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V +PVTQFWEVKQP GZRNCKPKPI VJG RWTRQUG QH VJG UVWF[ CPF C DTKGH FGUETKRVKQP QH VJG OGVJQF�

V &GUKIP QH VJG EQNNCDQTCVKXG UVWF[� G�I�� PWODGT QH EQNNCDQTCVQTU� V[RG CPF PWODGT QH VGUV UCORNGU VQ DG VGUVGF�
NGXGNU QH URKMKPI� GVE�

V 6JG OGVJQF YTKVVGP KP #1#% UV[NG� K�G�� VJG YC[ OGVJQFU CTG RWDNKUJGF KP VJG 1HHKEKCN /GVJQFU QH #PCN[UKU QH
#1#% +06'40#6+10#.�

V .GVVGT VQ EQNNCDQTCVQTU VJCV YQWNF KPENWFG VJG GSWKROGPV CPF TGCIGPVU TGSWKTGOGPVU� VJG KPVGPFGF FCVG QH
DGIKPPKPI QH VJG UVWF[� NGPIVJ QH VKOG QH VJG UVWF[� VKOG HTCOG HQT TGRQTVKPI TGUWNVU QH CPCN[UGU� GVE�

V (QTOU VQ DG WUGF D[ EQNNCDQTCVQTU VQ TGRQTV TGUWNVU QH CPCN[UGU�

V $CUKE (QTOCV KU CU HQNNQYU� 6+6.'
#76*14
5�
+0641&7%6+10
%1..#$14#6145
567&; &'5+)0
6'56 5#/2.' 24'2#4#6+10
/'6*1&
4'2146+0) 4#9 &#6#
#0#.;<+0) 4#9 &#6#
#22'0&+%'5 
QT 6#$.'5 #0& (+)74'5�

%QNNCDQTCVKXG 5VWF[ RTQVQEQNU CPF UWRRQTVKPI FQEWOGPVCVKQP ECP DG FKTGEVN[ UWDOKVVGF VQ #1#% D[ WUKPI QWT YGDUKVG

YYY�CQCE�QTI��
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6JG HQNNQYKPI HQTOCV UJQWNF DG HQNNQYGF YJGP YTKVKPI C EQNNCDQTCVKXG UVWF[ RTQVQEQN�


�� 6+6.'� %JQQUG C VKVNG� $G GZRNKEKV CPF FGUETKRVKXG GPQWIJ VQ IKXG CP KFGC QH [QWT CRRTQCEJ� (QT GZCORNG�
%JQNGUVGTQN #PCN[UKU KP (QQFU D[ &KTGEV 5CRQPKHKECVKQP )CU %JTQOCVQITCRJKE /GVJQF�


�� #76*14
5�� +PENWFG [QWT PCOG� CHHKNKCVKQP� OCKNKPI CFFTGUU� RJQPG PWODGT� HCZ PWODGT CPF GOCKN CFFTGUU�


�� +0641&7%6+10� +PENWFG VJG HQNNQYKPI�


C� $CEMITQWPF� FGUETKDG YQTM QP VJG EWTTGPV OGVJQF QT QVJGT OGVJQFU CXCKNCDNG� +H VJGTG KU C TGHGTGPEG
OGVJQF KV UJQWNF DG FKUEWUUGF�


D� )QCNU QH VJG 5VWF[�

E� 6JG PGGFU CPF RWTRQUG QH VJG UVWF[�

F� # FGUETKRVKQP QH [QWT CRRTQCEJ VQ VJG RTQDNGO�

G� +PVGPFGF UEQRG�CRRNKECDKNKV[ QH OGVJQF� TGICTFKPI CPCN[VG
U�� OCVTKZ
EGU�� CPF EQPEGPVTCVKQP TCPIGU


.1&�.13� CPF YJGVJGT VJG OGVJQF KU SWCPVKVCVKXG QT SWCNKVCVKXG�

H� # EQPEKUG DWV EQORNGVG GZRNCPCVKQP QH VJG RTKPEKRNGU QH VJG OGVJQF� KPENWFKPI VJG EJKGH EJGOKECN

TGCEVKQP QT TGCEVKQPU QP YJKEJ KV KU DCUGF� KH CRRNKECDNG�


�� %1..#$14#6145� 3WCNKH[ VJG EQNNCDQTCVQTU�


C� 5VCVG YJGVJGT UVWF[ KU RNCPPGF KP EQQRGTCVKQP YKVJ CP[ QVJGT QTICPK\CVKQP�

D� 5VCVG PWODGT QH RNCPPGF EQNNCDQTCVQTU�

E� 6GNN JQY EQNNCDQTCVQTU�NCDQTCVQTKGU YKNN DG UGNGEVGF�

F� .KUV VJG EQNNCDQTCVQTU YJQ JCXG CNTGCF[ CITGGF VQ RCTVKEKRCVG YKVJ VJGKT HWNN EQPVCEV KPHQTOCVKQP


PCOG� VKVNG� CHHKNKCVKQP� OCKNKPI CFFTGUU� RJQPG PWODGT� HCZ PWODGT CPF GOCKN CFFTGUUGU� YJGP
CXCKNCDNG


�� 567&; &'5+)0� 1WVNKPG VJG FGUKIP QH VJG UVWF[� PWODGT QH OCVGTKCNU� PWODGT QH DNKPF FWRNKECVGU QT
;QWFGP RCKTU� PWODGT QH DNCPMU� PWODGT QH RQUKVKXG CPF PGICVKXG EQPVTQNU� YJGTG CRRNKECDNG� CPF PWODGT QH
CPCN[VG NGXGNU�


�� 6'56 5#/2.' 24'2#4#6+10� &GUETKDG RTGRCTCVKQP QH VGUV UCORNGU�


C� 9JCV YKNN DG VJG KPFKXKFWCN OCVGTKCNU! 9JCV KU VJG OCVTKZ� YJCV KU VJG CPCN[VG� CPF CV YJCV
EQPEGPVTCVKQP!


D� *QY YKNN CPCN[VG�OCVTKZ EQODKPCVKQPU DG RTGRCTGF! $[ URKMKPI QT CU PCVWTCNN[ QEEWTTKPI OCVGTKCNU!

E� *QY YKNN CEVWCN EQPVGPV DG FGVGTOKPGF! +H WUKPI C TGHGTGPEG OGVJQF VQ FGVGTOKPG CEVWCN EQPVGPV� JQY

YKNN VJG TGHGTGPEG OGVJQF DG FGVGTOKPGF VQ DG KP EQPVTQN! *QY YKNN VJG TGHGTGPEG OGVJQF DG
UGNGEVGF!


F� 9JCV QVJGT CPCN[VGU QT EQPVGPVU QH KPVGTGUV VQ VJKU VGUV 
KPVGTHGTGPEGU� GVE�� YKNN DG KPENWFGF KP
OCVGTKCNU!


G� %QOOGPV QP *QOQIGPGKV[ QH VJG UCORNGU 
UGG #RRGPFKZ ' QH VJKU OCPWCN�

H� 9JCV YKNN DG VJG DNCPMU� KH CRRTQRTKCVG!

I� 9JCV SWCNKV[ EQPVTQN OGCUWTGU YKNN DG HQNNQYGF VQ CUUWTG EQPVGPV QH UCORNGU!

J� 9JCV UVCDKNKV[ FCVC CTG CXCKNCDNG CPF JQY KU VJCV KPHQTOCVKQP WUGF!

K� *QY YKNN VGUV UCORNGU DG RCEMCIGF CPF JQY YKNN EQNNCDQTCVQTU JCPFNG VJGO WRQP TGEGKRV!


�� /'6*1&� 9TKVG VJG OGVJQF KP #1#% UV[NG 
UGG (QTOCV QH #1#%s 1HHKEKCN /GVJQF5/� GZCORNG QH VJG
OGVJQF� 2CTV � CPF #1#% YGDUKVG��


C� +PENWFG CRRNKECDKNKV[ UVCVGOGPV 
OCVTKEGU� CPCN[VG EQPEGPVTCVKQPU

D� 9TKVG VJG OGVJQF CU C UGTKGU QH EQOOCPFU� (QT GZCORNG� �CFF �� O.�� �UVKT VJG UQNWVKQP��
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E� .KUV #RRCTCVWU CPF 4GCIGPVU CU UGRCTCVG UGEVKQPU CV VJG DGIKPPKPI QH VJG OGVJQF KP C NKUV HQTOCV� CRCTV
HTQO VJG RTQEGFWTCN UVGRU� 5VQEM KVGOU HQWPF KP GXGT[ NCDQTCVQT[ VJCV FQP	V PGGF URGEKCN RTGRCTCVKQP
CTG NKUVGF� %QPEGPVTCVKQPU QH TGCIGPVU CPF CP[ FKTGEVKQPU HQT RWTKHKECVKQP� RTGRCTCVKQP� CPF UVQTCIG
CPF URGEKHKECVKQPU QH CRRCTCVWU CTG GUUGPVKCN GNGOGPVU QH VJG OGVJQF� (QNNQY #1#% RQNKE[ QP
'SWKXCNGPE[ QH 2TQFWEVU 7UGF KP #1#%s 1HHKEKCN /GVJQFU5/ 
UGG #RRGPFKZ #�� CPF FGUETKDG
CRRCTCVWU CPF TGCIGPVU IGPGTKECNN[ KP VGTOU QH RGTHQTOCPEG CPF UWKVCDKNKV[ VGUVU�


F� +H UCORNKPI� VGUV UCORNG RTGRCTCVKQP� QT RTGRCTCVKQP QH C UVCPFCTF EWTXG KU ETWEKCN QT KPXQNXGF�
RTGUGPV VJG KPHQTOCVKQP KP UGRCTCVG UGEVKQPU�


G� &GUETKDG RTQEGFWTCN UVGRU WPFGT VJG JGCFKPI �&GVGTOKPCVKQP�� $G CU GZRNKEKV CU RQUUKDNG KP NKUVKPI
FGVCKNU� 
'ZCORNG� XQNWOG CPF PWODGT QH GZVTCEVKQPU� QTFGT QH GNWVKQP� ETKVKECN VKOGU CPF
VGORGTCVWTGU� URGEKCN URGEVTQRJQVQOGVTKE EQPFKVKQPU� UK\G QH EQPVCKPGTU� KH KORQTVCPV� XKIQTQWU QT
IGPVNG UJCMKPI QT UVKTTKPI� ETKVGTKC HQT LWFIKPI CP GPF RQKPV� UWKVCDNG UVQRRKPI RNCEGU HQT C NGPIVJ[
OGVJQF� GVE��


H� 2TQXKFG ECNEWNCVKQPU YKVJ 5+ WPKVU KH CRRNKECDNG�


I� +PENWFG CP[ PGEGUUCT[ CNGTVU VQ ETKVKECN UVGRU� RTGECWVKQPU� QT YCTPKPIU�


�� 4'2146+0) 4#9 &#6#� 2TQXKFG KPUVTWEVKQPU QP JQY VQ TGRQTV VJG FCVC HTQO VJG CPCN[UKU� )KXG FTCHV
FCVC TGRQTVKPI UJGGV 
UGG 2CTV � HQT GZCORNG QH VJG TGRQTVKPI HQTO��


�� #0#.;<+0) 4#9 &#6#� +PFKECVG JQY VJG FCVC YKNN DG CPCN[\GF� +PFKECVG YJCV OGVJQF RGTHQTOCPEG
UVCVKUVKEU YKNN DG FGVGTOKPGF HTQO UVWF[ FGUKIP 
TGEQXGT[� 45&T� 45&4� UT� U4� *144#6� GVE��� 5GG
#RRGPFKZ & QH VJG 1/# 
2CTV �� HQT CFFKVKQPCN KPHQTOCVKQP�


��� #22'0&+%'5 QT (+)74'5 #0& 6#$.'5� 2TQXKFG GZCORNGU QH VJG VJG FTCHV NGVVGT VQ EQNNCDQTCVQTU VJCV
YQWNF KPENWFG VJG KPHQTOCVKQP QP VJG UVWF[� G�I�� V[RG QH CPCN[UKU� GSWKROGPV CPF TGCIGPVU TGSWKTGOGPVU� VJG
KPVGPFGF FCVG QH DGIKPPKPI QH VJG UVWF[� NGPIVJ QH VJG UVWF[� VKOG HTCOG HQT TGRQTVKPI TGUWNVU QH CPCN[UGU� GVE�
5GG 2CTV � HQT VJG GZCORNG QH C NGVVGT VQ EQNNCDQTCVQTU� UQNKEKVCVKQP RQUVECTF� GVE�


��� 5722146+0) &#6#� 5GG %JGEMNKUV HQT 2TQVQEQN &GUKIP QH %QNNCDQTCVKXG 5VWFKGU 
#RRGPFKEGU 3 CPF 4��
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4GHGT VQ VJG #1#% YGDUKVG HQT GZCORNGU QH EQNNCDQTCVKXG UVWFKGU 
YYY�CQCE�QTI��

V 6KVNG�6KVNG QH OCPWUETKRV VJCV GPFU YKVJ ��%QNNCDQTCVKXG 5VWF[��

V #WVJQT
U�� RTQXKFGU CWVJQTU	 HWNN 
G�I� PQ KPKVKCNU� PCOGU CPF EQPVCEV KPHQTOCVKQP�

V #DUVTCEV�5RGEKHKE KPHQTOCVKQP QP VJG OGVJQF CPF UVWF[�

V +PVTQFWEVKQP�+PHQTOCVKQP QP YJ[ EQNNCDQTCVKXG UVWF[ YCU EQPFWEVGF� JQY OCP[ EQNNCDQTCVQTU

RCTVKEKRCVGF KP VJG UVWF[� RTGXKQWU YQTM FQPG� CPF KPHQTOCVKQP QP EQORQWPF QT RTQEGUU VJCV YCU

UVWFKGF�

V %QNNCDQTCVKXG UVWF[�+PHQTOCVKQP QP OCVTKEGU CPF PWODGT QH VGUV UCORNGU VGUVGF� VGUV UCORNG

RTGRCTCVKQPU� KPUVTWEVKQPU HQT EQNNCDQTCVQTU� GVE�

V /GVJQF�9TKVVGP KP #1#% UV[NG�

V %QNNCDQTCVQTU	 EQOOGPVU�#P[ EQOOGPVU CPF UWIIGUVKQPU TGEGKXGF HTQO EQNNCDQTCVQTU CPF KPHQTOCVKQP QP

JQY VJG[ YGTG CFFTGUUGF D[ VJG 5VWF[ &KTGEVQT� G�I�� KPEQTRQTCVKPI KPUVTWEVKQPU KPVQ VJG OGVJQF� GVE�

V 4GUWNVU CPF &KUEWUUKQP�+PHQTOCVKQP QP V[RG QH UVCVKUVKECN CPCN[UGU RGTHQTOGF QP TCY FCVC� TGCUQPU HQT

TGLGEVKPI UQOG QH VJG FCVC� FKUEWUUKQP QH TGUWNVU YKVJ TGHGTGPEGU VQ VCDNGU CPF HKIWTGU� FKUEWUUKQP QH VJG

OGVJQF RGTHQTOCPEG� GVE�

V 4GEQOOGPFCVKQP�5VWF[ &KTGEVQT	U TGEQOOGPFCVKQP VQ CFQRV OGVJQF (KTUV #EVKQP�

V #EMPQYNGFIOGPVU�(WNN PCOGU CPF CFFTGUUGU QH CNN EQNNCDQTCVQTU VJCV RCTVKEKRCVGF KP VJG UVWF[�

V 4GHGTGPEGU�#NN TGHGTGPEGU EKVGF KP VJG VGZV�

%QNNCDQTCVKXG 5VWF[ OCPWUETKRVU CPF UWRRQTVKPI FQEWOGPVCVKQP ECP DG FKTGEVN[ UWDOKVVGF VQ #1#% D[ WUKPI QWT
YGDUKVG 
YYY�CQCE�QTI�� 'ZCORNGU QH EQNNCDQTCVKXG UVWFKGU HQT VJG �� OGVJQFU EQOOKVVGGU CTG NQECVGF QP QWT YGDUKVG

YYY�CQCE�QTI��
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;QWT OCPWUETKRV OC[ DG KP GKVJGT QH VYQ ECVGIQTKGU� 
�� C RTGNKOKPCT[ QT HKTUV OCPWUETKRV KP YJKEJ [QW IKXG VJG
DCEMITQWPF QH VJG RTQDNGO� FGUETKDG C OGVJQF VJCV [QW GKVJGT FGXKUGF [QWTUGNH QT UGNGEVGF HQT UVWF[� CPF RTGUGPV FCVC
QDVCKPGF KP [QWT QYP NCDQTCVQT[ 
UWEJ CU QRVKOK\CVKQP UVWFKGU� TWIIGFPGUU VGUVKPI�� QT 
�� C OCPWUETKRV QH C
EQNNCDQTCVKXG UVWF[� GKVJGT UWEEGUUHWN QT WPUWEEGUUHWN� +H [QWT OCPWUETKRV FQGU PQV UGGO VQ DG KP GKVJGT QH VJGUG VYQ
ECVGIQTKGU� [QW OC[ UVKNN DG CDNG VQ CFCRV VJGUG IWKFGNKPGU HQT [QWT RCTVKEWNCT UKVWCVKQP� #NVGTPCVKXGN[� EQPVCEV #1#%
1/#�28/ FGRCTVOGPV HQT URGEKCN KPUVTWEVKQPU�

�� 24'.+/+0#4; 14 (+456 /#075%4+26 
126+10#.�

%JQQUG C VKVNG� $G GZRNKEKV CPF FGUETKRVKXG GPQWIJ VQ IKXG CP KFGC QH [QWT CRRTQCEJ� +PENWFG OCVTKZ� CPCN[VG CPF
VGEJPKSWG� (QT GZCORNG� &GVGTOKPCVKQP QH 1EJTCVQZKP # KP $CD[ (QQF D[ +OOWPQCHHKPKV[ %QNWOP %NGCPWR CPF *2.%�

+PENWFG [QWT EQORNGVG PCOG� CFFTGUU� CPF RJQPG PWODGT� #FF C HQQVPQVG KFGPVKH[KPI VJG OCPWUETKRV CU [QWT 5VWF[
&KTGEVQT OCPWUETKRV� +PENWFG VJG GZCEV VKVNG QH [QWT UVWF[ CPF� KH CRRTQRTKCVG� VJG [GCT
U� QH RQUVGT RTGUGPVCVKQP CV VJG
#PPWCN /GGVKPI KP VJG HQQVPQVG�

+PENWFG VJG HQNNQYKPI KP [QWT KPVTQFWEVKQP�

C� 6JG RWTRQUG QH VJG UVWF[�

D� # DTKGH UWOOCT[ QH RTGXKQWUN[ RWDNKUJGF YQTM FKTGEVN[ TGNCVGF VQ [QWT RTQDNGO CPF C UVCVGOGPV QH
JQY [QWT YQTM KU TGNCVGF VQ RTGXKQWU YQTM� +PENWFG RGTVKPGPV NKVGTCVWTG TGHGTGPEGU� 6JKU OC[ DG C
�YJ[ + FKF VJKU UVWF[ CPF YJ[ VJG RTQRQUGF OGVJQF KU DGVVGT VJCP VJG GZKUVKPI OGVJQF� UVCVGOGPV�

E� # FGUETKRVKQP QH [QWT CRRTQCEJ VQ VJG RTQDNGO CPF C DTKGH UVCVGOGPV QH YJGVJGT [QWT YQTM YCU
UWEEGUUHWN�

F� # EQPEKUG DWV EQORNGVG GZRNCPCVKQP QH VJG RTKPEKRNGU QH VJG OGVJQF� KPENWFKPI VJG EJKGH EJGOKECN
TGCEVKQP QT TGCEVKQPU QP YJKEJ KV KU DCUGF� KH CRRNKECDNG�

G� 9J[ VJG OGVJQF KU KORQTVCPV VQ VJG UEKGPVKHKE EQOOWPKV[ CPF PGGFGF�

H� +H C TGHGTGPEG OGVJQF KU WUGF� KV UJQWNF DG FGUETKDGF�

9TKVG VJG OGVJQF KP #1#% UV[NG� CU HQNNQYU�

C� 9TKVG VJG OGVJQF CU C UGTKGU QH EQOOCPFU� G�I�� #FF �� O. QT 5VKT UQNWVKQP�

D� .KUV #RRCTCVWU CPF 4GCIGPVU CU UGRCTCVG UGEVKQPU CV VJG DGIKPPKPI QH VJG OGVJQF KP C NKUV HQTOCV� CRCTV
HTQO VJG RTQEGFWTCN UVGRU� 5VQEM KVGOU HQWPF KP GXGT[ NCDQTCVQT[ VJCV FQP	V PGGF URGEKCN RTGRCTCVKQP
CTG PQV NKUVGF� %QPEGPVTCVKQPU QH TGCIGPVU CPF CP[ FKTGEVKQPU HQT RWTKHKECVKQP� RTGRCTCVKQP� CPF
UVQTCIG CPF URGEKHKECVKQPU QH CRRCTCVWU CTG GUUGPVKCN GNGOGPVU QH VJG OCPWUETKRV CPF OWUV DG KPENWFGF�
(QNNQY #1#% RQNKE[ QP 'SWKXCNGPE[ QH 2TQFWEVU 7UGF KP #1#%s 1HHKEKCN /GVJQFU5/ 
5GG #RRGPFKZ
#�� CPF FGUETKDG CRRCTCVWU CPF TGCIGPVU IGPGTKECNN[ KP VGTOU QH RGTHQTOCPEG CPF UWKVCDKNKV[ VGUVU�

E� +H UCORNKPI� VGUV UCORNG RTGRCTCVKQP� QT RTGRCTCVKQP QH C UVCPFCTF EWTXG KU ETWEKCN QT KPXQNXGF�
RTGUGPV VJG KPHQTOCVKQP KP UGRCTCVG UGEVKQPU�

F� &GUETKDG RTQEGFWTCN UVGRU WPFGT VJG JGCFKPI �&GVGTOKPCVKQP�� $G CU GZRNKEKV CU RQUUKDNG KP NKUVKPI
FGVCKNU� ='ZCORNG� XQNWOG CPF PWODGT QH GZVTCEVKQPU� QTFGT QH GNWVKQP� ETKVKECN VKOGU CPF
VGORGTCVWTGU� URGEKCN URGEVTQRJQVQOGVTKE EQPFKVKQPU� UK\G QH EQPVCKPGTU� KH KORQTVCPV� XKIQTQWU QT
IGPVNG UJCMKPI QT UVKTTKPI� ETKVGTKC HQT LWFIKPI CP GPF RQKPV� UWKVCDNG UVQRRKPI RNCEGU HQT C NGPIVJ[
OGVJQF� GVE�?
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G� 2TQXKFG ECNEWNCVKQPU KH CRRNKECDNG�
H� +PENWFG CP[ PGEGUUCT[ CNGTVU VQ ETKVKECN UVGRU� RTGECWVKQPU� QT YCTPKPIU�

&GUETKDG [QWT GZRGTKOGPVCN RNCP� HQT GZCORNG� VJG PWODGT CPF V[RGU QH EQOOQFKVKGU UVWFKGF� 2TGUGPV GZRGTKOGPVCN
TGUWNVU� RTGHGTCDN[ KP VCDNGU QT HKIWTGU� 6CDNGU CPF HKIWTGU UJQWNF JCXG FGVCKNGF VKVNGU QT NGIGPFU�

&KUEWUU QT ENCTKH[ [QWT FCVC YJGTGXGT CRRTQRTKCVG CPF FTCY UWKVCDNG EQPENWUKQPU�

/CMG C TGEQOOGPFCVKQP QH UQOG V[RG� (QT GZCORNG� �%QNNCDQTCVKXG UVWF[ QH VJG OGVJQF KU TGEQOOGPFGF��

2TQXKFG EQORNGVG CPF CEEWTCVG DKDNKQITCRJKE TGHGTGPEGU HQT CP[ NKVGTCVWTG EKVCVKQPU KP VJG OCPWUETKRV�

%QNNCDQTCVKXG 5VWF[ OCPWUETKRVU� RTQVQEQNU CPF UWRRQTVKPI FQEWOGPVCVKQP ECP DG FKTGEVN[ UWDOKVVGF VQ #1#% D[ WUKPI
QWT YGDUKVG 
YYY�CQCE�QTI��

�� %1..#$14#6+8' 567&; /#075%4+265

6JG HQNNQYKPI HQTOCV UJQWNF DG HQNNQYGF YJGP YTKVKPI EQNNCDQTCVKXG UVWF[ OCPWUETKRVU�

6KVNGM7UG VKVNG HTQO RTQVQEQN QT EJQQUG C VKVNG DCUGF QP [QWT UVWF[� $G GZRNKEKV CPF FGUETKRVKXG GPQWIJ VQ IKXG CP KFGC
QH [QWT CRRTQCEJ� +PENWFG OCVTKZ� CPCN[VG CPF VGEJPKSWG� (QT GZCORNG� %JQNGUVGTQN #PCN[UKU KP (QQFU D[ &KTGEV
5CRQPKHKECVKQP�)CU %JTQOCVQITCRJKE /GVJQF� %QNNCDQTCVKXG 5VWF[� 6JG VKVNG QH VJG EQNNCDQTCVKXG UVWF[ OCPWUETKRV�
OGVJQF CPF KPVGTNCDQTCVQT[ UVWF[ TGUWNVU VCDNG OWUV DG VJG UCOG�

#WVJQT
U�M+PENWFG [QWT EQORNGVG PCOG� CHHKNKCVKQP� OCKNKPI CFFTGUU� RJQPG PWODGT� HCZ PWODGT CPF GOCKN CFFTGUU�
+PENWFG KP VJG HQQVPQVG� KH CRRTQRTKCVG� VJG [GCT
U� QH RQUVGT RTGUGPVCVKQP CV VJG #PPWCN /GGVKPI�

#DUVTCEVM 2TQXKFG CP CDUVTCEV QH VJG RCRGT� JQYGXGT� FQ PQV UGPF OCPWUETKRV VQ RWDNKECVKQPU CV VJKU VKOG� /CPWUETKRV
YKNN DG RWDNKUJGF CHVGT 1/# /GVJQFU %QOOKVVGG	U CRRTQXCN HQT (KTUV #EVKQP�

+PVTQFWEVKQPM+PENWFG VJG HQNNQYKPI KP [QWT KPVTQFWEVKQP�

C� 6JG RWTRQUG QH VJG UVWF[�

D� # DTKGH UWOOCT[ QH RTGXKQWUN[ RWDNKUJGF YQTM FKTGEVN[ TGNCVGF VQ [QWT RTQDNGO CPF C UVCVGOGPV QH
JQY [QWT YQTM KU TGNCVGF VQ RTGXKQWU YQTM� +PENWFG RGTVKPGPV NKVGTCVWTG TGHGTGPEGU� 6JKU OC[ DG C
�YJ[ + FKF VJKU UVWF[ CPF YJ[ VJG RTQRQUGF OGVJQF KU DGVVGT VJCP VJG GZKUVKPI OGVJQF� UVCVGOGPV�

E� # FGUETKRVKQP QH [QWT CRRTQCEJ VQ VJG RTQDNGO CPF C DTKGH UVCVGOGPV QH YJGVJGT [QWT YQTM YCU
UWEEGUUHWN�

F� # EQPEKUG DWV EQORNGVG GZRNCPCVKQP QH VJG RTKPEKRNGU QH VJG OGVJQF� KPENWFKPI VJG EJKGH EJGOKECN
TGCEVKQP QT TGCEVKQPU QP YJKEJ KV KU DCUGF� KH CRRNKECDNG�

G� 9J[ VJKU OGVJQF KU KORQTVCPV VQ VJG UEKGPVKHKE EQOOWPKV[ CPF PGGFGF�

%QNNCDQTCVKXG 5VWF[M&GUETKDG VJG FGUKIP QH [QWT EQNNCDQTCVKXG UVWF[� +PENWFG VJG PWODGT QH EQNNCDQTCVQTU� PWODGT
CPF PCVWTG QH VGUV UCORNGU� URGEKCN KPUVTWEVKQPU VQ EQNNCDQTCVQTU� GVE�

/GVJQFM9TKVG VJG OGVJQF KP #1#% UV[NG 
UGG (QTOCV QH VJG #1#%s 1HHKEKCN /GVJQFU5/ KP 2CTV � CPF GZCORNG QH VJG
OGVJQF��

C� 9TKVG VJG OGVJQF CU C UGTKGU QH EQOOCPFU� (QT GZCORNG� �CFF �� O.�� �UVKT VJG UQNWVKQP��

D� .KUV #RRCTCVWU CPF 4GCIGPVU CU UGRCTCVG UGEVKQPU CV VJG DGIKPPKPI QH VJG OGVJQF KP C NKUV HQTOCV� CRCTV
HTQO VJG RTQEGFWTCN UVGRU� 5VQEM KVGOU HQWPF KP GXGT[ NCDQTCVQT[ VJCV PGGF PQ URGEKCN RTGRCTCVKQP
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PGGF PQV DG NKUVGF� %QPEGPVTCVKQPU QH TGCIGPVU CPF CP[ FKTGEVKQPU HQT RWTKHKECVKQP� RTGRCTCVKQP� CPF
UVQTCIG CPF URGEKHKECVKQPU QH CRRCTCVWU CTG GUUGPVKCN GNGOGPVU QH VJG OCPWUETKRV CPF OWUV DG KPENWFGF�
(QNNQY #1#% RQNKE[ QP 'SWKXCNGPE[ QH 2TQFWEVU 7UGF KP #1#%s 1HHKEKCN /GVJQFU5/ 
UGG #RRGPFKZ
#�� CPF FGUETKDG CRRCTCVWU CPF TGCIGPVU IGPGTKECNN[ KP VGTOU QH RGTHQTOCPEG CPF UWKVCDKNKV[ VGUVU�

E� +H UCORNKPI� VGUV UCORNG RTGRCTCVKQP� QT RTGRCTCVKQP QH C UVCPFCTF EWTXG KU ETWEKCN QT KPXQNXGF�
RTGUGPV VJG KPHQTOCVKQP KP UGRCTCVG UGEVKQPU�

F� &GUETKDG RTQEGFWTCN UVGRU WPFGT VJG JGCFKPI �&GVGTOKPCVKQP�� $G CU GZRNKEKV CU RQUUKDNG KP NKUVKPI
FGVCKNU� 
'ZCORNG� XQNWOG CPF PWODGT QH GZVTCEVKQPU� QTFGT QH GNWVKQP� ETKVKECN VKOGU CPF
VGORGTCVWTGU� URGEKCN URGEVTQRJQVQOGVTKE EQPFKVKQPU� UK\G QH EQPVCKPGTU� KH KORQTVCPV� XKIQTQWU QT
IGPVNG UJCMKPI QT UVKTTKPI� ETKVGTKC HQT LWFIKPI CP GPF RQKPV� UWKVCDNG UVQRRKPI RNCEGU HQT C NGPIVJ[
OGVJQF� GVE��

G 2TQXKFG ECNEWNCVKQPU YKVJ 5+ WPKVU KH CRRNKECDNG�

H� +PENWFG CP[ PGEGUUCT[ CNGTVU VQ ETKVKECN UVGRU� RTGECWVKQPU� QT YCTPKPIU�

%QNNCDQTCVQT %QOOGPVUM5WOOCTK\G CP[ QH VJG EQNNCDQTCVQTU	 EQOOGPVU QT GZRGTKGPEGU VJCV YGTG UKIPKHKECPV�

4GUWNVU CPF &KUEWUUKQPM2TGUGPV GZRGTKOGPVCN TGUWNVU� RTGHGTCDN[ KP VCDNGU QT HKIWTGU� 6CDNGU CPF HKIWTGU UJQWNF JCXG
FGVCKNGF VKVNGU QT NGIGPFU� )KXG CNN EQNNCDQTCVQT TGUWNVU� +FGPVKH[ QWVNKGT TGUWNVU� D[ QWVNKGT VGUV� PQV KPENWFGF KP VJG
UVCVKUVKECN ECNEWNCVKQPU� D[ HQQVPQVGU� 5GG #1#% )WKFGNKPGU HQT C %QNNCDQTCVKXG 5VWF[� 2CTV ��

&KUEWUU CPF KPVGTRTGV VJG EQNNCDQTCVQTU	 TGUWNVU YJGTG CRRNKECDNG�

4GEQOOGPFCVKQPM/CMG C TGEQOOGPFCVKQP VQ CFQRV VJG OGVJQF CU (KTUV #EVKQP�

#EMPQYNGFIGOGPVUM#EMPQYNGFIG VJG JGNR QH VJG EQNNCDQTCVQTU� NKUV GCEJ EQNNCDQTCVQT D[ PCOG� CFFTGUU CPF
CHHKNKCVKQP� #NUQ CEMPQYNGFIG QVJGT JGNR [QW JCXG TGEGKXGF� +H [QW YKUJ VQ TGEQIPK\G CP[QPG YJQO [QW HGGN JCU OCFG
UKIPKHKECPV CPF UWDUVCPVKCN EQPVTKDWVKQPU� [QW OC[ KPENWFG VJGO CU C EQ�CWVJQT�

4GHGTGPEGUM2TQXKFG EQORNGVG CPF CEEWTCVG DKDNKQITCRJKE TGHGTGPEGU HQT CP[ NKVGTCVWTG EKVCVKQPU KP VJG OCPWUETKRV�

%QNNCDQTCVKXG 5VWF[ OCPWUETKRVU� RTQVQEQNU CPF UWRRQTVKPI FQEWOGPVCVKQP ECP DG FKTGEVN[ UWDOKVVGF VQ #1#% D[ WUKPI
QWT YGDUKVG 
YYY�CQCE�QTI��



#1#% +06'40#6+10#. 2#46 �

1/# 2TQITCO /CPWCN ,CPWCT[ ����
9

37+%- � '#5;�

(14/#6 1( #1#%s 1((+%+#. /'6*1&55/

V 6KVNG�+PENWFGU CPCN[VG DGKPI FGVGTOKPGF� V[RG QH OCVTKZ 
OCVTKEGU�� CPF VGEJPKSWG WUGF HQT CPCN[UKU�

V #RRNKECDKNKV[ UVCVGOGPV�2TQXKFGU TCPIG QT NKOKVU QH FGVGTOKPCVKQP CU YGNN CU URGEKHKE OCVTKEGU�

V 2TGECWVKQP UVCVGOGPV�/CMGU CP CPCN[UV CYCTG QH JC\CTFQWU OCVGTKCNU WUGF KP CPCN[UKU�

V +PVGTNCDQTCVQT[ UVWF[ TGUWNVU �6CDNG VJCV RTGUGPVU RGTHQTOCPEG RCTCOGVGTU KPENWFKPI OCVTKEGU VGUVGF KP C

EQNNCDQTCVKXG UVWF[� NGXGNU QH CPCN[VG
U�� � TGEQXGT[� 45&T� 45&4� UT� U4� *144#6� PWODGT QH

QDUGTXCVKQPU� GVE 
UGG 2CTV � HQT EQORNGVG NKUV��

V 2TKPEKRNG�'ZRNCKPU OGEJCPKUO QH VJG CPCN[UKU�

V #RRCTCVWU�5GEVKQP VJCV NKUVU GSWKROGPV VJCV TGSWKTGU CUUGODN[ QT VJCV JCU URGEKHKECVKQPU ETKVKECN VQ VJG

OGVJQF RGTHQTOCPEG� &Q PQV WUG DTCPF PCOGU� &GUETKDG GSWKROGPV KP VGTOU QH RGTHQTOCPEG

EJCTCEVGTKUVKEU�

V 4GCIGPVU�5GEVKQP VJCV FGUETKDGU KP VGTOU QH RGTHQTOCPEG EJCTCEVGTKUVKEU�

V 2TGRCTCVKQP QH VGUV UCORNG�

V &GVGTOKPCVKQP�&GUETKDGU VJG CEVWCN CPCN[UKU�

V %CNEWNCVKQPU�5GEVKQP VJCV GZRNCKPU JQY VQ ECNEWNCVG HKPCN TGUWNVU� RTGUGPVGF KP C HQTO QH GSWCVKQP QT

FGUETKRVKQP�

V 1VJGT UGEVKQPU CU PGGFGF�

'ZCORNGU QH OGVJQFU YTKVVGP KP #1#% HQTOCV HQT GCEJ QH VJG �� OGVJQFU EQOOKVVGGU CTG NQECVGF QP QWT YGDUKVG

YYY�CQCE�QTI��
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+PVTQFWEVKQP

#1#%s 1HHKEKCN /GVJQFU5/ CTG FGUKIPGF VQ DG RGTHQTOGF D[ VTCKPGF UEKGPVKUVU YJQ UVCHH VJG CPCN[VKECN NCDQTCVQTKGU QH
TGIWNCVQT[� KPFWUVTKCN� CPF TGUGCTEJ KPUVKVWVKQPU EQPEGTPGF YKVJ CITKEWNVWTCN RTQFWEVU� HQQF� FTWIU� GPXKTQPOGPVCN
OGFKC� $GECWUG OCP[ QH VJG OGVJQFU CTG WUGF VQ FGHKPG VJG NGICN UVCVWU QH TGIWNCVGF OCVGTKCNU� KV KU GUUGPVKCN VJCV
FKTGEVKQPU CTG WPKHQTON[ KPVGTRTGVGF D[ DQVJ VJG TGIWNCVKPI CPF TGIWNCVGF NCDQTCVQTKGU� 6JKU CVVTKDWVG NGCFU VQ VJG DCUKE
#1#% TGSWKTGOGPVU QH TGRQTVKPI� ENCTKV[� EQORNGVGPGUU� EQPUKUVGPE[� CPF DTGXKV[�

6JG #1#% UV[NG WUGF HQT RTGRCTKPI OGVJQFU HQT RWDNKECVKQP KP VJG 1HHKEKCN /GVJQFU QH #PCN[UKU QH #1#%
+06'40#6+10#. KPENWFGU VJG HQNNQYKPI GUUGPVKCNU�


�� 5VCPFCTFK\GF HQTOCV VJCV HQNNQYU VJG QTFGT QH NCDQTCVQT[ QRGTCVKQPU�

�� 7UG QH VJG KORGTCVKXG OQFG�

�� %TQUU�TGHGTGPEGU VQ KFGPVKECN TGCIGPVU� CRRCTCVWU� CPF QRGTCVKQPU�

�� 7UG QH UVCPFCTFK\GF FGHKPKVKQPU� VGTOKPQNQI[� CPF UV[NG�

�� 7UG QH CEEGRVGF CDDTGXKCVKQPU CPF UKORNKHKECVKQPU�

�� 7UG QH 5+ WPKVU

�� /GVJQFU UJQWNF DG YTKVVGP CU EQORNGVG CPF UGNH�EQPVCKPGF CU RTCEVKECN�

�� 0QTOCNKV[ UJQWNF DG TGHGTTGF KP VGTOU QH /QNCTKV[�

�� RRO UJQWNF DG EJCPIGF VQ OI�MI QT OI�.

RRD UJQWNF DG EJCPIGF VQ PI�I QT PI�O.
RRV UJQWNF DG EJCPIGF VQ RI�I QT RI�O.

6JG HQNNQYKPI RWDNKECVKQPU YKNN DG WUGHWN KP EQPLWPEVKQP YKVJ VJG RTGRCTCVKQP QH OGVJQFU QH CPCN[UKU�


�� �&GHKPKVKQPU QH 6GTOU CPF 'ZRNCPCVQT[ 0QVGU�� KP 1HHKEKCN /GVJQFU QH #PCN[UKU QH #1#%
+06'40#6+10#.� 
+PENWFGU CDDTGXKCVKQPU CPF U[ODQNU WUGF KP 1/#� 5GG #RRGPFKZ &��


�� *CPFDQQM HQT #WVJQTU QH 2CRGTU KP ,QWTPCNU QH VJG #OGTKECP %JGOKECN 5QEKGV[� #OGTKECP %JGOKECN
5QEKGV[ 2WDNKECVKQPU� ���� �VJ 5V� 09� 9CUJKPIVQP� &% ������ 75#�


�� 4GCIGPV %JGOKECNU� #OGTKECP %JGOKECN 5QEKGV[ 5RGEKHKECVKQPU� #OGTKECP %JGOKECN 5QEKGV[
2WDNKECVKQPU� ���� ��VJ 5V� 09� 9CUJKPIVQP� &% ������ 75#�
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6JKU GFKVKPI UGEVKQP KU HQT VJG OGVJQF CWVJQT� $GHQTG UWDOKVVKPI [QWT OGVJQF VQ #1#% +06'40#6+10#.� [QW
UJQWNF FQ VJG HQNNQYKPI�

6JG NCPIWCIG QH VJG OGVJQF UJQWNF DG EQPEKUG CPF EQORNGVGN[ HTGG HTQO CODKIWKV[ 
UGG GZCORNG QH OGVJQF GFKVGF KP
#1#% UV[NG�� %QPEKUGPGUU KU FGUKTCDNG� DQVJ VQ GPUWTG ENCTKV[ CPF VQ UCXG URCEG� 9JGPGXGT VJGTG KU C EQPHNKEV DGVYGGP
ENCTKV[ CPF UV[NG� ENCTKV[ KU OQTG KORQTVCPV� 2QKPVU VJCV UJQWNF DG EQPUKFGTGF KP GFKVKPI CTG NKUVGF DGNQY�

�� 2TGUGPV 6GPUG CPF +ORGTCVKXG /QFG

%JGEM UGPVGPEGU VJCV FQ PQV DGIKP YKVJ C XGTD CPF EJCPIG VJGO� KH HGCUKDNG� VQ VJG KORGTCVKXG OQFG 
G�I� 2KRGV ��
O.���� 5VKT���� GVE��� 'ZEGRVKQPU CTG� WUG QH CFXGTD OQFKHKGT 
�#EEWTCVGN[ YGKIJ������ RTGRQUKVKQPCN ENCWUG 
�(QT
TGHKPGF UWICTU� WUG������ RGTOKUUKXG UVCVGOGPVU 
�(GTTKE J[FTQZKFG OC[ DG WUGF������ CPF UVCVGOGPVU KP VJG �2TKPEKRNG�
UGEVKQP�

�� #DDTGXKCVKQPU

/QUV CDDTGXKCVKQPU CTG VJG UCOG CU VJQUG WUGF D[ %JGOKECN #DUVTCEVU� &Q PQV WUG CDDTGXKCVKQPU KP VKVNGU CPF JGCFKPIU�
5GG VJG &GHKPKVKQPU QH 6GTOU CPF 'ZRNCPCVQT[ 0QVGU KP #RRGPFKZ &�

�� 4GRGVKVKQP CPF 4GFWPFCPE[

'NKOKPCVG TGRGVKVKQP CPF TGFWPFCPE[ CU HCT CU RQUUKDNG� WUG QPN[ HQT GORJCUKU� &Q PQV WUG �FKUVKNNGF� YKVJ YCVGT�
�EQPEGPVTCVGF� YKVJ EQOOQP CEKFU� ����� YKVJ CNEQJQN� QT �#%5� YKVJ TGCIGPVU EQXGTGF D[ #%5 URGEKHKECVKQPU�
6JGUG CTG WPFGTUVQQF D[ FGHKPKVKQP�

�� (QTOWNCU CPF %JGOKECN 0COGU

+P IGPGTCN� WUG VJG EJGOKECN HQTOWNC YJGP VJG EQORQWPF KU GCUKN[ TGEQIPK\CDNG� 7UG VJG EJGOKECN PCOG CV VJG
DGIKPPKPI QH C UGPVGPEG 
TCTG� HQT OQTG EQORNKECVGF QTICPKE UVTWEVWTGU� CPF YJGTG VJG HQTOWNC KU NQPIGT VJCP VJG PCOG�
(QNNQY %JGOKECN #DUVTCEVU PQOGPENCVWTG� KP IGPGTCN� %JGEM VJG URGNNKPI QH CNN EJGOKECN PCOGU� $G UWTG VJCV VJG
EQTTGEV PWODGT QH OQNGEWNGU QH YCVGT QH J[FTCVKQP KU WUGF�

�� %QPUKUVGPE[

9CVEJ HQT KPVGTPCN EQPVTCFKEVKQPU KP VJG VGZV� XQNWOGU VJCV FQ PQV CFF WR QT VJCV GZEGGF VJG ECRCEKV[ QH VJG EQPVCKPGT�
VQQ CDTWRV C VTCPUKVKQP HTQO QPG QRGTCVKQP VQ CPQVJGT 
C NKPG OC[ DG QOKVVGF�� CPF KORTCEVKECN QT KORQUUKDNG PWODGTU

G�I�� ��� I 0C%N YKNN PQV FKUUQNXG KP ��� O. YCVGT��

�� %TQUU�TGHGTGPEGU

#NN PGY #1#% OGVJQFU UJQWNF DG YTKVVGP CU EQORNGVG CPF UGNH�EQPVCKPGF CU RTCEVKECN� &Q PQV TGHGT VQ QVJGT #1#%
OGVJQFU� +H RCTV QH C RTQEGFWTG KP CP 1HHKEKCN /GVJQF5/ KU VCMGP HTQO OCVGTKCN RTGXKQWUN[ RWDNKUJGF GNUGYJGTG�
KPEQTRQTCVG VJQUG UVGRU KP VJG OGVJQF TCVJGT VJCP TGHGTTKPI VJG CPCN[UV VQ CPQVJGT RWDNKECVKQP�

�� &GHKPKVKQPU

6JG UGEVKQP �&GHKPKVKQP QH 6GTOU CPF 'ZRNCPCVQT[ 0QVGU�� 1HHKEKCN /GVJQFU QH #PCN[UKU QH #1#% +06'40#6+10#.� KU
VJG DCUKE IWKFG VQ EQPXGPVKQPU CPF EQPUKUVGPE[ 
UGG #RRGPFKZ &��

�� +NNWUVTCVKQPU

+H U[ODQNU CTG WUGF QP VJG HKIWTG� KPENWFG CP GZRNCPCVKQP KP VJG ECRVKQP QT VGZV�

�� 6CDNGU
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2TQXKFG FGUETKRVKXG VKVNGU HQT VCDNGU� 'ZRNCKP CP[ QDUEWTG JGCFKPIU KP C HQQVPQVG�

��� $KDNKQITCRJKE 4GHGTGPEGU

%JGEM CNN TGHGTGPEGU HQT CEEWTCE[� 7UG UVCPFCTF %JGOKECN #DUVTCEVU CDDTGXKCVKQPU HQT ,QWTPCN VKVNGU� +P IGPGTCN CXQKF
TGHGTGPEGU KP OGVJQF� %KVG DCEMITQWPF TGHGTGPEGU KP VJG �+PVTQFWEVKQP� QT �&KUEWUUKQP� UGEVKQP QH VJG EQNNCDQTCVKXG
UVWF[ OCPWUETKRV �� PQV KP VJG OGVJQF� +H RCTV QH C RTQEGFWTG KP CP 1HHKEKCN /GVJQF5/ KU VCMGP HTQO OCVGTKCN RTGXKQWUN[
RWDNKUJGF GNUGYJGTG� KPEQTRQTCVG VJQUG UVGRU KP VJG OGVJQF TCVJGT VJCP TGHGTTKPI VJG CPCN[UV VQ CPQVJGT RWDNKECVKQP�

��� 6GTOKPQNQI[

(QT PCOGU QH EJGOKECN EQORQWPFU� WUG VJG URGNNKPI� J[RJGPCVKQP� CPF YQTF FKXKUKQP IKXGP KP %JGOKECN #DUVTCEVU� 7UG
C PCVKQPCN RJCTOCEQRGKC HQT PCOGU HQT FTWIU� 7UG +51 PQOGPENCVWTG HQT RGUVKEKFGU CPF %QFGZ PQOGPENCVWTG HQT PCOGU
QH HQQF CFFKVKXGU CPF EQNQT CFFKVKXGU�

��� 5CHGV[

#NN OGVJQFU OWUV DG TGXKGYGF CICKPUV VJG 5CHGV[ %JGEMNKUV 
UGG #RRGPFKZ *� HQT RQVGPVKCN JC\CTFU� #WVJQTU CPF GFKVQTU
UJQWNF DGEQOG HCOKNKCT YKVJ VJG IGPGTCN ETKVGTKC UGV HQTVJ KP VJG KPVTQFWEVKQP QH VJG EJCRVGT QP .CDQTCVQT[ 5CHGV[ 
UGG
#RRGPFKZ %�� 6JG[ UJQWNF CWVQOCVKECNN[ KPEQTRQTCVG ETQUU�TGHGTGPEGU VQ VJG UCHGV[ UVCVGOGPV
U�� QT DTKPI SWGUVKQPGF
EQPFKVKQPU VQ VJG CVVGPVKQP QH VJG %QOOKVVGG QP 5CHGV[ HQT TGUQNWVKQP�

&GEKUKQPU TGICTFKPI KPENWUKQP QH UCHGV[ UVCVGOGPVU UJQWNF DG RTCEVKECN� TGEQIPK\KPI VJCV QXGTWUG YKNN DG UGNH�FGHGCVKPI�

/GVJQFU VJCV ETGCVG VQZKE� QDPQZKQWU QT GPXKTQPOGPVCNN[ JC\CTFQWU HWOGU CPF YCUVGU UJQWNF EQPVCKP RTCEVKECN
FKTGEVKQPU HQT FKURQUCN�

��� %JGEMKPI 'FKVGF %QR[

6JG CWVJQT OWUV TGXKGY C EQR[ QH VJG QTKIKPCN XGTUKQP CPF GFKVGF EQR[ VQ GPUWTG VJCV VJGTG JCU DGGP PQ EJCPIG KP
OGCPKPI� VQ EQTTGEV V[RQITCRJKECN GTTQTU� CPF VQ CPUYGT CP[ SWGUVKQPU RQUGF D[ VJG GFKVQT�

��� 2TQQHTGCFKPI

6JG CWVJQT OWUV TGXKGY VJG V[RGUGV OGVJQF HQT CEEWTCE[�



#1#% +06'40#6+10#. 2#46 �

1/# 2TQITCO /CPWCN ,CPWCT[ ����
13

)'0'4#. 56;.' )7+&'

6JG OCKP UGEVKQPU QH C OGVJQF UJQWNF HNQY HTQO QPG QRGTCVKQP VQ VJG PGZV CU VJG[ YKNN DG RGTHQTOGF� +PVGTTWRVKQPU KP
QRGTCVKQPU HQT RTGRCTKPI TGCIGPVU� CUUGODNKPI CRRCTCVWU� CPF OCMKPI UVCPFCTF EWTXGU OWUV DG MGRV VQ C OKPKOWO�
5KOKNCT OGVJQFU KP VJG 1HHKEKCN /GVJQFU QH #PCN[UKU QH #1#% +06'40#6+10#. UJQWNF DG GZCOKPGF HQT IWKFCPEG�

6JG OCKP UGEVKQPU QH C OGVJQF CPF RQUUKDNG OCLQT UWDFKXKUKQPU KP NGPIVJ[ OGVJQFU CTG CU HQNNQYU�

�� 6KVNG

6JG VKVNG QH VJG OGVJQF UJQWNF UVCVG VJG UWDUVCPEG DGKPI FGVGTOKPGF 
CPCN[VG� KP VGTOU QH KVU EQOOQP PCOG� YKVJ
EJGOKECN PCOG 
CU WUGF D[ %JGOKECN #DUVTCEVU�� VTCFG PCOGU� CPF�QT U[PQP[OU IKXGP KP RCTGPVJGUKU� 6JG RNCEGOGPV
QH C OGVJQF YKVJKP VJG EJCRVGT KU KPENWFGF KP VJG VQR� NGHV�JCPF EQTPGT QH VJG OGVJQF� 6KVNG KPENWFGU CPCN[VG DGKPI
FGVGTOKPGF� V[RG QH OCVTKEGU� CPF VGEJPKSWG WUGF HQT CPCN[UKU� (QT GZCORNG�

#1#% 1HHKEKCN /GVJQF �������

&GVGTOKPCVKQP QH 6TCPU�ICNCEVQQNKIQUCEEJCTKFGU KP 5GNGEVGF (QQF 2TQFWEVU D[ +QP�'ZEJCPIG %JTQOCVQITCRJ[

2TQRQUGF (KTUV #EVKQP ����

�� #RRNKECDKNKV[ 5VCVGOGPV

#RRNKECDKNKV[ UVCVGOGPVU OWUV DG FGHKPKVKXG� CPF OWUV UVCVG VJG OCVTKEGU HQT YJKEJ VJG EQNNCDQTCVKXG UVWF[ YCU
EQPFWEVGF CPF CRRTQXGF� 6JKU UGEVKQP KU CNUQ WUGF VQ KPENWFG VJG UEQRG CPF UGPUKVKXKV[ QH VJG OGVJQF� KVU CRRNKECDKNKV[
VQ EGTVCKP V[RGU QH VGUV UCORNGU CPF KVU PQP�CRRNKECDKNKV[� DGECWUG QH KPVGTHGTGPEG� UQNWDKNKV[� QT QVJGT TGCUQPU� VQ QVJGT
V[RGU QH VGUV UCORNGU� 5VCVGOGPV CDQWV NKOKV QH FGVGEVKQP CPF NKOKV QH SWCPVKVCVKQP OWUV DG NKUVGF JGTG KH IKXGP CPF
FGHKPGF CRRTQRTKCVGN[� 
/KNNGT� ,�%� CPF /KNNGT� ,�9�� 5VCVKUVKEU HQT #PCN[VKECN %JGOKUVT[ (KTUV 'FKVKQP� �����
TGRTKPVGF ����� 'NNKU *QTYQQF� 2WDNKUJGTU� %JKEJGUVGT� 'PINCPF� +5$0 �������������� 5GEQPF 'FKVKQP� ����� 6JKTF
'FKVKQP� ����� 'NNKU *QTYQQF� 2WDNKUJGTU� 2TGPVKEG *CNN� .QPFQP� +5$0 �������������� (QT GZCORNG�


#RRNKECDNG VQ VJG FGVGEVKQP QH HNWQTKFG KP RGCPWV DWVVGT CV EQPEGPVTCVKQPU QH ������� OI�MI�

�� %CWVKQP 5VCVGOGPV

5RGEKCN UCHGV[ QT QRGTCVKQPCN RTGECWVKQPU VJCV CTG IGPGTCNN[ CRRNKECDNG VJTQWIJQWV VJG OGVJQF CTG CNUQ RNCEGF KPVQ VJKU
UGEVKQP� 5CHGV[ UVCVGOGPVU QT ETQUU�TGHGTGPEGU CRRNKECDNG VQ C UKPING TGCIGPV QT QRGTCVKQP CTG KPUGTVGF CV VJG URGEKHKE
RQKPV QH CRRNKECDKNKV[ 
UGG #RRGPFKZ +� 5CHGV[ %JGEMNKUV�� 4GOQXG VJG TGRGVKVKQWU UVCVGOGPV QH VJG PGGF HQT UCHG
JCPFNKPI QH UQNXGPVU� CEKFU� CPF CNMCNKU CPF RTQRGT FKURQUCN QH YCUVG UQNXGPVU� /CMG UWTG [QW KPENWFG WPWUWCN
UKVWCVKQPU VJCV TGSWKTG URGEKHKE CFXKEG� RCTVKEWNCTN[ YKVJ TGICTF VQ FKURQUCN CPF FGUVTWEVKQP� &Q PQV TGHGT VQ #RRGPFKZ
$� VJG UCHGV[ EJCRVGT KP 1/#� (QT GZCORNG�

%CWVKQP� .KUVGTKC OQPQE[VQIGPGU KPHGEVKQPU ECP ECWUG HGVCN FGCVJ� +V KU TGEQOOGPFGF VJCV RTGIPCPV YQOGP CXQKF
JCPFNKPI VJKU QTICPKUO� #VVGPVKQP UJQWNF DG IKXGP VQ UVGTKNK\CVKQP QH EQPVCOKPCVGF GSWKROGPV CPF OGFKC DGHQTG FKURQUCN
QT TGWUG�

�� +PVGTNCDQTCVQT[ 5VWF[ 4GUWNVU 6CDNG

+OOGFKCVGN[ HQNNQYKPI VJG RTGECWVKQP UVCVGOGPV� VJG OGVJQF OWUV CNUQ EQPVCKP UVCVKUVKECN KPHQTOCVKQP KH VJG EQNNCDQTCVKXG
UVWF[ RTQXKFGU UWHHKEKGPV KPHQTOCVKQP YKVJ TGICTF VQ VJG TGNKCDKNKV[ QH VJG OGVJQF� 6JG TGSWKTGF UVCVKUVKECN UVWF[ TGUWNVU
CTG UT� U4� 45&T� 45&4� *144#6� � 4GE� OGCP� � QH NCDU TGVCKPGF CHVGT GNKOKPCVKPI QWVNKGTU� CPF � QH QWVNKGT NCDU
TGOQXGF 
UGG 2CTV �� CPF UJQWNF DG RTGUGPVGF KP C VCDNG� (QT GZCORNG�
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See Table 2001.xxA for Interlaboratory study results that support acceptance of the method.

Table xxx.xx. Interlaboratory Study Results for...

Material
No. of Labs a(b)

Mean (units)
Recovery

c

%

4GRGCVCDKNKV[

Reproducibility

Matrix
Level, (units)

RSDr (%)
RSDR (%)
HORRAT c
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�� 2TKPEKRNG

6JG OGVJQF UJQWNF KPENWFG C UVCVGOGPV GZRNCKPKPI VJG RWTRQUG QH XCTKQWU UVGRU FWTKPI CPCN[UKU CPF VJG DCUKU QH
WPHCOKNKCT QT WPWUWCN TGCEVKQPU� (QT GZCORNG� VJG OGVJQF HQT VJG CNMCNKPG VKVTCVKQP QH E[CPKFG YKVJ UKNXGT PKVTCVG YCU VJG
UWDLGEV QH OCP[ NGVVGTU VJCV RQKPVGF QWV CP CRRCTGPVN[ KPEQTTGEV UVQKEJKQOGVTKE HCEVQT� #P KPUGTVKQP YCU OCFG KP VJG
OGVJQF VQ VJG GHHGEV VJCV � #I KU GSWKXCNGPV VQ � %0 KP VJCV TGCEVKQP� 6JG RTKPEKRNG UJQWNF GUVCDNKUJ VJG UEQRG QH VJG
OGVJQF CPF RWTRQUG� (QT GZCORNG�

#� 2TKPEKRNG

6TCPU�ICNCEVQQNKIQUCEEJCTKFGU 
6)15� CPF NCEVQUG CTG GZVTCEVGF HTQO C VGUV RQTVKQP YKVJ JQV RJQURJCVG DWHHGT� 6JG
GZVTCEV KU VTGCVGF YKVJ ²�ICNCEVQUKFCUG VQ J[FTQN[\G 6)15 CPF NCEVQUG� $QVJ VJG KPKVKCN CPF VJG VTGCVGF UQNWVKQP CTG
CPCN[\GF WUKPI JKIJ RGTHQTOCPEG CPKQP GZEJCPIG EJTQOCVQITCRJ[ YKVJ RWNUGF CORGTQOGVTKE FGVGEVKQP 
*2#'%�2#&��
+P VJG HKTUV CUUC[� HTGG ICNCEVQUG CPF NCEVQUG CTG FGVGTOKPGF KP VJG KPKVKCN VGUV UQNWVKQP� +P VJG UGEQPF CUUC[� VJG VQVCN
COQWPV QH ICNCEVQUG TGNGCUGF HTQO 6)15 CPF NCEVQUG KU FGVGTOKPGF KP VJG VTGCVGF UQNWVKQP� 6)15 CTG ECNEWNCVGF HTQO
EQPEGPVTCVKQPU QH NCEVQUG CPF ICNCEVQUG�

�� #RRCTCVWU

1TFKPCT[ CRRCTCVWU �� DGCMGTU� HNCUMU� HWPPGNU� GVE� �� YJKEJ CTG WUWCNN[ RCTV QH VJG UVCPFCTF GSWKROGPV QH VJG QTFKPCT[
CPCN[VKECN NCDQTCVQT[� QT YJKEJ CTG NKUVGF KP VJG ECVCNQIU QH VJG NCTIGT UWRRN[ JQWUGU� CTG PQV IGPGTCNN[ NKUVGF KP VJG
CRRCTCVWU UGEVKQP QH C OGVJQF� %QOOQP NCDQTCVQT[ GSWKROGPV UWEJ CU CPCN[VKECN DCNCPEGU CPF R* OGVGTU FQ PQV PGGF VQ
DG OGPVKQPGF KP C OGVJQF�

#RRCTCVWU VJCV TGSWKTGU CUUGODN[ CPF�QT URGEKHKECVKQPU� QT YJKEJ OC[ PQV DG TGCFKN[ CXCKNCDNG� KU NKUVGF KP VJKU UGEVKQP�
&GUETKRVKQPU QT URGEKHKECVKQPU CTG RTGHGTTGF HQT CUUGODNGF CRRCTCVWU� JQYGXGT� NKPG FTCYKPIU QT� KP TCTG KPUVCPEGU�
RJQVQITCRJU OC[ DG KPENWFGF HQT ENCTKV[� 9KVJ FTCYKPIU� VJG UECNG UJQWNF DG KPFKECVGF CPF VJG RCTVU UJQWNF DG NCDGNGF
QT EQFGF� 6JG UQWTEG QH EQOOGTEKCNN[ CXCKNCDNG CRRCTCVWU WUGF KP VJG EQNNCDQTCVKXG UVWF[ CPF 1HHKEKCN /GVJQF5/ UJQWNF
DG IKXGP� YKVJ EQORNGVG 
CPF EQTTGEV� PCOG� CFFTGUU� EKV[� UVCVG� CPF \KR EQFG� # TGEGPV NGVVGTJGCF� CFXGTVKUGOGPV� QT
ECVCNQI UJQWNF CNYC[U DG EJGEMGF HQT VJKU KPHQTOCVKQP� 6JG CPPWCN )WKFG VQ 5EKGPVKHKE +PUVTWOGPVU RWDNKUJGF D[ 5EKGPEG
CPF VJG .CDQTCVQT[ )WKFG RWDNKUJGF D[ #PCN[VKECN %JGOKUVT[ CTG WUGHWN HQT VJKU RWTRQUG� #NN RTQRTKGVCT[ GSWKROGPV
OWUV DG FGUETKDGF KP RGTHQTOCPEG NCPIWCIG IKXKPI UWKVCDKNKV[ VGUVU YJGTG RQUUKDNG� %TKVKECN RCTCOGVGTU OWUV DG
KFGPVKHKGF CPF FGHKPGF� CPF U[UVGO UWKVCDKNKV[ UVCPFCTFU OWUV DG GUVCDNKUJGF HQT PQP�RTQRTKGVCT[ GSWKROGPV QT TGCIGPVU
UQ VJCV VJG RTQFWEV ECP DG FGHKPGF IGPGTKECNN[ CPF GSWKXCNGPE[ ECP DG TGCFKN[ FGVGTOKPGF� 9JGP YTKVKPI C OGVJQF� VJG
CWVJQT OWUV TGHGT CPF EQORN[ YKVJ VJG #1#% RQNKE[ HQT &GVGTOKPCVKQP QH 'SWKXCNGPE[ QH 2TQFWEVU 7UGF KP 1HHKEKCN
/GVJQFU5/ 
UGG #RRGPFKZ #��

+H VJG GSWKROGPV OWUV DG QRGTCVGF KP CEEQTFCPEG YKVJ VJG KPUVTWEVKQPU UWRRNKGF D[ VJG OCPWHCEVWTGT� VJKU OC[ DG UVCVGF�
CU KU HTGSWGPVN[ VJG ECUG YKVJ HNCOG RJQVQOGVGTU CPF URGEVTQRJQVQOGVGTU� %JGEMKPI VJG TGNKCDKNKV[ CPF CEEWTCE[ QH
KPUVTWOGPVU KU CP KORNKGF HWPEVKQP QH VJG QRGTCVQT CU KU ECNKDTCVKQP QH YGKIJVU CPF XQNWOGVTKE CRRCTCVWU� %QPXGPKGPV
ECNKDTCVKQP UVCPFCTFU HQT DQVJ YCXGNGPIVJ CPF CDUQTDCPEG UECNGU QH URGEVTQRJQVQOGVGTU CTG IKXGP KP &GHKPKVKQPU QH
6GTOU CPF 'ZRNCPCVQT[ 0QVGU 
UGG #RRGPFKZ &��

%JTQOCVQITCRJKE EQNWOPU�

9JGP UGXGTCN EQNWOPU OWUV DG RTGRCTGF HQT C UKPING OGVJQF� C UGRCTCVG UGEVKQP OC[ DG WUGF� (QT GZCORNG�


C� %QNWOP �� 
�� .QYGT NC[GT�� /KZ � I FKCVQOCEGQWU GCTVJ CPF � O. EKVTCVG DWHHGT� VTCPUHGT VQ VWDG CPF
VCOR� 
�� 7RRGT NC[GT �� #FF ��� O. CNKSWQV QH GZVTCEV� #FF � I FKCVQOCEGQWU GCTVJ� OKZ� CPF
VTCPUHGT VQ VWDG� &T[�YCUJ DGCMGT YKVJ � I FKCVQOCEGQWU GCTVJ CPF CFF YCUJ VQ EQNWOP� VCOR CPF
CFF INCUU YQQN RCF�


D� %QNWOP �� �� /KZ � I FKCVQOCEGQWU GCTVJ CPF � O. ���/ -�*21� 
����� I���� O.�� VTCPUHGT VQ
VWDG� VCOR� CPF CFF INCUU YQQN�
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)CU CPF NKSWKF EJTQOCVQITCRJ[�

$GECWUG QH VJG PWOGTQWU RCTCOGVGTU KPXQNXGF KP ICU QT NKSWKF EJTQOCVQITCRJKE GSWKROGPV� C UGRCTCVG UGEVKQP OC[ DG
FGXQVGF VQ VJKU V[RG QH CRRCTCVWU� KPENWFKPI RTGRCTCVKQP QH EQNWOPU� 6JG HQNNQYKPI KVGOU UJQWNF DG KPENWFGF 
CFCRVGF
HTQO ,� #ITKE� (QQF %JGO� ��� ��� 
�������


C� #RRCTCVWU �� 2GTHQTOCPEG ETKVGTKC CTG RTGHGTTGF QXGT URGEKHKE OCPWHCEVWTGT	U OCMGU CPF OQFGNU�
5WOOCTK\G� KH HGCUKDNG� RGTHQTOCPEG TGSWKTGOGPVU D[ URGEKHKECVKQPU CU KP GZCORNGU DGNQY�


�� /QPKVQT RGTHQTOCPEG QH ICU EJTQOCVQITCRJ D[ PQVKPI UGRCTCVKQP QH ECORGUVGTQN CPF
UKVQUVGTQN GZRTGUUGF CU RGCM TGUQNWVKQP � �&�
%
$�� YJGTG & � FKUVCPEG DGVYGGP VJG �
RGCM OCZKOC� % � ECORGUVGTQN RGCM DCUG YKFVJ� $ � DGVC�UKVQUVGTQN RGCM DCUG YKFVJ� 2GCM
TGUQNWVKQP UJQWNF DG �����


�� 1RVKOWO EQPFKVKQPU HQT ICU EJTQOCVQITCRJKE UGRCTCVKQP CTG QDVCKPGF YJGP RGCMU HQT
UQNXGPV� OGVJ[N GPCPVJCVG UVCPFCTF� CPF HQTOKE CEKF CTG EQORNGVGN[ TGUQNXGF� %QPFKVKQPU
XCT[ VQ UQOG FGITGG HTQO KPUVTWOGPV VQ KPUVTWOGPV CPF UJQWNF DG GZRGTKOGPVCNN[
TGGUVCDNKUJGF�


�� 5GNGEV CU QRGTCVKPI XQNVCIG VJCV XQNVCIG CV YJKEJ JGRVCEJNQT GRQZKFG ECWUGU EC ������ HWNN�
UECNG TGEQTFGT FGHNGEVKQP� %JGEM NKPGCTKV[ QH U[UVGO HTQO ��� � ��� PI JGRVCEJNQT GRQZKFG�

&GVGEVQT V[RG� UWEJ CU VJGTOCN EQPFWEVKXKV[� HNCOG KQPK\CVKQP� GNGEVTQP ECRVWTG� GVE�� CPF CUUQEKCVGF
RCTCOGVGTU UWEJ CU TGEQTFGT TCPIG� FGVGEVQT XQNVCIG� CPF DTKFIG EWTTGPV OWUV DG FGUETKDGF�


D� %QNWOP NGPIVJ CPF FKCOGVGT �� +PUKFG FKCOGVGT KU RTGHGTTGF� DWV QWVUKFG FKCOGVGT CPF YCNN VJKEMPGUU�
RCTVKEWNCTN[ KH VJKU KU EQOOGTEKCN WUCIG� OC[ DG KPFKECVGF� /CVGTKCNU� INCUU� EQRRGT� UVCKPNGUU UVGGN�
GVE� 2CEMKPI� YGKIJV RGTEGPV QH NKSWKF RJCUG QP UWRRQTV� )KXG OGUJ UK\G CPF RTG�VTGCVOGPV QH UWRRQTV�
5WRRN[ UQWTEGU QH OCVGTKCNU� %CRKNNCT[� QPN[ NKSWKF RJCUG QT UWRRQTV�EQCVGF NKSWKF RJCUG�
%QPFKVKQPKPI� KH PGEGUUCT[�


E� %QPFKVKQPU �� 6GORGTCVWTGU� KPLGEVKQP� EQNWOP� FGVGEVQT KUQVJGTOCN QT RTQITCOOGF 
IKXG KPKVKCN CPF
HKPCN VGORGTCVWTGU CPF TCVG QH VGORGTCVWTG TKUG�� G�I�� �6GORGTCVWTGU 
u%� � KPLGEVKQP ���� EQNWOP
���� FGVGEVQT ����� (NQY TCVGU� ECTTKGT ICU 
O.�OKP CV GZKV RQTV�� QVJGT ICUGU� G�I�� �(NQY TCVGU

O.�OKP��0 ��� * ��� CKT �����


F� #PCN[VG UQNWVKQP �� 3WCPVKV[ 
O.� KPLGEVGF� UQNXGPV� KH WUGF� TGVGPVKQP VKOG 
OKPWVGU QT FKUVCPEG��
TGVGPVKQP VKOG TGNCVKXG VQ TGHGTGPEG EQORQWPF CPF KPVGTPCN UVCPFCTF� KH WUGF�


G� %JTQOCVQITCO �� 4GEQTFGT TGURQPUG HQT URGEKHKE SWCPVKV[ QH UVCPFCTF� TGUQNWVKQP KP VGTOU QH
UGRCTCVKQP QH URGEKHKGF EQORQWPFU� RGCM OGCUWTGOGPVU CPF DCUGNKPG EQTTGEVKQP� ECNEWNCVKQP�

(QT GZCORNG�
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�� 4GCIGPVU

&Q PQV NKUV EQOOQP TGCIGPVU VJCV YQWNF QTFKPCTKN[ DG GZRGEVGF VQ DG CXCKNCDNG KP C YGNN GSWKRRGF CPCN[VKECN

NCDQTCVQT[� #U KP VJG CRRCTCVWU UGEVKQP� FGUETKDG TGCIGPVU KP VGTOU QH ETKVKECN RGTHQTOCPEG EJCTCEVGTKUVKEU� TCVJGT VJCP
DTCPF PCOGU�

4GCIGPVU YKVJQWV URGEKHKECVKQPU CTG CWVQOCVKECNN[ TGCIGPV ITCFG� EQPHQTOKPI VQ VJG URGEKHKECVKQPU QH VJG #OGTKECP
%JGOKECN 5QEKGV[ 
#%5� YJGP UWEJ URGEKHKECVKQPU GZKUV� +H VJGTG CTG PQ #%5 URGEKHKECVKQPU� VJG DGUV CXCKNCDNG ITCFG KU
WPFGTUVQQF� &GUKIPCVG 4GHGTGPEG 5VCPFCTF TGCIGPVU CXCKNCDNG HTQO 0+56� $%4� 752� GVE�� CU UWEJ� G�I�� �752
4GHGTGPEG 5VCPFCTF &KIKVQZKP��

$� #RRCTCVWU CPF /CVGTKCNU


C� *KIJ RGTHQTOCPEG CPKQP�GZEJCPIG EJTQOCVQITCRJ 
*2#'%�� M .KSWKF EJTQOCVQITCRJ ITCFKGPV RWOR�
FG�ICU OQFWNG� OKETQKPLGEVKQP XCNXG� RWNUGF GNGEVTQEJGOKECN FGVGEVQT 
����OO FKCOGVGT IQNF YQTMKPI
GNGEVTQFG CPF C R*�#I^#I%N EQODKPCVKQP TGHGTGPEG GNGEVTQFG� VJG VKVCPKWO DQF[ QH VJG EGNN UGTXKPI CU VJG
EQWPVGT GNGEVTQFG� YQTMKPI KP RWNUGF CORGTQOGVTKE FGVGEVKQP OQFG 
2#&�� CWVQOCVGF UCORNGT 
&KQPGZ
%QTRQTCVKQP� 2�1� $QZ ����� 5WPP[XCNG� %# ����������� 75#� 75# 
��������������� (CZ� 
����������
����� QT GSWKXCNGPV� CPF FCVC KPVGITCVQT 
5JKOCF\W� � 0KUJKPQM[Q -WYCDCTCEJQ� 0CMCI[QW�MW� -[QVQ ����
����� ,CRCP� 2JQPG� 
��������������� (CZ� 
��������������� QT GSWKXCNGPV��

*2#'% EQPFKVKQPU M %QNWOP VGORGTCVWTG� EQPUVCPV v ���u% DGVYGGP �����u%� RTGHGTCDN[ �� v ���u%�
HNQY TCVG� ��� O.�OKP� KPLGEVKQP XQNWOG� �� z.� FGVGEVQT UGPUKVKXKV[� CPCNQI TCPIG ��� z%� 5GG 6CDNG
�������$ HQT GNWGPV ITCFKGPV CPF 6CDNG �������% HQT FGVGEVQT VKOG RTQITCO� 2CTCOGVGTU OC[ DG XCTKGF KP
QTFGT VQ QRVKOK\G EJTQOCVQITCRJ[�


D� %QNWOP�M %CTDQ2CE 2#�� 2GNNKEWNCT CPKQP GZEJCPIG TGUKP� ��� Z � OO KF YKVJ �� Z � OO KF IWCTF
EQNWOP QH UCOG TGUKP EQORQUGF QH UWNHQPCVGF GVJ[NXKP[NDGP\GPG�FKXKP[NDGP\GPG RCTVKENGU CIINQOGTCVGF YKVJ
���zO QH /KETQ $GCF SWCVGTPCT[ COKPG�HWPEVKQPCNK\GF NCVGZ� QT GSWKXCNGPV�

E� R*�OGVGT� M 6GORGTCVWTG EQORGPUCVGF� UVCPFCTFK\GF YKVJ R* ��� CPF ��� DWHHGT UQNWVKQPU�

F� 2NCUVKE XKCNU� M �� O.� YKVJ UETGY ECRU� TGUKUVCPV VQ VGORGTCVWTGU WR VQ ���u%�

G� 9CVGT DCVJU�M 9KVJ UJCMGT� OCKPVCKPKPI �� v �u% CPF ��v �u%�

Table 2001.01B for eluent gradient and Table 2001.01C for detector time program. Parameters may be varied in order to 
optimize chromatography. 
 
Table 2001.01B. Eluent gradient for HPAEC-PAD analysis 

(%) Mobile phase Time (min) 
A B C 

0.00 95 5 0 
20.10 95 5 0 
35.00 0 100 0 
36.00 0 100 0 
36.10 0 0 100 
46.00 0 0 100 
46.10 95 5 0 
61.00 95 5 0 

Table 2001.01C. Detector program for HPAEC-PAD 
analysis 

Time (s) Potential (V) Integration 
0.00 0.05  
0.20 0.05 Begin 
0.40 0.05 End 
0.41 0.75  
0.60 0.75  
0.61 -0.15  
1.00 -0.15  
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6JG �4GCIGPVU� UGEVKQP KU CNUQ WUGF HQT OCVGTKCNU TGSWKTKPI FKTGEVKQPU HQT RTGRCTCVKQP� RWTKHKECVKQP� QT UVCPFCTFK\CVKQP
CPF OWUV DG KPENWFGF� 5VCPFCTF EQORQWPFU YKNN QHVGP PGGF URGEKHKECVKQPU QT C UQWTEG QH UWRRN[ 
UGG #RRCTCVWU UGEVKQP
� HQT FGUKIPCVKQP QH UWRRNKGTU��

.KUV TGCIGPVU KP YJCVGXGT CRRGCTU VQ DG VJG OQUV EQPXGPKGPV UGSWGPEG� CNRJCDGVKECNN[� QTFGT QH WUG KP OGVJQF� QT
U[UVGOCVKECNN[� RWTG EQORQWPFU� UVCPFCTF UQNWVKQPU� UQNWVKQPU QH CRRTQZKOCVG UVTGPIVJ� CPF KPFKECVQTU�

(QT EQORNGVGPGUU� PQVG VJG HQNNQYKPI RQKPVU� KPFKECVKQP QH UVCDKNKV[� RCTVKEWNCTN[ QH UQNWVKQPU� FGUKIPCVKQP QH CPJ[FTQWU
QT PWODGT QH OQNGU QH YCVGT QH J[FTCVKQP HQT J[FTCVCDNG EQORQWPFU 
RCTVKEWNCTN[ KORQTVCPV KP DWHHGT UQNWVKQPU CPF
OGFKC�� CNVGTPCVKXG WUG QH C JQOQNQIQWU CNEQJQN� QT URGEKCN FGPCVWTGF CNEQJQN� HQT RWTG CNEQJQN 
UGG �&GHKPKVKQPU QH
6GTOU CPF 'ZRNCPCVQT[ 0QVGU� #RRGPFKZ &��

5VTGPIVJ QH UQNWVKQPU�


�� %QOOQP CEKFU CPF COOQPKC CTG CNYC[U VJG EQPEGPVTCVGF TGCIGPVU� WPNGUU QVJGTYKUG URGEKHKGF�


�� 'ZRTGUU FKNWVKQPU CU OQNCTKV[ 
���� /�� QT D[ C RCTGPVJGVKECN GZRTGUUKQP =*%N 
� 
 ��? YJGTG VJG
HKTUV PWODGT CNYC[U TGHGTU VQ VJG XQNWOG QH TGCIGPV CPF VJG UGEQPF VQ VJG XQNWOG QH FKNWVKPI UQNXGPV

YJKEJ KP OQUV ECUGU KU WPFGTUVQQF VQ DG YCVGT�� (QT OWNVKRNG OKZVWTGU� WUG VJG HQTO�
CNEQJQN
CEGVCVG
GVJGT 
� 
 � 
 ���


�� 'ZRTGUU TGCIGPV EQPEGPVTCVKQPU KP VGTOU QH YGKIJV�XQNWOG RGTEGPV� WPNGUU QVJGTYKUG URGEKHKGF� #P
�Z�� UQNWVKQP OGCPU VJCV Z I QH OCVGTKCN KU FKUUQNXGF KP YCVGT QT QVJGT UQNXGPV CPF FKNWVGF VQ ���
O.� *QYGXGT� CXQKF WUG QH RGTEGPV KP VJG ECUG QH NKSWKFU YKVJ C FGPUKV[ CRRTGEKCDN[ FKHHGTGPV HTQO
VJCV QH YCVGT 
G�I�� UWNHWTKE CEKF�� $GECWUG QH RQUUKDNG CODKIWKV[� WUG HQTO 
�� CDQXG YKVJ NKSWKFU QT
URGEKH[ YJGVJGT YGKIJV QT XQNWOG KU OGCPV� G�I�� 
Y�Y�� 
Y�X�� QT 
X�X�� 0QVG VJCV YJGP C EQORQWPF
NKMG J[FTQEJNQTKE CEKF� UWNHWTKE CEKF� CNEQJQN� GVE�� KU WUGF KP C PQP�TGCIGPV UGPUG 
K�G�� VJG OCVGTKCN
DGKPI FGVGTOKPGF�� KV OGCPU VJG EQORQWPF KVUGNH� WPNGUU QVJGTYKUG URGEKHKGF =G�I�� HQTOCNKP � ���

Y�Y� *%*1 KP YCVGT?�


�� #NVJQWIJ �CNEQJQN� KU WPFGTUVQQF VQ DG VJG ��� C\GQVTQRG� GZRTGUU CNN QVJGT FKNWVKQPU KP VGTOU QH VJG
COQWPV QH VJG CEVWCN EQORQWPF RTGUGPV CU RTGRCTGF D[ VJG HQNNQYKPI FKNWVKQP TWNG�

#P �Z�� CNEQJQN UQNWVKQP KU RTGRCTGF D[ FKNWVKPI Z O. ��� CNEQJQN VQ �� O. YKVJ YCVGT� 9JGP
CPJ[FTQWU CNEQJQN KU OGCPV� URGEKH[ CU UWEJ�

5VCPFCTF UQNWVKQPU�

+PFKECVG VJG OCVGTKCN HKTUV� +H FKNWVKQPU CTG TGSWKTGF� FGUKIPCVG VJGO CU UVQEM 
KH UVQTCDNG�� KPVGTOGFKCVG� CPF YQTMKPI
UQNWVKQPU� +PFKECVG EQPEGPVTCVKQP KOOGFKCVGN[ HQNNQYKPI VJG VKVNG� 0QVG VJGUG GZCORNGU�


C� /CPICPGUG UVCPFCTF UQNWVKQP� �� OI�O.�� &KUUQNXG ���� I RWTG /P OGVCN RQYFGT KP �� O. ��� /
*�51� CPF FKNWVG VQ � . YKVJ YCVGT�


D� 4KDQHNCXKP UVCPFCTF UQNWVKQPU�� 
�� 5VQEM UQNWVKQP� ��� OI�O.�� &KUUQNXG �� OI 752 4GHGTGPEG
5VCPFCTF 4KDQHNCXKP� RTGXKQWUN[ FTKGF CPF UVQTGF KP FCTM KP FGUKEECVQT QXGT 2�1�� KP ���� / CEGVKE
CEKF VQ OCMG ��� O.� 5VQTG WPFGT VQNWGPG CV EC ��u� 
�� +PVGTOGFKCVG UQNWVKQP� ��� OI�O.�� &KNWVG
��� O. UVQEM UQNWVKQP VQ � . YKVJ ���� / CEGVKE CEKF� 5VQTG WPFGT VQNWGPG CV EC ��u� 
�� 9QTMKPI
UQNWVKQP �� ��� OI�O.�� &KNWVG �� O. KPVGTOGFKCVG UQNWVKQP VQ ��� O. YKVJ YCVGT� 2TGRCTG HTGUJ HQT
GCEJ CUUC[� 
�� 9QTMKPI UQNWVKQP �� ��� OI�O.�� &KNWVG �� O. KPVGTOGFKCVG UQNWVKQP VQ � . YKVJ
YCVGT� 2TGRCTG HTGUJ HQT GCEJ CUUC[�

9JGP C PWODGT QH EQORQPGPVU CTG OGCUWTGF KP VJG UCOG OGVJQF CPF C UGRCTCVG UVCPFCTF UQNWVKQP OWUV DG RTGRCTGF HQT
GCEJ� QT KH VJG RTGRCTCVKQP QH VJG UVCPFCTF UQNWVKQPU QEEWRKGU C HCKTN[ NCTIG RQTVKQP QH VJG TGCIGPV UGEVKQP� C UGRCTCVG
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UGEVKQP QP �5VCPFCTF 5QNWVKQPU� OC[ DG WUGF� /WNVKRNG EQORQPGPV UVCPFCTF UQNWVKQPU EQWNF DG YTKVVGP CU HQNNQYU�

/GVJ[N �����FKDTQOQUVGCTCVG 
&$5� CPF OGVJ[N �����������VGVTCDTQOQUVGCTCVG 
6$5� UVCPFCTF UQNWVKQPU ��
2KRGV �� �� CPF �� O. 
�� ��� CPF �� OI� &$5 UVCPFCTF UQNWVKQP KPVQ � UGRCTCVG FT[ EQPKECN HNCUMU CPF CFF ��
�� CPF �� O. 
�� �� CPF �� OI� OGVJ[N RGPVCFGECPQCVG 
/2&� UVCPFCTF UQNWVKQP VQ GCEJ� 5KOKNCTN[ RTGRCTG
6$5�/2& UQNWVKQPU� 6TGCV GCEJ UQNWVKQP CU HQNNQYU� 'XCRQTCVG UQNXGPV YKVJ 0 CV ��u%� #FF �� O. �� 0C KP
OGVJCPQN CPF �� O. CPJ[FTQWU DGP\GPG� CPF TGHNWZ � J� %QQN� CPF VTCPUHGT VQ ��� O. UGRCTCVQT EQPVCKPKPI ��
O. YCVGT� #EKFKH[ YKVJ ��� / *�51� CPF GZVTCEV YKVJ VJTGG �� O. RQTVKQPU QH GVJGT� WUKPI HKTUV �� O. VQ
TKPUG HNCUM� %QODKPG GVJGT GZVTCEVU KP UGEQPF UGRCTCVQT� YCUJ YKVJ VYQ �� O. RQTVKQPU QH YCVGT� FT[ QXGT
CPJ[FTQWU 0C�51�� HKNVGT� CPF GXCRQTCVG UQNXGPV QP TQVCT[ GXCRQTCVQT CV ��u%� &KUUQNXG TGUKFWG KP � O. GVJGT�

(QT PCVWTCN RTQFWEV TGHGTGPEG UVCPFCTFU� G�I�� O[EQVQZKPU� UWRRN[ VJG HQNNQYKPI KPHQTOCVKQP� VJG UQWTEG QH VJG
EQORQWPF CPF VJG OGVJQF QH KUQNCVKQP� VJG OGVJQF QH RWTKHKECVKQP CPF ETKVGTKC QH RWTKV[� UVCDKNKV[ FCVC WPFGT EQPFKVKQPU
QH FKURGPUKPI CPF WUG� CPF VJG OGVJQF HQT EJGEMKPI EQPEGPVTCVKQP CPF RWTKV[�

$WHHGTU�

+PFKECVG VJG PCVWTG CPF R* QH VJG UQNWVKQP� #NYC[U KPFKECVG VJG J[FTCVKQP UVCVG QH VJG UCNVU WUGF� G�I��

2JQURJCVG DWHHGT UQNWVKQP� R* ��� &KUUQNXG ����� I CPJ[FTQWU -�*21� CPF ����� I CPJ[FTQWU -�*21� KP
YCVGT CPF FKNWVG VQ � .�

9CVGT�

�9CVGT� WPSWCNKHKGF TGHGTU VQ FKUVKNNGF YCVGT� GZEGRV YJGTG KV FQGU PQV OKZ YKVJ VJG FGVGTOKPCVKQP� CU KP C YCVGT DCVJ�
+H FGKQPK\GF YCVGT OC[ DG WUGF� KPUGTV C UVCVGOGPV VQ VJCV GHHGEV KP VJG �4GCIGPVU� UGEVKQP QT KP CP KPVTQFWEVQT[ QT
RCTGPVJGVKECN UVCVGOGPV CV VJG DGIKPPKPI QH VJG OGVJQF QT FGVGTOKPCVKQP�

2WTKHKECVKQP�

9JGP UQNKFU CTG VQ DG RWTKHKGF D[ TGET[UVCNNK\CVKQP� URGEKH[ VJG RTGHGTTGF UQNXGPV� VGORGTCVWTG� CPF KPKVKCN UQNKF�VQ�
XQNWOG TCVKQ� 9JGP NKSWKFU CTG RWTKHKGF D[ FKUVKNNCVKQP� URGEKH[ VJG EJCTCEVGTKUVKEU QH VJG UVCTVKPI OCVGTKCN CPF VJG
DQKNKPI RQKPV TCPIG QH VJG FGUKTGF HTCEVKQP� CPF UVCVG VJG HTCEVKQP QH VJG HKTUV FKUVKNNCVG CPF TGUKFWG VJCV UJQWNF DG
FKUECTFGF�

+H RTG�RWTKHKGF OCVGTKCN KU CXCKNCDNG� KPFKECVG VJG UQWTEG CPF CP[ RJ[UKECN EQPUVCPVU VJCV CTG KORQTVCPV KP EJGEMKPI
RWTKV[�

/GFKC�

/KETQDKQNQIKECN OGFKC CTG QHVGP PQV YGNN EJCTCEVGTK\GF EJGOKECNN[� # RCTVKEWNCT GHHQTV UJQWNF DG OCFG VQ QDVCKP VJG
GZCEV HQTOWNC RTGRCTGF CPF WUGF D[ VJG QTKIKPCVQT QT WUGT� /GFKC FGUKIPCVGF D[ CP KPXGUVKICVQT	U PCOG OC[ QHVGP DG
HQWPF VQ JCXG UGXGTCN FKHHGTGPV EQORQUKVKQPU� 9JGP CEEGRVCDNG� WUG VJG HQTOWNCU CNTGCF[ IKXGP KP 1HHKEKCN /GVJQFU QH
#PCN[UKU QH #1#% +06'40#6+10#.� WPFGT FKUKPHGEVCPVU� CPVKDKQVKEU 
KP HGGFU�� QT OKETQDKQNQIKECN OGVJQFU� 2TGRCTGF
QT FGJ[FTCVGF OGFKC OC[ DG WUGF� RTQXKFGF FKTGEVKQPU HQT RTGRCTCVKQP D[ VJG CPCN[UV HTQO VJG DCUKE KPITGFKGPVU CTG
KPEQTRQTCVGF�

+P VJG OGFKC UVCVGOGPV� URGEKH[ VJG J[FTCVKQP UVCVG QH VJG UCNVU WUGF CPF VJG R* QH VJG OGFKWO 
DGHQTG QT CHVGT
UVGTKNK\CVKQP�� CPF JQY VQ FKURGPUG CPF UVGTKNK\G�

+P C UGTKGU QH OGVJQFU WUKPI VJG UCOG DWHHGTU CPF OGFKC� QT YKVJ OKPQT OQFKHKECVKQPU� WUG C EQODKPGF �4GCIGPVU CPF
/GFKC� UGEVKQP HQT CNN VJG OGVJQFU CU KU FQPG HQT VJG OKETQDKQNQIKECN OGVJQFU KP HGGFU�

(QT GZCORNG�
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%� 4GCIGPVU


C� 2JQURJCVG DWHHGT� M ��� /� R* ���� &KUUQNXG ���� I -*�21� CPF ��� I -�*21� • �*�1 KP YCVGT CPF FKNWVG VQ �
.� 5VGTKNK\G �� OKPWVGU CV ���u% KP VJG CWVQENCXG�

D� *[FTQEJNQTKE CEKF� M � /� &KNWVG ��� O. *%N VQ � . YKVJ YCVGT�

E� 5QFKWO J[FTQZKFG UQNWVKQP� M ���� ECTDQPCVG�HTGG� FGPUKV[ ���� MI�.� 6Q ��� I 0C1*� EQPVCKPKPI v�� 0C�%1��
CFF ��� O. YCVGT� 5VQRRGT CPF UYKTN WPVKN UQNWVKQP KU EQORNGVG� .GV UVCPF WPVKN 0C�%1� JCU UGVVNGF� NGCXKPI C ENGCT
NKSWKF 
CDQWV �� FC[U�� -GGR VKIJVN[ ENQUGF YJGP PQV KP WUG�

F� 5QFKWO J[FTQZKFG UQNWVKQP� M � /� &KNWVG �� O. 0C1* UQNWVKQP� E� VQ � . YKVJ %1��HTGG YCVGT�

#RRCTCVWU CPF 4GCIGPVU�

+H C OGVJQF EQPVCKPU GKVJGT C UKPING CRRCTCVWU GPVT[ QT C UKPING TGCIGPV GPVT[� VJG[ OC[ DG EQODKPGF KPVQ C LQKPV UGEVKQP
VKVNGF �#RRCTCVWU CPF 4GCIGPVU� 
QT �4GCIGPVU CPF #RRCTCVWU���

�� 2TGRCTCVKQP QH %CNKDTCVKQP %WTXG

+H C ECNKDTCVKQP EWTXG KU RTGRCTGF D[ EQPFWEVKPI C UGTKGU QH UVCPFCTFU VJTQWIJQWV VJG GPVKTG FGVGTOKPCVKQP� RNCEG VJKU
UGEVKQP CV VJG DGIKPPKPI QT GPF QH VJG OGVJQF YKVJ FKTGEVKQPU VQ VTGCV VJG URGEKHKGF UVCPFCTFU CU KP VJG FGVGTOKPCVKQP�

+H VJG ECNKDTCVKQP EWTXG KU RTGRCTGF CV QPN[ VJG HKPCN FGVGTOKPCVKXG UVGR� RNCEG VJG UGEVKQP DGHQTG VJG FGVGTOKPCVKQP CU C
URGEKCN UGEVKQP� 9KVJ VJKU CTTCPIGOGPV� OQUV QH VJG EQPFKVKQPU QH VJG HKPCN OGCUWTGOGPV ECP DG RNCEGF JGTG CPF PGGF
PQV DG TGRGCVGF HQT VJG FGVGTOKPCVKQP� 5QOG QH VJG RQKPVU VQ DG EJGEMGF� YKVJ URGEKCN TGHGTGPEG VQ URGEVTQRJQVQOGVT[�
CTG�


�� 2TGRCTCVKQP QH C UGTKGU QH UVCPFCTF UQNWVKQPU KP VJG EQPEGPVTCVKQP TCPIG QH KPVGTGUV�


�� 8QNWOGU QH TGCIGPVU VQ DG CFFGF CPF VJG QTFGT� YCKVKPI RGTKQFU� VGORGTCVWTGU� CPF FKNWVKQP VQ HKPCN
XQNWOG� KH PGEGUUCT[�


�� 1RVKOWO KPUVTWOGPV UGVVKPIU HQT ICKP� UNKV YKFVJ� TGURQPUG� URGGF� FTWO FTKXG UGVVKPIU� EGNN NGPIVJ�
GVE�� QT KPUVTWEVKQPU QP JQY VQ QDVCKP VJGUG UGVVKPIU�


�� &KTGEVKQPU HQT RTGRCTCVKQP QH RQUKVKXG CPF PGICVKXG EQPVTQN UQNWVKQPU� DNCPMU� CPF TGHGTGPEG UQNWVKQPU�


�� 5RGEVTCN TCPIG QH KPVGTGUV�

�� 2TQEGFWTG HQT OCMKPI DCEMITQWPF EQTTGEVKQPU�


�� 2NQVVKPI QH CDUQTDCPEG 
#� QT VTCPUOKVVCPEG 
6� CICKPUV EQPEGPVTCVKQP QT CDUQNWVG SWCPVKVKGU� CPF


�� (TGSWGPE[ VJCV VJG ECNKDTCVKQP EWTXG UJQWNF DG TGRGCVGF�

�� 2TGRCTCVKQP QH 6GUV 5CORNG

6JKU UGEVKQP EQPVCKPU VJG FKTGEVKQPU HQT RTGRCTKPI C JQOQIGPGQWU CPCN[VKECN UCORNG� FKUUQNXKPI� FKURGTUKPI� QT FKNWVKPI
VJG VGUV RQTVKQP� CPF RTGRCTKPI C UQNWVKQP VJCV KU TGCF[ HQT UGRCTCVKQPU QT FGVGTOKPCVKQPU� +V OC[ CNUQ EQPVCKP UGXGTCN
CNVGTPCVKXGU KP CEEQTFCPEG YKVJ VJG PCVWTG QH VJG UVCTVKPI OCVGTKCN QT KP VJG EQPEGPVTCVKQP QH VJG CEVKXG KPITGFKGPV�

(QT GZCORNG�
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&� 2TGRCTCVKQP QH 6GUV 5CORNG

*QOQIGPK\G NKSWKF NCDQTCVQT[ UCORNGU KOOGFKCVGN[ DGHQTG CPCN[UKU� %WV QT UJCVVGT JCTF OCVGTKCNU VQ RCUU
VJTQWIJ C � OO � UKGXG 
0Q ����

9JGP C OGVJQF KU CRRNKECDNG VQ C YKFG TCPIG QH EQORQPGPV EQPEGPVTCVKQPU YJGTG FKHHGTGPV VGUV RQTVKQP YGKIJVU CPF
FKNWVKQPU CTG TGSWKTGF VQ DTKPI VJG HKPCN EQPEGPVTCVKQPU KPVQ VJG OGCUWTCDNG TCPIG� C VCDNG QH YGKIJVU� XQNWOGU�
FKNWVKQPU� CPF FKNWVKQP HCEVQTU CRRNKECDNG VQ URGEKHKE EQPEGPVTCVKQPU QT TCPIGU CTG EQPXGPKGPV� 6JKU UGEVKQP PGGF PQV DG
KPENWFGF KP UJQTV OGVJQFU�

5KIPKHKECPV HKIWTGU�

/CKPVCKP EQPUKUVGPE[ KP VJG FGITGG QH CEEWTCE[ TGSWKTGF KP XCTKQWU OGCUWTGOGPV UVGRU� 6JGTG KU PQ PGGF VQ YGKIJ C VGUV
RQTVKQP VQ HKXG UKIPKHKECPV HKIWTGU KP C URGEVTQRJQVQOGVTKE OGVJQF YJGTG VJG HKPCN CDUQTDCPEG OGCUWTGOGPV [KGNFU FCVC
YKVJ QPN[ VJTGG UKIPKHKECPV HKIWTGU�

6JG RJTCUG� �#EEWTCVGN[ YGKIJ CRRTQZ� Z =VGUV RQTVKQP? CPF TGEQTF VQ VJG PGCTGUV [ WPKVU� OGCPU VJCV VJG YGKIJV VCMGP
UJQWNF DG v ��� QH VJCV URGEKHKGF DWV VJCV VJG YGKIJV UJQWNF DG MPQYP VQ VJG PWODGT QH UKIPKHKECPV HKIWTGU
EQOOGPUWTCVG YKVJ VJG QVJGT FGVGTOKPCVKXG UVGRU KP VJG OGVJQF�

+P IGPGTCN� C OGCUWTGOGPV KU WPFGTUVQQF VQ WVKNK\G VJG HWNN FGITGG QH UGPUKVKXKV[ QH VJG KPUVTWOGPV� G�I�� ��� OI HQT CP
CPCN[VKECN DCNCPEG� ���� O. HQT C DWTGV QT RKRGV� 6JG UVCVGOGPV� �CEEWTCVGN[ YGKIJ� QT �RKRGV�� PGGFU PQ HWTVJGT
SWCNKHKECVKQP� K�G�� �CEEWTCVGN[ YGKIJ CDQWV � I 
VQ � UKIPKHKECPV HKIWTGU�� QT �RKRGV �� O.� OGCPU ��ZZZZ I QT �����
O.� TGURGEVKXGN[� #NVGTPCVKXG GZRTGUUKQPU� WUWCNN[ HQT GORJCUKU� VJCV OC[ DG WUGF CTG� �9GKIJ ����� I� QT �6TCPUHGT
���� O. =HTQO DWTGV?�� &Q PQV WUG VJG TGFWPFCPV HQTOU� �CEEWTCVGN[ YGKIJ ����� I���� CPF �2KRGV ����� O.�� WPNGUU
VJG GZCEV URGEKHKGF SWCPVKV[ KU TGSWKTGF�

Q4GEQOOGPFCVKQPU HQT 2TGRCTCVKQP QH VGUV UCORNGU HQT %QNNCDQTCVKXG 5VWF[ /CPWUETKRV QH /KETQDKQNQIKECN /GVJQFUR�
,� #UUQE� 1HH� #PCN� %JGO� ��� ������� 
������

Q$KQNQIKECN�2CUU�(CKN 6CUM (QTEG 4GRQTVR� ,#1#%� ��� ������� 
������

�8CNKFCVKQP QH OQFGTP OGVJQFU KP HQQF OKETQDKQNQI[ D[ #1#% +06'40#6+10#. EQNNCDQTCVKXG UVWF[�� (QQF
%QPVTQN� �� ����� 
�����

�6JTGG XCNKFCVKQP RTQITCOU HQT OGVJQFU WUGF KP VJG OKETQDKQNQIKECN CPCN[UKU QH HQQFU	� 6TGPFU KP (QQF 5EKGPEG CPF
6GEJPQNQI[� �� ������� 
�����

��� &GVGTOKPCVKQP

+H C OGVJQF KU HCKTN[ UVTCKIJVHQTYCTF QT EQPUKUVU QPN[ QH C UKPING OCLQT UVGR� RNCEG CNN QRGTCVKQPU FKTGEVN[ WPFGT VJG
UVCVKUVKECN RCTCOGVGTU QH VJG OGVJQF� +H VJG OGVJQF KU EQORNGZ� JQYGXGT� FKXKFG VJG FGVGTOKPCVKXG UVGR KPVQ UGXGTCN
RCTVU YJKEJ OC[ DG EJCTCEVGTK\GF D[ VJG V[RG QH QRGTCVKQP RGTHQTOGF� 6JG EJCRVGTU QP OGVCNU� PCVWTCN RQKUQPU� CPF
RGUVKEKFG TGUKFWGU EQPVCKP PWOGTQWU GZCORNGU QH URGEKCN UGEVKQP JGCFKPIU VJCV� KH RTQRGTN[ UGNGEVGF� IKXG CP QWVNKPG QH
VJG OGVJQF�

#NN ETKVKECN EQPVTQN RQKPVU OWUV DG KFGPVKHKGF� +PFKECVG YJGP C FGVGTOKPCVKQP OC[ DG KPVGTTWRVGF QXGTPKIJV� 'XGP OQTG
KORQTVCPV� KPFKECVG YJGP C FGVGTOKPCVKQP OC[ PQV DG KPVGTTWRVGF� +PFKECVG NKOKVCVKQPU QH FGVGTOKPCVKXG UVGRU VJCV CRRGCT
VQ DG RTGEKUG DWV KP RTCEVKECN VGTOU CTG PQV� 'ZCORNGU� �&T[ VQ EQPUVCPV YGKIJV� UJQWNF KPFKECVG VJG YGKIJV FGXKCVKQP
YJKEJ KU EQPUKFGTGF CU EQPUVCPV� G�I� v��� OI QT v��� OI� �%QNQT KU UVCDNG� UJQWNF KPFKECVG HQT JQY NQPI� �4GCF
EQNQT CHVGT � OKP� UJQWNF KPFKECVG VJG VKOG TCPIG YJKEJ KU UCVKUHCEVQT[� +H VJG OGVJQF KU GORKTKECN� GORJCUK\G VJKU HCEV
UQ VJCV VJG CPCN[UV YKNN OCMG C FGNKDGTCVG GHHQTV VQ OCKPVCKP EQPUVCPV EQPFKVKQPU HTQO VGUV UCORNG VQ VGUV UCORNG� +H UVGRU
KP XCTKQWU RCTVU QH VJG OGVJQF CTG VJG UCOG� WUG KFGPVKECN YQTFKPI VJTQWIJQWV VJG OGVJQF� FQ PQV WUG U[PQP[OU� (QT
GZCORNG�
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��� %CNEWNCVKQPU

%CNEWNCVKQPU CTG KPENWFGF KP C OGVJQF HQT EQPXGPKGPEG VQ CXQKF VJG PGGF HQT NQQMKPI WR HCEVQTU CPF FGTKXKPI GSWCVKQPU�
RCTVKEWNCTN[ YJGP C UGTKGU QH OWNVKRNG FKNWVKQPU QT CNKSWQVU CTG WUGF CV XCTKQWU UVGRU KP VJG OGVJQF� +P OQUV ECUGU�
GFKVQTU YKNN VTCPUHQTO GSWCVKQPU KPVQ VJG UKPING�NKPG HQTO� 2CTVKEWNCT ECTG OWUV DG VCMGP VQ GPUWTG VJCV VJGTG KU PQ
CODKIWKV[ YKVJ TGICTF VQ VJG GPVTKGU KP VJG PWOGTCVQT CPF VJG FGPQOKPCVQT� 6JG HQNNQYKPI GSWCVKQP� CNVJQWIJ
OCVJGOCVKECNN[ ENGCT� KU QHVGP WUGF KPEQTTGEVN[�

[ � C�D Z E

/CVJGOCVKECNN[ VJKU GSWCVKQP OGCPU� [ � C�
D Z E�� #WVJQTU WUWCNN[ KPVGPF KV VQ OGCP�

[ � 
C�D� Z E� QT 
C Z E��D

9TKVG CP GSWCVKQP UQ VJCV VJG KPVGTRTGVCVKQP ECP DG HQNNQYGF GCUKN[� 7UG C UGRCTCVG NKPG HQT GCEJ GSWCVKQP� WPNGUU VJG

E. Determination of Lactose and Galactose 

 (1) Preparation of test solutions for HPAEC-PAD analysis.— Dilute the centrifuged filtrates from 
F with 3% acetonitrile, g, so that galactose and lactose contents are within the working standards 
concentration range. It may be necessary to use 3 different dilution factors, depending on the nature 
of the test materials. Guide values and denotation for dilution factors can be found in Table 
2001.01D. 
 

Table 2001.01D Guide values for dilutions for HPAEC-PAD analysis 
Laboratory sample category M2 (g) D1 D2 D3 
Yogurt drink (4-7% TGOS) 2.5 25 250 100 
Fruit syrup (14-18% TGOS) 1.5 10 300 100 
Custard (4-7% TGOS) 2.0 4 200 100 
Orange juice (4-7% TGOS) 2.5 3 125 30 
Biscuits (7-10% TGOS) 2.0 6 200 60 
Cereal (4-7% TGOS) 1.0 5 200 200 
D1 = Dilution factor of galactose in assay A1 
D2 = Dilution factor of galactose in assay A2 
D3 = Dilution factor of lactose in assay A1 

 
 (2) Determination.— Use the same type of integration for the test solutions and for the standard 
working solutions by choosing the same peak width, threshold settings, and other integration 
parameters. Carefully control the baseline selection by extending the baseline next to the peak. Use 
peak area for quantification. 
 First run the 4 calibration standards of each sugar to establish linearity. Then repeat the 4 
standards. Between every two sets of standards, run 9 test solutions (e.g., WS1, WS2, WS3, WS4, 
initial test solution 1A1 (dilution factor D1), initial test solution 1A1 (dilution factor D3), treated 
solution 1A2, initial test solution 2A1 (dilution factor D1), initial test solution 2A1 (D3), treated 
solution 2A2, initial test solution 3A1 (D1), initial test solution 3A1 (D3), treated solution 3A2, WS1, 
WS2, WS3, WS4, initial test solution 4A1 (D1), initial test solution 4A1 (D3), treated solution 4A2, etc.). 
Continue this process until all test solutions have been analyzed. Use average response factor from 
the standards bracketing the test solutions to calculate sugar concentration for each test solution. 
(3) Possible interferences.— Galactose is the most important parameter for the assessment of TGOS 
content in the product. Inaccuracies in the determination of galactose after enzymatic hydrolysis of 
test samples high in lactose like cereal and powdered milk based products, can influence the 
measurement of galactose liberated from TGOS. Also non-selective hydrolysis of alpha-galactans 
(e.g. carob powder) by ß-galactosidase may occur, leading to erratic results. Use fresh enzyme 
preparations only.
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GSWCVKQP KU UOCNN CPF ECP DG KPEQTRQTCVGF KPVQ VJG RCTCITCRJ� +H VJG GSWCVKQP KU EQORNGZ� CFF C UKORNKHKGF HKPCN
GSWCVKQP KP YJKEJ CNN QH VJG PWOGTKECN HCEVQTU JCXG DGGP EQODKPGF KPVQ C UKPING FGHKPGF EQPUVCPV�

9JGP VJG GSWCVKQP KPENWFGU KPKVKCN VGUV RQTVKQP YGKIJVU QT URGEKHKGF CNKSWQVU� GTTQTU CTG QHVGP OCFG D[ KPEQTTGEVN[
RNCEKPI OQFKHKGF YGKIJVU CPF XQNWOGU KP VJG PWOGTCVQT QT FGPQOKPCVQT� 6JGTGHQTG� VJG RTGHGTTGF HQTO UJQWNF DG
UKOKNCT VQ VJG HQNNQYKPI�

%QORQPGPV � 
# QH EQORQPGPV�I VGUV RQTVKQP� Z 
VQVCN XQN��O. CNKSWQV� Z 
I UVF : � RWTKV[�# QH UVF�

+H PWOGTQWU QT XCTKCDNG FKNWVKQPU JCXG DGGP OCFG� VJG XQNWOG TGNCVKQPUJKRU OC[ DG EQODKPGF KPVQ C UKPING FKNWVKQP
HCEVQT YJKEJ OC[ DG OCVJGOCVKECNN[ FGHKPGF KP C UGRCTCVG GSWCVKQP HQT UKORNG ECNEWNCVKQP� # FKNWVKQP HCEVQT KU VJG HKPCN
XQNWOG VQ YJKEJ C UQNWVKQP KU FKNWVGF� 8H� FKXKFGF D[ VJG XQNWOG QH VJG QTKIKPCN UQNWVKQP� 8Q� EQPVCKPGF KP VJG HKPCN
FKNWVKQP�

(�8H

8Q

(QT UGTKCN FKNWVKQPU�

(�
8H� : 
8H�� : W


8Q� 
8HZ�

#U C TWNG� WUG U[ODQNU KP GSWCVKQPU� FGHKPKPI VJGO KP C UGRCTCVG GPVT[� 7UG # QPN[ HQT CDUQTDCPEG� 9 HQT YGKIJV� CPF
8 HQT XQNWOG� 6Q FKHHGTGPVKCVG WPMPQYP CPF UVCPFCTF� WUG VJG U[ODQN CNQPG HQT VJG WPMPQYP 
#� CPF VJG U[ODQN
HQNNQYGF D[ C RTKOG OCTM HQT VJG UVCPFCTF 
#	�� 9JGTG UGXGTCN EQORQPGPVU CTG KPXQNXGF� FKHHGTGPVKCVG VJG OGCUWTGF
XCNWGU D[ UWDUETKRV U[ODQNU� .GVVGTU QH VJG CNRJCDGV CTG DGUV� GURGEKCNN[ KH VJG[ ECP DG TGNCVGF VQ VJG EQORQPGPV DGKPI
OGCUWTGF� G�I�� WUG #R HQT CDUQTDCPEG QH VJG RJGPQDCTDKVCN EQORQPGPV CPF #R	 HQT VJCV QH KVU UVCPFCTF� 9JGTG �
EQORQPGPVU JCXG VJG UCOG KPKVKCN NGVVGT� WUG PWODGTU QT QVJGT NGVVGTU� &Q PQV KVCNKEK\G 
WPFGTNKPG� UWDUETKRVU� DGECWUG
VJGUG CTG QHVGP FKHHKEWNV VQ TGCF�

(QT GZCORNG�
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��� 0QVGU

+P IGPGTCN� CXQKF WUG QH PQVGU CV VJG GPF QH VJG OGVJQF� +PEQTRQTCVG VJGKT EQPVGPV CV VJG CRRTQRTKCVG RNCEG KP VJG
OGVJQF� +H VJG PQVG KU CRRNKECDNG VQ VJG GPVKTG OGVJQF� RNCEG KV CV VJG DGIKPPKPI QH VJG OGVJQF FKTGEVN[ WPFGT VJG
UVCVKUVKECN RGTHQTOCPEG RCTCOGVGTU� G�I�� �
4KPUG CNN CRRCTCVWU YKVJ FKNWVG PKVTKE CEKF��� 7UG VJG 2TKPEKRNG UGEVKQP VQ
GUVCDNKUJ VJG UEQRG QH VJG OGVJQF CPF VJG OQFKHKECVKQPU PGEGUUCT[ HQT RTQFWEVU QWVUKFG VJG UEQRG� +H OQFKHKECVKQPU JCXG
DGGP VGUVGF� RNCEG VJGO KP UGRCTCVG UGEVKQPU QT UWDUGEVKQPU� 2NCEG URGEKCN RTGECWVKQPU� RTGRCTCVKQPU� VTGCVOGPVU� UVQTCIG
EQPFKVKQPU� UVCDKNKV[� UQWTEGU QH UWRRN[� VGUVU� RWTKHKECVKQPU� URGEKHKECVKQPU� CPF UKOKNCT OCVGTKCNU RGTVCKPKPI VQ CRRCTCVWU
CPF TGCIGPVU KP VJGKT URGEKHKE UGEVKQPU� +H VJG &GVGTOKPCVKQP UGEVKQP KPENWFGU URGEKCN VTGCVOGPVU HQT KPVGTHGTKPI OCVGTKCNU
QT GNKOKPCVKQP QH EGTVCKP UVGRU KP URGEKCN ECUGU� JCPFNG VJGUG CU RCTGPVJGVKECN UVCVGOGPVU� URGEKCN UGEVKQPU� QT
UWDUGEVKQPU� 2NCEG EQOOGPVU CDQWV YJGP VJG OGVJQF OC[ QT OC[ PQV DG KPVGTTWRVGF KP VJG &GVGTOKPCVKQP UGEVKQP�

7UG RCTGPVJGUGU URCTKPIN[ CPF PGXGT HQT GUUGPVKCN KPHQTOCVKQP� %QOOCU CTG QHVGP C UCVKUHCEVQT[ UWDUVKVWVG� #XQKF WUG QH
VJG FQWDNG CPF VTKRNG RCTGPVJGUGU� GZEGRV KP HQTOWNCU YJGTG VJG[ OC[ DG GUUGPVKCN�

��� #WVQOCVGF /GVJQFU

$GECWUG QH VJG OCP[ URGEKCN RCTCOGVGTU CPF TGSWKTGOGPVU KPXQNXGF KP CWVQOCVGF CPCN[UKU� HQNNQY VJG IWKFGNKPGU IKXGP
DGNQY�


�� 2TKPEKRNG �� +PFKECVG� KP RGTHQTOCPEG NCPIWCIG KH RQUUKDNG� VJG RTQFWEVU VQ YJKEJ VJG OGVJQF CRRNKGU�
IKXG CRRNKECDNG TCPIG CPF UVCVKUVKECN KPHQTOCVKQP QP CEEWTCE[ CPF RTGEKUKQP� )KXG TGCEVKQPU KPXQNXGF�

F. Calculations 
 
 Calculate the initial (free) galactose, Gb, and (initial = final) lactose, Lb, contents in the buffered extracts 
assay A1  and total (final) galactose content, Gt, of the hydrolyzed solution A2  in g/100g product of test sample 
using the following formula: 
 

  ( )[ ] ( )1008791 ××−××= MFMMDCG Gbb  

   
where CGb = mg galactose/kg in initial test solution A1 and F is a factor calculated as: 
 

  ( ) ( )132 100 MMMF −×=  

 

  ( )[ ] ( )1005462 ××−××= MFMMDCG Gtt   

 
where CGt = mg galactose/kg treated solution in assay A2. 
 

 ( )[ ] ( )1008793 ××−××= MFMMDCL Lbb  

 
where CLb = mg lactose/kg initial test solution in assay A1. 
  
 Calculate galactose released from TGOS (Gg) (g/100g test sample): 
 

  G G G Gg t b l= − −  

 
where Gl = galactose released from lactose = Lb/1.9. 
 
 Calculate TGOS content (g/100g test sample): 
 

  gGkTGOS ×=    

 
where k = (180 + 162 n)/(180 n). n is the average number of galactose moieties in the TGOS molecules. For example, if n = 
2, k is 1.4.
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FGVGTOKPCVKXG VGEJPKSWG� CPF CP[ KPVGTHGTGPEGU�


�� #RRCTCVWU �� .KUV KPFKXKFWCN EQORQPGPVU QH VJG CWVQOCVKE CPCN[\GT WPFGT C UKPING JGCFKPI YJGP VJG[
CTG RCTV QH VJG DCUKE WPKV CPF IKXG KPUVTWEVKQPU HQT CP[ OQFKHKECVKQPU� .KUV QVJGT KVGOU UGRCTCVGN[�
5WDOKV C NCDGNGF HNQY FKCITCO CPF UGRCTCVG FKCITCOU QH CP[ URGEKCNN[ EQPUVTWEVGF RKGEGU QH
GSWKROGPV� &GUETKDG GSWKROGPV IGPGTKECNN[� KP VGTOU QH RGTHQTOCPEG� UQ VJCV GSWKXCNGPV GSWKROGPV
ECP DG FGVGTOKPGF�


�� 4GCIGPVU �� )KXG EQPEGPVTCVKQPU QH TGCIGPVU CPF CP[ PGEGUUCT[ FKTGEVKQPU HQT RWTKHKECVKQP�
RTGRCTCVKQP� UVQTCIG� GVE� 5VCVG JQY NQPI C UVCPFCTF UQNWVKQP QT TGCIGPV OC[ DG MGRV DGHQTG C HTGUJ
QPG OWUV DG RTGRCTGF� KH VJKU RQKPV KU ETKVKECN� &Q PQV NKUV UVQEM KVGOU WUWCNN[ HQWPF KP VJG NCDQTCVQT[
VJCV PGGF PQ URGEKCN RTGRCTCVKQP� +PFKECVG VJG COQWPV QH TGCIGPV WUGF HQT GCEJ UGTKGU QH CPCN[UGU�


�� #PCN[VKECN U[UVGO �� 4GHGT VQ VJG HNQY FKCITCO CPF FGUETKDG CKT CPF UQNWVKQP UVTGCO HNQYU� 5JQY
RWOR VWDG TCVGU KP O.�OKP QH CPCN[VGU� TGCIGPVU� UVCPFCTF UQNWVKQPU� CPF CKT� CPF URGEKH[ VJG RWOR
VWDG OCVGTKCN� )KXG KPPGT FKCOGVGTU QH ETKVKECN KPVGTEQPPGEVKPI VWDKPI CPF CP[ QVJGT KPHQTOCVKQP VJCV
PGGFU VQ DG URGEKHKGF�


�� 5VCTV�WR CPF UJWV�FQYP QH U[UVGO �� )KXG UVGRU HQT UVCTVKPI CPF UVQRRKPI VJG U[UVGO� CPF VJG
RTQEGFWTG HQT NGCXKPI VJG U[UVGO KP UCVKUHCEVQT[ EQPFKVKQP HQT VJG PGZV UGTKGU� +PFKECVG VTQWDNGU VJCV
OC[ FGXGNQR CPF VJG OGCPU VQ EQTTGEV VJGO� G�I�� KTTGIWNCT DCUGNKPG� KTTGIWNCT RGCMU� RQQT
TGRTQFWEKDKNKV[�


�� /CKPVGPCPEG �� +PFKECVG JQY VQ ENGCP CPF OCKPVCKP VJG GSWKROGPV�


�� %JGEMU CPF ECNKDTCVKQP �� +PFKECVG JQY VQ EJGEM HQT RTQRGT QRGTCVKQP QH VJG U[UVGO� KPENWFKPI EJGEMU
HQT EQPVCOKPCVKQP� TGEQXGTKGU� NKPGCTKV[� FTKHV� CPF ECTT[QXGT� )KXG UGVVKPIU HQT XCTKQWU EQPVTQNU 
QT
EQPFKVKQP VQ DG OCKPVCKPGF� G�I�� VGORGTCVWTG� CPF CRRTQZKOCVG TGCFKPIU VJCV UJQWNF DG QDVCKPGF HQT
TCPIG QH EQPEGPVTCVKQP VQ DG OGCUWTGF�


�� 2TGRCTCVKQP QH ECNKDTCVKQP EWTXG �� +H CRRNKECDNG� IKXG FKTGEVKQPU� KPENWFKPI KPUVTWEVKQPU HQT JCPFNKPI
VJG DNCPM�


�� +UQNCVKQP QH CPCN[VG �� +PFKECVG JQY VQ RTGRCTG VGUV UQNWVKQPU HTQO QTKIKPCN OCVGTKCNU VQ DG CPCN[\GF D[
VJG OGVJQF� )KXG IGPGTCN FKTGEVKQPU HQT VJG CRRNKECDNG EQOOQFKVKGU� PQV LWUV HQT VJG RCTVKEWNCT
EQOOQFKVKGU WUGF KP VJG EQNNCDQTCVKXG UVWF[�


��� &GVGTOKPCVKQP �� 5VCVG JQY OCP[ CPF KP YJCV QTFGT UVCPFCTFU CPF CPCN[VGU CTG VQ DG CPCN[\GF CPF
YJGVJGT TGRNKECVKQP KU PGEGUUCT[� +PFKECVG JQY VQ FTCY VJG DCUGNKPG CPF TGRQTV TGUWNVU� 2TQXKFG
HQTOWNCU HQT ECNEWNCVKQP KH CRRNKECDNG�


