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2#ABCD!>;R! P=%$!HKL!+&%!%FKPDKGCHG#FKJ!#K!4CFBKLMHGDC!"!6BABJG!:;;<!
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ARB!GOCBBF!JPM@!GPPCMGQR![MC!G! HGCOB!IQGHB! D@"IDAJ!B@RG@QBF!CBFJQADUB!FBQRHMCD@GADM@!K$'=L!

PCMOCGE!AM!GFFCBII!IJZIJC[GQB!5&%I!D@!IMDH!G@F!OCMJ@FNGABC!GI!G@!,'8/!!,A!NGI!FBABCED@BF!

ARGA!IJ[[DQDB@A!FGAG!RGF!ZBB@!QMHHBQABF!M@!ARB!PCMPBCAS!CBHGABF!AM!0/1/!2JHHBC!GQADUDADBI.!G@F!ARGA!

D@UBIADOGADUB!GQADUDADBI!QMJHF!ZB!QM@IDFBCBF!QMEPHBAB!K01!2JHHBC.!PBCIM@@BH!QMEEJ@DQGADM@L/!

!

6A!ARB!QM@QHJIDM@!M[!ARDI!2BZCJGCS!:;;_.!EBBAD@O!ARB!FBQDIDM@!M@!ARB!IBdJB@QB!M[!BUB@AI!AM!ZB!

QMEPHBABF! D@QHJFBF!G@!M@"IDAB!(5,!IAJFS!AM!ZB!QM@FJQABF! D@!QMMPBCGADM@!NDAR! ARB!-BN!VMCW!

(AGAB! =BPGCAEB@A! M[! 0BGHAR! K-V(=&0L.! ARB! BUGHJGADM@! M[! HDORA! @M@"GdJBMJI! PRGIB! HDdJDFI!

K)-6X)L!G@F!FB@IB!@M@"GdJBMJI!PRGIB!HDdJDFI!K=-6X)L!GCMJ@F!EM@DAMCD@O!NBHH!89"##Y.!ARB!

D@IAGHHGADM@!M[!G!EM@DAMCD@O!NBHH!ZBANBB@!89"##Y!G@F!89"#::!K2DOJCB!:L.!ARB!BUGHJGADM@!M[!

ARB!FCGD@GOB!FDAQR!HMQGABF!BGIA!M[!ARB!(DAB.!G@F!G@!BUGHJGADM@!M[!M[["IDAB!OCMJ@FNGABC!DEPGQAI!

G[ABC!GQQBII!AM!ARB!PCMPBCAS!BGIA!M[!ARB!FCGD@GOB!FDAQR!RGI!ZBB@!GAAGD@BF/!!,@!ARB!D@ABCDE.!DA!NGI!

FBABCED@BF! ARGA! D@! HDBJ!M[!GFFDADM@GH! D@UBIADOGADM@I!G@!B[[BQADUB!EBARMF! AM! ACBGA!IMJCQB!GCBG!

5&%I!NMJHF!ZB!ARB!DEPHBEB@AGADM@!M[!G@!$'=!,'8.!G@F!D@!GQQMCFG@QB!NDAR!ARDI!GOCBBEB@A.!ARB!

[MHHMND@O!GQADM@I!RGUB!ZBB@!J@FBCAGWB@h!

• 0/1/!2JHHBC!IJZEDAABF!AM!-V(=$%!G@F!-V(=&0!ARB!D$+#&"5(=$+.3"(=3&,(C+63%(!"#%/.&3"(

=+'6,&"5(?3%@6,+"! K$'8.! eG@JGCS!`.! :;;YL/! !+RB!(5,! IGEPHD@O! BUB@A!NGI! QM@FJQABF!

eG@JGCS! c;! "! c#.! :;;Y.! NDAR! -V(=&0! IAG[[/! ! +RB! CBIJHA! M[! ARDI! D@UBIADOGADM@! NGI!

IJZEDAABF!AM!-V(=$%!G@F!-V(=&0!D@!ARB!D$+#&"5(=$+.3"(=3&,(C+63%(!"#%/.&3"(=+'6,&"5(

7:$"#!K$'8.!8GS!:#.!:;;YL/!

• 0/1/! 2JHHBC! IJZEDAABF! AM! -V(=$%! ARB! 7"8+"9$*( )$*/9#&:$( ;$98,3%&"+#&3"( !"<=&#/(

>&3%$'$*&+#&3"E( !"#$%&'( )$'$*&+,( -$+./%$.( ?3%@6,+"E( F3%'$%( -3"+%98( G8$'&9+,.(

F+9&,&#HE(IJ(2+#$.(B:$"/$E(2$"$:+E(K$4(L3%@.!K$%&'!.!=BQBEZBC!_.!:;;_!iCBUDIBF!8GS!:;.!

:;;YjL/!!+RB!D@]BQADM@!PRGIB!M[!ARB!,'8!NGI!DEPHBEB@ABF!&QAMZBC!<!"!:#.!:;;Y/!

• 0/1/!2JHHBC!IJZEDAABF!M@!eJ@B!T.!:;;Y.!ARB!=/%M+9$(?+#$%(=+'6,&"5(A%35%+'/!
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• 0/1/!2JHHBC!D@IAGHHBF!@BIABF!OCMJ@FNGABC!EM@DAMCD@O!NBHHI!89"#:`I!G@F!89"#:`F!M@!

6JOJIA! #`"#>.! :;;Y.! HMQGABF! GPPCM^DEGABHS!EDFNGS! ZBANBB@!89"##Y! G@F!89"#::/!!

(MDH!G@F!OCMJ@FNGABC!IGEPHBI!NBCB!QMHHBQABF!G@F!G@GHS\BF![CME!ARDI!IGEPHD@O!BUB@A/!!!

• 0/1/!2JHHBC!GFUG@QBF!BDORA!KYL!IMDH!ZMCD@OI!@BGC!EM@DAMCD@O!NBHH!89"##Y!AM!BUGHJGAB!

IJZIJC[GQB!IMDHI! [MC!ARB!PCBIB@QB!M[!MDH!G@F!-6X)I!FJCD@O!ARB!,'8!D@]BQADM@!PCMOCGE/!!

+RB!CBIJHAI!G@F!MZIBCUGADM@I! [CME!GHH!M[! ARB!IMDH! IGEPHD@O!NBCB!@BOGADUB! [MC!MDHI!G@F!

-6X)I.!G@F!NDHH!ZB!FDIQJIIBF![JCARBC!D@!ARDI!CBPMCA/!

• 0/1/! 2JHHBC! EM@DAMCBF! NBHH! 89"##_! G@F! 89"##Y! [MC! )-6X).! =-6X).! G@F! MDHI! NDAR!

MZIBCUGADM@I! EGFB! [CME! QMHHBQAD@O! [HJDF! IGEPHBI! D@! QHBGC! ZGDHBCI/! ! +RB! CBIJHAI! G@F!

MZIBCUGADM@I![CME!GHH!M[!ARB!ZGDHBC!IGEPHD@O!NBCB!@BOGADUB![MC!)-6X)!G@F!=-6X)/!

• 4CMJ@FNGABC!IGEPHD@O!BUB@AI!NBCB!QMEPHBABF! D@!6PCDH.!6JOJIA.!G@F!-MUBEZBC!:;;Y.!

G@F!GOGD@!D@!6PCDH!G@F!6JOJIA!:;;</!!!!

+RB!FGAG!QMHHBQABF![CME!ARBIB!GQADUDADBI!GCB!PCBIB@ABF!D@!ARDI!CBPMCA.!GI!@MABF!D@!ARB![MHHMND@O!

IBQADM@I/!
!

!"@$ 5.AA=/>$1B$C19671/69;$=9D$(301/769;$E$F=9.=/>$!G$4##H$E$*383AI3/$:!G$4##J$

4CMJ@FNGABC! EM@DAMCD@O.! G@F! MARBC! AGIWI! QMEPHBABF! MC! CBPMCABF! FJCD@O! :;;Y! "! :;;<.! GI!

CBPMCABF!RBCBD@.!D@QHJFD@Oh!

• 1DM+CGP!! IGEPHBC! NGI! D@IAGHHBF! D@! NBHH! 89"##Y! AM! FBABCED@B! UGCDMJI! D@FDQGAMC!

PGCGEBABCI! D@QHJFD@O! ZDMEGII.! OB@JI3IPBQDBI! DFB@AD[DQGADM@.! G@F! EBAGZMHDQ! GQDFI! D@!

OCMJ@FNGABC! D@! ARB! 5&%! IMJCQB! GCBG/! ! +RB! G@GHSADQGH! CBIJHAI! M[! ARDI! IGEPHD@O! NBCB!

CBPMCABF!AM!-V(=$%!eG@JGCS!#;.!:;;Y.!G@F!GCB!D@QHJFBF!D@!ARDI!CBPMCA/!

• +RB!(5,!RBGAD@O!IBGIM@!IGEPHD@O!NGI!QM@FJQABF!GA!ARB!(DAB!eG@JGCS!c;!k!c#.!:;;Y/!!+RB!

CBPMCA!IJEEGCD\D@O!ARDI!NMCW!NGI!IJZEDAABF!AM!-V(=$%!G@F!-V(=&0!D@!ARB!D$+#&"5(

=$+.3"(=3&,(C+63%(!"#%/.&3"(=+'6,&"5(7:$"#.!FGABF!8GS!:#.!:;;Y/!

• +RB!:@F"lJGCABC!:;;Y!4CMJ@FNGABC!(GEPHD@O!$UB@A!NGI!QM@FJQABF!6PCDH!_!k!<.!:;;Y/!!

+RBIB! CBIJHAI! NBCB! IJEEGCD\BF! G@F! CBPMCABF! AM! -V(=$%! D@! ARB! 8GS! :;;Y! XCM]BQA!

(AGAJI!'BPMCA!KX('L/!

• +RB!=/%M+9$(?+#$%(=+'6,&"5(A%35%+'.!NGI!IJZEDAABF!AM!-V(=$%!M@!eJ@B!T.!:;;Y/!

• +RB!cCF"lJGCABC!:;;Y!4CMJ@FNGABC!(GEPHD@O!$UB@A!NGI!QM@FJQABF!6JOJIA!>! "!T.!G@F!

6JOJIA! #Y.! :;;Y/! ! +RBIB! CBIJHAI! NBCB! IJEEGCD\BF! G@F! CBPMCABF! AM! -V(=$%! D@! ARB!

&QAMZBC!:;;Y!X('/!

• 4CMJ@FNGABC!EM@DAMCD@O!NBHHI!89"#:`I!G@F!89"#:`F!NBCB!D@IAGHHBF!6JOJIA!#`!"!#>.!

:;;Y/!

• ,EPHBEB@AGADM@!M[!ARB!NMCW!MJAHD@BF!D@!ARB!7"8+"9$*()$*/9#&:$(;$98,3%&"+#&3"(!"<=&#/(

>&3%$'$*&+#&3"( !"#$%&'()$'$*&+,(-$+./%$.(?3%@6,+"! K$%&'.!8GS!:;.! :;;YL! ZBANBB@!

&QAMZBC!<!k!:#.!:;;Y/!!(MDH!ZMCD@OI!11#!ARCMJOR!11Y!NBCB!D@IAGHHBF!AM!QM@[DCE!HDARMHMOS!

G@F!BUGHJGAB!)-6X).!=-6X)!G@F!MDHI/! !6! IJEEGCS!M[! ARBIB!GQADUDADBI! GCB! CBPMCABF! D@!

ARDI!FMQJEB@A/!!!

• +RB!`AR"lJGCABC!:;;Y!4CMJ@FNGABC!(GEPHD@O!$UB@A!NGI!QM@FJQABF!-MUBEZBC!#_!k!#Y.!

:;;Y/!!+RBIB!CBIJHAI!NBCB!CBPMCABF!AM!-V(=$%!D@!ARB!eG@JGCS!:;;<!X('/!



! "!>!"! !
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• %MEPHBADM@! G@F! IJZEDAAGH! AM! -V(=$%! M[! ARB! NMM<=&#$( 2%3/"*4+#$%O=/%M+9$( ?+#$%(

!":$.#&5+#&3"(A,+"!K$%&'.!=BQBEZBC!#<.!:;;YL/!

• +RB! :@F"lJGCABC! :;;<! 4CMJ@FNGABC! (GEPHD@O! $UB@A! NGI! QM@FJQABF! 6PCDH! :_! k! :<.!

:;;</!!+RBIB!CBIJHAI!NBCB!CBPMCABF!AM!-V(=$%!D@!ARB!eJ@B!:;;<!X('/!

• +RB!cCF"lJGCABC!:;;<!4CMJ@FNGABC!(GEPHD@O!$UB@A!NGI!QM@FJQABF!6JOJIA!c!k!`.!:;;</!!

+RDI! D@QHJFBF! IGEPHD@O! EM@DAMCD@O! NBHHI! [MC! 5&%I! G@F! AMAGH! MCOG@DQ! QGCZM@! K+&%L/!!

+RBIB!CBIJHAI!NBCB!CBPMCABF!AM!-V(=$%!D@!ARB!(BPABEZBC!:;;<!X('/!

!

!"K$ ,.//397$,19D676192$=9D$5673$,198307.=<$C1D3<$

+RB!(DAB! DI!J@FBCHGD@!ZS!IBUBCGH!J@QM@IMHDFGABF!J@DAI!M[!UGCSD@O!QMEPMIDADM@!G@F! ARDQW@BII/!!

+RB!IJZIJC[GQB!IBFDEB@AI!GCB!ASPDQGH!M[!ARB!OB@AHS!J@FJHGAD@O!OHGQDGH!AMPMOCGPRS!D@!ARB!2D@OBC!

)GWBI!'BODM@!M[!JPIAGAB!-BN!VMCW/! !+RB!@BGC!IJC[GQB!IBFDEB@AI!CG@OB!ZBANBB@!;!G@F!`![BBA!

ZOI.!QM@IDIAD@O!M[!G!ED^BF! [DHH! KOCGUBH! AM!IDHAL!EGABCDGH!NRDQR!B^AB@F!GQCMII! ARB!(DAB/! !+RDI! [DHH!

HGSBC!DI!J@FBCHGD@!ZS!@GADUB!IDHA!G@F!QHGSI!CG@OD@O!D@!ARDQW@BII![CME!;!AM!Y![BBA!ARDQW/!!6!IG@F!

G@F!IG@FS!HMGE!J@FBCHDBI!ARDI!J@DA!G@F!CG@OBI![CME!:!AM!#;![BBA!ARDQW/!!$GQR!M[!ARBIB!J@DAI!DI!

UGCDGZHB! D@!QMEPMIDADM@.!G@F!D@ABCZBFFBF!HGABCGHHS!NDAR!MARBC!FDIQM@AD@JMJI! HGSBCI.!QMEEM@!

M[!G!FBHAGDQ!MC![HJUDM"HGQJIACD@B!FBPMIDADM@GH!B@UDCM@EB@A/!!1B@BGAR!ARBIB!OCG@JHGC!IBFDEB@AI!

DI!G!QHGS!G@F!IDHAS!QHGS!J@DA!B@QMJ@ABCBF!ZBANBB@!<!G@F!#`![BBA!ZOI/!!+RDI!HMNBC!QM@[D@D@O!J@DA!

DI!@MA!QM@AD@JMJI.!G@F!NGI!@MA!B@QMJ@ABCBF!D@!ARB!JPPBC!#T![BBA!GA!89"##T!G@F!89"#:;.!MC!

GA! M[["IDAB! HMQGADM@I/! ! +RB! EM@DAMCD@O! NBHH! 89"#:`! @BIA! NGI! D@IAGHHBF! BGIA! M[! 89"##Y! AM!

D@UBIADOGAB!G@F!EM@DAMC!OCMJ@FNGABC!G@F! IMDH! D@! ARDI! GCBG!FMN@OCGFDB@A!M[! ARB! IMJCQB!GCBG!

K2DOJCB!:L/!

!

XCBUDMJI!D@UBIADOGADM@I!DFB@AD[DBF!QM@QB@ACGADM@I!M[!5&%I!G@F!PBACMHBJE!RSFCMQGCZM@I!ZBHMN!

ARB! -V(=$%! +BQR@DQGH! G@F! 6FED@DIACGADUB! 4JDFG@QB! 8BEMCG@FJE! K+648L! m`;`T! IMDH!

QHBG@JP!MZ]BQADUBI/! !5&%! HBUBHI! HBII! ARG@!+648!m`;`T!IMDH! QHBG@JP!UGHJBI!NBCB!FBABQABF! D@!

EMIA! IMDH! IGEPHD@O! HMQGADM@I! K+GZHB!:L! D@! ARB!@BGC! IJC[GQB! IMDHI! KZBANBB@!;!G@F!`! [BBA!ZOIL/!!

(GEPHD@O! ACB@FI! IRMN!5&%! QM@QB@ACGADM@I! OB@BCGHHS!FBQCBGIBF!NDAR!FBPAR.!NDAR! ARB! IMJCQB!

GCBG![MC!QRHMCD@GABF!5&%I!D@!IMDH!GA!G@F!@BGC!89"##Y.!G@F![MC!1+$f!QMEPMJ@FI!GA!G@F!@BGC!

89"##_! K2DOJCB! :L/! ! +RB! PCDEGCS! IMJCQB! GCBG! [MC! 5&%I! D@! ARB! IJC[DQDGH! OHGQDGH! IMDHI! DI!

FBEM@IACGABF!D@!ARB![MHHMND@O!IBdJB@ADGHHS!FBBPBC!DIMQM@QB@ACGADM@!EGPI!IAGCAD@O!NDAR!2DOJCB!

`.! +5&%! %M@QB@ACGADM@I! D@! (MDH! KJOg?OL! "! `T;n! "! `>Tn! 68()! ,@ABCUGH.! NRDQR! IRMNI! ARB! 5&%!

EGII! QB@ABCBF! GA! 89"##Y/! ! +RB! @B^A! >a! FBBPBC! D@ABCUGH! DI! IRMN@! M@! 2DOJCB! >.! +5&%!

%M@QB@ACGADM@I!D@!(MDH!KJOg?OL!"!`>Tn!"!`>#n!68()!,@ABCUGH!D@FDQGAD@O!G!CBFJQADM@!D@!5&%!HBUBHI.!

NRDQR!FBQCBGIB![JCARBC!D@AM!ARB!FBBPBIA!D@ABCUGH!GI!IRMN@!M@!2DOJCB!T.!+5&%!%M@QB@ACGADM@I!

D@!(MDH!KJOg?OL!"!`>#n!"!``Tn!68()!,@ABCUGH/! !+RB!HMN!HBUBH!5&%I!FBABQABF!GA!89"##_!QM@IDIA!

HGCOBHS!M[!1+$f!QMEPMJ@FI.!G@F!RGUB!G!FDIAD@QA!PCM[DHB!QMEPGCBF!AM!ARB!IMJCQB!GCBG!GA!89"

##Y/!!!

!

4CMJ@FNGABC! DI! [MJ@F! D@! ARB!IRGHHMN!J@QM@[D@BF!IG@FI!G@F!IG@FS!QHGS!J@DAI!ZBHMN!ARB!(DAB/!!

+RB! FBPAR! AM! OCMJ@FNGABC! OB@BCGHHS! [MHHMNI! ARB! IJC[GQB! AMPMOCGPRS.! ASPDQGH! M[! G! IRGHHMN!

J@QM@[D@BF!OHGQDGH!IBFDEB@AI!D@!ARDI!CBODM@/!!+RB!GCBG!M[!OCBGABIA!FBPAR!AM!OCMJ@FNGABC!DI!M@!

ARB! BGIABC@! PMCADM@! M[! ARB! PCMPBCAS! @BGC! ARB! FCGD@GOB! FDAQR! NRBCB! ARB! RSFCGJHDQ! OCGFDB@A!
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IABBPB@I! @BGC! ARB! QRG@@BH/! ! 4CMJ@FNGABC! [HMN! DI! IMEBNRGA! CGFDGHHS! MJANGCF! [CME! ARB!

EG@J[GQAJCD@O!PHG@A.!NDAR!G!OB@BCGH!BGIABCHS!AM!@MCARBGIABCHS![HMN!FDCBQADM@!GQCMII!ARB!(DAB/!

!

+RB!D@DADGH!OCMJ@FNGABC!EM@DAMCD@O!NBHHI!D@IAGHHBF!D@!ARB!EDF"!AM!HGAB"#<<;I!NBCB!GZG@FM@BF!

K2DOJCB! cL! FJB! AM! PCMPBCAS! QM@IDFBCGADM@I.! ZJA! G@MARBC! IBA!NGI! HGABC! D@IAGHHBF! D@! :;;>! G@F!

OB@BCGHHS!QM"HMQGABF!NDAR!ARB!BGCHDBIA!IBA!M[!NBHHI/! ! ,A! DI! ARDI!FGAGIBA!M[!IMDH!G@F!OCMJ@FNGABC!

QRGCGQABCDIADQI! ARGA! QM@[DCE! ARB! PCBUDMJIHS! DFB@AD[DBF! GCBGI! M[! IGAJCGABF! IJC[DQDGH! OHGQDGH!

IBFDEB@AI!NRDQR!GCB!DEPGQABF!ZS!5&%I/! !+RBIB!PCM[DHBI!GCB!QM@IDIAB@A!NDAR!ARB!BGCHDBIA!FGAG!

QMHHBQABF![CME!ARB!IDAB.!G@F!PCBIB@ABF!OCGPRDQGHHS!M@!UGCDMJI!IJZIJC[GQB!PCM[DHBI!@MABF!GHM@O!

2DOJCB!_.!%CMII!(BQADM@!)MQGADM@!8GP!6"6n.!1"1n.!%"%n/! !2DOJCB!Y!PCBIB@AI!G! ADEB"D@FBPB@FB@A!

QMEPDHGADM@! M[! ARB! [DBHF! EM@DAMCD@O! CBIJHAI! QMHHBQABF! FJCD@O! FCDHHD@O! PCMOCGEI! NDAR! G!

PRMAMDM@D\GADM@!FBABQAMCI!KX,=L/! !+RDI!FGAG!QM@[DCEI!ARB!IMJCQB!GCBG!DFB@AD[DQGADM@!IRMN@!M@!

2DOJCB!`! ARCMJOR!2DOJCB!T.!@GEBHS!IMJCQB!GCBGI!GA!89"##Y!G@F!89"##_.!G@F!OCMJ@FNGABC!

DEPGQAI! JPOCGFDB@A! M[! ARB! FCGD@GOB! FDAQR! CJ@@D@O! GHM@O! ARB! BGIABC@! IDFB! M[! ARB! (DAB/! ! 6!

CBQM@IACJQADM@!M[! ARB!5&%I!FBABQABF! D@!IMDH! [CME!G@GHSADQGH!IGEPHBI! DI!PCMUDFBF!M@!2DOJCB!<.!

+5&%I! =BABQABF! D@! (MDH! KJOg?OLo! %CMII! (BQADM@! 6"6n! "! eJHS! :;;>.! NRDQR! PCMUDFBI! QM@IDIAB@A!

IMJCQB! GCBG! IMDH! QM@[DCEGADM@! ARGA! 0/1/! 2JHHBC! CBHGABF! DEPGQAI! GCB! QM@AGD@BF! NBIA! M[! ARB!

FCGD@GOB! FDAQR.! NDAR! G! ED@MC! IMDH! IMJCQB! GCBG! BGIA! M[! ARB! FCGD@GOB! FDAQR! GA! 89"#:c/! ! +RB!

DEPMCAG@A!FD[[BCB@QBI!ZBANBB@!2DOJCB!Y!G@F!2DOJCB!<.!@GEBHS!M@!ARB!BGIA!IDFB!M[!ARB!FCGD@GOB!

FDAQR!GA!89"#:c! DI! ARB! IQCBB@BF! D@ABCUGH! DI!FBBPBC.! ARB! IG@F!IBQADM@I!GCB! ARDQWBC!G@F!EMCB!

J@D[MCE.!G@F!ARB!HGQW!M[!G!FBBPBC!QM@[D@D@O!HGSBC.!NRDQR!NGI!GHIM!QM@[DCEBF!M@!ARB!NBIA!IDFB!

M[!ARB!FCGD@GOB!FDAQR!NDAR!ARB!D@IAGHHGADM@!M[!ARB!89"#:`!@BIA!D@!6JOJIA!:;;</!!+RB!DEPMCAG@A!

QDCQJEIAG@QB! RBCB! DI! ARGA! ARB! QM@AGED@G@A! ACG@IPMCA! G@F! [HMNPGARI! NBIA! M[! ARB! FDAQR! GCB!

HBIIB@BF! BGIA! M[! ARB! FDAQR! FJB! AM! ARB! RSFCGJHDQ! ZGCCDBC.! CBFJQADUB! FBQRHMCD@GADM@.! FD[[JIDM@.!

@GAJCGH!GAAB@JGADM@.!G@F!ARB![GQA!ARGA!ARB!,'8!RGI!CBFJQBF!ARB!5&%!HBUBHI!D@!ARB!OCMJ@FNGABC!

[HMN!ISIABE/!!+RB!5&%I!FBABQABF!BGIA!M[!ARB!FCGD@GOB!FDAQR!GA!89"#:c!D@FDQGAB!BDARBC!#L!QCMII"

QM@AGED@GADM@!GA!ARB!ZMCD@O!FJCD@O!FCDHHD@O.!G@FgMC.!:L!G@!M[["IDAB!5&%!IMJCQB!AM!ARB!IRGHHMN!

IJC[DQDGH!OHGQDGH!IBFDEB@AI.!J@CBHGABF!AM!0/1/!2JHHBC!MPBCGADM@I/!!!

!

+RB! QMCCBIPM@FD@O! BUMHJADM@! M[! ARB! OCMJ@FNGABC! EM@DAMCD@O! PCMOCGE! DI! FBEM@IACGABF! D@!

2DOJCB! #;.! +MAGH! 5&%I! =BABQABF! D@! 4CMJ@FNGABC! "! eJHS! #<<_.! NRDQR! D@FDQGABI! IRGHHMN! 5&%!

DEPGQAI! CBIACDQABF! AM! ARB! GCBG! JPOCGFDB@A! M[! ARB! FCGD@GOB!FDAQR.! GI! QM@[DCEBF!M@! 2DOJCB! ##.!

+MAGH! 5&%I! =BABQABF! D@! 4CMJ@FNGABC! "! 2BZCJGCS! #<<Y/! ! $IIB@ADGHHS! GHH! EM@DAMCD@O! BUB@AI!

D@FDQGAB!ARB!PCDEGCS!QRHMCD@GABF!IMHUB@AI!MCDOD@GAB![CME!ARB!GCBG!@BGC!89"##Y.!GI!IRMN@!M@!

2DOJCB!#:.!+CDQRHMCMBARB@B!=BABQABF!D@!4CMJ@FNGABC!"!2BZCJGCS!#<<Y/!!+RDI!FGAGIBA!M[!IMDH!G@F!

OCMJ@FNGABC!PCM[DHBI!PCMUDFBF!ARB!ZGIDI![MC!ARB!FBUBHMPEB@A!M[!ARB!,'8.!G@F!IRMNI!ARB!GCBGI!

G@F!FBPAR!D@ABCUGHI!CBdJDCD@O!ACBGAEB@A!AM!ZB!G@!B[[BQADUB!QMCCBQADUB!GQADM@!GHABC@GADUB/!

!

+RB!(DAB!EM@DAMCD@O!PCMOCGE!QM@[DCEI! ARB! QM@QBPAJGH!EMFBH!NRDQR! IBCUBF!GI! G@! DEPMCAG@A!

PHG@@D@O! AMMH! AM! @GUDOGAB! ARB! GPPCMPCDGAB! CBOJHGAMCS! PCMOCGEI/! ! +RDI! CBOJHGAMCS! PCMQBII!

CBdJDCBI!QGCB[JH!QM@IDFBCGADM@I!GCB!EGFB!QM@QBC@D@O!IMJCQB!GCBGI.!QRBEDQGH!QMEPMJ@FI.!G@F!

DFB@AD[SD@O! [GAB! G@F! ACG@IPMCA! IQB@GCDMI! G@F! QMEPHBABF! B^PMIJCB! PGARNGSI! [MC! PMAB@ADGH!

CBQBPAMCI/!!!
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6!NBHH!FB[D@BF!IDAB!QM@QBPAJGH!EMFBH!FBEM@IACGABIh!!

K#L!ARB!QRBEDQGHI!M[!QM@QBC@o!

K:L!ARB!IMJCQBI!GCBGI!p!DEPGQABF!EBFDGo!!

KcL!ARB!@GAJCB!G@F!B^AB@A!M[!DEPGQABF!EBFDGo!

K`L!ARB!FMED@G@A![GAB!G@F!ACG@IPMCA!QRGCGQABCDIADQI!M[!ARB!IDABo!

K>L!PMAB@ADGH!B^PMIJCB!PGARNGSIo!G@F.!!

KTL!PMAB@ADGH!CBQBPAMCI/!!

6! CBUDBN! M[! ARB! FGAG! G@F! D@[MCEGADM@! CBOGCFD@O! ARB! (DAB! D@FDQGABI! IBUBCGH! DABEI! QCDADQGH! D@!

FBUBHMPD@O!ARB!QM@QBPAJGH!EMFBH.!D@QHJFD@Oh!

#/ +RBCB!RGI!ZBB@!@M!=-6X)!MC!)-6X)!FBABQABF!GA!ARDI!IDAB/! !+RDI!RGI!ZBB@!ARB!QM@IAG@A!

NDAR! BGQR! G@F! BUBCS! IMDH! ZMCD@O.! UDIJGH! MZIBCUGADM@.! [DBHF! EM@DAMCD@O! BUB@A.! ZGDHBC!

IGEPHD@O.! IMDH! B^PMIJCB! EM@DAMCD@O! NDAR! (JFG@! ,5.! G@F! OCMJ@FNGABC! MZIBCUGADM@.!

QM@FJQABF!ZS!BUBCS!QM@IJHAG@A!G@F!D@UBIADOGAMC!M@!ARDI!PCM]BQA/!!%M@QB@ACGADM@I!D@!IMDH!

G@F!OCMJ@FNGABC!IRMN!BUDFB@QB!M[!5&%I!GFIMCZBF!AM!IMDH.!5&%I!D@!IMDH!UGPMC.!G@F!5&%I!

FDIIMHUBF! D@! OCMJ@FNGABC/! ! +RB! B^AB@A! M[! DEPGQAI! D@! IMDH! G@F!OCMJ@FNGABC! D@FDQGAB! G!

IEGHH!GCBG!M[!CBIDFJGH!5&%I.!PCDEGCDHS!QB@ABCBF!@MCAR!M[!ARB!EG@J[GQAJCD@O!PHG@A!D@!ARB!

UDQD@DAS!M[!89"##Y/!!+RB!5&%!IMJCQB!GCBG!D@!IMDH!DI!CBIACDQABF.!G@F!IRGHHMN.!HBII!ARG@!#`!

[BBA!ZOI/!

:/ +RB!PCMPBCAS!RGI!ZBB@!GFBdJGABHS! D@UBIADOGABF!G@F!@M![JCARBC! D@UBIADOGADUB!GQADUDADBI!

GCB!@BQBIIGCS! AM! DEPHBEB@A!MC!EM@DAMC! ARB!GPPCMUBF! ,'8/! !+RDI!NGI!UBCZGHHS!GOCBBF!

NDAR!-V(=$%!D@!2BZCJGCS!:;;_/!

c/ 5&%! DEPGQABF! OCMJ@FNGABC! B^AB@FI! FMN@OCGFDB@A! [CME! ARB! IMJCQB! GCBGI.! G@F! DI!

HGCOBHS! QM@[D@BF! ZBANBB@! 89"##_! G@F! ARB! GF]GQB@A! FCGD@GOB! FDAQR! AM! ARB! BGIA/!!

,EPGQABF!OCMJ@FNGABC!DI!IRGHHMN.!HBII!ARG@!#>![BBA!ZOI.!RMNBUBC.!OCMJ@FNGABC!DEPGQAI!

NDAR!5&%I!RGUB!ZBB@!FBABQABF!AM!CMJORHS!:;![BBA!ZOI!GA!89"#:`F/!

`/ (JC[GQB!NGABC!DEPGQAI![CME!OCMJ@FNGABC!IBBPGOB!DI!IBGIM@GH.!G@F!ED@MC/!

>/ XMAB@ADGH! CBQBPAMCI! AM! 5&%! DEPGQABF! IMDH.! MARBC! ARG@! ARCMJOR! PHG@@BF! [JAJCB!

IJZIJC[GQB!QM@IACJQADM@!GQADUDADBI.!DI!B^ACBEBHS!CBEMAB/!

T/ 1BSM@F! ARB! B^DIAD@O!EG@J[GQAJCD@O! PHG@A.! ARBCB! GCB! @M! W@MN@!PMAB@ADGH! CBQBPAMCI! AM!

IMDH! UGPMC! QM@QB@ACGADM@I! BEG@GAD@O! [CME! DEPGQABF! IMDH! MC! OCMJ@FNGABC! M@! ARB!

PCMPBCAS/! ! %M@AD@JBF! EM@DAMCD@O! GA! 1%(! IJOOBIAI! ARDI! EGS! @MA! GPPBGC! AM! PCBIB@A! G!

IDO@D[DQG@A! PGARNGS! MC! CDIW! GA! ARDI! IDAB.! G@F! ARGA! QGCZM@! ABACGQRHMCDFB! GPPBGCI! AM! ZB!

QMEPHBABHS!G@MEGHMJI!GI!DA!RGI!@MA!ZBB@!FBABQABF!D@!IMDH!MC!OCMJ@FNGABC!GA!ARB!(DAB/!!

_/ +RB! PCDEGCS! B^PMIJCB! PGARNGS! DI! GFUBQADUB! OCMJ@FNGABC! ACG@IPMCA.! PMAB@ADGHHS!

FDIQRGCOD@O! HMN! HBUBHI! M[! 5&%I! AM! ARB! GF]GQB@A! FCGD@GOB! FDAQR/! ! $^PMIJCB! AM! 5&%!

DEPGQABF!OCMJ@FNGABC.!MARBC!ARG@!ARCMJOR!PHG@@BF!IJZIJC[GQB!QM@IACJQADM@!GQADUDADBI.!

DI!B^ACBEBHS!CBEMAB/!
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Y/ -GAJCGH!GAAB@JGADM@!DI!G![J@QADM@D@O.!GHZBDA!IHMN!PCMQBII.!GHCBGFS!GQADUB!M@"IDAB/!!

</ +RBCB!GCB!@M!W@MN@!PMAB@ADGH!CBQBPAMCI!AM!5&%I!D@!IMDH.!UGPMC.!MC!OCMJ@FNGABC!CBHGABF!

AM!8M@GCQR!%RBEDQGHI!MPBCGADM@I/!

!

(3;.<=71/>$,1926D3/=7619$ ,1A0<373D$

%D3976B>69;$8L3A68=<2$1B$81983/9$ VBI!

%D3976B>69;$21./832$=/3=2$M$6A0=873D$A3D6=$ VBI!

*373/A6969;$7L3$9=7./3$=9D$3N7397$1B$6A0=873D$A3D6=$ VBI!

*373/A6969;$D1A69=97$B=73$=9D$7/=9201/7$8L=/=873/627682$ VBI!

%D3976B>69;$0173976=<$3N012./3$0=7LO=>2$ VBI!

%D3976B>69;$0173976=<<>$/383071/2$ VBI!

!

+RB!QJCCB@A!OCMJ@FNGABC!IGEPHD@O!PCMOCGE!QM@IDIAI!M[!G!ACD"G@@JGH!IGEPHD@O!BUB@AI.!ASPDQGHHS!

IPCD@O.!IJEEBC!G@F![GHH!IGEPHD@O/!!+RB!FGAGIBA![CME!ARB!QJCCB@A!IBA!M[!EM@DAMCD@O!NBHHI!QMEBI!

[CME! IGEPHD@O! BUB@AI! D@! &QAMZBC! :;;>.! eG@JGCS! G@F! &QAMZBC! :;;T.! (BPABEZBC! :;;_.! 6PCDH.!

6JOJIA.! G@F! -MUBEZBC! :;;Y.! G@F! GOGD@! D@! 6PCDH! G@F! 6JOJIA! :;;</! ! +RB! IGEPHD@O! PCMOCGE!

JADHD\BI! HMN"[HMN! OCMJ@FNGABC! IGEPHD@O! ABQR@DdJBI.! RMNBUBC.! FJB! AM! ARB! CGPDF! QRG@OBI! D@!

PMAB@ADMEBACDQ! HBUBHI! G@F! D@IJ[[DQDB@A! IGAJCGABF! D@ABCUGHI! D@! NBHHI! AM! QMHHBQA! OCMJ@FNGABC!

IGEPHBI!NDAR!G!ZHGFFBC!PJEP.!NBHHI!89"##`.!89"##T.!89"#:;.!89"#:#!G@F!89"#::!GCB!

IMEBADEBI! IGEPHBF! NDAR! BDARBC! G! PBCDIAGHADQ! PJEP! MC! FBFDQGABF! ZGDHBC/! ! +RDI! CBIPM@IB! AM!

FCMJORAS! QM@FDADM@I! RGI! IDO@D[DQG@A! DEPHDQGADM@I! M@! QM@AGED@G@A! ACG@IPMCA! G@F! QMCCBQADUB!

GQADM@! GHABC@GADUBI.! D@QHJFD@O! MPADEJE! D@]BQADM@! QM@FDADM@I.! FBPAR! D@ABCUGHI.! PCBIIJCBI.! G@F!

B[[BQADUB!EBARMFI!AM!DEPHBEB@A!ARB!,'8!G@F!ARB!IJZIBdJB@A!EM@DAMCD@O!PCMOCGE/!!!

!

+RB! RSFCMOBMHMODQ! QM@FDADM@I! IJOOBIA! ARGA! [J@QADM@GHHS! ARB! ,'8! ACBGAI! @M@"PMAGZHB.!

OBMOCGPRDQGHHS! HDEDABF! OCMJ@FNGABC! D@! OHGQDGH! IBFDEB@AI! IJZ]BQA! AM! QMEPHBAB!

BUGPMACG@IPDCGADM@! FBNGABCD@O/! ! +RB! RDIAMCDQGH! OCMJ@FNGABC!EM@DAMCD@O! PCMOCGE! IDAB"NDFB!

B^RDZDAI! G! FBQCBGID@O! ACB@F! M[! 5&%I! D@! OCMJ@FNGABC! K6PPB@FD^! 8L/! ! &[["IDAB! OCMJ@FNGABC!

EM@DAMCD@O!GA!89"#:c!B^RDZDAI!QM@AD@JBF!FMN@NGCF!ACB@FI![MC!GHH!5&%I.!GI!@MABF!D@!ARB!QRGCA!

ZBHMN/!

!
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6! IJEEGCS! M[! ARB! 5&%! ACB@FI! D@! OCMJ@FNGABC! NBCB! PCMUDFBF! D@! ARB! 7"8+"9$*( )$*/9#&:$(

;$98,3%&"+#&3"( !"<=&#/( >&3%$'$*&+#&3"( !"#$%&'( )$'$*&+,(-$+./%$.(?3%@6,+"! K$%&'.!8GS! :;.!

:;;YL.! G@F! JPFGABF! D@[MCEGADM@! DI! PCMUDFBF! D@! ARDI! CBPMCA/! ! 1GIBF! M@! 5&%! HBUBHI! D@! ARB!

IGAJCGABF! IJZIJC[GQB! IMDHI! G@F! OCMJ@FNGABC.! ARBCB! DI! @MA! G! HGCOB!EGII! M[! QRHMCD@GABF! 5&%I!

BDARBC!D@!OCMJ@FNGABC!MC!IMCZBF!M@AM!ARB!OHGQDGH!IBFDEB@AI!M@"IDAB/!!6HH!IDAB"NDFB!IMDH!IGEPHD@O!

G@F!QM@AD@JBF!OCMJ@FNGABC!EM@DAMCD@O!FMBI!@MA! D@FDQGAB!ARB!PCBIB@QB!M[!)-6X)!MC!=-6X).!

G@F! ZGIBF! M@! ARDI! EMFBH.! 0/1/! 2JHHBC! PCMPMIBF! AM! -V(=$%! G@! ,'8! AM! GFFCBII! ARB! B^DIAD@O!

DEPGQABF!M@"IDAB!IMDH!G@F!OCMJ@FNGABC/!!+RB!,'8!NGI!DEPHBEB@ABF!D@!&QAMZBC!:;;Y.!G@F!ARB!

D@DADGH!CBIJHAI!QM@[DCE!ARB!EMFBH!FBIQCDZBF!GZMUB/!
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4"#$ $%(C$%&FV,'%)&$-()W(XC$

4"!$ %(C$537.0$

+RB! ,'8! D@]BQADM@! PCMOCGE! ZBOG@!NDAR!EMZDHD\GADM@! AM! ARB! (DAB! G@F! IBA"JP! M@!&QAMZBC! _"Y.!

NDAR! PCB"D@]BQADM@! NGABC! HBUBHI! EBGIJCBF! &QAMZBC! Y.! :;;Y/! ! =BABCED@D@O! ARB! PCB"D@]BQADM@!

NGABC! HBUBH! QM@FDADM@I! NBCB! DEPMCAG@A! D@! FBABCED@D@O! ARB! D@]BQADM@! D@ABCUGHI! AM! [DA! ARB!

RSFCMOBMHMODQ!QM@FDADM@I!MZIBCUBF!D@!ARB![DBHF/!!XMAB@ADMEBACDQ!FGAG!QMHHBQABF!ZBANBB@!6JOJIA!

:;;Y.!G@F!BGCHS"&QAMZBC!:;;Y.!D@FDQGABF!ARGA!OCMJ@FNGABC!BHBUGADM@I!FCMPPBF!IDAB"NDFB!ZS!G@!

GUBCGOB!M[!#/Y"[BBA.!GI!@MABF!D@!ARB!AGZHB!ZBHMN/!
!

T3<<$

,L=9;3$69$O=73/$<3Y3<2$

HR!KR#H$71$!#RHR#H$QB7S$

CTU!!@$ "#/<c!

CTU!!K$ "#/TT!

CTU!!Z$ ":/YY!

CTU!![$ ":/T#!

CTU!!H$ ":/T;!

CTU!!J$ "c/TT!

CTU!4#$ "c/T<!

CTU!4!$ ";/#T!

CTU!44$ "#/<`!

CTU!4:$ ";/_#!

CTU!4@2$ ";/T<!

CTU!4@D$ ;/`<!
!

$IAGZHDIRD@O!ARBIB!QM@FDADM@I!NGI!DEPMCAG@A!PCDMC!AM!D@DADGAD@O!ARB!,'8!D@]BQADM@!PCMOCGE!GI!

RDORBC!NGABC! AGZHB! QM@FDADM@I!NBCB! FBIDCGZHB! AM! GQRDBUB!EG^DEJE! FDIACDZJADM@! M[! ARB! $'=!

GEB@FEB@A.!PGCADQJHGCHS!D@!ARB!IRGHHMN!J@IGAJCGABF!IMDHI!@BGC!89"##Y/!!*@FBCIAG@FD@O!ARDI.!

ARB! AGCOBABF! FBPAR! D@ABCUGHI! NBCB! IBA! GQCMII! ARB! D@]BQADM@! OCDF! BIAGZHDIRBF! [MC! ARB! ,'8.! GI!

IRMN@!M@!2DOJCB!#c.!&QAMZBC!:;;Y!,'8!,@]BQADM@!XMD@A!4CDF/! !+RBIB! HMQGADM@I!IRMN!ARB!OCDF!

BIAGZHDIRBF![MC!ARB!,'8!D@]BQADM@![MC!-BNEG@I!qM@B!K$5&L!G@F!q")MS!\BCM!UGHB@A!DCM@!K@q5,L!

GEB@FEB@AI/! !+RB!@MEB@QHGAJCB!M[! ARB! D@]BQADM@!PMD@AI! [MC! ARB! ,'8!GCB! CMNI!GCB! DFB@AD[DBF!

GHPRGZBADQGHHS.!6! ARCJ!?! K@MCAR! AM! IMJARL.! G@F! QMHJE@I! GCB! DFB@AD[DBF!@JEBCDQGHHS! #! ARCJ!#>!

KNBIA!AM!BGIAL/!!

!

+RB!$5&!JIBF!D@!ARB!,'8!NGI!-BNEG@!qM@Br.!QM@IDIAD@O!M[!G!@M@"G@DM@DQ!IMHJADM@!M[!IAGZHB.!

IJZ"EDQCM@! FCMPHBAI! ARGA! GCB! IEGHH! G@F! J@D[MCE! D@! ID\B! QM@AGD@D@O! [GIA"! G@F! IHMN"CBHBGIB!

BHBQACM@!FM@MCI/!!+RB!$5&!QM@AGD@I!G!PCMPMCADM@!M[!IMFDJE!HGQAGAB!D@!IMHJADM@!NRDQR!DI!JIBF!AM!

DEEBFDGABHS! IADEJHGAB! EDQCMZDGH! OCMNAR! NDARD@! RMJCI! M[! D@]BQADM@! G@F! CGPDFHS! PCMFJQB!

G@GBCMZDQ!QM@FDADM@I!GA!ARB!D@]BQADM@!IDAB/!!6I!ARB!IMFDJE!HGQAGAB!DI!FBPHBABF!ZS!EDQCMZBI.!ARB!

IHMN![BCEB@AGADM@!M[!ARB!UBOBAGZHB!MDH!PCMUDFBI!G!QM@AD@JMJI!IJPPHS!M[!RSFCMOB@!G@F!UMHGADHB!

[GAAS! GQDFI! K526IL! D@! ARB! $'=! \M@B/! ! +RB! RSFCMOB@! G@F! 526I! IJPPMCA! G@GBCMZDQ! EDQCMZDGH!

GQADUDAS! [MC! G@! B^AB@FBF! PBCDMF! M[! ADEB.! M[AB@! SBGCI! G[ABC! D@]BQADM@/! ! +RB! IMS! MDH! DI! RBHF! D@!

IJIPB@IDM@! GI! IJZ"EDQCM@! FCMPHBAI.! NRDQR! CBEGD@I! IAGZHB! FJCD@O! D@]BQADM@! KBUB@! J@FBC!

PCBIIJCBL.! G@F! FMBI! @MA! FBOCGFB! J@ADH! ARB! IAGZDHD\D@O! GFFDADUBI! KPCDEGCDHS! IJC[GQAG@AIL! RGUB!

ZBB@! QM@IJEBF!ZS!EDQCMZBI/! !+RB!$5&!IBCUBI! GI! G! QM@QB@ACGABF! IMJCQB!M[! BHBQACM@!FM@MCI.!
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QM@QB@ACGADM@I!NBCB!OCBGABC!KRDORBC!QM@QB@ACGADM@L!ARG@!ARB!IJZ"[HMMC!UGPMC!QM@QB@ACGADM@I/!!

%GCZM@! ABACGQRHMCDFB! DI!@MA!G!(DAB"CBHGABF!5&%.!G@F!OJDFG@QB! D@FDQGABI! ARGA!EDADOGADM@! DI!@MA!

@BQBIIGCS! G@F! IMJCQB! DFB@AD[DQGADM@3B^PMIJCB! CBFJQADM@! IRMJHF! ZB! PCMABQADM@! M[! RJEG@!

RBGHAR/!!+RB!CBIJHAI!M[!ARDI!GIIBIIEB@A!GCB!QM@AGD@BF!D@!ARB!D$+#&"5(=$+.3"(=3&,(C+63%(!"#%/.&3"(

=+'6,&"5(7:$"#!K$'8.!8GS!:#.!:;;YL/!!

!

:"4$ C19671/69;$T3<<$CTU!!H$^61<1;68=<$-/1B6<69;$

6! ID@OHB! 1DM+CGP®! NGI! D@IAGHHBF! D@! EM@DAMCD@O! NBHH! 89"##Y! K2DOJCB! :L! AM! BUGHJGAB! ARB!

OCMJ@FNGABC!B@UDCM@EB@A! [MC!ZDMEGII!G@F! DFB@AD[S!ZDMEGCWBCI/! !+RB! D@AB@A!M[! ARDI!PCM[DHD@O!

NGI!AM!FBABCED@B!ARB!PCB",'8!QM@FDADM@I!M[!ARB!OCMJ@FNGABC!B@UDCM@EB@A!D@!ARB!IMJCQB!GCBG.!

G@F!ARB!1DM+CGP"!NGI!QM@AGD@BF!D@!NBHH!89"##Y![CME!(BPABEZBC!:T.!:;;_!AM!=BQBEZBC!:;.!

:;;_! KY>"FGSIL/! !The BioTrap samplers contain a unique matrix, called Bio-Sep® beads which 

have a very large surface area (~600 m2/g), and are 2-3 mm in diameter.  The beads are engineered 

from a composite of Nomex and powdered activated carbon (PAC), which is surrounded by an ultra 

filtration-like membrane.!!+RB!IGEPHBC!NGI!CBACDBUBF!G@F!IB@A!AM!8DQCMZDGH!,@IDORAI![MC!G@GHSIDI!

M[! UGCDMJI! D@FDQGAMC! PGCGEBABCI! D@QHJFD@O! ZDMEGII.! OB@JI3IPBQDBI! DFB@AD[DQGADM@.! G@F!

EBAGZMHDQ!GQDFI/!!+RB!HGZMCGAMCS!G@GHSADQGH!CBPMCA![MC!ARDI!IGEPHD@O!DI!PCMUDFBF!D@!6PPB@FD^!1!

M[!ARDI!CBPMCA/!

!

XRMIPRMHDPDFI! [GAAS! GQDFI! KX)26L! GCB! G!EGD@! QMEPM@B@A! M[! ARB!EBEZCG@B! M[!EDQCMZBI! G@F!

PCMUDFB! G! EBG@I! M[! BUGHJGAD@O! ARB! IJZIJC[GQB! B@UDCM@EB@A! [MC! EDQCMZDGH! PMPJHGADM@I.! G@F!

QRG@OBI!D@!ARGA!B@UDCM@EB@A!MUBC!ADEB/!!X)26!G@GHSIDI!DI!M@B!M[!ARB!EMIA!CBHDGZHB!G@F!GQQJCGAB!

EBARMFI!GUGDHGZHB!AM!FBABCED@B!UDGZHB!EDQCMZDGH!ZDMEGII/!!&UBCGHH.!ARB!GZJ@FG@QB!M[!EDQCMZBI!

G@F! FBQRHMCD@GAD@O! IPBQDBI! D@! OCMJ@FNGABC! GA! 89"##Y! DI! QM@IDFBCBF!EMFBCGAB.! NRDQR! DI! G!

PMIDADUB!PCB",'8!QM@FDADM@.!GI!MJAHD@BF!ZBHMN/!!

!
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(BUBCGH! FBQRHMCD@GAD@O! ZGQABCDG! NBCB! DFB@AD[DBF! D@! ARB! OCMJ@FNGABC! GA! 89"##Y.! GI!

IJEEGCD\BF!D@!ARB!AGZHB!ZBHMN/!

CTU!!H$ 5=A0<3$*=73_$!4R4#R4##[$

*38L<1/69=769;$^=873/6=$ +9672_$83<<2`I3=D$

! =BRGHMQMQQMDFBI!IPP!! :/:>$t;#! KeL!

! =BIJH[JCMEM@GI!IPP/!! :/#;$t;c! !

! =BRGHMZGQABC!IPP/!! `/;Y$t;c! !

! =BIJH[DAMZGQABCDJE!IP/!! `/>_$t;`! !

a.987619=<$W3932!

! +%$!'"=GIB!! u:/>$t;#! !

! 165#!5%!'"=GIB!! u:/>$t;#! !

! 5%!'"=GIB!! u:/>$t;#! !

-L><1;393768$W/1.0!

! $JZGQABCDG!! :/Y>$t;T! !

! 8BARG@MOB@I!! </#T$t;`! !

! (JH[GAB!p!,CM@!'BFJQD@O!1GQABCDG!! uc/_>$t;#! !

! 8BARG@MACMPRI!KAMAGHL!! #/#T$t;#!! KeL!

! +SPB!,!8&1!! #/#T$t;#!! KeL!

! +SPB!,,!8&1!! u>$t;#! !

! 6EEM@DG!&^DFD\D@O!1GQABCDG!! `/YT$t;c! !

! =B@DACD[SD@O!1GQABCDG!K@DC?L!! _/#>$t;:! !

! =B@ACD[SD@O!1GQABCDG!K@DC(L!! >/Y:$t;`! !
-6!v!-MA!6@GHS\BF.!-(!v!-MA!(GEPHBF.!e!v!$IADEGABF!OB@B!QMPDBI!ZBHMN!Xl)!ZJA!GZMUB!

)l).!,!v!,@RDZDABF.!u!v!'BIJHA!@MA!FBABQABF!

!

+RB!MUBCGHH!dJG@ADAS!M[!EDQCMZBI!D@!OCMJ@FNGABC!DI!M[AB@!JIBF!GI!G@!D@FDQGAMC!M[!ARB!PMAB@ADGH!

[MC! ZDMCBEBFDGADM@! AM! MQQJC.! ZJA! ARB! IPBQDBI! G@F! PMPJHGADM@! M[! ARB! ZDMEGII! GCB! GHIM! G@!

DEPMCAG@A!FBABCED@D@O! [GQAMC! M@! ARB! IJQQBII! M[! ARB!$'=!PCMOCGE/! ! +RB! [MHHMND@O! HBUBHI! GCB!

OB@BCGH!ZB@QREGCWI![MC!BUGHJGAD@O!ZDMEGII!HBUBHIh!

!

Low Moderate High 

10
3
 to 10

4
 cells\bead 10

5
to 10

6
 cells\bead 10

7
 to 10

8
 cells\bead 

!

^61A=22$=7$CTU!!H$ $ 4"HJVb#K$83<<2`I3=D$

Firmicutes 4.76 % 

Proteobacteria 62.06 % 

Anaerobic metal reducers 0.64 % 

SRB/Actinomycetes 2.71 % 

General 28.2 % 

Eukaryotes 1.63 % 

!

+RB!OB@BCGH!PMPJHGADM@!M[!ZDMEGII!GA!89"##Y!DI!QM@IDFBCBF!EMFBCGAB/!!+RB!G@GHSADQGH!CBPMCA!

[MC!ARB!ZDMHMODQGH!PCM[DHB!DI!D@QHJFBF!D@!6PPB@FD^!1!M[!ARDI!CBPMCA/!

!
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X%$.!+%$.!
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&@HS!wW@MN@w!OCMJP!M[!ZGQABCDG!QGPGZHB!M[!FBQRHMCD@GAD@O!X%$!G@FgMC!

+%$!AM!BARB@B/!%GPGZDHDADBI!UGCS!FBPB@FD@O!JPM@!ARB!IACGD@/!

165#!'"=GIB! 5%!

2J@QADM@GH!OB@B![MJ@F!NDARD@!ARB!=0%!IACGD@!165#!NRDQR!B@QMFBI!ARB!

CBFJQADUB!FBRGHMOB@GIB!ARGA!QGAGHS\BI!ARB!FDCBQA!FBQRHMCD@GADM@!M[!5%/!

+%$!'"=GIB! "!

2J@QADM@GH!OB@B![MC!IACGD@I!#<>!G@F!2):.!ARGA!B@QMFBI![MC!ARB!+%$!

CBFJQADUB!FBRGHMOB@GIB!K+%$!'"=GIBL!NRDQR!QGAGHS\BI!ARB!

FBQRHMCD@GADM@!M[!+%$!AM!5%/!

=BRGHMZGQABC!IPP/!

X%6.!+%6.!

X%$.!+%$!

%GPGZHB!M[!FBQRHMCD@GAD@O!X%$!G@F!+%$!AM!QDIA"=%$!G@F!QM@UBCAD@O!+%6!

AM!QRHMCMBARG@B/!

=BIJH[JCMEM@GI!IPP/! X%$.!+%$!

%GPGZHB!M[!FBQRHMCD@GAD@O!X%$!G@F!+%$!AM!QDIA"=%$!JID@O!GQBAGAB!GI!DAnI!

BHBQACM@!FM@MC/!

^=873/6=<$W/1.02$$ ,197=A69=97$ V9Y6/19A397=<$(3<3Y=983$

+MAGH!$JZGQABCDG! "!

*IBF!GI!G!ZCMGF!D@FB^!GA!ARB!FMEGD@!HBUBH![MC!ARB!GEMJ@A!M[!AMAGH!

ZGQABCDGH!ZDMEGII/!!+RDI!AGCOBA!DI!JIBF!AM!PCMUDFB!G@!D@FB^!M[!ARB!AMAGH!

GEMJ@A!M[!ZGQABCDG!NDARD@!G!ODUB@!IGEPHB!ZS!AGCOBAD@O!G!QM@IBCUBF!

CBODM@![MJ@F!D@!GHH!ZGQABCDG/!'BIJHAI![CME!ARDI!AGCOBA!QG@!ZB!JIBF!AM!

QMCCBHGAB!QRG@OBI!D@!ARB!CGADM!M[!AMAGH!ZDMEGII!AM!G!IPBQD[DQ!OCMJP!M[!

ZGQABCDG!KD/B/!=BRGHMQMQQMDFBIL/!

('1g,'1! "!

$IADEGABI!ARB!GZJ@FG@QB!M[!IJH[GAB!G@F!DCM@!CBFJQD@O!ZS!AGCOBAD@O!

ZGQABCDG!NDARD@!ARB!FBHAGPCMABMZGQABCDG!OCMJP!D@QHJFD@O!4BMZGQABC.!

XBHMZGQABC.!=BIJH[MUDZCDM.!=BIJH[MEDQCMZDJE.!=BIJH[MCMEJIG.!G@F!

=BIJH[JCMEM@GI/!

8BARG@MOB@I! "!

lJG@AD[DBI!ARB!GZJ@FG@QB!M[!EBARG@MOB@I!NRDQR!QMEPBAB!NDAR!

FBQRHMCD@GAD@O!ZGQABCDG![MC!GUGDHGZHB!RSFCMOB@!KAM!PCMFJQB!EBARG@BL/!

8BARG@MACMPRI!

%M"8BAGZMHDQ!

M^DFGADM@!M[!

+%$!p!=%$!

8BARG@MACMPRDQ!ZGQABCDG!PMIIBII!ARB!EBARG@B!EM@MM^SOB@GIB!K88&L!

B@\SEB!NRDQR!QG@!M^DFD\B!MC!EBAGZMHD\B!QMEPMJ@FI!IJQR!GI!+%$!G@F!

=%$/!

I88&!

%M"8BAGZMHDQ!

M^DFGADM@!M[!

+%$!p!=%$!

2J@QADM@GH!OB@B!NRDQR!AGCOBAI!ARB!B@\SEB!IMHJZHB!EBARG@B!

EM@MM^SOB@GIB!KI88&L!NRDQR!DI![MJ@F!D@!EBARG@MACMPRDQ!ZGQABCDG/!

!

+RBCB! NBCB! @M! EBAGZMHDQ! GQDFI! FBABQABF! GA! 89"##Y! D@! ARB! 1DM+CGP.! GI! @MABF! D@! ARB! AGZHB!

ZBHMN/!
!

CTU!!H$ !4R4#R4##[$

C37=I1<68$X86D2$QA;R\S$

XSCJUDQ! u`!EOg)!

)GQADQ! u#!EOg)!

2MCEDQ! u#!EOg)!

6QBADQ!! u#!EOg)!

XCMPDM@DQ!! u#!EOg)!

1JASCDQ! u#!EOg)!



! "!:c!"! !

$%&'!(&)*+,&-(.!,-%/!
012*))$'34$-$5636--*6)78&-,+&',-434$-$567,'8749:;;</=&%3#:#>;<3?1'!

!
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ARB! ,'8.!NRDQR! D@FDQGABF! [GUMCGZHB! QM@FDADM@I! [MC! $'=! K$%&'.!8GS!:;.! :;;YL/! ! +M! BUGHJGAB!

ZDMHMODQGH!PMPJHGADM@!ACB@FI!MUBC!ADEB.!GFFDADM@GH!1DM+CGPI!QMJHF!ZB!D@IAGHHBF!D@!89"##Y!G@F!

MARBC! NBHHI! G[ABC! ARB! D@]BQADM@! AM! BUGHJGAB! ZDMHMODQGH! PMPJHGADM@I! G@F! ARB! FBUBHMPD@O! $'=!

EM@DAMCD@O!PCMOCGE/!

!

:":$ W/1.9DO=73/$C19671/69;$-/1;/=A$

:":"!$ W/1.9DO=73/$a<1O$,19D676192$

+RB! FBPAR! AM! OCMJ@FNGABC! OB@BCGHHS! [MHHMNI! ARB! IJC[GQB! AMPMOCGPRS.! ASPDQGH! M[! ARB! IRGHHMN!

J@QM@[D@BF!OHGQDGH!IBFDEB@AI!D@!ARDI!CBODM@/! !,@!OB@BCGH.!OCMJ@FNGABC!HBUBHI!GQCMII!ARB!IDAB!DI!

IBGIM@GHHS! QSQHDQ.! NDAR! OCMJ@FNGABC! EM@DAMCD@O! NBHH! 89"#:#! G@F! 89"#:;! B^RDZDAD@O! ARB!

IEGHHBIA!KHMNBIAL!NGABC!HBUBH![HJQAJGADM@I.!G@F!EM@DAMCD@O!NBHHI!89"##Y.!89"#::.!89"#:c.!

G@F!89"#:`I!IRMND@O!ARB!NDFBIA![HJQAJGADM@I/!!+RB!RDIAMCDQGH!NGABC!HBUBH!FGAG!GCB!PCMUDFBF!D@!

6PPB@FD^!6.!G@F!IJEEGCD\BF!D@!ARB!QRGCA!ZBHMN/!

!

!
!

+RB! [MHHMND@O! [DOJCBI!FBPDQA! ARB!OCMJ@FNGABC! [HMN!QM@FDADM@I!EM@DAMCBF!PCB"!G@F!PMIA",'8!

D@]BQADM@.!G@F!IAGCA!NDAR!2DOJCB!cT.!XMAB@ADMEBACDQ!$HBUGADM@!%M@AMJC!8GP!"!6PCDH!:;;Y.!NRDQR!

FBPDQAI! ARB! OCMJ@FNGABC! [HMN!PGAABC@I!EBGIJCBF! D@! ARB! D@DADGH! OCMJ@FNGABC! IGEPHD@O! BUB@A!

[MC! :;;Y/! ! +RB! OCMJ@FNGABC! [HMN!FJCD@O! ARDI! IGEPHD@O! BUB@A! K6PCDH! _! k! <.! :;;YL! IRMNI! ARB!

OCMJ@FNGABC! [HMN! [CME!ARB!89"##_!GCBG! AM! ARB!BGIA"@MCARBGIA.!G@F! [CME!ARB!89"##<!GCBG!

BGIA"IMJARBGIA/! ! +RDI! CGFDGH! [HMN! DI! QM@IDIAB@A! NDAR! RDIAMCDQGH! OCMJ@FNGABC! [HMN! PGAABC@I/!!
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Table 1

Groundwater Monitoring Well Construction Details

Former Monarch Chemicals Facility

61 Gates Avenue, Geneva, New York

VCP No. V00119-8

ECOR Solutions Page 1 of 1
IRM_gw2009_tables.xlsx

table1

Top of 

Casing 

Elevation 

(ft 

AMSL)

Depth of 

Borehole 

(ft below 

TOC)

Well 

Diameter 

(in)

Casing 

Material

Screen 

Material

Screen 

Slot Size 

(in) 

Screen 

Length 

(ft)

 Total 

Well 

Depth (ft 

below 

TOC)

Measured 

Well 

Depth (ft 

below 

TOC)

Occlusion 

Depth

Height of 

TOC (ft. 

above 

surface)

Bottom 

Sump 

Depth 

(ft)

Depth to 

Top of 

Screen 

(ft below 

TOC)

Top of 

Screen 

Elevation 

(ft 

AMSL)

Depth to 

Bottom 

of Screen 

(ft below 

TOC)

Bottom of  

Screen 

Elevation 

(ft AMSL)

Date 

Installed

MW-114 462.03 16 2 PVC unk 0.01 10 14.0 13.51 0.49 0 0 4.0 458.03 14.0 448.52 7/15/05

MW-115 462.25 16 2 PVC unk 0.01 10 14.0 13.11 0.89 0 0 4.0 458.25 14.0 449.14 7/13/05

MW-116 462.44 16 2 PVC unk 0.01 10 13.9 13.48 0.42 0 0 3.9 458.54 13.9 448.96 7/13/05

MW-117 463.44 16 2 PVC unk 0.01 10 13.7 13.50 0.20 unk 0 3.7 459.74 13.7 449.94 7/13/05

MW-118 462.40 16 2 PVC unk 0.01 10 14.0 13.28 0.72 0 0 4.0 458.40 14.0 449.12 7/13/05

MW-119 462.68 16 2 PVC unk 0.01 10 14.0 13.56 0.44 0 0 4.0 458.68 14.0 449.12 7/12/05

MW-120 462.12 16 2 PVC unk 0.01 10 14.0 13.55 0.45 0 0 4.0 458.12 14.0 448.57 7/12/05

MW-121 461.77 16 2 PVC unk 0.01 10 14.0 13.97 0.03 0 0 4.0 457.77 14.0 447.80 7/14/05

MW-122 461.65 16 2 PVC unk 0.01 10 14.0 13.55 0.45 0 0 4.0 457.65 14.0 448.10 7/14/05

MW-123 456.42 16 2 PVC unk 0.01 10 16.5 15.70 0.80 0.5 0 6.5 449.92 16.5 440.72 7/15/05

MW-124d 462.33 24 2 PVC stainless 0.01 5 21.0 21.00 0.00 0 0 16.0 446.33 21.0 441.33 8/15/08

MW-124s 462.25 14 2 PVC stainless 0.01 10 12.5 12.50 0.00 0 0 2.5 459.75 12.5 449.75 8/15/08



Table 2

Historical Soil Analytical Data - VOCs

Former Monarch Chemicals Facility

61 Gates Ave., Geneva, NY

VCP No. V00119-8

ECOR Solutions, Inc. Page 1 of 3
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table2

Location Units TAGM 4046 Soil MW-114 MW-114 MW-115 MW-115 MW-116 MW-116 MW-117 MW-117 MW-118 MW-118

Analyte Cleanup Objective

Depth (ft bgs)   (ug/Kg) 2 - 4 8 - 12 1 - 4 8 - 12 2 - 4 8 - 14 6 - 10 12 - 16 2 - 4 6 - 11

Vinyl chloride ug/Kg 200 ND ND ND ND 3 J ND ND ND ND ND

Chloroethane ug/Kg 1,900 ND ND ND ND 2 J ND ND ND ND ND

Methylene chloride ug/Kg 100 7 J 7 J ND ND ND ND ND ND ND ND

Acetone ug/Kg 200 ND ND ND 3 J 70 5 J 15 7 J 4 J 8 J

Carbon disulfide ug/Kg 2,700 ND ND ND ND 4 J ND ND ND ND ND

1,1-Dichloroethene ug/Kg 400 ND ND ND ND ND ND ND 100 ND ND

1,1-Dichloroethane ug/Kg 200 ND ND ND ND ND ND ND 93 4 J ND

Chloroform ug/Kg 300 ND ND ND ND ND ND ND ND 1 J ND

2-Butanone ug/Kg 300 ND ND ND ND 12 ND ND ND ND ND

1,1,1-Trichloroethane ug/Kg 800 6 J ND ND ND 7 J 1 J ND ND 44 ND

Trichloroethene ug/Kg 700 160 5 J ND ND ND ND ND ND ND ND

Benzene ug/Kg 60 ND ND ND ND 16 ND ND 1 J ND ND

Tetrachloroethene ug/Kg 1,400 51 8 J ND 1 J 8 J 66 1 J ND 75 8 J

Toluene ug/Kg 1,500 ND ND ND ND ND ND ND ND ND ND

Ethylbenzene ug/Kg 5,500 ND ND ND ND 9 J ND 170 ND ND ND

Styrene ug/Kg NS ND ND ND ND 3 J ND ND ND ND ND

Xylene (total) ug/Kg 1,200 ND ND ND ND 22 ND 200 ND ND ND

cis-1,2-Dichloroethene ug/Kg 250 ND ND ND ND 53 2 J ND 8 J 4 J 8 J

trans-1,2-Dichloroethene ug/Kg 300 2 J ND ND ND 4 J ND ND ND ND ND

Dichlorodifluoromethane ug/Kg NS ND ND ND ND 4 J ND 2 J ND 2 J ND

Cyclohexane ug/Kg NS ND ND ND ND ND ND 23 ND ND ND

Methylcyclohexane ug/Kg NS ND ND ND ND ND ND 120 ND ND ND

Isopropylbenzene ug/Kg 2,300 ND ND ND ND 2 J ND 200 2 J ND ND

Notes:

ND = compound not detected

         at or above MDL

NS = no standard

J = estimated value

B = analyte detected in blank
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table2

Location Units TAGM 4046 Soil 

Analyte Cleanup Objective

Depth (ft bgs)   (ug/Kg)

Vinyl chloride ug/Kg 200

Chloroethane ug/Kg 1,900

Methylene chloride ug/Kg 100

Acetone ug/Kg 200

Carbon disulfide ug/Kg 2,700

1,1-Dichloroethene ug/Kg 400

1,1-Dichloroethane ug/Kg 200

Chloroform ug/Kg 300

2-Butanone ug/Kg 300

1,1,1-Trichloroethane ug/Kg 800

Trichloroethene ug/Kg 700

Benzene ug/Kg 60

Tetrachloroethene ug/Kg 1,400

Toluene ug/Kg 1,500

Ethylbenzene ug/Kg 5,500

Styrene ug/Kg NS

Xylene (total) ug/Kg 1,200

cis-1,2-Dichloroethene ug/Kg 250

trans-1,2-Dichloroethene ug/Kg 300

Dichlorodifluoromethane ug/Kg NS

Cyclohexane ug/Kg NS

Methylcyclohexane ug/Kg NS

Isopropylbenzene ug/Kg 2,300

Notes:

ND = compound not detected

         at or above MDL

NS = no standard

J = estimated value

B = analyte detected in blank

MW-119 MW-119 MW-120 MW-120 MW-121 MW-121 MW-122 MW-122 MW-123 MW-123

2 - 4 8 - 12 2 - 4 8 - 12 2 - 4 8 - 12 2 - 4 8 - 12 8 - 12 12 - 16

ND ND ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND ND ND

ND ND ND ND ND 8 J 11 J 12 6 J 5 J

5 J 6 J 50 7 J ND ND ND 4 J ND ND

ND ND ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND 35 21

5 J ND 4 J ND ND 2 J ND ND 160 140

ND ND ND ND ND ND ND ND ND ND

ND ND 14 ND ND ND ND ND ND ND

18 ND ND ND ND ND ND ND ND ND

180 ND ND ND ND 3 J ND ND 5 J ND

ND ND ND ND ND ND ND ND ND ND

18 5 J ND 1 J ND ND ND ND 17 3 J

ND ND ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND ND ND

26 2 J ND 1 J ND 3 J ND 2 J 4 J 1 J

ND ND ND ND ND ND ND ND ND ND

2 J ND ND ND 2 J ND ND ND ND ND

ND ND ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND ND ND
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table2

Location Units TAGM 4046 Soil 

Analyte Cleanup Objective

Depth (ft bgs)   (ug/Kg)

Vinyl chloride ug/Kg 200

Chloroethane ug/Kg 1,900

Methylene chloride ug/Kg 100

Acetone ug/Kg 200

Carbon disulfide ug/Kg 2,700

1,1-Dichloroethene ug/Kg 400

1,1-Dichloroethane ug/Kg 200

Chloroform ug/Kg 300

2-Butanone ug/Kg 300

1,1,1-Trichloroethane ug/Kg 800

Trichloroethene ug/Kg 700

Benzene ug/Kg 60

Tetrachloroethene ug/Kg 1,400

Toluene ug/Kg 1,500

Ethylbenzene ug/Kg 5,500

Styrene ug/Kg NS

Xylene (total) ug/Kg 1,200

cis-1,2-Dichloroethene ug/Kg 250

trans-1,2-Dichloroethene ug/Kg 300

Dichlorodifluoromethane ug/Kg NS

Cyclohexane ug/Kg NS

Methylcyclohexane ug/Kg NS

Isopropylbenzene ug/Kg 2,300

Notes:

ND = compound not detected

         at or above MDL

NS = no standard

J = estimated value

B = analyte detected in blank

MW-124s MW-124d SB-12 SB-12 SBC-16 SB-16 SB-11 SB-11

10 -12 20 - 21 4 - 8 8 - 12 2 - 4 8 - 12 2 - 4 8 - 12

ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND

9 B 8 B 6 J 8 J ND 8 J 8 J 6 J

7 32 ND ND ND ND ND ND

ND ND 2 J ND ND ND ND ND

ND ND ND ND ND ND ND ND

2 J ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND

ND 18 ND 6 J 11 J ND ND ND

ND ND ND ND ND 2 J ND ND

ND ND ND ND ND 2 J 45 5 J

ND 2 J ND ND ND ND ND ND

ND ND ND ND ND 4 J 2 J ND

ND ND ND ND ND ND ND ND

ND 22 ND ND ND ND ND ND

ND ND ND ND ND ND ND ND

ND 47 ND ND ND ND ND ND

3 ND ND ND ND 2 J ND ND

ND ND ND ND ND ND ND ND

ND ND 3 J ND ND ND 2 J ND

ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND

ND 8 ND ND ND ND ND ND
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SITE DATE µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l

5 5 5 5 5 2 5 NS 5 7 5 5 50 50 5 0.7 5 5 5

MW-114 10/18/05 37 24 2 4 < 10 < 10 7 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-114 1/12/06 98 33 3 6 < 10 2 14 < 10 3 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-114 4/8/08  62  18  1.6  4.2 < 1  1  6.9 < 1  2.2 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-114 8/5/08  75  30  3.7  7.3 < 1  2.2  13 < 1  4 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-114 11/17/08  71  23  2.8  5.5 < 1  1.5  9 < 1  3.2 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-114 4/28/09  53  16  1.9  4.5 < 1  1.4  7.3 < 1  2.3  0.8 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-114 8/4/09  23  57  2.6  17 < 1  2.4  11 < 1  4  1.3 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-115 10/18/05 34 11 9 15 < 10 8 38 < 10 50 1 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-115 1/12/06 42 < 10 < 10 < 10 < 10 < 10 4 < 10 1 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-115 9/26/07 23 2.8 3 3.4 < 1 < 1 9 < 1 11 0.2 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 2

MW-115 4/8/08  13 < 1 < 1 < 1 < 1 < 1  1.5 < 1  1.2 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-115 8/5/08  30  7.7  8.8  9.4 < 1  2.9  22 < 1  34   0.5 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-115 11/17/08  30  9.1  16  16 < 1  9.2  24 < 1  47   0.8 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-115 4/28/09  22  3.9  2.4  4.4 < 1  0.7  9.6 < 1  12 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-115 8/4/09  33  9.5  7.7  13 < 1  3.7  22  0.3  33  0.5 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-116 10/18/05 1100 130 38 140 2 11 440 < 10 11 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-116 1/12/06 1100 110 14 110 < 50 < 50 440 < 50 10 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50

MW-116 4/8/08  180  22  3.5  19 < 1  2.4  68 < 1  4.8 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-116 8/5/08  530  62  14  40  0.49  6.5  260 < 1  9.3 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-116 11/17/08  3.6  1.1 < 1  1.4 < 1 < 1 < 1 < 1  2.4 < 2 < 2 < 2  3.3 < 5 < 2 < 2 < 2 < 2 < 3

MW-116 4/28/09  0.37 < 1 < 1  14 < 1  1.3 < 1 < 1  0.78 < 2  0.88 < 2  5.1 < 5 < 2 < 2 < 2 < 2 < 3

MW-116 8/4/09 < 1  0.53 < 1  1.9  0.43  0.8 < 1 < 1  3.6 < 2 < 1 < 2 < 5 < 5 < 2  3.2 < 2  0.56 < 3

MW-117 10/18/05 1 < 10 < 10 3 < 10 < 10 1 < 10 < 10 < 10 < 10 < 10 2 < 10 < 10 < 10 < 10 69 58

MW-117 1/12/06 3 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-117 9/26/07 < 4 < 4 < 4  4 < 4 < 4 < 4 < 4 < 4 < 4 < 4 < 4 < 20 < 20 < 4 < 4 < 4  71  33

MW-117 4/8/08  2.8 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-117 8/5/08  4.1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1  14 < 3

MW-117 11/17/08  26 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1  17 < 3

MW-117 4/28/09  4  0.73 < 1  0.41 < 1 < 1 < 1 < 1 < 1 < 1  0.51 < 1  3.4 < 5 < 1  0.48 < 1  1.7 < 3

MW-117 8/4/09  2.1 < 1 < 1  6.9 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1  10 < 5 < 1  0.45 < 1  1.2  1

MW-118 10/18/05 1800 1100 110 1400 14 510 530 < 10 250 10 < 10 < 10 < 10 48 < 10 < 10 < 10 < 10 < 10

MW-118 1/12/06 4900 2700 240 3600 < 250 ## 3900 < 250 480 < 250 < 250 < 250 < 250 < 250 56 < 250 < 250 < 250 < 250

MW-118 9/26/07  3000  1100  450  2000 < 330  400  7700 < 330  390 < 330 < 330 < 330 < 1700 < 1700 < 330 < 330 < 330 < 330 < 670

MW-118 4/8/08  3100  1700  1100  2300  32  630  4900  16  670  12 < 1 < 1 < 5 < 5  3.9  0.75  0.93 < 1  3.3

MW-118 8/5/08  3200  1500  580  2400  26  800  3000  8.9  500  7.5 < 1 < 1 < 5 < 5 < 1  0.85  0.76 < 1  2.3

MW-118 11/17/08  8.4  450  10  210 < 8  49  24 < 8  57  4.2 < 8 < 8  42 < 8 < 8 < 8 < 8 < 8 < 8

MW-118 4/28/09 < 10  11  490  7800  100  310  1700  6.7  1400  3.9 < 8 < 8  38 < 8  4.8 < 8 < 8 < 8 < 8

MW-118 8/4/09 < 10 < 10  460  10000  130  550  2300  6.5  1500 < 10 < 8 < 8  49 < 8 < 10 < 8 < 8 < 8 < 1

MW-119 10/18/05 34 110 2 91 2 8 73 1 44 4 < 10 < 10 < 10 < 10 < 10 1 < 10 < 10 < 10

MW-119 1/12/06 21 64 1 56 1 4 44 < 10 42 2 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-119 9/26/07  8.1  64  1.6  45  1.2  1.3  45 < 2.5  60  1.9 < 2.5 < 2.5 < 12 < 12 < 2.5 < 2.5 < 2.5 < 2.5 < 5

MW-119 4/8/08  24  58  1.4  49  0.84  2  31  0.6  33  2.2 < 1 < 1 < 5 < 5 < 1  0.78 < 1 < 1 < 3

MW-119 8/5/08  34  110  1.4  93  1.1  4.9  52  0.89  29  3.3 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

DEC-GW-STD
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SITE DATE µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l

DEC-GW-STDMW-119 11/17/08  6.9  42  2.4  45  1.5  24  18 < 1  62  2 < 1 < 1  19 < 5  1  1.1 < 1 < 1 < 3

MW-119 4/28/09 < 1  0.7  0.51  31  1.5  25  8.7 < 1  65  0.5  0.87 < 1 < 5 < 5 < 1  1.3 < 1 < 1 < 3

MW-119 8/4/09 < 1  1.1 < 1  12  1.6  30  3.7 < 1  45 < 1  0.87 < 1  2.9 < 5 < 1  0.93 < 1 < 1 < 3

MW-120 10/18/05 6 11 < 10 26 < 10 4 11 < 10 20 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-120 1/12/06 4 12 1 36 < 10 9 19 < 10 25 1 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-120 4/8/08  11  17 < 1  32 < 1  3.8  17 < 1  19  2 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-120 8/5/08  4.4  11  0.72  37  0.47  4.1  14 < 1  23  1.3 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-120 11/17/08  8.8  19  1.5  49  0.47  5.3  24 < 1  28  1.4 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-120 4/28/09  8.4  17  0.74  42  0.62  4.9  19 < 1  21  0.9 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-120 8/4/09  7.4  16  0.92  40  0.64  8.7  19 < 1  25  0.5 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-121 10/18/05 7 11 6 24 < 10 3 4 < 10 15 < 10 < 10 < 10 < 10 18 < 10 < 10 < 10 < 10 < 10

MW-121 1/12/06 3 6 2 11 < 10 2 3 < 10 9 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-121 9/26/07 1.5 3.7 < 1 5.1 < 1 < 1 1.8 < 1 2.2 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-121 4/8/08  1.2  2.7 < 1  2.7 < 1 < 1  1.5 < 1  1.6 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-121 8/5/08  4.7  4.1 < 1  9.3 < 1 < 1  4.5 < 1  6.2 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-121 11/17/08  8.4  7.7 < 1  12 < 1  2.1  4.4 < 1  8.1 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-121 4/28/09  0.7  3.1 < 1  5.7 < 1 < 1  2.2 < 1  3.7 < 1 < 1 < 1  2.5 < 5 < 1 < 1 < 1 < 1 < 3

MW-121 8/4/09  13  8.7  0.37  18 < 1  7.1  5.4 < 1  12  0.5 < 1 < 1  2.3 < 5 < 1 < 1 < 1 < 1 < 3

MW-122 10/18/05 10 100 31 1400 36 310 170 2 160 < 10 < 10 < 10 < 10 < 10 < 10 2 < 10 < 10 < 10

MW-122 1/12/06 11 79 26 1600 27 450 160 < 10 180 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-122 9/26/07 2.8 29 11 760 13 210 55 < 10 91 < 10 < 10 < 10 < 50 < 50 < 10 < 10 < 10 < 10 < 30

MW-122 4/8/08  4.7  68  24  1200  33  650  160  1.2  240 < 1 < 1 < 1 < 5 < 5 < 1  1.6  1.1 < 1  0.93

MW-122 8/5/08  7.2  83  37  1600  45  ##  180  1.8  330 < 1 < 1 < 1 < 5 < 5 < 1  2.1 < 1 < 1 < 3

MW-122 11/17/08 < 20  43  20  1200  21  580  81 < 20  160 < 1 < 1 < 1 < 5 < 5 < 1 < 20 < 1 < 1 < 3

MW-122 4/28/09 < 20  44  16  1000  22  510  73 < 20  140 < 20 < 20 < 20 < 100 < 20 < 20 < 20 < 20 < 20 < 40

MW-122 8/4/09 < 10  30  9.1  590  13  360  47 < 20  93 < 20 < 20 < 20 < 100 < 20 < 20 < 20 < 20 < 20 < 40

MW-123 10/18/05 230 56 64 18 < 10 1 6 < 10 260 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-123 1/12/06 1 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

MW-123 11/21/06 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-123 9/26/07  11  5.1  6.7  3 < 3.3 < 3.3  1.2 < 3.3  89 < 3.3 < 3.3 < 3.3 < 17 < 17 < 3.3 < 3.3 < 3.3 < 3.3 < 3.3

MW-123 4/8/08 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-123 8/5/08  2.2  1.4  2.6  1.8 < 1 < 1  1.1 < 1  14 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-123 11/17/08  0.44 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 3

MW-123 4/28/09 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 2

MW-123 8/4/09  0.72 < 1  1.2  0.54 < 1 < 1  0.27 < 1  4.1 < 1 < 1 < 1 < 5 < 5 < 1 < 1 < 1 < 1 < 2

MW-124s 8/18/08 < 1  0.94 < 1  5.1  9.2  13  0.98 < 1  130 < 1 < 1 < 1  1.5 < 5 < 1 < 1  1.8  6.8  8.3

MW-124s 11/18/08 < 4 < 4 < 1  5.2  6.7  4.3 < 4 < 1  160 < 1  2.8 < 1  34 < 5 < 1 < 1  11  36  37

MW-124s 4/28/09 < 1  0.83 < 1  4.7  7  3.3  0.7 < 1  130 < 1 < 1 < 1  33 < 5 < 1  0.24  15  37  45

MW-124s 8/4/09 < 1  0.51 < 1  1.3  7.2  1.4 < 1 < 1  4.5 < 1 < 1 < 1  10 < 5 < 1 < 1  17  34  35

MW-124d 8/18/08 < 1  49  31  260  2.4  81  0.7 < 1  460  1.1 < 1 < 1 < 5 < 5 < 1 < 1 < 1  0.54 < 3

MW-124d 11/18/08 < 1  120  34  1600  20  770 < 20 < 20  510 < 20 < 1 < 1  54 < 5 < 1 < 1 < 1 < 20 < 3

MW-124d 4/28/09  4.2  30  27  1300  15  760  44 < 5  720 < 5  2.2 < 1  72 < 5  4.3 < 1  3.2 < 5  4.2

MW-124d 8/4/09 < 5  17  17  720  12  510  8.4 < 5  470 < 5 < 5 < 1  76 < 5  4.3 < 1 < 5  1.1 < 10
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 Sample Date             8/14/2008

Location & 

Depth (ft bgs)  

Location & 

Depth (ft bgs)  

Analyte MW-124d 21' Flags MW-124s  11' Flags Units Method

1,1,1-Trichloroethane 6 U 5 U UG/KG 8260/5035

1,1,2,2-Tetrachloroethane 6 U 5 U UG/KG 8260/5035

1,1,2-Trichloro-1,2,2-trifluoroethane 6 U 5 U UG/KG 8260/5035

1,1,2-Trichloroethane 6 U 5 U UG/KG 8260/5035

1,1-Dichloroethane 6 U 2 J UG/KG 8260/5035

1,1-Dichloroethene 6 U 5 U UG/KG 8260/5035

1,2,4-Trichlorobenzene 6 U 5 U UG/KG 8260/5035

1,2-Dibromo-3-chloropropane 6 U 5 U UG/KG 8260/5035

1,2-Dibromoethane 6 U 5 U UG/KG 8260/5035

1,2-Dichlorobenzene 6 U 5 U UG/KG 8260/5035

1,2-Dichloroethane 6 U 5 U UG/KG 8260/5035

1,2-Dichloropropane 6 U 5 U UG/KG 8260/5035

1,3-Dichlorobenzene 6 U 5 U UG/KG 8260/5035

1,4-Dichlorobenzene 6 U 5 U UG/KG 8260/5035

2-Butanone 30 U 27 U UG/KG 8260/5035

2-Hexanone 30 U 27 U UG/KG 8260/5035

4-Methyl-2-pentanone 30 U 27 U UG/KG 8260/5035

Acetone 32 7 J UG/KG 8260/5035

Benzene 2 J 5 U UG/KG 8260/5035

Bromodichloromethane 6 U 5 U UG/KG 8260/5035

Bromoform 6 U 5 U UG/KG 8260/5035

Bromomethane 12 U 11 U UG/KG 8260/5035

Carbon Disulfide 6 U 5 U UG/KG 8260/5035

Carbon Tetrachloride 6 U 5 U UG/KG 8260/5035

Chlorobenzene 6 U 5 U UG/KG 8260/5035

Chloroethane 12 U 11 U UG/KG 8260/5035

Chloroform 6 U 5 U UG/KG 8260/5035

Chloromethane 12 U 11 U UG/KG 8260/5035

cis-1,2-Dichloroethene 6 U 3 J UG/KG 8260/5035

cis-1,3-Dichloropropene 6 U 5 U UG/KG 8260/5035

Cyclohexane 6 U 5 U UG/KG 8260/5035

Dibromochloromethane 6 U 5 U UG/KG 8260/5035

Dichlorodifluoromethane 6 U 5 U UG/KG 8260/5035

Ethylbenzene 22 5 U UG/KG 8260/5035

Isopropylbenzene 8 5 U UG/KG 8260/5035

Methyl acetate 6 U 5 U UG/KG 8260/5035

Methylcyclohexane 6 U 5 U UG/KG 8260/5035

Methylene chloride 8 B 9 B UG/KG 8260/5035

Methyl-t-Butyl Ether (MTBE) 18 5 U UG/KG 8260/5035

Styrene 6 U 5 U UG/KG 8260/5035

Tetrachloroethene 6 U 5 U UG/KG 8260/5035

Toluene 6 U 5 U UG/KG 8260/5035

Total Xylenes 47 16 U UG/KG 8260/5035

trans-1,2-Dichloroethene 6 U 5 U UG/KG 8260/5035

trans-1,3-Dichloropropene 6 U 5 U UG/KG 8260/5035

Trichloroethene 6 U 5 U UG/KG 8260/5035

Trichlorofluoromethane 6 U 5 U UG/KG 8260/5035

Vinyl chloride 12 U 11 U UG/KG 8260/5035
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MW-114 MW-115 MW-116 MW-117 MW-118 MW-119 MW-120 MW-121 MW-122 MW-123

Geochemical Parameter

Test Method             

(or equivalent) units 8/6/08 8/6/08 8/6/08 8/6/08 8/7/08 8/7/08 8/6/08 8/6/08 8/6/08 8/5/08

Iron, Total 6010  mg/L 2.1 0.43 0.096 9 2.3 0.34 <0.05 ns <0.05 18.6

Iron, Dissolved 6010  mg/L 2.1 <0.05 <0.05 8.6 1.1 <0.05 <0.05 ns <0.05 1

Manganese, Total 6010  mg/L 0.42 0.18 0.74 2 3.6 0.1 3.3 ns 0.15 0.86

Manganese, Dissolved 6010  mg/L 0.41 0.14 0.69 2 3.6 0.12 3.2 ns 0.11 0.26

Biochemical Oxygen Demand 5210B  mg/L <2 <1.7 <3.4 12.6 4.1 <2 <2 ns <2 <2

Chemical Oxygen Demand 410.4  mg/L <10 14.2 <10 93.3 129 11 18.1 ns <10 <10

Chloride 9056  mg/L 128 396 99.3 2.1 298 84.6 171 ns 91.9 27.1

Nitrate-Nitrite 353.2  mg/L <0.05 0.8 0.27 <0.05 <0.05 0.64 <0.05 ns <0.05 <0.05

Sulfate D 516-90  mg/L 128 188 129 67.3 150 138 119 ns 78.8 82

Sulfide 4500-S  mg/L <1 <1 <1 <1 <1 <1 <1 ns <1 <1

Total Kjeldahl Nitrogen 351.2  mg/L 0.024 0.44 0.5 2 4.8 0.46 0.43 ns 0.28 0.24

Total Organic Carbon 9060  mg/L 2.4 5 3.6 23.3 38.5 3.5 5.8 ns 4.6 6

Total Phosphorous 4500  mg/L 0.063 0.028 0.01 0.3 0.091 0.89 0.22 ns <0.01 0.83

Ethane RSK175 ug/l <1.5 <1.5 <75 <75 <15 <1.5 <1.5 <1.5 <75 <1.5

Ethene RSK175 ug/l <1.5 <1.5 <75 <75 <15 <1.5 <1.5 <1.5 <75 <1.5

Methane RSK175 ug/l <1 1.3 170 280 84 16 10 ns 200 2.4

Carbon Dioxide RSK175 ug/l 13,000 39,000 17,000 39,000 41,000 9,200 14,000 ns 21,000 34,000
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ERD 

Injection

Injection 

Day

Water 

Dosimeter 

Flow Total 

(gallons)

Water 

Hydrant Flow 

Total 

(gallons)

Newmans 

Zone 

(gallons)

EVO 

Solution

ZVI 

(gallons)

Water in 

ZVI 

Injectate 

(gallons)

ZVI 

Solution

Daily 

Gallons 

injected EVO Locations ZVI Locations

10-Oct-08 1 2533.7 2337.5 264 5.2% 0 0.0 0.0% 2601.5 G1, H1, I1, J1, K1, G3, H3, I3, J3, K3, K2, K3

11-Oct-08 2 2464.6 2244.7 264 5.4% 0 0.0 0.0% 2508.7 G2, H2, I2, J2, K2, G4, H4, I4, J4, K4

12-Oct-08 3 2566.8 2325.5 264 5.2% 0 0.0 0.0% 2589.5 I13, J13, K13, L13, M13, I15, J15, K15, L15, M15

14-Oct-08 4 2502.7 2297.1 264 5.3% 0 0.0 0.0% 2561.1 F5, G5, H5, I5, F7, G7, H7, I7, J7, K7

15-Oct-08 5 2519.7 2293.4 264 5.3% 0 0.0 0.0% 2557.4 B11, B12, B13, B14, B15, D11, D12, D13, D14, D15  

16-Oct-08 6 2783.8 2565.6 264 4.7% 0 0.0 0.0% 2829.6 B8, C8, D8, E8, F8, B10, C10, D10, E10, F10  

17-Oct-08 7 0.0 0.0 0 0.0% 30 360.0 8.3% 390.0 I9, I10, J8, J12, K8, K10

18-Oct-08 8 0.0 0.0 0 0.0% 20 240.0 8.3% 260.0 I12, J9, J10, K9, K10, J11, K11

19-Oct-08 9 2616.3 2363.7 264 5.1% 0 0.0 0.0% 2627.7 I9, I10, I11, I12, J12, K8, K10, K12, K8, K9, J8, J9  

20-Oct-08 10 2473.7 2209.7 264 5.5% 45 535.0 8.4% 3053.7 E11, F11, F12, G12, G13, H13, H14, I14, J14, K14 E11, F11, F12, G12, G13, H13, H14, I14, J14, K14

21-Oct-08 11 2591.5 2407.0 264 5.0% 0 0.0 0.0% 2671.0 G9, G10, G11, H8, H9, H10, H11, H12, I8, I11

22-Oct-08 12 2593.0 2316.6 264 5.2% 0 0.0 0.0% 2580.6 D13, D14, D15, E13, E14, E15, F14, F15, G15, J14, J15

Injection  Totals 25,645.8 23,361 2,640 5.2% 95.0 1,135.0 8.36% 27,230.8
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NYSDEC Outstanding Issues 

from July 10, 2009 e-mail Information Summary Location in Report for cited information 

Communication Issues

…NYSDEC project manager has not been copied on the e-mailed 

monthly status reports….

PSRs are mailed (USPS) to all individuals on the distribution 

list, with an electronic copy sent via e-mail to Mr. Putzig 

(NYSDEC) and Ms. Colberg (H.B. Fuller)

 

....an appropriate work plan for offsite groundwater characterization has 

not been provided.  In 2006-2007, a phase II supplemental RI work 

plan was nearly finalized which included offsite wells but the consultant 

(Delta) was replaced by ECOR and the focus changed to solely IRM 

implementation....

Section 1.5 - Site Conceptual Model.                                  

The NYSDEC approved IRM is the result of the February 2, 

2007 meeting between NYSDEC and H.B. Fuller.  Further off-

site investigative work is not necessary to determine on-site 

soil or groundwater impacts.   

….the State has no overall objection to this proposed ditch study, it 

would ultimately prove very little, it is clearly not an essential precursor 

to further groundwater characterization, and it certainly could not be 

relied upon to indicate that the ditch is a “potential groundwater 

barrier” ….

Section 5.0  Recommendations.  H.B. Fuller recommends to 

continue groundwater and surface water in 2010, consistent 

with the recommendations in the NYSDEC approved IRM 

Workplan.

….Experience with vapor intrusion at VOC sites statewide indicates a 

high potential for exposure given VOC plumes beneath structures.  It is 

imperative that we fully define this plume in a timely and forthright 

manner (i.e., this construction season; too many years have been lost).  

Once the plume is defined, its stability can be assessed and a final 

remedy selected.  Please provide a work plan to fully characterize 

offsite groundwater within 30 days.….

Section 3.1. Figure 35, Figures 4 - 12, Figures 43 - 49.  The 

constituents of concern have been identified in vapor, soil, and 

groundwater.  The extent of on-site impacts for each media 

have been delineated.  The constiuents of concern are 

unrelated to H.B. Fuller operations.

Comments on the June PSR – 

IRM monitoring

….Initial post-IRM results are encouraging but of course, rebound is a

common problem as the aquifer re-equilibrates from dilution effects of

the injections, VOC diffusion/contributions from finer-grained units,

and as the microbial breakdown of dissolved phase VOCs increases the

rate of dissolution from residual DNAPL.  

Large increases were noted in cis-1,2-DCE at MW-118 which indicates

dehalogenation from PCE/TCE.  While a positive development, stall and

accumulation of DCE is very common at similar sites.  According to the

ITRC Technical/Regulatory Guidance document: “In Situ Bioremediation

of Chlorinated Ethene: DNAPL Source Zones”, June 2008 (sent

previously), a specific genus of bacteria, Dehalococcoides, is necessary

to complete the dehalogenation process (an excerpt follows below)….

Section 3.2, Appendix B, Appendix O, Figures 102 - 110.  H.B. 

Fuller conducted pre-IRM evaluation of the biological 

community, which detected delaococoides and other 

dechlorinating bacteria in MW-118.  As specific degraders in 

the biomass are important, it is actually the synergistic 

interaction of a consortium of bacterial populations which 

effectuate the reductive dechlorination process.  H.B. Fuller 

will monitor the potential for cDCE stall and propose solutions 

if this condition occurs.

Characterization of Off-Site 

Groundwater
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NYSDEC Outstanding Issues 

from July 10, 2009 e-mail Information Summary Location in Report for cited information 

Comments on the June PSR – 

IRM monitoring
….Please provide a response to these comments and a work plan to 

fully characterize offsite groundwater within 30 days.….

Section 5, Table 3, Figure 77 - 100, Appendix O.  The Interim 

Remedial Measures Groundwater Monitoring Report provides 

sufficient data to evaluate the on-site soil, SVI, and 

groundwater impacts, and the progress of the NYSDEC 

approved IRM.

HB Fuller Geneva SRI 

Workplan Comments & prior 

correspondence

several older e-mails and documents concerning correspondence 

between Delta and NYSDEC, and H.B. Fuller (&/or ECOR) and NYSDEC.

Section 1.5, Section 2.  The site conceptual model provides 

ample evidence for determining the nature and extent of on-

site impacts to all media, and the dataset confirms this model.  

Several of the recommendations in these e-mail 

correspondence have been implemented - e.g., investigation 

methods, soil vapor sampling, groundwater sampling and 

purging techniques, have been addressed by H.B. Fuller since 

2006.
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Figure 9

TVOCs Detected in Groundwater

July 2005

Cross Section A - A'
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Figure 12

Trichloroethene Concentrations in 

Groundwater - February 1998

Cross Section C - C'
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Figure 51

Tetrachloroethene Concentrations in 

Groundwater - August 15, 2008

Cross Section A - A'

Former Monarch Chemicals Facility
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Figure 53

Trichloroethane Concentrations in 

Groundwater

August 15, 2008

Cross Section A - A'

 
Former Monarch Chemicals Facility
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Figure 55

1,1,1-Trichloroethane Concentrations in 

Groundwater

August 2008

Cross Section A - A'

 
Former Monarch Chemicals Facility
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Figure 57

cis-1,2-Dichloroethene Concentrations

 in Groundwater

August 2008

Cross Section A - A'

 
Former Monarch Chemicals Facility
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Geneva, New York
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Figure 59 

1,1-Dichloroethane Concentrations

in Groundwater

 August  2008

 Cross Section A - A' 

Former Monarch Chemicals Facility

 61 Gates Avenue

Geneva, New York
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Figure 61

Vinyl Chloride Concentrations in 

Groundwater

August 2008

Cross Section A - A'
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Figure 63

Total VOCs Detected in Groundwater

August 2008

Cross Section A - A'

 
Former Monarch Chemicals Facility
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Figure 65

Tetrachloroethene Concentrations 

Detected in Groundwater

November 2008

Cross Section A - A'

 
Former Monarch Chemicals Facility
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Figure 67

Trichloroethene Concentrations Detected

in Groundwater

November 2008

Cross Section A - A'

 
Former Monarch Chemicals Facility
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Figure 69

1,1,1-Trichloroethane Concentrations

 Detected in Groundwater

November 2008

Cross Section A - A' 

 
Former Monarch Chemicals Facility
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Figure 71

cis-1,2-Dichloroethene Concentrations

Detected in Groundwater

November 2008

Cross Section A - A'

 
Former Monarch Chemicals Facility
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Figure 73

1,1-Dichloroethane Concentrations 

Detected in Groundwater

November 2008

Cross Section A - A'

 
Former Monarch Chemicals Facility
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Figure 75

Vinyl Chloride Concentrations

Detected in Groundwater

November 2008

Cross Section A - A'
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Figure 78

PCE Detected in Groundwater

April 2009

Cross Section A - A'

 

Former Monarch Chemicals Facility

 61 Gates Avenue

Geneva, New York

1075 Andrew Drive, Suite I

West Chester, PA  19380

File:  ECOR\Geneva\

IRM-1109\drawings\

Fig78-TCE0409-AA.dwg

Date:

01/07/2010

V
E

R
T

IC
A

L
 S

C
A

L
E

(I
N

 F
E

E
T

)

20

0

SCREENED INTERVAL

LEGEND

FILL

 

SILT & CLAY

 

SAND

CLAY

SILTY SAND

APRIL 2009 POTENTIOMETRIC
ELEVATIONS (FT-AMSL)

HORIZONTAL SCALE (IN FEET) 

VERTICAL EXAGGERATION 4X

E
L
E

V
A

T
IO

N
 (

F
T

 A
M

S
L
)

465

460

455

450

A
470

445

440

A'

MW-117 SB-16 MW-118

MW-122

MW-123

465

460

455

450

470

445

440

 

 

435

10-100 ug/l

4

<10
<1

4.2

<20

<1

1

PCE CONCENTRATIONS  IN 

GROUNDWATER  APRIL 2009

DRAINAGE 

CHANNEL

RAILROAD 

TRACKS

MW-124 

NESTED

435

1



!
! "! #$!

%&&'

!!!!!!
!!

!!

!!

!!

!!

!!

!!

!!

!! !! !!

!!
!!

!!
!!

!!
!!

!!
!!

!!
!!

!!
!!

!!
!!

!!!!

!!
!!

!!

!! !!

!!

!!

!!

!!

!!

!"

!"

!"

!!!!

()'&*+,-&./& 01

2
34
-
&
5
)
6 7/4894.:

78);<'=>
?)3<4.:+1='

7/34&9
0/8-&3'
?4>&

0=.;3&'&
?)9

78);<'=>

23)4.):&
24';@

!"#$%&

!"#$%%

!"#$%$

!"#$%'

!"#$$(

!"#$$)

!"#$$*

!"#$$+

!"#$$,

!"#$$-

!"#$%-.

!"#$%-/

/"#&0/1.#&

/"#%0/1.#%

/"#$0/1.#$

AB!C

A#DC

A##C

A#"C

ABE#C

A!EDC

ABEFC

AG#E!C

A!EDBC

AG#E!C

AHHC

A!EIBC

234356

!! J=.4'=34.:+K&88+1=;)'4=.

!" L/3M);&+K)'&3+).9+
L&94N&.'+L)N>84.:+1=;)'4=.

!! !! %&.;&

O)483=)9

,LP+0=.')4.N&.'+,3&)

?Q0+23)4.+?4>&

78198:5;35<=><?:59?59@=:A56B><3=

#+R+#!+/:S8

#!+T+/:S8

++++A#DC ++++P0U+0=.;&.'3)'4=.+4.
++++(3=/.95)'&3R+,>348+$!!F

%=3N&3+J=.)3;@+0@&N4;)8*+%);484'6
"#+()'&*+,-&./&
(&.&-)V+W&5+X=3<

%4:/3&+DF
P34;@8=3=&'@&.&+0=.;&.'3)'4=.

4.+(3=/.95)'&3
,>348+$!!F#!DY+,.93&5+234-&V+L/4'&+Z

K&*'+0@&*'&3V+?,+#FBI!

%48&[
U0\O](&.&-)]ZOJR##!F
%4:DFRP0U!H!FEN^9

2)'&[
#$S!$S$!!F



Figure 80

TCE Detected in Groundwater

April 2009

Cross Section A - A'
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Figure 82

111TCA Detected in Groundwater

April 2009

Cross Section A - A'

 

Former Monarch Chemicals Facility
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Figure 84

cDCE Detected in Groundwater

April 2009

Cross Section A - A'

 

Former Monarch Chemicals Facility
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Figure 86

11DCA Detected in Groundwater

April 2009

Cross Section A - A'

 

Former Monarch Chemicals Facility
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Figure 88

Vinyl Chloride Detected in Groundwater

April 2009

Cross Section A - A'

 

Former Monarch Chemicals Facility
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Figure 90

Tetrachloroethane Detected

 in Groundwater

August 2009

Cross Section A - A' 

Former Monarch Chemicals Facility

 61 Gates Avenue

Geneva, New York

1075 Andrew Drive, Suite I
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Figure 92

Trichloroethane Detected in Groundwater

August 2009

Cross Section A - A' 

Former Monarch Chemicals Facility

 61 Gates Avenue

Geneva, New York

1075 Andrew Drive, Suite I
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Figure 94

111TCA Detected in Groundwater

August 2009

Cross Section A - A'

 
Former Monarch Chemicals Facility

 61 Gates Avenue

Geneva, New York

1075 Andrew Drive, Suite I

West Chester, PA  19380

File:  ECOR\Geneva\

IRM-1109\drawings\

Fig94-111TCA0809-AA.dwg

Date:

01/11/2010

V
E

R
T

IC
A

L
 S

C
A

L
E

(I
N

 F
E

E
T

)

20

0

SCREENED INTERVAL

LEGEND

FILL

SILT & CLAY

SAND

CLAY

SILTY SAND

AUGUST 2009 POTENTIOMETRIC
ELEVATIONS (FT-AMSL)

HORIZONTAL SCALE (IN FEET) 

VERTICAL EXAGGERATION 4X

E
L
E

V
A

T
IO

N
 (

F
T

 A
M

S
L
)

465

460

455

450

A
470

445

440

A'

MW-117 SB-16 MW-118

MW-122

MW-123

465

460

455

450

470

445

440

 

 

435435

10-100 ug/l

100-1,000 ug/l

1,000+ ug/l

<1

2,300 <1

8.4

47

0.27

111TCA CONCENTRATIONS

IN GROUNDWATER

AUGUST 2009 

RAILROAD 

TRACKS

SW-2

DRAINAGE 

CHANNEL

MW-124 

NESTED

1-10 ug/l

0.86

1
10

100
1,000

1

10



!
! "! #$!

%&&'

!!!!!!
!!

!!

!!

!!

!!

!!

!!

!!

!! !! !!

!!
!!

!!
!!

!!
!!

!!
!!

!!
!!

!!
!!

!!
!!

!!!!

!!
!!

!!

!! !!

!!

!!

!!

!!

!!

!"

!"

!"

!!!!

()'&*+,-&./& 01

2
34
-
&
5
)
6 7/4894.:

78);<'=>
?)3<4.:+1='

7/34&9
0/8-&3'
?4>&

0=.;3&'&
?)9

78);<'=>

23)4.):&
24';@

!"#$%&

!"#$%%

!"#$%$

!"#$%'

!"#$$(

!"#$$)

!"#$$*

!"#$$+

!"#$$,

!"#$$-

!"#$%-.

!"#$%-/

/"#&0/1.#&

/"#%0/1.#%

/"#$0/1.#$

A#BC

AD!C

A#$C

A#EC

A#FC

A#GEC

A"GHC

A#GHC

A!GIDC

A#!J!!!C

AF$!C

AIH!C

234356

!! K=.4'=34.:+L&88+1=;)'4=.

!" M/3N);&+L)'&3+).9+
M&94O&.'+M)O>84.:+1=;)'4=.

!! !! %&.;&

P)483=)9

,MQ+0=.')4.O&.'+,3&)

?R0+23)4.+?4>&

7.8198:5735;<=;>:59>59?<:@56A=;3<

#!+S#!!+/:T8

#!!+S#J!!!+/:T8

#J!!!+S#!J!!!+/:T8

#!J!!!+U+/:T8

++++AD!C ++++;20V+0=.;&.'3)'4=.+4.+
++++(3=/.95)'&3+S+,/:/*'+$!!H

%=3O&3+K=.)3;@+0@&O4;)8*+%);484'6
"#+()'&*+,-&./&
(&.&-)J+W&5+X=3<

%4:/3&+HI
;4*S#J$S24;@8=3=&'@&.&+0=.;&.'3)'4=.

4.+(3=/.95)'&3
,/:/*'+$!!H#!FI+,.93&5+234-&J+M/4'&+Y

L&*'+0@&*'&3J+?,+#HEB!

%48&Z
V0[P\(&.&-)\YPKS##!H
\%4:HIS;20V!B!HGO]9

2)'&Z
!#T##T$!#!



Figure 96

cis-1,2-Dichloroethene Detected

 in Groundwater

August 2009

Cross Section A - A' 

Former Monarch Chemicals Facility

 61 Gates Avenue

Geneva, New York

1075 Andrew Drive, Suite I

West Chester, PA  19380

File:  ECOR\Geneva\

IRM-1109\drawings\

Fig96-cDCE0809-AA.dwg

Date:

01/11/2010

V
E

R
T

IC
A

L
 S

C
A

L
E

(I
N

 F
E

E
T

)

20

0

SCREENED INTERVAL

LEGEND

FILL

 

SILT & CLAY

 

SAND

CLAY

SILTY SAND

AUGUST 2009 POTENTIOMETRIC
ELEVATIONS (FT-AMSL)

HORIZONTAL SCALE (IN FEET) 

VERTICAL EXAGGERATION 4X

E
L
E

V
A

T
IO

N
 (

F
T

 A
M

S
L
)

465

460

455

450

A
470

445

440

A'

MW-117 SB-16 MW-118

MW-122

MW-123

465

460

455

450

470

445

440

 

 

435435

100 - 1,000 ug/l

6.9

10,000 1.3

720

590

0.54

10

10

cDCE CONCENTRATIONS 

IN GROUNDWATER

AUGUST 2009

SW-2

DRAINAGE 

CHANNEL

RAILROAD 

TRACKS

MW-124 

NESTED

10 - 100 ug/l

8.8

100
1,000

10,000

100

10

10,000 + ug/l

1,000 - 10,000 ug/l



!! "! #$!

%&&'

!!!!!!
!!

!!

!!

!!

!!

!!

!!

!!

!! !! !!

!!
!!

!!
!!

!!
!!

!!
!!

!!
!!

!!
!!

!!
!!

!!!!

!!
!!

!!

!! !!

!!

!!

!!

!!

!!

!"

!"

!"

!!!!

()'&*+,-&./& 01

2
34
-
&
5
)
6 7/4894.:

78);<'=>
?)3<4.:+1='

7/34&9
0/8-&3'
?4>&

0=.;3&'&
?)9

78);<'=>

23)4.):&
24';@

!"#$%&

!"#$%%

!"#$%$

!"#$%'

!"#$$(

!"#$$)

!"#$$*

!"#$$+

!"#$$,

!"#$$-

!"#$%-.

!"#$%-/

/"#&0/1.#&

/"#%0/1.#%

/"#$0/1.#$

A#BC

A#D$C

AE"!C

ABDBC

A$D"C

A!DFBC

A!DG$C

AH#D!C

AH#D!C

AH#D!C

AGD#C

AH#D!C

234356

!! I=.4'=34.:+J&88+1=;)'4=.

!" K/3L);&+J)'&3+).9+
K&94M&.'+K)M>84.:+1=;)'4=.

!! !! %&.;&

N)483=)9

,KO+0=.')4.M&.'+,3&)

?P0+23)4.+?4>&

$$.718795:35;<=;>958>58?<9@56A=;3<

#+Q+#!+/:R8

#!+Q+#!!+/:R8

#!!+S+/:R8

++++A!DG$C ++++##20T+0=.;&.'3)'4=.+4.+
++++(3=/.95)'&3+Q+,/:/*'+$!!G

%=3M&3+I=.)3;@+0@&M4;)8*+%);484'6
"#+()'&*+,-&./&
(&.&-)U+V&5+W=3<

%4:/3&+GB
#U#Q24;@8=3=&'@&.&+0=.;&.'3)'4=.

4.+(3=/.95)'&3
,/:/*'+$!!G#!BX+,.93&5+234-&U+K/4'&+Y

J&*'+0@&*'&3U+?,+#GFZ!

%48&[
T0\N](&.&-)]YNIQ##!G
]%4:GBQ##20T!Z!GDM^9

2)'&[
!#R##R$!#!



Figure 98

1,1-Dichloroethane Detected

 in Groundwater

August 2009

Cross Section A - A' 
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Figure 100

Vinyl Chloride Detected

 in Groundwater

August 2009

Cross Section A - A' 

Former Monarch Chemicals Facility
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