LQFOXGH PRVV VDPSOHV IURP WKH 6ORYDN .DUVW
1DWLRQDO 3DUN UHJLRQ�

,Q WKH PRVVHV RI +RVĢRYFH DQG 'YRUQtN\� YDOXHV RI ��� DQG ��� SJ 7&'' HT��J IRU GO�3&%
DUH IRXQG� 7KLV KLJK YDOXH FRXOG EH WKH UHVXOW RI WKH LQFRPSOHWH FRPEXVWLRQ RI 3&% ZDVWH�
6HPL�FRQWLQXRXV PHDVXUHPHQWV RI WKH IOXH JDVHV DUH QHHGHG WR GHWHUPLQH WKH DPRXQW DQG
SDWWHUQV RI HPLVVLRQV RI GO�3&%� ,Q =iGLHO� 'YRUQtN\ �+LOO 1RUWK� DQG 9þHOiUH ���� ��� DQG
��� SJ 7&'' HT��J ZHUH PHDVXUHG UHVSHFWLYHO\�

1RWDEO\� PRVVHV H[KLELWHG KLJKHU OHYHOV RI GLR[LQV FRPSDUHG WR IUXLWV RU SLQH QHHGOHV
FROOHFWHG IURP WKH VDPH ORFDWLRQV� 7KLV GLVSDULW\ PLJKW EH DWWULEXWHG WR WKH IDFW WKDW IUXLWV
PDWXUH IURP EORVVRP WR ULSH IUXLW ZLWKLQ D IHZ PRQWKV �0D\�6HSWHPEHU� ZKHUHDV PRVVHV
JURZ FRQWLQXRXVO\ WKURXJKRXW WKH \HDU DQG FDQ OLYH IRU PDQ\ \HDUV�

3$+ LQ PRVVHV� DQDO\]HG ZLWK WKH 3$+ &$/8; YDULHV IURP ����� � ������ QJ�J
%HQ]R�D�S\UHQH HTXLYDOHQW� 7KH FKHPLFDO DQDO\VLV WRRO RI WKH *&�06 RQ �� 3$+ LV LQ WKH
UDQJH RI ���� ± ��� QJ 3$+�J� 7KH ORZHVW OHYHO LV IRXQG DW WKH WRS RI WKH KLOO LQ 'YRUQtN\
DQG WKH KLJKHVW OHYHO LQ +RVĢRYFH� 7KH ELRDVVD\ 3$+ &$/8; PHWKRG PHDVXUHV WKH
WR[LFLW\ RI WKH WRWDO 3$+ LQVWHDG RI ���� 3$+ FRQJHQHUV ZLWK FKHPLFDO DQDO\VHV �*&�06��

3LQH QHHGOHV
7KH OHYHOV RI GLR[LQV LQ SLQH QHHGOHV PHDVXUHG ZLWK WKH ELRDVVD\ '5 &$/8; DUH ���� SJ
7&'' HT��J LQ 'YRUQtN\� ���� SJ 7&'' HT��J LQ =iGLHO DQG ���� SJ 7&'' HT��J LQ +RVĢRYFH
DQG 9þHOiUH� 3$+ OHYHOV DW WKHVH � ORFDWLRQV LQ SLQH QHHGOHV DUH ���� ± ���� QJ
%HQ]R�D�3\UHQH HTXLYDOHQW�J E\ 3$+ &$/8;� :LWK WKH FKHPLFDO PHWKRG RI 3$+ DQDO\VHV� D
VXEVWDQWLDOO\ KLJKHU OHYHO RI ���� QJ � �� 3$+�J ZDV PHDVXUHG LQ WKH SLQH QHHGOHV DW
ORFDWLRQ 'YRUQtN\� ZKLFK LV TXLWH UHPDUNDEOH DQG QHHGV WR EH UHSHDWHG LQ WKH QH[W VDPSOLQJ�

'XVW
5HVLGHQWV KDG UHSRUWHG FRQFHUQ DERXW EODFN GXVW DFFXPXODWLQJ RQ WKHLU URRIV� ZLQGRZV�
DQG ZLQGRZSDQHV� ,Q WKLV UHVHDUFK� KLJK OHYHOV RI 3$+ ZHUH IRXQG LQ URRI GXVW
VDPSOHG GLUHFWO\ IURP D URRI DW ORFDWLRQ 'YRUQtN\� DQG IURP D PHWDO ERZO ORFDWHG RQ
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WKH URRI ZLWK QDWXUDOO\ GHSRVLWHG GXVW LQ =iGLHO� 'LR[LQ OHYHOV LQ GXVW DUH ���� 7&''
HT��J LQ 'YRUQtN\ DQG ���� SJ 7&'' HT��J LQ =iGLHO� 7KH GO�3&%V DUH ���� DQG ���� 7&''
HT��J� UHVSHFWLYHO\�

7KH OHYHOV RI 3$+ LQ =iGLHO ZHUH ������ QJ DQG LQ 'YRUQtN\ ������ QJ %HQ]R�D�3\UHQH
HTXLYDOHQW SHU JUDP� +RZHYHU� RQ DSSOHV DQG JUDSHV� PXFK ORZHU OHYHOV LQ WKH UDQJH RI
���� ± ���� QJ %HQ]R�D�3\UHQH HTXLYDOHQW SHU JUDP LV IRXQG LQ XQFOHDQHG IUXLW VDPSOHV�

:DWHU 	 6HGLPHQW
$ VFUHHQLQJ WHVW ZLWK WKH ),7&�7�� ZDV FRQGXFWHG RQ ZDWHU DQG VHGLPHQW QHDU WKH FHPHQW
NLOQ� 7KH OHYHO RI 3)$6 LQ ZDWHU ZDV IRXQG WR EH ������ QJ 3)2$�HT� �O� �7KHVH
VLJQLILFDQWO\ H[FHHG WKH OLPLW VHW E\ WKH 'XWFK UHJXODWLRQ�� ��� QDQRJUDPV SHU OLWUH IRU
3)2$� � E\ PRUH WKDQ D IDFWRU RI �������� 6HGLPHQW VDPSOLQJ GRZQVWUHDP VKRZHG 3)$6
OHYHOV RI ����� QJ 3)2$ HT��J �GU\ ZHLJKW� ZLWK WKH PHWKRG RI ),7&�7�� �7KLV JUHDWO\
VXUSDVVHV WKH OLPLW VHW E\ WKH 'XWFK UHJXODWLRQ��� )XUWKHU UHVHDUFK LV QHFHVVDU\ RQ ZDWHU
DQG VHGLPHQW VDPSOHV� DV ZHOO DV XSVWUHDP VDPSOHV LQ WKH 6ORYDN .DUVW 1DWLRQDO 3DUN�
([WHQGHG DQDO\VHV ZLOO HPSOR\ FKHPLFDO DQDO\VLV /&�06�06 DQG WKH ELRDVVD\
(5$�&$/8;�

+HDY\ PHWDOV
7KH UHVXOWV RI DQDO\VHV RI KHDY\ PHWDOV RQ PRVVHV �%U\RSK\WD� LQ =iGLHO DUH ���� PJ�NJ
=LQF� �� PJ�NJ /HDG� �� PJ�NJ 1LFNHO� ��� PJ�NJ 0DQJDQHVH DQG ��� PJ�NJ &DGPLXP LQ
=iGLHO� 0RUH UHVHDUFK DW UHIHUHQFH ORFDWLRQV LV QHHGHG WR LQWHUSUHW WKH UHVXOWV LQ WKH FRQWH[W
RI WKLV UHJLRQ�

7KH KHDY\ PHWDOV OHYHOV LQ WKH PRVVHV DUH DPRQJ WKH KLJKHVW UHFRUGHG LQ
ELRPRQLWRULQJ UHVHDUFK FRQGXFWHG E\ 7: LQ (XURSH ������������ 6XEVHTXHQW VDPSOHV
ZLOO EH FROOHFWHG LQ WKH QHDUE\ 6ORYDN .DUVW 1DWLRQDO 3DUN DQG $**7(/(. 1DWLRQDO 3DUN�
ORFDWHG YHU\ FORVH WR WKH FHPHQW NLOQ LQ +XQJDU\�

+HDY\ PHWDO DQDO\VLV LQ SLQH QHHGOHV � 3LFHD DELHV LQ =iGLHO RI ��� PJ�NJ RI
0DQJDQHVH LV IRXQG WR EH KLJK� FRPSDUHG WR RWKHU 7:�ELRPRQLWRULQJ UHVXOWV LQ SLQH
QHHGOHV� +HDY\ PHWDO DQDO\VLV RI HJJVKHOOV RI EDFN\DUG FKLFNHQV IRXQG ����� PJ�NJ /HDG
�3E�� ����� PJ 1LFNHO �1L� DQG QR 0HUFXU\ �+J� ZDV GHWHFWHG DERYH WKH OLPLW RI GHWHFWLRQ ��
/2'�� 2QO\ WKH UHODWLYHO\ KLJK FRQWHQW RI $OXPLQLXP �$O� RI ��� PJ�NJ LQ HJJVKHOOV RI
'YRUQtN\ QHHGV WR KDYH PRUH DWWHQWLRQ�

�� 7KH 'XWFK UHJXODWLRQ IRU VRLO LV VHW DW ��� QJ 3)2$ HT��NJ �WR FRPSDUH HTXDOO\ WKLV PHDQV� ����� QJ 3)2$ HT��J��

È /ZQj ���� 6IgDgkOOI[ ��!��� ¥Á¿ÁÁ¦� .QhQE]OgI[vI[ p]]g +��/ Q[ ]ddIgpY<XjIq<jIg.�6!�DgQINg<dd]gj Á¿ÁÁ�¿¿ÆÃ ��� /ZQj �
��!��� 6IgDgkOOI[

� 7KH UHIHUHQFH WR 'XWFK UHJXODWLRQ LV GXH WR WKH SURDFWLYH VWDQFH RI WKH 1HWKHUODQGV JRYHUQPHQW LQ HVWDEOLVKLQJ OLPLWV IRU
3HUVLVWHQW 2UJDQLF 3ROOXWDQWV �323V� HPLVVLRQV DKHDG RI EURDGHU (XURSHDQ 8QLRQ UHJXODWLRQV� 7KLV LQFOXGHV OLPLWV IRU
VXEVWDQFHV VXFK DV 3)$6� 'LR[LQV �VHW DW ���� QJ 7(4�1P��� DQG KHDY\ PHWDOV �HQIRUFHG IURP -DQXDU\ �� ������ ,W LV
LPSRUWDQW WR QRWH WKDW ZKLOH 'XWFK UHJXODWLRQV DUH FLWHG KHUH� WKHUH LV D ODFN RI UHDGLO\ DYDLODEOH LQIRUPDWLRQ UHJDUGLQJ HTXLYDOHQW
OLPLWV LQ 6ORYDNLD� ZKHUH IXUWKHU LQYHVWLJDWLRQ LV ZDUUDQWHG�

� 7KH ),7&�7� LV D PHWKRG WKDW PHDVXUHV WKH WRWDO WR[LF HIIHFW RI D PL[WXUH RI 3)$6 FRQJHQHUV DQG LV FXUUHQWO\ XVHG E\ WKH
'XWFK JRYHUQPHQW WR VFUHHQ IRU 3)$6 LQ VXUIDFH ZDWHU DQG LQIRUP SROLF\ PHDVXUHV IRU VRXUFH UHGXFWLRQ�
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5HVXOWV
7KH LQIRJUDSKLF EHORZ SUHVHQWV WKH LQLWLDO ILQGLQJV IURP WKH 7: ELRPRQLWRULQJ UHVHDUFK
FRQGXFWHG DURXQG WKH FHPHQW NLOQ &HPHQWiUHĖ 7XUĖD QDG %RGYRX� VLWXDWHG LQ WKH .RãLFH
5HJLRQ LQ 6ORYDNLD LQ ����� 6DPSOHV ZHUH WDNHQ ZLWKLQ D UDGLXV RI ���� PHWHUV DURXQG WKH
NLOQ� LQ WKH VXUURXQGLQJ ILYH ��� YLOODJHV DQG DQDO\VHG IRU SHUVLVWHQW RUJDQLF SROOXWDQWV �323V�
� VXFK DV GLR[LQV� 3)$6� 3$+ DQG KHDY\ PHWDOV� (JJV� SLQH QHHGOHV� DQG PRVVHV
H[KLELWHG KLJK FRQFHQWUDWLRQV RI GLR[LQV �3&&'�)�GO�3&%�� SRO\F\FOLF DURPDWLF
K\GURFDUERQV �3$+V�� DQG SHU� DQG SRO\�IOXRURDON\O VXEVWDQFHV �3)$6�� ,Q 7XUĖD QDG
%RGYRX VL[ ��� 3)$6 FRPSRXQGV FRXOG EH GHWHUPLQHG LQ HJJV� 3)26 OHYHO LQ HJJV RI
ORFDWLRQ =iGLHO� H[FHHGLQJ WKH (8 OLPLW IRU 3)26 E\ �����

2I SDUWLFXODU FRQFHUQ DUH WKH VFUHHQLQJ WHVW UHVXOWV LQ WKH VXUIDFH ZDWHU VWUHDP QHDU
WKH FHPHQW NLOQ DQG VHGLPHQW IRU WKH DODUPLQJO\ KLJK OHYHOV RI 3)$6� 7KH KHDY\ PHWDO
OHYHOV LQ PRVVHV DUH DPRQJ WKH KLJKHVW UHFRUGHG LQ 7:�ELRPRQLWRULQJ UHVHDUFK
FRQGXFWHG LQ (XURSH ������������ $GGLWLRQDOO\� HOHYDWHG OHYHOV RI 3$+ ZHUH IRXQG LQ
GXVW GHSRVLWLRQV RQ WKH URRIV RI KRXVHV LQ WKH YLOODJHV RI 'YRUQtN\ DQG =iGLHO�

2YHUDOO� WKH ILQGLQJV IURP WKLV LQLWLDO ELRPRQLWRULQJ SURMHFW UDLVH ZRUU\LQJ FRQFHUQV
UHJDUGLQJ WKH SUHVHQFH RI GLR[LQV �3&''�)�GO�3&%�� 3$+� 3)$6 DQG KHDY\ PHWDOV LQ
WKH HQYLURQPHQW RI WKLV UHJLRQ RI WKH .RãLFH� )XUWKHU UHVHDUFK LV LPSHUDWLYH WR
FRPSUHKHQG WKHVH FRQWDPLQDQWV
 VRXUFH�V� DQG GHSRVLWLRQ SDWWHUQV�

)LJXUH � � %LRPRQLWRULQJ UHVHDUFK UHVXOWV� .RģLFH UHJLRQ� 6ORYDNLD� �����2FWREHU ����
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