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Foreword

This document (EN ISO 15680:2003) has been prepared by Technical Committee ISO/TC 147
"Water quality" in collaboration with Technical Committee CEN/TC 230 "Water analysis", the
secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of
an identical text or by endorsement, at the latest by May 2004, and conflicting national standards
shall be withdrawn at the latest by May 2004.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of
the following countries are bound to implement this European Standard: Austria, Belgium, Czech
Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy,
Luxembourg, Malta, Netherlands, Norway, Portugal, Slovakia, Spain, Sweden, Switzerland and
the United Kingdom.

Endorsement notice

The text of ISO 15680:2003 has been approved by CEN as EN ISO 15680:2003 without any
modifications.

NOTE Normative references to International Standards are listed in Annex ZA (normative).

EN ISO 15680:2003



5HIHUHQFH QXPEHU
,62 ��� � � (

,17(51$7,21$/
67$1'$5'

,62
���

)LUVW HGLWLRQ
�

:DWHU TXDOLW\² *DV FKURPDWRJUDSKLF
GHWHUPLQDWLRQ RI D QXPEHU RI PRQRF\FOLF
DURPDWLF K\GURFDUERQV  QDSKWKDOHQH DQG
VHYHUDO FKORULQDWHG FRPSRXQGV XVLQJ
SXUJH DQG WUDS DQG WKHUPDO GHVRUSWLRQ

4XDOLWp GH O HDX ² 'RVDJH SDU FKURPDWRJUDSKLH HQ SKDVH JD]HXVH
G XQ FHUWDLQ QRPEUH G K\GURFDUEXUHV DURPDWLTXHV PRQRF\FOLTXHV  GX
QDSKWDOqQH HW GH GLYHUV FRPSRVpV FKORUpV SDU GpJD]DJH  SLpJHDJH HW
GpVRUSWLRQ WKHUPLTXH
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'3OFVLG )UHPLD
LK7V 3') ILOH P\D FWQRLDQ HPGHEW GHG\IHSFDHV  ,Q FFDFQDGURZ HLW$ K HERGV OLFQHVLORS JQLF \ WLKV ILOH PLUS HE \DWQGH LY URZHE GHWX
VODKO WRQ LGH HEWOQX GHHVV WHK W\SIHFDHV ZLKFH HUD KPO HUD GHGGHELFVQHGH WL GQD RQVWODOGH W QRHK FRPXSWIUHS UHURPLJQ WLGH HKWLQ J ,Q
ZRGOQLGDRW JQLKV ILO H WUDSLVH DWSHFF WLHUHKW QVHU HKQRSVLLEOLW\ IR QWR LIQULLJQJQ $ HERGV OLFQHVLORS JQLF \ HK7 ,62 WQH&ODU 6HFUWHLUDWD
FDFHSWO RQ VLLEDOLW\ LQ WKLV DHUD

$L HERGV D WHGDUPIR NUD $HERG 6\VWHP, VQFWDURSUR GH

WH'LDOV IR WHK VIRWZFXGRUS HUDWV VXW GHR FUWDHH WLKV 3') ILOH FQD I HEL GQXRQ WODUHQH* HK ,IQOHU RDWLW HYW RHK ILOH� W3 HK'F )UWDHLQR
PDUDSWHUHZ VWSR HUHLPL]GH IUR LUSWQL JQ (Y\UH FHUD QHHE VDK WDNQH WVQH RHUX WDKW WHK ILOH LV VLXWOEDH IRVX UH \E ,62 PHPGRE UHEHLV  ,Q
WOQX HKLNOHWQHYH \ WWDK OERUS DHP OHUWDLW JQR LW LV I GQXR SOVDHH LIQURP WWQH& HKODU 6HFWHULUDWD WD WHK VHUGGDLJ VOHE QHYZR

� ,62 �  
$OO LUWKJV HUVH GHYU OQ8HWR VVZUHKLVH VSHFLILHG  RQ WUDS IR WKLV OEXSLFWDLRQ PDHE \ FXGRUSHUUR GH WXLOL]L GHQ \QD IRUP UR QD \EP \QDH V
OHFHWULQRF UR PFHLQDKFOD  LQFOLGXQWRKS JFRL\SRGQD JQ PLFUIRLOP  ZLWWXRK UHSPLVVLL QRZ QULWLJQ IURP LHW, UHK6D 2W WVVHUGGD HK HEROZ RU
,62V PHPUHE L \GREQ WKH FQXRWIR \U WWVHXTHU HKH U

,62 FLU\SRWKJ IRILFH
VD&H WVRSDOH �� HQH* +&  DY
OH7 �   ���    
[D)  ���  � � ��
( PLDO FRLU\SWKJL#V R JUR
:H EZZZ LV R JUR

3XOELVGHKL Q 6ZLWOUH] GQD

LL
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LLL

&RQWHQWV 3DJH

)RUHZRUG LY
 6FRSH
 1RUPDWLYH UHIHUHQFHV
� 7HUPV DQG GHILQLWLRQV
� 3ULQFLSOH
� ,QWHUIHUHQFHV �
� 5HDJHQWV �
� $SSDUDWXV �
� 6DPSOH FROOHFWLRQ  SUHVHUYDWLRQ DQG SUHSDUDWLRQ �
� $QDO\WLFDO SURFHGXUH �

&DOLEUDWLRQ
&DOFXODWLRQ
([SUHVVLRQ RI UHVXOWV

� 3UHFLVLRQ GDWD
� 7HVW UHSRUW
$QQH[ $ LQIRUPDWLYH $SSOLFDWLRQ RI SXUJH DQG WUDS FRQFHQWUDWLRQ WR WKH *& DQDO\VLV RI YRODWLOH

FRPSRXQGV LQ ZDWHU² ([DPSOH � 9DOLGDWLRQ VWXG\ LQ WKH 8. �
$QQH[ % LQIRUPDWLYH $SSOLFDWLRQ RI SXUJH DQG WUDS FRQFHQWUDWLRQ WR WKH *& DQDO\VLV RI YRODWLOH

FRPSRXQGV LQ ZDWHU² ([DPSOH � 'DWD SURYLGHG E\ ',1 �
$QQH[ & LQIRUPDWLYH $SSOLFDWLRQ RI SXUJH DQG WUDS FRQFHQWUDWLRQ WR WKH *& DQDO\VLV RI YRODWLOH

FRPSRXQGV LQ ZDWHU² ([DPSOH �� 9DOLGDWLRQ VWXG\ LQ WKH 1HWKHUODQGV
$QQH[ ' QRUPDWLYH &ULWHULD IRU WKH *& 06 LGHQWLILFDWLRQ RI WDUJHW FRPSRXQGV �
$QQH[ ( LQIRUPDWLYH 3URFHGXUHV IRU WKH FOHDQLQJ RI JODVVZDUH DQG WKH SUHSDUDWLRQ RI

FRQWDPLQDQW IUHH ZDWHU �
$QQH[ ) LQIRUPDWLYH 3UHSDUDWLRQ RI VWDQGDUG VROXWLRQV RI YRODWLOH RUJDQLF FRPSRXQGV �
$QQH[ * LQIRUPDWLYH 'HWHUPLQDWLRQ RI WKH DEVROXWH  UHFRYHU\ RI VXEVWDQFHV DQDO\VHG E\

SXUJH DQG WUDS FRQFHQWUDWLRQ �
%LEOLRJUDSK\ ��
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LY

)RUHZRUG

,62 WKH ,QWHUQDWLRQDO 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ  LV D ZRUOGZLGH IHGHUDWLRQ RI QDWLRQDO VWDQGDUGV ERGLHV
,62 PHPEHU ERGLHV 7KH ZRUN RI SUHSDULQJ ,QWHUQDWLRQDO 6WDQGDUGV LV QRUPDOO\ FDUULHG RXW WKURXJK ,62
WHFKQLFDO FRPPLWWHHV  (DFK PHPEHU ERG\ LQWHUHVWHG LQ D VXEMHFW IRU ZKLFK D WHFKQLFDO FRPPLWWHH KDV EHHQ
HVWDEOLVKHG KDV WKH ULJKW WR EH UHSUHVHQWHG RQ WKDW FRPPLWWHH  ,QWHUQDWLRQDO RUJDQL]DWLRQV  JRYHUQPHQWDO DQG
QRQ JRYHUQPHQWDO  LQ OLDLVRQ ZLWK ,62  DOVR WDNH SDUW LQ WKH ZRUN  ,62 FROODERUDWHV FORVHO\ ZLWK WKH
,QWHUQDWLRQDO (OHFWURWHFKQLFDO &RPPLVVLRQ ,(&  RQ DOO PDWWHUV RI HOHFWURWHFKQLFDO VWDQGDUGL]DWLRQ  

,QWHUQDWLRQDO 6WDQGDUGV DUH GUDIWHG LQ DFFRUGDQFH ZLWK WKH UXOHV JLYHQ LQ WKH ,62 ,(& 'LUHFWLYHV  3DUW 

7KH PDLQ WDVN RI WHFKQLFDO FRPPLWWHHV LV WR SUHSDUH ,QWHUQDWLRQDO 6WDQGDUGV  'UDIW ,QWHUQDWLRQDO 6WDQGDUGV
DGRSWHG E\ WKH WHFKQLFDO FRPPLWWHHV DUH FLUFXODWHG WR WKH PHPEHU ERGLHV IRU YRWLQJ  3XEOLFDWLRQ DV DQ
,QWHUQDWLRQDO 6WDQGDUG UHTXLUHV DSSURYDO E\ DW OHDVW �� RI WKH PHPEHU ERGLHV FDVWLQJ D YRWH  

$WWHQWLRQ LV GUDZQ WR WKH SRVVLELOLW\ WKDW VRPH RI WKH HOHPHQWV RI WKLV GRFXPHQW PD\ EH WKH VXEMHFW RI SDWHQW
ULJKWV  ,62 VKDOO QRW EH KHOG UHVSRQVLEOH IRU LGHQWLI\LQJ DQ\ RU DOO VXFK SDWHQW ULJKWV  

,62 ���  ZDV SUHSDUHG E\ 7HFKQLFDO &RPPLWWHH ,62 7& ��  :DWHU TXDOLW\  6XEFRPPLWWHH 6&  3K\VLFDO
FKHPLFDO DQG ELRFKHPLFDO PHWKRGV  
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,17(15$7,21$/ 76$1'$'5 ,6� ���  2� (

:DWHU TXDOLW\² *DV FKURPDWRJUDSKLF GHWHUPLQDWLRQ RI D
QXPEHU RI PRQRF\FOLF DURPDWLF K\GURFDUERQV  QDSKWKDOHQH
DQG VHYHUDO FKORULQDWHG FRPSRXQGV XVLQJ SXUJH DQG WUDS DQG
WKHUPDO GHVRUSWLRQ

:$51,1*² 3HUVRQV XVLQJ WKLV ,QWHUQDWLRQDO 6WDQGDUG VKRXOG EH IDPLOLDU ZLWK QRUPDO ODERUDWRU\
SUDFWLFH  7KLV ,QWHUQDWLRQDO 6WDQGDUG GRHV QRW SXUSRUW WR DGGUHVV DOO RI WKH VDIHW\ SUREOHPV  LI DQ\
DVVRFLDWHG ZLWK LWV XVH  ,W LV WKH UHVSRQVLELOLW\ RI WKH XVHU WR HVWDEOLVK DSSURSULDWH VDIHW\ DQG KHDOWK
SUDFWLFHV DQG WR HQVXUH FRPSOLDQFH ZLWK DQ\ QDWLRQDO UHJXODWRU\ FRQGLWLRQV

 6FRSH

7KLV ,QWHUQDWLRQDO 6WDQGDUG VSHFLILHV D JHQHUDO PHWKRG IRU WKH GHWHUPLQDWLRQ RI YRODWLOH RUJDQLF FRPSRXQGV
92&V LQ ZDWHU E\ SXUJH DQG WUDS LVRODWLRQ DQG JDV FKURPDWRJUDSK\ *& $QQH[HV $  % DQG & SURYLGH
H[DPSOHV RI DQDO\WHV WKDW FDQ EH GHWHUPLQHG XVLQJ WKLV ,QWHUQDWLRQDO 6WDQGDUG  7KH\ UDQJH IURP
GLIOXRURGLFKORURPHWKDQH 5 XS WR WULFKORUREHQ]HQH  LQFOXGLQJ DOO QRQ SRODU RUJDQLF FRPSRXQGV RI
LQWHUPHGLDWH YRODWLOLW\

'HWHFWLRQ LV SUHIHUDEO\ FDUULHG RXW E\ PDVV VSHFWURPHWU\ LQ WKH HOHFWURQ LPSDFW PRGH (, EXW RWKHU GHWHFWRUV
PD\ EH DSSOLHG DV ZHOO  

7KH OLPLW RI GHWHFWLRQ ODUJHO\ GHSHQGV RQ WKH GHWHFWRU LQ XVH DQG WKH RSHUDWLRQDO SDUDPHWHUV  7\SLFDOO\
GHWHFWLRQ OLPLWV DV ORZ DV  QJ O FDQ EH DFKLHYHG  7KH ZRUNLQJ UDQJH W\SLFDOO\ LV XS WR �J O  

7KLV ,QWHUQDWLRQDO 6WDQGDUG LV DSSOLFDEOH WR GULQNLQJ ZDWHU  JURXQG ZDWHU  VXUIDFH ZDWHU  VHDZDWHU DQG WR
GLOXWHG  ZDVWH ZDWHU

 1RUPDWLYH UHIHUHQFHV

7KH IROORZLQJ UHIHUHQFHG GRFXPHQWV DUH LQGLVSHQVDEOH IRU WKH DSSOLFDWLRQ RI WKLV GRFXPHQW  )RU GDWHG
UHIHUHQFHV  RQO\ WKH HGLWLRQ FLWHG DSSOLHV  )RU XQGDWHG UHIHUHQFHV  WKH ODWHVW HGLWLRQ RI WKH UHIHUHQFHG
GRFXPHQW LQFOXGLQJ DQ\ DPHQGPHQWV  DSSOLHV

,62 ����  :DWHU IRU DQDO\WLFDO ODERUDWRU\ XVH² 6SHFLILFDWLRQV DQG WHVW PHWKRGV

,62 ���� � :DWHU TXDOLW\ ² 6DPSOLQJ² 3DUW �� *XLGDQFH RQ WKH SUHVHUYDWLRQ DQG KDQGOLQJ RI ZDWHU
VDPSOHV

,62 ����  :DWHU TXDOLW\ ² &DOLEUDWLRQ DQG HYDOXDWLRQ RI DQDO\WLFDO PHWKRGV DQG HVWLPDWLRQ RI SHUIRUPDQFH
FKDUDFWHULVWLFV ² 3DUW � 6WDWLVWLFDO HYDOXDWLRQ RI WKH OLQHDU FDOLEUDWLRQ IXQFWLRQ

 7KH YDOXH JLYHQ LV DQ LQGLFDWLRQ RI WKH OLPLW RI GHWHFWLRQ  ,W LV FDOFXODWHG DV � WLPHV WKH VWDQGDUG GHYLDWLRQ RI D VHULHV RI
PHDVXUHPHQWV RI  UHSOLFDWH VDPSOHV XQGHU FRQGLWLRQV RI UHSHDWDELOLW\

1
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� 7HUPV DQG GHILQLWLRQV

)RU WKH SXUSRVHV RI WKLV GRFXPHQW  WKH IROORZLQJ WHUPV DQG GHILQLWLRQV DSSO\

�  
YRODWLOH RUJDQLF FRPSRXQG
92&
RUJDQLF FRPSRXQG  JHQHUDOO\ QRQ SRODU ZLWK ERLOLQJ SRLQW EHWZHHQ DSSUR[LPDWHO\ �  �& DQG �&

�  
WDUJHW FRPSRXQG
VHOHFWHG FRPSRQHQW ZKRVH SUHVHQFH RU DEVHQFH LV GHWHUPLQHG

127( 7KLV GHILQLWLRQ FDQ DOVR DSSO\ WR D GHULYDWLYH RI WKH RULJLQDO FRPSRXQG ZKLFK LV IRUPHG GXULQJ DQ LQWHQWLRQDO
GHULYDWL]DWLRQ SURFHGXUH  

� �
VWDQGDUG FRPSRXQG
WDUJHW FRPSRXQG ZLWK WKH KLJKHVW SRVVLEOH SXULW\ WKDW FDQ EH XVHG DV D UHIHUHQFH GXULQJ WKH DQDO\VLV DQG IUHH
RI LPSXULWLHV KDYLQJ DQ\ LQIOXHQFH RQ LWV PDVV VSHFWUXP

� �
UHWHQWLRQ WLPH VWDQGDUG
FRPSRXQG WKDW LV DGGHG WR WKH VDPSOH RU WR WKH VDPSOH H[WUDFW  DQG WR WKH H[WHUQDO VWDQGDUG VROXWLRQ � �
DQG ZKRVH UHWHQWLRQ WLPH LV XVHG WR FDOFXODWH WKH UHODWLYH UHWHQWLRQ WLPHV RI WKH WDUJHW FRPSRXQGV

127( 7KH UHWHQWLRQ WLPH VWDQGDUG PD\ EH LGHQWLFDO WR WKH LQWHUQDO VWDQGDUG V  

� �
UHODWLYH UHWHQWLRQ WLPH
UDWLR EHWZHHQ WKH UHWHQWLRQ WLPH RI WKH WDUJHW FRPSRXQG DQG WKH UHWHQWLRQ WLPH RI WKH UHWHQWLRQ WLPH VWDQGDUG

� �
H[WHUQDO VWDQGDUG VROXWLRQ
VROXWLRQ RI D NQRZQ FRQFHQWUDWLRQ RI WKH WDUJHW FRPSRXQGV

� �
ORZHVW FRQFHQWUDWLRQ IRU LGHQWLILFDWLRQ
ORZHVW FRQFHQWUDWLRQ RI WKH WDUJHW FRPSRXQG ZKLFK  LI SUHVHQW LQ WKH VDPSOH  VWLOO FDQ EH LGHQWLILHG XVLQJ WKH
LGHQWLILFDWLRQ FULWHULRQ WKDW WKH VHOHFWHG GLDJQRVWLF LRQ ZLWK WKH ORZHVW LQWHQVLW\ LV VWLOO SUHVHQW LQ WKH PDVV
VSHFWUXP ZLWK D VLJQDO WR QRLVH UDWLR KLJKHU WKDQ ��  

127( 7KLV FRQFHQWUDWLRQ VWURQJO\ GHSHQGV RQ WKH VHQVLWLYLW\ RI WKH LQVWUXPHQW DQG RQ WKH SHUIRUPDQFH
FKDUDFWHULVWLFV RI WKH DQDO\WLFDO PHWKRG  

� �
GLDJQRVWLF LRQ
LRQ VHOHFWHG IURP WKH PDVV VSHFWUXP RI WKH WDUJHW FRPSRXQG ZLWK WKH KLJKHVW SRVVLEOH VSHFLILFLW\

127( )RU WKH VHOHFWLRQ RI GLDJQRVWLF LRQV  VHH ' �  

� 3ULQFLSOH

$ IL[HG YROXPH RI VDPSOH LV SXUJHG ZLWK D IL[HG YROXPH RI DQ LQHUW JDV WR VWULS RXW WKH YRODWLOH FRPSRQHQWV
ZKLFK DUH VXEVHTXHQWO\ WUDSSHG  7KLV WUDSSLQJ FDQ EH HLWKHU�

D RQ D SDFNHG DGVRUEHQW WUDS SUHIHUDEO\ FRPELQHG ZLWK RU IROORZHG E\ D FU\RIRFXVLQJ V\VWHP RU

E GLUHFWO\ RQ D FDSLOODU\ FROG WUDS  

2
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$IWHU FRPSOHWLRQ RI WKH SXUJH SURFHVV  WKH WUDS LV KHDWHG WR GHVRUE WKH YRODWLOH FRPSRQHQWV ZKLFK DUH VZHSW
E\ WKH *& FDUULHU JDV RQ WR D FDSLOODU\ *& FROXPQ  7KLV WUDQVIHU WR WKH *& FROXPQ FDQ EH GRQH LQ DQ RQ OLQH
RU LQ DQ RII OLQH VHW XS  7R DFKLHYH QDUURZ LQMHFWLRQ EDQGZLGWKV  WKH XVH RI D FU\RIRFXVLQJ V\VWHP LV
UHFRPPHQGHG ZKHQ WKH WUDSSLQJ LV GRQH RQ D SDFNHG DGVRUEHQW WUDS DV LQ D  RU WKH WUDQVIHU LV GRQH WKURXJK
DQ LQMHFWRU VSOLWWHU VHW DW DSSUR[LPDWHO\ �  LI WKH VHQVLWLYLW\ RI WKH DQDO\WLFDO V\VWHP DOORZV WKLV  

7KH FRPSRQHQWV DUH VHSDUDWHG E\ *& XWLOL]LQJ WHPSHUDWXUH SURJUDPPLQJ  DQG DUH GHWHFWHG E\ WKH XVH RI D
PDVV VSHFWURPHWHU  'DWD DUH DFTXLUHG LQ WKH IXOO VFDQ PRGH RU DW D VXIILFLHQW QXPEHU RI VSHFLILF IUDJPHQWV WR
HQDEOH PDWFKLQJ DJDLQVW WKRVH RI WKH VWDQGDUGV  $ FRPSRXQG LV UHJDUGHG WR EH SUHVHQW ZKHQ WKH FULWHULD RI
$QQH[ ' DUH PHW  4XDQWLILFDWLRQ LV FDUULHG RXW XVLQJ VHOHFWHG FKDUDFWHULVWLF IUDJPHQWV IRU HDFK GHWHUPLQDQG  

� ,QWHUIHUHQFHV

� *HQHUDO

,Q SULQFLSOH  DQ\ SXUJHDEOH FRPSRXQG ZKLFK HOXWHV DW WKH VDPH FKURPDWRJUDSKLF UHWHQWLRQ WLPH DQG SURGXFHV
D PDVV VSHFWUXP LGHQWLFDO  RU YHU\ VLPLODU  WR DQ\ GHWHUPLQDQG XQGHU LQYHVWLJDWLRQ ZLOO LQWHUIHUH  ,Q SUDFWLFH
WKLV LV XQOLNHO\ DV WKH VSHFWUD RI PRVW RI WKH GHWHUPLQDQGV DUH FKDUDFWHULVWLF  :LWK UHWHQWLRQ WLPH GDWD DQG WKH
DYDLODELOLW\ RI WKH VSHFWUXP RYHU D ZLGH UDQJH RI PDVVHV  WKH SRVVLELOLW\ RI PLVLGHQWLILFDWLRQ LV TXLWH VPDOO  &R
HOXWLQJ SHDNV ZLWK LRQV ZLWK QRQ VSHFLILF P�] YDOXHV PLJKW FDXVH LQWHUIHUHQFH  EXW TXDQWLILFDWLRQ LRQV FDQ EH
FKRVHQ WR SUHFOXGH WKLV  

&RQWDPLQDWLRQ LQWURGXFHG GXULQJ WKH DQDO\WLFDO SURFHGXUH LV PRQLWRUHG E\ WKH GHWHUPLQDWLRQ RI EODQNV � �

� ,QWHUIHUHQFHV LQ WKH VDPSOLQJ SURFHVV

92&V DUH DPHQDEOH WR HYDSRUDWLRQ RU GHJDVVLQJ GXULQJ WKH VDPSOLQJ SURFHVV  WUDQVSRUWDWLRQ  VWRUDJH DQG
SUHSDUDWLRQ RI WKH VDPSOHV  7KLV FDQ UHVXOW LQ PHDVXUHG FRQFHQWUDWLRQV ZKLFK DUH WRR ORZ 92&V FDQ DOVR
GLIIXVH LQWR WKH VDPSOHV IURP WKH DPELHQW DLU RI WKH ODERUDWRU\ RU IURP DLU LQ WKH UHIULJHUDWRU ZKHUH VDPSOHV DUH
VWRUHG  7KLV UHVXOWV LQ FRQFHQWUDWLRQV ZKLFK DUH WRR KLJK  

� � ,QWHUIHUHQFHV GXH WR WKH SXUJH JDV DQG WKH *& JDV

,QVXIILFLHQW SXULW\ RI WKH SXUJH JDV RU WKH *& FDUULHU JDV FDQ FDXVH LQWHUIHUHQFHV  

� � ,QWHUIHUHQFHV LQ WKH SXUJH DQG WUDS SURFHVV

2QH RI WKH PDLQ VRXUFHV RI FRQWDPLQDWLRQ GXULQJ VDPSOH WUDQVSRUWDWLRQ LV FRQWDPLQDWHG ODERUDWRU\ DLU LQ WKH
SXUJH YHVVHO RU VDPSOH FRQWDLQHU  7KHUHIRUH  WKH ODERUDWRU\ VKRXOG EH IUHH RI VROYHQWV DQG FRQFHQWUDWHG
VWDQGDUG VROXWLRQV

/DERUDWRU\ FORWKLQJ LV DOVR D SRWHQWLDO VRXUFH RI FRQWDPLQDWLRQ  SDUWLFXODUO\ RI KLJKO\ YRODWLOH KDORJHQDWHG
K\GURFDUERQV  

7R DYRLG LQWHUIHUHQFHV  DOO PDWHULDOV WXELQJ  VHDOV YDOYHV  HWF VKRXOG EH PDGH IURP VWDLQOHVV VWHHO RU JODVV
7KH XVH RI SODVWLFV PDWHULDO VKRXOG EH DYRLGHG  $OO JODVVZDUH GLUHFWO\ LQ FRQWDFW ZLWK WKH VDPSOH RU SXUJHG
FRPSRXQGV VKRXOG EH FOHDQHG WKRURXJKO\ VHH $QQH[ ( 7KHUH LV DQ HVSHFLDOO\ KLJK ULVN RI HQWUDLQPHQW DIWHU
WKH PHDVXUHPHQW RI KLJKO\ SROOXWHG VDPSOHV

3XUJH YHVVHOV LQFRUSRUDWLQJ D JODVV IULW DUH OLDEOH WR FDXVH FURVV FRQWDPLQDWLRQ VHH DOVR �

3XUJLQJ RI ZDWHU VDPSOHV FRQWDLQLQJ VXUIDFWDQWV FDQ UHVXOW LQ IRUPDWLRQ RI IRDP ZKLFK PLJKW EH LQ GLUHFW
FRQWDFW ZLWK WKH DGVRUEHQW  ,I WKLV RFFXUV  WKH SXUJH SURFHGXUH VKDOO EH VWRSSHG LPPHGLDWHO\
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� � ,QWHUIHUHQFHV LQ WKH WKHUPDO GHVRUSWLRQ SURFHVV

'XULQJ WKHUPDO GHVRUSWLRQ  VXEVWDQFHV FDQ GHJUDGH  

7KH WUDQVIHU OLQHV EHWZHHQ WKH DGVRUSWLRQ WUDS DQG WKH JDV FKURPDWRJUDSK\ LQMHFWLRQ V\VWHP VKRXOG QRW KDYH
DQ\ ³FROG´ SRLQWV ZKLFK DFW DV DGVRUEHQWV  DV WKLV UHVXOWV LQ D ORVV RI 92&V  

:KHQ XVLQJ D FU\RIRFXVLQJ V\VWHP DQG LI WKH DGVRUEHQWV DUH QRW FRPSOHWHO\ GULHG DIWHU WKH SXUJH SURFHVV  WKH
FDSLOODULHV FDQ EORFN ZLWK LFH  7KLV UHVXOWV LQ LQFRPSOHWH GHVRUSWLRQ  DQG HYDOXDWLRQ RI WKH DQDO\WLFDO SURFHGXUH
ZLOO EH LPSRVVLEOH  

7KH DGVRUEHQWV XVHG LQ WKH SXUJH DQG WUDS V\VWHPV DUH VXEMHFW WR DJHLQJ FRQWDPLQDWLRQ  WKHUPDO VWUHVV
ZKLFK FDQ FDXVH FKDQJHV LQ WKH WUDSSLQJ FDSDFLW\ DQG LQ WKH EODQN YDOXHV  

� � ,QWHUIHUHQFHV LQ DXWRPDWLF VDPSOHUV

6DPSOHV LQ DXWRVDPSOHUV LQWHQGHG IRU VXEVHTXHQW DQDO\VLV VKDOO EH SURWHFWHG IURP OLJKW H J  E\ XVH RI EURZQ
JODVV YLDOV

6SHFLDO FDUH VKRXOG EH WDNHQ IRU DXWRVDPSOHUV ZLWK UHVSHFW WR WKH UHPDUNV PDGH XQGHU � �  

� 5HDJHQWV

8VH UHDJHQWV RI VXIILFLHQW SXULW\ WKDW GR QRW JLYH ULVH WR LQWHUIHULQJ SHDNV LQ WKH JDV FKURPDWRJUDSKLF DQDO\VLV  
&KHFN IUHVKO\ SUHSDUHG VWDQGDUG VROXWLRQV DJDLQVW SUHYLRXVO\ SUHSDUHG VWDQGDUG VROXWLRQV WR HQVXUH IRU
VWDQGDUG LQWHJULW\  7KLV VKRXOG EH FKHFNHG ZLWK HDFK EDWFK RI PDWHULDO E\ DQDO\VLQJ SURFHGXUDO EODQN VROXWLRQV
ZLWK HDFK EDWFK RI VDPSOHV  8VH VROYHQWV RI KLJK TXDOLW\ WKDW GR QRW FRQWDLQ LQWHUIHULQJ FRPSRXQGV DQG
DQDO\WLFDO UHDJHQW JUDGH PDWHULDOV  DV IDU DV DYDLODEOH  5HDJHQWV PD\ FRQWDPLQDWH E\ FRQWDFW ZLWK DLU DQG RU
RWKHU PDWHULDOV SDUWLFXODUO\ SODVWLFV  RU E\ GHJUDGDWLRQ FDXVHG E\ UHDFWLRQ ZLWK OLJKW  5HDJHQWV VKRXOG EH
VWRUHG LQ DOO JODVV FRQWDLQHUV RU RWKHU YHVVHOV IRXQG WR EH VXLWDEOH  DQG NHSW LQ WKH GDUN  LI QHFHVVDU\  

� :DWHU XVHG IRU EODQN GHWHUPLQDWLRQ  GLOXWLRQ RI VDPSOHV DQG IRU WKH SUHSDUDWLRQ RI FDOLEUDWLRQ VROXWLRQV  

:DWHU VKRXOG EH NQRZQ WR EH IUHH IURP FRQWDPLQDQWV VHH $QQH[ ( ,W VKRXOG VKRZ QHJOLJLEOH LQWHUIHUHQFHV LQ
FRPSDULVRQ ZLWK WKH VPDOOHVW FRQFHQWUDWLRQ WR EH GHWHUPLQHG  LQ DFFRUGDQFH ZLWK ,62 ����  

$ VXIILFLHQW DPRXQW RI ZDWHU IURP WKH VDPH EDWFK VKRXOG EH DYDLODEOH WR FRPSOHWH HDFK EDWFK RI DQDO\VHV
LQFOXGLQJ DOO SUHSDUDWLRQV  

� 0HWKDQRO  &+�2+  XVHG DV VROYHQW  DQG IRU WKH SUHSDUDWLRQ RI VWDQGDUG VWRFN VROXWLRQV

2WKHU VROYHQWV WKDW DUH UHDGLO\ VROXEOH LQ ZDWHU DQG GR QRW LQWHUIHUH ZLWK WKH DQDO\WLFDO SURFHVV FDQ EH XVHG DV
ZHOO  7KLV LQFOXGHV 1 1 GLPHWK\OIRUPDPLGH '0)  &�+�12 GLPHWK\O VXOIR[LGH '062  & +�62  DQG
DFHWRQH &�+�2

� � 6RGLXP WKLRVXOIDWH SHQWDK\GUDWH 1D 6 2� �+ 2

,I QHFHVVDU\  DGG VRGLXP WKLRVXOIDWH WR VDPSOHV WR UHPRYH UHPDLQLQJ R[LGDQWV OLNH FKORULQH RU R]RQH  2WKHU
QRQ LQWHUIHULQJ VXEVWDQFHV PD\ EH XVHG IRU WKH VDPH SXUSRVH H J  VRGLXP VXOILWH

127( $OUHDG\ IRUPHG LQWHUPHGLDWH R[LGDWLRQ SURGXFWV OLNH KDORJHQDWHG DFHWLF DFLGV FDQ VWLOO IRUP WULKDORPHWKDQHV
UHJDUGOHVV RI WKH SUHVHUYDWLRQ GHVFULEHG LQ WKLV FODXVH  

� � 6RGLXP K\GURJHQVXOIDWH 1D+62�

2WKHU VXLWDEOH GLOXWHG DFLGV RU DFLG VDOWV PD\ EH XVHG DV ZHOO  
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� � 3XUJH JDV  

8VH D KLJK TXDOLW\ KHOLXP RU QLWURJHQ JDV IRU SXUJLQJ  IUHH RI LQWHUIHULQJ VXEVWDQFHV  ,PSXULWLHV FDQ EH
HOLPLQDWHG E\ D SXULILFDWLRQ FDUWULGJH  LI QHFHVVDU\  

� � 6WDQGDUG VROXWLRQV  

2ZLQJ WR WKH KLJK YRODWLOLW\ RI WKH JDVHV DQG WKH PRUH YRODWLOH FRPSRXQGV WR EH DQDO\VHG  JUHDW FDUH LV
UHTXLUHG LQ WKH SUHSDUDWLRQ RI VWDQGDUG VROXWLRQV� ORVVHV PD\ RFFXU LQ WKH KHDGVSDFH RI WKH YHVVHO XVHG WR
SUHSDUH VWDQGDUG VROXWLRQV  )RU D GHWDLOHG GHVFULSWLRQ RI WKH SUHSDUDWLRQ RI VWDQGDUG VWRFN VROXWLRQV RI YRODWLOH
FRPSRXQGV VHH $QQH[ )  ,W LV DGYLVDEOH  DQG PRUH DSSURSULDWH  WR XVH FRPPHUFLDOO\ DYDLODEOH VWDQGDUG
VROXWLRQV  6WRUH LQWHUPHGLDWH VWDQGDUG VROXWLRQV DW DERXW � �& DQG DOORZ WKHP WR UHDFK URRP WHPSHUDWXUH
EHIRUH XVH  

:KLOVW WKH IROORZLQJ SURFHGXUHV DUH JLYHQ DV H[DPSOHV  XVHUV PD\ ZLVK WR SUHSDUH WKHLU RZQ VWDQGDUG
VROXWLRQV E\ DQ DOWHUQDWLYH SURFHGXUH RU E\ GLOXWLQJ FRPPHUFLDOO\ DYDLODEOH VWRFN VROXWLRQV SUHIHUDEO\ FHUWLILHG
ZKLFK DUH VKRZQ WR SURGXFH HTXLYDOHQW UHVXOWV

� � 6WRFN FDOLEUDWLRQ VWDQGDUG VROXWLRQ  PJ PO  

'LVVROYH GHILQHG TXDQWLWLHV RI DSSUR[LPDWHO\ PJ RI HDFK 92& LQ D  PO YROXPHWULF IODVN SDUWLDOO\ ILOOHG
ZLWK WKH VDPH VROYHQW �  PDNH XS WR WKH PDUN DQG PL[ ZHOO  6HH DOVR $QQH[ )

� � 6WRFN LQWHUQDO VWDQGDUG VROXWLRQV  PJ PO  

'LVVROYH GHILQHG TXDQWLWLHV RI DSSUR[LPDWHO\  PJ RI HDFK LQWHUQDO VWDQGDUG FRPSRXQG LQ D PO
YROXPHWULF IODVN SDUWLDOO\ ILOOHG ZLWK WKH VDPH VROYHQW �  PDNH XS WR WKH PDUN DQG PL[ ZHOO  6HH DOVR
$QQH[ )

$W OHDVW RQH LQWHUQDO VWDQGDUG FRPSRXQG VKRXOG EH XVHG IRU TXDQWLWDWLRQ DQG DGGLWLRQDO LQWHUQDO VWDQGDUG
FRPSRXQGV FRXOG EH XVHG DV VXUURJDWH VWDQGDUGV  6XLWDEOH FRPSRXQGV PD\ EH VHOHFWHG IURP 7DEOH  8VH
GHXWHUDWHG VWDQGDUGV RQO\ IRU *& 06  )RU WKH LQGLFDWHG LQWHUQDO VWDQGDUG FRPSRXQGV RI 7DEOH  WKH UDQJH
RI DQDO\WHV FRYHUHG E\ HDFK RI WKHP LV JLYHQ LQ $QQH[ $ DV DQ H[DPSOH 7DEOH $

� � � 6SLNLQJ VROXWLRQV  

3UHSDUH VSLNLQJ VROXWLRQV IURP VROXWLRQV � � DQG � � E\ DSSURSULDWH GLOXWLRQ LQ D YROXPHWULF IODVN FRQWDLQLQJ
WKH VDPH VROYHQW � $V DQ H[DPSOH  7DEOH JLYHV D GLOXWLRQ VFKHPH LQ  PO RI VROYHQW DQG FRQVHFXWLYH
VSLNLQJ RI � �O RI LW WR PO ZDWHU WR JLYH VSLNLQJ VROXWLRQV � � � WR � � � �  ,Q WKLV H[DPSOH  DQDO\WH
FRQFHQWUDWLRQV UDQJH IURP  �J O WR � �J O LQ ZDWHU

,I WKH GHVLUHG PHDVXULQJ UDQJH GLIIHUV IURP WKDW RI 7DEOH  GLIIHUHQW GLOXWLRQ UDWLRV VKRXOG EH WDNHQ RU WKH
VSLNLQJ YROXPH VKRXOG EH DGDSWHG  

127( 6ROXWLRQ � � � LV XVHG DV WKH LQWHUQDO VWDQGDUG VROXWLRQ WR EH DGGHG WR HDFK VDPSOH VHH � �  

� � � &DOLEUDWLRQ VROXWLRQV  

$GG D VPDOO YROXPH RI WKH VSLNLQJ VROXWLRQV � � �  WR � � � � IURP 7DEOH WR WKH ZDWHU � LQ WKH SXUJH
YHVVHO � >RU LQ WKH VDPSOH FRQWDLQHU � � ZKHQ DQ DXWRVDPSOHU LV XVHG@  7DEOH JLYHV DQ H[DPSOH RI D
� �O DGGLWLRQ WR PO RI ZDWHU ZLWK FRQFHQWUDWLRQV DV LQGLFDWHG LQ WKH IRXUWK FROXPQ ,I ODUJHU VDPSOH
YROXPHV DUH DQDO\VHG  DGG DQ HTXLYDOHQWO\ ODUJHU YROXPH RI VSLNLQJ VROXWLRQ  

0DNH VXUH WKDW WKH FRQWHQW RI WKH RUJDQLF VROYHQW LQ WKH ILQDO DTXHRXV FDOLEUDWLRQ VWDQGDUG VROXWLRQ GRHV QRW
H[FHHG   YROXPH IUDFWLRQ ,I D KLJK SHUFHQWDJH RI VROYHQW LV SUHVHQW  OLQHDULW\ VKRXOG EH FKHFNHG  

� � � %ODQN VROXWLRQ  

5HVHUYH D SRUWLRQ RI WKH XQVSLNHG ZDWHU IRU XVH DV D TXDOLW\ FRQWURO EODQN  
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7DEOH ² ,QWHUQDO VWDQGDUG FRPSRXQGV

&$6 51 &RPSRXQG )RUPXOD

�� � � PRQRIOXRUREHQ]HQH &�+�)

� � �� � PRQRFKORUREHQ]HQH G� &�&,'�

���� �  � GLFKORUREHQ]HQH G� &�&O '�

�� �� � � GLIOXRUREHQ]HQH &�+�)

�� � EURPR � IOXRUREHQ]HQH &�+�%U)

�� � � WROXHQH G� &�'�

��� �� � GLEURPRIOXRURPHWKDQH &+%U )

� � � EURPR � FKORURSURSDQH &�+�%U&O

� �  EURPR FKORURHWKDQH & +�%U&O

�� � � EURPRWULFKORURPHWKDQH &%U&O�
��� � � SHQWDIOXRUREHQ]HQH &�+)�
�� �� � EHQ]HQH G� &�'�

� � �  GLFKORURHWKDQH G� & &O '�

� � � HWK\OEHQ]HQH ULQJ G� &�+�'�

�� �� � EURPRFKORURPHWKDQH &+ %U&O

� � �� � EURPR FKORURSURSDQH &�+�%U&O

�� � � GLFKORUREXWDQH &�+�&O

�� � � � R [\OHQH G &�'

 5DQJH RI DQDO\WHV FRYHUHG LV JLYHQ LQ 7DEOH $

7DEOH  ² 'LOXWLRQ VFKHPH LQ  PO VROYHQW

6SLNLQJ VROXWLRQ
 PO RI VROYHQW  

PO RI � �  
DGGHG WR

 PO RI
VROYHQW D

PO RI � �  
DGGHG WR

 PO RI
VROYHQW

$QDO\WH FRQFHQWUDWLRQ LQ
VSLNLQJ VROXWLRQ LQ PJ O RI

VROYHQW  

&RQFHQWUDWLRQ LQ �J O  LQ
FDOLEUDWLRQ VROXWLRQ � �O RI
VSLNLQJ VROXWLRQ DGGHG WR

 PO RI ZDWHU

� � � �   

� � � �    

� � � � � �   

� � � � � � �  �

� � � � � � �  �

� � � � � �  �

D 7KH FRQFHQWUDWLRQ RI WKH LQWHUQDO VWDQGDUG FRPSRXQG LQ HDFK VSLNLQJ VROXWLRQ LV  PJ O
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� $SSDUDWXV

8VXDO ODERUDWRU\ JODVVZDUH DQG HTXLSPHQW LV QRW VSHFLILHG  DV WKH DFWXDO GHYLFHV XVHG GHSHQG RQ WKH VSHFLILF
DSSOLFDWLRQ DQG FLUFXPVWDQFHV  0DNH VXUH WKDW DOO GHYLFHV DUH IUHH RI LQWHUIHULQJ FRPSRXQGV  &OHDQ DOO
JODVVZDUH  LQFOXGLQJ VDPSOH ERWWOHV  WKRURXJKO\  $ VWDQGDUG SURFHGXUH IRU FOHDQLQJ LV LQFOXGHG LQ $QQH[ (

� 3XUJH YHVVHOV

$ YDULHW\ RI SXUJH YHVVHOV DUH FRPPHUFLDOO\ DYDLODEOH  7KH VSHFLILF W\SH LV GHILQHG E\ WKH SXUJH DQG WUDS
DSSDUDWXV LQ XVH  7KHUH DUH V\VWHPV DYDLODEOH ZKLFK DOORZ SXUJLQJ LQ WKH VDPSOLQJ YHVVHOV  &OHDQLQJ RI WKH
SXUJH YHVVHOV VKRXOG EH FDUULHG RXW DFFRUGLQJ WR $QQH[ (  

�  6DPSOH FRQWDLQHUV

9DULRXV VDPSOH FRQWDLQHUV FDQ EH XVHG  H J  VFUHZ FDS FRQWDLQHUV ILWWHG ZLWK 37)( IDFHG VLOLFRQH GLVFV  )RU
SXUJH DQG WUDS V\VWHPV ZLWK DQ DXWRVDPSOHU XVH VDPSOH FRQWDLQHUV UHFRPPHQGHG E\ WKH DXWRVDPSOHU
PDQXIDFWXUHU :KHQHYHU VHSWD DUH HPSOR\HG  GR QRW UH XVH WKHP  

� � 3XUJH DQG WUDS DSSDUDWXV

3XUJH DQG WUDS DSSDUDWXV LV FRPPHUFLDOO\ DYDLODEOH RU FDQ EH VHOI FRQVWUXFWHG  7KLV LQFOXGHV IXOO\ DXWRPDWHG  
RQ OLQH SXUJH DQG WUDS *& HTXLSPHQW ZLWK DQ DXWRVDPSOHU DQG WKH WKHUPDO GHVRUSWLRQ GHYLFH LQFRUSRUDWHG LQ
WKH LQVWUXPHQW  DV ZHOO DV PDQXDOO\ RSHUDWHG RII OLQH HTXLSPHQW  $OO LQVWUXPHQWV PD\ EH XVHG WKDW PHHW WKH
UHTXLUHPHQWV DQG KDYH SURYHQ WR JLYH UHOLDEOH UHVXOWV  $FFRUGLQJ WR $QQH[HV $ % DQG & YDULRXV LQVWUXPHQWV
KDYH EHHQ XVHG  2WKHU GHYLFHV PD\ EH VXLWDEOH EXW VKRXOG EH H[DPLQHG DSSURSULDWHO\ WR HQVXUH VDWLVIDFWRU\
SHUIRUPDQFH  

7KH SXUJH DQG WUDS DSSDUDWXV VKRXOG LQFOXGH�

D  DXWRVDPSOHU�

E SXUJH YHVVHO  KHDWLQJ PDQWOH DQG WHPSHUDWXUH FRQWURO SXUJH JDV VXSSO\  IORZUDWH FRQWURO  WLPHU�

F FRQGHQVHU DQG FRRODQW VXSSO\ RU GU\ SXUJH V\VWHP�

G  DGVRUEHQW WUDS�

H WKHUPDO GHVRUSWLRQ GHYLFH  WHPSHUDWXUH FRQWURO  WLPHU�

I FROG WUDS  FRRODQW VXSSO\  KHDWHU  WHPSHUDWXUH FRQWURO�

J *& 06 RU D *& ZLWK VXLWDEOH GHWHFWRU V *& DX[LOLDULHV  GDWD V\VWHP  

9DULRXV FRPELQDWLRQV RI FRPSRQHQWV D F G H  DQG I  DUH SRVVLEOH DQG GRQ¶W DOO QHHG WR EH LQFOXGHG  

� � $GVRUEHQW WUDS

� � )RU SXUJH DQG WUDS DSSDUDWXV XVLQJ LQWHUPHGLDWH WUDSSLQJ RQ D SDFNHG DGVRUSWLRQ FROXPQ VHH
&ODXVH � WKHVH WUDSV DUH RIWHQ KRPH PDGH RU FDQ EH REWDLQHG LQ YDULRXV PRGLILFDWLRQV  $V DQ H[DPSOH
DGVRUSWLRQ FROXPQV DUH PDGH RI JODVV RU VWDLQOHVV VWHHO ZLWK DQ LQWHUQDO GLDPHWHU RI PP WR � PP
DSSURSULDWH IRU XVH LQ WKH DSSDUDWXV IRU WKHUPDO GHVRUSWLRQ  $GVRUEHQW WUDSV DUH SDFNHG ZLWK D VXLWDEOH
DGVRUEHQW  
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*HQHUDOO\ D SRO\PHU  D FDUERQDFHRXV RU VLOLFD DGVRUEHQW LV XVHG  7\SLFDO GLPHQVLRQV RI WKH SDFNLQJ DUH
GLDPHWHU PP WR � PP  OHQJWK PP WR �  PP  FRUUHVSRQGLQJ WR DW OHDVW �  PJ RI DGVRUEHQW  7KH
DGVRUEHQW LV NHSW LQ SRVLWLRQ E\ LQHUW PDWHULDO VXFK DV JODVV ZRRO SOXJV RU JODVV VFUHHQV  7KLV GHVFULSWLRQ LV DQ
H[DPSOH� RWKHU DGVRUEHQW WUDSV FDQ EH XVHG DV ZHOO  SURYLGHG WKHLU SHUIRUPDQFH PHHWV WKH UHTXLUHPHQWV RI
WKLV ,QWHUQDWLRQDO 6WDQGDUG

3ULRU WR WKHLU ILUVW XVH  DGVRUEHQW WUDSV VKRXOG EH FRQGLWLRQHG E\ KHDWLQJ WKHP DERYH WKHLU GHVRUSWLRQ
WHPSHUDWXUH IRU DSSUR[LPDWHO\ � PLQ ZKLOH SDVVLQJ D JHQWOH VWUHDP RI LQHUW JDV WKURXJK WKHP  $ EODQN
SURFHGXUH VKDOO EH SHUIRUPHG ZLWK WKH FRQGLWLRQHG DGVRUEHQW WUDS EHIRUH XVLQJ LW LQ URXWLQH  

� � 6SHFLDO UHTXLUHPHQWV IRU XVH LQ RII OLQH SXUJH DQG WUDS HTXLSPHQW PD\ DSSO\

,Q RII OLQH SXUJH DQG WUDS HTXLSPHQW  WKH DGVRUEHQW WUDSV DUH QRW GHILQHG E\ WKH LQVWUXPHQW LQ XVH  ZKHUHDV
PRVW RI WKH RWKHU SDUWV XQGHU � � D  WR I  DUH  )RU RII OLQH XVH  PDUN WKH WUDSV RQ RQH VLGH WR DOORZ GHVRUSWLRQ LQ
D EDFN IOXVK PRGH  ,Q FDVH RI RII OLQH SXUJH DQG WUDS  IRU WKH DGVRUEHQW WUDSV XVH FDSV RI LQHUW PDWHULDO  IRU
H[DPSOH 37)(  RU RI PHWDO ZLWK VFUHZ ZLQGLQJV DQG D 37)( ZDVKHU  VR WKDW DIWHU SXUJLQJ WKH\ FDQ EH FORVHG
OHDNSURRI IRU VWRUDJH RU WUDQVIHU WR WKH DSSDUDWXV IRU WKHUPDO GHVRUSWLRQ  

� � *DV FKURPDWRJUDSK PDVV VSHFWURPHWHU *& 06

$ YDULHW\ RI JDV FKURPDWRJUDSKLF FROXPQV FDQ EH XVHG LQ SXUJH DQG WUDS DQDO\VLV  ([DPSOHV RI VXLWDEOH
FROXPQV DUH JLYHQ LQ $QQH[HV $  % DQG &  

7KH PDVV VSHFWURPHWHU VKRXOG EH FDSDEOH RI RSHUDWLQJ DFURVV WKH PDVV UDQJH RI LQWHUHVW DQG LQFRUSRUDWH D
GDWD V\VWHP FDSDEOH RI TXDQWLI\LQJ LRQV XVLQJ VHOHFWHG P�] YDOXHV  6HH $QQH[HV $  % DQG & IRU W\SLFDO
FKURPDWRJUDPV

2WKHU *& GHWHFWRUV  VXFK DV IODPH LRQL]DWLRQ GHWHFWRU ),' HOHFWURQ FDSWXUH GHWHFWRU (&' SKRWR LRQL]DWLRQ
GHWHFWRU 3,'  RU HOHFWURO\WLF FRQGXFWLYLW\ GHWHFWRU (/&' FDQ EH XVHG  GHSHQGLQJ RQ WKH VXEVWDQFHV WR EH
DQDO\VHG VHH � �  

)RU RSHUDWLRQDO DVSHFWV RI WKH LQVWUXPHQWV  WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV VKRXOG EH IROORZHG  

� 6DPSOH FROOHFWLRQ  SUHVHUYDWLRQ DQG SUHSDUDWLRQ

&ROOHFW VDPSOHV LQ DFFRUGDQFH ZLWK ,62 ���� � LQ VXLWDEOH FRQWDLQHUV  SUHIHUDEO\ GLUHFWO\ LQWR WKH VDPSOH
FRQWDLQHUV � � ,W LV DGYLVDEOH WR WDNH WZR VDPSOHV  RQH WR EH UHWDLQHG LQ WKH HYHQW RI D UHSHDW DQDO\VLV EHLQJ
UHTXLUHG  )LOO VDPSOH FRQWDLQHUV  DYRLGLQJ WXUEXOHQFH  XQWLO RYHUIORZLQJ  &DS VDPSOH FRQWDLQHUV ZLWKRXW OHDYLQJ
D KHDGVSDFH  )RU VDPSOHV FRQWDLQLQJ IUHH FKORULQH RU DQ\ RWKHU VWURQJ R[LGDQW  VROLG VRGLXP WKLRVXOIDWH
SHQWDK\GUDWH � �  RU RWKHU UHGXFLQJ VDOW VKRXOG EH DGGHG WR WKH FRQWDLQHU DSSUR[LPDWHO\ PJ O
$GGLWLRQDOO\  IRU WKH SUHVHUYDWLRQ RI DURPDWLF FRPSRXQGV LQ VXUIDFH ZDWHUV  WKH S+ VKRXOG EH ORZHUHG WR
XVLQJ VRGLXP K\GURJHQVXOIDWH � � 2WKHU DSSURSULDWH DFLGV DUH DOORZHG  

6DPSOHV VKDOO QRW EH GLOXWHG LI WKH FRQFHQWUDWLRQ H[FHHGV WKH ZRUNLQJ UDQJH HVWDEOLVKHG E\ WKH FDOLEUDWLRQ
IXQFWLRQ  DV GLOXWLRQ FDQ FDXVH HYDSRUDWLYH ORVVHV RI WKH DQDO\WHV  3UHIHUDEO\ H[WHQG WKH FDOLEUDWLRQ IXQFWLRQ RU
DSSO\ VWDWLF  KHDGVSDFH DQDO\VLV  H J  DFFRUGLQJ WR ,62 � > @ DQG RU ,62 � � > @  $YRLG FRQWDPLQDWLRQ
RI WKH HTXLSPHQW E\ GLUW\ VDPSOHV

7KH VWDELOLW\ RI FHUWDLQ GHWHUPLQDQGV LV NQRZQ WR EH PDWUL[ GHSHQGHQW  7KHUHIRUH  LI WKH PDWUL[ RI WKH VDPSOH
KDV QRW EHHQ HYDOXDWHG  LW LV UHFRPPHQGHG WKDW WKH VDPSOH EH DQDO\VHG SUHIHUDEO\ RQ WKH GD\ RI VDPSOLQJ
DQG QRW ODWHU WKDQ � GD\V IURP VDPSOLQJ  8QWLO DQDO\VLV  VWRUH VDPSOHV DW DERXW � �& DQG SURWHFWHG IURP GLUHFW
VXQOLJKW LQ DLU WLJKW FORVHG FRQWDLQHUV

 7HQD[  3RUDSDN  &DUERSDN DQG &KURPRVRUE DUH H[DPSOHV RI W\SLFDO DGVRUEHQWV DYDLODEOH FRPPHUFLDOO\  7KLV
LQIRUPDWLRQ LV JLYHQ IRU WKH FRQYHQLHQFH RI XVHUV RI WKLV ,QWHUQDWLRQDO 6WDQGDUG DQG GRHV QRW FRQVWLWXWH DQ HQGRUVHPHQW E\
,62 RI WKHVH SURGXFWV
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,I WKH ZDWHU VDPSOHV ZHUH QRW RULJLQDOO\ WDNHQ LQ WKH VDPSOH FRQWDLQHUV IRU WKH DXWRVDPSOHU  RU LI WKH VDPSOH LV
WUDQVIHUUHG PDQXDOO\ LQWR WKH SXUJH YHVVHO  SRXU D VXLWDEOH YROXPH RI WKH VDPSOH JHQWO\ LQWR WKH UHVSHFWLYH
FRQWDLQHU RU YHVVHO ZLWKRXW WXUEXOHQFH RU ZLWKGUDZ WKH VDPSOH XVLQJ DQ DOO JODVV V\ULQJH  DYRLGLQJ WKH UHOHDVH
RI JDV EXEEOHV  &ORVH WKH FRQWDLQHU LPPHGLDWHO\ WR DYRLG ORVVHV RI WKH PRVW YRODWLOH FRPSRXQGV  

&DUH VKRXOG EH WDNHQ LI VXEVDPSOHV DUH WDNHQ ZLWK D V\ULQJH  DV D SDUWLDO YDFXXP FDQ IRUP  UHVXOWLQJ LQ D
FKDQJH LQ WKH FRQFHQWUDWLRQ RI YRODWLOH FRPSRQHQWV LQ WKH VDPSOH  

,I VHYHUH IRDPLQJ RFFXUV  WKH DSSOLFDWLRQ RI DQWLIRDP DJHQWV VKDOO EH FRQVLGHUHG  $OWHUQDWLYHO\  WKH VDPSOH
VKDOO EH DQDO\VHG E\ VWDWLF KHDGVSDFH RU OLTXLG H[WUDFWLRQ  LI SRVVLEOH  

� $QDO\WLFDO SURFHGXUH

� *HQHUDO

'HSHQGLQJ RQ WKH LQVWUXPHQWDWLRQ LQ XVH  GHYLDWLRQV IURP WKH GHVFULEHG SURFHGXUH DUH DOORZHG  7KLV UHIHUV LQ
SDUWLFXODU WR WKH ZRUNLQJ FRQGLWLRQV RI WKH SXUJH DQG WUDS SURFHGXUH  $OO FRQGLWLRQV IRU WKH PHDVXUHPHQW RI
VDPSOHV DQG IRU FDOLEUDWLRQ VKRXOG EH LGHQWLFDO  

� 3UHSDUDWLRQ

6HW XS WKH LQVWUXPHQW V  LQ DFFRUGDQFH ZLWK WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV  ,I DQ DXWRVDPSOHU LV XVHG  ORDG LW
ZLWK VDPSOHV  FDOLEUDWLRQ VROXWLRQV � � � DQG EODQNV � � � ,I ERWK FOHDQ DQG KHDYLO\ FRQWDPLQDWHG VDPSOHV
DUH WR EH DQDO\VHG LQ WKH VDPH VHULHV  LW LV UHFRPPHQGHG WR SURFHVV WKH FOHDQ VDPSOHV ILUVW EHFDXVH RI WKH
SRVVLEOH FDUU\ RYHU HIIHFWV 7R PRQLWRU FDUU\ RYHU  SURFHVV EODQN VDPSOHV GLUHFWO\ DIWHU WKH FRQWDPLQDWHG RQHV  

3UHSDUH IUHVK FDOLEUDWLRQ VROXWLRQV � � � LQ WKH UHVSHFWLYH FRQFHQWUDWLRQ UDQJH  

� � $GGLWLRQ RI LQWHUQDO VWDQGDUGV

$GG WKH LQWHUQDO VWDQGDUG WR WKH VDPSOHV DQG EODQNV E\ WDNLQJ D SURSHU DOLTXRW RI VSLNLQJ VROXWLRQ � � � ZLWK
D V\ULQJH DQG LPPHUVH LW XQGHUQHDWK WKH ZDWHU OHYHO RI WKH VDPSOH  (QVXUH WKDW QR KHDGVSDFH ORVVHV RI WKH
VDPSOH RFFXU

127( 6RPH FRPPHUFLDOO\ DYDLODEOH LQVWUXPHQWV DXWRPDWLFDOO\ DGG WKH LQWHUQDO VWDQGDUG WR WKH VDPSOHV  

� � %ODQNV

7UHDW EODQNV � � �  LQ WKH VDPH ZD\ DV WKH VDPSOHV  $W OHDVW RQH EODQN GHWHUPLQDWLRQ VKRXOG EH SHUIRUPHG
SULRU WR DQDO\VLQJ UHDO VDPSOHV  LQ RUGHU WR MXGJH WKH SHUIRUPDQFH RI WKH HQWLUH SURFHGXUH ZLWK UHVSHFW WR
FRQWDPLQDWLRQ  7KH EODQN VKRXOG QRW H[FHHG   RI WKH ORZHVW FDOLEUDWLRQ VROXWLRQ RU RI WKH ORZHVW OHYHO RI
LQWHUHVW  

� � 4XDOLW\ FRQWURO VDPSOHV

$V WKHUH DUH QR DGGLWLRQDO SRVVLELOLWLHV WR FRQWURO WKH WRWDO DQDO\WLFDO SURFHGXUH  WKH DQDO\VLV RI VXIILFLHQW TXDOLW\
FRQWURO VDPSOHV LV HVVHQWLDO  7KLV LQFOXGHV VSLNHG VDPSOHV

7UHDW TXDOLW\ FRQWURO VDPSOHV DV UHDO VDPSOHV DFFRUGLQJ WR WKH ODERUDWRU\ V TXDOLW\ V\VWHP  (YDOXDWH WKH
UHVXOWV  H J  RQ WKH EDVLV RI FRQWURO FKDUWV  

� � 3XUJH DQG WUDS FRQFHQWUDWLRQ RI WKH VDPSOH

2SWLPXP ZRUNLQJ FRQGLWLRQV FDQ GLIIHU IRU HDFK VXEVWDQFH  0HWKRG GHYHORSPHQW DQG YDOLGDWLRQ VKRXOG
SURYLGH DSSURSULDWH YDOXHV IRU WKH RSHUDWLRQDO SDUDPHWHUV LQ DFFRUGDQFH ZLWK WKH VSHFLILF DSSOLFDWLRQ DQG
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LQVWUXPHQW 7KH GDWD EHORZ VKRZ DYHUDJH SUDFWLFDO YDOXHV  ([DPSOHV RI DFWXDO ZRUNLQJ FRQGLWLRQV DUH JLYHQ LQ
$QQH[HV $  % DQG &

7KH GHVLUHG ZRUNLQJ UDQJH RI WKH PHWKRG  DQG PRUH VSHFLILFDOO\ WKH ORZHVW GHWHFWLRQ OLPLW  ODUJHO\ GHWHUPLQHV
WKH UHTXLUHG VDPSOH YROXPH  7R DFKLHYH D IDLUO\ FRQVWDQW UHFRYHU\  WKH WRWDO YROXPH RI SXUJH JDV SXUJH
WLPH IORZUDWH  VKRXOG EH SURSRUWLRQDO WR WKH VDPSOH YROXPH  $ UDWLR RI DSSUR[LPDWHO\ �  PO SXUJH JDV�PO
VDPSOH  JHQHUDOO\ LV PRVW SUDFWLFDO  L H  D VDPSOH YROXPH RI  PO SXUJHG E\ D JDV IORZUDWH RI  PO PLQ IRU

 PLQ  3URORQJHG SXUJLQJ FDQ LPSURYH WKH UHFRYHU\ RI OHVV YRODWLOH RU VOLJKWO\ SRODU FRPSRXQGV  7KH RSWLPXP
SXUJH WLPH DQG JDV IORZ UDWH IRU VXFK FRPSRXQGV VKRXOG EH GHWHUPLQHG H[SHULPHQWDOO\  

,Q JHQHUDO  D VPDOO VDPSOH YROXPH LV SUHIHUUHG WR UHGXFH DQDO\VLV WLPH DQG FRVWV

3XUJLQJ DW HOHYDWHG WHPSHUDWXUHV LV UHFRPPHQGHG IRU WKH DQDO\VLV RI OHVV YRODWLOH RU VOLJKWO\ SRODU FRPSRXQGV
DV WKLV ZLOO FRQVLGHUDEO\ LPSURYH WKH UHFRYHU\  7R SUHYHQW EORFNLQJ RI WKH FROG WUDS E\ LFH  UHPRYH WKH
HQWUDLQHG ZDWHU YDSRXU IURP WKH SXUJH JDV VWUHDP DIWHU LW SDVVHV WKH SXUJH YHVVHO DQG SULRU WR FU\RIRFXVLQJ
RQWR WKH FROG WUDS 7KLV FDQ EH GRQH IRU LQVWDQFH E\ WKH DSSOLFDWLRQ RI D FRQGHQVHU DW H J  �& SODFHG
EHWZHHQ WKH SXUJH YHVVHO DQG WKH FROG WUDS DQG RU E\ LQWHUPHGLDWH WUDSSLQJ RQWR DQ DGVRUSWLRQ FROXPQ ILOOHG
ZLWK D K\GURSKRELF VRUEHQW DQG RU E\ D GU\ SXUJH VWHS RI WKH DGVRUEHQW WUDS SULRU WR GHVRUSWLRQ  7KLV ZD\
SXUJH WHPSHUDWXUHV DV KLJK DV �� �& FDQ EH XVHG VHH $QQH[ &

,I DQ DGVRUEHQW WUDS � �  LV LQFRUSRUDWHG LQ WKH SXUJH DQG WUDS DSSDUDWXV  WKH DGVRUSWLRQ RI SXUJHG
FRPSRXQGV LV  LQ JHQHUDO  FDUULHG RXW DW URRP WHPSHUDWXUH  7KHUPDO GHVRUSWLRQ LV GRQH DW WKH PD[LPXP
DOORZDEOH WHPSHUDWXUH IRU WKH VRUEHQW LQ XVH  JHQHUDOO\ EHWZHHQ  �& DQG �  �& IRU � PLQ WR PLQ  

:KHQ DSSO\LQJ D FROG WUDS  LWV WHPSHUDWXUH VKDOO EH ORZ HQRXJK WR FRQGHQVH WKH DQDO\WHV TXDQWLWDWLYHO\  7KH
WHPSHUDWXUH VKDOO EH DERXW �  �& EHORZ WKH ERLOLQJ SRLQW RI WKH PRVW YRODWLOH DQDO\WH  &ROG WUDSV XVLQJ OLTXLG
FDUERQ GLR[LGH PD\ EH XVHG GRZQ WR � �&  &ROG WUDSV XVLQJ OLTXLG QLWURJHQ PD\ EH XVHG GRZQ WR  �&  
,QMHFW WKH DQDO\WHV E\ IODVK GHVRUSWLRQ DW  �& WR �  �&  

� � *& 06 DQDO\VLV

� � *HQHUDO

2SWLPL]H WKH LQVWUXPHQWDO SDUDPHWHUV LQ DFFRUGDQFH ZLWK WKH PDQXIDFWXUHU V LQVWUXFWLRQV  

'HWHUPLQH WKH DSSURSULDWH *& RYHQ WHPSHUDWXUH SURJUDPPH H[SHULPHQWDOO\ GXULQJ PHWKRG GHYHORSPHQW DQG
YDOLGDWLRQ  7KH XSSHU WHPSHUDWXUH VKRXOG EH KLJKHU WKDQ WKH GHVRUSWLRQ WHPSHUDWXUH RI WKH DGVRUSWLRQ FROXPQ
DQG WKH IODVK GHVRUSWLRQ WHPSHUDWXUH RI WKH FROG WUDS  

5HFRUG PDVV VSHFWUD LQ WKH IXOO VFDQ PRGH IRU D UHOHYDQW PDVV UDQJH ZLWKLQ �� X DQG �  X  ZLWK WKH XSSHU
OLPLW DW OHDVW  X DERYH WKH KLJKHVW PROHFXODU PDVV RI LQWHUHVW  6HW WKH HOHFWURQ HQHUJ\ DW DSSUR[LPDWHO\
�  H9  ,I IRU WKH VDNH RI VHQVLWLYLW\ RQO\ VHOHFWHG LRQV DUH GHWHFWHG  UHJLVWHU DW OHDVW WKUHH GLDJQRVWLF LRQV  
SUHIHUDEO\ RI WKH KLJKHVW X YDOXHV  $GGLWLRQDO 06 RSHUDWLRQDO DVSHFWV DUH JLYHQ LQ $QQH[ '  

,GHQWLI\ WKH FRPSRXQGV RQ WKH EDVLV RI WKHLU UHWHQWLRQ WLPHV DQG PDVV VSHFWUD  &ULWHULD IRU *& 06
LGHQWLILFDWLRQ DUH JLYHQ LQ $QQH[ '  

� �  $OWHUQDWLYH GHWHFWRUV

$OWHUQDWLYHO\  XVH DQ HOHFWURQ FDSWXUH GHWHFWRU (&'  RU DQ HOHFWURO\WLF FRQGXFWLYLW\ GHWHFWRU (/&'  +DOO
GHWHFWRU WR GHWHFW KDORJHQDWHG K\GURFDUERQV  7KH VHQVLWLYLW\ RI DQ (&' YDULHV ZLWK WKH QDWXUH RI WKH DQDO\WH
DQG LW FDQ EH PRUH VHQVLWLYH WKDQ 06 IRU WUL  RU WHWUD KDORJHQDWHG FRPSRXQGV  $ IODPH LRQL]DWLRQ GHWHFWRU
),'  FDQ EH XVHG DV D XQLYHUVDO GHWHFWRU IRU K\GURFDUERQV DOLSKDWLF  DURPDWLF DQG KDORJHQDWHG DQG D SKRWR
LRQL]DWLRQ GHWHFWRU 3,'  FDQ EH XVHG IRU WKH GHWHFWLRQ RI DURPDWLF FRPSRXQGV  7KH DWRPLF HPLVVLRQ GHWHFWRU
$(' LV DQ HOHPHQW VSHFLILF GHWHFWRU WKDW FDQ EH XVHG LQ WKLV PHWKRG %\ WKH FRPELQDWLRQ RI WKH UHVXOWV IURP
VHYHUDO HOHPHQW WUDFHV  D KLJK UHOLDELOLW\ IRU WKH FRPSRXQG LGHQWLILFDWLRQ FDQ EH HVWDEOLVKHG  
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:KHQ GHWHFWRUV RWKHU WKDQ 06 DUH XVHG  VHSDUDWLRQ RQ WZR FDSLOODU\ FROXPQV RI GLIIHUHQW SRODULW\ VKRXOG EH
FRQVLGHUHG LQ RUGHU WR UHGXFH WKH ULVN RI IDOVH SRVLWLYH UHVXOWV E\ RYHUODSSLQJ SHDNV :KHQ XVLQJ WZR FROXPQV
WKH UHWHQWLRQ WLPHV RQ ERWK FROXPQV VKRXOG PDWFK ZLWK WKRVH RI WKH VWDQGDUG  7KH ORZHU FRQFHQWUDWLRQ LV WKHQ
DFFHSWHG DV EHLQJ WKH PRVW DFFXUDWH YDOXH

&DOLEUDWLRQ

3HUIRUP WKH FDOLEUDWLRQ XVLQJ RQH RU PRUH LQWHUQDO VWDQGDUG FRPSRXQGV  ,I WDUJHW FRPSRXQGV DUH VSUHDG RYHU
ZLGH UHWHQWLRQ WLPH YDOXHV  XVH GLIIHUHQW LQWHUQDO VWDQGDUGV LQ DFFRUGDQFH ZLWK '  LQ $QQH[ ' DQG 7DEOH $  
LQ $QQH[ $  

$V D PLQLPXP  SHUIRUP D ILYH SRLQW FDOLEUDWLRQ E\ DQDO\VLV RI HDFK RI WKH FDOLEUDWLRQ VROXWLRQV � � � HYHQO\
GLVWULEXWHG RYHU WKH HQWLUH ZRUNLQJ UDQJH  %DVHG RQ WKLV  FDOFXODWH WKH FDOLEUDWLRQ IXQFWLRQ IRU HDFK LQGLYLGXDO
FRPSRXQG LQ DFFRUGDQFH ZLWK ,62 ����

7KH FDOLEUDWLRQ IXQFWLRQ LV RQO\ YDOLG XQGHU WKH VSHFLILHG RSHUDWLQJ FRQGLWLRQV DQG VKRXOG EH UH HVWDEOLVKHG LI
WKHVH FRQGLWLRQV DUH DOWHUHG  

7KH FDOLEUDWLRQ IXQFWLRQ GRHV QRW QHHG WR EH UHFDOFXODWHG IRU HYHU\ EDWFK RI VDPSOHV  )RU URXWLQH DQDO\VLV LW LV
VXIILFLHQW WR FKHFN WKH FDOLEUDWLRQ IXQFWLRQ E\ PHDQV RI D WZR SRLQW FDOLEUDWLRQ  

$V WKH FDOLEUDWLRQ LV SHUIRUPHG RYHU WKH HQWLUH DQDO\WLFDO SURFHGXUH  QR GHWHUPLQDWLRQ RI WKH UHFRYHULHV LV
QHHGHG  1HYHUWKHOHVV  LW FDQ EH GHVLUDEOH WR GR VR LQ WKH FDVH RI PDOIXQFWLRQLQJ RI WKH V\VWHP RU LI WKH
UXJJHGQHVV LV REVHUYHG WR EH SRRU  $ GHVFULSWLRQ RI WKH GHWHUPLQDWLRQ RI UHFRYHULHV LV SUHVHQWHG LQ $QQH[ *

(VWDEOLVK D OLQHDU FDOLEUDWLRQ IXQFWLRQ IRU DQDO\WH L XVLQJ WKH SDLUV RI YDOXHV \LHM \OHM DQG LHM OHM RI WKH PHDVXUHG
FDOLEUDWLRQ VROXWLRQV LQ WKH IROORZLQJ HTXDWLRQ�

H VH V H VH V> @L L L L\ \ P E  

ZKHUH

\LH LV WKH GHSHQGHQW YDULDEOH PHDVXUHG UHVSRQVH RI DQDO\WH L LQ WKH FDOLEUDWLRQ  GHSHQGLQJ RQ LH H J
SHDN DUHD�

\VH LV WKH PHDVXUHG UHVSRQVH RI WKH LQWHUQDO VWDQGDUG FRPSRXQG V LQ WKH FDOLEUDWLRQ  GHSHQGLQJ RQ VH
H J  SHDN DUHD�

LH LV WKH LQGHSHQGHQW YDULDEOH  PDVV FRQFHQWUDWLRQ RI WKH VXEVWDQFH L LQ WKH FDOLEUDWLRQ VROXWLRQ  LQ
PLFURJUDPV SHU OLWUH�

VH LV WKH PDVV FRQFHQWUDWLRQ RI WKH LQWHUQDO VWDQGDUG FRPSRXQG V LQ WKH FDOLEUDWLRQ VROXWLRQ  LQ
PLFURJUDPV SHU OLWUH�

PLV LV WKH VORSH RI WKH FDOLEUDWLRQ FXUYH IURP \LH \VH DV D IXQFWLRQ RI WKH PDVV FRQFHQWUDWLRQ UDWLR LH VH  
RIWHQ FDOOHG WKH UHVSRQVH IDFWRU�

ELV LV WKH D[LV LQWHUFHSW RI WKH FDOLEUDWLRQ FXUYH RQ WKH RUGLQDWH�

L UHIHUV WR DQDO\WH L�

V UHIHUV WR WKH LQWHUQDO VWDQGDUG FRPSRXQG V�

H UHIHUV WR YDOXHV FRQQHFWHG WR WKH FDOLEUDWLRQ IXQFWLRQ  
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&DOFXODWLRQ

&DOFXODWH WKH PDVV FRQFHQWUDWLRQ RI DQDO\WH L LQ WKH VDPSOH XVLQJ (TXDWLRQ DIWHU VROYLQJ (TXDWLRQ �

V V V V> @L L L L\ \ E P  

ZKHUH

\L LV WKH PHDVXUHG UHVSRQVH RI DQDO\WH L LQ WKH ZDWHU VDPSOH  H J  SHDN DUHD�

\V LV WKH PHDVXUHG UHVSRQVH RI WKH LQWHUQDO VWDQGDUG FRPSRXQG V LQ WKH ZDWHU VDPSOH  H J  SHDN DUHD�

L LV WKH PDVV FRQFHQWUDWLRQ RI DQDO\WH L LQ WKH ZDWHU VDPSOH  LQ PLFURJUDPV SHU OLWUH�

V LV WKH PDVV FRQFHQWUDWLRQ RI WKH LQWHUQDO VWDQGDUG FRPSRXQG V LQ WKH ZDWHU VDPSOH  LQ PLFURJUDPV
SHU OLWUH�

PLV LV WKH VORSH RI WKH FDOLEUDWLRQ FXUYH IURP \LH \VH DV D IXQFWLRQ RI WKH PDVV FRQFHQWUDWLRQ UDWLR LH VH  
RIWHQ FDOOHG WKH UHVSRQVH IDFWRU  DV GHWHUPLQHG LQ &ODXVH �

ELV LV WKH D[LV LQWHUFHSW RI WKH FDOLEUDWLRQ FXUYH RQ WKH RUGLQDWH  DV GHWHUPLQHG LQ &ODXVH  

,I GHWHFWLRQ LV QRW E\ PDVV VSHFWURPHWU\ EXW E\ DQ DOWHUQDWLYH GHWHFWRU LQ D GXDO FROXPQ FRQILJXUDWLRQ � �
WKH ORZHU FRQFHQWUDWLRQ FDOFXODWHG LV UHJDUGHG DV EHLQJ WKH PRVW DFFXUDWH  

,I PDVV VSHFWURPHWU\ LV XVHG DQG WKH FULWHULD IRU LGHQWLILFDWLRQ DUH PHW VHH $QQH[ '  WKHUH DUH QR DGGLWLRQDO
FULWHULD IRU TXDQWLWDWLRQ  7KH DYHUDJH YDOXH RI WKH FDOFXODWHG FRQFHQWUDWLRQV EDVHG RQ PRUH WKDQ RQH IUDJPHQW
LV WKHQ UHJDUGHG DV EHLQJ WKH EHVW HVWLPDWH RI WKH WUXH YDOXH

127( )RU D FRPSRXQG  WKH PD[LPXP DOORZDEOH GLIIHUHQFH LQ FDOFXODWHG FRQFHQWUDWLRQV EDVHG RQ WZR H[WUDFWHG LRQ
FXUUHQW FKURPDWRJUDPV KDV QR IL[HG YDOXH  DV LW LV GHWHUPLQHG E\ WKH UHODWLYH LQWHQVLW\ DEXQGDQFH  RI WKH VHOHFWHG LRQV
IRU TXDQWLWDWLRQ VHH $QQH[ '

([SUHVVLRQ RI UHVXOWV

5HSRUW PDVV FRQFHQWUDWLRQV RI WKH SXUJHDEOH DQDO\WHV LQ WKH VDPSOH  LQ PLFURJUDPV SHU OLWUH RU QDQRJUDPV
SHU OLWUH� FRQFHQWUDWLRQV ODUJHU WKDQ WKH ORZHVW SRLQW RI FDOLEUDWLRQ VKRXOG EH H[SUHVVHG WR WZR VLJQLILFDQW
ILJXUHV  

� 3UHFLVLRQ GDWD

3UHFLVLRQ GDWD IRU VSHFLILF DSSOLFDWLRQV RI SXUJH DQG WUDS DQDO\VHV DUH LQFOXGHG LQ $QQH[HV $  % DQG &

� 7HVW UHSRUW

7KH UHSRUW VKDOO UHIHU WR WKLV ,QWHUQDWLRQDO 6WDQGDUG DQG FRQWDLQ WKH IROORZLQJ LQIRUPDWLRQ�

D LQIRUPDWLRQ QHFHVVDU\ IRU LGHQWLILFDWLRQ RI WKH DQDO\VHG VDPSOH�

E D VKRUW GHVFULSWLRQ RI WKH DSSOLHG SXUJH DQG WUDS PHWKRG  LQFOXGLQJ VDPSOH SUHSDUDWLRQ  VDPSOH YROXPH
SXUJH DQG WUDS FRQFHQWUDWLRQ SULQFLSOH  DXWRPDWLRQ  JDV FKURPDWRJUDSK\ DQG GHWHFWLRQ�

F FRQGLWLRQV RI VWRUDJH SHULRG  DQG SUHVHUYDWLRQ�
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G LI DQG KRZ FRQILUPDWLRQ RI WKH GDWD ZDV GRQH H J  GXDO FROXPQ VHSDUDWLRQ  GXDO GHWHFWLRQ RU IXOO VFDQ
06 �

H H[SUHVVLRQ RI UHVXOWV DFFRUGLQJ WR &ODXVH �

I DOO SURFHGXUHV DQG REVHUYDWLRQV QRW GHVFULEHG LQ WKLV ,QWHUQDWLRQDO 6WDQGDUG WKDW FDQ KDYH DIIHFWHG WKH
UHVXOW  
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$QQH[ $
LQIRUPDWLYH  

$SSOLFDWLRQ RI SXUJH DQG WUDS FRQFHQWUDWLRQ WR WKH *& DQDO\VLV RI
YRODWLOH FRPSRXQGV LQ ZDWHU² ([DPSOH � 9DOLGDWLRQ VWXG\ LQ WKH 8.

$ 3XUJH DQG WUDS FRQGLWLRQV�

3XUJH WLPH�  PLQ

'HVRUE SUH KHDW� �� &

'HVRUE� � PLQ DW �  &

%DNH� � PLQ DW �  &

7UDS VWDQG E\ WHPSHUDWXUH� /HVV WKDQ �  &

3XUJH JDV� +HOLXP

&ROXPQ DGVRUEHQW PDWHULDO� 9RFDUE �  

3XUJH IORZUDWH� +HOLXP  �  PO PLQ

$ *& FRQGLWLRQV

&ROXPQ� )XVHG VLOLFD:&27  �  P  �  PP ,'  

� �P ILOP WKLFNQHVV  FRDWHG ZLWK '%� �  

&DUULHU JDV� +HOLXP  PO PLQ  

&ROXPQ WHPSHUDWXUH� 3URJUDPPHG  �� �& IRU � PLQ  � �& PLQ WR � �&  � �& PLQ WR �  �&  +ROG
IRU � � PLQ DW �  �&  

$ � 06 FRQGLWLRQV�

7\SH RI 06� ,RQ WUDS

0RGH� )XOO VFDQ

0DVV UDQJH� �� X WR �� X

6FDQ VSHHG� �� VFDQV V � �VFDQV

� 7KH SXUJH DQG WUDS LQVWUXPHQW XVHG ZDV IURP 7HNPDU  7KLV LQIRUPDWLRQ LV JLYHQ IRU WKH FRQYHQLHQFH RI XVHUV RI WKLV
,QWHUQDWLRQDO 6WDQGDUG DQG GRHV QRW FRQVWLWXWH DQ HQGRUVHPHQW E\ ,62 RI WKLV SURGXFW  

�  7KH SXUJH DQG WUDS FRQGLWLRQV DUH DOVR DSSOLFDEOH IRU *& DQDO\VLV ZLWK GHWHFWRUV RWKHU WKDQ 06
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$ � 3HUIRUPDQFH

3HUIRUPDQFH GDWD DUH JLYHQ LQ 7DEOHV $ DQG $  

7DEOH $ ²3HUIRUPDQFH GDWD

'HLRQL]HG ZDWHU 6DPSOH 6DPSOH VSLNH +LJK VWDQGDUG /RZ VWDQGDUG

� �J O  � �J O  � �J O1R  &RPSRXQG

V /2' V V V %LDV V %LDV /2'

� GLFKORURGLIOXRURPHWKDQH � � �   � �  �� � �  � �� �  �  � �

� PRQRFKORURPHWKDQH ² ² ² � � �� � ��� �  � �� ��

� YLQ\O FKORULGH ² ²  � �  � � �� � �  � �

� WULFKORURIOXRURPHWKDQH � � � � � ��� � ��  � �� �  �  ��

 GLFKORURHWKHQH �  �� �� � ��  �� �  �  �  � �  �  

 GLFKORURPHWKDQH � � �� � � �� �� � �  �� � �� �  ���

 WUDQV GLFKORURHWKHQH �  �  � � ��  �� �  � �� �  � ��

� GLFKORURHWKDQH � � � � � ��  �� �   �� � �  �� �  

� GLFKORURSURSDQH � �   � �� �� �� � �  � �  �

� FLV GLFKORURHWKHQH � � �  � � � � � �� �  �� � �  ��

� EURPRFKORURPHWKDQH �   � � �  � ��  �� �� �  � �� ��

� WULFKORURPHWKDQH � � �� �� � �    � ��  �� �

� WULFKORURHWKDQH �� �  � � � �� �� �  � �� �  � � �  

� WHWUDFKORURPHWKDQH  � ² ² �  � �� � � � � �  � ��

 GLFKORURSURSHQH � � �  � � �� �� �� �  �  �� �  �� ��

 EHQ]HQH  � �� � � � � � �� �  �� �  � �  � �� �

 GLFKORURHWKDQH � � �� � �  � �� ��  � �� � �  � ��

� WULFKORURHWKHQH � � �� � � �  �  � � �   ��  

� GLFKORURSURSDQH � �  � ��  � �  � �� �  �� ��

� GLEURPRPHWKDQH � � �� � � � � ��  �  �� � �  ��

� EURPRGLFKORURPHWKDQH �  �� � � � ��� � ��  � �� � �  �� ��

� WUDQV �
GLFKORURSURSHQH

 � �� �  �   ��  � �� �  � �� ��

� WROXHQH ��  ��  � ���  �  � �  �  �  �

� FLV � GLFKORURSURSHQH � � �� � � ���  �� �  � �� �� � �  �  

�  WULFKORURHWKDQH � � �   � ��� � ��  � �� �  �� ��

�  WHWUDFKORURHWKHQH � � �� � � �   � �  �� �� � �  �� �

�  � GLFKORURSURSDQH  � ��  � ��� � �  �� �  �  � � ��

�� GLEURPRFKORURPHWKDQH � � �  � � ��� � ��  �� �� � �  � ��

�� GLEURPRHWKDQH � � �� � ��� � � �  � �  � �  � � ��

�� PRQRFKORUREHQ]HQH �  �� � � ��  � � �  �� ��  � � ��

�� WHWUDFKORURHWKDQH �  �  � � � � �  � �� � �  �� ��

�� HWK\OEHQ]HQH �  �  � � �  �� �  �� �  �  � �� ��

�� P  DQG S [\OHQH �  � �� � � � �  � �  �� �  �  � �� �

�� R [\OHQH � � �� � � � ��� � � �  � �   � �� ��

�  VW\UHQH �� � �  � ��  � � �  �� ��  � �� �  

�  WULEURPRPHWKDQH  � ��  � �  � �  � �  � �  � �  

�  LVRSURS\OEHQ]HQH � � �� � ��� � ��  �� �   � �  
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7DEOH $ FRQWLQXHG

'HLRQL]HG ZDWHU 6DPSOH 6DPSOH VSLNH +LJK VWDQGDUG /RZ VWDQGDUG

� �J O  � �J O  � �J O1R  &RPSRXQG

V /2' V V V %LDV V %LDV /2'

�� PRQREURPREHQ]HQH � � �  � ��� � �  �� �   � � �

�� WHWUDFKORURHWKDQH ² ² � ��� � ��  � �� �� � �  �   

�� � WULFKORURSURSDQH �� �  � � ��� � �  �� �� � �  �� �  

�� Q SURS\OEHQ]HQH   �  � � � ��� � � �  �� ��  � �� �  

�� FKORURWROXHQH �  �  � � ��� � ��  �� �  �  � � ��

�� � FKORURWROXHQH �  �   � ��  � � � �  � �� � �  �  �  

�� � � WULPHWK\OEHQ]HQH  � ��  ��� � �  � �  �  � � ��

�  WHUW EXW\OEHQ]HQH  � �� � � ��  � � �  �� �   � �� ��

�  � WULPHWK\OEHQ]HQH � � � � � � � � �  �� ��  � �

�  VHF EXW\OEHQ]HQH � � �� � ��   �� �  �� �� � �  � � �

�� � GLFKORUREHQ]HQH �   � � ��� � � �  �� �� � �� ���

�� � GLFKORUREHQ]HQH �   � � � � � � �� �   �� � � ���

�� � LVRSURS\OWROXHQH � � � � � � � �� �  �� �  �� � �

�� GLFKORUREHQ]HQH �� � � �� � � ��  � � �  �� �  � �  

�� Q EXW\OEHQ]HQH ��� �  � � ���  � �  � �  �� �  �� ���

�� GLEURPR �
FKORURSURSDQH �� � ��� �  ��  � � �� �  �  ��� � ��

�� � WULFKORUREHQ]HQH �� �  � �  ��  �  � �  � � ���

�  KH[DFKORUREXWDGLHQH �� � �  � �  �� �  �  �� � �� � �

�  QDSKWKDOHQH ��  �� � �  ��� �� � �  �  ���  �� �

�  � WULFKORUREHQ]HQH �  �� ��  ���  � �  �� � �  � �

�� � � WULFKORUREHQ]HQH �� � �� �  ��� �� ���  � � �  � �� ��  

127( V  VWDQGDUG GHYLDWLRQ  /2'  OLPLW RI GHWHFWLRQ  UHFRYHU\  )LJXUHV LQ EUDFNHWV UHSUHVHQW GHJUHHV RI IUHHGRP  

127( 8QLWV H[SUHVVHG LQ �J O H[FHSW IRU UHFRYHU\ DQG ELDV ZKLFK DUH H[SUHVVHG DV D 

127( � /2' FDOFXODWHG DV � �� VZ L H  WKH ZLWKLQ EDWFK VWDQGDUG GHYLDWLRQ

127( � 6DPSOH FRQVLVWHG RI D ERUHKROH ZDWHU
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7DEOH $ ² &DOLEUDWLRQ FRPSRXQGV  UHWHQWLRQ WLPHV DQG TXDQWLILFDWLRQ LRQV

6HOHFWHG LRQV
1R  &RPSRXQG

5HWHQWLRQ WLPH

PLQ V
,QW  VWGD

SULPDU\ VHFRQGDU\

,QWHUQDO DQG VXUURJDWH VWDQGDUG FRPSRXQGV

6  IOXRUREHQ]HQH ���� ��

6  � GLIOXRUREHQ]HQH ��� � ��  ��

6� PRQRFKORUREHQ]HQH G� �� � �

6� GLFKORUREHQ]HQH G� � � �  �  �  

7DUJHW FRPSRXQGV

� GLFKORURGLIOXRURPHWKDQH �  6  �� ��

� PRQRFKORURPHWKDQH ��  6  �  �  

� YLQ\O FKORULGH ��� 6  �  ��

� PRQREURPRPHWKDQH � � 6  �� ��

� PRQRFKORURHWKDQH �  6  �� ²

� WULFKORURIOXRURPHWKDQH � � 6   �

 GLFKORURHWKHQH ��� 6  �� �  ��

 GLFKORURPHWKDQH ��  6  �� ��  ��

 WUDQV GLFKORURHWKHQH ���� 6  �� �  ��

� GLFKORURHWKDQH �� � 6  �� ��  ��

� GLFKORURSURSDQH �� � 6  �� ��

� FLV GLFKORURHWKHQH ���  6  �� �  ��

� EURPRFKORURPHWKDQH ���� 6  � ��  �  

� WULFKORURPHWKDQH ��  6  �� ��

� WULFKORURHWKDQH ���  6  �� ��  �  

� WHWUDFKORURPHWKDQH ���  6  � �

 GLFKORURSURSHQH ���  6  ��  ��

 EHQ]HQH �� � 6  �� ²

 GLFKORURHWKDQH �� � 6  �  ��

� WULFKORURHWKHQH ���  6  �� �  �  

� GLFKORURSURSDQH �� � 6  ��  

� GLEURPRPHWKDQH ��  6  �� ��  ��

� EURPRGLFKORURPHWKDQH ���� 6  �� ��  �

� WUDQV � GLFKORURSURSHQH ��� 6  ��  

� WROXHQH ��  6  �  �  

� FLV � GLFKORURSURSHQH � � 6  ��  

�  WULFKORURHWKDQH � � 6  �� ��  ��

�  WHWUDFKORURHWKHQH ��� 6� �� ��  �

�  � GLFKORURSURSDQH ��� 6� �� ��

�� GLEURPRFKORURPHWKDQH �� � 6� � �

�� GLEURPRHWKDQH �� � 6  � �  ��
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7DEOH $ FRQWLQXHG

6HOHFWHG LRQV
1R  &RPSRXQG

5HWHQWLRQ WLPH

PLQ V
,QW  VWGD

SULPDU\ VHFRQGDU\

�� PRQRFKORUREHQ]HQH ���  6�  ��  �

�� WHWUDFKORURHWKDQH ���� 6� �� �  ��

�� HWK\OEHQ]HQH ��  6� �  �

�� P  DQG S [\OHQH ��  6� � �  

�� R [\OHQH �� � 6� � �  

�  VW\UHQH �� � 6� � ��

�  WULEURPRPHWKDQH ���� 6� �� ��  ��

�  LVRSURS\OEHQ]HQH ��  6� �  

�� PRQREURPREHQ]HQH ���� 6� �� ��  ��

�� WHWUDFKORURHWKDQH ���� 6� �� �  ��

�� � WULFKORURSURSDQH ���� 6� �� ��

�� Q SURS\OEHQ]HQH �� � 6� �   

�� FKORURWROXHQH �� � 6� �  �

�� � FKORURWROXHQH ���� 6� �  �

�� � � WULPHWK\OEHQ]HQH ���  6� �  

�  WHUW EXW\OEHQ]HQH �� � 6� � �  ��

�  � WULPHWK\OEHQ]HQH ���� 6� �  

�  VHF EXW\OEHQ]HQH �  6� � ��

�� � GLFKORUREHQ]HQH � � 6� ��  ��

�� � GLFKORUREHQ]HQH �  6� ��  ��

�� � LVRSURS\OWROXHQH � � 6� � ��  �

�� GLFKORUREHQ]HQH � � 6� ��  ��

�� Q EXW\OEHQ]HQH � � 6� �  �  ��

�� GLEURPR � FKORURSURSDQH ��� 6� �� ��  ��

�� � WULFKORUREHQ]HQH ���� 6� �  �  ��

�  KH[DFKORUREXWDGLHQH �� � 6� � �  �

�  QDSKWKDOHQH �� � 6� � ²

�  � WULFKORUREHQ]HQH ���� 6� �  �  ��

�� � � WULFKORUREHQ]HQH �� 6� �  �  ��

127( 7KH LRQV JLYHQ LQ WKLV WDEOH RQO\ UHIHU WR WKH PDVV VSHFWURPHWULF FRQGLWLRQV DSSOLHG LQ $QQH[ $
'LIIHUHQW LQVWUXPHQWV DQG VHWWLQJV PD\ UHVXOW LQ D GLIIHUHQW VHOHFWLRQ RI GLDJQRVWLF LRQV

127( 6FDQ DQG UHWHQWLRQ WLPHV ZLOO YDU\ ZLWK FROXPQ DJH DQG DIWHU UHSODFHPHQW RI FROXPQV

D 8QGHU ³,QW  VWG´ WKH LQWHUQDO RU VXUURJDWH VWDQGDUG FRPSRXQG LV PHQWLRQHG 6 WKURXJK 6�  LQGLFDWHG E\
QXPEHU E\ ZKLFK WKH DQDO\WH LV FRYHUHG VHH DOVR � �
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$QQH[ %
LQIRUPDWLYH  

$SSOLFDWLRQ RI SXUJH DQG WUDS FRQFHQWUDWLRQ WR WKH *& DQDO\VLV RI
YRODWLOH FRPSRXQGV LQ ZDWHU² ([DPSOH � 'DWD SURYLGHG E\ ',1

%  3XUJH DQG WUDS FRQGLWLRQV

3DUDPHWHU 6\VWHP $� 6\VWHP %�

6DPSOH YROXPH � PO

7UDS FU\RIRFXVLQJ VRUEHQW 7HQD[ 7$

7HPSHUDWXUH SXUJH FRQWDLQHU URRP WHPSHUDWXUH URRP WHPSHUDWXUH

7HPSHUDWXUH SUH FRROHU  �& ²

7HPSHUDWXUH WUDS  �& �  �&

3UH FRROLQJ WLPH  PLQ ²

3XUJH JDV +H +H

9ROXPH IORZUDWH  PO PLQ �  PO PLQ

3XUJH WLPH  PLQ  PLQ

'U\LQJ WLPH ² � PLQ

%  'HVRUSWLRQ DQG WUDQVIHU WR WKH FDSLOODU\ FROXPQV

3DUDPHWHU 6\VWHP $� 6\VWHP %�

7HPSHUDWXUH FROG WUDS DQG PRLVWXUH
WUDS ²  �&

7HPSHUDWXUH FU\RIRFXVLQJ ²  �&

7HPSHUDWXUH WUDS  �&  �&

'HVRUSWLRQ WLPH � PLQ � PLQ

9ROXPH IORZUDWH FDUULHU JDV IORZ  PO PLQ

+HDWLQJ DQG FRQGLWLRQLQJ WLPH ² � �&  � PLQ

� 7KH SXUJH DQG WUDS LQVWUXPHQW ZDV IURP &KURPSDFN  7KLV LQIRUPDWLRQ LV JLYHQ IRU WKH FRQYHQLHQFH RI XVHUV RI WKLV
,QWHUQDWLRQDO 6WDQGDUG DQG GRHV QRW FRQVWLWXWH DQ HQGRUVHPHQW E\ ,62 RI WKLV SURGXFW  

� 7KH SXUJH DQG WUDS LQVWUXPHQW ZDV IURP 7HNPDU  7KLV LQIRUPDWLRQ LV JLYHQ IRU WKH FRQYHQLHQFH RI XVHUV RI WKLV
,QWHUQDWLRQDO 6WDQGDUG DQG GRHV QRW FRQVWLWXWH DQ HQGRUVHPHQW E\ ,62 RI WKLV SURGXFW  
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% � *& FRQGLWLRQV

7\SLFDO *& FRQGLWLRQV DUH DSSOLHG IRU V\VWHP % �

&ROXPQ� � P  �� PP ,'  '%� � VWDWLRQDU\ SKDVH

&DUULHU JDV� +HOLXP

7HPSHUDWXUH SURJUDPPH� �  �& IRU � PLQ  � �& PLQ WR  �&   �& PLQ WR  �&   PLQ DW �&

% � 06 FRQGLWLRQV�

7\SLFDO 06 FRQGLWLRQV DUH DSSOLHG IRU V\VWHP % �

7\SH� ,RQ WUDS

,RQL]DWLRQ� (, � H9

0RGH� )XOO VFDQ

0DVV UDQJH� � X WR �  X

6FDQ VSHHG�  VFDQ V � � VFDQV

)RU WKH FRPSRXQGV DQDO\VHG E\ WKLV PHWKRG DQG WKH VHOHFWHG LRQV IRU LGHQWLILFDWLRQ DQG TXDQWLWDWLRQ  VHH
7DEOH %  

�  7KH SXUJH DQG WUDS FRQGLWLRQV DUH DOVR DSSOLFDEOH IRU *& DQDO\VLV ZLWK GHWHFWRUV RWKHU WKDQ 06  
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7DEOH % ² &RPSRXQGV DQDO\VHG DFFRUGLQJ WR WKH SURFHGXUH RI $QQH[ %
WKHLU UHWHQWLRQ WLPHV DQG WKH VHOHFWHG LRQV IRU LGHQWLILFDWLRQ DQG TXDQWLWDWLRQ

5HWHQWLRQ WLPH
&RPSRXQG

PLQ� V
3ULPDU\ LRQ 6HFRQGDU\ LRQV

GLFKORURHWKHQH ���� �  �� �� ��

GLFKORURPHWKDQH �� � �� � �� ��

WUDQV GLFKORURHWKHQH ��  �  �� �� ��

GLFKORURHWKDQH ���  �� �� ��

GLFKORURSURSDQH �� � �� �� �� ��

FLV GLFKORURHWKHQH �� � �  �� �� ��

WULFKORURPHWKDQH ���� �� ��

WULFKORURHWKDQH ���� �� �� � �

GLFKORURSURSHQH �� � �� ��

WHWUDFKORURPHWKDQH �� � � � �

EHQ]HQH ���� �� ��

GLFKORURSURSHQH ���� �  �� ��

GLFKORURSURSHQH ���  �� �� �� ��

WULFKORURHWKHQH ���� �� � � ��

GLFKORURSURSDQH � � �  �� �� ��

� GLFKORURSURSHQH ��  �� ��  

WUDQV � GLFKORURSURSHQH ��  �� �� � ��

WROXHQH ��  �  �  

FLV � GLFKORURSURSHQH ���� �� �� �  

WHWUDFKORURHWKHQH ���� �� � �� �

� GLFKORURSURSDQH ��  �� �� ��  

HWK\OEHQ]HQH �  �  � �

P [\OHQH � � �  � �

S [\OHQH � � �  � �

R [\OHQH ��� �  � �

WULEURPRPHWKDQH �� � �� � ��
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$QQH[ &
LQIRUPDWLYH  

$SSOLFDWLRQ RI SXUJH DQG WUDS FRQFHQWUDWLRQ WR WKH *& DQDO\VLV RI
YRODWLOH FRPSRXQGV LQ ZDWHU² ([DPSOH �� 9DOLGDWLRQ VWXG\ LQ WKH

1HWKHUODQGV

&  3XUJH DQG WUDS FRQGLWLRQV�

6DPSOH YROXPH�  PO

3XUJH JDV IORZUDWH� �  PO PLQ

3XUJH WLPH� �  PLQ

3XUJH WHPSHUDWXUH� �� �&

3XUJH JDV� +HOLXP

6RUEHQW� 7HQD[ 7$

'HVRUSWLRQ� �  �&

7LPH� � PLQ

&U\RIRFXVLQJ� <HV

&  *& FRQGLWLRQV

&ROXPQ� &3 6LO �  �  P OHQJWK  � PP ,'  � �P ILOP WKLFNQHVV

2YHQ WHPSHUDWXUH� �  �& IRU � PLQ  �& PLQ WR �  �&  �  �& IRU PLQ  

& � 06 FRQGLWLRQV�

7\SH RI 06� ,RQ WUDS

0RGH� )XOO VFDQ

0DVV UDQJH�  X WR � X

6FDQ VSHHG�  VFDQ V

0XOWLSOLHU�  � 9

� 7KH SXUJH DQG WUDS HTXLSPHQW ZDV DQ RII OLQH FRPELQDWLRQ RI D VHOI EXLOW SXUJH DQG WUDS LQVWUXPHQW DQG D &KURPSDFN
WKHUPDO GHVRUSWLRQ XQLW  7KLV LQIRUPDWLRQ LV JLYHQ IRU WKH FRQYHQLHQFH RI XVHUV RI WKLV ,QWHUQDWLRQDO 6WDQGDUG DQG GRHV QRW
FRQVWLWXWH DQ HQGRUVHPHQW E\ ,62 RI WKLV SURGXFW  

�  7KH SXUJH DQG WUDS FRQGLWLRQV DUH DOVR DSSOLFDEOH IRU *& DQDO\VLV ZLWK GHWHFWRUV RWKHU WKDQ 06  
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& � 3HUIRUPDQFH

7DEOH & ² ,QWUDODERUDWRU\ FKDUDFWHULVWLFV RI WKH PHWKRG DW D FRQFHQWUDWLRQ
RI DSSUR[LPDWHO\  QJ O ZDWHU

&RPSRXQG
/LPLW RI GHWHFWLRQ

Q  � WR 
QJ O

'ULQNLQJ ZDWHU

VUHO U

6XUIDFH ZDWHU

VUHO U

GLFKORURPHWKDQH �  �

WULFKORURPHWKDQH � � �

WULFKORURHWKDQH � � �

EHQ]HQH � �

WULFKORURHWK\OHQH � �  

WUDQV � GLFKORURSURS\OHQH � �  

WROXHQH � � �  

WHWUDFKORURHWK\OHQH � � �

PRQRFKORUREHQ]HQH  �

HWK\OEHQ]HQH �  

P [\OHQH � �

VW\UHQH � �

WHWUDFKORURHWKDQH  � �

GLFKORUREHQ]HQH � �  

KH[DFKORURHWKDQH � � �

QDSKWKDOHQH �  �

� WULFKORUREHQ]HQH � � �

127( VUHO U LV WKH UHODWLYH VWDQGDUG GHYLDWLRQ IRU WKH UHSHDWDELOLW\
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7DEOH & ² ,QWHUODERUDWRU\ FKDUDFWHULVWLFV RI WKH PHWKRG DW D FRQFHQWUDWLRQ RI DSSUR[LPDWHO\
 QJ O ZDWHU

&RPSRXQG
/LPLW RI
GHWHFWLRQ 'ULQNLQJ ZDWHU 6XUIDFH ZDWHU

QJ O VUHO U VUHO 5 Q VUHO U VUHO 5 Q

GLFKORURPHWKDQH � � ��  � ��  

WULFKORURPHWKDQH �  � � � �  �

WULFKORURHWKDQH � � � � � � �

EHQ]HQH   � � � �  

WULFKORURHWKHQH � � � � � � �

WUDQV � GLFKORURSURSHQH � � �  � � � �

WROXHQH � �  � � � �

WHUWUDFKORURHWKHQH � � � � � � �

PRQRFKORUREHQ]HQH � � � �  �

HWK\OEHQ]HQH � �  �   

P [\OHQH  � � � � � �

VW\UHQH � � �  � �

WHWUDFKORURHWKDQH  � � � � � �

GLFKORUREHQ]HQH �  � � � � �

KH[DFKORURHWKDQH � � �� � � �� �

QDSKWKDOHQH � � � �  �  �

� WULFKORUREHQ]HQH � � � � � �� �

VUHO U LV WKH UHODWLYH VWDQGDUG GHYLDWLRQ IRU WKH UHSHDWDELOLW\�

VUHO 5 LV WKH UHODWLYH VWDQGDUG GHYLDWLRQ IRU WKH UHSURGXFLELOLW\�

Q LV WKH QXPEHU RI ODERUDWRULHV

127( 7KH LQWUDODERUDWRU\ GDWD ZHUH REWDLQHG DFFRUGLQJ WR WKH H[SHULPHQWDO FRQGLWLRQV RQ WKH SUHYLRXV SDJH� WKH
LQWHUODERUDWRU\ GDWD ZHUH REWDLQHG E\ YDULRXV SXUJH DQG WUDS *& 06 LQVWUXPHQWV
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$QQH[ '
QRUPDWLYH

&ULWHULD IRU WKH *& 06 LGHQWLILFDWLRQ RI WDUJHW FRPSRXQGV

'  *& 06 FULWHULD

' 4XDOLW\ DVVXUDQFH

$ FHUWDLQ TXDOLW\ RI WKH *& 06 LQVWUXPHQWDWLRQ LV DVVXPHG IRU WKH DSSOLFDWLRQ RI WKH IROORZLQJ FULWHULD  7KH
TXDOLW\ DVVXUDQFH SURWRFROV DYDLODEOH DW ORFDO ODERUDWRULHV WXQLQJ  HWF VKDOO EH IROORZHG  $ GHWDLOHG
GHVFULSWLRQ LV EH\RQG WKH VFRSH RI WKLV DQQH[  

0LQLPXP UHTXLUHPHQWV DUH�

D ,RQL]DWLRQ PRGH� HOHFWURQ LPSDFW�

E (OHFWURQ HQHUJ\� GHSHQGV RQ WKH DSSOLFDWLRQ JHQHUDOO\ �  H9 �

F 0DVV UDQJH� GHSHQGV RQ WKH DSSOLFDWLRQ�

G 6FDQ VSHHG� D PLQLPXP RI � VFDQV SHU FKURPDWRJUDSKLF SHDN�

H 6FDQ PRGH� IXOO VFDQ RU VHOHFWHG LRQ PRQLWRULQJ�

I 0DVV UHVROXWLRQ� WR EH WXQHG RQ QRPLQDO UHVROXWLRQ  WKH SHDN ZLGWK DW KDOI KHLJKW RI HYHU\ WXQHG PDVV
VKDOO QRW H[FHHG � X  

' 5HWHQWLRQ WLPHV

7KH UHODWLYH UHWHQWLRQ WLPH RI WKH WDUJHW FRPSRXQG VKDOO EH GHWHUPLQHG LQ DQ H[WHUQDO VWDQGDUG VROXWLRQ  7KH
UHODWLYH UHWHQWLRQ WLPHV DUH FDOFXODWHG XVLQJ WKH UHWHQWLRQ WLPH VWDQGDUG V 7KH FDOFXODWHG UHODWLYH UHWHQWLRQ
WLPH VKDOO KDYH D YDOXH EHWZHHQ � DQG  

' � 0DVV VSHFWUD

,I DYDLODEOH  VHOHFW WKUHH GLDJQRVWLF LRQV IRU HDFK WDUJHW FRPSRXQG  'HWHUPLQH WKHLU LQWHQVLWLHV ,  ,  ,� LQ WKH
H[WHUQDO VWDQGDUG VROXWLRQ DV WKH SHDN DUHD RU SHDN KHLJKW RI WKH FRUUHVSRQGLQJ H[WUDFWHG LRQ FXUUHQW
FKURPDWRJUDPV  &DOFXODWH WKH UHODWLYH LQWHQVLWLHV DV WKH UDWLR RI WKH GHWHUPLQHG SHDN KHLJKWV RU DUHDV  DQG
WKH SHDN KHLJKW RU DUHD  RI WKH PRVW LQWHQVLYH GLDJQRVWLF LRQ  

' � 0DVV VSHFWUD ZLWK IHZHU WKDQ WKUHH GLDJQRVWLF LRQV

,I WKH PDVV VSHFWUXP RI D WDUJHW FRPSRXQG FRQWDLQV IHZHU WKDQ WKUHH GLDJQRVWLF LRQV  WKH FULWHULD RI ' � DSSO\

' � 3HDN PD[LPD RI WKH H[WUDFWHG LRQ FXUUHQW FKURPDWRJUDPV

'LDJQRVWLF LRQV DUH VXSSRVHG WR RULJLQDWH RQO\ IURP WKH DQDO\WH XQGHU LQYHVWLJDWLRQ  7KLV LPSOLHV WKDW
WKHRUHWLFDOO\ DOO GLDJQRVWLF LRQV EHORQJLQJ WR RQH DQG WKH VDPH DQDO\WH KDYH WKH VDPH UHWHQWLRQ WLPHV  ,I WKH
UHWHQWLRQ WLPH RI RQH VHOHFWHG GLDJQRVWLF LRQ GLIIHUV IURP WKH UHWHQWLRQ WLPHV RI WKH RWKHU GLDJQRVWLF LRQV IURP
WKH VDPH DQDO\WH  D FR HOXWLQJ VXEVWDQFH RU D SDUWO\ VHSDUDWHG VXEVWDQFH JLYLQJ WKH VDPH PDVV PD\ EH
SUHVHQW  ,I VXFK LV WKH FDVH  WKH SDUWLFXODU GLDJQRVWLF LRQ FDQQRW EH XVH  
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7KH DFFXUDF\ RI WKH UHWHQWLRQ WLPH GHSHQGV XSRQ WKH QXPEHU RI VFDQV ZLWKLQ WKH FKURPDWRJUDSKLF SHDN DQG
KHQFH RQ WKH VFDQ VSHHG %HFDXVH WKH VFDQ VSHHG LV OLPLWHG  VPDOO GLIIHUHQFHV LQ WKH UHWHQWLRQ WLPHV RI WKH
GLDJQRVWLF LRQV VKDOO EH DOORZHG  $ VXLWDEOH FULWHULRQ IRU WKH DOORZHG GLIIHUHQFH LQ UHWHQWLRQ WLPHV RI DOO
GLDJQRVWLF LRQV RI DQ DQDO\WH LV   RI WKH SHDN ZLGWK DW KDOI WKH SHDN KHLJKW  7KHUHIRUH WKH GLIIHUHQFHV LQ
UHWHQWLRQ WLPHV RI WKH SHDN PD[LPD RI WKH VHOHFWHG GLDJQRVWLF LRQV LQ WKH H[WUDFWHG LRQ FXUUHQW FKURPDWRJUDPV
EHORQJLQJ WR WKH VDPH DQDO\WH VKDOO QRW EH JUHDWHU WKDQ   RI WKH SHDN ZLGWK DW KDOI WKH SHDN KHLJKW  7KH
SHDN VKDSH RI DOO PHDVXUHG GLDJQRVWLF LRQV VKDOO EH LGHQWLFDO  7KHVH FULWHULD DSSO\ IRU ERWK WKH H[WHUQDO
VWDQGDUG VROXWLRQ DQG WKH VDPSOH

' � 2YHUORDGLQJ

:KHQ WKH PDVV VSHFWURPHWHU LV RYHUORDGHG  WKH *& 06 DQDO\VLV VKDOO EH UHSHDWHG ZLWK OHVV VDPSOH  

127( 2YHUORDGLQJ FDQ EH UHFRJQL]HG DV WKH UHODWLYH LQWHQVLWLHV RI DOO RI WKH GLDJQRVWLF LRQV DUH VLJQLILFDQWO\ KLJKHU
WKDQ LQ WKH H[WHUQDO VWDQGDUG VROXWLRQ  

'  ,GHQWLILFDWLRQ

7KH DQDO\VHG WDUJHW FRPSRXQG LV LGHQWLILHG LI�

WKH UHODWLYH UHWHQWLRQ WLPH PHDVXUHG LQ WKH VDPSOH GLIIHUV E\ OHVV WKDQ   IURP WKH UHODWLYH UHWHQWLRQ
WLPH LQ WKH ODVW PHDVXUHG H[WHUQDO VWDQGDUG VROXWLRQ

DQG

WKH UHODWLYH LQWHQVLWLHV RI DOO WKH VHOHFWHG GLDJQRVWLF LRQV PHDVXUHG LQ WKH VDPSOH GR QRW GHYLDWH E\ PRUH
WKDQ   ,VWG   IURP WKH UHODWLYH LQWHQVLWLHV GHWHUPLQHG LQ WKH H[WHUQDO VWDQGDUG VROXWLRQ  

,VWG LV WKH UHODWLYH LQWHQVLW\ RI WKH GLDJQRVWLF LRQ LQ WKH H[WHUQDO VWDQGDUG VROXWLRQ

(;$03/( 7KUHH VHOHFWHG GLDJQRVWLF LRQV KDYH WKH IROORZLQJ UHODWLYH LQWHQVLWLHV�  �   DQG �  

7KH PD[LPXP DOORZHG GHYLDWLRQ IRU , DQG ,� LQ WKH VDPSOH LV , LV E\ GHILQLWLRQ  LQ ERWK WKH VDPSOH DQG WKH H[WHUQDO
VWDQGDUG �

, �  �      � � LQ WKH VDPSOH , VKDOO OLH EHWZHHQ �� DQG �� 

,��   �     � � LQ WKH VDPSOH ,� VKDOO OLH EHWZHHQ � � DQG � � 

2QO\ LI LGHQWLILFDWLRQ RI WKH WDUJHW FRPSRXQG KDV EHHQ SHUIRUPHG DFFRUGLQJO\ LV WKH WDUJHW FRPSRXQG
FRQVLGHUHG DV EHLQJ LGHQWLILHG  

' � ,QGLFDWLRQ

,I WKH UHTXLUHPHQWV PHQWLRQHG LQ ' DUH QRW PHW  EXW D SHDN LV SUHVHQW  DQ LQGLFDWLRQ RI WKH SUHVHQFH RI WKH
DQDO\VHG WDUJHW FRPSRXQG UHTXLUHV WKDW�

WKH UHODWLYH UHWHQWLRQ WLPH LQ WKH VDPSOH GLIIHUV E\ PRUH WKDQ  DQG E\ OHVV WKDQ   IURP WKH
UHODWLYH UHWHQWLRQ WLPH GHWHUPLQHG LQ WKH ODVW PHDVXUHG H[WHUQDO VWDQGDUG VROXWLRQ�

DQG RQH RI WKH IROORZLQJ�

DERYH WKH ORZHVW FRQFHQWUDWLRQ IRU LGHQWLILFDWLRQ� DOO VHOHFWHG GLDJQRVWLF LRQV DUH SUHVHQW LQ WKH PDVV
VSHFWUXP�

EHORZ WKH ORZHVW FRQFHQWUDWLRQ IRU LGHQWLILFDWLRQ� WKH PRVW LQWHQVLYH GLDJQRVWLF LRQ LV SUHVHQW LQ WKH PDVV
VSHFWUXP  
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' � 1HJDWLYH UHVXOW DEVHQFH RI WKH WDUJHW FRPSRXQG  

7KH WDUJHW FRPSRXQG LV DEVHQW LQ WKH VDPSOH QRW LGHQWLILHG DQG QR LQGLFDWLRQ RI LWV SUHVHQFH LI�

WKH UHODWLYH UHWHQWLRQ WLPH LQ WKH VDPSOH GHYLDWHV E\ PRUH WKDQ  IURP WKH UHODWLYH UHWHQWLRQ WLPH
GHWHUPLQHG LQ WKH ODVW PHDVXUHG H[WHUQDO VWDQGDUG VROXWLRQ�

RU RQH RI WKH IROORZLQJ�

DERYH WKH ORZHVW FRQFHQWUDWLRQ IRU LGHQWLILFDWLRQ� QRW DOO VHOHFWHG GLDJQRVWLF LRQV DUH SUHVHQW LQ WKH PDVV
VSHFWUXP�

EHORZ WKH ORZHVW FRQFHQWUDWLRQ IRU LGHQWLILFDWLRQ� WKH PRVW LQWHQVLYH GLDJQRVWLF LRQ LV DEVHQW LQ WKH PDVV
VSHFWUXP  

' � 6XJJHVWLRQV IRU WKH VHOHFWLRQ RI WKH GLDJQRVWLF LRQV

WKH P�] YDOXHV VKRXOG EH DV KLJK DV SRVVLEOH�

HYHQ PDVV IUDJPHQWV DUH SUHIHUUHG RYHU RGG RQHV�

LI SRVVLEOH WKH PROHFXODU LRQ VKRXOG EH VHOHFWHG DV RQH RI WKH GLDJQRVWLF LRQV�

WKH ³XQLTXHQHVV YDOXH´ VKRXOG EH DV KLJK DV SRVVLEOH > @�

LI FKDUDFWHULVWLF LVRWRSH FOXVWHUV DUH SUHVHQW LQ WKH PDVV VSHFWUXP H J  FKORULQH QRW PRUH WKDQ WZR
GLDJQRVWLF LRQV VKRXOG EH VHOHFWHG IURP RQH LVRWRSH FOXVWHU�

LI GXULQJ WKH VDPSOH SUHSDUDWLRQ  WKH WDUJHW FRPSRXQGV KDYH EHHQ GHULYDWL]HG ZLWK D UHDJHQW ZLWK ORZ
VSHFLILFLW\ RQO\ RQH RI WKH LRQV 0 DQG >0'HU@ PD\ EH VHOHFWHG DV D GLDJQRVWLF LRQ 0 LV WKH PROHFXODU
LRQ RI WKH GHULYDWL]HG WDUJHW FRPSRXQG �

LQ WKH VHOHFWLRQ RI WKH GLDJQRVWLF LRQV  SRVVLEOH FROXPQ DUWHIDFWV VKDOO EH WDNHQ LQWR FRQVLGHUDWLRQ
DYRLGLQJ FRUUHVSRQGLQJ PDVVHV H J P�] ��  �  �  

' � 7DUJHW FRPSRXQGV ZLWK IHZHU WKDQ WKUHH IUDJPHQWV

,Q JHQHUDO  LI D WDUJHW FRPSRXQG KDV IHZHU WKDQ WKUHH PDVVHV LQ LWV PDVV VSHFWUXP  WKH UHOLDELOLW\ RI
LGHQWLILFDWLRQ LV OLPLWHG ZKHQ QR YHU\ VSHFLILF PDVV IUDJPHQWV DUH DYDLODEOH  +RZHYHU  IRU YRODWLOH FRPSRXQGV
WKH VSHFLILFLW\ RI WKH PDVV IUDJPHQWV LQ FRPELQDWLRQ ZLWK WKHLU UHWHQWLRQ WLPH JHQHUDOO\ ZLOO EH VXIILFLHQW  7KHLU
YRODWLOLW\ FRUUHVSRQGV WR D ORZ PROHFXODU PDVV  OLPLWLQJ WKH QXPEHU RI SRVVLEOH IDOVH SRVLWLYH UHVXOWV� WKHUH DUH
QRW PDQ\ FRPSRXQGV RI ORZ PROHFXODU PDVV ZLWK WKH VDPH UHWHQWLRQ WLPH RQ D *& FROXPQ DQG VLPLODU PDVV
VSHFWUD  

&RPSRXQGV ZLWK IHZHU WKDQ WKUHH PDVV IUDJPHQWV VKRXOG EH DQDO\VHG LQ WKH IXOO VFDQ PRGH  ,GHQWLILFDWLRQ LV
WKHQ EDVHG RQ WKH FRPSDULVRQ RI WKH IXOO VFDQ PDVV VSHFWUD RI WKH VDPSOH DQG RI WKH H[WHUQDO VWDQGDUG
VROXWLRQ  ,Q DGGLWLRQ WR WKH PDVV IUDJPHQWV SUHVHQW  WKH DEVHQFH RI DQ\ RWKHU IUDJPHQWV LQ WKH PDVV VSHFWUXP
DOVR VHUYHV DV LPSRUWDQW LQIRUPDWLRQ IRU LGHQWLILFDWLRQ  

)RU FRPSRXQGV ZLWK IHZHU WKDQ WKUHH PDVV IUDJPHQWV HVSHFLDOO\ LI WKH DYDLODEOH PDVVHV DUH QRW YHU\
VSHFLILF WKH UHOLDELOLW\ RI WKH LGHQWLILFDWLRQ FDQ EH LPSURYHG E\ VHSDUDWLRQ RQ D FROXPQ RI GLIIHUHQW SRODULW\
DQG RU WKH DSSOLFDWLRQ RI D VHFRQG VHOHFWLYH  GHWHFWRU (&'  $('  3,'
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$QQH[ (
LQIRUPDWLYH  

3URFHGXUHV IRU WKH FOHDQLQJ RI JODVVZDUH DQG WKH SUHSDUDWLRQ RI
FRQWDPLQDQW IUHH ZDWHU

( 3URFHGXUH IRU WKH FOHDQLQJ RI JODVVZDUH

( 5RXWLQH FOHDQLQJ

7KH IROORZLQJ FOHDQLQJ SURFHGXUH LV VXJJHVWHG  

127( 7KLV SURFHGXUH LV DQ H[DPSOH  DQG LWV DSSOLFDELOLW\ GHSHQGV RQ WKH VSHFLILF LQVWUXPHQW XVHG

D 5HPRYH WKH SXUJH YHVVHO IURP WKH SXUJH DQG WUDS LQVWUXPHQW  (QVXUH WKDW WKH 37)( IHUUXOHV DUH QRW
GDPDJHG GXULQJ WKLV VWDJH

E )OXVK WKH SXUJH YHVVHO ZLWK FOHDQ ZDWHU  XVLQJ DW OHDVW IROG LWV YROXPH  ,I D ZDWHU SXPS LV XVHG  VXFN
WKH ZDWHU WKURXJK WKH YHVVHO UDWKHU WKDQ SXPSLQJ LW  

F )LOO WKH SXUJH YHVVHO ZLWK D IXUWKHU TXDQWLW\ RI FOHDQ ZDWHU  HQVXULQJ WKDW WKH VDPSOH SRUWLRQ RI WKH YHVVHO
LV FRPSOHWHO\ ILOOHG  3ODFH WKH SXUJH YHVVHO LQ D EHDNHU  

G 3ODFH WKH EHDNHU LQ DQ XOWUDVRQLF EDWK DQG VRQLFDWH IRU D PLQLPXP RI  PLQ  

H 'LVFDUG WKH ZDWHU IURP WKH SXUJH YHVVHO DQG UHSHDW VWHSV F  DQG G VRQLFDWLQJ IRU DQRWKHU � PLQ  

I 'LVFDUG WKH ZDWHU  GU\ WKH RXWVLGH RI WKH YHVVHO DQG SODFH LPPHGLDWHO\ LQWR DQ RYHQ DW D WHPSHUDWXUH
JUHDWHU WKDQ  �&  7KH YHVVHOV VKRXOG EH KHDWHG DW WKLV WHPSHUDWXUH IRU D PLQLPXP RI � K RU SUHIHUDEO\
RYHUQLJKW  

J $IWHU WKH SXUJH YHVVHOV KDYH GULHG  FRRO WR �& DQG WUDQVIHU LPPHGLDWHO\ WR DQ DLUWLJKW VWRUDJH
FRQWDLQHU  

K 7KH SXUJH YHVVHOV VKRXOG EH ILWWHG WR WKH SXUJH DQG WUDS V\VWHP ZKLOH VWLOO VOLJKWO\ DERYH DPELHQW
WHPSHUDWXUH  WR PLQLPL]H DQ\ DGVRUSWLRQ RI YRODWLOH FRPSRXQGV RQWR WKH JODVVZDUH  

( *ODVVZDUH FOHDQLQJ SURFHVVHV

)RU WKH DQDO\VLV RI VDPSOHV FRQWDLQLQJ YRODWLOH RUJDQLF FRPSRXQGV LQ WKH ORZ PLFURJUDP SHU OLWUH UDQJH  WKH
SUHSDUDWLRQ RI VFUXSXORXVO\ FOHDQ JODVVZDUH LV HVVHQWLDO  )DLOXUH WR GR VR FDQ OHDG WR SUREOHPV LQ WKH
LQWHUSUHWDWLRQ RI WKH ILQDO FKURPDWRJUDP GXH WR WKH SUHVHQFH RI H[WUDQHRXV SHDNV  7KH SURFHVV RI
FRQFHQWUDWLQJ FRPSRXQGV RI LQWHUHVW PD\ VLPLODUO\ FRQFHQWUDWH FRPSRXQGV UHVXOWLQJ IURP FRQWDPLQDWLRQ  

%DVLF FOHDQLQJ VWHSV LQFOXGH WKH IROORZLQJ

D 5HPRYH VXUIDFH UHVLGXDOV LPPHGLDWHO\ DIWHU XVH  $V VRRQ DV SRVVLEOH DIWHU JODVVZDUH KDV FRPH LQWR
FRQWDFW ZLWK WKH VDPSOH RU VWDQGDUG VROXWLRQV  ULQVH WKH JODVVZDUH ZLWK PHWKDQRO EHIRUH SODFLQJ LW LQ D KRW
GHWHUJHQW VRDN  ,I WKLV LV QRW FDUULHG RXW  WKH VRDNLQJ SURFHVV PD\ VHUYH WR FRQWDPLQDWH RWKHU JODVVZDUH  

E +RW VRDN WKH YHVVHO WR ORRVHQ PRVW RI WKH SDUWLFXODWH PDWHULDO ZKLFK PD\ EH SUHVHQW  7KH KRW VRDN
FRPSULVHV D EDWK RI D VXLWDEOH GHWHUJHQW LQ ZDWHU DW �  �& RU KLJKHU  7KH GHWHUJHQW VKRXOG EH HQWLUHO\
V\QWKHWLF DQG QRW RI D IDWW\ DFLG EDVH  +DUG ZDWHU VFXP KDV DQ DIILQLW\ IRU PDQ\ FKORULQDWHG FRPSRXQGV  
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DQG  EHLQJ DOPRVW ZKROO\ ZDWHU LQVROXEOH  FDQ FDXVH GHSRVLWV WR RFFXU DV D WKLQ ILOP RQ DOO JODVVZDUH LQ
WKH EDWK  

F 5LQVH WKH YHVVHO LQ KRW ZDWHU WR IOXVK DZD\ DQ\ SDUWLFXODWH PDWWHU

G 6RDN WKH YHVVHO LQ DQ R[LGL]LQJ DJHQW WR GHVWUR\ WUDFHV RI RUJDQLF PDWWHU  7KH PRVW FRPPRQ DQG KLJKO\
HIIHFWLYH  R[LGL]LQJ DJHQW IRU UHPRYDO RI WUDFHV RI RUJDQLF FRPSRXQGV LV FKURPLF DFLG VROXWLRQ PDGH XS RI
VXOIXULF DFLG DQG SRWDVVLXP RU VRGLXP GLFKURPDWH )RU PD[LPXP HIILFLHQF\ WKH VRDN VROXWLRQ VKRXOG EH
ZDUP �  �& WR �  �& 6DIHW\ SUHFDXWLRQV VKRXOG EH ULJLGO\ REVHUYHG LQ WKH KDQGOLQJ RI WKLV VROXWLRQ  

H 5LQVH WKH YHVVHOV LQ KRW ZDWHU WR IOXVK DZD\ ORRVHQHG PDWHULDOV

I 5LQVH LQ GLVWLOOHG ZDWHU WR UHPRYH DQ\ PHWDOOLF GHSRVLWV

J 5LQVH ZLWK PHWKDQRO WR IOXVK DZD\ DQ\ ILQDO WUDFHV RI RUJDQLF PDWHULDOV DQG WR UHPRYH ZDWHU

K )OXVK WKH YHVVHOV LPPHGLDWHO\ EHIRUH XVH ZLWK D VXLWDEOH VROYHQW DQG GU\ EHIRUH XVH  

7KHUH LV DOZD\V D SRVVLELOLW\ WKDW EHWZHHQ WKH WLPH RI ZDVKLQJ DQG VXEVHTXHQW XVH  WKH JODVVZDUH PD\ EH EH
FRQWDPLQDWHG IURP HLWKHU WKH DWPRVSKHUH RU E\ GLUHFW FRQWDFW ZLWK YRODWLOH RUJDQLF FRPSRXQGV  )RU FKHFNLQJ  
LW LV JRRG SUDFWLFH WR IOXVK WKH YHVVHOV LPPHGLDWHO\ EHIRUH XVH ZLWK D VXLWDEOH VROYHQW  IRU H[DPSOH PHWKDQRO

( 3UHSDUDWLRQ RI LQWHUIHUHQFH IUHH ZDWHU

9HULI\ WKH TXDOLW\ RI WKH ZDWHU WR EH XVHG  )RU H[DPSOH  XVH WKH IROORZLQJ SURFHGXUH DV D VXLWDEOH SUHSDUDWLRQ
PHWKRG  

3ODFH ZDWHU LQ D ERWWOH ZLWK D FRQLFDO VKRXOGHU  QRPLQDO FDSDFLW\  OLWUHV  ILWWHG ZLWK D JURXQG JODVV VWRSSHU
SUHWUHDWHG DFFRUGLQJ WR WKLV DQQH[  

'HWHUPLQH WKH FRQWHQW RI WKH KLJKO\ YRODWLOH KDORJHQDWHG K\GURFDUERQV LQ WKLV ZDWHU

,I WKH ZDWHU LV FRQWDPLQDWHG  SXULI\ DV IROORZV�

SRVLWLRQ D JODVV GHOLYHU\ WXEH ZLWK D VLQWHUHG JODVV GLVWULEXWRU D IHZ PLOOLPHWUHV DERYH WKH ERWWRP RI WKH
ERWWOH�

KHDW WKH ZDWHU WR DSSUR[LPDWHO\ �  �&�

SDVV D VWUHDP RI FOHDQ QLWURJHQ IORZUDWH DSSUR[LPDWHO\ �  PO PLQ WR  PO PLQ  WKURXJK WKH ZDWHU IRU
 K YLD WKH EXEEOHU  /HW WKH ZDWHU FRRO WR URRP WHPSHUDWXUH DQG VWRSSHU WKH ERWWOH�

VWRUH WKH ZDWHU LQ D JODVV ERWWOH LQ WKH GDUN

6XEVHTXHQWO\ YHULI\ DJDLQ WKH DEVHQFH RI KLJKO\ YRODWLOH KDORJHQDWHG K\GURFDUERQV  ,I FRQWDPLQDWLRQ LV IRXQG
XVH D SXUJH JDV IURP DQRWKHU VRXUFH DQG UHSHDW WKH SURFHGXUH

127( 3URFHGXUH WDNHQ IURP ,62 �
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$QQH[ )
LQIRUPDWLYH  

3UHSDUDWLRQ RI VWDQGDUG VROXWLRQV RI YRODWLOH RUJDQLF FRPSRXQGV

) *HQHUDO

7KH DPRXQWV DQG YROXPHV JLYHQ EHORZ DUH H[DPSOHV� GHSHQGLQJ RQ WKH GHVLUHG ZRUNLQJ UDQJH  GLIIHUHQW
YDOXHV PD\ EH WDNHQ  

) 3UHSDUDWLRQ RI VWRFN DQG VSLNLQJ VROXWLRQV

) 6WRFN VROXWLRQ IRU OLTXLG VXEVWDQFHV

$GG DSSUR[LPDWHO\ �  PO RI VROYHQW � WR D  PO JUDGXDWHG IODVN

'RVH ZLWK D PLFUROLWUH V\ULQJH GHILQHG YROXPHV RI �O WR � �O RU GHILQHG TXDQWLWLHV RI EHWZHHQ PJ
DQG �  PJ RI HDFK 92& XQGHU WKH VXUIDFH RI WKH VROYHQW  

,PPHGLDWHO\ PDNH XS WR YROXPH ZLWK WKH VROYHQW �  

6WRSSHU WKH IODVN ZLWK D JURXQG JODVV VWRSSHU DQG FDXWLRXVO\ VKDNH WKH VROXWLRQ  

&DOFXODWH WKH UHVSHFWLYH FRQFHQWUDWLRQV RI WKH FRPSRXQGV DGGHG E\ XVLQJ WKHLU GHQVLWLHV

) 6WRFN VROXWLRQ IRU VXEVWDQFHV RI VHPL JDVHRXV VWDWH DW URRP WHPSHUDWXUH YLQ\O
FKORULGH  IOXRURFKORURK\GURFDUERQV

)LOO D KHDGVSDFH YLDO WR EHWZHHQ �  DQG �  ZLWK H J  PO RI GLPHWK\OIRUPDPLGH '0)  � � VHDO WKH
YLDO ZLWK D 37)( ODPLQDWHG FULPS FDS DQG ZHLJK WR DQ DFFXUDF\ RI  PJ  

,QMHFW D IL[HG YROXPH RI YLQ\O FKORULGH JDV LQWR WKH KHDGVSDFH RI WKH KHDGVSDFH YLDO XVLQJ D JDV WLJKW V\ULQJH

'R QRW DOORZ WKH LQMHFWLRQ QHHGOH WR FRPH LQ FRQWDFW ZLWK WKH VROYHQW  

(QVXUH SXUH JDV LV DGGHG LQ WKH IROORZLQJ ZD\� H J  HYDFXDWH D JDV VDPSOH WXEH  ILOO LW ZLWK YLQ\O FKORULGH JDV
DQG WDNH LW RXW XVLQJ D V\ULQJH  

3UHSDUH DW OHDVW ILYH VWDQGDUG VWRFN VROXWLRQV RI YLQ\O FKORULGH  SUHIHUDEO\ HYHQO\ GLVWULEXWHG RYHU WKH ZRUNLQJ
UDQJH  IRU WKH FDOLEUDWLRQ IXQFWLRQ  $V WKH SUHSDUDWLRQ RI JDVHRXV VWDQGDUGV LV D YHU\ GHOLFDWH SURFHGXUH
UHSOLFDWH VWDQGDUG VWRFN VROXWLRQV DUH VWURQJO\ UHFRPPHQGHG WR DOORZ D FKHFN RQ SURSHU SUHSDUDWLRQ  

:HLJK WKH DGGHG YLQ\O FKORULGH WR DQ DFFXUDF\ RI PJ DQG GHWHUPLQH WKH TXDQWLW\ RI YLQ\O FKORULGH XVLQJ WKH
GLIIHUHQFH LQ PDVVHV

7R SUHSDUH PDVV FRQFHQWUDWLRQV  �J O  SUHSDUH VWDQGDUG VROXWLRQV RI KLJKHU FRQFHQWUDWLRQ DQG GLOXWH ZLWK
GLPHWK\OIRUPDPLGH  

127( 7KH SURFHGXUH DV GHVFULEHG KHUH PD\ DOVR EH DSSOLHG WR VXEVWDQFHV RI OLTXLG VWDWH DW URRP WHPSHUDWXUH  

6WRUH WKH VWRFN VWDQGDUG VROXWLRQV LQ VFUHZ WRS IODVNV ZLWK 37)( FRDWHG VFUHZ FDSV  0HWKDQRO VROXWLRQV RI WKH
OLTXLG VXEVWDQFHV UHPDLQ VWDEOH IRU DW OHDVW � ZHHNV DW DERXW � �&  
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6ROXWLRQV RI YLQ\O FKORULGH LQ PHWKDQRO RU '0) UHPDLQ VWDEOH IRU XS WR RQH ZHHN  SURYLGHG WKH\ DUH VWRUHG DW
WHPSHUDWXUHV EHORZ � �&  

) � 3UHSDUDWLRQ RI VSLNLQJ VROXWLRQV

$OORZ WKH VWRFN VROXWLRQ WR HTXLOLEUDWH WR URRP WHPSHUDWXUH IRU DERXW � PLQ  VKDNLQJ RFFDVLRQDOO\ ZLWK FDUH  

3UHSDUH DW OHDVW � VSLNLQJ VROXWLRQV RI GLIIHUHQW FRQFHQWUDWLRQV E\ GLOXWLRQ RI VPDOO YROXPHV RI WKH VWRFN
VWDQGDUG VROXWLRQ LQWR DQ DSSURSULDWH VROYHQW  SUHIHUDEO\ WKH VDPH VROYHQW XVHG IRU SUHSDULQJ WKH VWRFN
VROXWLRQV  6HH DOVR � �

7KH LQGLYLGXDO GLOXWLRQ VWHSV VKRXOG QRW H[FHHG D UDWLR RI �  

) � 3UHSDUDWLRQ RI WKH DTXHRXV FDOLEUDWLRQ VROXWLRQV

)RU WKH PHDVXULQJ UDQJH RI D VXEVWDQFH RI EHWZHHQ H J  � �J O DQG �  �J O  WDNH WKH IROORZLQJ VWHSV�

3ODFH D � PO JUDGXDWHG IODVN FRQWDLQLQJ ZDWHU � DQG D JODVV FRDWHG PDJQHWLF VWLUULQJ URG RQ D PDJQHWLF
VWLUUHU  

:KLOH VWLUULQJ  GRVH ZLWK XS WR � �O RI D VSLNLQJ VROXWLRQ ) � GLUHFWO\ LQWR WKH WXUEXOHQFH IXQQHO XQGHU WKH
ZDWHU VXUIDFH

5HGXFH WKH URWDWLRQDO VSHHG RI WKH PDJQHWLF VWLUUHU XQWLO WKH YRUWH[ GLVDSSHDUV

6WRSSHU WKH JUDGXDWHG IODVN DQG FRQWLQXH VWLUULQJ IRU DQRWKHU � PLQ  

)RU EODQN GHWHUPLQDWLRQ  SUHSDUH DQRWKHU JUDGXDWHG IODVN ZLWK ZDWHU DQG ZLWK RQO\ WKH VDPH YROXPH RI VROYHQW  

3UHSDUH D IUHVK DTXHRXV FDOLEUDWLRQ VROXWLRQ ZKHQ QHHGHG  
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$QQH[ *
LQIRUPDWLYH  

'HWHUPLQDWLRQ RI WKH DEVROXWH  UHFRYHU\ RI VXEVWDQFHV DQDO\VHG E\
SXUJH DQG WUDS FRQFHQWUDWLRQ

7KH SXUJH DQG WUDS SHUIRUPDQFH RI WKH FRPSRXQG FDQ EH YHULILHG DFFRUGLQJ WR WKH SURFHGXUH EHORZ ZKLFK LV
DSSOLFDEOH WR RQ OLQH DQG RII OLQH SXUJH DQG WUDS *& DQDO\VLV  'HSHQGLQJ RQ WKH ZRUNLQJ UDQJH RI LQWHUHVW DQG
WKH LQVWUXPHQW LQ XVH  GLIIHUHQW YROXPHV RU DPRXQWV FDQ EH DSSOLHG  7KH YDOXHV JLYHQ EHORZ DUH H[DPSOHV  

3XW � �O RI WKH VSLNLQJ VROXWLRQ FRQFHQWUDWLRQ FORVH WR KDOI RI WKH OLQHDU UDQJH  RQ DQ DGVRUEHQW WUDS  5HPRYH
WKH VROYHQW E\ SDVVLQJ D SXUJH JDV WKURXJK WKH DEVRUEHQW WUDS IRU � PLQ WR  PLQ DQG WKHQ DQDO\VH WKH
DGVRUSWLRQ WXEH  &RPSDUH WKH UHVXOWV ZLWK WKRVH RI D VSLNHG ZDWHU VDPSOH ZLWK DQ DGGLWLRQ RI � O RI WKH VDPH
VSLNLQJ VROXWLRQ  7KH DEVROXWH SXUJH DQG WUDS UHFRYHU\ IRU DQDO\WH L > L DEV @ LV GHWHUPLQHG DV IROORZV�

S VDEVL L L\ \

ZKHUH

L DEV LV WKH DEVROXWH SXUJH DQG WUDS UHFRYHU\ IRU DQDO\WH L�

\L S LV WKH UHVSRQVH RI DQDO\WH L DIWHU SXUJLQJ  H J  SHDN DUHD�

\L V LV WKH UHVSRQVH RI DQDO\WH L DIWHU GLUHFW VSLNLQJ  H J  SHDN DUHD  

$V WKH VWDQGDUG LWVHOI DSSOLHV FDOLEUDWLRQ RYHU WKH HQWLUH SURFHGXUH  QR FRUUHFWLRQV IRU LQFRPSOHWH UHFRYHU\
VKRXOG EH FDUULHG RXW  

127( ,QFRPSOHWH UHFRYHU\ PD\ UHVXOW LQ SRRU VHQVLWLYLW\ IRU WKH VSHFLILF FRPSRXQG RU LQ SRRU UHSHDWDELOLW\ DQG
UHSURGXFLELOLW\  7R LPSURYH WKH UHFRYHU\ RI VSHFLILF FRPSRXQGV  WKH SXUJH WLPH FDQ EH SURORQJHG RU WKH SXUJH WHPSHUDWXUH
FDQ EH LQFUHDVHG  $Q DOWHUQDWLYH GHWHUPLQDWLRQ RI WKH UHFRYHU\ LV WR FDUU\ RXW UHSHDWHG SXUJH DQG WUDS DQDO\VHV RI WKH
VDPH VDPSOH  )URP WKH GHFUHDVH RI WKH SHDN DUHD  WKH LQLWLDO DQDO\WH FRQFHQWUDWLRQ LQ WKH VDPSOH FDQ EH FDOFXODWHG  7KLV
SURFHGXUH LV SDUWLFXODUO\ VXLWDEOH IRU RQ OLQH V\VWHPV

32

EN ISO 15680:2003



%LEOLRJUDSK\

> @ ,62 � :DWHU TXDOLW\ ² 'HWHUPLQDWLRQ RI KLJKO\ YRODWLOH KDORJHQDWHG K\GURFDUERQV ² *DV
FKURPDWRJUDSKLF PHWKRGV

> @ ,62 � �  :DWHU TXDOLW\ ² 'HWHUPLQDWLRQ RI EHQ]HQH DQG VRPH GHULYDWLYHV ² 3DUW � +HDG VSDFH
JDV FKURPDWRJUDSKLF PHWKRG

>�@ %2%(/',-.  ,  ��� � ,GHQWLILFDWLRQ FULWHULD IRU WKH *& 06 DQDO\VLV RI HQYLURQPHQWDO FRQWDPLQDQWV LQ
YDULRXV PDWULFHV .LZD UHSRUW .2$ ��  1RY  8WUHFKW  1/ LQ 'XWFK  

>�@ (3$ PHWKRG � �  9RODWLOH RUJDQLF FRPSRXQGV E\ LVRWRSH GLOXWLRQ *& 06  5HYLVLRQ &  -XQH ���

>�@ (3$ PHWKRG � � 6HPL YRODWLOH RUJDQLF FRPSRXQGV E\ LVRWRSH GLOXWLRQ *& 06  5HYLVLRQ &  -XQH
���

>�@ %6 �� �� ��� 7KH *& 06 LGHQWLILFDWLRQ RI ZDWHU OHDFKDEOH RUJDQLF VXEVWDQFHV

>�@ )5(5,.6  ,  ��� ,GHQWLILFDWLRQ RI RUJDQLF FRPSRXQGV E\ *& 5,=$ /HO\VWDG  1/  LQ 'XWFK  

>�@ ,QWHUSUHWDWLRQ RI WKH *& 06 UHVXOWV IURP WKH DQDO\VLV RI GLHWK\OVWLOEHVWURO LQ FRZ XULQH  5LNLOW  
'HSDUWPHQW RI &RQWDPLQDQWV  5HSRUW � �  LQ 'XWFK

>�@ 3(6<1$  * 0  0&/$))(57<  ):  9(1.$7$5$*+$9$1  5  DQG '$<5,1*(5  + (  6WDWLVWLFDO RFFXUUHQFH
RI PDVV DQG DEXQGDQFH YDOXHV LQ PDVV VSHFWUD  $QDO  &KHP  �� �  ���  SS  � ��

> @ 0&/$))(57<  ):  +(57(/  5 +  DQG 9,//:2&.  5 '  3UREDELOLW\ EDVHG PDWFKLQJ RI PDVV VSHFWUD
2UJ  PDVV 6SHFWURP  �  ���  SS  �� �

> @ 0&/$))(57<  ):  DQG 67$8)(5  ' %  7DEOH  8QLTXHQHVV YDOXHV YHUVXV PDVV YDOXHV  ,Q� 7KH
,PSRUWDQW 3HDN ,QGH[ RI WKH 5HJLVWU\ RI 0DVV 6SHFWUDO 'DWD  ��  -RKQ:LOH\
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Annex ZA
(normative)

Normative references to international publications
with their relevant European publications

This European Standard incorporates by dated or undated reference, provisions from other
publications. These normative references are cited at the appropriate places in the text and the
publications are listed hereafter. For dated references, subsequent amendments to or revisions of
any of these publications apply to this European Standard only when incorporated in it by
amendment or revision. For undated references the latest edition of the publication referred to
applies (including amendments).

NOTE Where an International Publication has been modified by common modifications, indicated
by (mod.), the relevant EN/HD applies.

Publication Year Title EN Year

ISO 3696 1987 Water for analytical laboratory
use - Specification and test
methods

EN ISO 3696 1995

EN ISO 15680:2003
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