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PROFESSIONAL CERTIFICATION

Remedial Investigation Report

Demolition Debris Disposal Area - Site 43 (Operable Unit 18)

Naval Air Station Pensacola, Florida

This Remedial Investigation Report was prepared under the direct supervision of the undersigned

geologist using geologic and hydrogeologic principles standard to the profession at the time of the report.

If conditions are determined to exist that differ from those described, the undersigned geologist should be

notified to evaluate the effects of additional information on the assessment described in this report. This

report was developed specifically for the referenced site and should not be construed to apply to any other

site.

November 6, 2006
Gerald Walker, P.G.
Florida License Number PG-0001180
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*2'U +"GG"E,GDKQ ;IIL C\KDJ <IL"Q ^ A#"GKP" /F"JKGDI ^ >JE"F,D#IGIOE !"F"H,IGE $$$$$$$$$$$$$$$$$$$$$$$$$*2UU
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>)JURES

NUMBER ;AJE

'2' /D," ?DFDJD,N <KH$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$'2& 
'2& /D," LIFK,DIJ <KH $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$'24 
'28 @"IH\NEDFKQ AJIYKQN LIFK,DIJE$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$'23 
'24 /D," C\KGKF,"GD`K,DIJ /KYHQDJP LIFK,DIJE $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$'2U 
'23 E_,"J, IW >J,"GDY !"YI#KQ AF,DIJ$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$'2[ 
&2' /OGWKF" /IDQ /KYHQDJP LIFK,DIJE $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$&2& 
&2& /OXEOGWKF" /IDQ /KYHQ" LIFK,DIJE $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$&24 
&28 <IJD,IGDJP T"QQ LIFK,DIJ <KH$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$&23 
82' /,OLN AG"K 9\NEDFKQ ;"K,OG"E$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$82& 
82& TK,"G +KXQ" EQ"#K,DIJ <KH <KGF\ 3c &))3 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$82U
828 TK,"G +KXQ" EQ"#K,DIJ <KH <KGF\ &*c &))3 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$825
824 7#"GKQQ MNLGKOQDF @GKLD"J, ^ <KGF\ &))3$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$82')
42' AGE"JDF CIJF"J,GK,DIJE DJ /OGWKF" /IDQ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$424 
42& BKGDOY CIJF"J,GK,DIJE DJ /OGWKF" /IDQ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$42* 
428 CIHH"G CIJF"J,GK,DIJE DJ /OGWKF" /IDQ$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$42U 
424 L"KL CIJF"J,GK,DIJE DJ /OGWKF" /IDQ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$42[ 
423 ?KJKLDOY CIJF"J,GK,DIJE DJ /OGWKF" /IDQ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$42')
42* B"J`IaKbHNG"J" EdOD#KQ"J, CIJF"J,GK,DIJE DJ /OGWKF" /IDQ$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$42'& 
42U <",KQE E_F""LDJP /C+LE DJ /\KQQIZ /OXEOGWKF" /IDQ$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$42'U 
425 B"J`IaKbHNG"J" EdOD#KQ"J, CIJF"J,GK,DIJE DJ /\KQQIZ /OXEOGWKF" /IDQ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$42&) 
42[ AJKQN,"E DJ @GIOJLZK,"G E_F""LDJP @C+LE $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$42&5 
U2' /KYHQ" LIFK,DIJE E_F""LDJP CGD,"GDK$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$U25 
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ACRONLMS

AL< ALOQ, L"KL <IL"Q 

A!A! AHHQDFKXQ" IG !"Q"#KJ, KJL AHHGIHGDK," !"dODG"Y"J,E 

A+/=! AP"JFN WIG +I_DF /OXE,KJF"E KJL =DE"KE" !"PDE,GN 

BC; BDIFIJF"J,GK,DIJ ;KF,IG 

XQE B"QIZ LKJL /OGWKF" 

B!AC BKE" !"KQDPJY"J, KJL CQIEOG" 

eC ="PG""E C"QEDOE 

CC> CM&<M>LL CIJE,GOF,IGEc >JF$ 

CE!CLA CIYHG"\"JED#" EJ#DGIJY"J,KQ !"EHIJE"c CIYH"JEK,DIJ KJL LDKXDQD,N AF, 

CLEAN CIYHG"\"JED#" LIJP2,"GY EJ#DGIJY"J,KQ AF,DIJ NK#N 

CL9 CIJ,GKF, LKXIGK,IGN 9GIPGKY 

FY& C"J,DY","GE /dOKG"L 

C7C CIJ,KYDJKJ, IW CIJF"GJ 

C79C C\"YDFKQ IW 9I,"J,DKQ CIJF"GJ 

C/A+ /IDQ /K,OGK,DIJ LDYD,E 

C/< CIJF"H,OKQ /D," <IL"Q 

C/; CKJF"G /QIH" ;KF,IG 

C+L CQ"KJOH +KGP", L"#"Q 

C+7 CIJ,GKF, +KE] 7GL"G 

=9+ =DG"F,2HOE\ +"F\JIQIPN 

EFI2//L EFIQIPDFKQ /IDQ /FG""JDJP L"#"Q 

E\ 7_DLK,DIJ !"LOF,DIJ 9I,"J,DKQ IW @GIOJLZK,"G 

E9C E_HIEOG" 9IDJ, CIJF"J,GK,DIJ 

E/? EFIQIPDFKQ /FG""JDJP ?KQO" 

;AC ;QIGDLK ALYDJDE,GK,D#" CIL" 

;=E9 ;QIGDLK ="HKG,Y"J, IW EJ#DGIJY"J,KQ 9GI,"F,DIJ 

;/ ;"KEDXDQD,N /,OLN 

@C+L @GIOJLZK,"G CQ"KJOH +KGP", L"#"Q 

MA/9 M"KQ,\ KJL /KW",N 9QKJ 

MCQ MNLGIF\QIGDF AFDL 

MEA/+ M"KQ,\ EWW"F,E AEE"EEY"J, /OYYKGN +KXQ" 

MM!A MOYKJ M"KQ,\ !DE] AEE"EEY"J, 

M> MK`KGL >JL"_ 

MV MK`KGL VOI,D"J, 

M/A MIQQIZ /,"Y AOP"G 
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ACRONLMS XCONT)NUEDY 

>E.BC >J,"PGK,"L E_HIEOG" .H,K]" BDI]"J",DF 

>LC! >JFG"Y"J,KQ LDW",DY" CKJF"G !DE] 

>! >JE,KQQK,DIJ !"E,IGK,DIJ 

>!A >J,"GDY !"YI#KQ AF,DIJ 

>!>/ >J,"PGK,"L !DE] >JWIGYK,DIJ /NE,"Y 

C7C 7GPKJDF CKGXIJ 9KGD,DIJ CI"WWDFD"J, 

L7AEL LIZ"E, 7XE"G#"L AL#"GE" EWW"F, L"#"Q 

L7EC LIZ"E, 7XE"G#KXQ" EWW"F, CIJF"J,GK,DIJ 

<A+C <K_DYOY AFF"H,KXQ" +I_DFKJ, CIJF"J,GK,DIJ 

<CL <K_DYOY CIJ,KYKJ, L"#"Q 

YP(]P <DQQDPGKYE H"G CDQIPGKY 

<> <IXDQD,N >JL"_ 

<!L <DJDYKQ !DE] L"#"Q 

</(</= <K,GD_ /HD]"(<K,GD_ /HD]" =OHQDFK," 

NA/ NK#KQ ADG /,K,DIJ 

NA?;AC E;= /7.+M /IO,\"GJ =D#DEDIJc NK#KQ ;KFDQD,D"E EJPDJ""GDJP CIYYKJL 

NCEA NK,DIJKQ C"J,"G WIG EJ#DGIJY"J,KQ AEE"EEY"J, 

NEE/A NK#KQ EJ"GPN KJL EJ#DGIJY"J,KQ /OHHIG, AF,D#D,N 

NELA9 NK,DIJKQ EJ#DGIJY"J,KQ LKXIGK,IGN AFFG"LD,K,DIJ 9GIPGKY 

N7AEL NI 7XE"G#"L AL#"GE" EWW"F, L"#"Q 

N7EC NI 7XE"G#KXQ" EWW"F, CIJF"J,GK,DIJ 

N++C NK#N +"F\JDFKQ +GKDJDJP C"J,"G 

799+/ 7WWDF" IW 9G"#"J,DIJc 9"E,DFDL"Ec KJL +I_DF /OXE,KJF"E 

7!NL 7K] !DLP" NK,DIJKQ LKXIGK,IGN 

7/TE! 7WWDF" IW /IQDL TKE," KJL EY"GP"JFN !"EHIJE" 

7. 7H"GKXQ" .JD, 

I` 7OJF" 

9AM 9IQNJOFQ"KG AGIYK,DF MNLGIFKGXIJ 

9CB 9IQNF\QIGDJK,"L BDH\"JNQ 

9E; 9KG,DFOQK," EYDEEDIJE ;KF,IG 

HHY 9KG,E H"G <DQQDIJ 

99!+? 9GI#DEDIJKQ 9""G !"#D"Z"L +I_DFD,N ?KQO"E 

9!@ 9G"QDYDJKGN !"Y"LDK,DIJ @IKQ 

!A@/ !DE] AEE"EEY"J, @ODLKJF" WIG /OH"GWOJL 

!BCA9 !DE]2XKE"L CIGG"F,D#" AF,DIJ 9GIF"EE 
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ACRONLMS XCONT)NUEDY 

!C!A !"EIOGF" CIJE"G#K,DIJ KJL !"FI#"GN AF, 

!W= !"W"G"JF" =IE" 

!@ !"Y"LDKQ @IKQ 

!> !"Y"LDKQ >J#"E,DPK,DIJ 

!<E !"KEIJKXQ" <K_DYOY E_HIEOG" 

!<7 !DE] <KJKP"Y"J, 7H,DIJ 

/ TK,"G /IQOXDQD,N 

/A!A /OH"GWOJL AY"JLY"J,E KJL !"KO,\IGD`K,DIJ AF, 

/C! /D," C\KGKF,"GD`K,DIJ !"HIG, 

/C+L /IDQ CQ"KJOH +KGP", L"#"Q 

/LE!A /FG""JDJP L"#"Q EFIQIPDFKQ !DE] AEE"EEY"J, 

/<=9 /FD"J,DWDF(<KJKP"Y"J, ="FDEDIJ 9IDJ, 

/79 /,KJLKGL 7H"GK,DJP 9GIF"LOG" 

/V@ /IDQ VOKQD,N @ODL"QDJ"E 

//L /IDQ /FG""JDJP L"#"Q 

/?7C /"YD#IQK,DQ" 7GPKJDF CIYHIOJL 

/TL /,K,DF TK,"G L"#"Q 

+AL +KGP", AJKQN," LDE, 

+CL +KGP", CIYHIOJL LDE, 

+E; +I_DFD,N EdOD#KQ"JFN ;KF,IG 

+!? +I_DFD,N !"W"G"JF" ?KQO" 

+!T +"F\JDFKQ !"#D"Z TIG]PGIOH 

+,N./ +",GK +"F\ N./c >JF$ 

.CL .HH"G CIJWDL"JF" LDYD, 

fP(LL <DFGIPGKYE H"G ="FDQD,"G 

fP(L <DFGIPGKYE H"G LD,"G 

./=A .JD,"L /,K,"E ="HKG,Y"J, IW APGDFOQ,OG" 

./+ .JL"GPGIOJL /,IGKP" +KJ] 

./E9A .JD,"L /,K,"E EJ#DGIJY"J,KQ 9GI,"F,DIJ AP"JFN 

?E ?IQK,DQD`K,DIJ ;KF,IG 

?7C ?IQK,DQ" 7GPKJDF CIYHIOJL 

?9 ?KHIG 9G"EEOG" 



  !"#$ & 
  ''()*()* 

+,N./(+AL2)32)3*(45&'(3$& E/2' C+7 )833 

EOECUT)QE SUMMARL 

+\" HGDYKGN IXg"F,D#" IW ,\" !"Y"LDKQ >J#"E,DPK,DIJ a!>b K, ,\" ="YIQD,DIJ ="XGDE =DEHIEKQ AG"K ^ /D," 48 

ZKE ,I HGI#DL" LK,K ,I PODL" ,\" E"Q"F,DIJ IW K G"Y"LN WIG FIJ,KYDJK,DIJ ,\K, DE HGI,"F,D#" IW \OYKJ 

\"KQ,\ KJL ,\" "J#DGIJY"J,$  >J IGL"G ,I KF\D"#" ,\DE HGDYKGN IXg"F,D#"c EKYHQ"E WGIY #KGDIOE Y"LDK Z"G" 

FIQQ"F,"L KJL KJKQN`"L ,I WDQQ LK,K PKHE WGIY HG"#DIOE DJ#"E,DPK,DIJE KJL ,I "#KQOK," ,\" "_,"J, IW 

FIJ,KYDJK,DIJ HG"#DIOEQN LIFOY"J,"L K, ,\" ED," KJL "#KQOK," ,\" "WW"F, G"Y"LDKQ KF,DIJE \K#" \KL IJ 

ED," FIJLD,DIJE$ 

S)TE T)STORL 

A HKG,DKQQN "_HIE"L LGOY ZKE LDEFI#"G"L K, ,\" ED," DJ ="F"YX"G '[[&$  A ED," G"FIJJKDEEKJF" WIOJL 

KLLD,DIJKQ XOGD"L YK,"GDKQ KJL ,\" KG"K ZKE W"JF"L OJ,DQ WOG,\"G DJ#"E,DPK,DIJE Z"G" FIYHQ","L$  A 

P"IH\NEDFKQ EOG#"N ZKE FIJLOF,"L ,I KEE"EE ,\" KG"K EOGGIOJLDJP ,\" "_HIE"L LGOYE KJL L","GYDJ" ,\" 

ED`" IW ,\" LDEHIEKQ KG"K$  A ED," F\KGKF,"GD`K,DIJ ZKE H"GWIGY"L DJ 7F,IX"G '[[[ ,I DJ#"E,DPK," ,\" 

KJIYKQD"E L","F,"L LOGDJP ,\" P"IH\NEDFKQ EOG#"N KJL ,I FIQQ"F, EIDQ KJL PGIOJLZK,"G EKYHQ"E$  /OGWKF" 

EIDQ EKYHQ"E Z"G" G"HIG,"L ,I FIJ,KDJ X"J`IaKbHNG"J" KJL "DP\, Y",KQE K, FIJF"J,GK,DIJE "_F""LDJP ,\" 

;QIGDLK ="HKG,Y"J, IW EJ#DGIJY"J,KQ 9GI,"F,DIJ a;=E9b /IDQ CQ"KJOH +KGP", L"#"QE a/C+LEb KJL NA/ 

9"JEKFIQK XKF]PGIOJL FIJF"J,GK,DIJE$  +"E, HD,E Z"G" "_FK#K,"L K, 'U IW ,\" P"IH\NEDFKQ KJIYKQN KG"KE 

KJL XOGD"L LGOYE Z"G" G"YI#"L K, ,ZI IW ,\"E" ,"E, HD,E$  ;D#" ,"YHIGKGN YIJD,IGDJP Z"QQE Z"G" DJE,KQQ"L 

KJL EKYHQ"L$  +\" PGIOJLZK,"G EKYHQ"E Z"G" G"HIG,"L ,I FIJ,KDJ Y",\NQ"J" F\QIGDL" KJL ,ZI Y",KQE K, 

FIJF"J,GK,DIJE "_F""LDJP ,\" ;=E9 @GIOJLZK,"G CQ"KJOH +KGP", L"#"QE a@C+LEb$  7JQN DGIJ ZKE 

G"HIG,"L ,I "_F""L ,\" NA/ 9"JEKFIQK XKF]PGIOJL Q"#"QE$ 

)NTER)M REMED)AH ACT)ON 

AJ >J,"GDY !"YI#KQ AF,DIJ a>!Ab ZKE FIJLOF,"L ,I G"YI#" ,\" Y",KQ L"XGDE KJL FIJ,KYDJK,"L EOGWKF" 

KJL EOXEOGWKF" EIDQE K, ,\" ED,"$  A ,I,KQ IW *3U FOXDF NKGLE IW EIDQ KJL L"XGDE Z"G" G"YI#"L KJL 

KHHGI_DYK,"QN &) ,I &3 GOE,"L Y",KQ LGOYE KJL DJ"G, IGJKY"J,KQ IGLJKJF" KJL YOJD,DIJE Z"G" 

OJFI#"G"L$  @GIOJLZK,"G EKYHQDJP ZKE FIJLOF,"L HGDIG ,I "_FK#K,DIJ KF,D#D,D"E KJL KW,"G "_FK#K,DIJ 

KF,D#D,D"E Z"G" FIYHQ","L$  @GIOJLZK,"G EKYHQ"E Z"G" KJKQN`"L WIG DGIJ IJQN$  =","F,"L DGIJ 

FIJF"J,GK,DIJE WIG XI,\ FIJE"FO,D#" EKYHQDJP "#"J,E Z"G" Q"EE ,\KJ ,\" "E,KXQDE\"L NA/ 9"JEKFIQK 

XKF]PGIOJL FIJF"J,GK,DIJE$  ;IQQIZDJP "_FK#K,DIJ KF,D#D,D"Ec ,\" FQ"KJOH FGD,"GDK Z"G" G"2"#KQOK,"L KJL 

G"#DE"L$  B"FKOE" IW ,\" G"#DE"L QIZ"G G"Y"LDKQ PIKQE a!@Eb "E,KXQDE\"L WIG ,\" ED," KW,"G ,\" EIDQ G"YI#KQ 

KF,D#D,D"E Z"G" FIYHQ","Lc K !> KJL ;"KEDXDQD,N /,OLN a;/b ZKE G"FIYY"JL"L$ 
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REMED)AH )NQEST)JAT)ON 

+Z"J,N EOGWKF" EIDQ EKYHQ"E Z"G" FIQQ"F,"L WGIY ,\" H"GDY","G IW ,\" KJIYKQN KG"KE KJL KJKQN`"L WIG 

E"Q"F,"L HKGKY","GE$  /OGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, ,\" ED," Z"G" KJKQN`"L WIG CIJ,GKF, LKXIGK,IGN 

9GIPGKY aCL9b +KGP", CIYHIOJL LDE, a+CLb E"YD#IQK,DQ" IGPKJDF FIYHIOJLE a/?7CEbc KJL DJIGPKJDF 

KJKQN,"E$  +Z"J,N EIDQ XIGDJPE Z"G" FIYHQ","L K, P"IH\NEDFKQ KJIYKQN(,"E, HD, QIFK,DIJE$  +ZI EIDQ 

EKYHQ"E Z"G" EOXYD,,"L WIG QKXIGK,IGN KJKQNEDE WGIY "KF\ EIDQ XIGDJPc ,\" E\KQQIZ EIDQ EKYHQ"E Z"G" 

FIQQ"F,"L K, ,\" EIDQ "_FK#K,DIJ QDYD, KJL ,\" L""H"G EIDQ EKYHQ"E Z"G" FIQQ"F,"L WGIY X",Z""J 4 KJL OH ,I 

[ W"",$  +\" EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, /D," 48 Z"G" KJKQN`"L WIG CL9 +CL /?7CE KJL 

E"Q"F,"L Y",KQE$  EDP\, E\KQQIZ YIJD,IGDJP Z"QQE Z"G" DJE,KQQ"L ,I KJ KHHGI_DYK," L"H,\ IW &3 W"", X"QIZ 

QKJL EOGWKF" aXQEb$  >J KLLD,DIJc ,ZI L""H H"GYKJ"J, YIJD,IGDJP Z"QQE Z"G" DJE,KQQ"L ,I KJ KHHGI_DYK," 

L"H,\ IW 3) W"", XQE$  @GIOJLZK,"G EKYHQ"E Z"G" FIQQ"F,"L WGIY ,\" "_DE,DJP YDFGI Z"QQE KJL ,\" J"ZQN 

DJE,KQQ"L YIJD,IGDJP Z"QQE$  +\" PGIOJLZK,"G EKYHQ"E FIQQ"F,"L WGIY IJ2ED," Z"QQE Z"G" KJKQN`"L WIG CL9 

+CL #IQK,DQ" IGPKJDF FIYHIOJLE a?7CEb KJL ,KGP", KJKQN," QDE, a+ALb Y",KQE$ 

NATURE AND EOTENT O> CONTAM)NAT)ON 

+\" G"Q"KE" IW FIJ,KYDJKJ,E K, /D," 48 KHH"KGE ,I \K#" G"EOQ,"L WGIY OJLIFOY"J,"L XOGJDJP KJL 

LDEHIEKQ IW OJ]JIZJ YK,"GDKQE$  +\" EIOGF" KJL JK,OG" IW YK,"GDKQEc KE Z"QQ KE ,\" ,DY" IW LDEHIEKQc KG" 

OJ]JIZJ$

+"J EOGWKF" EIDQ EKYHQ"E \KL "_F""LKJF"E IW IJ" IG YIG" G"EDL"J,DKQ IG DJLOE,GDKQ /C+L WIG KGE"JDFc 

XKGDOYc FIHH"Gc Q"KLc #KJKLDOYc KJL FKGFDJIP"JDF 9AME$  /D_ E\KQQIZ EOXEOGWKF" EIDQ EKYHQ"E \KL 

"_F""LKJF"E IW IJ" IG YIG" G"EDL"J,DKQ IG DJLOE,GDKQ /C+L$  CIJ,KYDJKJ, FIJF"J,GK,DIJE DJ ,\" L""H"G 

EOXEOGWKF" EIDQ EKYHQ"E WGIY L"H,\E PG"K,"G ,\KJ 4 W"", Z"G" Q"EE ,\KJ /C+LE$ 

@GIOJLZK,"G ZKE L","GYDJ"L ,I WQIZ ,I ,\" "KE, K, ,\" ED," I#"GKQQc ZD,\ QIFKQD`"L #KGDK,DIJ G"EOQ,DJP WGIY 

ED," ,IHIPGKH\N$  @GIOJLZK,"G WQIZ #"QIFD,N ZKE "E,DYK,"L ,I X" KHHGI_DYK,"QN )$55 W"", H"G LKN$ 

>GIJ ZKE L","F,"L DJ YIE, IW ,\" YIJD,IGDJP Z"QQE EKYHQ"L WIG ,\" !> K, FIJF"J,GK,DIJE "_F""LDJP ,\" 

@C+Lc Z\DF\ DE K E"FIJLKGN E,KJLKGLc XO, Q"EE ,\KJ ,\" NK#KQ ADG /,K,DIJ aNA/b 9"JEKFIQK XKF]PGIOJL 

DGIJ FIJF"J,GK,DIJ$  >GIJ FIJF"J,GK,DIJE "_F""LDJP ,\" XKF]PGIOJL FIJF"J,GK,DIJ Z"G" L","F,L DJ ,\G"" 

YIJD,IGDJP Z"QQE$  +\"E" Z"QQE KG" QIFK,"L OH KJL EDL" PGKLD"J, ,I ,\" ]JIZJ LDEHIEKQ KG"Kc Z\DF\ ZIOQL 

EOPP"E, ,\K, ,\" DGIJ FIJF"J,GK,DIJE DJ ,\"E" Z"QQE KG" JK,OGKQQN IFFOGDJP GK,\"G ,\KJ LO" ,I ED," KF,D#D,N$  

<KJPKJ"E" ZKE L","F,"L DJ "KF\ IW ,\" PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48$  +\" G"HIG,"L 

YKJPJ"E" FIJF"J,GK,DIJE DJ ,ZI E\KQQIZ Z"QQE "_F""L"L ,\" @C+Lc Z\DF\ DE K E"FIJLKGN E,KJLKGL$  

L"KL ZKE L","F,"L DJ IJQN ,ZI IW ,\" PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48$  L"KL IJQN "_F""L"L ,\" 
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@C+L DJ ,\" EKYHQ" FIQQ"F,"L WGIY 9EN2482'8/c Z\DF\ DE QIFK,"L K, ,\" F"J,"G IW AJIYKQN AG"K ''c 

Z\"G" EOGWKF" KJL EOXEOGWKF" EIDQ EKYHQ"E \KL Q"KL FIJF"J,GK,DIJE "_F""LDJP G"EDL"J,DKQ KJL DJLOE,GDKQ 

/C+LE$ 

TUMAN TEAHTT R)SU ASSESSMENT 

AJ MOYKJ M"KQ,\ !DE] AEE"EEY"J, aMM!Ab ZKE FIJLOF,"L WIG ,\" F\"YDFKQ FIJF"J,GK,DIJE L","F,"L DJ 

EOGWKF" EIDQc EOXEOGWKF" EIDQc KJL PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48$  +\" "#KQOK,DIJ ZKE 

FIJLOF,"L OEDJP XI,\ .JD,"L /,K,"E EJ#DGIJY"J,KQ 9GI,"F,DIJ AP"JFN a./E9Ab KJL /,K," IW ;QIGDLK 

G"POQK,DIJE KJL PODL"QDJ"E WIG MM!A$ 

BKE"L IJ ,\" ./E9A "#KQOK,DIJc Q"KL DE ,\" HG"LIYDJKJ, F\"YDFKQ IW HI,"J,DKQ FIJF"GJ aC79Cb L","F,"L 

DJ EIDQ KJL PGIOJLZK,"G K, /D," 48$  CKJF"G GDE] "E,DYK,"E h,I,KQ DJFG"Y"J,KQ QDW",DY" FKJF"G GDE] a>LC!Ebi 

L"#"QIH"L WIG "_FK#K,DIJ(FIJE,GOF,DIJ ZIG]"GE KJL YKDJ,"JKJF" ZIG]"GE "_HIE"L ,I C79CE DJ EOGWKF" 

KJL EOXEOGWKF" EIDQ Z"G" Q"EE ,\KJ '_')2*$  +I,KQ >LC!E WIG WOQQ ,DY" FIYY"GFDKQ(DJLOE,GDKQ ZIG]"GEc 

QDW"QIJP G"FG"K,DIJKQ OE"GEc KJL WO,OG" G"EDL"J,E \NHI,\",DFKQQN "_HIE"L ,I C79CE DJ EIDQ KJL PGIOJLZK,"G 

Z"G" ZD,\DJ ,\" ./E9A ,KGP", GDE] GKJP" IW '_')2* ,I '_')24$  NIJFKJF"G GDE] "E,DYK,"E h,I,KQ MK`KGL 

>JLDFD"E aM>Ebi L"#"QIH"L IJ K ,KGP", IGPKJ("WW"F, XKEDE WIG KQQ G"F"H,IGE "#KQOK,"L Z"G" Q"EE ,\KJ OJD,N 

a'$)b$

+\" GDE] KEE"EEY"J, FIJLOF,"L H"G ,\" /,K," IW ;QIGDLK G"POQK,DIJE KJL PODL"QDJ"E "#KQOK,"L GDE]E OEDJP 

,\" HOXQDE\"L /C+LE WIG G"EDL"J,DKQ KJL DJLOE,GDKQ QKJL OE" EF"JKGDIE$  CKGFDJIP"JDF 9AME KJL Y",KQE 

Z"G" DL"J,DWD"L KE HI,"J,DKQ G"EDL"J,DKQ FIJ,KYDJKJ,E IW FIJF"GJ aC7CEb WIG EOGWKF" EIDQE XKE"L IJ K 

FIYHKGDEIJ IW YK_DYOY FIJF"J,GK,DIJE IG "_HIEOG" HIDJ, FIJF"J,GK,DIJE aE9CEb ,I ,\"E" /C+LE$  L"KL 

ZKE KQEI K HI,"J,DKQ DJLOE,GDKQ C7C$  CKGFDJIP"JDF 9AMEc KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOY 

Z"G" DL"J,DWD"L KE HI,"J,DKQ G"EDL"J,DKQ C7CE WIG EOXEOGWKF" EIDQE XKE"L IJ K FIYHKGDEIJ IW YK_DYOY 

FIJF"J,GK,DIJE IG E9CE ,I ,\" /C+LE$  CKGFDJIP"JDF 9AME KJL Q"KL Z"G" KQEI HI,"J,DKQ DJLOE,GDKQ C7CE$  

>GIJc Q"KLc KJL YKJPKJ"E" Z"G" DL"J,DWD"L KE HI,"J,DKQ C7CE WIG PGIOJLZK,"G XKE"L IJ K FIYHKGDEIJ IW 

YK_DYOY FIJF"J,GK,DIJE ,I PGIOJLZK,"G FQ"KJOH ,KGP", Q"#"QE a@C+LEb$  MK`KGL VOI,D"J,E aMVEb WIG DGIJ 

KJL YKJPKJ"E" FKQFOQK,"L DJ ,\" ./E9A "#KQOK,DIJ Z"G" Q"EE ,\KJ ,\" ./E9A KJL ;QIGDLK PIKQ IW OJD,N 

WIG JIJ2FKGFDJIP"JDF \"KQ,\ "WW"F,E$ 

SCREEN)NJ HEQEH ECOHOJ)CAH R)SU ASSESSMENT 

A EFG""JDJP Q"#"Q "FIQIPDFKQ GDE] KEE"EEY"J, a/LE!Ab ZKE H"GWIGY"L WIG /D," 48 K, NA/ 9"JEKFIQK$  

/"#"GKQ F\"YDFKQE Z"G" G",KDJ"L KE C79CE KE K G"EOQ, IW ,\" DJD,DKQ EFG""JDJP IW EOGWKF" EIDQ$ >J EOGWKF" 

EIDQc FIJF"J,GK,DIJE IW XKGDOYc FIHH"Gc KJL Q"KL HIE" GDE]E ,I EIDQ DJ#"G,"XGK,"E KJL HQKJ,Ec "EH"FDKQQN 



  !"#$ & 
  ''()*()* 

+,N./(+AL2)32)3*(45&'(3$& E/24 C+7 )833 

WGIY ,\" FOYOQK,D#" ,I_DFD,N IW YOQ,DHQ" Y",KQE$  +\" QIFK,DIJE Z\"G" "Q"#K,"L FIJF"J,GK,DIJE WIG ,\" WDJKQ 

C79CE "_DE, KG" HGDYKGDQN QDYD,"L ,I ,\G"" EYKQQ DEIQK,"L KG"KE$  9I,"J,DKQ GDE]E ,I DJE"F,D#IGIOE EYKQQ 

YKYYKQE KJL XDGLE WGIY FIHH"G KJL Q"KL Z"G" "#KQOK,"L XN WIIL F\KDJ YIL"QDJP KJL ,\" Q"KL 

FIJF"J,GK,DIJE DJ EOGWKF" EIDQ YKN HIE" HI,"J,DKQ GDE]E ,I ,\"E" G"F"H,IGE$ 

CONCHUS)ONS AND RECOMMENDAT)ONS 

<",KQE KJL FKGFDJIP"JDF 9AME Z"G" L","F,"L DJ EOGWKF" EIDQ KJL EOXEOGWKF" EIDQ EKYHQ"E K, 

FIJF"J,GK,DIJE "_F""LDJP GDE] XKE"L EFG""JDJP FGD,"GDK$  <",KQE DJ PGIOJLZK,"G EKYHQ"E "_F""L"L 

GDE]2XKE"L EFG""JDJP FGD,"GDK aQ"KLb KJL E"FIJLKGN E,KJLKGLE aDGIJ KJL YKJPKJ"E"b$  BI,\ ,\" MM!A KJL 

/LE!A DL"J,DWD"L GDE] ,I \OYKJ KJL "FIQIPDFKQ G"F"H,IGE "_F""LDJP ./E9A KJL ;=E9 X"JF\YKG]E$  +\" 

G"YKDJDJP FIJ,KYDJKJ,E DJ /D," 48 EOGWKF" KJL EOXEOGWKF" EIDQ ZDQQ G"dODG" Y"KEOG"E ,I "QDYDJK," IG 

YDJDYD`" "_HIEOG" XN KF,D#" FQ"KJOHc "JPDJ""GDJP FIJ,GIQEc KJL(IG DJE,D,O,DIJKQ FIJ,GIQE$  A L",KDQ"L 

"#KQOK,DIJ IW KQ,"GJK,D#"E ,I KF\D"#" ,\DE PIKQ E\IOQL X" HG"E"J,"L DJ K ;"KEDXDQD,N /,OLN WIG /D," 48$  A 

FIJWDGYK,DIJ EKYHQDJP KJL KJKQNEDE HGI,IFIQ ZDQQ X" DJFIGHIGK,"L DJ ,\" ;"KEDXDQD,N /,OLN ,I #"GDWN ,\K, ,\" 

E"Q"F,"L G"Y"LN WIG /D," 48 DE "WW"F,D#" WIG ,\" JK,OG" KJL "_,"J, IW FIJ,KYDJKJ,E K, ,\" ED,"$ 
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1K0 )NTRODUCT)ON 

+",GK +"F\ N./c >JF$c a+,N./b OJL"G FIJ,GKF, ,I ,\" ="HKG,Y"J, IW NK#Nc /IO,\"GJ =D#DEDIJc NK#KQ 

;KFDQD,D"E EJPDJ""GDJP CIYYKJL aNA?;AC E;= /7.+Mb DE EOXYD,,DJP ,\DE !> !"HIG, WIG ,\" ="YIQD,DIJ 

="XGDE =DEHIEKQ AG"K ^ /D," 48 K, NA/ 9"JEKFIQKc QIFK,"L DJ 9"JEKFIQKc ;QIGDLK$  +\DE !> !"HIG, ZKE 

HG"HKG"L OJL"G ,\" CIYHG"\"JED#" LIJP2,"GY EJ#DGIJY"J,KQ AF,DIJ NK#N aCLEANb >>> CIJ,GKF, NOYX"G 

N*&4*U2[42=2)555c CIJ,GKF, +KE] 7GL"G aC+7b )833$ 

1K1 ;UR;OSE O> REMED)AH )NQEST)JAT)ON 

+\" HGDYKGN IXg"F,D#" IW ,\" !> DE ,I HGI#DL" LK,K ,I "#KQOK," ,\" FOGG"J, "J#DGIJY"J,KQ FIJLD,DIJE KJL 

PODL" ,\" E"Q"F,DIJ IW K G"Y"LN ,\K, DE HGI,"F,D#" IW \OYKJ \"KQ,\ KJL ,\" "J#DGIJY"J, WIG KJN 

FIJ,KYDJK,DIJ HG"E"J, K, /D," 48$  >J IGL"G ,I KF\D"#" ,\DE HGDYKGN IXg"F,D#"c EKYHQ"E WGIY #KGDIOE Y"LDK 

Z"G" FIQQ"F,"L KJL KJKQN`"L ,I WDQQ LK,K PKHE WGIY HG"#DIOE DJ#"E,DPK,DIJE$  /KYHQ"E WGIY #KGDIOE Y"LDK 

Z"G" OE"L ,I "#KQOK," ,\" "_,"J, IW FIJ,KYDJK,DIJ HG"#DIOEQN LIFOY"J,"L K, ,\" ED," KJL "#KQOK," ,\" 

"WW"F, G"Y"LDKQ KF,DIJE \K#" \KL IJ ED," FIJLD,DIJE$ 

+\" WD"QL KF,D#D,D"E WIG ,\" !> DJFQOL"L ,\" FIQQ"F,DIJ IW EKYHQ"E WGIY EOGWKF" EIDQc EOXEOGWKF" EIDQc KJL 

PGIOJLZK,"G WIG EOXYDEEDIJ ,I K NK,DIJKQ EJ#DGIJY"J,KQ LKXIGK,IGN AFFG"LD,K,DIJ 9GIPGKY aNELA9b2

F"G,DWD"L QKXIGK,IGN WIG KJKQNEDE$ 

1K2 >AC)H)TL BACUJROUND 

NA/ 9"JEKFIQK a;DPOG" '2'b DE QIFK,"L DJ EEFKYXDK CIOJ,Nc DJ ;QIGDLKjE JIG,\Z"E, FIKE,KQ KG"Kc 

KHHGI_DYK,"QN 3 YDQ"E Z"E, IW ,\" 9"JEKFIQK CD,N QDYD,E$  +\" W"L"GKQ PI#"GJY"J, "E,KXQDE\"L ,\" NK#N 

AKGL K, 9"JEKFIQK DJ '5&3$  +\" NK#N AKGL ZKE HQKF"L DJ FKG",K]"G E,K,OE DJ '[''$  NK#KQ K#DK,DIJ 

IH"GK,DIJE X"PKJ K, ,\" WKFDQD,N DJ '['4$  +\" WKFDQD,N ZKE "_HKJL"L DJ '[8)kE KE K NA/$ 

COGG"J, QKJL OE" K, NA/ 9"JEKFIQK FIJEDE,E IW #KGDIOE YDQD,KGN \IOEDJPc ,GKDJDJPc KJL EOHHIG, WKFDQD,D"E KE 

Z"QQ KE QKGP" DJLOE,GDKQ FIYHQ"_"E WIG YKgIG G"HKDGE KJL G"WOGXDE\Y"J, IW KDGFGKW, "JPDJ"E KJL WGKY"E$  

ALLD,DIJKQ L",KDQE IJ ,\" NA/ 9"JEKFIQK WKFDQD,N YKN X" WIOJL DJ ,\" WKFDQD,N KLYDJDE,GK,D#" G"FIGL$  /D," 48 

DE QIFK,"L K, ,\" EIO,\Z"E, FIGJ"G IW ,\" DJ,"GE"F,DIJ IW <OGGKN KJL +KNQIG !IKLE KJL FIJEDE,E IW KJ KG"K 

KHHGI_DYK,"QN &)) W"", XN &)) W"", DJ ED`"$ 
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1K2K1 Site Description an$ Tistory

/D," 48 a;DPOG" '2&b DE QIFK,"L K, ,\" EIO,\Z"E, FIGJ"G IW <OGGKN KJL +KNQIG !IKLE KJL JIG,\ IW !IKL Vc 

Z\DF\ HGI#DL"E KFF"EE ,I ,\" NA/ 9"JEKFIQK 7WWDF"GkE VOKG,"GE$  +\" KG"K DE PGKEE FI#"G"L ZD,\ IK] 

,G""E EFK,,"G"L ,\GIOP\IO, ,\" ED,"$  9G"#DIOEQN ,\" ED," FIJ,KDJ"L K ,"JJDE FIOG, KJL K XODQLDJP 

WIOJLK,DIJ(XKE]",XKQQ FIOG,l \IZ"#"Gc DJ &))8 ,\" ,"JJDE KJL XKE]",XKQQ FIOG,E Z"G" G"YI#"L XN ,\" 

WKFDQD,N$  7#"G\"KL O,DQD,D"E KG" JI, HG"E"J, ZD,\DJ ,\" ED," KG"Kl \IZ"#"Gc KJ OJL"GPGIOJL ZK,"G QDJ" 

,GK#"GE"E ,\" ED," DJ K P"J"GKQ Z"E, ,I "KE, LDG"F,DIJ$ 

A \IOEDJP KG"K DE QIFK,"L KLgKF"J, ,I ,\" EIO,\ EDL" IW ,\" ED," KJL DE G"W"GG"L ,I KE ,\" TKGGDJP,IJ 

MIOEDJP KJL ZKE FIJE,GOF,"L DJ '[8)kE$  9G"#DIOEQNc ,\" +IZJ IW TKGGDJP,IJc Z\DF\ ZKE XODQ, XN NK#N 

AKGL ZIG]"GE IJ ,\" W"L"GKQ G"E"G#K,DIJc IFFOHD"L ,\DE P"J"GKQ KG"K$  TKGGDJP,IJ ZKE YI#"L KFGIEE 

BKNIO @GKJL" KE ,\" XKE" "_HKJL"L DJ ,\" '[8)kE KJL ,\" ,IZJ F"Y","GN ZKE YI#"L ,I BKGGKJFKE 

NK,DIJKQ C"Y","GN$ 

>J ="F"YX"G '[[&c K F\DQL OEDJP K Y",KQ L","F,IG LDEFI#"G"L K HKG,DKQQN "_HIE"L LGOY QIFK,"L "KE, IW ,\" 

,"JJDE FIOG,$  A ED," G"FIJJKDEEKJF" WIOJL KJ KLLD,DIJKQ HKG,DKQQN XOGD"L LGOY$  7J" LGOY ZKE DJ K #"G,DFKQ 

HIED,DIJl D,E "JL HOJF,OG"L G"#"KQDJP E,KJLDJP ZK,"G DJ ,\" DJ,"GDIG$  +\" E"FIJL LGOY KQEI KHH"KG"L ,I X" 

DJ K #"G,DFKQ HIED,DIJc XO, ZKE JI, IX#DIOEQN HOJF,OG"L$  A ,\DGL DGIJ IXg"F, G"E"YXQDJP K LGOY GDY ZKE 

IXE"G#"L "KE, IW ,\" ,"JJDE FIOG,$  /YKQQ"Gc GOE,"L Y",KQ L"XGDE Z"G" IXE"G#"L K, ,\" EOGWKF"$  NI ILIGEc 

#DEDXQ" EIDQ E,KDJEc IG I,\"G DJLDFK,DIJE IW FIJ,KYDJKJ, G"Q"KE" Z"G" IXE"G#"L$  +\" KG"K EOGGIOJLDJP ,\" 

XOGD"L LGOYE ZKE W"JF"L ,I HG"#"J, P"J"GKQ KFF"EE OJ,DQ WOG,\"G DJ#"E,DPK,DIJE FIOQL X" FIJLOF,"L$  9GDIG 

,I ,\" FOGG"J, OEKP" KE K G"EDL"J,DKQ G"FG"K,DIJKQ KG"K ,\" ED,"kE OE" DE OJ]JIZJ$ 

1K2K2 ;revious )nvestigations

+\DE E"F,DIJ EOYYKGD`"E HG"#DIOE DJ#"E,DPK,DIJE H"GWIGY"L K, /D," 48 K, NA/ 9"JEKFIQK$ 9G"#DIOE 

DJ#"E,DPK,DIJE DJFQOL" K P"IH\NEDFKQ EOG#"Nc K ED," KJL LGOY F\KGKF,"GD`K,DIJc KJL DJ,"GDY G"Y"LDKQ 

KF,DIJ$

1K2K2K1 Jeophysical Survey 

>J <KGF\ '[[4c EJEKW"(AQQ"J m MIE\KQQ FIJLOF,"L K P"IH\NEDFKQ DJ#"E,DPK,DIJ OEDJP PGKLD"J, KJL ,I,KQ 

YKPJ",DF EOG#"NE ,I KEE"EE ,\" KG"K EOGGIOJLDJP ,\" "_HIE"L LGOYE$  +\" IXg"F,D#" IW ,\" DJ#"E,DPK,DIJ 

ZKE ,I L","GYDJ" ,\" ED`" IW ,\" LDEHIEKQ KG"K KJL ,I "E,DYK," ,\" YKPJD,OL" IW LGOY LDEHIEKQ$  AQ,\IOP\ 

FOQ,OGKQ FQO,,"G aXOGD"L O,DQD,D"Ec Y",KQ W"JF"Ec HIQ"Ec XODQLDJPEc ",F$b HG"FQOL"L K L"WDJD,D#" DJ,"GHG",K,DIJc 

YKPJ",DF KJIYKQD"E ,NHDFKQ IW LGOYE Z"G" DL"J,DWD"L DJ KJ KG"K KHHGI_DYK,"QN &)) W"", XN '3) W"", 

a;DPOG" '28b$  BKE"L IJ ,\" G"EOQ,E IW ,\" P"IH\NEDFKQ EOG#"Nc ,\" EOEH"F,"L LDEHIEKQ KG"K ZKE QKGP"G 

,\KJ ,\" KG"K ,\K, ZKE W"JF"L WIQQIZDJP ,\" HG"#DIOE ED," G"FIJJKDEEKJF"$  +\" P"IH\NEDFKQ EOG#"N LK,K
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EOPP"E,"L ,\K, ,\" LDEHIEKQ DJ ,\" KG"K ZKE JI, ENE,"YK,DF KJL ZDL"EHG"KLc XO, QDYD,"L DJ ED`" KJL ,\" 

JOYX"G IW XOGD"L LGOYE$  A ,I,KQ IW &3 DJLD#DLOKQ P"IH\NEDFKQ KJIYKQD"E Z"G" DL"J,DWD"Ll \IZ"#"Gc ,\" 

KF,OKQ JOYX"G IW LGOYE LDEHIE"L IW DJ ,\" KG"K ZKE JI, L","GYDJ"L$  +\" G"HIG, FIJFQOL"L ,\K, ,\" LGOY 

LDEHIEKQ KG"Kc KE Z"QQ KE E"#"GKQ KJIYKQD"E LDEFI#"G"L IO,EDL" ,\" LDEHIEKQ KG"K E\IOQL X" WOG,\"G 

"_HQIG"L XN ,"E, HD,,DJP IG ,G"JF\DJP aEJ/KW"(AQQ"J m MIE\KQQc '[[4Kb$ 

1K2K2K2 Site an$ Drum Characteri\ation 

;IQQIZDJP ,\" P"IH\NEDFKQ EOG#"Nc +,N./ FIJLOF,"L K ED," F\KGKF,"GD`K,DIJ EKYHQDJP "#"J, DJ 

7F,IX"G '[[[$  +\" HOGHIE" IW ,\" ED," F\KGKF,"GD`K,DIJ ZKE ,I DJ#"E,DPK," ,\" KJIYKQD"E L","F,"L LOGDJP 

,\" P"IH\NEDFKQ EOG#"Nc FIQQ"F, EOGWKF" KJL EOXEOGWKF" EIDQ EKYHQ"E WGIY ,\" KJIYKQN QIFK,DIJEc DJE,KQQ 

,"YHIGKGN YDFGI Z"QQEc KJL FIQQ"F, PGIOJLZK,"G EKYHQ"E WGIY ,\" YDFGI Z"QQE a;DPOG" '24b$  +\" G"EOQ,E IW 

,\" DJ#"E,DPK,DIJ KG" EOYYKGD`"L DJ ,\" n/D," C\KGKF,"GD`K,DIJ !"HIG, a/D," 48b NA/ 9"JEKFIQKc 

9"JEKFIQK ;QIGDLKo EOXYD,,"L pKJOKGN &))4$ 

AE HKG, IW ,\" ED," F\KGKF,"GD`K,DIJc 'U EOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, ,\" ED," Z"G" KJKQN`"L WIG ?7CEc 

/?7CEc H"E,DFDL"Ec HIQNF\QIGDJK,"L XDH\"JNQE a9CBEbc Y",KQEc KJL FNKJDL" a;DPOG" '24b$  +\" EOGWKF" EIDQ 

EKYHQ"E Z"G" G"HIG,"L ,I FIJ,KDJ X"J`IaKbHNG"J" KJL "DP\, Y",KQE aKJ,DYIJNc KGE"JDFc XKGDOYc FIHH"Gc 

DGIJc Q"KLc JDF]"Qc KJL #KJKLDOYb K, FIJF"J,GK,DIJE "_F""LDJP ,\" ;=E9 /C+LE WIG =DG"F, E_HIEOG" 2 

!"EDL"J,DKQ hC\KH,"G *&2UUUc ;QIGDLK ALYDJDE,GK,D#" CIL" a;ACbi KJL NA/ 9"JEKFIQK XKF]PGIOJL 

FIJF"J,GK,DIJE$  >J KLLD,DIJc FIJF"J,GK,DIJE IW KJ,DYIJN KJL JDF]"Q Z"G" G"HIG,"L ,I "_F""L ;=E9 /C+LE 

WIG Q"KF\KXDQD,N ,I PGIOJLZK,"G aC\KH,"G *&2UUUc ;ACb$ 

;IQQIZDJP ,\" EOGWKF" EIDQ EKYHQDJPc ,"E, HD,E Z"G" "_FK#K,"L K, 'U IW ,\" P"IH\NEDFKQ KJIYKQN KG"KE$  

=GOYE Z"G" "JFIOJ,"G"L KJL G"YI#"L K, AJIYKQN AG"KE '3 KJL &) a;DPOG" '24b$  ;IQQIZDJP ,\" 

"_FK#K,DIJc E"#"J EOXEOGWKF" EIDQ EKYHQ"E Z"G" FIQQ"F,"L$  =O" ,I ,\" E\KQQIZ XOGDKQ IW ,\" LGOYEc 

EOXEOGWKF" EIDQ EKYHQ"E Z"G" FIQQ"F,"L DYY"LDK,"QN X"J"K,\ ,\" XOGD"L LGOYE K, L"H,\E GKJPDJP WGIY 

& ,I 8$3 W"", XQE$  +\" EKYHQ"E Z"G" KJKQN`"L WIG ,\" EKY" HKGKY","GE KE ,\" EOGWKF" EIDQ EKYHQ"E$  +\" 

KJKQN,DFKQ LK,K DJLDFK,"L X"J`IaKbHNG"J"c LDX"J`IaKc\bKJ,\GKF"J"c KJL JDJ" Y",KQE aKJ,DYIJNc KGE"JDFc 

XKGDOYc FIHH"Gc DGIJc Q"KLc JDF]"Qc `DJFc KJL #KJKLDOYb Z"G" HG"E"J, K, FIJF"J,GK,DIJE "_F""LDJP ,\" 

;=E9 /C+L WIG =DG"F, E_HIEOG" 2 !"EDL"J,DKQ KJL NA/ 9"JEKFIQK XKF]PGIOJL FIJF"J,GK,DIJE$  

AJ,DYIJNc KGE"JDFc XKGDOYc JDF]"Q KJL `DJF FIJF"J,GK,DIJE Z"G" G"HIG,"L ,I "_F""L ;=E9 /C+LE WIG 

Q"KF\KXDQD,N ,I PGIOJLZK,"G FGD,"GDK$ 

>J KLLD,DIJ ,I ,\" ,"E, HD,,DJP EOXEOGWKF" EIDQ EKYHQDJPc K LDG"F,2HOE\ ,"F\JIQIPN a=9+b GDP ZKE OE"L ,I 

FIQQ"F, WD#" KLLD,DIJKQ EIDQ EKYHQ"E WGIY KXI#" ,\" ZK,"G ,KXQ"$  +\" KLLD,DIJKQ EIDQ EKYHQ"E Z"G" FIQQ"F,"L 

K, QIFK,DIJE FIGG"EHIJLDJP ,I ,\" EIDQ XIGDJP KJL YIJD,IGDJP Z"QQ QIFK,DIJE E\IZJ IJ ;DPOG" '24$  +\" 
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EKYHQ"E Z"G" KJKQN`"L WIG ,\" EKY" HKGKY","GE KE ,\" HG"#DIOE EOXEOGWKF" EIDQ EKYHQ"E$  MIZ"#"Gc ,\" 

KJKQN,DFKQ G"EOQ,E WIG ,\" EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L WGIY KLLD,DIJKQ QIFK,DIJE LDL JI, DJLDFK," ,\" 

HG"E"JF" IW FIJ,KYDJKJ,E KXI#" G"POQK,IGN E,KJLKGLE IG NA/ 9"JEKFIQK XKF]PGIOJL FIJF"J,GK,DIJE$ 

=OGDJP ,\" ED," F\KGKF,"GD`K,DIJ DJ#"E,DPK,DIJc '4 LGOYE Z"G" "_FK#K,"L KJL E,IG"L DJ I#"G HKF] 

FIJ,KDJ"GE$  +\" FIJ,"J,E IW ,\" LGOYE Z"G" QK,"G EKYHQ"L LOGDJP ,\" LGOY F\KGKF,"GD`K,DIJ EKYHQDJP 

"#"J,$  +\" KJKQN,DFKQ LK,K WGIY ,\" LGOY F\KGKF,"GD`K,DIJ DJLDFK,"L ,\K, '& IW ,\" '4 LGOYE FIJ,KDJ"L 

DJEOWWDFD"J, #IQOY"(YKEE ,I EKYHQ"$  +\" ,ZI G"YKDJDJP LGOYE Z"G" EKYHQ"L KJL FIJ,KDJ"L Y",KQE KJL 

HIQNJOFQ"KG KGIYK,DF \NLGIFKGXIJE a9AMEb K, FIJF"J,GK,DIJE "_F""LDJP ;=E9 /C+LE$ 

;D#" ,"YHIGKGN YIJD,IGDJP Z"QQE Z"G" DJE,KQQ"L K, /D," 48 LOGDJP ,\" F\KGKF,"GD`K,DIJ E,OLN KJL EKYHQ"L 

WIG ?7CEc /?7CEc H"E,DFDL"E KJL 9CBEc +AL Y",KQE KJL FNKJDL"$  +\" PGIOJLZK,"G EKYHQ"E Z"G" 

G"HIG,"L ,I FIJ,KDJ Y",\NQ"J" F\QIGDL"c K FIYYIJ QKXIGK,IGN FIJ,KYDJKJ,c KJL ,ZI Y",KQE aKQOYDJOY 

KJL DGIJb K, FIJF"J,GK,DIJE "_F""LDJP ,\" ;=E9 @C+LE EH"FDWD"L DJ C\KH,"G *&2UUUc ;AC$  AQ,\IOP\ 

FIJF"J,GK,DIJE IW XI,\ Y",KQE "_F""L"L ,\" ;=E9 @C+LEc IJQN L","F,"L FIJF"J,GK,DIJE IW DGIJ Z"G" 

G"HIG,"L ,I "_F""L ,\" NA/ 9"JEKFIQK XKF]PGIOJL Q"#"QE$ 

1K2K2K9 )nterim Reme$ial Action 

;IQQIZDJP ,\" FIYHQ",DIJ IW ,\" ED," F\KGKF,"GD`K,DIJ DJ#"E,DPK,DIJ KJL KLL"JLOYc KJ >!A ZKE FIYHQ","L 

XN CM&<M>LL CIJE,GOF,IGEc >JF$ aCC>b ,I G"YI#" ,\" Y",KQ L"XGDE KJL FIJ,KYDJK,"L EOGWKF" KJL 

EOXEOGWKF" EIDQE K, ,\" ED," a;DPOG" '23b$  +\" DJ,"GDY G"YI#KQ KF,DIJ DE EOYYKGD`"L DJ ,\" n>J,"GDY 

!"YI#KQ AF,DIJ !"HIG,c E_FK#K,DIJ IW CIJ,KYDJK,"L /IDQ KJL @GIOJLZK,"G <IJD,IGDJP K, /D," 48c NK#KQ 

ADG /,K,DIJ 9"JEKFIQKc 9"JEKFIQKc ;QIGDLKo LK,"L /"H,"YX"G &))8$ 

9GDIG ,I DJD,DK,DJP ,\" >!A WD"QLZIG]c CC> L"#"QIH"L !@E WIG EIY" C7CE K, ,\" ED," OEDJP [3q .HH"G 

CIJWDL"JF" LDYD, a.CLb HGIF"LOG" WIG EOGWKF" EIDQE$  7JF" ,\" [3q .CL2XKE"L !@E Z"G" FKQFOQK,"L KJL 

KHHGI#"L XN ,\" G"POQK,IGEc EKYHQ"E Z"G" FIQQ"F,"L ,I L"QDJ"K," ,\" "_,"J, IW FIJ,KYDJK,DIJ HGDIG ,I 

"_FK#K,DIJ KF,D#D,D"E$  ;IG,N2IJ" a4'b EOGWKF" EIDQ EKYHQ"E KJL &' EOXEOGWKF" EIDQ EKYHQ"E Z"G" FIQQ"F,"L 

DJ ,\" #DFDJD,N IW ,\" DL"J,DWD"L G"Y"LDKQ KG"KE WIG EIOGF" L"QDJ"K,DIJ IW ,\" KEEIFDK," Y",KQE$  BKE"L IJ 

,\" QKXIGK,IGN G"EOQ,Ec ,\" KG"KE IW "_FK#K,DIJ Z"G" L"WDJ"L aCC>c &))8b$ 

7W ,\" DJD,DKQ '3 KJIYKQIOE KG"KE F\KGKF,"GD`"L WIG FIJ,KYDJK,DIJc * KG"KE "_F""L"L ,\" DJD,DKQ FQ"KJOH 

FGD,"GDK IO,QDJ"L DJ ,\" /D," 48 TIG] 9QKJ$  +\"E" KG"KE DJFQOL"L AJIYKQN AG"KE 4c '4c '3c '*c &) KJL &&$  

;GIY AHGDQ ,\GIOP\ <KN 8c &))'c K ,I,KQ IW *3U FOXDF NKGLE IW EIDQ KJL L"XGDE Z"G" G"YI#"L WGIY ,\"E" 

KG"KE K, /D," 48$  +\" "_FK#K,"L EIDQ ZKE "D,\"G E,IF]HDQ"L IG QIKL"L LDG"F,QN IJ,I ,GKJEHIG, #"\DFQ"E$  /IDQ 

,\K, ZKE KJKQN`"L KJL L","GYDJ"L ,I X" \K`KGLIOE WIG Q"KL ZKE YKJDW"E,"L KFFIGLDJPQN$  AHHGI_DYK,"QN 
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&) ,I &3 GOE,"L Y",KQ LGOYE KJL LGOY HKG,E KJL DJ"G, IGJKY"J,KQ IGLJKJF" KJL YOJD,DIJE Z"G" 

OJFI#"G"L DJ KLLD,DIJ ,I ,\" IGDPDJKQ '4 LGOYE DL"J,DWD"L KJL HG"#DIOEQN G"YI#"L$  ;IQQIZDJP "_FK#K,DIJ 

KF,D#D,D"Ec ,\" "_FK#K,"L KG"KE Z"G" XKF]WDQQ"L ZD,\ K FQKN"N EIDQ WIG ,\" QDJ"G KJL ,IHEIDQ WIG ,\" OHH"G ' 

WII, EOGWKF" FIYHQ",DIJ$  ;IQQIZDJP ,"E,DJP WIG KHHGIHGDK," L"JED,Nc ,\" "_FK#K,"L KG"KE Z"G" \NLGI2

E""L"L ZD,\ PGKEE E""L KJL W"G,DQD`"G aCC>c &))8b$ 

BKE"QDJ" PGIOJLZK,"G EKYHQDJP ZKE FIJLOF,"L HGDIG ,I "_FK#K,DIJ KF,D#D,D"E KJL K EOXE"dO"J, GIOJL IW 

E"YD2KJJOKQ PGIOJLZK,"G EKYHQDJP ZKE FIJLOF,"L KW,"G "_FK#K,DIJ KF,D#D,D"E Z"G" FIYHQ","L$  

@GIOJLZK,"G EKYHQ"E Z"G" KJKQN`"L WIG DGIJ IJQN$  =","F,"L DGIJ FIJF"J,GK,DIJE WIG XI,\ FIJE"FO,D#" 

EKYHQDJP "#"J,E Z"G" Q"EE ,\KJ ,\" "E,KXQDE\"L NA/ 9"JEKFIQK XKF]PGIOJL FIJF"J,GK,DIJE IW 

'cU)U YDFGIPGKYE H"G QD,"G afP(Lb aCC>c &))8b$ 

;IQQIZDJP "_FK#K,DIJ KF,D#D,D"Ec ,\" FQ"KJOH FGD,"GDK Z"G" G"2"#KQOK,"L KJL G"#DE"L$  <KJN IW ,\" !@E 

"E,KXQDE\"L OEDJP ,\" [3q .CL Z"G" JI, KHHGIHGDK," WIG ,\" ED,"$  +\" .JD#"GED,N IW ;QIGDLK 

PODLKJF" a&))4b DJLDFK,"E ,\K, [3q .CL FKJJI, X" OE"L WIG XKGDOYc FIHH"Gc JDF]"Qc IG #KJKLDOY WIG 

FOGG"J, IG HI,"J,DKQ G"EDL"J,DKQ QKJL OE" LO" ,I KFO," ,I_DF "WW"F,E DJ F\DQLG"J KE K G"EOQ, IW LDG"F, 

"_HIEOG"$  ALLD,DIJKQQNc ,\" ./E9A \KE DJLDFK,"L ,\K, [3q .CL E\IOQL JI, X" OE"L WIG Q"KL$  

CIJE"dO"J,QNc D, ZKE L","GYDJ"L ,\K, JDJ" I,\"G KG"KE aAJIYKQN AG"KE ''c '&c '8c 'Uc '5c '[c &'c &8c KJL 

&4b FIJ,KDJ"L FIJ,KYDJKJ,E ,\K, "_F""L"L ,\" G"#DE"L FQ"KJOH FGD,"GDK$  AG"KE ZD,\ "_F""LKJF"E ,\K, 

Z"G" JI, "_FK#K,"L DJFQOL"L ''c '&c '8c 'Uc &8c KJL &4 aCC>c &))8b$  >J KLLD,DIJc "_FK#K,DIJ KF,D#D,D"E 

Z"G" FIYHQ","L ,I K L"H,\ IW & W"", XQEl \IZ"#"Gc EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L ZD,\DJ ,\" "_FK#K,DIJ 

KG"K K, L"H,\E GKJPDJP WGIY & W"", XQE ,I 8$3 W"", XQE LOGDJP ,\" F\KGKF,"GD`K,DIJ E,OLN FIJ,KDJ"L 

"_F""LKJF"E IW ,\" G"#DE"L !@E$ 

B"FKOE" IW ,\" G"#DE"L QIZ"G !@E "E,KXQDE\"L WIG ,\" ED," KW,"G ,\" EIDQ G"YI#KQ KF,D#D,D"E Z"G" FIYHQ","Lc 

CC> G"FIYY"JL"L K !>(;/ X" FIYHQ","L K, /D," 48 ,I L"QDJ"K," C7C FIJ,KYDJK,DIJ KJL DL"J,DWN K WDJKQ 

G"Y"LN WIG ,\" ED," aCC>c &))8b$ 

1K2K9 Regulatory Setting

+\" NK#N >JE,KQQK,DIJ !"E,IGK,DIJ a>!b 9GIPGKY ZKE L"EDPJ"L ,I DL"J,DWN KJL KXK," IG FIJ,GIQ FIJ,KYDJKJ, 

YDPGK,DIJ G"EOQ,DJP WGIY HKE, IH"GK,DIJE K, JK#KQ DJE,KQQK,DIJEc ZD,\ ,\" PIKQ IW "_H"LD,DJP KJL DYHGI#DJP 

"J#DGIJY"J,KQ G"EHIJE" KF,DIJE Z\DQ" HGI,"F,DJP \OYKJ \"KQ,\ KJL ,\" "J#DGIJY"J,$  +\" >! HGIPGKY DE 

FIJLOF,"L DJ KFFIGLKJF" ZD,\ /"F,DIJ '&) IW ,\" CIYHG"\"JED#" EJ#DGIJY"J,KQ !"EHIJE"c 

CIYH"JEK,DIJc KJL LDKXDQD,N AF, aCE!CLAb IW '[5) KE KY"JL"L XN ,\" /OH"GWOJL AY"JLY"J,E KJL 

!"KO,\IGD`K,DIJ AF, a/A!Ab IW '[5* KJL E_"FO,D#" 7GL"G '&35)$  CE!CLA G"dODG"E ,\K, W"L"GKQ WKFDQD,D"E 

FIYHQN ZD,\ ,\" KF,c XI,\ HGIF"LOGKQQN KJL EOXE,KJ,D#"QN$  /D," 48 DE X"DJP DJ#"E,DPK,"L KE HKG, IW 
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CE!CLA G"dODG"Y"J,E$  +\DE !> !"HIG, \KE X""J G"#D"Z"L XN ,\" ./E9A KJL ,\" ;=E9$  +\" 

FIYY"J,E HGI#DL"L XN ,\"E" KP"JFD"E KJL G"EHIJE"E ,I ,\"E" FIYY"J,E KG" DJFQOL"L DJ AHH"JLD_ A$ 

1K9 RE;ORT ORJAN)]AT)ON  

+\" !> !"HIG, DE IGPKJD`"L DJ,I E"#"J E"F,DIJE ZD,\ EOHHIG,DJP G"W"G"JF"E KJL KHH"JLDF"Er 

 /"F,DIJ '$) ^ >J,GILOF,DIJ 

 /"F,DIJ &$) ^ /,OLN AG"K >J#"E,DPK,DIJ 

 /"F,DIJ 8$) ^ 9\NEDFKQ C\KGKF,"GDE,DFE IW ,\" /,OLN AG"K 

 /"F,DIJ 4$) ^ NK,OG" KJL E_,"J, IW CIJ,KYDJK,DIJ 

 /"F,DIJ 3$) ^ CIJ,KYDJKJ, ;K," KJL +GKJEHIG, 

 /"F,DIJ *$) 2 !DE] AEE"EEY"J, ^ \OYKJ \"KQ,\ KJL "FIQIPDFKQ GDE]$ 

 /"F,DIJ U$) ^ /OYYKGN KJL CIJFQOEDIJE 

 !"W"G"JF"E 

 AHH"JLDF"E 2 /OHHIG,DJP LK,K KJL LDEFOEEDIJE 
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2K0 STUDL AREA )NQEST)JAT)ON 

+\" HGDYKGN IXg"F,D#" IW ,\" !> DE ,I HGI#DL" LK,K ,I "#KQOK," ,\" FOGG"J, "J#DGIJY"J,KQ FIJLD,DIJE KJL 

PODL" ,\" E"Q"F,DIJ IW K G"Y"LN WIG KJN FIJ,KYDJK,DIJ HG"E"J, K, /D," 48 ,\K, DE HGI,"F,D#" IW \OYKJ 

\"KQ,\ KJL ,\" "J#DGIJY"J,$  /IDQ KJL PGIOJLZK,"G EKYHQ"E Z"G" FIQQ"F,"L WIG IWW2ED," QKXIGK,IGN KJKQNEDE 

KJL ,\" KJKQN,DFKQ G"EOQ,E Z"G" EFG""J"L KPKDJE, KHHGIHGDK," W"L"GKQ KJL E,K," EFG""JDJP #KQO"E$  ;D"QL 

KF,D#D,D"Ec EOF\ KE EKYHQDJP KJL YIJD,IGDJP Z"QQ DJE,KQQK,DIJc Z"G" FIJLOF,"L DJ KFFIGLKJF" ZD,\ ,\" 

M"KQ,\ KJL /KW",N 9QKJ aMA/9b KJL ,\" ;=E9 /,KJLKGL 7H"GK,DJP 9GIF"LOG"E a/79Eb WIG ;D"QL AF,D#D,D"E 

a;=E9c &))4b$ 

2K1 SUR>ACE SO)H SAM;H)NJ 

AQ,\IOP\ "_,"JED#" EIDQ EKYHQDJP ZKE FIYHQ","L HGDIG ,I ,\" >!A "_FK#K,DIJ KF,D#D,D"E K, ,\" ED,"c ,\" 

KG"KE IW G"#DE"L !@ "_F""LKJF"E Z"G" JI, WOQQN L"QDJ"K,"L IG "_FK#K,"L$  AJKQN,DFKQ G"EOQ,E WGIY EOGWKF" 

EIDQ EKYHQ"E FIQQ"F,"L DJ FIJgOJF,DIJ ZD,\ AJIYKQN AG"KE ''c '&c 'Uc &8 KJL &4 DJLDFK,"L ,\K, ,\" "_,"J, 

IW !@ "_F""LKJF"E ZKE JI, WOQQN L"QDJ"K,"L$ 

+Z"J,N EOGWKF" EIDQ EKYHQ"E aHQOE dOKQD,N KEEOGKJF" KJL dOKQD,N FIJ,GIQ EKYHQ"Eb Z"G" FIQQ"F,"L WIG ,\" 

!> WGIY IJ2ED," QIFK,DIJE a;DPOG" &2'b$  +\" EOGWKF" EIDQ EKYHQ"E Z"G" FIQQ"F,"L WGIY ,\" PGIOJL EOGWKF" 

,I K L"H,\ IW ' WII, XQE OEDJP K \KJL KOP"G DJ KFFIGLKJF" ZD,\ ;/ 8'))c /OGWKF" /IDQ /KYHQDJP 

a;=E9c &))4b$  /IDQ EKYHQDJP QIPE KG" DJFQOL"L DJ AHH"JLD_ B$  +I L"QDJ"K," "_F""LKJF"E DJ ,\" KJIYKQN 

KG"KEc EOGWKF" EIDQ EKYHQ"E Z"G" FIQQ"F,"L WGIY ,\" H"GDY","G IW ,\" KJIYKQN KG"KE KJL KJKQN`"L ,\" 

E"Q"F,"L HKGKY","GE XKE"L IJ ,\" "_F""LKJF"E HG"#DIOEQN G"HIG,"L$  >J KLLD,DIJc ,\G"" EOGWKF" EIDQ 

EKYHQ"E Z"G" FIQQ"F,"L WGIY ,\" KG"K Z"E, IW ,\" >!A "_FK#K,DIJ K, ,\" WIGY"G QIFK,DIJ IW ,\" ,"JJDE 

FIOG,$  +\"E" EKYHQ"E Z"G" FIQQ"F,"L ,I L","GYDJ" DW "_FK#K,DIJ KF,D#D,D"Ec Z\DF\ Z"G" QDYD,"L HG"#DIOEQN 

XN ,\" HG"E"JF" IW ,\" ,"JJDE FIOG,Ec Z"G" "_,"JED#" "JIOP\$ 

/OGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, ,\" ED," Z"G" KJKQN`"L WIG CL9 +CL /?7CE a./E9A <",\IL /T254* 

5&U)Cbc KJL DJIGPKJDF KJKQN,"E a./E9A <",\IL /T254* *)')Bb$  +\" EH"FDWDF HKGKY","GE KJKQN`"L WIG 

"KF\ KJIYKQN KG"K KG" KE WIQQIZEr 

 AJIYKQN AG"K '' /?7CEc KGE"JDFc XKGDOYc FIHH"Gc KJL Q"KL 

 AJIYKQN AG"K '& /?7CEc KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOY 

 AJIYKQN AG"K 'U /?7CE KJL FIHH"G 

 AJIYKQN AG"K &8 /?7CEc KGE"JDFc XKGDOYc Q"KLc KJL #KJKLDOY 

 AJIYKQN AG"K &4 /?7CEc FIHH"Gc KJL Q"KL  

 +"JJDE CIOG, AG"K /?7CEc KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOY 
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2K2 SUBSUR>ACE SO)H SAM;H)NJ 

B"FKOE" KQQ KG"KE IW ,\" G"#DE"L !@ "_F""LKJF"E Z"G" JI, L"QDJ"K,"L IG "_FK#K,"L HG"#DIOEQNc 

KLLD,DIJKQ EOXEOGWKF" EIDQ EKYHQDJP ZKE FIJLOF,"L ,I WOG,\"G F\KGKF,"GD`" ,\" FIJ,KYDJKJ, Q"#"QE K, ,\" 

ED,"$  NDJ" EIDQ XIGDJPE KJL KEEIFDK,"L EOXEOGWKF" EIDQ EKYHQDJP Z"G" FIYHQ","L K, P"IH\NEDFKQ 

KJIYKQN(,"E, HD, QIFK,DIJE ''c '&c 'Uc &8 KJL &4 ,I WOG,\"G L"QDJ"K," ,\" EOXEOGWKF" EIDQE K, QIFK,DIJE JI, 

HG"#DIOEQN "_FK#K,"L$  /D_ KLLD,DIJKQ EIDQ XIGDJPE KJL KEEIFDK,"L EOXEOGWKF" EIDQ EKYHQDJP Z"G" 

FIYHQ","L ZD,\DJ ,\" >!A "_FK#K,DIJ KG"K ,I WOG,\"G L"QDJ"K," EOXEOGWKF" EIDQ "_F""LKJF"E JI, G"YI#"L 

LOGDJP ,\" >!A$  AJL WDJKQQNc WD#" EIDQ XIGDJPE KJL KEEIFK,"L EOXEOGWKF" EIDQE EKYHQ"E Z"G" FIYHQ","L K, 

,\" WIGY"G ,"JJDE FIOG, QIFK,DIJ ,I KLLG"EE HI,"J,DKQ EOXEOGWKF" EIDQ FIJ,KYDJK,DIJ JI, HG"#DIOEQN 

"#KQOK,"L LO" ,I ,\" HG"E"JF" IW ,\" E,GOF,OG"$  +\" EIDQ XIGDJP QIFK,DIJE KG" E\IZJ IJ ;DPOG" &2&$ 

+\" EIDQ XIGDJPE K, /D," 48 Z"G" KL#KJF"L OEDJP K =9+ EIDQ2EKYHQDJP ENE,"Yb ,I IX,KDJ FIJ,DJOIOE 

EOXEOGWKF" EIDQ EKYHQ"E$  +\" =9+ EKYHQ"G ZKE OE"L ,I FIQQ"F, EKYHQ"E WGIY LDEFG"," DJ,"G#KQE X"QIZ & 

W"", XQE ,I KXI#" ,\" `IJ" IW PGIOJLZK,"G EK,OGK,DIJ$  /IDQ XIGDJP QIPE KG" DJFQOL"L DJ AHH"JLD_ B$  +ZI 

EIDQ EKYHQ"E Z"G" EOXYD,,"L WIG QKXIGK,IGN KJKQNEDE WGIY "KF\ EIDQ XIGDJPc ,\" E\KQQIZ EIDQ EKYHQ"E Z"G" 

FIQQ"F,"L K, ,\" EIDQ "_FK#K,DIJ QDYD, KJL ,\" L""H"G EIDQ EKYHQ"E Z"G" FIQQ"F,"L WGIY X",Z""J 4 KJL OH ,I 

[ W"", XQEc XKE"L IJ ,\" #DEOKQ KHH"KGKJF" IW ,\" EIDQc "$P$ E,KDJDJP IG QD,\IQIPN F\KJP"$  >J KLLD,DIJc 

dOKQD,N KEEOGKJF" KJL dOKQD,N FIJ,GIQ EKYHQ"E Z"G" FIQQ"F,"L$  +\" EOXEOGWKF" EIDQ DJ#"E,DPK,DIJ QIFK,DIJE 

KG" E\IZJ IJ ;DPOG" &2&$ 

+\" EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, /D," 48 Z"G" KJKQN`"L WIG CL9 +CL /?7CE a./E9A <",\IL 

/T254* 5&U)Cbc KJL E"Q"F,"L DJIGPKJDF KJKQN,"E DJFQOLDJP KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOY 

a./E9A <",\IL /T254* *)')Bb$  +\" EIDQ EKYHQ"E WIG QKXIGK,IGN KJKQNEDE Z"G" FIQQ"F,"L DJ KFFIGLKJF" 

ZD,\ ;/ 8&))c /OXEOGWKF" /IDQ /KYHQDJP a;=E9c &))4b$ 

2K9 EO)ST)NJ WEHH EQAHUAT)ON 

A ,"YHIGKGN YDFGI Z"QQ J",ZIG] ZKE HG"#DIOEQN DJE,KQQ"L K, ,\" ED," LOGDJP ,\" /D," C\KGKF,"GD`K,DIJ 

!"HIG, a/C!b DJ#"E,DPK,DIJ a;DPOG" &28b$  A EOYYKGN IW ,\" Z"QQ FIJE,GOF,DIJ L",KDQE KG" HGI#DL"L DJ +KXQ" 

&2'$  +\" "_DE,DJP YDFGI Z"QQE Z"G" "#KQKOK,"L ,I L","GYDJ" DW ,\" YDFGI Z"QQE Z"G" #DKXQ" WIG FOGG"J, KJL 

WO,OG" PGIOJLZK,"G YIJD,IGDJP KF,D#D,D"E$  E_DE,DJP YDFGI Z"QQ 9"J24828/ ZKE WIOJL ,I X" LGN KJL ZKE 

HGIH"GQN KXKJLIJ"L$  9"J2482'/ ZKE G"HIG,"LQN LGNc XO, ZKE WIOJL ,I X" E"FOG" KJL ZKE JI, KXKJLIJ"L 

WIG WO,OG" OE" ,I Y"KEOG" ZK,"G Q"#"QE$  <DFGI Z"QQ 9"J24824/ \KE JI, X""J QIFK,"L EDJF" ,\" G"YI#KQ IW 

,\" ,"JJDE FIOG, KJL DE X"QD"#"L ,I \K#" X""J L"E,GIN"L$  <DFGI Z"QQE 9"J2482&/ KJL 9"J24823/ Z"G" 

E"FOG" KJL Z"G" EKYHQ"L KJL OE"L DJ ,\" "#KQOK,DIJ IW PGIOJLZK,"G K, ,\" ED,"$ 
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TABLE 2-1

MONITORING WELL INSTALLATION SUMMARY
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Well ilnstallation Installation Total Screened Top-ot-Casing Well
WelllD Type Date Method Depth Interval Depth Elevation Status

PEN-43-01S Micro Well 10/17/1999 DPT 19.5 9.5-19.5 24.62 Not Sampled
PEN-43-02S Micro Well 10/17/1999 DPT 19.4 9.4-19.4 25.98 Sampled/Partially Obstructed
PEN-43-03S Micro Well 10/17/1999 DPT 19.5 9.5-19.5 --- Abandoned
PEN-43-04S Micro Well 10/17/1999 DPT 15 5-15 --- Destroyed
PEN-43-05S Micro Well 10/17/1999 DPT 19 9-19 25.00 Sampled
PEN-43-05D Deep 2/23/2005 Rotosonic 50 45-50 24.87 Sampled
PEN-43-06S Shallow 2/24/2005 Rotosonic 25 15-25 26.21 Sampled
PEN-43-06D Deep 2/23/2005 Rotosonic 50 45-50 26.22 Sampled
PEN-43-07S Shallow 2/24/2005 Rotosonic 25 15-25 23.03 Sampled
PEN-43-08S Shallow 2/24/2005 Rotosonic 25 15-25 25.58 Sampled
PEN-43-09S Shallow 2/24/2005 Rotosonic 25 15-25 23.27 Sampled
PEN-43-10S Shallow 2/24/2005 Rotosonic 25 15-25 23.18 Sampled
PEN-43-11S Shallow 2/24/2005 Rotosonic 25 15-25 25.61 Sampled
PEN-43-12S Shallow 3/3/2005 HSA 25 15-25 25.78 Sampled
PEN-43-13S Shallow 3/3/2005 HSA 25 15-25 25.27 Sampled
Notes:
--- =Not surveyed
OPT =Direct-push technology
HSA =Hollow stem auger
Depths in feet below grade
Elevations relative to arbitrary benchmark, top of casing for PEN-43-05S of 25 feet
Wells are flush mount surface completions
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2K4 MON)TOR)NJ WEHH )NSTAHHAT)ON 

A J"Z H"GYKJ"J, YIJD,IGDJP Z"QQ J",ZIG]c DJFQOLDJP XI,\ E\KQQIZ KJL L""H YIJD,IGDJP Z"QQEc ZKE 

DJE,KQQ"L LOGDJP ,\" !> ,I EOHHQ"Y"J, IG G"HQKF" ,\" "_DE,DJP YDFGI Z"QQE a;DPOG" &28b$  EDP\, E\KQQIZ 

YIJD,IGDJP Z"QQE Z"G" DJE,KQQ"L ,I KJ KHHGI_DYK," L"H,\ IW &3 W"", XQE$  >J KLLD,DIJc ,ZI L""H H"GYKJ"J, 

YIJD,IGDJP Z"QQE Z"G" DJE,KQQ"L ,I KJ KHHGI_DYK," L"H,\ IW 3) W"", XQE$  T"QQ FIJE,GOF,DIJ L",KDQE KG" 

HGI#DL"L DJ +KXQ" &2' KJL AHH"JLD_ B$  +\" YKgIGD,N IW ,\" J"Z YIJD,IGDJP Z"QQE Z"G" DJE,KQQ"L OEDJP 

EIJDF LGDQQDJP Y",\ILE$  +ZI IW ,\" YIJD,IGDJP Z"QQEc 9EN2482'&/ KJL 9EN2482'8/c Z"G" DJE,KQQ"L OEDJP 

\IQQIZ E,"Y KOP"G LGDQQDJP Y",\ILE X"FKOE" ,\" EIJDF LGDQQDJP GDP ZKE OJKXQ" ,I KFF"EE ,\" Z"QQ QIFK,DIJE$  

+\" YIJD,IGDJP Z"QQE Z"G" DJE,KQQ"L KJL FIJE,GOF,"L DJ KFFIGLKJF" ZD,\ NA?;AC E;= /7.+M KJL 

;=E9 PODLKJF" LIFOY"J,E$  ;IQQIZDJP Z"QQ DJE,KQQK,DIJc ,\" ,IH2IW2FKEDJP "Q"#K,DIJE WIG ,\" J"Z KJL 

"_DED,DJP Z"QQE Z"G" EOG#"N"L OEDJP ,\" ,IH2IW2FKEDJP "Q"#K,DIJ IW 9EN2482)3/ KE K X"JF\YKG] ZD,\ KJ 

KGXD,GKGN "Q"#K,DIJ IW &3 W"",$ 

2K5 JROUNDWATER SAM;H)NJ 

@GIOJLZK,"G EKYHQ"E Z"G" FIQQ"F,"L WGIY ,\" "_DE,DJP YDFGI Z"QQE Z\"G" HIEEDXQ" KJL ,\" J"ZQN DJE,KQQ"L 

YIJD,IGDJP Z"QQE ,I KEE"EE ,\" FOGG"J, PGIOJLZK,"G FIJLD,DIJE$  EDP\, E\KQQIZ YIJD,IGDJP Z"QQEc ,ZI 

E\KQQIZ YDFGI Z"QQEc KJL ,ZI L""H YIJD,IGDJP Z"QQE Z"G" EKYHQ"L WIG ,\" !>$  +\" Z"QQ QIFK,DIJE KG" 

E\IZJ IJ ;DPOG" &28$ 

/,K,DF ZK,"G Q"#"QE KJL ,I,KQ Z"QQ L"H,\E Z"G" Y"KEOG"L IJ <KGF\ 3 KJL <KGF\ &*c &))3$  +\" Z"QQE Z"G" 

HOGP"L KJL EKYHQ"L OEDJP K H"GDE,KQ,DF HOYH KJL QIZ2WQIZ dOD"EF"J, HOGPDJP ,"F\JDdO"$  @GIOJLZK,"G 

EKYHQDJP ZKE FIJLOF,"L IJ <KGF\ &4c &))3$  +\" YIJD,IGDJP Z"QQE Z"G" HOGP"L DJ KFFIGLKJF" ZD,\ 

;/ &&'&c T"QQ 9OGPDJP +"F\JDdO"E a;=E9c &))4b$  @GIOJLZK,"G EKYHQ"E Z"G" FIQQ"F,"L DJ KFFIGLKJF" 

ZD,\ ;/ &&&)c @GIOJLZK,"G /KYHQDJP +"F\JDdO"E a;=E9c &))4b$  TK,"G Q"#"Q KJL PGIOJLZK,"G EKYHQDJP 

G"FIGLE KG" DJ AHH"JLD_ B$ 

+\" PGIOJLZK,"G EKYHQ"E FIQQ"F,"L WGIY IJ2ED," Z"QQE Z"G" KJKQN`"L WIG CL9 +CL ?7CE a./E9A 

<",\IL /T254* 5&*)Bb KJL +AL Y",KQE a./E9A <",\IL /T 54* *)')Bc [)')c KJL U4U'b$ 

2K6 A^U)>ER TEST)NJ 

E_,"JED#" KdODW"G ,"E,DJP \KE X""J FIYHQ","L HG"#DIOEQN K, I,\"G NA/ 9"JEKFIQK ED,"E OJL"G 

DJ#"E,DPK,DIJl ,\"G"WIG"c KLLD,DIJKQ KdODW"G ,"E,E Z"G" JI, FIJLOF,"L KE HKG, IW ,\" /D," 48 !> DJ#"E,DPK,DIJ$  

B"FKOE" IW ,\" EDYDQDKGD,N IW ,\" ED,"2EH"FDWDF KJL WKFDQD,N2EH"FDWDF P"IQIPDF FIJLD,DIJEc "_DED,DJP KdODW"G ,"E, 

LK,K KJL G"EOQ,E WGIY HOYHDJP ,"E,E KJL EQOP ,"E,E FIYHQ","L K, I,\"G >! KJL OJL"GPGIOJL E,IGKP" 

,KJ] a./+b ED,"E ,\GIOP\IO, ,\" WKFDQD,N Z"G" OE"L ,I "#KQKO," \NLGIP"IQIPDF FIJLD,DIJE K, /D," 48$ 
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9K0 ;TLS)CAH CTARACTER)ST)CS O> TTE STUDL AREA 

=K,K ,I "#KQOK," ED," FIJLD,DIJE KJL F\KGKF,"GDE,DFE Z"G" IX,KDJ"L WGIY K#KDQKXQ" QD,"GK,OG" KJL ,\" ED," 

EH"FDWDF DJ#"E,DPK,DIJE$ 

9K1 SUR>ACE >EATURES 

NA/ 9"JEKFIQK DE QIFK,"L DJ ,\" "_,G"Y" EIO,\"KE,"GJ HIG,DIJ IW EEFKYXDK CIOJ,Nc ;QIGDLKc Z\DF\ QD"E 

ZD,\DJ ,\" CIKE,KQ 9QKDJ 9GI#DJF" IW ,\" .JD,"L /,K,"E$  AE L"EFGDX"L DJ ,\" >JD,DKQ AEE"EEY"J, IW NA/ 

9"JEKFIQK aNK#KQ EJ"GPN KJL EJ#DGIJY"J,KQ /OHHIG, AF,D#D,N hNEE/Aic '[58bc NA/ 9"JEKFIQK QD"E ZD,\DJ 

,\" FIKE,KQ QIZQKJL ,\K, DE F\KGKF,"GD`"L XN K E"GD"E IW XGIKLc J"KGQN Q"#"Q YKGDJ" ,"GGKF"E ,\K, "_,"JL 

E"#"GKQ YDQ"E WGIY ,\" FIKE, KJL Y"GP" ZD,\ ,\" JKGGIZ ,"GGKF"E KQIJP ,\" EEFKYXDK KJL 9"GLDLI !D#"GE$  

NA/ 9"JEKFIQK DE QIFK,"L IJ K H"JDJEOQK ZD,\ P"J,QN EQIHDJP ,"GGKDJ$  +\" QKJL EOGWKF" "Q"#K,DIJE IJ ,\" 

H"JDJEOQK GKJP" WGIY E"K Q"#"Q ,I KHHGI_DYK,"QN 4) W"", KXI#" Y"KJ E"K Q"#"Q$ 

/D," 48 DE EIO,\Z"E, IW ,\" DJ,"GE"F,DIJ IW <OGGKN KJL +KNQIG !IKLE a;DPOG" 82'b$  +\" KG"K FI#"GE 

KHHGI_DYK,"QN 4)c))) EdOKG" W"", KJL ,\" ED," "Q"#K,DIJ DE KHHGI_DYK,"QN &) W"", KXI#" Y"KJ E"K Q"#"Q$  

+\" ED," QD"E IJ ,\" "KE,"GJ EQIH" IW K QIZ KG"K X",Z""J ,\"E" ,ZI GIKLE KJL KFGIEE ,\" E,G"", WGIY ,\" 

"J,GKJF" ,I ,\" 7WWDF"GEk VOKG,"GE$  +\"G" DE KHHGI_DYK,"QN ') W"", IW #"G,DFKQ G"QD"W KFGIEE ,\" ED,"$  +\" 

QKJL DE PGKEEN ZD,\ YK,OG" ,G""E KJL DE YKDJ,KDJ"L XN ,\" NK#N$  +\" ED," WIGY"GQN FIJ,KDJ"L K W"JF"L 

+"JJDE CIOG, AG"K KJL KJ OJW"JF"L IQL XODQLDJP WIOJLK,DIJ$ 

9K2 METEOROHOJL 

EEFKYXDK CIOJ,N \KE K ZKGYc \OYDL2,"YH"GK," FQDYK," h.JD,"L /,K,"E ="HKG,Y"J, IW APGDFOQ,OG" 

a./=Ab &))4i$  AQIJP ,\" FIKE,c ,\" @OQW IW <"_DFI YIL"GK,"E \DP\ ,"YH"GK,OG"E DJ ,\" EOYY"G KJL QIZ 

,"YH"GK,OG"E DJ ,\" ZDJ,"G$  +I,KQ KJJOKQ HG"FDHD,K,DIJ DE KXIO, *& DJF\"E$  +\" PG"K,"E, KYIOJ, IW GKDJ 

WKQQE DJ pOQN KJL AOPOE,$  7FFKEDIJKQQNc E\IG, LGIOP\,E IFFOG DJ QK," EHGDJP$ 

9K9 SUR>ACE WATER TLDROHOJL 

NA/ 9"JEKFIQK DE XIGL"G"L IJ ,\" EIO,\ XN BDP LKPIIJc IJ ,\" EIO,\ KJL "KE, XN 9"JEKFIQK BKNc KJL 

IJ ,\" JIG,\ XN BKNIO @GKJL" aNEE/Ac '[58b$  /KJLN EOGWKF" EIDQ DJ ,\DE KG"K KQQIZE WIG K \DP\ 

HGIHIG,DIJ IW GKDJWKQQ ,I DJWDQ,GK," DJ,I ,\" PGIOJL KJL FIJE"dO"J,QN ,\"G" KG" W"Z E,G"KYE$  +\" EOGWKF" 

,IHIPGKH\N \KE QD,,Q" LDEE"F,DIJ KJL ,\" JK,OGKQ LGKDJKP" ENE,"Y DE HIIGQN L"#"QIH"L$  <OF\ IW ,\" 

EOGWKF" LGKDJKP" \KE X""J FIJE,GOF,"L IG YILDWD"L ,I KFFIYYILK," E,GOF,OG"E IJ XKE"$  /ZKYHN KG"KE 

"_DE, IJ IG J"KG ,\" Z"E,"GJ HIG,DIJ IW NA/ 9"JEKFIQKc KJL YKJ2YKL" LGKDJKP" ZKNE KJL E,IGY LGKDJE 
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W""L DJ,I ,\" E\IG, DJ,"GYD,,"J, E,G"KYE "YH,NDJP DJ ,I 9"JEKFIQK BKN KJL BKNIO @GKJL"$  NI H"G"JJDKQ 

E,G"KYE "J,"G IG "_D, ,\" NA/ 9"JEKFIQKc XO, ,\" YKGE\N KG"KE KJL ,\G"" EYKQQ QK]"E IJ ,\" PIQW FIOGE" 

G",KDJ ZK,"G ,\GIOP\IO, ,\" N"KG$ 

/D," 48 DE QIFK,"L IJ ,\" "KE,"GJ EQIH" IW K E\KQQIZ FQIE"L L"HG"EEDIJ XIOJL XN HK#"L GIKLE IJ KQQ WIOG 

EDL"E a;DPOG" 82'b$  /OGWKF" ZK,"G W"K,OG"E KG" JI, HG"E"J, K, ,\" ED," KJL I#"GQKJL GOJIWW DE ,I ,\" Z"E, 

DJ,I ,\" L"HG"EEDIJ$  A L"EDPJK,"L Z",QKJL KJL K LGKDJKP" LD,F\ QIFK,"L KHHGI_DYK,"QN 3)) W"", ,I ,\" 

"KE, IW ,\" ED," KG" ,\" J"KG"E, EOGWKF" ZK,"G XILD"E a;DPOG" 82'b$ 

9K4 JEOHOJL 

+\" EOGWDFDKQ P"IQIPN IW ,\" KG"K FIJEDE,E IW 9Q"DE,IF"J" YKGDJ" L"HIED,E YKL" OH IW QDP\, XGIZJ ,I ,KJc 

WDJ" dOKG,` EKJL ZD,\ KEEIFDK,"L E,GDJP"GE KJL Q"JE"E IW PGK#"Q KJL FQKN$  .JL"GQNDJP ,\"E" L"HIED,Ec 

DJFG"KEDJP ZD,\ KP"c KG" ,\" CD,GIJ"QQ" ;IGYK,DIJc ,\" <DIF"J" CIKGE" CQKE,DFEc ,\" 9"JEKFIQK CQKNc ,\" 

+KYHK ;IGYK,DIJc ,\" C\DF]KEKZ\KN LDY"E,IJ"c ,\" BOFK,OJJK CQKN Y"YX"G IW ,\" BNGKY ;IGYK,DIJc 

,\" 7FKQK @GIOHc ,\" LDEXIJ "dOD#KQ"J,c ,\" +KQQK\K,,K ;IGYK,DIJc KJL ,\" MK,F\",DPX"" ;IGYK,DIJ$  +\" 

9Q"DE,IF"J" L"HIED,E KJL CD,GIJ"QQ" WIGYK,DIJ KG" IW,"J DYHIEEDXQ" ,I LDWW"G"J,DK,"c KJL ,IP",\"G GKJP" DJ 

,\DF]J"EE WGIY KHHGI_DYK,"QN 8) W"", ,I 5)) W"", KFGIEE ,\" FIOJ,N aNEE/Ac '[58b$ 

+\" QD,\IQIPD"E IXE"G#"L LOGDJP LGDQQDJP IW /D," 48 YIJD,IGDJP Z"QQE KG" ,NHDFKQ IW ,\" OJLDWW"G"J,DK,"L 

9Q"DE,IF"J" YKGDJ" L"HIED,E$  +\" PGIOJL EOGWKF" ,I 4 W"", DJ,"G#KQ K, YIE, IW ,\" YIJD,IGDJP Z"QQ 

QIFK,DIJE E\IZ"L EDPJE IW LDE,OGXKJF" "D,\"G WGIY ,\" ZKE," LDEHIEKQ KF,D#D,D"E K, ,\" ED," IG ,\" >!A 

"_FK#K,DIJ$  B"QIZ 4 W"",c ,NHDFKQ QD,\IQIPD"E DJFQOL"L Y"LDOY ,I WDJ" EDQ,N IG FQKN"N EKJL GKJPDJP WGIY 

QDP\, PGKN IG ,KJ ,I LKG] XGIZJ DJ FIQIG$  /DPJDWDFKJ, FQKN IG PGK#"Q \IGD`IJE Z"G" JI, "JFIOJ,"G"L$ 

9K5 SO)HS 

/IDQE K, /D," 48 KG" WGIY ,\" LK]"QKJL /"GD"Ec Z\DF\ FIJEDE,E IW #"GN L""Hc "_F"EED#D"QN LGKDJ"L EIDQE 

WIGY"L DJ EKJLN YKGDJ" E"LDY"J,E a./=Ac &))4b$  +\"E" EIDQE KG" IJ ,\" EOYYD,E KJL EDL" EQIH"E IW 

GDLP"E DJ OHQKJLE KJL IJ QIZ GDLP"E KJL ]JIQQE DJ FIKE,KQ QIZQKJLE$  +\" EIDQ YKHHDJP OJD, K, /D," 48 DE ,\" 

LK]"QKJL /KJL )23 H"GF"J, EQIH"Ec Z\DF\ DE WIOJL IJ J"KGQN Q"#"Q EOYYD,E KJL P"J,QN EQIHDJP E\IOQL"G 

EQIH"E IW XGIKL GDLP"E$  /QIH"E KG" QIJP KJL EYII,\$  +NHDFKQQN ,\" EOGWKF" QKN"G DE LKG] PGKNDE\ XGIZJ 

EKJL KXIO, 3 DJF\"E ,\DF]$  +\" EOXE,GK,OY ,I K L"H,\ IW 5) DJF\"E DE N"QQIZDE\ XGIZJ KJL XGIZJDE\ 

N"QQIZ EKJL$  +\" E"KEIJKQ \DP\ ZK,"G DE X"QIZ K L"H,\ IW * W"", ,\GIOP\IO, ,\" N"KG$ 

+\" EIDQE IXE"G#"L Z\DQ" FIQQ"F,DJP EIDQ EKYHQ"E K, /D," 48 KG" FIYHKGKXQ" DJ ,"_,OG" KJL FIQIG IW ,\" 

L"EFGDH,DIJ IW ,\" LK]"QKJL /KJL$  +\" PGIOJL EOGWKF" ,I 4 W"", DJ,"G#KQ K, YIE, IW ,\" EIDQ EKYHQDJP 

QIFK,DIJE E\IZ"L EDPJE IW LDE,OGXKJF" "D,\"G WGIY ,\" ZKE," LDEHIEKQ KF,D#D,D"E K, ,\" ED," IG ,\" >!A 

"_FK#K,DIJ$
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9K6 JROUNDWATER TLDROHOJL 

9K6K1 Regional Ty$rology

@GIOJLZK,"G DJ EEFKYXDK FIOJ,N IFFOGE DJ ,\G"" YKgIG KdODW"GEr K E\KQQIZ KdODW"G Z\DF\ DE XI,\ KG,"EDKJ 

KJL JIJKG,"EDKJ a,\" EKJL KJL PGK#"Q KdODW"G bc KJL ,ZI L""H KG,"EDKJ KdODW"GE a,\" OHH"G KJL QIZ"G 

QDY"E,IJ"E IW ,\" ;QIGDLKJ KdODW"Gb$  >J ,\" EIO,\"GJ \KQW IW ,\" KG"Kc ,\" EKJL KJL PGK#"Q KdODW"G  KJL ,\" 

OHH"G QDY"E,IJ" IW ,\" ;QIGDLKJ KdODW"G KG" E"HKGK,"L XN K ,\DF] E"F,DIJ IW G"QK,D#"QN DYH"GY"KXQ" FQKNl 

XO,c DJ ,\" JIG,\"GJ \KQW ,\" EKJL KJL PGK#"Q KdODW"G KJL ,\" OHH"G QDY"E,IJ" IW ,\" ;QIGDLKJ KdODW"G KG" DJ 

FIJ,KF, ZD,\ IJ" KJI,\"G$  +\" OHH"G QDY"E,IJ" IW ,\" ;QIGDLKJ KdODW"G DE E"HKGK,"L WGIY ,\" QIZ"G 

QDY"E,IJ" XN K ,\DF] FQKN X"L$ 

+\" EKJL KJL PGK#"Q KdODW"G  DE FIYHIE"L IW EKJL XO, \KE JOY"GIOE Q"JE"E KJL QKN"GE IW FQKN KJL 

PGK#"Q$  +\" WIGYK,DIJ KQEI FIJ,KDJE Q"JE"E IW \KGLHKJ Z\"G" ,\" EKJL \KE X""J F"Y"J,"L XN DGIJ I_DL" 

YDJ"GKQE$  +\DE KdODW"G QD"E K, ,\" EOGWKF" ,\GIOP\IO, EEFKYXDK CIOJ,N$  LIPE IW XIGDJPE WGIY #KGDIOE 

QIFK,DIJE K, NA/ 9"JEKFIQK E\IZ ,\K, ,\" EOGWDFDKQ EKJLE "_,"JL WGIY PGIOJL EOGWKF" ,I K L"H,\ IW 

KHHGI_DYK,"QN 83 W"", Y"KJ E"K Q"#"Q X"QIZ Z\DF\ DE K '32WII, ,\DF] YKGDJ" FQKNc ,\" FIJ,DJOD,N IW Z\DF\ DE 

OJF"G,KDJ$  .JL"GQNDJP ,\" FQKN DE YIG" EKJL ZD,\ JOY"GIOE FQKN Q"JE"E a@"GKP\,N KJL <DQQ"Gc '[5*b$ 

TK,"G Q"#"QE DJ ,\" E\KQQIZ KdODW"G GKJP" WGIY ) ,I KHHGI_DYK,"QN 8) W"", XQE KFGIEE ,\" NA/ 9"JEKFIQK 

KG"K$  +\" PGIOJLZK,"G WQIZ \KE \DE,IGDFKQQN X""J WIOJL ,IZKGL ,\" @OQW IW <"_DFI KJL ,\" EEFKYXDK KJL 

9"GLDLI GD#"GE KQ,\IOP\ PGIOJLZK,"G WQIZ FKJ #KGN QIFKQQN LO" ,I ,\" "WW"F, IW ,IHIPGKH\N IG EOGWKF" ZK,"G 

XILD"E$  +\" KdODW"G G"F\KGP" DE HG"LIYDJKJ,QN WGIY QIFKQ HG"FDHD,K,DIJ$ 

+\" E\KQQIZ EK,OGK,"L H"GY"KXQ" X"LE DJ ,\" EKJL KJL PGK#"Q KdODW"G  FIJ,KDJ PGIOJLZK,"G OJL"G 

JIJKG,"EDKJ FIJLD,DIJEc Z\DQ" ,\" L""H"G H"GY"KXQ" X"LE FIJ,KDJ PGIOJLZK,"G OJL"G KG,"EDKJ HG"EEOG"c 

Z\"G" ,\"N KG" FIJWDJ"L XN Q"JE"E IW FQKN KJL EKJLN FQKN aNEE/Ac '[58b$ 

B"QIZ ,\" EKJL KJL PGK#"Q KdODW"Gc ,\" QDY"E,IJ" QKN"GE FIYHGDE" ,\" G"PDIJKQQN "_,"JED#" ;QIGDLKJ 

KdODW"Gc Z\DF\ DJ ,\DE KG"K DE LD#DL"L DJ,I OHH"G KJL QIZ"G OJD,E E"HKGK,"L XN ,\" BOFK,OJJK FQKN$  +\" 

OHH"G ;QIGDLKJ KdODW"G DE KJ DYHIG,KJ, EIOGF" IW ZK,"G DJ KG"KE "KE, IW EEFKYXDK CIOJ,Nl \IZ"#"Gc DJ ,\" 

9"JEKFIQK KG"Kc D, DE \DP\QN YDJ"GKQD`"L KJL JI, OE"L KE K ZK,"G EOHHQN$  +\" QIZ"G ;QIGDLKJ KdODW"G DE 

KQEI \DP\QN YDJ"GKQD`"L KJL DE L"EDPJK,"L WIG OE" KE KJ DJg"F,DIJ `IJ" WIG ZKE," LDEHIEKQ DJ ,\DE KG"K 

a@"GKP\,N KJL <DQQ"Gc '[5*b$ 

9K6K2 Site Speci2ic Ty$rology

MNLGIP"IQIPDF LK,K Z"G" FIQQ"F,"L ,I "#KQOK," YI#"Y"J, IW PGIOJLZK,"G DJ ,\" E\KQQIZ EOGWDFDKQ KdODW"G 

K, /D," 48$  ="H,\ ,I PGIOJLZK,"G KJL PGIOJLZK,"G "Q"#K,DIJ Z"G" OE"L ,I L","GYDJ" ,\" ED," EH"FDWDF 
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PGIOJLZK,"G WQIZ LDG"F,DIJ KJL ZK,"G ,KXQ" PGKLD"J,$  @GIOJLZK,"G WQIZ #"QIFD,N K, ,\" ED," ZKE "E,DYK,"L 

OEDJP ,\" \NLGKOQDF FIJLOF,D#D,N #KQO"E G"HIG,"L WGIY ,\" WD"QL DJ#"E,DPK,DIJ K, 7H"GKXQ" .JD, a7.b ')c 

Z\DF\ DE QIFK,"L ,I ,\" "KE, IW /D," 48 IJ ,\" IHHIED," EDL" IW <OGGKN !IKL aEJEKW"(AQQ"J KJL MIE\KQQc 

'[[*b$

9K6K2K1 Static Water Hevel an$ Jroun$_ater Elevations 

/,K,DF ZK,"G Q"#"Q a/TLb Y"KEOG"Y"J, LK,K Z"G" G"FIGL"L WGIY /D," 48 YIJD,IGDJP Z"QQE IJ <KGF\ 3 KJL 

<KGF\ &*c &))3 a+KXQ" 82'b$  +\" /TL Y"KEOG"Y"J, LK,K KJL ,\" "Q"#K,DIJE WGIY ,\" Z"QQ ,IH2IW2FKEDJPE 

Z"G" OE"L ,I L","GYDJ" G"QK,D#" PGIOJLZK,"G "Q"#K,DIJE K, "KF\ Z"QQ aAHH"JLD_ B ^ @GIOJLZK,"G L"#"Q 

<"KEOG"Y"J, /\"",b$ 

<IJD,IGDJP Z"QQE DJE,KQQ"L K, /D," 48 KG" PGIOH"L XN ,\" EOXEOGWKF" DJ,"G#KQ IW ,\" Z"QQ EFG""Jr 

 /\KQQIZ T"QQE a/ DL"J,DWD"Gb   /FG""J"L OH ,I &3 W"", X"QIZ PGKL" 

 =""H T"QQE a= DL"J,DWD"Gb   /FG""J"L WGIY 43 ,I 3) W"", X"QIZ PGKL" 

7J <KGF\ 3c &))3c ,\" G"QK,D#" PGIOJLZK,"G "Q"#K,DIJE DJ ,\" E\KQQIZ YIJD,IGDJP Z"QQE GKJP"L WGIY 

')$'4 W"", DJ 9EN2482)'/ IJ ,\" "KE, EDL" IW ,\" ED," ,I ''$)) W"", DJ 9EN2482')/ IJ ,\" Z"E, EDL" IW ,\" 

ED,"$  +\" PGIOJLZK,"G "Q"#K,DIJ WIG L""H Z"QQE Z"G" 9EN2482)3= ^ ''$8' W"", KJL 9EN2482)*= ^ 

''$&3 W"",$ 

7J <KGF\ &*c &))3c ,\" G"QK,D#" PGIOJLZK,"G "Q"#K,DIJE DJ ,\" E\KQQIZ YIJD,IGDJP Z"QQE GKJP"L WGIY 

')$)* W"", DJ 9EN2482)'/ IJ ,\" "KE, EDL" IW ,\" ED," ,I ')$[[ W"", DJ 9EN2482')/ IJ ,\" Z"E, EDL" IW ,\" 

ED,"$  +\" PGIOJLZK,"G "Q"#K,DIJ WIG L""H Z"QQE Z"G" 9EN2482)3= ^ ''$&U W"", KJL 9EN2482)*= ^ 

''$&& W"",$  @GIOJLZK,"G "Q"#K,DIJE Z"G" P"J"GKQQN )$)& ,I )$)8 W"", QIZ"G ,\KJ ,\" "Q"#K,DIJE Y"KEOG"L 

IJ <KGF\ 3c &))3$ 

9K6K2K2 Jroun$_ater >lo_ Direction 

+I "#KQOK," ,\" LDG"F,DIJ IW PGIOJLZK,"G WQIZ K, ,\" ZK,"G ,KXQ"c ,\" PGIOJLZK,"G "Q"#K,DIJE WGIY ,\" 

E\KQQIZ YIJD,IGDJP Z"QQE Z"G" HQI,,"L IJ ED," YKHE a;DPOG" 82& KJL ;DPOG" 828b$  >JEOWWDFD"J, LK,K Z"G" 

K#KDQKXQ" ,I FIJ,IOG ,\" "Q"#K,DIJE DJ ,\" L""H Z"QQE$  @GIOJLZK,"G "Q"#K,DIJ DEIFIJ,IOGE Z"G" LGKZJ 

WGIY ,\" HQI,,"L LK,K$  @GIOJLZK,"G WQIZ LDG"F,DIJ DE HG"LDF,"L ,I X" H"GH"JLDFOQKG ,I ,\" "Q"#K,DIJ 

DEIFIJ,IOGE$

>J,"GHG",K,DIJ IW LK,K WGIY /D," 48 DJLDFK,"E ,\K, I#"GKQQc PGIOJLZK,"G WQIZ K, ,\" ZK,"G ,KXQ" DE ,I ,\" "KE,$  

=O" ,I ,\" FQIE"L ,IHIPGKH\N IW ,\" ED,"c QIFKQD`"L GKLDKQ WQIZ DE IXE"G#"L DJ ,\" #DFDJD,N IW 9EN2482''/$ 



TtNUS/TAL-05-056/4821/5.2
3-6

Rev. 2
11/06/06

CTO
 0355

()...,
o
o
w
(Jl
(Jl

TABLE 3-1

WATER LEVEL MEASUREMENT SUMMARY
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

5-Mar 26-Mar

MONITORING TOP-OF-CASING DEPTH TO GROUNDWATER DEPTH TO GROUNDWATER
WELL ID ELEVATION WATER ELEVATION WATER ELEVATION

PEN-43-MW-01 S 24.62 14.48 10.14 14.56 1006

PEN-43-MW-02S 25.98 15.40 10.58 15.42 10,56

PEN-43-MW-05S 25.00 14.52 10.48 14.55 10.45

PEN-43-MWO-5D 24.87 13.56 11.31 13.60 1127

PEN-43-MW-068 26.21 15.73 10.48 15.76 10,45

PEN-43-MW-06D 26.22 14.97 11.25 15.00 11.22

PEN-43-MW-078 23.03 12.51 10.52 12.53 10.50

PEN-43-MW-088 25.58 14.98 10.60 15.00 10.58

PEN-43-MW-098 23.27 12.41 10.86 12.44 10.83

PEN-43-MW-108 23.18 12.18 11.00 12.19 10.99

PEN-43-MW-118 25.61 15.24 10.37 15.26 10.35

PEN-43-MW-128 25.78 15.15 10.63 15.18 10.60
PEN-43-MW-138 25.27 15.02 10.25 15.D5 10.22
Notes:
Elevations relative to arbitrary benchmark, top-at-casing tor PEN-43-058
Depths in teet below top-at-casing

o
~JJ
Oro
:::::!<o·
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9K6K2K9 Water Ta5le Jra$ient 

+\" K#"GKP" \IGD`IJ,KQ PGIOJLZK,"G PGKLD"J, KFGIEE ,\" ED," ZKE FKQFOQK,"L WGIY ,\" PGIOJLZK,"G 

"Q"#K,DIJE Y"KEOG"L DJ E\KQQIZ YIJD,IGDJP Z"QQE KJL ,\" "E,DYK,"L PGIOJLZK,"G WQIZ LDG"F,DIJ$ 

+\" PGIOJLZK,"G WQIZ PGKLD"J, ZKE L","GYDJ"L OEDJP ,\" WIQQIZDJP "dOK,DIJr 

>   s   \'2\&

            L 

T\"G"r

 > s ,\" \NLGKOQDF PGKLD"J, 

 \' s ,\" ZK,"G "Q"#K,DIJ K, HIDJ, 'c ,\" \DP\"E, #KQO" 

 \& s ,\" ZK,"G "Q"#K,DIJ K, HIDJ, &c ,\" QIZ"E, #KQO" 

L s ,\" \IGD`IJ,KQ LDE,KJF" X",Z""J HIDJ, ' KJL HIDJ, & HKGKQQ"Q ,I ,\" LDG"F,DIJ IW PGIOJLZK,"G 

WQIZ

+\" \DP\"E, KJL QIZ"E, PGIOJLZK,"G "Q"#K,DIJ #KQO"E Y"KEOG"L DJ ,\" ZK,"G ,KXQ" YIJD,IGDJP Z"QQE Z"G" 

OE"L ,I L","GYDJ" ,\" LDWW"G"JF" DJ PGIOJLZK,"G "Q"#K,DIJ KFGIEE ,\" ED," a;DPOG" 824b$  +\" \IGD`IJ,KQ 

LDE,KJF" X",Z""J ,\" \DP\ KJL QIZ PGIOJLZK,"G "Q"#K,DIJ HIDJ,E ZKE Y"KEOG"L HKGKQQ"Q ,I ,\" "E,DYK,"L 

PGIOJLZK,"G WQIZ LDG"F,DIJ$ 

7J <KN &*c &))3c ,\" PGIOJLZK,"G "Q"#K,DIJ DJ 9EN2482')/c ')$[[ W"",c ZKE ,\" \DP\"E, #KQO" KJL ,\" 

PGIOJLZK,"G "Q"#K,DIJ DJ 9EN2482)'/c ')$)* W"",c ZKE ,\" QIZ"E, #KQO" DJ ,\" ZK,"G ,KXQ" YIJD,IGDJP 

Z"QQE$  +\" \IGD`IJ,KQ LDE,KJF" X",Z""J ,\"E" ,ZI Z"QQE HKGKQQ"Q ,I PGIOJLZK,"G WQIZ DE KHHGI_DYK,"QN 

'*3 W"",$  +\"E" LK,K DJLDFK," ,\" K#"GKP" \NLGKOQDF PGKLD"J, IW )$))* W"",(WII, WIG ,\" ZK,"G ,KXQ" Z"QQE$ 

9K6K2K4 Qertical Jra$ient 

+\" #"G,DFKQ PGIOJLZK,"G PGKLD"J, ZKE "E,DYK,"L WGIY ,\" PGIOJLZK,"G "Q"#K,DIJE Y"KEOG"L DJ ,\" 

E\KQQIZ KJL L""H YIJD,IGDJP Z"QQ HKDGE DJE,KQQ"L K, ,\" ED,"$  +\" #"G,DFKQ PGKLD"J, DE L","GYDJ"L WGIY ,\" 

LDWW"G"JF" DJ PGIOJLZK,"G "Q"#K,DIJ DJ ,\" KLgKF"J, E\KQQIZ KJL L""H YIJD,IGDJP Z"QQE KJL ,\" #"G,DFKQ 

E"HKGK,DIJ IW ,\" EFG""J"L DJ,"G#KQE IW ,\" YIJD,IGDJP Z"QQE$ 

<IJD,IGDJP Z"QQE 9EN2482)3/ KJL 9EN2482)3= KG" QIFK,"L KLgKF"J, ,I "KF\ I,\"G$  +\" XI,,IY IW ,\" 

Z"QQ EFG""J IW 9EN2482)3/ DE '[ W"", X"QIZ PGKL" KJL ,\" ,IH IW ,\" Z"QQ EFG""J IW 9EN2482)3= DE 

43 W"", X"QIZ PGKL"c ZD,\ K #"G,DFKQ E"HKGK,DIJ IW ,\" EFG""J"L DJ,"G#KQE IW &* W"",$  7J <KGF\ 3c &))3c 

,\" PGIOJLZK,"G "Q"#K,DIJ DJ 9EN2482)3= a''$8' W"",b ZKE )$58 W"", \DP\"G ,\KJ 9EN2482)3/ a')$45 W"",b 

G"EOQ,DJP DJ KJ OHZKGL #"G,DFKQ PGKLD"J, IW )$)8 W"",$  7J <KGF\ &*c &))3c ,\" PGIOJLZK,"G "Q"#K,DIJ DJ 
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9EN2482)3= a''$&U W"",b ZKE )$5& W"", \DP\"G ,\KJ 9EN2482)3/ a')$43 W"",b G"EOQ,DJP DJ KJ OHZKGL 

#"G,DFKQ PGKLD"J, IW )$)8 W"", KE Z"QQ$ 

<IJD,IGDJP Z"QQE 9EN2482)*/ KJL 9EN2482)*= KG" KQEI QIFK,"L KLgKF"J, ,I "KF\ I,\"G$  +\" XI,,IY IW 

,\" Z"QQ EFG""J IW 9EN2482)3/ DE &3 W"", X"QIZ PGKL" KJL ,\" ,IH IW ,\" Z"QQ EFG""J IW 9EN2482)3= DE 

43 W"", X"QIZ PGKL"c ZD,\ K #"G,DFKQ E"HKGK,DIJ IW ,\" EFG""J"L DJ,"G#KQE IW &) W"",$  7J <KGF\ 3c &))3c 

,\" PGIOJLZK,"G "Q"#K,DIJ DJ 9EN2482)*= a''$&3 W"",b ZKE )$UU W"", \DP\"G ,\KJ 9EN2482)3/ a')$45 W"",b 

G"EOQ,DJP DJ KJ OHZKGL #"G,DFKQ PGKLD"J, IW )$)4 W"",$  7J <KGF\ &*c &))3c ,\" PGIOJLZK,"G "Q"#K,DIJ DJ 

9EN2482)3= a''$&& W"",b ZKE )$UU W"", \DP\"G ,\KJ 9EN2482)3/ a')$43 W"",b G"EOQ,DJP DJ KJ OHZKGL 

#"G,DFKQ PGKLD"J, IW )$)4 W"", KE Z"QQ$ 

9K6K2K5 Ty$raulic Con$uctivity 

MNLGKOQDF FIJLOF,D#D,N #KQO"E WIG /D," 48 Z"G" "E,DYK,"L OEDJP LK,K WGIY YIJD,IGDJP Z"QQE K, 7. ') 

aEJEKW"(AQQ"J KJL MIE\KQQc '[[*b$  +\" P"IY",GDF Y"KJ IW ,\" \NLGKOQDF FIJLOF,D#D,N #KQO"E G"HIG,"L WIG 

7. ') DE KHHGI_DYK,"QN 44$) W"",(LKN IG )$)8 W"",(YDJO," aAHH"JLD_ Cb$ 

9K6K2K6 Jroun$_ater >lo_ Qelocity 

9I,"J,DKQ YI#"Y"J, IW PGIOJLZK,"G XN JK,OGKQ WQIZ DJ ,\" EK,OGK,"L `IJ" FKJ X" "E,DYK,"L XN =KGFNkE 

LKZc Z\DF\ YKN X" "_HG"EE"L KEr 

 ?   s  aC _ >b
  J  

T\"G"r

 ? s K#"GKP" #"QIFD,N 

 C s \NLGKOQDF FIJLOF,D#D,N 

 J s "WW"F,D#" HIGIED,N 

 > s K#"GKP" \NLGKOQDF PGKLD"J, 

=K,K WGIY EIDQ XIGDJPE KL#KJF"L LOGDJP ,\" !> DJLDFK," ,\K, WDJ" PGKDJ"L EKJL KJL EDQ,N IG FQKN"N EKJL KG" 

,\" ,NHDFKQ QD,\IQIPD"E K, ,\" ED,"$  !"#D"Z IW E,KJLKGL QD,"GK,OG" EOPP"E,E ,\K, K G"HG"E"J,K,D#" "WW"F,D#" 

HIGIED,N WIG ,\DE QD,\IQIPN DE KHHGI_DYK,"QN 8) H"GF"J,$ 

.EDJP KJ K#"GKP" \NLGKOQDF FIJLOF,D#D,N IW 44 W"", H"G LKNc KJ K#"GKP" \NLGKOQDF PGKLD"J, IW 

)$))* W"",(WII,c KJL KJ "WW"F,D#" HIGIED,N #KQO" IW 8) H"GF"J,c ,\" "E,DYK,"L K#"GKP" PGIOJLZK,"G #"QIFD,N 

WIG ,\" ZK,"G ,KXQ" `IJ" K, /D," 48 ZKE FKQFOQK,"L K, )$55 W"",(LKN IG KXIO, 8&' W"",(N"KG$ 
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9K6K2K7 On Base ;ota5le Water Supply Wells 

+\G"" ZK,"G Z"QQE KG" QIFK,"L IJ NA/ 9"JEKFIQK ,I HGI#DL" KJ "Y"GP"JFN XKF]OH HI,KXQ" ZK,"G EOHHQN 

aNEE/Ac '[54b$  +\" XKF]OH ZK,"G EOHHQN Z"QQE KG" FIYHQ","L K, L"H,\E GKJPDJP WGIY &&4 ,I &3) W"", XQE 

KJL "_,GKF, PGIOJLZK,"G WGIY ,\" EKJL KJL PGK#"Q KdODW"G$  +\" J"KG"E, HI,KXQ" ZK,"G Z"QQ ,I /D," 48 DE 

T"QQ &c QIFK,"L KHHGI_DYK,"QN 'c*)) W"", Z"E,2EIO,\Z"E,$  +\" YKDJ EIOGF" IW HI,KXQ" ZK,"G WIG ,\" XKE" 

DE ,\" NK#N2IZJ"L Z"QQ WD"QL QIFK,"L K, NK#KQ +"F\JDFKQ +GKDJDJP C"J,"G aN++Cb CIGGN /,K,DIJc Z\DF\ DE 

QIFK,"L KHHGI_DYK,"QN ,\G"" YDQ"E JIG,\ IW NA/ 9"JEKFIQK IJ ,\" JIG,\ EDL" IW BKNIO @GKJL"$ 

9K7 DEMOJRA;TL AND HAND USE 

NA/ 9"JEKFIQK DE QIFK,"L Z"E, IW ,\" CD,N IW 9"JEKFIQKc ;QIGDLKc DJ EIO,\"GJ EEFKYXDK CIOJ,N$  

NA/ 9"JEKFIQK DE KJ KF,D#" YDQD,KGN WKFDQD,N$  +\" HGDYKGN YDEEDIJ DE K#DK,DIJ ,GKDJDJP$  ALLD,DIJKQ YDEEDIJE 

DJFQOL" ,"JKJ, EOHHIG, KJL E"G#DF"E ,I I,\"G KF,D#D,D"E DJ ,\" G"PDIJ$ 

LKJL OE"E IJ XKE" DJFQOL" ,GKDJDJP KF,D#D,D"Ec "dODHY"J, KJL YK,"GDKQE E,IGKP"c YKDJ,"JKJF" KG"KEc 

G"FG"K,DIJKQ WKFDQD,D"Ec KJL G"EDL"J,DKQ \IOEDJP WIG YDQD,KGN H"GEIJJ"Q$  LKJL OE" DJ ,\" IWW2XKE" KG"KE 

KLgKF"J, ,I NA/ 9"JEKFIQK DE HGDYKGDQN G"EDL"J,DKQ$ 

/D," 48 DE QIFK,"L KLgKF"J, ,I E"#"GKQ \IOEDJP KG"KEc ,\"G"WIG"c G"FG"K,DIJKQ OE"GE KE Z"QQ KE ED," KJL 

YKDJ,"JKJF" ZIG]"GE KG" "_H"F,"L ,I OE" ,\" ED,"$ 

9K8 ECOHOJL 

/D," 48 DE QIFK,"L DJ K L"#"QIH"L KG"K IW ,\" XKE"$  @GIOJL FI#"G K, ,\" ED," DE HG"LIYDJKJ,QN YKDJ,KDJ"L 

QKZJ$  LKGP" ,G""E KG" HG"E"J, K, ,\" ED,"c XO, JK,D#" OJL"GE,IGN DE KXE"J,$  NI Z",QKJLE KG" QIFK,"L DJ ,\" 

#DFDJD,N IW /D," 48$  7J2ED," ZDQLQDW" YKN ,"YHIGKGDQN OE" /D," 48c XO, LO" ,I QKF] IW EOD,KXQ" FI#"Gc ZDQLQDW" 

OE" DE KEEOY"L ,I X" DJWG"dO"J,$ 

A QDE, IW W"L"GKQQN QDE,"L ,\G"K,"J"L KJL "JLKJP"G"L EH"FD"E KJL EH"FD"E IW EH"FDKQ FIJF"GJ WIG EEFKYXDK 

CIOJ,N ZKE IX,KDJ"L WGIY ,\"  Z"X ED," WIG ,\" EFIQIPDFKQ /"G#DF"E KJL ;DE\"GD"E !"EIOGF" 7WWDF" IW ,\" 

.$/$ ;DE\ KJL TDQLQDW" /"G#DF" DJ 9KJKYK CD,Nc ;QIGDLK KJL DE DJFQOL"L DJ AHH"JLD_ C$  ;D#" WDE\c '& 

KYH\DXDKJE(G"H,DQ"Ec '4 XDGLEc 4 YKYYKQEc KJL &4 HQKJ,E KG" QDE,"L KE ,\G"K,"J"Lc "JLKJP"G"Lc IG K 

EH"FD"E IW EH"FDKQ FIJF"GJ WIG ,\" FIOJ,N aAHH"JLD_ Cb$  MIZ"#"Gc ,\" \KXD,K,E QDE,"L WIG ,\"E" EH"FDKQ 

E,K,OE EH"FD"E aD$"$c "E,OKGDJ"c HKQOE,GDJ"c OHQKJL WIG"E,Ec ",F$b LI JI, "_DE, K, /D," 48 IG KLgKF"J, KG"KEl 

,\"G"WIG"c JIJ" IW ,\" EH"FDKQ E,K,OE EH"FD"E G"FIGL"L DJ EEFKYXDK CIOJ,N ZIOQL X" "_H"F,"L K, ,\" ED,"$ 



  !"#$ & 
  ''()*()* 

+,N./(+AL2)32)3*(45&'(3$& 42' C+7 )833

4K0 NATURE AND EOTENT O> CONTAM)NAT)ON 

+\" KJKQN,DFKQ G"EOQ,E WIG EIDQ KJL PGIOJLZK,"G EKYHQ"E FIQQ"F,"L WIG ,\DE DJ#"E,DPK,DIJ Z"G" FIYHKG"L ,I 

KHHGIHGDK," FQ"KJOH ,KGP", Q"#"QE aC+LEb "E,KXQDE\"L XN ;=E9$  AJKQN,DFKQ EOYYKGN ,KXQ"E KJL 

FIJ,KYDJKJ, FIJF"J,GK,DIJ YKHE KG" HG"E"J,"L DJ ,\" DJ#"E,DPK,DIJ G"EOQ,E E"F,DIJE$  ?KQDLK,DIJ G"HIG,E WIG 

,\" QKXIGK,IGN KJKQN,DFKQ G"EOQ,E KG" DJFQOL"L DJ AHH"JLD_ =$ 

4K1 CONTAM)NANT SOURCES 

+\" G"Q"KE" IW FIJ,KYDJKJ,E K, /D," 48 KHH"KGE ,I \K#" G"EOQ,"L WGIY OJLIFOY"J,"L XOGJDJP KJL 

LDEHIEKQ IW OJ]JIZJ YK,"GDKQE$  +\" EIOGF" KJL JK,OG" IW YK,"GDKQEc KE Z"QQ KE ,\" ,DY" IW LDEHIEKQc KG" 

OJ]JIZJ$  =GOYE KJL I,\"G XOGD"L Y",KQQDF L"XGDEc DJFQOLDJP DJ"G, IGJKY"J,KQ IGLJKJF"c \K#" X""J WIOJL 

K, ED,"$  +\" KG"K DJ ,\" #DFDJD,N IW /D," 48 ZKE WIGY"GQN ,\" +IZJ IW TKGGDJP,IJ KJL \KE X""J OE"L WIG 

YDQD,KGN \IOEDJP EDJF" ,\" '[8)kE$ 

4K2 SO)HS AND QADOSE ]ONE 

+I "#KQOK," ,\" JK,OG" KJL "_,"J, IW FIJ,KYDJKJ,E K, /D," 48c ,\" EOGWKF" KJL EOXEOGWKF" EIDQ KJKQN,DFKQ 

G"EOQ,E Z"G" FIYHKG"L ,I ,\" GDE]2XKE"L /C+LE "E,KXQDE\"L DJ *&2UUUc ;AC WIG LDG"F, "_HIEOG"2

G"EDL"J,DKQc LDG"F, "_HIEOG"2DJLOE,GDKQc KJL Q"KF\KXDQD,N XKE"L IJ PGIOJLZK,"G FGD,"GDK$ 

4K2K1 Sur2ace Soil

/OGWKF" EIDQ EKYHQ"E Z"G" FIQQ"F,"L WGI ) ,I ' WII, XQE K, &) QIFK,DIJE K, /D," 48$  /KYHQ" QIFK,DIJE Z"G" 

XKE"L IJ ,\" EOGWKF" EIDQ EKYHQDJP G"EOQ,E G"HIG,"L DJ ,\" /C! KJL >!A G"HIG,$  /OGWKF" EIDQ EKYHQ"E 

Z"G" JI, FIQQ"F,"L WGIY KG"KE Z\"G" EOGWKF" EIDQ ZKE "_FK#K,"L LOGDJP ,\" >!A$  +\" EKYHQ"E Z"G" 

KJKQN`"L WIG /?7CE KJL E"Q"F,"L Y",KQEl ,\"G"WIG"c ,\" EOGWKF" EIDQ EKYHQ"E Z"G" JI, KQQ KJKQN`"L WIG 

,\" EKY" EOD," IW Y",KQE$  9IED,D#" L","F,DIJE IW KJKQN,"E DJ EOGWKF" EIDQ EKYHQ"E KG" EOYYKGD`"L DJ 

+KXQ" 42'$  =K,K #KQDLK,DIJ G"HIG,E KG" DJFQOL"L DJ AHH"JLD_ =$ 

4K2K1K1 Arsenic 

+Z"Q#" IW ,\" EOGWKF" EIDQ EKYHQ"E Z"G" KJKQN`"L WIG KGE"JDFc DJFQOLDJP ,\" EKYHQ"E FIQQ"F,"L WGIY 

AJIYKQN AG"KE ''c '&c KJL &8 KJL ,\" +"JJDE CIOG, AG"K a;DPOG" 42'b$  AGE"JDF FIJF"J,GK,DIJE PG"K,"G 

,\KJ ,\" G"EDL"J,DKQ /C+L IW &$' YP(]P Z"G" G"HIG,"L WGIY ED_ EOGWKF" EIDQ EKYHQ"Er 

9EN2482//'[  8$3 YDQQDPGKYE H"G ]DQIPGKY aYP(]Pb 

9EN2482//2&'  4$& YP(]P 



TABLE 4-1

SURFACE SOIL ANALYTICAL RESULTS SUMMARY
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Rev. 2
11/06/06

LOCATION PEN*43*SS18 PEN*43*SS18 PEN*43*SS10 PEN*43*SS20 PEN*43*SS21 PEN*43*SS22 PEN*43*SS23 PEN*43*SS24 PEN*43*SS25 PEN*43*SS24 PEN*43*SS27
SA6PLE NA6E PEN*43*SS1801 PEN*43*SS1801*D PEN*43*SS1001 PEN*43*SS2001 PEN*43*SS2101 PEN*43*SS2201 PEN*43*SS2301 PEN*43*SS2401 PEN*43*SS2501 PEN*43*SS2401 PEN*43*SS2701
SA6PLE DATE DIRECT DIRECT LEACHIN; 03<04<05 03<04<05 03<04<05 03<04<05 03<04<05 03<04<05 03<04<05 03<04<05 03<04<05 03<04<05 03<04<05
DEPTH RAN;E (Feet below land surface) ENPOSURE ENPOSURE TO 0 * 1 0 * 1 0 * 1 0 * 1 0 * 1 0 * 1 0 * 1 0 * 1 0 * 1 0 * 1 0 * 1
SE6IVOLATILE OR;ANICS (Qg<kg) RESIDENTIAL INDUSTRIAL ;ROUNDTATER
1-METHYLNAPHTHALENE        200000 1800000 3100 11  UJ 12  UJ 11  UJ 11  UJ 11  UJ 11  UJ 11  UJ 3  J 2  U 2  U 11  UJ
2-METHYLNAPHTHALENE           210000 2100000 8500 0.6  U 0.7  U 0.6  U 0.6  U 0.6  UJ 0.6  UJ 0.6  UJ 9  J 8  J 8  J 2  J
ACENAPHTHENE                  2400000 20000000 2100 0.8  U 0.8  U 0.7  U 0.8  U 0.7  U 0.7  U 0.8  U 3  J 2  J 3  J 0.8  U
ACENAPHTHYLENE               1800000 20000000 27000 4  J 4  J 7  J 8  J 2  J 0.6  UJ 0.6  UJ 9  J 11  J 0.7  U 2  J
ANTHRACENE                    21000000 300000000 2500000 4  J 10  J 2  J 2  J 3  J 0.8  U 1  J 16  J 13  J 13  J 5  J
BENZO(G,H,I)PERYLENE         2500000 52000000 32000000 49  J 38  J 24  J 19  J 17  J 2  UJ 6  J 86 68 29 30  J
BIS(2-ETHYLHEXYL)PHTHALATE   72000 390000 3600000 82  U 190  J 79  U 84  U 79  U 79  U 83  U 89  U 91  U 96  U 81  U
DI-N-BUTYL PHTHALATE          8200000 170000000 47000 93  U 100  U 90  U 1200 930 89  U 94  U 100  U 100  U 110  U 91  U
FLUORANTHENE                  3200000 59000000 1200000 160 170 59 62 57 5  J 31 280  J 260  J 140 75
FLUORENE                      2600000 33000000 160000 0.7  U 3  J 0.6  U 0.7  U 0.6  U 0.6  U 0.7  U 0.7  U 0.7  U 0.8  U 0.7  U
NAPHTHALENE                   55000 300000 1200 1  J 1  J 1  J 1  U 1  J 0.9  U 1  U 1  U 1  U 1  U 3  J
PHENANTHRENE                  2200000 36000000 250000 43  J 76  J 9  J 10  J 17  J 2  J 8  J 71 62 48 33
PYRENE                        2400000 45000000 880000 130 120 46 57 39 4  J 17  J 190 180 86 46
CARCINO;ENIC PAHs (Qg<kg)
BENZO(A)ANTHRACENE           NC NC 800 120  J 110  J 59  J 66  J 39 8  J 19  J 310  J 280  J 120  J 58  J
BENZO(A)PYRENE                100 700 8000 95 78 46 49 36 0.8  U 12  J 160  [R] 150  [R] 62 46
BENZO(B)FLUORANTHENE          NC NC 2400 210 180 100 110 76 11  J 33 390  J 340  J 140 94
BENZO(K)FLUORANTHENE          NC NC 24000 61  J 48  J 29  J 34  J 24 3  J 9  J 110 130 46 26  J
CHRYSENE                      NC NC 77000 86 72 35 41 28 3  J 13  J 160 140 60 42
DIBENZO(A,H)ANTHRACENE        NC NC 700 13  J 2  UJ 2  UJ 2  UJ 2  UJ 2  UJ 2  UJ 36 30 13  J 2  UJ
INDENO(1,2,3-CD)PYRENE        NC NC 6600 49  J 46  J 27  J 24  J 19  J 2  UJ 7  J 98 84 35 30  J
BAP EQUIVALENT               100 700 NC 147 [R] 114 67 71 52 5 20 277 [R] 252 [R] 105 [R] 67
6ETALS (mg<kg)
ARSENIC                      2.1 12 NC 1.3 1.2 3.5 [R] 1.8 4.2  [R] 0.23  U 1.2 7.6  [R] 4.8  [R] 2 6.0  [R]
BARIUM                        120 130000 1600 9.3 10.4 6.6 12.6 710  [R] 2.2 3.4 346  [R] 243  [R] 25.3 310  [R]
COPPER                   150 89000 NC 6.7 7.6 29.1 5.4 240  [R] 3.2 5.4 889  [R] 381  [R] 60.5 Not Analyzed
LEAD                     400 1400 NC 32.0 37.7 88.0 30.4 2080  [R],[I] 17.1 17.6 1990  [R],[I] 1490  [R],[I] 290 3850  [R],[I]
VANADIUM                      67 10000 980 7.0 6.2 6.7 11.6 5.7 1.4 5.9 Not Analyzed Not Analyzed Not Analyzed 10.0
Notes:
J = estimated value.
U = less than laboratory method detection limit.
Shaded values exceed critieria - [R] = Residential, [I] = Industrial, [L] = Leaching
NC = No Criteria Established in 62-777, FAC
µg/kg = micrograms per kilogram
PAHs = Polynuclear Aromatic Hydrocarbons
BAP EQUIVALENT  = Benzo(a)pyrene equivalent concentration              
mg/kg = milligrams per kilogram

FLORIDA CRITERIA
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SURFACE SOIL ANALYTICAL RESULTS SUMMARY
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA
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LOCATION
SA6PLE NA6E
SA6PLE DATE DIRECT DIRECT LEACHIN;
DEPTH RAN;E (Feet below land surface) ENPOSURE ENPOSURE TO
SE6IVOLATILE OR;ANICS (Qg<kg) RESIDENTIAL INDUSTRIAL ;ROUNDTATER
1-METHYLNAPHTHALENE        200000 1800000 3100
2-METHYLNAPHTHALENE           210000 2100000 8500
ACENAPHTHENE                  2400000 20000000 2100
ACENAPHTHYLENE               1800000 20000000 27000
ANTHRACENE                    21000000 300000000 2500000
BENZO(G,H,I)PERYLENE         2500000 52000000 32000000
BIS(2-ETHYLHEXYL)PHTHALATE   72000 390000 3600000
DI-N-BUTYL PHTHALATE          8200000 170000000 47000
FLUORANTHENE                  3200000 59000000 1200000
FLUORENE                      2600000 33000000 160000
NAPHTHALENE                   55000 300000 1200
PHENANTHRENE                  2200000 36000000 250000
PYRENE                        2400000 45000000 880000
CARCINO;ENIC PAHs (Qg<kg)
BENZO(A)ANTHRACENE           NC NC 800
BENZO(A)PYRENE                100 700 8000
BENZO(B)FLUORANTHENE          NC NC 2400
BENZO(K)FLUORANTHENE          NC NC 24000
CHRYSENE                      NC NC 77000
DIBENZO(A,H)ANTHRACENE        NC NC 700
INDENO(1,2,3-CD)PYRENE        NC NC 6600
BAP EQUIVALENT               100 700 NC
6ETALS (mg<kg)
ARSENIC                      2.1 12 NC
BARIUM                        120 130000 1600
COPPER                   150 89000 NC
LEAD                     400 1400 NC
VANADIUM                      67 10000 980
Notes:
J = estimated value.
U = less than laboratory method detection limit.
Shaded values exceed critieria - [R] = Residential, [I] = Industrial, [L] = Leaching
NC = No Criteria Established in 62-777, FAC
µg/kg = micrograms per kilogram
PAHs = Polynuclear Aromatic Hydrocarbons
BAP EQUIVALENT  = Benzo(a)pyrene equivalent concentration              
mg/kg = milligrams per kilogram

FLORIDA CRITERIA PEN*43*SS28 PEN*43*SS20 PEN*43*SS30 PEN*43*SS31 PEN*43*SS32 PEN*43*SS33 PEN*43*SS34 PEN*43*SS35 PEN*43*SS34 PEN*43*SS37
PEN*43*SS2801 PEN*43*SS2001 PEN*43*SS3001 PEN*43*SS3101 PEN*43*SS3201 PEN*43*SS3301 PEN*43*SS3401 PEN*43*SS3501 PEN*43*SS3401 PEN*43*SS3701

03<04<05 03<04<05 03<04<05 03<04<05 03<04<05 03<04<05 03<04<05 03<04<05 03<04<05 03<04<05
0 * 1 0 * 1 0 * 1 0 * 1 0 * 1 0 * 1 0 * 1 0 * 1 0 * 1 0 * 1

11  UJ 11  UJ 11  UJ 11  UJ 11  UJ 2  U 2  U 11  UJ 11  UJ 11  UJ
3  J 2  J 0.6  U 0.6  UJ 0.6  U 0.6  U 6  J 0.6  U 0.6  U 0.6  U
1  J 0.8  U 0.7  U 0.8  U 0.7  U 0.8  U 0.8  U 0.8  U 0.7  U 2  J
7  J 1  J 0.6  U 0.6  UJ 0.6  U 1  J 2  J 0.6  U 0.6  U 0.6  U
17  J 3  J 1  J 0.9  U 0.9  J 2  J 2  J 1  J 0.9  U 4  J

110  J 10  J 5  J 4  J 4  J 7  J 21  J 6  J 5  J 6  J
83  U 80  U 79  U 80  U 79  U 82  U 84  U 870 79  U 110  J
94  U 91  U 90  U 91  U 90  U 93  U 95  U 91  U 90  U 91  U
270 44 22 16  J 21  J 45 62 21  J 15  J 38

0.7  U 0.6  U 0.6  U 0.6  U 0.6  U 0.7  U 0.7  U 0.6  U 0.6  U 0.7  U
3  J 2  J 1  J 1  J 0.9  U 1  U 1  U 1  U 1  U 1  J
85 18  J 7  J 5  J 6  J 10  J 15  J 6  J 6  J 24

180 24 11  J 9  J 10  J 24 38 12  J 7  J 23

230  J 31  J 16  J 13  J 13  J 29  J 55  J 16  J 12  J 22  J
180  [R] 20  J 10  J 8  J 8  J 18  J 35 10  J 6  J 14  J

410 44 24 22 23 48 83 27 16  J 32
92  J 12  J 7  J 5  J 6  J 16  J 23 7  J 4  J 9  J
150 18  J 8  J 7  J 8  J 17  J 30 9  J 6  J 13  J
34  J 2  UJ 2  UJ 2  UJ 2  UJ 2  U 12  J 2  UJ 2  UJ 2  UJ
90  J 12  J 7  J 5  J 5  J 11  J 22  J 6  J 4  J 6  J

288 [R] 31 17 14 14 28 63 17 11 22

8.0  [R] 1.4 Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed
726  [R] 61.7 Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed

Not Analyzed Not Analyzed 1.7 8.2 3.9 17 261  [R] 12.2 7.0 4.5
7360  [R],[I] 417  [R] 10.7 32.5 28.0 68.7 500  [R] Not Analyzed Not Analyzed Not Analyzed

73.1  [R] 4.1 Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed Not Analyzed
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9EN2482//&4  U$* YP(]P 

9EN2482//&3  4$5 YP(]P 

9EN2482//&U  *$) YP(]P 

9EN2482//&5  5$) YP(]P 

+\" KGE"JDF FIJF"J,GK,DIJE DJ ,\" I,\"G ED_ EOGWKF" EIDQ EKYHQ"E Z"G" Q"EE ,\KJ ,\" G"EDL"J,DKQ /C+L$  NI 

KGE"JDF FIJF"J,GK,DIJE "_F""LDJP ,\" DJLOE,GDKQ /C+L IW '& YP(]P Z"G" G"HIG,"Lc \IZ"#"G ,\" G"EOQ,E WIG 

9EN2482//&4 KJL 9EN2482//&5 Z"G" PG"K,"G ,\KJ ,\G"" ,DY"E ,\" G"EDL"J,DKQ /C+L$  A L"WKOQ, Q"KF\DJP 

,I PGIOJLZK,"G /C+L \KE JI, X""J "E,KXQDE\"L XN ;=E9 WIG KGE"JDF$ 

4K2K1K2 Barium 

+Z"Q#" IW ,\" EOGWKF" EIDQ EKYHQ"E Z"G" KJKQN`"L WIG XKGDOYc DJFQOLDJP ,\" EKYHQ"E FIQQ"F,"L WGIY 

AJIYKQN AG"KE ''c '&c KJL &8 KJL ,\" +"JJDE CIOG, AG"K a;DPOG" 42&b$  BKGDOY FIJF"J,GK,DIJE PG"K,"G 

,\KJ ,\" G"EDL"J,DKQ /C+L IW '&) YP(]P Z"G" G"HIG,"L WGIY WD#" EOGWKF" EIDQ EKYHQ"Er 

9EN2482//&'  U') YP(]P 

9EN2482//&4  84* YP(]P 

9EN2482//&3  &48 YP(]P 

9EN2482//&U  8') YP(]P 

9EN2482//&5  U&* YP(]P 

+\" XKGDOY FIJF"J,GK,DIJE DJ ,\" I,\"G E"#"J EOGWKF" EIDQ EKYHQ"E Z"G" Q"EE ,\KJ ,\" G"EDL"J,DKQ /C+L$  

NI XKGDOY FIJF"J,GK,DIJE "_F""LDJP ,\" DJLOE,GDKQ /C+L IW '8)c))) YP(]P Z"G" G"HIG,"L$  +\" XKGDOY 

G"EOQ,E Z"G" JI, FIYHKG"L ,I ,\" ,\G"" ,DY"E G"EDL"J,DKQ /C+L FGD,"GDK WIG \I, EHI,E X"FKOE" ,\" 

G"EDL"J,DKQ /C+L WIG XKGDOY DE XKE"L IJ KFO," ,I_DFD,N ,I F\DQLG"J WIG K IJ"2,DY" "_HIEOG"$  NI XKGDOY 

FIJF"J,GK,DIJE "_F""LDJP ,\" Q"KF\DJP ,I PGIOJLZK,"G /C+L IW 'c*)) YP(]P Z"G" G"HIG,"L$ 

4K2K1K9 Copper 

/"#"J,""J IW ,\" EOGWKF" EIDQ EKYHQ"E Z"G" KJKQN`"L WIG FIHH"Gc DJFQOLDJP ,\" EKYHQ"E FIQQ"F,"L WGIY 

AJIYKQN AG"KE ''c '&c 'Uc KJL &4 KJL ,\" +"JJDE CIOG, AG"K a;DPOG" 428b$  CIHH"G FIJF"J,GK,DIJE 

PG"K,"G ,\KJ ,\" G"EDL"J,DKQ /C+L IW '3) YP(]P Z"G" G"HIG,"L WGIY WIOG EOGWKF" EIDQ EKYHQ"Er 

9EN2482//&'  &4) YP(]P 

9EN2482//&4  55[ YP(]P 

9EN2482//&3  85' YP(]P 

9EN2482//84  &*' YP(]P 
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+\" FIHH"G FIJF"J,GK,DIJE DJ ,\" I,\"G '8 EOGWKF" EIDQ EKYHQ"E Z"G" Q"EE ,\KJ ,\" G"EDL"J,DKQ /C+L$  NI 

FIHH"G FIJF"J,GK,DIJE "_F""LDJP ,\" DJLOE,GDKQ /C+L IW 5[c))) YP(]P Z"G" G"HIG,"L$  +\" FIHH"G G"EOQ,E 

Z"G" JI, FIYHKG"L ,I ,\" ,\G"" ,DY"E G"EDL"J,DKQ /C+L FGD,"GDK WIG \I, EHI,E X"FKOE" ,\" G"EDL"J,DKQ /C+L 

WIG FIHH"G DE XKE"L IJ KFO," ,I_DFD,N ,I F\DQLG"J WIG K IJ"2,DY" "_HIEOG"$  A L"WKOQ, Q"KF\DJP ,I 

PGIOJLZK,"G /C+L \KE JI, X""J "E,KXQDE\"L XN ;=E9 WIG FIHH"G$ 

4K2K1K4 Hea$ 

/"#"J,""J IW ,\" EOGWKF" EIDQ EKYHQ"E Z"G" KJKQN`"L WIG Q"KLc DJFQOLDJP ,\" EKYHQ"E FIQQ"F,"L WGIY 

AJIYKQN AG"KE ''c '&c &8c KJL &4 KJL ,\" +"JJDE CIOG, AG"K a;DPOG" 424b$  L"KL FIJF"J,GK,DIJE PG"K,"G 

,\KJ ,\" DJLOE,GDKQ /C+L IW 'c4)) YP(]P Z"G" G"HIG,"L WGIY WD#" EOGWKF" EIDQ EKYHQ"Er 

9EN2482//2&'  &c)5) YP(]P 

9EN2482//&4  'c[[) YP(]P 

9EN2482//&3  'c4[) YP(]P 

9EN2482//&U  8c53) YP(]P 

9EN2482//&5  Uc8*) YP(]P 

+\" Q"KL FIJF"J,GK,DIJ DJ 9EN2482//&5 ZKE YIG" ,\KJ ,\G"" ,DY"E ,\" DJLOE,GDKQ /C+L$  L"KL 

FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\" G"EDL"J,DKQ /C+L IW 4)) YP(]P Z"G" G"HIG,"L WGIY ,ZI KLLD,DIJKQ EOGWKF" 

EIDQ EKYHQ"Er 

9EN2482//&[  4'U YP(]P 

9EN2482//84  3)) YP(]P 

+\" Q"KL FIJF"J,GK,DIJE DJ ,\" I,\"G ') EOGWKF" EIDQ EKYHQ"E Z"G" Q"EE ,\KJ ,\" G"EDL"J,DKQ /C+L$  A 

L"WKOQ, Q"KF\DJP ,I PGIOJLZK,"G /C+L \KE JI, X""J "E,KXQDE\"L XN ;=E9 WIG Q"KL$ 

4K2K1K5 Qana$ium 

NDJ" IW ,\" EOGWKF" EIDQ EKYHQ"E Z"G" KJKQN`"L WIG #KJKLDOYc DJFQOLDJP ,\" EKYHQ"E FIQQ"F,"L WGIY 

AJIYKQN AG"KE '& KJL &8 KJL ,\" +"JJDE CIOG, AG"K a;DPOG" 423b$  A #KJKLDOY FIJF"J,GK,DIJ PG"K,"G 

,\KJ ,\" G"EDL"J,DKQ /C+L IW *U YP(]P ZKE G"HIG,"L WGIY IJ" EKYHQ"c 9EN2482//&5 K, U8$' YP(]P$  +\" 

#KJLDOY FIJF"J,GK,DIJE DJ ,\" I,\"G "DP\, EOGWKF" EIDQ EKYHQ"E Z"G" Q"EE ,\KJ ,\" G"EDL"J,DKQ /C+L$  NI 

#KJKLDOY FIJF"J,GK,DIJE "_F""LDJP ,\" DJLOE,GDKQ /C+L IW ')c))) YP(]P Z"G" G"HIG,"L$  +\" #KJKLDOY 

G"EOQ,E Z"G" JI, FIYHKG"L ,I ,\" ,\G"" ,DY"E G"EDL"J,DKQ /C+L FGD,"GDK WIG \I, EHI,E X"FKOE" ,\" 

G"EDL"J,DKQ /C+L WIG #KJKLDOY DE XKE"L IJ KFO," ,I_DFD,N ,I F\DQLG"J WIG K IJ"2,DY" "_HIEOG"$  NI 

#KJKLDOY FIJF"J,GK,DIJE "_F""LDJP ,\" Q"KF\DJP ,I PGIOJLZK,"G /C+L IW [5) YP(]P Z"G" G"HIG,"L$ 
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4K2K1K6 Carcinogenic ;ATs 

EKF\ IW ,\" &) EOGWKF" EIDQ EKYHQ"E FIQQ"F,"L WIG ,\" !> Z"G" KJKQN`"L WIG +CL /?7CE$  +KXQ" 42' 

HGI#DL"E K EOYYKGN IW KJKQN,"E L","F,"L DJ EOGWKF" EIDQ$  +\" WIQQIZDJP /?7CE Z"G" L","F,"L K, 

FIJF"J,GK,DIJE Q"EE ,\KJ EFG""JDJP FGD,"GDK DJ EIDQ EKYHQ"E FIQQ"F,"L K, /D," 48r KF"JKH\,\"J"c 

KF"JKH\,\NQ"J"c KJ,\GKF"J"c X"J`IaPc\cDbH"GNQ"J"c XDEa&2",\NQ\"_NQbH\,\KQK,"c LD2J2XO,NQH\,\KQK,"c 

WQOIGKJ,\"J"c WQOIG"J"c '2Y",\NQJKH\,\KQ"J"c &2Y",\NQJKH\,\KQ"J"c JKH\,\KQ"J"c H\"JKJ,\G"J"c KJL 

HNG"J"$  NI /?7CE Z"G" L","F,"L K, FIJF"J,GK,DIJE "_F""LDJP Q"KF\DJP ,I PGIOJLZK,"G FGD,"GDK$  /?7CE 

G"HIG,"L K, FIJF"J,GK,DIJE PG"K,"G ,\KJ LDG"F, "_HIEOG" EFG""JDJP FGD,"GDK Z"G" QDYD,"L ,I FKGFDJIP"JDF 

9AME a;DPOG" 42*b KJL KG" LDEFOEE"L X"QIZ$ 

+\" E"#"J FKGFDJIP"JDF 9AME QDE,"L DJ *&2UUUc ;AC KG" X"J`IaKbHNG"J"c X"J`IaKbKJ,\GKF"J"c 

X"J`IaXbWQOIGKJ,\"J"c X"J`Ia]bWQOIGKJ,\"J"c LDX"J`IaKc\bKJ,\GKF"J"c F\GNE"J"c KJL DJL"JIa'c&c82

C=bHNG"J"$  +\" FIJF"J,GK,DIJ IW "KF\ FKGFDJIP"JDF 9AM DE FIJ#"G,"L ,I K X"J`IaKbHNG"J" "dOD#KQ"J, 

FIJF"J,GK,DIJ OEDJP K ,I_DF "dOD#KQ"JFN WKF,IG a+E;b$  +\" +E;E WIG ,\" FKGFDJIP"JDF 9AM/ KG"r 

 B"J`IaKbHNG"J"   '$) 

 B"J`IaKbKJ,\GKF"J"  )$' 

 B"J`IaXbWQOIGKJ,\"J"  )$' 

 B"J`Ia]bWQOIGKJ,\"J"  )$)' 

 =DX"J`IaKc\bKJ,\GKF"J"  '$) 

 C\GNE"J"   )$))' 

 >JL"JIa'c&c82C=bHNG"J" )$' 

+\" X"J`IaKbHNG"J" "dOD#KQ"J, FIJF"J,GK,DIJE IW ,\" L","F,"L FKGFDJIP"JDF 9AME KG" EOYY"L WIG "KF\ 

EKYHQ" KJL ,\" EOY DE FIYHKG"L ,I ,\" LDG"F, "_HIEOG" /C+LE "E,KXQDE\"L WIG X"J`IaKbHNG"J" DJ *&2

UUUc ;AC$  +KXQ" 42' EOYYKGD`"E ,\" HIED,D#" L","F,DIJE IW FKGFDJIP"JDF 9AME KJL ,\" FKQFOQK,"L 

X"J`IaKbHNG"J" "dOD#KQ"J, FIJF"J,GK,DIJE$ 

CKGFDJIP"JDF 9AME Z"G" L","F,"L DJ "KF\ IW ,\" &) EOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, /D," 48 a;DPOG" 42

*b$  ;D#" EKYHQ"E \KL X"J`IaKbHNG"J" "dOD#KQ"J, FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\" G"EDL"J,DKQ /C+L IW 

')) P(]P a,\" G"HIG,"L FIJF"J,GK,DIJE IW X"J`IaKbHNG"J" WIG "KF\ EKYHQ" KG" HGI#DL"L DJ HKG"J,\"E"E 

WIG FIYHKGDEIJbr 

9EN2482//'5 '4U P(]P a[3 P(]Pb

9EN2482//&4 &UU P(]P a'*) P(]Pb

9EN2482//&3 &3& P(]P a'3) P(]Pb
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9EN2482//&* ')3 P(]P a*& P(]Pb

9EN2482//&5 &55 P(]P a'5) P(]Pb

NI X"J`IaKbHNG"J" "dOD#KQ"J, FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\G"" ,DY"E ,\" G"EDL"J,DKQ /C+L Z"G" 

G"HIG,"L DJ ,\" EOGWKF" EIDQ EKYHQ"E$ 

4K2K2 Su5sur2ace soil

/OXEOGWKF" EIDQ EKYHQ"E Z"G" FIQQ"F,"L K, &) QIFK,DIJE K, /D," 48$  /KYHQ" QIFK,DIJE Z"G" XKE"L IJ ,\" 

EOXEOGWKF" EIDQ EKYHQDJP G"EOQ,E G"HIG,"L DJ ,\" /C! KJL >!A G"HIG,$  +ZI EOXEOGWKF" EIDQ EKYHQ"E Z"G" 

FIQQ"F,"L WGIY "KF\ XIGDJP QIFK,DIJl IJ" WGIY ,\" E\KQQIZ DJ,"G#KQ ,\K, FIGG"EHIJL"L ,I KHHGI_DYK," 

L"H,\ IW ZKE," XOGDKQ K, ,\" ED," a& ,I 8 W"", K, YIE, EKYHQ" QIFK,DIJEbc KJL WGIY K L""H"G EKYHQ" DJ,"G#KQ 

GKJPDJP WGIY 4 ,I [ W"",c XKE"L IJ #DEOKQ KHH"KGKJF" IW ,\" EIDQ$  +\" EKYHQ"E Z"G" KJKQN`"L WIG /?7CE 

KJL ,\" EOD," IW WD#" E"Q"F,"L Y",KQE$  9IED,D#" L","F,DIJE IW KJKQN,"E DJ EOXEOGWKF" EIDQ EKYHQ"E KG" 

EOYYKGD`"L DJ +KXQ" 42&$  =K,K #KQDLK,DIJ G"HIG,E KG" DJFQOL"L DJ AHH"JLD_ =$ 

4K2K2K1 Arsenic 

AJ KGE"JDF FIJF"J,GK,DIJ PG"K,"G ,\KJ ,\" DJLOE,GDKQ /C+L IW '& YP(]P ZKE G"HIG,"L WGIY EOXEOGWKF" EIDQ 

EKYHQ" 9EN2482/B&3)' K, KJ "E,DYK,"L FIJF"J,GK,DIJ IW '4$* YP(]P a;DPOG" 42Ub$  MIZ"#"Gc ,\" KGE"JDF 

FIJF"J,GK,DIJ DJ ,\" WD"QL LOHQDFK," IW ,\DE EKYHQ"c 9EN2482/B&3)'=c ZKE "E,DYK,"L K, 3$8 YP(]Pc Z\DF\ 

DE Q"EE ,\KJ ,\" DJLOE,GDKQ /C+L$  AGE"JDF FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\" G"EDL"J,DKQ /C+L IW &$' YP(]P 

Z"G" G"HIG,"L WGIY WIOG EOXEOGWKF" EIDQ EKYHQ"Er 

9EN2482/B)*)' &$* YP(]P a"E,DYK,"Lb 

9EN2482/B'')' 4$& YP(]P 

9EN2482/B'4)' ''$4 YP(]P 

9EN2482/B'U)' U$8 YP(]P 

+\" KGE"JDF G"EOQ,E WIG 9EN2482/B'4)' KJL 9EN2482/B'U)' Z"G" PG"K,"G ,\KJ ,\G"" ,DY"E ,\" 

G"EDL"J,DKQ /C+L$  +\" KGE"JDF FIJF"J,GK,DIJE DJ ,\" I,\"G '3 E\KQQIZ EOXEOGWKF" EIDQ EKYHQ"E KJL KQQ &) 

IW ,\" L""H"G EOXEOGWKF" EIDQ EKYHQ"E Z"G" Q"EE ,\KJ ,\" G"EDL"J,DKQ /C+L$  A L"WKOQ, Q"KF\DJP ,I 

PGIOJLZK,"G /C+L \KE JI, X""J "E,KXQDE\"L XN ;=E9 WIG KGE"JDF$ 

4K2K2K2 Barium 

BKGDOY FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\" G"EDL"J,DKQ /C+L IW '&) YP(]P Z"G" G"HIG,"L WGIY ED_ E\KQQIZ 

EOXEOGWKF" EIDQ EKYHQ"Er 
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!"#$%&"' ()'*+,*-.00 ()'*+,*-.00 ()'*+,*-.01 ()'*+,*-.01 ()'*+,*-.08 ()'*+,*-.08 ()'*+,*-.03 ()'*+,*-.03 ()'*+,*-.10 ()'*+,*-.10 ()'*+,*-.11 ()'*+,*-.11 ()'*+,*-.11 ()'*+,*-.12
-$6(!) '$6) ()'*+,*-.0001 ()'*+,*-.0002 ()'*+,*-.0101 ()'*+,*-.0102 ()'*+,*-.0801 ()'*+,*-.0802 ()'*+,*-.0301 ()'*+,*-.0302 ()'*+,*-.1001 ()'*+,*-.1002 ()'*+,*-.1101 ()'*+,*-.1102 ()'*+,*-.1102*8 ()'*+,*-.1201
-$6(!) 8$%) 8&R)#% 8&R)#% !)$#:&'; 0,/0,/0= 0,/0,/0= 0,/0,/0= 0,/0,/0= 0,/0,/0= 0,/0,/0= 0,/0,/0= 0,/0,/0= 0,/0,/0= 0,/0,/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0=
8)(%: R$';) >?%@ )A("-BR) )A("-BR) %" 3 - 4 : - ; 3 - 4 : - ; ) - 3 < - 8 ) - 3 < - 8 ) - 3 < - 8 ) - 3 > - : > - : ) - 3
-)6&C"!$%&!) "R;$'&#- >B;/D;@ R)-&8)'%&$! &'8B-%R&$! ;R"B'8E$%)R
1,1-BIPHENYL                  3000000 34000000 200 180  U 180  U 180  U 170  U 170  U 170  UJ 180  U 170  U 170  U 170  U 190  U 170  U 170  U 180  U
1-METHYLNAPHTHALENE           200000 1800000 3100 11  U 11  U 11  U 10  U 10  U 10  U 11  U 10  U 10  U 10  U 11  U 10  UJ 10  U 11  UJ
2-METHYLNAPHTHALENE           210000 2100000 8500 1  J 0.6  U 0.6  U 0.6  U 1  J 0.6  U 2  J 0.6  U 0.6  U 0.6  U 3  J 0.6  U 0.6  U 0.6  U
ACENAPHTHENE                  2400000 20000000 2100 0.8  U 0.7  U 0.8  U 0.7  U 0.7  U 0.7  U 0.7  U 0.7  U 0.7  U 0.7  U 3  J 0.7  U 0.7  U 0.8  U
ACENAPHTHYLENE                1800000 20000000 27000 0.6  U 0.6  U 0.6  U 0.6  U 2  J 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 8  J 0.6  U 0.6  U 0.6  U
ANTHRACENE                   21000000 300000000 2500000 8  J 0.9  U 0.9  U 0.8  U 2  J 0.8  U 0.9  U 0.8  U 0.8  U 0.8  U 15  J 0.8  U 0.8  U 2  J
BENZO(G,H,I)PERYLENE          2500000 52000000 32000000 40 2  UJ 2  U 2  UJ 7  J 2  UJ 2  UJ 2  UJ 2  UJ 2  UJ 110  J 2  UJ 2  U 7  J
CARBAZOLE                     49000 240000 200 65  U 64  U 64  U 63  U 63  U 63  UJ 64  U 63  U 63  U 63  U 68  U 63  U 63  U 64  U
DI-N-BUTYL PHTHALATE          8200000 170000000 47000 92  U 90  U 91  U 89  U 89  U 650  J 1200 88  U 89  U 89  U 95  U 88  U 89  U 91  U
DIBENZOFURAN                  320000 63000000 15000 67  U 66  U 67  U 65  U 66  U 66  UJ 66  U 65  U 65  U 65  U 70  U 65  U 66  U 67  U
FLUORANTHENE                 3200000 59000000 1200000 86 2  U 2  U 2  U 30 4  J 8  J 2  U 2  J 2  U 280 2  U 2  U 18  J
FLUORENE                    2600000 33000000 160000 0.7  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 2  J 0.6  U 0.6  U 0.6  U
ISOPHORONE                    540000 1200000 200 56  U 55  U 56  U 55  U 55  U 55  UJ 56  U 54  U 55  U 55  U 59  U 55  U 55  U 56  U
NAPHTHALENE                   55000 300000 1200 2  J 0.9  U 1  U 0.9  U 1  J 0.9  U 1  J 2  J 0.9  U 0.9  U 4  J 0.9  U 0.9  U 1  U
PHENANTHRENE                  2200000 36000000 250000 38 2  U 2  U 2  U 12  J 3  J 4  J 2  U 2  U 2  U 58 2  U 2  U 8  J
PYRENE                        2400000 45000000 880000 74 2  UJ 2  U 2  UJ 20  J 3  J 5  J 2  UJ 2  UJ 2  UJ 230 2  U 2  U 13  J
#$R#&'";)'&# ($:F >B;/D;@
BENZO(A)ANTHRACENE            NC NC 800 56 1  U 1  U 1  U 24 7  J 10  J 1  U 1  U 1  U 250 1  U 1  U 18  J
BENZO(A)PYRENE              100 700 8000 47 0.8  U 0.8  U 0.8  U 19  J 0.8  U 4  J 0.8  U 0.8  U 0.8  U 280  [R] 0.8  U 0.8  U 12  J
BENZO(B)FLUORANTHENE          NC NC 2400 57  J 2  U 2  UJ 2  U 42 7  J 13  J 2  U 2  U 2  U 460  J 2  UJ 2  U 25  J
BENZO(K)FLUORANTHENE          NC NC 24000 24 1  U 1  U 1  U 13  J 1  J 3  J 1  U 1  U 1  U 96  J 1  U 1  U 7  J
CHRYSENE                      NC NC 77000 50 1  U 1  U 1  U 16  J 2  J 4  J 1  U 1  U 1  U 190 1  U 1  U 10  J
DIBENZO(A,H)ANTHRACENE        NC NC 700 15  J 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U
INDENO(1,2,3-CD)PYRENE        NC NC 6600 30 2  U 2  U 2  U 8  J 2  U 2  U 2  U 2  U 2  U 91  J 2  UJ 2  U 5  J
BAP EQUIVALENT                100 700 NC 77 0.8  U 0.8  U 0.8  U 28 3 7 0.8  U 0.8  U 0.8  U 362 0.8  U 0.8  U 18
6)%$!- >6;/D;@
ARSENIC                       2.1 12 NC 2.6  J  [R] 0.35  J 0.36  J 0.17  UJ 1.8  J 0.29  J 1.3  J 0.29  J 0.31  J 0.20  UJ 4.2  [R] 0.21  U 0.31 0.20  U
BARIUM                        120 130000 1600 188  J  [R] 17.4  J 2.1  J 1.9  J 138  J  [R] 15.7  J 13.6  J 1.4  J 1.4  J 2.2  J 306  J  [R] 1.5  J 15.1  J 58.6  J
COPPER                        150 89000 NC 529  J  [R] 3.2  J 1.5  J 1.1  J 300  J  [R] 74.7  J 26.6  J 0.70  J 0.70  J 0.86  J 3380  [R] 0.74 2.2 22.5
LEAD                          400 1400 NC 519  [R] 6.7 1.8 1.0 427  [R] 20.9 109 0.90 1.3 0.82 1370  J  [R] 1.4  J 4.0  J 87.7  J
VANADIUM                      67 10000 980 18.5 2.5 2.3 1.7 6.5 2.9 2.3 2.1 2.2 2.2 8.0 2.4 2.3 2.3
Notes:
J = estimated value.
U = less than laboratory method detection limit.
Shaded values exceed critieria - [R] = Residential, [I] = Industrial, [L] = Leaching
NC = No Criteria Established in 62-777, FAC
µg/kg = micrograms per kilogram
PAHs = Polynuclear Aromatic Hydrocarbons
BAP EQUIVALENT  = Benzo(a)pyrene equivalent concentration              
mg/kg = milligrams per kilogram

?!"R&8$ #R&%)R&$
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!"#$%&"'
-$6(!) '$6)
-$6(!) 8$%) 8&R)#% 8&R)#% !)$#:&';
8)(%: R$';) >?%@ )A("-BR) )A("-BR) %"
-)6&C"!$%&!) "R;$'&#- >B;/D;@ R)-&8)'%&$! &'8B-%R&$! ;R"B'8E$%)R
1,1-BIPHENYL                  3000000 34000000 200
1-METHYLNAPHTHALENE           200000 1800000 3100
2-METHYLNAPHTHALENE           210000 2100000 8500
ACENAPHTHENE                  2400000 20000000 2100
ACENAPHTHYLENE                1800000 20000000 27000
ANTHRACENE                   21000000 300000000 2500000
BENZO(G,H,I)PERYLENE          2500000 52000000 32000000
CARBAZOLE                     49000 240000 200
DI-N-BUTYL PHTHALATE          8200000 170000000 47000
DIBENZOFURAN                  320000 63000000 15000
FLUORANTHENE                 3200000 59000000 1200000
FLUORENE                    2600000 33000000 160000
ISOPHORONE                    540000 1200000 200
NAPHTHALENE                   55000 300000 1200
PHENANTHRENE                  2200000 36000000 250000
PYRENE                        2400000 45000000 880000
#$R#&'";)'&# ($:F >B;/D;@
BENZO(A)ANTHRACENE            NC NC 800
BENZO(A)PYRENE              100 700 8000
BENZO(B)FLUORANTHENE          NC NC 2400
BENZO(K)FLUORANTHENE          NC NC 24000
CHRYSENE                      NC NC 77000
DIBENZO(A,H)ANTHRACENE        NC NC 700
INDENO(1,2,3-CD)PYRENE        NC NC 6600
BAP EQUIVALENT                100 700 NC
6)%$!- >6;/D;@
ARSENIC                       2.1 12 NC
BARIUM                        120 130000 1600
COPPER                        150 89000 NC
LEAD                          400 1400 NC
VANADIUM                      67 10000 980
Notes:
J = estimated value.
U = less than laboratory method detection limit.
Shaded values exceed critieria - [R] = Residential, [I] = Industrial, [L] = Leaching
NC = No Criteria Established in 62-777, FAC
µg/kg = micrograms per kilogram
PAHs = Polynuclear Aromatic Hydrocarbons
BAP EQUIVALENT  = Benzo(a)pyrene equivalent concentration              
mg/kg = milligrams per kilogram

?!"R&8$ #R&%)R&$ ()'*+,*-.12 ()'*+,*-.1, ()'*+,*-.1, ()'*+,*-.1+ ()'*+,*-.1+ ()'*+,*-.1= ()'*+,*-.1= ()'*+,*-.10 ()'*+,*-.10 ()'*+,*-.11 ()'*+,*-.11 ()'*+,*-.18 ()'*+,*-.18 ()'*+,*-.13
()'*+,*-.1202 ()'*+,*-.1,01 ()'*+,*-.1,02 ()'*+,*-.1+01 ()'*+,*-.1+02 ()'*+,*-.1=01 ()'*+,*-.1=02 ()'*+,*-.1001 ()'*+,*-.1002 ()'*+,*-.1101 ()'*+,*-.1102 ()'*+,*-.1801 ()'*+,*-.1802 ()'*+,*-.1301

0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0=
: - ; ) - 3 > - : ) - 3 4 - > ) - 3 : - ; ) - 3 : - ; ) - 3 > - : ) - 3 : - ; ) - 3

180  U 170  U 180  U 280  J  [L] 180  U 170  U 170  U 170  U 180  U 180  U 170  U 180  U 170  U 170  U
11  UJ 10  UJ 11  UJ 540  J 11  U 10  UJ 10  U 10  U 11  U 2  J 10  U 11  U 10  U 10  U
0.6  U 0.6  U 0.6  U 670 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 2  J 0.6  U 0.6  U 0.6  U 0.6  U
0.8  U 0.7  U 0.7  U 1800 0.8  U 0.7  U 0.7  U 0.7  U 0.8  U 0.8  U 0.7  U 0.8  U 0.7  U 0.7  U
0.6  U 0.6  U 0.6  U 6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 7  J 0.6  U 0.6  U 0.6  U 0.6  U
0.9  U 0.8  U 0.9  U 8000 0.9  U 0.8  U 0.8  U 0.8  U 0.9  U 7  J 0.8  U 0.9  U 0.8  U 0.9  J
2  UJ 2  UJ 2  UJ 4600  J 2  U 2  UJ 2  U 2  U 2  U 150  J 2  U 2  U 2  U 2  U
64  U 63  U 64  U 2800  [L] 65  U 63  U 63  U 63  U 66  U 66  U 63  U 64  U 64  U 63  U
90  U 89  U 90  U 98  U 91  U 89  U 88  U 88  U 93  U 93  U 88  U 90  U 89  U 89  U
66  U 66  U 66  U 1700 67  U 66  U 65  U 65  U 68  U 68  U 65  U 66  U 66  U 65  U
4  J 2  U 2  U 30000 2  U 2  U 2  U 2  U 2  U 160 2  U 2  J 2  U 5  J

0.6  U 0.6  U 0.6  U 1700 0.6  U 0.6  U 0.6  U 0.6  U 0.7  U 0.7  U 0.6  U 0.6  U 0.6  U 0.6  U
56  U 55  U 56  U 60  U 56  U 55  U 54  U 54  U 58  U 57  U 55  U 56  U 55  U 55  U
1  U 0.9  U 1  U 2400  J  [L] 1  U 0.9  U 0.9  U 0.9  U 1  U 2  J 0.9  U 1  U 0.9  U 0.9  U
2  J 2  U 2  U 28000 2  U 2  U 2  U 2  U 2  U 34 2  U 2  U 2  U 4  J
3  J 2  U 2  U 17000  J 2  UJ 2  U 2  UJ 2  UJ 2  UJ 110  J 2  UJ 2  UJ 2  UJ 3  J

8  J 1  U 1  U 15000  J  [L] 1  U 1  U 1  U 1  U 1  U 320  J 1  U 7  J 6  J 7  J
2  J 0.8  U 0.8  U 10000  [R],[L] 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 340  [R] 0.8  U 0.8  U 0.8  U 0.8  U
8  J 2  UJ 2  UJ 16000  J  [L] 2  U 2  UJ 2  U 2  U 2  U 670  J 2  U 2  U 2  U 2  U
2  J 1  U 1  U 5700 1  UJ 1  U 1  UJ 1  UJ 1  UJ 130 1  UJ 1  UJ 1  UJ 1  UJ
3  J 1  U 1  U 8700  J 1  U 1  U 1  U 1  U 1  U 170 1  U 1  J 1  U 1  U
2  U 2  U 2  U 1100  [L] 2  UJ 2  U 2  UJ 2  UJ 2  UJ 36 2  UJ 2  UJ 2  UJ 2  UJ
1  J 2  UJ 2  UJ 5000 2  U 2  UJ 2  U 2  U 2  U 150 2  U 2  U 2  U 2  U
5 0.8  U 0.8  U 14766 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 491 0.8  U 3 3 3

0.56 0.24  U 0.38 11.4  [R] 0.25 0.35 0.25  U 0.32 0.24  U 7.3  [R] 0.32 0.41 0.50 0.33
10.0  J 1.3  J 1.4  J 939  J  [R] 7.6  J 7.7  J 3.7  J 14.1  J 4.8  J 366  J  [R] 1.1  J 2.8  J 1.8  J 1.6  J
10.6  J 0.95 0.63 1220  [R] 5.1 1.4 0.94 1.5 1.1 500  [R] 0.54 1.7 1.2 0.45
37.5  J 1.1  J 0.58  U 5500  J  [R],[I] 9.6  J 3.2  J 1.3  J 1.2  J 2.4  J 1460  J  [R],[I] 0.96  J 6.5  J 2.8  J 0.81  J

3.0 1.9 1.6 156  [R] 6.2 2.2 1.6 38.2 26.4 40.1 1.8 1.8 2.2 2.4
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SUBSURFAC% SOIL ANAL2TICAL SUMMAR2
SIT% 43 R%M%DIAL INV%STIGATION
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!"#$%&"'
-$6(!) '$6)
-$6(!) 8$%) 8&R)#% 8&R)#% !)$#:&';
8)(%: R$';) >?%@ )A("-BR) )A("-BR) %"
-)6&C"!$%&!) "R;$'&#- >B;/D;@ R)-&8)'%&$! &'8B-%R&$! ;R"B'8E$%)R
1,1-BIPHENYL                  3000000 34000000 200
1-METHYLNAPHTHALENE           200000 1800000 3100
2-METHYLNAPHTHALENE           210000 2100000 8500
ACENAPHTHENE                  2400000 20000000 2100
ACENAPHTHYLENE                1800000 20000000 27000
ANTHRACENE                   21000000 300000000 2500000
BENZO(G,H,I)PERYLENE          2500000 52000000 32000000
CARBAZOLE                     49000 240000 200
DI-N-BUTYL PHTHALATE          8200000 170000000 47000
DIBENZOFURAN                  320000 63000000 15000
FLUORANTHENE                 3200000 59000000 1200000
FLUORENE                    2600000 33000000 160000
ISOPHORONE                    540000 1200000 200
NAPHTHALENE                   55000 300000 1200
PHENANTHRENE                  2200000 36000000 250000
PYRENE                        2400000 45000000 880000
#$R#&'";)'&# ($:F >B;/D;@
BENZO(A)ANTHRACENE            NC NC 800
BENZO(A)PYRENE              100 700 8000
BENZO(B)FLUORANTHENE          NC NC 2400
BENZO(K)FLUORANTHENE          NC NC 24000
CHRYSENE                      NC NC 77000
DIBENZO(A,H)ANTHRACENE        NC NC 700
INDENO(1,2,3-CD)PYRENE        NC NC 6600
BAP EQUIVALENT                100 700 NC
6)%$!- >6;/D;@
ARSENIC                       2.1 12 NC
BARIUM                        120 130000 1600
COPPER                        150 89000 NC
LEAD                          400 1400 NC
VANADIUM                      67 10000 980
Notes:
J = estimated value.
U = less than laboratory method detection limit.
Shaded values exceed critieria - [R] = Residential, [I] = Industrial, [L] = Leaching
NC = No Criteria Established in 62-777, FAC
µg/kg = micrograms per kilogram
PAHs = Polynuclear Aromatic Hydrocarbons
BAP EQUIVALENT  = Benzo(a)pyrene equivalent concentration              
mg/kg = milligrams per kilogram

?!"R&8$ #R&%)R&$ ()'*+,*-.13 ()'*+,*-.20 ()'*+,*-.20 ()'*+,*-.21 ()'*+,*-.21 ()'*+,*-.22 ()'*+,*-.22 ()'*+,*-.2, ()'*+,*-.2, ()'*+,*-.2+ ()'*+,*-.2+ ()'*+,*-.2= ()'*+,*-.2= ()'*+,*-.2=
()'*+,*-.1302 ()'*+,*-.2001 ()'*+,*-.2002 ()'*+,*-.2101 ()'*+,*-.2102 ()'*+,*-.2201 ()'*+,*-.2202 ()'*+,*-.2,01 ()'*+,*-.2,02 ()'*+,*-.2+01 ()'*+,*-.2+02 ()'*+,*-.2=01 ()'*+,*-.2=01*8 ()'*+,*-.2=02

0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/0+/0= 0,/00/0= 0,/00/0= 0,/0+/0= 0,/0+/0= 0,/0+/0=
< - 8 ) - 3 > - : ) - 3 > - : ) - 3 : - ; ) - 3 < - 8 ) - 3 > - : ) - 3 ) - 3 4 - >

170  U 170  U 170  U 180  U 180  U 170  U 180  U 180  U 170  U 170  U 170  U 180  U 180  U 170  U
10  U 2  U 10  U 11  U 11  U 2  U 11  UJ 11  UJ 10  UJ 10  UJ 10  UJ 2  U 2  U 2  U
0.6  U 0.6  U 0.6  U 0.6  U 5  J 0.6  U 0.6  UJ 0.6  UJ 0.6  U 0.6  UJ 0.6  UJ 8  J 10  J 5  J
0.7  U 0.7  U 0.7  U 0.7  U 0.7  U 0.7  U 0.7  U 0.8  U 0.7  U 0.7  U 0.7  U 1  J 2  J 0.7  U
0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  UJ 0.6  UJ 0.6  U 0.6  UJ 0.6  UJ 2  J 3  J 0.6  U
0.8  U 0.8  U 0.8  U 0.9  U 0.9  U 0.8  U 0.9  U 0.9  U 0.8  U 0.8  U 0.8  U 7  J 8  J 0.8  U
2  U 2  UJ 2  U 2  U 2  U 2  U 2  UJ 2  UJ 2  UJ 2  UJ 2  UJ 30 30 2  U

63  U 63  U 63  U 64  U 64  U 63  U 64  U 65  U 64  U 63  U 64  U 66  U 67  U 63  U
1000  J 89  U 89  U 90  U 90  U 89  U 90  U 91  U 1200 89  U 89  U 93  U 94  U 88  U
65  U 66  U 65  U 66  U 66  U 66  U 66  U 67  U 66  U 65  U 66  U 69  U 69  U 65  U
2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  J 2  U 8  J 2  U 100 110 2  U

0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.6  U 0.7  U 0.7  U 0.6  U
55  U 55  U 55  U 56  U 55  U 55  U 55  U 56  U 55  U 55  U 55  U 58  U 58  U 54  U
0.9  U 0.9  U 0.9  U 1  U 0.9  U 0.9  U 1  J 1  U 0.9  U 0.9  U 0.9  U 1  U 1  U 0.9  U
2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  J 2  U 34 36 2  U
2  UJ 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 4  J 2  U 61 74 2  U

1  U 1  U 1  U 1  U 1  U 1  UJ 1  U 6  J 1  UJ 7  J 1  U 89  J 100  J 1  UJ
0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 2  J 0.8  U 52 60 0.8  U
2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 2  U 8  J 2  U 100  J 180  J 2  U
1  UJ 1  U 1  U 1  U 1  U 1  U 1  U 1  U 1  UJ 2  J 1  U 32  J 9  J 1  U
1  U 1  U 1  U 1  U 1  U 1  U 1  U 1  U 1  U 2  J 1  U 47 54 1  U
2  UJ 2  U 2  U 2  U 2  U 2  U 2  UJ 2  UJ 2  UJ 2  UJ 2  UJ 2  U 22 2  U
2  U 2  U 2  U 2  U 2  U 2  U 2  UJ 2  UJ 2  UJ 2  UJ 2  UJ 38 40 2  U

0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 0.8  U 3 0.8  U 6 0.8  U 76 114 0.8  U

0.23  U 0.27  UJ 0.24  UJ 0.27  UJ 0.24  UJ 0.34  J 0.23  UJ 0.21  UJ 0.27 0.22  U 0.24  U 14.6  J  [R],[I] 5.3  J  [R] 0.25  UJ
0.56  J 2.4  J 0.32  U 1.8  J 0.92  J 2.0  J 1.5  J 4.0  J 1.0 1.5 1.7 884  J  [R] 270  J  [R] 10.8  J
0.78 1.0  J 0.22  UJ 0.84  J 0.45  J 0.60  J 0.73  J 1.7  J 0.26 0.74 0.55 448  J  [R] 930  J  [R] 8.2  J

0.56  U 1.8 0.24 0.96 0.71 1.0 0.62 2.1 0.50 1.3 2.0 1340  [R] 1390  [R] 1.1
0.83 2.9 0.44  U 2.8 1.4 2.7 1.5 1.8 1.4 1.6 2.6 13.6 11.2 2.4
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9EN2482/B)*)' '55 p YP(]P 

9EN2482/B)5)' '85 p YP(]P 

9EN2482/B'')' 8)* p YP(]P 

9EN2482/B'4)' [8[ p YP(]P 

9EN2482/B'U)' 8** p YP(]P 

9EN2482/B&3)' 554 p YP(]P 

+\" XKGDOY FIJF"J,GK,DIJE DJ ,\" I,\"G '4 E\KQQIZ EOXEOGWKF" EIDQ EKYHQ"E KJL KQQ &) IW ,\" L""H"G 

EOXEOGWKF" EIDQ EKYHQ"E Z"G" Q"EE ,\KJ ,\" G"EDL"J,DKQ /C+L a;DPOG" 42Ub$  NI XKGDOY FIJF"J,GK,DIJE 

"_F""LDJP ,\" DJLOE,GDKQ /C+L IW '8)c))) YP(]P Z"G" G"HIG,"L$  +\" XKGDOY G"EOQ,E Z"G" JI, FIYHKG"L 

,I ,\" ,\G"" ,DY"E G"EDL"J,DKQ /C+L FGD,"GDK WIG \I, EHI,E X"FKOE" ,\" G"EDL"J,DKQ /C+L WIG XKGDOY DE XKE"L 

IJ KFO," ,I_DFD,N ,I F\DQLG"J WIG K IJ"2,DY" "_HIEOG"$  NI XKGDOY FIJF"J,GK,DIJE "_F""LDJP ,\" Q"KF\DJP 

,I PGIOJLZK,"G /C+L IW 'c*)) YP(]P Z"G" G"HIG,"L$ 

4K2K2K9 Copper 

CIHH"G FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\" G"EDL"J,DKQ /C+L IW '3) YP(]P Z"G" G"HIG,"L WGIY ED_ E\KQQIZ 

EOXEOGWKF" EIDQ EKYHQ"Er 

9EN2482/B)*)' 3&[ p YP(]P 

9EN2482/B)5)' 8)) p YP(]P 

9EN2482/B'')' 8c85) YP(]P 

9EN2482/B'4)' 'c&&) YP(]P 

9EN2482/B'U)' 3)) YP(]P 

9EN2482/B&3)' 445 p YP(]P 

+\" FIHH"G FIJF"J,GK,DIJE DJ ,\" I,\"G '4 E\KQQIZ EOXEOGWKF" EIDQ EKYHQ"E KJL KQQ &) IW ,\" L""H"G 

EOXEOGWKF" EIDQ EKYHQ"E Z"G" Q"EE ,\KJ ,\" G"EDL"J,DKQ /C+L$  NI FIHH"G FIJF"J,GK,DIJE "_F""LDJP ,\" 

DJLOE,GDKQ /C+L IW 5[c))) YP(]P Z"G" G"HIG,"L$  +\" FIHH"G G"EOQ,E Z"G" JI, FIYHKG"L ,I ,\" ,\G"" ,DY"E 

G"EDL"J,DKQ /C+L FGD,"GDK WIG \I, EHI,E X"FKOE" ,\" G"EDL"J,DKQ /C+L WIG FIHH"G DE XKE"L IJ KFO," ,I_DFD,N 

,I F\DQLG"J WIG K IJ"2,DY" "_HIEOG"$  A L"WKOQ, Q"KF\DJP ,I PGIOJLZK,"G /C+L \KE JI, X""J "E,KXQDE\"L 

XN ;=E9 WIG FIHH"G$ 

4K2K2K4 Hea$ 

L"KL FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\" DJLOE,GDKQ /C+L IW 'c4)) YP(]P Z"G" G"HIG,"L WGIY ,ZI E\KQQIZ 

EOXEOGWKF" EIDQ EKYHQ"Er 
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9EN2482/B'4)' 3c3)) p YP(]P 

9EN2482/B'U)' 'c4*) YP(]P 

+\" Q"KL FIJF"J,GK,DIJ DJ 9EN2482/B'4)' ZKE YIG" ,\KJ ,\G"" ,DY"E ,\" DJLOE,GDKQ /C+L$  L"KL 

FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\" G"EDL"J,DKQ /C+L IW 4)) YP(]P Z"G" G"HIG,"L WGIY ,\G"" KLLD,DIJKQ 

E\KQQIZ EOXEOGWKF" EIDQ EKYHQ"Er 

9EN2482/B)*)' 3'[ YP(]P 

9EN2482/B)5)' 4&U YP(]P 

9EN2482/B'')' 'c8U) p YP(]P 

9EN2482/B&3)' 'c84) YP(]P 

+\" Q"KL FIJF"J,GK,DIJE DJ ,\" I,\"G '3 E\KQQIZ EOXEOGWKF" EIDQ EKYHQ"E KJL KQQ &) IW ,\" L""H"G 

EOXEOGWKF" EIDQ EKYHQ"E Z"G" Q"EE ,\KJ ,\" G"EDL"J,DKQ /C+L$  A L"WKOQ, Q"KF\DJP ,I PGIOJLZK,"G /C+L 

\KE JI, X""J "E,KXQDE\"L XN ;=E9 WIG Q"KL$ 

4K2K2K5 Qana$ium 

A #KJKLDOY FIJF"J,GK,DIJ PG"K,"G ,\KJ ,\" G"EDL"J,DKQ /C+L IW *U YP(]P ZKE G"HIG,"L WGIY IJ" E\KQQIZ 

EOXEOGWKF" EIDQ EKYHQ"c 9EN2482/B'4)' K, '3* YP(]P$  +\" #KJLDOY FIJF"J,GK,DIJE DJ ,\" I,\"G E\KQQIZ 

KJL L""H"G EOXEOGWKF" EIDQ EKYHQ"E Z"G" Q"EE ,\KJ ,\" G"EDL"J,DKQ /C+L$  NI #KJKLDOY FIJF"J,GK,DIJE 

"_F""LDJP ,\" DJLOE,GDKQ /C+L IW ')c))) YP(]P Z"G" G"HIG,"L$  +\" #KJKLDOY G"EOQ,E Z"G" JI, FIYHKG"L 

,I ,\" ,\G"" ,DY"E G"EDL"J,DKQ /C+L FGD,"GDK WIG \I, EHI,E X"FKOE" ,\" G"EDL"J,DKQ /C+L WIG #KJKLDOY DE 

XKE"L IJ KFO," ,I_DFD,N ,I F\DQLG"J WIG K IJ"2,DY" "_HIEOG"$  NI #KJKLDOY FIJF"J,GK,DIJE "_F""LDJP ,\" 

Q"KF\DJP ,I PGIOJLZK,"G /C+L IW [5) YP(]P Z"G" G"HIG,"L$ 

4K2K2K6 Carcinogenic ;ATs 

EKF\ IW ,\" EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L WIG ,\" !> Z"G" KJKQN`"L WIG +CL /?7CE$  +KXQ" 42& 

HGI#DL"E K EOYYKGN IW KJKQN,"E L","F,"L DJ EOXEOGWKF" EIDQ$  +\" WIQQIZDJP /?7CE Z"G" L","F,"L K, 

FIJF"J,GK,DIJE Q"EE ,\KJ EFG""JDJP FGD,"GDK DJ EIDQ EKYHQ"E FIQQ"F,"L K, /D," 48r KF"JKH\,\"J"c 

KF"JKH\,\NQ"J"c KJ,\GKF"J"c X"J`IaPc\cDbH"GNQ"J"c LD2J2XO,NQH\,\KQK,"c LDX"J`IWOGKJc WQOIGKJ,\"J"c 

WQOIG"J"c DEIH\IGIJ"c '2Y",\NQJKH\,\KQ"J"c &2Y",\NQJKH\,\KQ"J"c H\"JKJ,\G"J"c KJL HNG"J"$  /?7CE 

G"HIG,"L K, FIJF"J,GK,DIJE PG"K,"G ,\KJ LDG"F, "_HIEOG" EFG""JDJP FGD,"GDK Z"G" QDYD,"L ,I FKGFDJIP"JDF 

9AME a;DPOG" 425b KJL KG" LDEFOEE"L X"QIZ$ 

A X"J`IaKbHNG"J" "dOD#KQ"J, FIJF"J,GK,DIJ PG"K,"G ,\KJ ,\G"" ,DY"E ,\" DJLOE,GDKQ /C+L IW U)) P (]P 

ZKE G"HIG,"L WGIY EOXEOGWKF" EIDQ EKYHQ" 9EN2482/B'4)' K, '4cU*U P(]P a;DPOG" 425b$  +\G"" E\KQQIZ
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EOXEOGWKF" EIDQ EKYHQ"E \KL X"J`IaKbHNG"J" "dOD#KQ"J, FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\" G"EDL"J,DKQ /C+L 

IW ')) P(]P a,\" G"HIG,"L FIJF"J,GK,DIJE IW X"J`IaKbHNG"J" WIG "KF\ EKYHQ" KG" HGI#DL"L DJ 

HKG"J,\"E"E WIG FIYHKGDEIJbr 

9EN2482/B'')' 8*& P(]P a&5) P(]Pb

9EN2482/B'U)' 4[' P(]P a84) P(]Pb

9EN2482/B&3)'2= ''4 P(]P a*) P(]Pb

MIZ"#"Gc ,\" X"J`IaKbHNG"J" "dOD#KQ"J, FIJF"J,GK,DIJ DJ EKYHQ" 9EN2482/B&3)'c WGIY Z\DF\ 

9EN2482/B&3)'2= ZKE EHQD,c ZKE U* P(]Pc Z\DF\ DE Q"EE ,\KJ ,\" G"EDL"J,DKQ /C+L$  +\" X"J`IaKbHNG"J" 

"dOD#KQ"J,  FIJF"J,GK,DIJE DJ ,\" I,\"G '* E\KQQIZ EOXEOGWKF" EIDQ EKYHQ"E KJL KQQ &) IW ,\" L""H"G 

EOXEOGWKF" EIDQ EKYHQ"E Z"G" Q"EE ,\KJ ,\" G"EDL"J,DKQ /C+L$ 

4K2K2K7 Heacha5ility SCTH ENcee$ances 

AJKQN,DFKQ G"EOQ,E WGIY E\KQQIZ EOXEOGWKF" EIDQ EKYHQ" 9EN2482/B'4)' G"HIG,"L ,\G"" /?7CE 

a'c'2XDH\"JNQc FKGXK`IQ"c KJL JKH\,\KQ"J"b KJL WIOG FKGFDJIP"JDF 9AME aX"J`IaKbHNG"J"c 

X"J`IaKbKJ,\GKF"J"c X"J`IaXbWQOIGKJ,\"J"c KJL LDX"J`IaKc\bKJ,\GKF"J"b K, FIJF"J,GK,DIJE PG"K,"G ,\KJ 

,\" Q"KF\KXDQD,N ,I PGIOJLZK,"G /C+LE$  T\DQ" ,\" FIJF"J,GK,DIJE IW ,\" ,\G"" /?7CE Z"G" Q"EE ,\KJ 

LDG"F, "_HIEOG" /C+LEc ,\" WIOG FKGFDJIP"JDF 9AME KQEI "_F""L"L LDG"F, "_HIEOG" /C+LE$  !"HIG,"L 

FIJF"J,GK,DIJE IW +CL /?7CE DJ ,\" I,\"G EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L WIG ,\" !> Z"G" Q"EE ,\KJ ,\" 

Q"KF\KXDQD,N ,I PGIOJLZK,"G /C+LE$ 

4K2K9 Soil )nvestigation Summary

+"J EOGWKF" EIDQ EKYHQ"E ZD,\ "_F""LKJF"E IW IJ" IG YIG" G"EDL"J,DKQ /C+L aDJFQOLDJP EIY" DJLOE,GDKQ 

"_F""LKJF"Eb Z"G" FIQQ"F,"L LOGDJP ,\" !>c DJFQOLDJP EOGWKF" EIDQ EKYHQ"E FIQQ"F,"L WGIY AJIYKQN AG"KE 

''c '&c &8c KJL &4 KJL ,\" +"JJDE CIOG, AG"K$  /D_ E\KQQIZ EOXEOGWKF" EIDQ EKYHQ"E \KL "_F""LKJF"E IW 

IJ" IG YIG" G"EDL"J,DKQ /C+L aDJFQOLDJP EIY" DJLOE,GDKQ "_F""LKJF"Eb$  ;IOG IW ,\"E" EKYHQ"E Z"G" 

FIQQ"F,"L DJ ,\" WII,HGDJ, IW ,\" >!A "_FK#K,DIJc KJL IJ" "KF\ WGIY AJIYKQN AG"KE '' KJL &8$  

CIJ,KYDJKJ, FIJF"J,GK,DIJE DJ ,\" L""H"G EOXEOGWKF" EIDQ EKYHQ"Ec FIQQ"F,"L  WGIY L"H,\E PG"K,"G ,\KJ 

4 W"",c Z"G" Q"EE ,\KJ /C+LE$ 

AJIYKQN AG"K 'U

CIJ,KYDJKJ, FIJF"J,GK,DIJE DJ ,\" EOGWKF" KJL EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L WGIY AJIYKQN AG"K 'U 

Z"G" Q"EE ,\KJ /C+LEl ,\"G"WIG"c JI WOG,\"G L"QDJ"K,DIJ DE J""L"L DJ ,\DE KG"K$ 
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AJIYKQN AG"K ''

AQQ ,\G"" IW ,\" EOGWKF" EIDQ EKYHQ"E KJL ,\" E\KQQIZ EOXEOGWKF" EIDQ EKYHQ" FIQQ"F,"L K, AJIYKQN 

AG"K ''c QIFK,"L ,I ,\" "KE, IW ,\" >!A "_FK#K,DIJc \KL "_F""LKJF"E IW G"EDL"J,DKQ EFG""JDJP FGD,D"GDK$  

/OGWKF" EIDQ EKYHQ"E 9EN2482//&4 KJL 9EN2482//&3 KJL EOXEOGWKF" EIDQ EKYHQ" 9EN2482/B&3)'c 

FIQQ"F,"L WGIY & ,I 8 W"",c \KL "_F""LKJF"E IW ,\" KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL FKGFDJIP"JDF 9AM 

/C+LE$  +\" Q"KL FIJF"J,GK,DIJE DJ ,\"E" EKYHQ"E "_F""L"L ,\" DJLOE,GDKQ /C+L$  /OGWKF" EIDQ EKYHQ" 

9EN2482//&* "_F""L"L IJQN ,\" G"EDL"J,DKQ FKGFDJIP"JDF 9AM /C+L KJL JIJ" IW ,\" Y",KQE /C+LE$  

+\"E" KJKQN,DFKQ G"EOQ,E DJLDFK," ,\K, \IGD`IJ,KQ KJL #"G,DFKQ L"QDJ"K,DIJ IW ,\" EOGWKF" KJL EOXEOGWKF" EIDQ 

FIJ,KYDJKJ,E \KE JI, X""J FIYHQ","L K, AJIYKQN AG"K ''$ 

AJIYKQN AG"K '&

+ZI IW ,\" EOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, AJIYKQN AG"K '& \KL "_F""LKJF"E IW G"EDL"J,DKQ /C+LEc  

9EN2482//'5 "_F""L"L ,\" FKGFDJIP"JDF 9AM /C+L KJL 9EN2482//'[ "_F""L"L ,\" KGE"JDF /C+L$  

+\" ,\DGL EOGWKF" EIDQ EKYHQ" 9EN2482//&) \KL JI /C+L "_F""LKJF"E$  NI /C+L "_F""LKJF"E Z"G" 

G"HIG,"L WIG ,\" EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L WGIY 9EN2482/B'[$ 

AJIYKQN AG"K &8

AQQ ,\G"" IW ,\" EOGWKF" EIDQ EKYHQ"E KJL IJ" IW ,\" E\KQQIZ EOXEOGWKF" EIDQ EKYHQ" FIQQ"F,"L K, AJIYKQN 

AG"K &8c QIFK,"L KLgKF"J, ,I ,\" JIG,\"GJ "LP" IW ,\" >!A "_FK#K,DIJc \KL "_F""LKJF"E IW G"EDL"J,DKQ 

EFG""JDJP FGD,D"GDK$  /OGWKF" EIDQ EKYHQ"E 9EN2482//&U KJL 9EN2482//&5 \KL "_F""LKJF"E IW ,\" 

KGE"JDFc XKGDOYc KJL Q"KL /C+L/$  +\" Q"KL FIJF"J,GK,DIJ DJ 9EN2482//&5 KQEI "_F""L"L ,\" DJLOE,GDKQ 

/C+L$  +\" FKGFDJIP"JDF 9AM FIJF"J,GK,DIJ WIG 9EN2482//&5 "_F""L"L ,\" G"EDL"J,DKQ /C+L$  /OGWKF" 

EIDQ EKYHQ" 9EN2482//&[ "_F""L"L IJQN ,\" G"EDL"J,DKQ FKGFDJIP"JDF 9AM /C+L KJL JIJ" IW ,\" Y",KQE 

/C+LE$  +\" E\KQQIZ EOXEOGWKF" EIDQ EKYHQ" FIQQ"F,"L K, 9EN2482/B'4 \KL "_F""LKJF"E IW ,\" KGE"JDFc 

XKGDOYc FIHH"Gc KJL #KJKLDOY G"EDL"J,DKQ /C+LE KJL ,\" Q"KL KJL FKGFDJIP"JDF 9AM DJLOE,GDKQ /C+LE$  

/KYHQ" 9EN2482/B'4)' FIJ,KDJ"L EIY" IW ,\" \DP\"E, FIJ,KYDJKJ, FIJF"J,GK,DIJE IXE"G#"L DJ EKYHQ"E 

FIQQ"F,"L WIG ,\" !>$  +\" G"YKDJDJP EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, AJIYKQN AG"K &8 \KL JI /C+L 

"_F""LKJF"E$

AJIYKQN AG"K &4

7J" IW ,\" EOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, AJIYKQN AG"K &4c QIFK,"L ,I ,\" JIG,\ IW ,\" >!A "_FK#K,DIJc 

\KL "_F""LKJF"E IW G"EDL"J,DKQ /C+LE$  9EN2482//84 \KL "_F""LKJF"E IW ,\" FIHH"G KJL Q"KL 

G"EDL"J,DKQ /C+LE$  9EN2482//84 ZKE FIQQ"F,"L WGIY ,\" EIO,\"GJ H"GDY","G IW AJIYKQN AG"K &4c Z\DF\ 

DE FQIE"E, ,I AJIYKQN AG"K &8 KJL ,\" >!A "_FK#K,DIJ$  CIJ,KYDJKJ, FIJF"J,GK,DIJE DJ ,\" I,\"G EOGWKF" 

KJL EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L WGIY AJIYKQN AG"K &4 Z"G" Q"EE ,\KJ /C+LE$ 
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+"JJDE CIOG, AG"K

7J" IW ,\" EOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, ,\" +"JJDE CIOG, AG"K \KL "_F""LKJF"E IW G"EDL"J,DKQ KJL 

DJLOE,GDKQ /C+LE$  9EN2482//&' \KL "_F""LKJF"E IW ,\" KGE"JDFc XKGDOYc KJL FIHH"G G"EDL"J,DKQ /C+L 

KJL ,\" Q"KL DJLOE,GDKQ /C+L$  CIJ,KYDJKJ, FIJF"J,GK,DIJE DJ ,\" I,\"G EOGWKF" KJL EOXEOGWKF" EIDQ 

EKYHQ"E FIQQ"F,"L WGIY ,\" +"JJDE CIOG, AG"K Z"G" Q"EE ,\KJ /C+LE$ 

>!A E_FK#K,DIJ AG"K

;IOG IW ,\" EIDQ XIGDJP QIFK,DIJE KL#KJF"L DJ ,\" "_FK#K,DIJ KG"K WGIY ,\" >!A \KL /C+L "_F""LKJF"E$  

+\" E\KQQIZ EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, 9EN2482/B)*c 9EN2482/B)5c 9EN2482/B''c KJL 

9EN2482/B'U \KL "_F""LKJF"E IW ,\" KGE"JDFc XKGDOYc FIHH"Gc KJL Q"KL G"EDL"J,DKQ /C+LE$  +\" Q"KL 

FIJF"J,GK,DIJ DJ 9EN2482/B'U)' KQEI "_F""L"L ,\" DJLOE,GDKQ /C+L$  +\" FKGFDJIP"JDF 9AM 

FIJF"J,GK,DIJ WIG 9EN2482/B'')' KJL 9EN2482/B'U)' "_F""L"L ,\" G"EDL"J,DKQ /C+L$  +\" LDE,GDXO,DIJ 

IW FIJ,KYDJKJ,E DJ ,\" E\KQQIZ EOXEOGWKF" `IJ" EOPP"E,E ,\K, EOXEOGWKF" EIDQ FIJ,KYDJKJ,DIJ G"YKDJDJP 

K, ,\" ED," LI"E JI, "_,"JL QK,"GKQQN YOF\ WOG,\"G ,\KJ ,\" >!A "_FK#K,DIJ$  /C+L "_F""LKJF"E Z"G" JI, 

G"HIG,"L WIG ,\" EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, AJIYKQN AG"KE '&c 'Uc KJL &4 IG ,\" +"JJDE CIOG, 

AG"K$

4K9 JROUNDWATER 

9G"#DIOE PGIOJLZK,"G EKYHQDJP "#"J,E K, ED," L","F,"L IJQN ?7CE KJL Y",KQEc ,\"G"WIG" ,\" PGIOJLZK,"G 

EKYHQ"E FIQQ"F,"L LOGDJP ,\" !> Z"G" KJKQN`"L WIG +CL ?7CE KJL +AL Y",KQE$  @GIOJLZK,"G EKYHQ"E 

Z"G" FIQQ"F,"L WGIY ,Z"Q#" YIJD,IGDJP Z"QQE$  +"J IW ,\" Z"QQE Z"G" E\KQQIZ Z"QQE EFG""J"L K, ,\" ZK,"G 

,KXQ"$  +ZI IW ,\" Z"QQE Z"G" L""H Z"QQEc EFG""J"L 43 ,I 3) W"",$  @GIOJLZK,"G KJKQN,DFKQ G"EOQ,E Z"G" 

FIYHKG"L ,I ,\" GDE]2XKE"L @C+LE "E,KXQDE\"L DJ *&2UUU ;AC KJL ,\" NA/ 9"JEKFIQK XKF]PGIOJL 

FIJF"J,GK,DIJE WIG Y",KQE aAHH"JLD_ Cb$  +KXQ" 428 HGI#DL"E K EOYYKGN IW KJKQN,"E L","F,"L DJ 

PGIOJLZK,"G$

4K9K1 Qolatile Organics

+\G"" ?7CEc DJFQOLDJP KF",IJ"c F\QIGIWIGYc KJL ,GDF\QIGI",\"J" a+CEb Z"G" L","F,"L DJ ,\" PGIOJLZK,"G 

EKYHQ"E K, FIJF"J,GK,DIJE Q"EE ,\KJ ,\" @C+LE$  AF",IJ" KJL F\QIGIWIGY KG" WG"dO"J, QKXIGK,IGN 

FIJ,KYDJKJ,E$

4K9K2 Metals

+\DG,""J Y",KQE Z"G" L","F,"L DJ ,\" PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48$  +\G"" IW ,\" Y",KQE 

aDGIJc Q"KLc KJL YKJPKJ"E"b Z"G" L","F,"L K, FIJF"J,GK,DIJE "_F""LDJP ;QIGDLK @C+LE$  +\" G"YKDJDJP 

Y",KQEc XKGDOYc FKQFDOYc F\GIYDOYc FIHH"Gc YKPJ"EDOYc Y"GFOGNc JDF]"Qc HI,KEEDOYc EILDOYc KJL `DJFc 
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Z"G" KQQ L","F,"L K, FIJF"J,GK,DIJE Q"EE ,\KJ ,\" ;QIGDLK @C+LE$  <",KQE G"HIG,"L K, FIJF"J,GK,DIJE 

PG"K,"G ,\KJ EFG""JDJP FGD,"GDK KG" LDEFOEE"L X"QIZ$ 

4K9K2K1 )ron 

>GIJ ZKE L","F,"L DJ JDJ" IW ,\" PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48 a;DPOG" 42[b$  +\" DGIJ 

FIJF"J,GK,DIJE DJ E"#"J IW ,\" YIJD,IGDJP Z"QQE Z"G" PG"K,"G ,\KJ ,\" @C+L IW 8)) P(Lc DJFQOLDJPr 

9EN2482)3= 'c*3) P(L

9EN2482)*= 'c34) P(L

9EN2482)*/ 4c))) P(L

9EN2482)[/ &c4U) P(L

9EN2482')/ &c&5) P(L

9EN2482''/ 5** P(L

9EN2482)U/ 'c4[) P(L

+\" DGIJ FIJF"J,GK,DIJE G"HIG,"L WIG 9EN2482)*/c 9EN2482)[/c KJL 9EN2482')/ Z"G" PG"K,"G ,\KJ NA/ 

9"JEFKIQK XKF]PGIOJL DGIJ FIJF"J,GK,DIJ IW 'cU)U P(L$  +\" DGIJ FIJF"J,GK,DIJ DJ 9EN2482)*/ KQEI 

"_F""L"L ,\" @C+L WIG QIZ ND"QL(HIIG dOKQD,N KdODW"GE IW 8c))) P(L$  +\" @C+L WIG DGIJ DE K E"FIJLKGN 

PGIOJLZK,"G E,KJLKGLc JI, K \"KQ,\ XKE"L E,KJLKGL$ 

4K9K2K2 Manganese 

<KJPKJ"E" ZKE L","F,"L DJ KQQ '& IW ,\" PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48 a+KXQ" 428b$  

<KJPKJ"E" ZKE L","F,"L DJ ,ZI YIJD,IGDJP Z"QQE K, FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\" @C+L IW 3) P(Lr

9EN2482)*/ &)4 P(L

9EN2482)U/ 34$5 P(L

+\" NA/ 9"JEKFIQK XKF]PGIOJL FIJF"J,GK,DIJ WIG YKJPKJ"E" DE &'$[& P(Lc Z\DF\ DE Q"EE ,\KJ ,\" 

YKJPKJ"E" @C+L$  +\" YKJPKJ"E" FIJF"J,GK,DIJ G"HIG,"L WIG XI,\ Z"QQE ZKE Q"EE ,\KJ ,\" @C+L WIG 

QIZ ND"QL( HIIG dOKQD,N KdODW"GE IW 3)) P(L$  +\" @C+L WIG YKJPKJ"E" DE K E"FIJLKGN PGIOJLZK,"G 

E,KJLKGLc JI, K \"KQ,\ XKE"L E,KJLKGL$ 
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4K9K2K9 Hea$ 

L"KL ZKE L","F,"L DJ ,ZI IW ,\" PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48 a+KXQ" 428b$  L"KL ZKE 

L","F,"L DJ ,\" PGIOJLZK,"G EKYHQ" FIQQ"F,"L WGIY 9EN2482'8/ K, K FIJF"J,GK,DIJ IW &[$[ P(Lc

"_F""LDJP ,\" @C+L IW '3 P(L a;DPOG" 42[b$  +\" NA/ 9"JEKFIQK XKF]PGIOJL FIJF"J,GK,DIJ WIG Q"KL DE 

'$* P(Lc Z\DF\ DE Q"EE ,\KJ ,\" Q"KL @C+L$  +\" Q"KL FIJF"J,GK,DIJ G"HIG,"L WIG XI,\ Z"QQE ZKE Q"EE ,\KJ 

,\" @C+L WIG QIZ ND"QL( HIIG dOKQD,N KdODW"GE IW '3) P(L$

4K9K9 Jroun$_ater )nvestigation Summary

@GIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48 Z"G" KJKQN`"L WIG +AL Y",KQE KJL +CL ?7CE XKE"L IJ 

KJKQN,DFKQ G"EOQ,E WGIY HG"#DIOE EKYHQDJP "#"J,E$  =","F,"L ?7C FIJF"J,GK,DIJE DJ ,\" PGIOJLZK,"G 

EKYHQ"E FIQQ"F,"L WIG ,\" !> Z"G" Q"EE ,\KJ ,\" @C+LE$ 

>GIJ ZKE L","F,"L DJ YIE, IW ,\" YIJD,IGDJP Z"QQE EKYHQ"L WIG ,\" !> K, FIJF"J,GK,DIJE "_F""LDJP ,\" 

@C+Lc Z\DF\ DE K E"FIJLKGN E,KJLKGLc XO, Q"EE ,\KJ ,\" NA/ 9"JEKFIQK XKF]PGIOJL DGIJ FIJF"J,GK,DIJ$  

>GIJ FIJF"J,GK,DIJE "_F""L"L ,\" XKF]PGIOJL FIJF"J,GK,DIJ DJ ,\G"" YIJD,IGDJP Z"QQEc 9EN2482)*/c 

9EN2482)[/c KJL 9EN2482')/$  +\" \DP\"E, DGIJ FIJF"J,GK,DIJ ZKE IXE"G#"L DJ 9EN2482)*/$  +\"E" 

Z"QQE KG" QIFK,"L OH KJL EDL" PGKLD"J, ,I ,\" ]JIZJ LDEHIEKQ KG"Kc Z\DF\ ZIOQL EOPP"E, ,\K, ,\" DGIJ 

FIJF"J,GK,DIJE DJ ,\"E" Z"QQE KG" JK,OGKQQN IFFOGDJP GK,\"G ,\KJ LO" ,I ED," KF,D#D,N$ 

<KJPKJ"E" ZKE L","F,"L DJ "KF\ IW ,\" PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48$  +\" G"HIG,"L 

YKJPKJ"E" FIJF"J,GK,DIJE DJ ,ZI E\KQQIZ Z"QQEc 9EN2482)*/ KJL 9EN2482)U/c "_F""L"L ,\" @C+Lc 

Z\DF\ DE K E"FIJLKGN E,KJLKGL$  9EN2482)*/ DE QIFK,"L ,I ,\" EIO,\ IW ,\" >!A "_FK#K,DIJ KG"K KJL 9EN2

482)U/ DE QIFK,"L ,I ,\" JIG,\ IW ,\" >!A "_FK#K,DIJ KG"K$  +\" \DP\"E, YKJPKJ"E" FIJF"J,GK,DIJ ZKE 

IXE"G#"L DJ 9EN2482)*/c Z\DF\ DE QIFK,"L EDL" PGKLD"J, ,I ,\" ]JIZJ LDEHIEKQ KG"K$  <KJPKJ"E" ZKE 

Q"EE ,\KJ ,\" @C+L DJ 9EN2482)*=c ,\" L""H Z"QQ HKDG"L ZD,\ 9EN2482)*/$ 

L"KL ZKE L","F,"L DJ IJQN ,ZI IW ,\" PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48$  L"KL IJQN "_F""L"L ,\" 

@C+L DJ ,\" EKYHQ" FIQQ"F,"L WGIY 9EN2482'8/c Z\DF\ DE QIFK,"L K, ,\" F"J,"G IW AJIYKQN AG"K ''c 

Z\"G" EOGWKF" KJL EOXEOGWKF" EIDQ EKYHQ"E \KL Q"KL FIJF"J,GK,DIJE "_F""LDJP G"EDL"J,DKQ KJL DJLOE,GDKQ 

/C+LE$ 

4K4 SUR>ACE WATER AND SED)MENTS 

/OGWKF" ZK,"G KJL E"LDY"J, EKYHQ"E Z"G" JI, FIQQ"F,"L WIG ,\" !> K, /D," 48 X"FKOE" JI EOGWKF" ZK,"G 

XILD"E KG" HG"E"J, K, ,\" ED,"$  +\" ,IHIPGKH\N WIGYE K FQIE"L L"HG"EEDIJ K, ,\" ED," KJL HG"FDHD,K,DIJ 

GKHDLQN DJWDQ,GK,"E ,\" EKJLN EIDQ$  A LGKDJKP" LD,F\ KHHGI_DYK,"QN 3)) W"", ,I ,\" "KE, IW ED," DE ,\" J"KG"E, 
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EOGWKF" ZK,"G W"K,OG"$  +\DE LD,F\ DE LIZJPGKLD"J, IW ED," \NLGIP"IQIPDFKQQN KJL KQEI K, K QIZ"G "Q"#K,DIJ 

LIZJEQIH" WGIY ,\" ED,"$  TK,"G DJ ,\DE LGKDJKP" LD,F\ WQIZE ,I JIG,\ KJL "YH,D"E DJ,I BKNIO @GKJL"$ 

4K5 A)R 

ADG EKYHQ"E Z"G" JI, FIQQ"F,"L WIG ,\" !> X"FKOE" ,\" FIJ,KYDJKJ,E HG"#DIOEQN L","F,"L DJ EOGWKF" EIDQc 

Y",KQE KJL /?7CEc KG" JI, "EH"FDKQQN #IQK,DQ" KJL KG" JI, "_H"F,"L ,I #KHIGD`"$  ADG YIJD,IGDJP ZKE 

FIJLOF,"L LOGDJP ,\" EIDQ DJ#"E,DPK,DIJ LO" ,I ,\" HI,"J,DKQ WIG LOE,(HKG,DFOQK," "_HIEOG"$  B"FKOE" IW ,\" 

EKJLN EIDQ K, ,\" ED,"c QD,,Q" LOE, ZKE P"J"GK,"L OJL"G JIGYKQ FIJLD,DIJE$  MIZ"#"Gc ,\"G" DE K HI,"J,DKQ WIG 

HKG,DFOQK," "_HIEOG" DJ KG"KE ZD,\IO, PGKEE DW ,\" EIDQ DE \"K#DQN LDE,OGX"Lc "$P LOGDJP KJ "_FK#K,DIJ$ 
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5K0 CONTAM)NANT >ATE AND TRANS;ORT 

+\" X"\K#DIG IW FIJ,KYDJKJ,E G"Q"KE"L DJ,I ,\" "J#DGIJY"J,c HKG,DFOQKGQN ,\" HI,"J,DKQ WIG K FIJ,KYDJKJ, 

,I YDPGK," WGIY ,\" G"Q"KE" KG"K KJL H"GEDE, DJ KJ "J#DGIJY"J,KQ Y"LDOYc FKJ DJWQO"JF" Z\",\"G ,\" 

G"Q"KE" ZDQQ G"EOQ, DJ KJ KL#"GE" \OYKJ \"KQ,\ IG "FIQIPDFKQ "WW"F,$  +\" WK," KJL ,GKJEHIG, LDEFOEEDIJ WIG 

,\DE !> G"HIG, DE QDYD,"L ,I ,\" PGIOHE IW F\"YDFKQE ,\K, Z"G" L","F,"L LOGDJP ,\" !> EKYHQDJP "#"J, K, 

FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\" C+LE "E,KXQDE\"L XN ,\" /,K," IW ;QIGDLK$ 

5K1 ;OTENT)AH ROUTES O> M)JRAT)ON 

+\" YI#"Y"J, IW FIJ,KYDJKJ,E DJ ,\" "J#DGIJY"J, ZDQQ X" FIJ,GIQQ"L XN F"G,KDJ HGIH"G,D"E IW ,\" 

FIJ,KYDJKJ, KJL ,\" K#KDQKXDQD,N IW EOD,KXQ" HK,\ZKNE WIG FIJ,KYDJKJ, YI#"Y"J,$ 

5K1K1 ;hysical an$ Chemical >actors A22ecting Contaminant Mo5ility

+\" WIQQIZDJP HGIH"G,D"E FKJ X" OE"L ,I "#KQOK," ,\" HI,"J,DKQ "J#DGIJY"J,KQ YIXDQD,N KJL WK," IW ED," 

FIJ,KYDJKJ,Er

 /H"FDWDF PGK#D,N 

 ?KHIG HG"EEOG"  

 TK,"G EIQOXDQD,N 

 7F,KJIQ(ZK,"G HKG,D,DIJ FI"WWDFD"J, 

 7GPKJDF FKGXIJ HKG,D,DIJ FI"WWDFD"J, 

 M"JGNkE LKZ FIJE,KJ, 

 BDIFIJF"J,GK,DIJ WKF,IG 

 <IXDQD,N DJL"_ 

+KXQ" 32' HG"E"J,E ,\" H\NEDFKQ KJL F\"YDFKQ HGIH"G,D"E IW ,\" IGPKJDF FIYHIOJLE L","F,"L K, /D," 48$  

+\" G"QK,D#" YIXDQD,D"E IW Y",KQE KE K WOJF,DIJ IW "J#DGIJY"J,KQ FIJLD,DIJE KG" HGI#DL"L DJ +KXQ" 32&$ 

5K1K1K1 Speci2ic Jravity 

/H"FDWDF PGK#D,N DE ,\" GK,DI IW ,\" Z"DP\, IW K PD#"J #IQOY" IW HOG" F\"YDFKQ K, K EH"FDWD"L ,"YH"GK,OG" ,I 

,\" Z"DP\, IW ,\" EKY" #IQOY" IW ZK,"G K, K PD#"J ,"YH"GK,OG"$  /H"FDWDF PGK#D,N DE OE"L ,I L","GYDJ" 

Z\",\"G K F\"YDFKQ ZDQQ \K#" K ,"JL"JFN ,I WQIK, IG EDJ] DJ ZK,"G Z\"J HG"E"J, KE K HOG" F\"YDFKQ IG K, 

#"GN \DP\ FIJF"J,GK,DIJE$  NIJ2KdO"IOE H\KE" F\"YDFKQE ZD,\ K EH"FDWDF PGK#D,N PG"K,"G ,\KJ ' ZDQQ ,"JL ,I 

EDJ]c KJL F\"YDFKQE ZD,\ K EH"FDWDF PGK#D,N Q"EE ,\KJ ' ZDQQ ,"JL ,I WQIK,$  7W ,\" PGIOHE IW F\"YDFKQE 

L","F,"L K, /D," 48c 9AME P"J"GKQQN \K#" K EH"FDWDF PGK#D,N PG"K,"G ,\KJ '$ 
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Henry's Law Bioconcentration
I Specilic Gravity Vapor Pressure Solubility OctanollWater Organic Carbon Constant Factor Mobility Index

Partition Partition log«solubility'VP)!
(@20f40C)(2) (mm Hg @ 20°C)(1) (mglL @ 20°CJ(1) Coelficient(1 ) Coefficient(2) (atm-m3/mole)(1) (mglLlmglkg)(2) Koc)

ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS FOR ORGANIC CHEMICALS
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

TABLE 5-1

E
POLYNUCLEAR AROMATIC HYDROCARBONS IPAHs),
Acenaphthene 1.07 5.00E-03 4.24E+02 8.32E+03 7.08E+03 1.55E-04 1.10E+03 -3.52E+00

Acenaphthylene 1.02 2.30E-D2 1.61E+01 1.17E+04 2.00E+03 1.14E-04 3.80E+02 -3.73=+00

Anthracene 1.283 (25WC) 1.95E-4 (25°C) 1.29E+0 (25°C) 2.a2E+04 2.95E+04 (3) 8.6E-5 (25°C) 4.70E+03 -8.07=+00

Benzo(a)anthracene 1.274 5.00E-D9 1E-2 (24°C) 4.07E+05 3.98E+05 (3) 6.60E-07 5.30E+04 -1.59=+01

Benzo(b)tluoranthene Nil. 5.00E-07 t.2E-3 (25°CI 3.72E+06 1.23E+06 (3) 1.20E-05 1.40E+05 -1.53E+01

Benzo(k)tluoranthene Nil. 9.59E-t1 5.5E-4 (25°C) 6.92E+06 1.23E+06 (3) 1.04E-03 1.40E+05 -1.94E+01

Benzo(g,h,ijperylene Nil. 1.00E-l0 2.6E-4 (25°CI 1.70E+07 1.60E+06 1.4E-7 (25°C) 3.50E+05 -1.98E+01

Benzo(a)pyrene 1.351 5.00E-09 3.8E-3 (25°CI 9.55E+05 1.02E+06 (3) 4.9E-7 (25°C) 1.40E+05 -1.67E+01

Carbazole 1.1 1.37E-06 7.48E+00 3.89E+03 3.39E+03 1.53E-08 5.01E+02 -8.52E+00

Chrysene 1.274 (20°C) 6.3E-9 (25°C) 6E-3 (25°C) 4.07E+05 3.98E+05 (3) 1.05E-6 (25°C) 5.30E+04 ·1.60E+01

Dibenzo(a,h)anthracene 1.282 1.00E-l0 5E-4 (25°C) 9.33E+05 3.80E+06 (3) 7.3E-8 (25°C) 6.90E+05 ·1.99E+01

Fluoranthene 1.252 5.0E-6 (25°C) 2.65E-1 (25°C) 2.14E+05 1.07E+05 (3) 6.5E-6 (25°C) 1.20E+04 -1.09E+01

Fluorene 1202 1.00E+01 1.98E+00 1.62E+04 1.38E+04 6.36E-05 3.80E+03 -2.84E+00

Indeno(1,2,3-cd)pyrene NA 1E-10 (25°C) 6.20E-02 4.57E+07 3.47E+06 (3) 3 95E-8 (25°C) 3.50E+05 -1.77E+01

1-MethylnClphthalene 1.0202 5.39E-02 2.58E+01 7.41 E+03 7.30E+02 2.60E-04 1.3E+02-6.8E+02 ·2.72E+00

2-flJ,ethylnaphthalene 1.0058 ", E+1 (105°C) 2.6E+1 (25°CI 7.24E+03 7.27E+2 (4) 499E-4 (25°C) 510E+02 -4.47E-01

Naphthalene 1162 8.2E-2 (25°C) 3E+1 (25°C) 2.34E+03 2.00E+03 (3) 483E-4 (25°C) 420E+02 -2.91E+00

Phenanthrene 0.980 WC) 1E+O (118.2°C) 8.16E-1 (21°C) 2.88E+04 1.40E+04 393E-5 (25°C) 470E+03 -4.23E+00

Pyrene 1.271 (23WC) 25E+O (200°C) ..6E-1 (26°C) 1.51E+05 1.05E+C5 (3) 5.1 E-6 (25°C) 120E+04 ·5.42E+00

USEPA September 1992, Handbook of RCFiA Groundwater Monitoring Constituents: Chemical and Physical Properties.

USEPA December 1932, Aquatic Fate Proc'Jss Data for Organic Priority Pollutants.

3 USEPA, Jilly 1996, Sol Screening Guidance

4 Lyman aI., 1990; Equation 4-5



TABLE 5-2

RELATIVE MOBILITIES OF METALS AS A FUNCTION OF
ENVIRONMENTAL CONDITIONS (Eh,pH)

SITE 43 REMEDIAL INVESTIGATION REPORT
NAS PENSACOLA

PENSACOLA, FLORIDA

Rev. 1
03/07/06

Very High Selenium

High Selenium and Zinc Selenium, Zinc, 
Copper, Nickel, 
Mercury, and Silver

Medium Copper, Nickel, 
Mercury, Silver, 
Arsenic, and 
Cadmium

Arsenic and 
Cadmium

Arsenic and 
Cadmium

Low Lead, Barium, and 
Beryllium

Lead, Barium, and 
Beryllium

Lead, Barium, and 
Beryllium

Very Low Iron and Chromium Chromium Chromium, Zinc, 
Copper, Nickel, 
Mercury, and Silver

Chromium,
Selenium, Zinc, 
Copper, Nickel, 
Mercury, Lead, 
Barium, Beryllium, 
and Silver

Source: Swartzbaugh, et al.  Remediating Sites Contaminated with Heavy Metals.
Hazardous Materials Control, November/December 1992.

Relative Mobility
Reducing

Environmental Conditions

Oxidizing Acidic Neutral/Alkaline

TtNUS/TAL-04-043/4821/4.1 5-3 CTO 0355

Rev. 2
11/06/06
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5K1K1K2 Qapor ;ressure 

?KHIG HG"EEOG" HGI#DL"E KJ DJLDFK,DIJ IW ,\" GK," K, Z\DF\ K F\"YDFKQ #IQK,DQD`"E WGIY XI,\ EIDQ KJL ZK,"G$  

C\"YDFKQE ZD,\ \DP\"G #KHIG HG"EEOG"E KG" "_H"F,"L ,I "J,"G ,\" K,YIEH\"G" YOF\ YIG" G"KLDQN ,\KJ 

F\"YDFKQE ZD,\ QIZ"G #KHIG HG"EEOG"E$  ?IQK,DQD`K,DIJ DE K EDPJDWDFKJ, QIEE HGIF"EE WIG ?7CE DJ EOGWKF" 

ZK,"G IG EOGWKF" EIDQ KJL DE IW HGDYKGN DYHIG,KJF" K, "J#DGIJY"J,KQ DJ,"GWKF"E EOF\ KE EOGWKF" EIDQ(KDG KJL 

EOGWKF" ZK,"G(KDG$  ?IQK,DQD`K,DIJ DE JI, KE DYHIG,KJ, Z\"J "#KQOK,DJP FIJ,KYDJK,"L PGIOJLZK,"G KJL 

EOXEOGWKF" EIDQE ,\K, KG" JI, "_HIE"L ,I ,\" K,YIEH\"G"$  ?KHIG HG"EEOG"E IW 9AME KG" QIZ KJL 

#IQK,DQD`K,DIJ DE JI, EDPJDWDFKJ, WIG Y",KQE$ 

5K1K1K9 Water Solu5ility 

+\" GK," K, Z\DF\ K F\"YDFKQ YKN X" Q"KF\"L WGIY K EIQDL YK,GD_ aEIDQc ZKE," L"HIED,b XN DJWDQ,GK,DJP 

HG"FDHD,K,DIJ DE HGIHIG,DIJKQ ,I D,E ZK,"G EIQOXDQD,N$  <IG" EIQOXQ" F\"YDFKQE KG" YIG" G"KLDQN Q"KF\"L ,\KJ 

Q"EE EIQOXQ" F\"YDFKQE$  +\" ZK,"G EIQOXDQD,D"E HG"E"J,"L DJ +KXQ" 32' DJLDFK," ,\K, 9AME KG" JI, 

"EH"FDKQQN ZK,"G EIQOXQ"$ 

+\" EIQOXDQD,N IW DJIGPKJDFE DE E,GIJPQN DJWQO"JF"L XN ,\"DG #KQ"JF" E,K,"aEb KJL WIGYE a\NLGI_DL"Ec I_DL"Ec 

FKGXIJK,"Ec ",F$b$  +\" EIQOXDQD,N DE KQEI L"H"JL"J, IJ HMc E\ aG"LI_ HI,"J,DKQbc ,"YH"GK,OG"c KJL I,\"G 

DIJDF EH"FD"E DJ EIQO,DIJ a,\" ="XN"2MOF]"Q ,\"IGNb$  +\" EIQOXDQD,N HGILOF,E G"HIG,"L DJ ,\" QD,"GK,OG" #KGN 

ZD,\ ,\" ,NH" IW FIYHQ"_ WIGY"Lc XO, P"J"GKQQN D, FKJ X" JI,"L ,\K,c WIG "_KYHQ"c FKLYDOY KJL FIHH"G 

FIYHQ"_"E KG" YIG" EIQOXQ" ,\KJ Q"KL KJL JDF]"Q FIYHQ"_"E$ 

5K1K1K4 OctanolaWater ;artition Coe22icient 

+\" IF,KJIQ(ZK,"G HKG,D,DIJ FI"WWDFD"J, aCIZb DE K Y"KEOG" IW ,\" "dODQDXGDOY HKG,D,DIJDJP IW F\"YDFKQE 

X",Z""J IF,KJIQ KJL ZK,"G$  A QDJ"KG G"QK,DIJE\DH X",Z""J ,\" CIZ KJL ,\" OH,K]" IW F\"YDFKQE XN WK,,N 

,DEEO"E IW KJDYKQ KJL \OYKJ G"F"H,IGE a,\" XDIFIJF"J,GK,DIJ WKF,IGb \KE X""J "E,KXQDE\"L$  >, DE KQEI 

OE"WOQ DJ F\KGKF,"GD`DJP ,\" EIGH,DIJ IW FIYHIOJLE XN IGPKJDF EIDQE Z\"G" "_H"GDY"J,KQ #KQO"E KG" JI, 

K#KDQKXQ"$  9AME KG" YIG" QD]"QN ,I HKG,D,DIJ ,I WK,,N ,DEEO"E ,\KJ ,\" YIG" EIQOXQ" ?7CE$  +\" CIZ DE KQEI 

OE"L ,I "E,DYK," XDIFIJF"J,GK,DIJ WKF,IGE DJ KdOK,DF IGPKJDEYE$ 

5K1K1K5 Organic Car5on ;artition Coe22icient 

+\" IGPKJDF FKGXIJ HKG,D,DIJ FI"WWDFD"J, aCIFb DJLDFK,"E ,\" ,"JL"JFN IW K F\"YDFKQ ,I KL\"G" ,I EIDQ 

HKG,DFQ"E FIJ,KDJDJP IGPKJDF FKGXIJ$  C\"YDFKQE ZD,\ \DP\ CIFE P"J"GKQQN \K#" QIZ ZK,"G EIQOXDQD,D"E KJL 

#DF" #"GEK$  +\DE HKGKY","G YKN X" OE"L ,I DJW"G ,\" G"QK,D#" GK,"E K, Z\DF\ ,\" YIG" YIXDQ" F\"YDFKQE 

a]",IJ"Ec YIJIFNFQDF KGIYK,DFEc KJL \KQIP"JK,"L KQDH\K,DFEb HKG,D,DIJ ,I PGIOJLZK,"G$  <IE, 9AME KG" 
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G"QK,D#"QN DYYIXDQ" DJ ,\" EIDQ KJL KG" HG"W"G"J,DKQQN XIOJL ,I ,\" EIDQ$  +\"E" FIYHIOJLE KG" JI, KE QD]"QN 

,I X" ,GKJEHIG,"L DJ ,\" LDEEIQ#"L H\KE" XN PGIOJLZK,"G ,I ,\" EKY" "_,"J, KE FIYHIOJLE ZD,\ \DP\"G 

ZK,"G EIQOXDQD,D"E$  MIZ"#"Gc ,\"E" HG"W"G"J,DKQQN XIOJL F\"YDFKQE KG" "KEDQN ,GKJEHIG,"L XN "GIEDIJKQ 

HGIF"EE"E Z\"J ,\"N KG" HG"E"J, DJ EOGWKF" EIDQE KJL ,\" EIDQ HKG,DFQ"E ,I Z\DF\ ,\"N \K#" KLEIGX"L KG" 

YIXDQD`"L$

5K1K1K6 Tenrybs Ha_ Constant 

BI,\ ,\" #KHIG HG"EEOG" KJL ,\" ZK,"G EIQOXDQD,N KG" IW OE" DJ L","GYDJDJP #IQK,DQD`K,DIJ GK,"E WGIY EOGWKF" 

ZK,"G XILD"E KJL WGIY PGIOJLZK,"G$  +\" GK,DI IW ,\"E" ,ZI HKGKY","GEc ,\" M"JGNjE LKZ FIJE,KJ,c DE 

OE"L ,I FKQFOQK," ,\" "dODQDXGDOY F\"YDFKQ FIJF"J,GK,DIJE DJ ,\" #KHIG aKDGb H\KE" #"GEOE ,\" QDdODL 

aZK,"Gb H\KE" WIG ,\" LDQO," EIQO,DIJE FIYYIJQN "JFIOJ,"G"L DJ "J#DGIJY"J,KQ E",,DJPE$  >J P"J"GKQc 

F\"YDFKQE \K#DJP K M"JGNjE LKZ FIJE,KJ, IW Q"EE ,\KJ ' _ ')23 K,Y2Y8(YIQ" E\IOQL #IQK,DQD`" #"GN QD,,Q" KJL 

X" HG"E"J, IJQN DJ YDJO," KYIOJ,E DJ ,\" K,YIEH\"G" IG EIDQ PKE$  ;IG F\"YDFKQE ZD,\ K M"JGNjE LKZ 

FIJE,KJ, PG"K,"G ,\KJ 3 _ ')28 K,Y2Y8(YIQ" #IQK,DQD`K,DIJ KJL LDWWOEDIJ DJ EIDQ PKE FIOQL X" EDPJDWDFKJ,$ 

5K1K1K7 Bioconcentration >actor 

+\" XDIFIJF"J,GK,DIJ WKF,IG aBC;b G"HG"E"J,E ,\" GK,DI IW KdOK,DF2KJDYKQ2,DEEO" FIJF"J,GK,DIJ ,I ZK,"G 

FIJF"J,GK,DIJ$  +\" GK,DI DE XI,\ FIJ,KYDJKJ, KJL EH"FD"E EH"FDWDF$  T\"J ED,"2EH"FDWDF #KQO"E KG" JI, 

Y"KEOG"Lc QD,"GK,OG" #KQO"E KG" OE"L IG ,\" BC; DE L"GD#"L WGIY ,\" IF,KJIQ(ZK,"G FI"WWDFD"J,$  <KJN IW 

,\" 9AME ZDQQ XDIFIJF"J,GK," K, Q"#"QE ,\G"" ,I WD#" IGL"GE IW YKPJD,OL" PG"K,"G ,\KJ ,\IE" FIJF"J,GK,DIJE 

WIOJL DJ ,\" ZK,"G$ 

5K1K1K8 Distri5ution Coe22icient 

+\" LDE,GDXO,DIJ FI"WWDFD"J, aCLb DE K Y"KEOG" IW ,\" "dODQDXGDOY LDE,GDXO,DIJ IW K F\"YDFKQ IG DIJ DJ 

EIDQ(ZK,"G ENE,"YE$  +\" LDE,GDXO,DIJ IW IGPKJDF F\"YDFKQE DE K WOJF,DIJ IW XI,\ ,\" CIF KJL ,\" KYIOJ, IW 

IGPKJDF FKGXIJ DJ ,\" EIDQ$  ;IG DIJE a"$P$c Y",KQEbc CL DE ,\" GK,DI IW ,\" FIJF"J,GK,DIJ KLEIGX"L IJ EIDQ 

EOGWKF"E ,I ,\" FIJF"J,GK,DIJ DJ ZK,"G$  =DE,GDXO,DIJ FI"WWDFD"J,E WIG Y",KQE #KGN I#"G E"#"GKQ IGL"GE IW 

YKPJD,OL" X"FKOE" ,\" CL DE L"H"JL"J, IJ ,\" ED`" KJL F\KGP" IW ,\" DIJ KJL ,\" EIDQ HGIH"G,D"E 

PI#"GJDJP "_F\KJP" ED,"E IJ EIDQ EOGWKF"E$  CIOQIYXjE LKZ HG"LDF,E ,\K, ,\" DIJ ZD,\ ,\" EYKQQ"E, 

\NLGK,"L GKLDOE KJL ,\" QKGP"E, F\KGP" ZDQQ X" HG"W"G"J,DKQQN KFFOYOQK,"L I#"G DIJE ZD,\ QKGP"G GKLDD KJL 

EYKQQ"G F\KGP"E$ 
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5K1K1K9 Mo5ility )n$eN 

+\" YIXDQD,N DJL"_ a<>b DE K dOKJ,D,K,D#" KEE"EEY"J, IW F\"YDFKQ YIXDQD,N DJ ,\" "J#DGIJY"J, XKE"L IJ ,\" 

ZK,"G EIQOXDQD,N a/bc #KHIG HG"EEOG" a?9bc KJL ,\" aCIFb IW K PD#"J YK,"GDKQ a<FCKQQc ",$ KQ$c '[58br 

<> s QIP aa/t?9b(CIFb

+\" <> WIG K PD#"J F\"YDFKQ DE "#KQOK,"L OEDJP ,\" WIQQIZDJP EFKQ" a;IGL KJL @OGXKc '[54br 

  !"QK,D#" <>   <IXDQD,N ="EFGDH,DIJ

  u 3    "_,G"Y"QN YIXDQ" 

  ) ,I 3    #"GN YIXDQ" 

  23 ,I )    EQDP\,QN YIXDQ" 

  2') ,I ^3   DYYIXDQ" 

  v 2')    #"GN DYYIXDQ" 

LDP\,"G YIQ"FOQKG Z"DP\, 9AMEc EOF\ KE JKH\,\KQ"J"c \K#" <>E GKJPDJP WGIY 23 ,I ) KJL KG" FIJEDL"G"L 

EQDP\,QN YIXDQ"c KJL ,\" \"K#D"G YIQ"FOQKG Z"DP\, 9AME h"$P$c X"J`IaKbHNG"J"i KG" FQKEEDWD"L KE #"GN 

DYYIXDQ" \K#DJP <>E Q"EE ,\KJ 2') a+KXQ" 32'b$ 

5K1K2 ;otential ;ath_ays 2or Contaminant Migration

BKE"L IJ ,\" "#KQOK,DIJ IW "_DE,DJP FIJLD,DIJE K, /D," 48c ,\" WIQQIZDJP HI,"J,DKQ FIJ,KYDJKJ, ,GKJEHIG, 

HK,\ZKNE YKN "_DE, K, ,\" ED,"r 

 L"KF\DJP IW EIDQ FIJ,KYDJKJ,E ,I PGIOJLZK,"G 

 <DPGK,DIJ IW PGIOJLZK,"G FIJ,KYDJKJ,E 

 ?IQK,DQD`K,DIJ WGIY EIDQ IG PGIOJLZK,"G 

5K1K2K1 Heaching o2 Soil Contaminants to Jroun$_ater 

CIJ,KYDJKJ,E ,\K, KL\"G" ,I EIDQ HKG,DFQ"E IG \K#" KFFOYOQK,"L DJ EIDQ HIG" EHKF"E FKJ X" G"YIXDQD`"L 

KJL ,GKJEHIG,"L ,I ,\" PGIOJLZK,"G KE K G"EOQ, IW DJWDQ,GK,DIJ IG HG"FDHD,K,DIJ$  +\" GK," KJL "_,"J, IW ,\DE 

Q"KF\DJP KG" DJWQO"JF"L XNr 

 +\" L"H,\ IW ,\" ZK,"G ,KXQ" 

 AYIOJ, IW HG"FDHD,K,DIJ 

 !K," IW DJWDQ,GK,DIJ 
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 +\" H\NEDFKQ KJL F\"YDFKQ HGIH"G,D"E IW ,\" EIDQ 

 +\" H\NEDFKQ KJL F\"YDFKQ HGIH"G,D"E IW ,\" FIJ,KYDJKJ, 

+\" YIXDQD,N IW F\"YDFKQE K, /D," 48 ZDQQ DJWQO"JF"L XN ,\" G"QK,D#"QN E\KQQIZ ZK,"G ,KXQ"c HI,"J,DKQQN \DP\ 

GK,"E IW HG"FDHD,K,DIJc KJL ,\" EKJLN EIDQ DJ ,\" KG"K Z\DF\ YKN KQQIZ K \DP\"G GK," IW DJWDQ,GK,DIJ$  +\" 

FIJ,KYDJKJ,E DL"J,DWD"L K, /D," 48 aY",KQE KJL 9AMEb P"J"GKQQN \K#" H\NEDFKQ KJL F\"YDFKQ HGIH"G,D"E 

,\K, G"EOQ, DJ QIZ YIXDQD,N KJL \DP\"G H"GEDE,"JF" DJ ,\" "J#DGIJY"J,$ 

5K1K2K2 Migration o2 Jroun$_ater Contaminants 

CIJ,KYDJKJ,E FKJ YDPGK," DJ "D,\"G K LDEEIQ#"L H\KE" IG KE KJ DYYDEFDXQ" QDdODL$  A FIJ,KYDJKJ, ,\K, DE 

HG"E"J, DJ ZK,"G KXI#" D,E EIQOXDQD,N FIJF"J,GK,DIJ ZDQQ WIGY KJ DYYDEFDXQ" QDdODL$  BKE"L IJ ,\" EH"FDWDF 

PGK#D,N IW ,\" FIJ,KYDJKJ,c D, ZDQQ "D,\"G WQIK, IG EDJ] DJ ,\" ZK,"G$  >J ,\" FKE" IW F\QIGDJK,"L EIQ#"J,E 

a"$P$c F\QIGIWIGYbc ,\" FIJ,KYDJKJ, ZDQQ EDJ] DJ ,\" ZK,"G X"FKOE" D, \KE K \DP\"G EH"FDWDF PGK#D,N ,\KJ 

ZK,"G$ /OXEOGWKF" ,GKJEHIG, IW ,\" DYYDEFDXQ" FIJ,KYDJKJ,E DE PI#"GJ"L XN K E", IW WKF,IGE LDWW"G"J, WGIY 

,\IE" IW LDEEIQ#"L FIJ,KYDJKJ,E$ 

+\" PGIOJLZK,"G LK,K K, /D," 48 LI JI, HGI#DL" "#DL"JF" IW DYYDEFDXQ" FIJ,KYDJKJ,E K, FIJF"J,GK,DIJE 

"_F""LDJP ZK,"G EIQOXDQD,N Q"#"QE$  /IQ#"J,E Z"G" L","F,"L K, FIJF"J,GK,DIJE Q"EE ,\KJ ,\"DG ZK,"G 

EIQOXDQD,D"E$  +\"G"WIG"c ,\" YDPGK,DIJ IW PGIOJLZK,"G FIJ,KYDJKJ,Ec WIG ,\" YIE, HKG,c DE QD]"QN PI#"GJ"L XN 

WKF,IGE ,\K, PI#"GJ ,\" YI#"Y"J, IW LDEEIQ#"L FIJ,KYDJKJ,E$  +\G"" P"J"GKQ HGIF"EE"E PI#"GJ ,\" 

YDPGK,DIJ IW LDEEIQ#"L FIJE,D,O"J,E DJ PGIOJLZK,"Gr KL#"F,DIJc LDEH"GEDIJc KJL G",KGLK,DIJ$  AL#"F,DIJ DE K 

HGIF"EE XN Z\DF\ EIQO,"E KG" FKGGD"L XN PGIOJLZK,"G YI#"Y"J,$  =DEH"GEDIJ DE K YD_DJP IW FIJ,KYDJK,"L 

KJL OJFIJ,KYDJK,"L ZK,"G LOGDJP KL#"F,DIJ$  !",KGLK,DIJ DE K EQIZDJP IW FIJ,KYDJKJ, YDPGK,DIJ FKOE"L 

XN ,\" G"KF,DIJ IW ,\" EIQO," ZD,\ ,\" KdODW"G EIDQ$ 

CIJ,KYDJKJ, FIJF"J,GK,DIJE YKN X" KWW"F,"L XN IJ" IG YIG" Y"F\KJDEYE LOGDJP ,GKJEHIG,$  ?IQK,DQD`K,DIJ 

IG HG"FDHD,K,DIJ YKN H\NEDFKQQN ,GKJEWIGY FIJ,KYDJKJ,E$  CIJ,KYDJKJ,E YKN X" F\"YDFKQQN ,GKJEWIGY"L 

,\GIOP\ H\I,IQNEDEc \NLGIQNEDEc IG I_DLK,DIJ(G"LOF,DIJ$  CIJ,KYDJKJ,E YKN KQEI X" XDIQIPDFKQQN ,GKJEWIGY"L 

XN XDIL"PGKLK,DIJ$ 

MNLGIP"IQIPDF LK,K Z"G" FIQQ"F,"L ,I "#KQOK," YI#"Y"J, IW PGIOJLZK,"G DJ ,\" E\KQQIZ EOGWDFDKQ KdODW"G 

K, /D," 48$  +\"E" LK,K Z"G" OE"L ,I "E,DYK," ,\" ED," EH"FDWDF PGIOJLZK,"G WQIZ LDG"F,DIJ KJL 

PGIOJLZK,"G WQIZ #"QIFD,N$ 
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5K1K2K9 Qolatili\ation 2rom Soil or Jroun$_ater 

C\"YDFKQE DJ EIDQ FKJ YDPGK," DJ,I KYXD"J, KDG "D,\"G KE #KHIGE IG XN KL\"GDJP ,I HKG,DFOQK," YK,,"G 

aLOE,Eb$  C\"YDFKQE ,\K, \K#" K EDPJDWDFKJ, #IQK,DQD,N KG" QD]"QN ,I "J,"G KYXD"J, KDG KE #KHIGE$  +\"E" 

F\"YDFKQE KG" P"J"GKQQN FIJEDL"G"L ,I X" FIYHIOJLE ZD,\ M"JGNkE LKZ CIJE,KJ,E PG"K,"G ,\KJ '$)_')23

KJL YIQ"FOQKG Z"DP\,E Q"EE ,\KJ &))$  C\"YDFKQE ZD,\ QIZ"G M"JGNjE LKZ CIJE,KJ,E KJL \DP\"G YIQ"FOQKG 

Z"DP\,E KG" YIG" QD]"QN ,I "J,"G KYXD"J, KDG IJ HKG,DFOQK," YK,,"G FKGGD"L XN ZDJLE$ 

7JF" DJ PGIOJLZK,"Gc #IQK,DQ" F\"YDFKQE YKN YDPGK," IG ,\"N YKN #IQK,DQD`" ,\GIOP\ ,\" FKHDQQKGN `IJ" 

KJL I#"GQNDJP EIDQ QKN"GE DJ,I KYXD"J, KDG IG DJEDL" XODQLDJPE$  C\"YDFKQE DJ ,\" #KHIG H\KE" YKN YDPGK," 

\IGD`IJ,KQQN IG #"G,DFKQQN KJL FKJ "J,"G XODQLDJPE ,\GIOP\ FGKF]E DJ ,\" WIOJLK,DIJ IG ,\GIOP\ WIOJLK,DIJ 

ZKQQE$  7JF" DJEDL" XODQLDJPEc ,\" KDG FIJF"J,GK,DIJE DJ XODQLDJPE KG" EOXg"F, ,I #KGDIOE WKF,IGEc EOF\ KE 

XODQLDJP LDY"JEDIJE KJL #"J,DQK,DIJ GK,"E$  .HIJ "J,"GDJP KYXD"J, KDGc ,\" #KHIGE KG" JI, "_H"F,"L ,I 

H"GEDE, WIG QIJP H"GDILE IW ,DY" \K#DJP \KQW2QD#"E DJ ,\" K,YIEH\"G" ,NHDFKQQN Y"KEOG"L DJ \IOGE IG K W"Z 

LKNE$  +\" KDG FIJF"J,GK,DIJE IW #KHIGE DJ KYXD"J, KDG KG" QD]"QN ,I X" dODF]QN LDQO,"L XN ,\" KF,DIJ IW 

ZDJLE$  ?KHIGE YKN KQEI X" G"Q"KE"L LDG"F,QN ,I KYXD"J, KDG WGIY EIDQ IG PGIOJLZK,"G LOGDJP "_FK#K,DIJ 

KF,D#D,D"E$ 

+\" FIJ,KYDJKJ,E HG"#DIOEQN L","F,"L DJ EIDQ KJL PGIOJLZK,"G EKYHQ"E K, /D," 48 aY",KQE KJL /?7CEb 

KG" JI, "EH"FDKQQN #IQK,DQ" KJL KG" JI, "_H"F,"L ,I #KHIGD`" DJ,I ,\" KDG$  ADG YIJD,IGDJP ZKE FIJLOF,"L 

LOGDJP ,\" EIDQ DJ#"E,DPK,DIJ LO" ,I ,\" HI,"J,DKQ WIG LOE,(HKG,DFOQK," "_HIEOG"$  B"FKOE" IW ,\" EKJLN EIDQ 

K, ,\" ED,"c QD,,Q" LOE, ZKE P"J"GK,"L OJL"G JIGYKQ FIJLD,DIJE$  MIZ"#"Gc ,\"G" DE K HI,"J,DKQ WIG HKG,DFOQK," 

"_HIEOG" DJ KG"KE ZD,\IO, PGKEE DW ,\" EIDQ DE \"K#DQN LDE,OGX"L a"$P LOGDJP KJ "_FK#K,DIJb$ 

5K2 CONTAM)NANT ;ERS)STENCE 

+\" QDW" EHKJ IW ,\" FIJ,KYDJKJ,E IJF" G"Q"KE"L ,I ,\" "J#DGIJY"J, DE FIJ,GIQQ"L XN ,\" EOEF"H,DXDQD,N IW 

,\" FIJ,KYDJKJ, ,I F"G,KDJ F\"YDFKQ KJL XDIQIPDFKQ HGIF"EE"E ,\K, YKN L"PGKL" ,\" FIJ,KYDJKJ,E KJL 

G"LOF" ,\"DG G"YKDJDJP YKEE$ 

5K2K1 SQOCs

/?7CE KE K FQKEE IW FIYHIOJLEc KJL 9AME DJ HKG,DFOQKGc KG" FIJEDL"G"L ,I X" H"GEDE,"J, DJ ,\" 

"J#DGIJY"J,$  /?7CE DJ EIDQ KG" YOF\ YIG" QD]"QN ,I XDJL ,I EIDQ KJL X" ,GKJEHIG,"L #DK YKEE ,GKJEHIG, 

Y"F\KJDEYE ,\KJ ,I PI DJ,I EIQO,DIJ$  9AME KG" EOXg"F, ,I L"PGKLK,DIJ #DK K"GIXDF XKF,"GDK XO, YKN X" 

G"QK,D#"QN H"GEDE,"J, DJ ,\" KXE"JF" IW YDFGIXDKQ HIHOQK,DIJ IG YKFGIJO,GD"J,E EOF\ KE H\IEH\IGOE KJL 

JD,GIP"J$  LKJLEHG"KLDJP KHHQDFK,DIJE \K#" DJLDFK,"L ,\K, 9AME KG" \DP\QN KY"JKXQ" ,I YDFGIXDKQ 

L"PGKLK,DIJ DJ EIDQ$  +\" GK," IW L"PGKLK,DIJ DE DJWQO"JF"L XN ,"YH"GK,OG"c HMc I_NP"J FIJF"J,GK,DIJEc 
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DJD,DKQ F\"YDFKQ FIJF"J,GK,DIJEc KJL YIDE,OG"$  9\I,IQNEDEc \NLGIQNEDEc KJL I_DLK,DIJ KG" JI, DYHIG,KJ, WK," 

HGIF"EE"E WIG ,\" L"PGKLK,DIJ IW 9AME DJ EIDQ$ 

5K2K2 Metals

<",KQE KG" \DP\QN H"GEDE,"J, "J#DGIJY"J,KQ FIJ,KYDJKJ,E$  +\"N LI JI, XDIL"PGKL"c H\I,IQN`"c IG 

\NLGIQN`"$  <",KQE G"Q"KE"L ,I ,\" "J#DGIJY"J, P"J"GKQQN KLEIGX ,I ,\" EIDQ YK,GD_ aKE FIYHKG"L ,I X"DJP 

HKG, IW ,\" EIDQ E,GOF,OG"b KJL XDIKFFOYOQK,"$  B"FKOE" Y",KQE KG" WG"dO"J,QN DJFIGHIGK,"L DJ,I ,\" EIDQ 

YK,GD_ KJL G"YKDJ XIOJL ,I HKG,DFOQK," YK,,"Gc ,\"N KQEI YDPGK," WGIY ,\" EIOGF" KG"KE #DK XOQ] 

YI#"Y"J, HGIF"EE"E a"GIEDIJb$ 

5K9 CONTAM)NANT M)JRAT)ON 

+\" YIXDQD,N IW ,\" FIJ,KYDJKJ,Ec IJF" G"Q"KE"L ,I ,\" "J#DGIJY"J,c DE FIJ,GIQQ"L XN ,\" H\NEDFKQ 

HGIH"G,D"E IW ,\" FIJ,KYDJKJ,c Z\DF\ L","GYDJ" Z\",\"G ,\" FIJ,KYDJKJ, HKG,D,DIJE ,I YIG" YIXDQ" Y"LDK 

aKDG IG PGIOJLZK,"Gb IG Q"EE YIXDQ" Y"LDK aEIDQ IG E"LDY"J, HKG,DFQ"Eb$ 

5K9K1 SQOCs

/?7CE KG" P"J"GKQQN FIJEDL"G"L ,I X" WKDGQN DYYIXDQ" F\"YDFKQE DJ ,\" "J#DGIJY"J, X"FKOE" ,\"N KG" 

QKGP" YIQ"FOQ"E ZD,\ \DP\ IGPKJDF FKGXIJ HKG,D,DIJ FI"WWDFD"J,E KJL QIZ EIQOXDQD,D"E Z\"J FIYHKG"L ,I ,\" 

#IQK,DQ" IGPKJDFE$  MIZ"#"Gc EIY" IW ,\" QDP\,"G YIQ"FOQKG Z"DP\, 9AME aK EOXPGIOH IW /?7CEbc EOF\ KE 

JKH\,\KQ"J"c KG" YIG" ZK,"G EIQOXQ" KJL "J#DGIJY"J,KQQN YIXDQ"$  /?7C FIYHIOJLE DJ ,\" EIDQ P"J"GKQQN 

LI JI, YDPGK," #"G,DFKQQN ,I K PG"K, "_,"J, KJL KG" YIG" QD]"QN ,I KL\"G" ,I EIDQ HKG,DFQ"E KJL X" G"YI#"L 

WGIY ,\" ED," #DK EOGWKF" GOJIWW KJL "GIEDIJKQ HGIF"EE"E$ 

9AME P"J"GKQQN \K#" #"GN QIZ EIQOXDQD,D"Ec #KHIG HG"EEOG"Ec KJL M"JGNjE LKZ FIJE,KJ,E KJL \DP\ CIFE KJL 

CIZE$  +\" QIZ2YIQ"FOQKG2Z"DP\, 9AME a"$P$c KF"JKH\,\"J"c KJ,\GKF"J"c WQOIG"J"c H\"JKJ,\G"J"b YKN 

#IQK,DQD`" WGIY EOGWKF" ZK,"GEc KJL ,\" \DP\2YIQ"FOQKG2Z"DP\, 9AME h"$P$c X"J`IaKbHNG"J"c 

X"J`aKbKJ,\GKF"J"c F\GNE"J"c ",F$i KG" Q"EE QD]"QN ,I #IQK,DQD`"$  9AME DJ EIDQ KG" YOF\ YIG" QD]"QN ,I XDJL 

,I EIDQ KJL X" ,GKJEHIG,"L #DK YKEE ,GKJEHIG, Y"F\KJDEYE ,\KJ ,I PI DJ,I EIQO,DIJ$ 

5K9K2 Metals

+\" YIXDQD,N IW Y",KQE DE DJWQO"JF"L HGDYKGDQN XN ,\"DG H\NEDFKQ KJL F\"YDFKQ HGIH"G,D"Ec DJ FIYXDJK,DIJ 

ZD,\ ,\" H\NEDFKQ KJL F\"YDFKQ F\KGKF,"GDE,DFE IW ,\" EIDQ YK,GD_$  ;KF,IGE ,\K, KEEDE, DJ HG"LDF,DJP ,\" 

YIXDQD,N IW DJIGPKJDF EH"FD"E KG" ,\" EIDQ(HIG" ZK,"G HMc EIDQ(HIG" ZK,"G I_DLK,DIJ G"LOF,DIJ HI,"J,DKQ IW 
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PGIOJLZK,"G aE\bc KJL FK,DIJ "_F\KJP" FKHKFD,N$  +\" YIXDQD,N IW Y",KQE P"J"GKQQN DJFG"KE"E ZD,\ 

L"FG"KEDJP EIDQ HM KJL FK,DIJ "_F\KJP" FKHKFD,N a+KXQ" 32&b$ 

B"FKOE" DJIGPKJDFE KG" WG"dO"J,QN DJFIGHIGK,"L DJ,I ,\" EIDQ YK,GD_ KJL G"YKDJ XIOJL ,I HKG,DFOQK," 

YK,,"Gc ,\"N KQEI YDPGK," WGIY ,\" EIOGF" KG"KE #DK XOQ] YI#"Y"J, HGIF"EE"E a"GIEDIJb$  +\" QKGP"Gc JIJ2

FIQQIDLKQ EIDQ HKG,DFQ"E aPG"K,"G ,\KJ )$43 YDFGIJb KG" JI, P"J"GKQQN FIJEDL"G"L ,I X" YIXDQ" DJ 

PGIOJLZK,"G$  <",KQE KG" KQEI YIG" YIXDQ" OJL"G KFDLDF FIJLD,DIJE$  >J ,\"E" FKE"Ec D, DE HIEEDXQ" WIG 

Y",KQE ,I YDPGK," #"G,DFKQQN ,\GIOP\ ,\" EIDQ FIQOYJ KJL G"KF\ ,\" PGIOJLZK,"G$ 
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6K0 R)SU ASSESSMENT 

6K1 TUMAN TEAHTT R)SU ASSESSMENT 

+\DE E"F,DIJ HG"E"J,E ,\" MM!A WIG EIDQ KJL PGIOJLZK,"G K, /D," 48$  +\" IXg"F,D#" IW ,\" GDE] 

KEE"EEY"J, DE ,I L","GYDJ" Z\",\"G L","F,"L FIJF"J,GK,DIJE IW F\"YDFKQE DJ EIDQ KJL PGIOJLZK,"G HIE" 

EDPJDWDFKJ, ,\G"K,E ,I HI,"J,DKQ \OYKJ G"F"H,IGE OJL"G FOGG"J, KJL(IG WO,OG" QKJL OE"$  +\" HI,"J,DKQ GDE]E 

,I G"F"H,IGE KG" "E,DYK,"L XKE"L IJ ,\" KEEOYH,DIJ JI WOG,\"G KF,DIJE KG" ,K]"J ,I FIJ,GIQ FIJ,KYDJKJ, 

G"Q"KE"E IG HG"#"J, G"F"H,IG "_HIEOG"$ 

6K1K1 Tuman Tealth RisA Assessment ;rotocol

+\" WIQQIZDJP ./E9Ac ;=E9c KJL NK#N PODLKJF" LIFOY"J,E KJL G"POQK,DIJE Z"G" OE"L ,I L"#"QIH ,\" 

MM!A Y",\ILIQIPN KJL ,I "#KQOK," HI,"J,DKQ GDE]E WIG "KF\ ED,"r 

 CIJLOF,DJP MOYKJ M"KQ,\ !DE] AEE"EEY"J,E OJL"G ,\" EJ#DGIJY"J,KQ !"E,IGK,DIJ 9GIPGKYc 

="HKG,Y"J, IW ,\" NK#Nc ;"XGOKGN &))'$ 

 NK#N 9IQDFN IJ ,\" .E" IW C\"YDFKQ BKF]PGIOJL L"#"QEc ="HKG,Y"J, IW ,\" NK#Nc pKJOKGN &))4$ 

 +"F\JDFKQ !"HIG,r ="#"QIHY"J, IW /IDQ CQ"KJOH +KGP", L"#"QE WIG C\KH,"G *&2UUUc ;ACc ;QIGDLK 

="HKG,Y"J, IW EJ#DGIJY"J,KQ 9GI,"F,DIJ a;=E9bc ;"XGOKGN &))3$ 

 /,K," IW ;QIGDLK C\KH,"G *&2U5) ;ACc CIJ,KYDJK,"L /D," CQ"KJOH CGD,"GDKc AHGDQ &))3$ 

 !DE] AEE"EEY"J, @ODLKJF" WIG /OH"GWOJLr  ?IQOY" >c MOYKJ M"KQ,\ E#KQOK,DIJ <KJOKQ a9KG, Abc 

./E9Ac ="F"YX"G '[5[$ 

 MOYKJ M"KQ,\ E#KQOK,DIJ <KJOKQc /OHHQ"Y"J,KQ @ODLKJF"r  /,KJLKGL ="WKOQ, E_HIEOG" ;KF,IGEc 

./E9Ac <KGF\ '[['$ 

 @ODLKJF" WIG =K,K .EKXDQD,N DJ !DE] AEE"EEY"J, a9KG, Abc ./E9Ac AHGDQ '[[&$ 

 /OHHQ"Y"J,KQ @ODLKJF" ,I !A@/r  CKQFOQK,DJP ,\" CIJF"J,GK,DIJ +"GYc ./E9Ac <KN '[[&$ 

 9G"QDYDJKGN !"#D"Z =GKW,r  /OH"GWOJLkE /,KJLKGL ="WKOQ, E_HIEOG" ;KF,IGE WIG ,\" C"J,GKQ +"JL"JFN 

KJL !"KEIJKXQ" <K_DYOY E_HIEOG"c ./E9Ac <KN '[[8$ 

 /IDQ /FG""JDJP @ODLKJF"r +"F\JDFKQ BKF]PGIOJL =IFOY"J,c ./E9Ac pOQN '[[*$ 

 E_HIEOG" ;KF,IGE MKJLXII]c ./E9Ac AOPOE, '[[U$ 

 /OHHQ"Y"J,KQ @ODLKJF" ,I !A@/r !"PDIJ >? BOQQ",DJEc MOYKJ M"KQ,\ !DE] AEE"EEY"J,c ./E9A 

!"PDIJ 4c <KN &)))$ 
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 !IQ" IW BKF]PGIOJL DJ ,\" CE!CLA CQ"KJOH 9GIPGKYc ./E9Ac AHGDQ &))&$ 

 CKQFOQK,DJP .HH"G CIJWDL"JF" LDYD,E WIG E_HIEOG" 9IDJ, CIJF"J,GK,DIJE K, MK`KGLIOE TKE," /D,"Ec 

./E9Ac ="F"YX"G &))&K$ 

 /OHHQ"Y"J,KQ @ODLKJF" WIG ="#"QIHDJP /IDQ /FG""JDJP L"#"QE WIG /OH"GWOJL /D,"Ec ./E9Ac 

="F"YX"G &))&X$ 

 !DE] AEE"EEY"J, @ODLKJF" WIG /OH"GWOJLc ?IQOY" >r MOYKJ M"KQ,\ E#KQOK,DIJ <KJOKQ a9KG, Ec 

/OHHQ"Y"J,KQ @ODLKJF"c ="GYKQ !DE] AEE"EEY"J,bc ./E9Ac pOQN &))4$ 

+\" FIYHIJ"J,E IW KJ MM!A KG" KLLG"EE"L DJ ,\" WIQQIZDJP E"F,DIJEr 

 =K,K E#KQOK,DIJ 9GI,IFIQ aDJFQOLDJP LK,K OEKXDQD,N KEE"EEY"J, KJL C79C E"Q"F,DIJb 

 E_HIEOG" AEE"EEY"J, 

 +I_DFD,N AEE"EEY"J,  

 !DE] C\KGKF,"GD`K,DIJ 

 .JF"G,KDJ,N AJKQNEDE 

+\" GDE] KEE"EEY"J, HG"E"J,"L DJ ,\DE G"HIG, FIJEDL"GE XI,\ ./E9A KJL ;=E9 HIQDFD"E KJL PODL"QDJ"E 

K#KDQKXQ" WIG FIJLOF,DJP MM!AE$  VOKJ,D,K,D#" GDE] "E,DYK,"E KG" L"#"QIH"L WIG G"F"H,IG "_HIEOG" ,I 

EOGWKF" EIDQc EOXEOGWKF" EIDQc KJL PGIOJLZK,"G OEDJP ,\" nGDE]2GK,DIo KHHGIKF\ L"WDJ"L DJ /"F,DIJ *$'$8$8$  

./E9A !"PDIJ >? EOHHIG,E ,\" OE" IW ,\DE ,"F\JDdO"$  ALLD,DIJKQQNc FIYHKGDEIJE IW ED," EIDQ KJL 

PGIOJLZK,"G FIJF"J,GK,DIJE ,I ;=E9 C+LE G"FIYY"JL"L DJ ;=E9 !OQ" *&2U5) KG" HGI#DL"L a/"F,DIJ 

*$'$*b$  +\DE GOQ" HG"E"J,E K H\KE"L GDE]2XKE"L FIGG"F,D#" KF,DIJ HGIF"EE a!BCA9b ,\K, DE D,"GK,D#" KJL 

,KDQIGE ED," G"\KXDQD,K,DIJ ,KE]E ,I ED,"2EH"FDWDF FIJLD,DIJE KJL GDE]E$ 

6K1K1K1 Data Evaluation ;rotocol 

=K,K "#KQOK,DIJc ,\" WDGE, FIYHIJ"J, IW K XKE"QDJ" MM!Ac DE K ,ZI2E,"Hc Y"LDOY2EH"FDWDF ,KE] DJ#IQ#DJP 

,\" FIYHDQK,DIJ KJL "#KQOK,DIJ IW KJKQN,DFKQ LK,K$  +\" WDGE, E,"H DJ#IQ#"E ,\" FIYHDQK,DIJ IW ,\" KJKQN,DFKQ 

LK,KXKE" KJL KJ "#KQOK,DIJ IW LK,K OEKXDQD,N WIG HOGHIE"E IW MM!A$  +\" E"FIJL E,"H IW ,\" LK,K 

"#KQOK,DIJ DE ,\" E"Q"F,DIJ IW K Y"LDOY2EH"FDWDF QDE, IW C79CEc Z\DF\ KG" OE"L ,I dOKJ,D,K,D#"QN IG 

dOKQD,K,D#"QN L","GYDJ" HI,"J,DKQ \OYKJ \"KQ,\ GDE]E WIG ED," Y"LDK$  C79CE KG" E"Q"F,"L HGDYKGDQN XKE"L 

IJ K ,I_DFD,N EFG""J aD$"$c K FIYHKGDEIJ IW ED," FIJ,KYDJKJ, FIJF"J,GK,DIJE ,I FIJE"G#K,D#" ,I_DFD,N 

EFG""JDJP #KQO"Eb KJL K XKF]PGIOJL EFG""J aD$"$c K FIYHKGDEIJ IW ED," FIJF"J,GK,DIJE ,I XKF]PGIOJL 

FIJF"J,GK,DIJEb$  >J KLLD,DIJc KE LDEFOEE"L X"QIZc WKF,IGE EOF\ KE WG"dO"JFN IW L","F,DIJ KG" FIJEDL"G"L 

DJ EIY" FKE"E$  +\" G"EOQ,E IW ,\" C79C E"Q"F,DIJ HGIF"EE KG" HG"E"J,"L DJ /"F,DIJ *$'$&$ 
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6K1K1K1K1 Data Usa5ility

=K,K FIQQ"F,"L WGIY ,\" WD"QL DJ#"E,DPK,DIJ FIJLOF,"L DJ <KGF\ &))3 Z"G" OE"L ,I KEE"EE GDE]E ,I HI,"J,DKQ 

\OYKJ KJL "FIQIPDFKQ G"F"H,IGE$  +\" EKYHQ"E Z"G" FIQQ"F,"L KW,"G ,\" >!Ac Z\DF\ IFFOGG"L DJ &))8 KJL 

G"HG"E"J, FOGG"J, ED," FIJLD,DIJE$  +\" LK,K Z"G" #KQDLK,"L KFFIGLDJP ,I ./E9A NK,DIJKQ ?KQDLK,DIJ 

;OJF,DIJKQ @ODL"QDJ"E WIG 7GPKJDF =K,K !"#D"Z a7F,IX"G '[[[bc ,\" LKXIGK,IGN KJL =K,K ?KQDLK,DIJ 

;OJF,DIJKQ @ODL"QDJ"E WIG E#KQOK,DIJ IW >JIGPKJDF AJKQNEDE a;"XGOKGN '[[4bc KJL +,N./ /,KJLKGL 

7H"GK,DJP 9GIF"LOG"E$ 

;D_"L2XKE"L KJKQN,DFKQ G"EOQ,E IJQN WGIY ,\" WD"QL DJ#"E,DPK,DIJE Z"G" OE"L DJ ,\" dOKJ,D,K,D#" GDE] 

"#KQOK,DIJ$  AQQ L","F,"L FIJF"J,GK,DIJE ZD,\ wpw dOKQDWD"GE KG" FIJEDL"G"L HIED,D#" L","F,DIJE KJL Z"G" 

OE"L DJ ,\" GDE] "#KQOK,DIJ$  =K,K ZD,\ w.w KJL w.pw dOKQDWD"GE KJL LK,K dOKQDWD"L X"FKOE" IW XQKJ] 

FIJ,KYDJK,DIJ Z"G" G",KDJ"L KJL "#KQOK,"L KE JIJL","F,E$ ;D"QL Y"KEOG"Y"J,E KJL LK,K G"PKGL"L KE 

OJG"QDKXQ" aD$"$c dOKQDWD"L KE w!w LOGDJP ,\" LK,K #KQDLK,DIJ HGIF"EEb Z"G" JI, OE"L DJ ,\" dOKJ,D,K,D#" GDE] 

KEE"EEY"J,$ 

6K1K1K1K2 Selection o2 Chemicals o2 ;otential Concern 2or ^uantitative RisA Assessment

+\" E"Q"F,DIJ IW C79CE DE K dOKQD,K,D#" EFG""JDJP HGIF"EE OE"L ,I QDYD, ,\" JOYX"G IW F\"YDFKQE KJL 

"_HIEOG" GIO,"E dOKJ,D,K,D#"QN "#KQOK,"L DJ ,\" XKE"QDJ" MM!A ,I ,\IE" ED,"2G"QK,"L FIJE,D,O"J,E ,\K, 

LIYDJK," I#"GKQQ HI,"J,DKQ GDE]E$  /FG""JDJPc HGDYKGDQN XN GDE]2XKE"L FIJF"J,GK,DIJE KJL XKE"ZDL" 

XKF]PGIOJL Q"#"QEc DE OE"L ,I WIFOE ,\" GDE] KEE"EEY"J, IJ Y"KJDJPWOQ F\"YDFKQE KJL "_HIEOG" GIO,"E$ 

>J YIE, FKE"Ec K F\"YDFKQ DE E"Q"F,"L KE K C79C KJL G",KDJ"L WIG WOG,\"G dOKJ,D,K,D#" GDE] "#KQOK,DIJ DW 

,\" YK_DYOY L","F,DIJ DJ K EKYHQ"L Y"LDOY "_F""LE ,\" E"Q"F,"L GDE]2XKE"L FIJF"J,GK,DIJaEb aD$"$c ,\" 

C79C EFG""JDJP Q"#"Qb KJL ,\" F\"YDFKQ DE L","GYDJ"L ,I X" HG"E"J, K, FIJF"J,GK,DIJE "_F""LDJP 

XKF]PGIOJL$  +\DE E"FIJL FIJLD,DIJ KHHQD"E IJQN ,I ,\IE" F\"YDFKQE WIG Z\DF\ XKF]PGIOJL FIYHKGDEIJ DE 

HIEEDXQ" KJL KHHGIHGDK," a"$P$c Y",KQEb$  BKF]PGIOJL LK,K KG" JI, K#KDQKXQ" WIG IGPKJDF F\"YDFKQE$  

C\"YDFKQE "QDYDJK,"L WGIY WOG,\"G "#KQOK,DIJ K, ,\DE ,DY" KG" KEEOY"L ,I HG"E"J, YDJDYKQ GDE]E ,I 

HI,"J,DKQ \OYKJ G"F"H,IGE$ 

C79C /FG""JDJP L"#"QE

/"#"GKQ ,NH"E IW EFG""JDJP Q"#"QE Z"G" OE"L ,I DL"J,DWN C79CE WIG EIDQ KJL PGIOJLZK,"G K, /D," 48$ 

/IDQ

/FG""JDJP Q"#"QE XKE"L IJ ,\" WIQQIZDJP FGD,"GDK Z"G" OE"L ,I E"Q"F, C79CE WIG EOGWKF" KJL EOXEOGWKF" 

EIDQr
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 ./E9A !"PDIJ [ 9G"QDYDJKGN !"Y"LDK,DIJ @IKQE a9!@Eb WIG !"EDL"J,DKQ /IDQ a./E9A !"PDIJ [c 

7F,IX"G &))4b$ +\" !"PDIJ [ /IDQ 9!@E KG" XKE"L IJ DJP"E,DIJc L"GYKQ FIJ,KF,c KJL DJ\KQK,DIJ IW 

#KHIGE KJL(IG HKG,DFOQK,"E$ 

 ./E9A P"J"GDF /IDQ /FG""JDJP L"#"QE a//LEb WIG ,\" DJ\KQK,DIJ IW #IQK,DQ"E KJL WOPD,D#" LOE,E 

FKQFOQK,"L IJQDJ" K, \,,Hr((GDE]$QEL$IGJQ$PI#(FKQFxE,KG,$E\,YQ XKE"L IJ Y",\ILIQIPN WGIY ,\" ./E9AkE 

/IDQ /FG""JDJP @ODLKJF" a./E9Ac pOQN '[[*b$ 

@GIOJLZK,"G

/FG""JDJP Q"#"QE XKE"L IJ ,\" WIQQIZDJP ./E9A FGD,"GDK Z"G" OE"L ,I E"Q"F, C79CE WIG PGIOJLZK,"Gr 

 ./E9A !"PDIJ [ 9G"QDYDJKGN !"Y"LDK,DIJ @IKQE a9!@Eb WIG +KH TK,"G a./E9A !"PDIJ [c 7F,IX"G 

&))4b$  +\" !"PDIJ [ +KH TK,"G 9!@E KG" XKE"L IJ ,\" FOYOQK,D#" "WW"F,E IW ,\" DJP"E,DIJ KJL 

DJ\KQK,DIJ aWIG #IQK,DQ"Eb GIO,"E IW "_HIEOG"$ 

./E9A <K_DYOY CIJ,KYDJKJ, L"#"QE a<CLEb a./E9Ac TDJ,"G &))4b 

+\" EFG""JDJP Q"#"QE XKE"L IJ ,\" !"PDIJ [ 9!@E KG" XKE"L IJ K MV IW '$) aD$"$c K JI KL#"GE" JIJ2

FKGFDJIP"JDF "WW"F, Q"#"Qb IG K FKJF"G GDE] Q"#"Q IW 'S')2* aD$"$c K IJ"2DJ2IJ" YDQQDIJ HGIXKXDQD,N IW 

L"#"QIHDJP FKJF"Gb XO, KG" KLgOE,"L aQIZ"G"Lb ,I G"WQ"F, FOYOQK,D#" GDE] DEEO"E a"$P$c !"PDIJ [ 9!@E KG" 

,NHDFKQQN KLgOE,"L ,I G"WQ"F, K MV IW )$'b$ 

>J ,\" GDE] KEE"EEY"J, FIJLOF,"L KFFIGLDJP ,I ./E9A Y",\ILIQIPNc ,\" EFG""JDJP Q"#"QE WIG XI,\ 

FKGFDJIP"JE KJL JIJ2FKGFDJIP"JE Z"G" L"#"QIH"L OEDJP ,\" PODLKJF" HGI#DL"L DJ ,\" ./E9A !"PDIJ 4 

MOYKJ M"KQ,\ !DE] AEE"EEY"J, BOQQ",DJE 22 /OHHQ"Y"J, ,I !A@/ a./E9A !"PDIJ 4c <KN &)))b$  >J ,\DE 

KHHGIKF\c ,\" GDE]2XKE"L EFG""JDJP Q"#"QE XKE"L IJ ,\" ./E9A !"PDIJ [ 9!@E FIGG"EHIJL ,I K MV IW 

)$' aWIG JIJFKGFDJIP"JEb IG KJ >LC! IW ' _ ')2* aWIG FKGFDJIP"JEb$  +\" !"PDIJ [ 9!@ #KQO"E WIG 

JIJFKGFDJIP"JE Z"G" YOQ,DHQD"L XN )$' ,I KFFIOJ, WIG HI,"J,DKQ FOYOQK,D#" "WW"F,E IW E"#"GKQ F\"YDFKQE 

KWW"F,DJP ,\" EKY" ,KGP", KG"K IG HGILOFDJP ,\" EKY" KL#"GE" JIJ2FKGFDJIP"JDF \"KQ,\ "WW"F,$ 

+\" EFG""JDJP Q"#"QE OE"L DJ ,\" GDE] KEE"EEY"J, FIJLOF,"L KFFIGLDJP ,I ;=E9 Y",\ILIQIPN Z"G" 

L"#"QIH"L OEDJP ,\" PODLKJF" HGI#DL"L DJ AHH"JLDF"E = KJL E IW ,\" +"F\JDFKQ !"HIG, WIG C\KH,"G 

*&2UUU a;=E9c ;"XGOKGN &))3b KJL KG" HG"E"J,"L DJ /"F,DIJ *$'$*$ 

B"FKOE" IW ,\" LDWW"G"J, "_HIEOG" EF"JKGDIE WIG HI,"J,DKQ \OYKJ G"F"H,IGEc C79CE KG" DL"J,DWD"L 

E"HKGK,"QN WIG EOGWKF" KJL EOXEOGWKF" EIDQ$  /OGWKF" EIDQ DE L"WDJ"L KE EIDQ FIQQ"F,"L WGIY ) ,I ' W"", XQE 

KJL EOXEOGWKF" EIDQ DE L"WDJ"L KE EIDQ FIQQ"F,"L WGIY L"H,\E IW ' ,I [ W"", XQE$ 
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E_HIEOG" ,I C79CE DJ EOXEOGWKF" EIDQ DE ,NHDFKQQN "#KQOK,"L IJQN WIG HI,"J,DKQ "_HIEOG" LOGDJP 

FIJE,GOF,DIJ IG "_FK#K,DIJ KF,D#D,D"E$  +\"G"WIG"c K FIJE,GOF,DIJ("_FK#K,DIJ ZIG]"G DE FIJEDL"G"L ,I X" ,\" 

G"F"H,IG YIE, QD]"QN "_HIE"L ,I C79CE DJ EOXEOGWKF" EIDQ$  MIZ"#"Gc EOXEOGWKF" EIDQ FIOQL HI,"J,DKQQN X" 

XGIOP\, ,I ,\" EOGWKF" LOGDJP WO,OG" "_FK#K,DIJ HGIg"F,E G"EOQ,DJP DJ "_HIEOG" IW I,\"G G"F"H,IGE EOF\ KE 

WO,OG" G"EDL"J,E IG ZIG]"GE$  ;IG ,\DE G"KEIJc HI,"J,DKQ "_HIEOG" IW G"EDL"J,E KJL ,NHDFKQ DJLOE,GDKQ ZIG]"GE 

,I EOXEOGWKF" EIDQE KG" KQEI "#KQOK,"L DJ ,\" GDE] KEE"EEY"J,$ 

/FG""JDJP L"#"QE WIG L"KL

LDYD,"L FGD,"GDK KG" K#KDQKXQ" ,I "#KQOK," ,\" HI,"J,DKQ GDE]E KEEIFDK,"L ZD,\ Q"KL$  +\"G" KG" JI E,GDF,QN 

GDE]2XKE"L FIJF"J,GK,DIJE WIG ,\DE F\"YDFKQ X"FKOE" ,\" ./E9A \KE JI, L"GD#"L ,I_DFD,N #KQO"E hD$"$c 

FKJF"G EQIH" WKF,IGE aC/;Ebc G"W"G"JF" LIE"E a!W=Ebi WIG Q"KL$  MIZ"#"Gc G"FIYY"JL"L EFG""JDJP Q"#"QE 

KG" K#KDQKXQ" WIG Q"KL DJ EIDQ KJL KG" WG"dO"J,QN OE"L ,I DJLDFK," ,\" J""L WIG G"EHIJE" KF,D#D,D"E$ 

@ODLKJF" WGIY XI,\ ,\" 7WWDF" IW 9G"#"J,DIJc 9"E,DFDL"Ec KJL +I_DF /OXE,KJF"E a799+/b KJL ,\" 7WWDF" 

IW /IQDL TKE," KJL EY"GP"JFN !"EHIJE" a7/TE!b G"FIYY"JL 4)) YP(]P KE ,\" QIZ"E, EFG""JDJP 

Q"#"Q WIG Q"KL2FIJ,KYDJK,"L EIDQ DJ K G"EDL"J,DKQ E",,DJP Z\"G" F\DQLG"J KG" WG"dO"J,QN HG"E"J, a./E9Ac 

pOQN '[[4b$  799+/ DL"J,DWD"E &c))) ,I 3c))) YP(]P KE KJ KHHGIHGDK," GKJP" WIG KG"KE Z\"G" FIJ,KF, ZD,\ 

EIDQ XN F\DQLG"J DJ K G"EDL"J,DKQ E",,DJP DE Q"EE WG"dO"J,$  A #KQO" IW 4)) YP(]P DE OE"L KE ,\" EFG""JDJP 

Q"#"Q WIG C79C E"Q"F,DIJ WIG XI,\ EOGWKF" KJL EOXEOGWKF" EIDQ$ 

@ODLKJF" WIG ,\" ./E9A +"F\JDFKQ !"#D"Z TIG]PGIOH a+!Tb WIG L"KL DJLDFK,"E ,\K, nK G"KEIJKXQ" 

EFG""JDJP Q"#"Q WIG EIDQ Q"KL K, FIYY"GFDKQ(DJLOE,GDKQ aD$"$c JIJ2G"EDL"J,DKQb ED,"E DE 5)) YP(]Po WIG K ,NHDFKQ 

JIJ2FIJ,KF, DJ,"JED#" ZIG]"G a./E9Ac IJQDJ" K, 

\,,Hr((ZZZ$"HK$PI#(EOH"GWOJL(HGIPGKYE(Q"KL(KQYWKd$\,Yc pOQN &))3b$  +\DE #KQO" DE JI, OE"L WIG C79C 

E"Q"F,DIJ XO, YKN X" OE"L DJ ,\" dOKQD,K,D#" "#KQOK,DIJ IW Q"KL$  +\" FOGG"J, /,K," IW ;QIGDLK 

FIYY"GFDKQ(DJLOE,GDKQ /C+L WIG Q"KL DJ EIDQ DE 'c4)) YP(]P a;=E9c AHGDQ &))3b$ 

+\" ;QIGDLK C+L KJL /KW" =GDJ]DJP TK,"G AF, AF,DIJ L"#"Q IW '3 fP(L ZKE OE"L KE ,\" EFG""JDJP Q"#"Q WIG 

Q"KL DJ PGIOJLZK,"G$ 

EEE"J,DKQ NO,GD"J,E KJL C\"YDFKQE ZD,\IO, +I_DFD,N CGD,"GDK

+\" "EE"J,DKQ JO,GD"J,E FKQFDOYc YKPJ"EDOYc HI,KEEDOYc KJL EILDOY KG" JI, DJFQOL"L DJ ,\" C79C 

EFG""JDJP HGIF"EE$  +\"E" DJIGPKJDF F\"YDFKQE KG" JK,OGKQQN KXOJLKJ, DJ "J#DGIJY"J,KQ YK,GDF"E KJL KG" 

IJQN ,I_DF K, \DP\ LIE"E KJLc X"FKOE" IW ,\" QKF] IW ,I_DFD,N FGD,"GDKc GDE]2XKE"L C79C EFG""JDJP Q"#"QE 

KG" JI, K#KDQKXQ" WIG ,\"E" F\"YDFKQE DJ ,\" !"PDIJ [ 9!@ ,KXQ" IG ;=E9 C+L ,KXQ"E$ 
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!DE]2XKE"L EFG""JDJP Q"#"QE KG" FOGG"J,QN JI, K#KDQKXQ" WIG E"#"GKQ FIJE,D,O"J,E L","F,"L K, /D," 48 h"$P$c 

KF"JKH\,\NQ"J"c X"J`IaPc\cDbH"GNQ"J"c '2Y",\NQJKH\,\KQ"J"c &2Y",\NQJKH\,\KQ"J"c KJL H\"JKJ,\G"J"i$  

+\"G"WIG"c EFG""JDJP Q"#"QE K#KDQKXQ" WIG EOGGIPK," F\"YDFKQE KG" OE"L KE EFG""JDJP Q"#"QE WIG ,\"E" 

FIJE,D,O"J,Ec KE G"FIYY"JL"L XN ./E9A !"PDIJ ' a./E9Ac AOPOE, '[[[b$  ;IG "_KYHQ"c DJ ,\" C79C 

E"Q"F,DIJ WIG EIDQ K, /D," 48c ,\" EFG""JDJP Q"#"Q WIG KF"JKH\,\"J" DE OE"L KE K EOGGIPK," WIG 

KF"JKH\,\NQ"J"c HNG"J" WIG X"J`IaPc\cDbH"GNQ"J" KJL H\"JKJ,\G"J"c KJL JKH\,\KQ"J" WIG '2

Y",\NQJKH\,\KQ"J" KJL &2Y",\NQJKH\,\KQ"J"$ 

BKF]PGIOJL /FG""J

BKF]PGIOJL FIJF"J,GK,DIJE KG" ,\IE" ,\K, ZIOQL "_DE, DJ ,\" KXE"JF" IW DJWQO"JF" WGIY ED," IH"GK,DIJE$  

+\" L"#"QIHY"J, IW EIDQ XKF]PGIOJL LK,KE",E WIG NA/ 9"JEKFIQK DE HG"E"J,"L DJ ,\" /D," '  /KJD,KGN 

LKJLWDQQ !"Y"LDKQ >J#"E,DPK,DIJ !"HIG, aEJ/KW"(AQQ"J m MIE\KQQc '[[4Xb$  +\" XKF]PGIOJL FIJF"J,GK,DIJE 

WIG EIDQ Z"G" IX,KDJ"L WGIY ,ZI G"W"G"JF" QIFK,DIJE HG"E"J,"L DJ ,\DE G"HIG, KJL ,\" XKF]PGIOJL 

FIJF"J,GK,DIJE WIG PGIOJLZK,"G Z"G" IX,KDJ"L WGIY WIOG G"W"G"JF" QIFK,DIJE$  +\" XKF]PGIOJL 

FIYHKGDEIJE Z"G" FIJLOF,"L KFFIGLDJP ,I ./E9A !"PDIJ 4 GDE] KEE"EEY"J, PODLKJF" Z\DF\ E,K,"Ec n;IG 

JK,OGKQQN IFFOGGDJP DJIGPKJDFE KJL GKLDIJOFQDL"Ec FIYHKG" ,\" IJ2ED," YK_DYOY L","F,"L FIJF"J,GK,DIJ ,I 

& ,DY"E ,\" K#"GKP" ED,"2EH"FDWDF XKF]PGIOJL FIJF"J,GK,DIJ$  EQDYDJK," ,\" F\"YDFKQ KE K C79C DW D, DE 

Q"EE ,\KJ & ,DY"E ,\" XKF]PGIOJL Q"#"Q$o a./E9A !"PDIJ 4c <KN &)))b$  +\"G"WIG"c DW ,\" L","F,"L ED," 

FIJF"J,GK,DIJE IW KJ KJKQN," KG" Q"EE ,\KJ ,ZI ,DY"E ,\" Y"KJ IW ,\" XKF]PGIOJL Q"#"QEc ,\" KJKQN," DE JI, 

E"Q"F,"L KE K C79C$  +\" XKF]PGIOJL #KQO"E OE"L WIG C79C E"Q"F,DIJ KG" HG"E"J,"L DJ +KXQ"E *2' 

,\GIOP\ *28$  NI," ,\K, JI F\"YDFKQE Z"G" "QDYDJK,"L EIQ"QN IJ ,\" XKEDE IW XKF]PGIOJL DJ EIDQ IG 

PGIOJLZK,"G K, /D," 48$ 

+\" "QDYDJK,DIJ IW F\"YDFKQE KE ED,"2G"QK,"L C79CE IJ ,\" XKEDE IW XKF]PGIOJL FIYHKGDEIJE WIQQIZE 

NK#N 9IQDFN IJ ,\" .E" IW BKF]PGIOJL C\"YDFKQ L"#"QE a=7Nc &))4b$  +\DE LIFOY"J, KQEI HG"E"J,E ,\" 

NK#NkE DJ,"GHG",K,DIJ IW ,\" ./E9A PODLKJF" HGI#DL"L DJ ,\" LIFOY"J, ,D,Q"L !IQ" IW BKF]PGIOJL DJ ,\" 

CE!CLA CQ"KJOH 9GIPGKY a./E9Ac AHGDQ &))&b KJL L",KDQE ,\" Y",\ILIQIPN ,I X" OE"L DJ "#KQOK,DJP 

XKF]PGIOJL OJL"G ,\" NK#NkE EJ#DGIJY"J,KQ !"E,IGK,DIJ KJL BKE" !"KQDPJY"J, KJL CQIEOG" aB!ACb 

HGIPGKYE$  NK#N HIQDFN KHHQD"E ,I XI,\ ,\" EFG""JDJP2Q"#"Q KJL XKE"QDJ" GDE] KEE"EEY"J,E KJL G"dODG"E 

,\" WIQQIZDJPr 
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+"* .;. 2=>=?eAe> />eBCeDEF ;G 
7eAeEAH;D

R=DIe ;G 
.;DJeAeEAK L2N

*=?OPe ;G 1=QH?C? 
7eAeEAH;D

+;DEeDA>=AH;D 
4KeJ G;> 

*E>eeDHDIL6N

#=ERI>;CDJ 
8=PCeL5N

*E>eeDHDI $evePK 
T=KeJ ;D ReIH;D U 

ReKHJeDAH=P 2R9K LVN

4*%2" *;HP(
A;("H> **$K 

L,DW=P=AH;DNL'N

+-2+ 
/P=I

R=AH;D=Pe G;> 
+;DA=?HD=DA 
7ePeAH;D ;> 

*ePeEAH;D LXN

*e?Hv;P=AHPe ->I=DHEK  L?I/RIN
90-12-0 1-MET01LNAP0T0ALENE 1/20 0.003 7 0.003 7 0.002 - 0.012 PEN-43-SS2401 0.003 NA 5.6 --- No BSL
91-57-6 2-MET01LNAP0T0ALENE 7/20 0.002 7 0.009 7 0.0006 - 0.0007 PEN-43-SS2401 0.009 NA 5.6 --- No BSL
83-32-9 ACENAP0T0ENE 5/20 0.001 7 0.003 7 0.0007 - 0.0008 PEN-43-SS2401 0.003 NA 370 --- No BSL
208-96-8 ACENAP0T01LENE 11/20 0.001 7 0.011 7 0.0006 - 0.0007 PEN-43-SS2501 0.011 NA 370 --- No BSL
120-12-7 ANT0!ACENE 17/20 0.0009 7 0.017 7 0.0008 - 0.0009 PEN-43-SS2801 0.017 NA 2200 --- No BSL
191-24-2 BEN@O(C,0,I)PE!1LENE 19/20 0.004 7 0.11 7 0.002 - 0.002 PEN-43-SS2801 0.11 NA 230 --- No BSL
206-44-0 FLUO!ANT0ENE 20/20 0.005 7 0.28 7  --- PEN-43-SS2401 0.28 NA 230 --- No BSL
86-73-7 FLUO!ENE 1/20 0.001675 7 0.003 7 0.0006 - 0.0008 PEN-43-SS1801-D 0.003 NA 270 --- No BSL
91-20-3 NAP0T0ALENE 9/20 0.001 7 0.003 7 0.0009 - 0.001 PEN-43-SS2701 0.003 NA 5.6 17 No BSL
85-01-8 P0ENANT0!ENE 20/20 0.002 7 0.085  --- PEN-43-SS2801 0.085 NA 230 --- No BSL
129-00-0 P1!ENE 20/20 0.004 7 0.19  --- PEN-43-SS2401 0.19 NA 230 --- No BSL
50-32-8 +"R+,.-9%.,+ 2"0* 20/20 0.0045 0.3  --- PEN-43-SS2801 0.3 NA 0.0'2 --- [eK "*$
117-81-7 BIS(2-ET01L0EJ1L)P0T0ALATE 3/20 0.11 7 0.87 0.079 - 0.096 PEN-43-SS3501 0.87 NA 35 --- No BSL
84-74-2 DI-N-BUT1L P0T0ALATE 2/20 0.93 1.2 0.089 - 0.11 PEN-43-SS2001 1.2 NA 610 --- No BSL

,D;>I=DHEK  L?I/RIN  - 
7440-38-2 "R*%.,+ 11/12 1.2 8 0.23 - 0.23 PEN-43-SS2801 8 1.V' 0.6U 58 [eK "*$
7440-39-3 #"R,41 12/12 2.2 726  --- PEN-43-SS2801 726 5.'6 V50 1700 [eK "*$
7440-50-8 +-22%R 17/17 1.7 889  --- PEN-43-SS2401 889 V.X5 610 --- [eK "*$
7439-92-1 $%"7 17/17 10.7 7360  --- PEN-43-SS2801 7360 X.62 500 --- [eK "*$
7440-62-2 8"."7,41 9/9 1.4 73.1  --- PEN-43-SS2801 73.1 V.86 X.8 --- [eK "*$

*W=JeJ EePPK HDJHE=Ae AW=A AWe KOeEHGHeJ E>HAe>H;D ;> T=ERI>;CDJ PeveP W=K TeeD eQEeeJeJ ;> AW=A AWe EWe?HE=P W=K TeeD KePeEAeJ =K = +-2+.

/;;AD;AeK]
1     Sample and duplicate are counted as two separate samples when determining the minimum and maZimum detected concentrations.
2     [alues  presented are sample-specific ]uantitation limits.
3    The maZimum detected concentration is used for screening purposes.
4     To determine whether metal concentrations were within bac_ground levels,  soil concentrations were compared to facilt` bac_ground levels described in Section 6.1.1.1.  If the maZimum concentration of a chemical
        is less than the bac_ground value, that chemical was not selected as a COPC.
5    USEPA !egion IJ Preliminar` !emediation Coal (P!C).  The noncarcinogenic values (denoted with a aNa flag) are the P!C divided b` 10 to correspond to a target habard ]uotient
      of 0.1.  Carcinogenic values represent an incremental cancer ris_ of 1.0E-06 (carcinogens denoted with a aCa flag)  (USEPA !egion IJ, October 2004, Updated December 28, 2004).
6    USEPA Soil Screening Levels calculated on the EPA Internet Site at httpc//ris_.lsd.ornl.gov/calcdstart.htm.  The Soil to air SSLs for noncarcinogens are divided b` 10.
7    A chemical is selected as a COPC if the maZimum detected concentration eZceeds the ris_-based COPC screening level and is determined to be above bac_ground (for metals). 

Associated Samplesc 7eGHDHAH;DK]
PEN-43-SS1801 PEN-43-SS2201 PEN-43-SS2801 PEN-43-SS3401 C e Carcinogen.
PEN-43-SS1801-A[C PEN-43-SS2301 PEN-43-SS2901 PEN-43-SS3501 COPC e Chemical of potential concern.
PEN-43-SS1801-D PEN-43-SS2401 PEN-43-SS3001 PEN-43-SS3601 7 e Estimated value.
PEN-43-SS1901 PEN-43-SS2501 PEN-43-SS3101 PEN-43-SS3701 N e Noncarcinogen.
PEN-43-SS2001 PEN-43-SS2601 PEN-43-SS3201
PEN-43-SS2101 PEN-43-SS2701 PEN-43-SS3301 R=AH;D=Pe +;JeK]

For Selection as a COPCc
  ASL e Above COPC screening level

/;> %PH?HD=AH;D =K = +-2+]
  BfC e Within bac_ground levels.
  BSL e Below COPC screening level

1HDH?C? 
+;DEeDA>=AH;D L1N

1=QH?C? 
+;DEeDA>=AH;D 

L1N

TtNUS/TAL-05-056/4821/5.2 6-7                                          CTO 0355



TABLE 6-2

SELECTION OF C0EMICALS OF POTENTIAL CONCERN - SUBSURFACE SOIL
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Rev. 2
11/0*/0*

CAS No< Parameter FreBueDEF oG 
DeteEtHoD

RaDge oG 
NoDdeteEts 

(2)

Sample oG MaPHmum 
DeteEtHoD

CoDEeDtratHoD 
Used Gor 

SEreeDHDg(3)

BaEQgrouDd 
Value(4)

SEreeDHDg LeRels 
Sased oD RegHoD 9 

ResHdeDtHal PRGs (5)

USEPA SoHl-
to-AHr SSLs 

(IDValatHoD)(6)

COPC 
Flag

RatHoDale Gor 
CoDtamHDaDt 
DeletHoD or 

SeleEtHoD (7)

SemHRolatHle OrgaDHEs  (mg/Qg)
+2,-2,. 1/1,01234567 1/.0 0.28 9 0.28 9 0.1: , 0.1+ 245,.;,<01.01 0.28 5= ;00 ,,, 5> 0<7
+0,12,0 1,?4@3675=23@3=7454 2/.0 0.002 9 0.-. 9 0.002 , 0.011 245,.;,<01.01 0.-. 5= -.* ,,, 5> 0<7
+1,-:,* 2,?4@3675=23@3=7454 +/.0 0.001 9 0.*: 0.000* , 0.000* 245,.;,<01.01 0.*: 5= -.* ,,, 5> 0<7
8;,;2,+ =A45=23@3454 ;/.0 0.001 9 1.8 0.000: , 0.0008 245,.;,<01.01 1.8 5= ;:0 ,,, 5> 0<7
208,+*,8 =A45=23@367454 ./.0 0.002 9 0.008 9 0.000* , 0.00* 245,.;,<01101 0.008 5= ;:0 ,,, 5> 0<7
120,12,: =5@3R=A454 8/.0 0.000+ 9 8 0.0008 , 0.000+ 245,.;,<01.01 8 5= 2200 ,,, 5> 0<7
1+1,2.,2 045BCDE/3/1F24R67454 :/.0 0.00: 9 ..* 9 0.002 , 0.002 245,.;,<01.01 ..* 5= 2;0 ,,, 5> 0<7
8*,:.,8 A=R0=BC74 1/.0 2.8 2.8 0.0*; , 0.0*8 245,.;,<01.01 2.8 5= 2. ,,, 5> 0<7
1;2,*.,+ G1045BCHIR=5 1/.0 1.: 1.: 0.0*- , 0.0: 245,.;,<01.01 1.: 5= 1- ,,, 5> 0<7
20*,..,0 H7ICR=5@3454 1-/.0 0.002 9 ;0 0.002 , 0.002 245,.;,<01.01 ;0 5= 2;0 ,,, 5> 0<7
8*,:;,: H7ICR454 2/.0 0.002 9 1.: 0.000* , 0.000: 245,.;,<01.01 1.: 5= 2:0 ,,, 5> 0<7
+1,20,; 5=23@3=7454 8/.0 0.001 9 2.. 9 0.000+ , 0.001 245,.;,<01.01 2.. 5= -.* 1: 5> 0<7
8-,01,8 2345=5@3R454 12/.0 0.002 9 28 0.002 , 0.002 245,.;,<01.01 28 5= 2;0 ,,, 5> 0<7
12+,00,0 26R454 12/.0 0.00; 9 1: 9 0.002 , 0.002 245,.;,<01.01 1: 5= 2;0 ,,, 5> 0<7
-0,;2,8 CARCINOGENIC PA0S 1-/.0 0.002+ 1..8 0.0008 , 0.0008 245,.;,<01.01 1..8 5= 0<062 ,,, Yes ASL
8.,:.,2 G1,5,0I@67 23@3=7=@4 ./.0 0.*- 9 1.2 0.088 , 0.0+8 245,.;,<00+01 1.2 5= *10 ,,, 5> 0<7

IDorgaDHEs  (mg/Qg)
:..0,;8,2 ARSENIC 2./.0 0.20:- 1..* 9 0.1: , 0.2: 245,.;,<02-01 1..* 1<56 0<39 -8 Yes ASL
:..0,;+,; BARIUM ;+/.0 0.-* 9 +;+ 9 0.;2 , 0.;2 245,.;,<01.01 +;+ 4<63 540 1:00 Yes ASL
:..0,-0,8 COPPER ;+/.0 0.2* ;;80 0.22 , 0.22 245,.;,<01101 ;;80 5<74 310 ,,, Yes ASL
:.;+,+2,1 LEAD ;8/.0 0.2. --00 9 0.-* , 0.-8 245,.;,<01.01 --00 7<32 400 ,,, Yes ASL
:..0,*2,2 VANADIUM ;+/.0 0.8; 1-* 0... , 0... 245,.;,<01.01 1-* 5<83 7<8 ,,, Yes ASL

SVaded Eells HDdHEate tVat tVe speEHGHed ErHterHoD or SaEQgrouDd leRel Vas SeeD ePEeeded or tVat tVe EVemHEal Vas SeeD seleEted as a COPC<

FootDotes]
1     <JKLMe JNO OPLMQRJSe JTe R>PNSeO JU SV> UeLJTJSe UJKLMeU VWeN OeSeTKQNQNX SWe KQNQKPK JNO KJYQKPK OeSeRSeO R>NReNSTJSQ>NU.
2    ZJMPeU  LTeUeNSeO JTe UJKLMe,ULeRQ[QR \PJNSQSJSQ>N MQKQSU.
;    @We KJYQKPK OeSeRSeO R>NReNSTJSQ>N QU PUeO [>T URTeeNQNX LPTL>UeU.
.     @> OeSeTKQNe VWeSWeT KeSJM R>NReNSTJSQ>NU VeTe VQSWQN ]JR^XT>PNO MeveMU/  U>QM R>NReNSTJSQ>NU VeTe R>KLJTeO S> [JRQMS_ ]JR^XT>PNO MeveMU OeURTQ]eO QN <eRSQ>N *.1.1.1.  1[ SWe KJYQKPK R>NReNSTJSQ>N >[ J RWeKQRJM
        QU MeUU SWJN SWe ]JR^XT>PNO vJMPe/ SWJS RWeKQRJM VJU N>S UeMeRSeO JU J AC2A.
-    I<42= ReXQ>N 1` 2TeMQKQNJT_ ReKeOQJSQ>N E>JM D2REF.  @We N>N,RJTRQN>XeNQR vJMPeU DOeN>SeO VQSW J a5a [MJXF JTe SWe 2RE OQvQOeO ]_ 10 S> R>TTeUL>NO S> J SJTXeS WJbJTO \P>SQeNS
     >[ 0.1.  AJTRQN>XeNQR vJMPeU TeLTeUeNS JN QNRTeKeNSJM RJNReT TQU^ >[ 1.04,0* DRJTRQN>XeNU OeN>SeO VQSW J aAa [MJXF  DI<42= ReXQ>N 1`/ CRS>]eT 200./ ILOJSeO GeReK]eT 28/ 200.F.
*    I<42= <>QM <RTeeNQNX 7eveMU RJMRPMJSeO >N SWe I<42= 1NSeTNeS <QSe JS WSSLc//TQU^.MUO.>TNM.X>v/RJMRdUSJTS.WSK.  @We <>QM S> JQT <<7U [>T N>NRJTRQN>XeNU JTe OQvQOeO ]_ 10.
:    = RWeKQRJM QU UeMeRSeO JU J AC2A Q[ SWe KJYQKPK OeSeRSeO R>NReNSTJSQ>N eYReeOU SWe TQU^,]JUeO AC2A URTeeNQNX MeveM JNO QU OeSeTKQNeO S> ]e J]>ve ]JR^XT>PNO D[>T KeSJMUF. 

=UU>RQJSeO <JKLMeUc DeGHDHtHoDs]
245,.;,<00*01 245,.;,<01102 245,.;,<01*01 245,.;,<02102 A e AJTRQN>XeN.
245,.;,<00*02 245,.;,<01102,=ZE 245,.;,<01*02 245,.;,<02201 AC2A e AWeKQRJM >[ L>SeNSQJM R>NReTN.
245,.;,<00:01 245,.;,<01102,G 245,.;,<01:01 245,.;,<02202 9 e 4USQKJSeO vJMPe.
245,.;,<00:02 245,.;,<01201 245,.;,<01:02 245,.;,<02;01 5 e 5>NRJTRQN>XeN.
245,.;,<00801 245,.;,<01202 245,.;,<01801 245,.;,<02;02
245,.;,<00802 245,.;,<01;01 245,.;,<01802 245,.;,<02.01 RatHoDale Codes]
245,.;,<00+01 245,.;,<01;02 245,.;,<01+01 245,.;,<02.02 H>T <eMeRSQ>N JU J AC2Ac
245,.;,<00+02 245,.;,<01.01 245,.;,<01+02 245,.;,<02-01   =<7 e =]>ve AC2A URTeeNQNX MeveM
245,.;,<01001 245,.;,<01.02 245,.;,<02001 245,.;,<02-01,=ZE
245,.;,<01002 245,.;,<01-01 245,.;,<02002 245,.;,<02-01,G For ElHmHDatHoD as a COPC]
245,.;,<01101 245,.;,<01-02 245,.;,<02101 245,.;,<02-02   0fE e gQSWQN ]JR^XT>PNO MeveMU.

  0<7 e 0eM>V AC2A URTeeNQNX MeveM

MHDHmum 
CoDEeDtratHoD 

(1)

MaPHmum 
CoDEeDtratHoD 

(1)
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TABLE 6-3

SELECTION OF C0EMICALS OF POTENTIAL CONCERN - GROUND7ATER
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Rev. 2
11/06/06

CAS No< Pa>a?ete> F>eBueDEF oG 
DeteEtHoD

RaDge oG 
NoDdeteEts (2)

Sa?Ole oG MaQH?u? 
DeteEtHoD

CoDEeDt>atHoD 
Used Go> 

SE>eeDHDg(3)

BaERg>ouDd 
Value(4)

USEPA RegHoD 9 
TaOTate> PRGS 

(5)

SE>eeDHDg LeVels 
Wased oD RegHoD 9 
TaOTate> PRGs (6)

USEPA MCL (7) COPC 
Flag

RatHoDale Go> 
CoDta?HDaDt 
DeletHoD o> 

SeleEtHoD (8)

VolatHle O>gaDHEs  (ug/L)

67-64-1 ACETONE 5/12 2 5 5 5 4 PEN-43-GW10S01 5 NA 5500 N 550 --- No BSL

67-66-3 C0LOROFORM 2/12 1 5 6 0.4 PEN-43-GW12S01 6 NA 0.17 C 0<17 80 Yes ASL
79-01-6 TRICALOROETAENE(9) 2/12 0.275 5 0.8 5 0.3 PEN-43-GW05D01 0.8 NA 1.4 C 1.4 5 No BSL

IDo>gaDHEs  (ug/L)
7440-39-3 BARIUM 12/12 17 75.2  --- PEN-43-GW12S01 75.2 13<22 2600 N 260 2000 No BSL
7440-70-2 CALCIUM 12/12 4350 56800  --- PEN-43-GW12S01 56800 17560 NA --- --- No NUT
7440-47-3 CAROMIUM 12/12 1.4 4.5  --- PEN-43-GW09S01 4.5 34.98 110 N 11 100 No BSL,BHG
7440-50-8 COPPER 3/12 6 10.1 2.52 PEN-43-GW13S01 10.1 16.2 1500 N 150 1300 No BSL,BHG
7439-89-6 IRON 9/12 192 4000 8 - 125 PEN-43-GW06S01 4000 1707<8 11000 N 1100 300 Yes ASL
7439-92-1 LEAD 2/12 4 29.9 2.07 PEN-43-GW13S01 29.9 1<6 15 N 15 15 Yes ASL
7439-95-4 MAGNESIUM 12/12 651 6580  --- PEN-43-GW12S01 6580 2872<5 NA --- --- No NUT
7439-96-5 MANGANESE 12/12 1.5 204  --- PEN-43-GW06S01 204 21<92 880 N 88 50 Yes ASL
7439-97-6 MERCURI 6/12 0.02 0.05 0.02 PEN-43-GW13S01 0.05 0.2 11 N 1.1 2 No BSL,BHG
7440-02-0 NICHEL 4/12 11.6 18.2 11.6 PEN-43-GW05S02-D 18.2 39.9 730 N 73 --- No BSL,BHG
7440-09-7 POTASSIUM 12/12 1080 3620  --- PEN-43-GW12S01 3620 12167.5 NA --- --- No NUT, BHG
7440-23-5 SODIUM 12/12 6610 32600  --- PEN-43-GW05S02-D 32600 18345 NA --- --- No NUT
7440-66-6 ZINC 4/12 33.5 117 7.3 - 30 PEN-43-GW13S01 117 153.2 11000 N 1100 5000 No BSL,BHG

S^aded Eells HDdHEate t^at t^e sOeEHGHed E>Hte>HoD o> WaERg>ouDd leVel ^as WeeD eQEeeded o> t^at t^e E^e?HEal ^as WeeD seleEted as a COPC<

FootDotes_
1     Sample and duplicate are counted as two separate samples when determining the minimum and maximum detected concentrations.
2    [alues  presented are sample-specific quantitation limits.
3    The maximum detected concentration is used for screening purposes.
4     To determine whether metal concentrations were within bac_ground levels,  groundwater concentrations were compared to facilty bac_ground levels described in Section 6.1.1.1.  If the maximum concentration of a chemical
        is less than the bac_ground value, that chemical was not selected as a COPC.
5    USEPA Region 9 Preliminary Remediation Goals (PRGs), October 2004.
6    USEPA Region Ia Preliminary Remediation Goal (PRG).  The non-carcinogenic values (denoted with a bNb flag) are the PRG divided by 10 to correspond to a target hacard quotient
       of 0.1.  Carcinogenic values represent an incremental cancer ris_ of 1.0E-06 (carcinogens denoted with a bCb flag)  (USEPA Region Ia, October 2004, Updated December 28, 2004).
7     Drin_ing Water Standards and Aealth Advisories (USEPA, Winter 2004). 
8     A chemical is selected as a COPC if the maximum detected concentration exceeds the ris_-based COPC screening level or the USEPA MCL and is determined to be above bac_ground (for metals). 
9    The PRG for trichlroroethene is the bCAL Modified PRGb presented in the Region 9 PRG Table (USEPA, October 2004).

Associated Samplesd DeGHDHtHoDs_ RatHoDale Codes_
PEN-43-GW02S02 PEN-43-GW09S01  C = Carcinogen. For Selection as a COPCd
PEN-43-GW05D01 PEN-43-GW10S01 COPC = Chemical of potential concern.   ASL = Above COPC screening level
PEN-43-GW05S02 PEN-43-GW11S01 5 = Estimated value.
PEN-43-GW05S02-A[G PEN-43-GW12S01 N = Noncarcinogen. Fo> ElH?HDatHoD as a COPC_
PEN-43-GW05S02-D PEN-43-GW13S01   BHG = Within bac_ground levels.
PEN-43-GW06D01 PEN-43-MW07S01   BSL = Below COPC screening level
PEN-43-GW06S01 PEN-43-MW08S01   NUT = Essential nutrient.

MHDH?u? 
CoDEeDt>atHoD (1)

MaQH?u? 
CoDEeDt>atHoD 

(1)
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'$ A FQ"KG KJL FIJFDE" OJL"GE,KJLDJP IW F\"YDFKQE G"Q"KE"L WGIY K ED," ,\OE "JEOGDJP ,\" NK#N DE 

WIFOEDJP IJ G"Y"LDK,DJP ,\" G"Q"KE"$ 

&$ +\" OE" IW XKF]PGIOJL LK,K DJ ,\" EFG""JDJP2Q"#"Q GDE] KEE"EEY"J,$ 

K$ +\" FIYHKGDEIJ IW ED," F\"YDFKQ Q"#"QE ,I GDE]2XKE"L EFG""JDJP FGD,"GDK$ 

X$ +\" FIYHKGDEIJ IW ED," F\"YDFKQ Q"#"QE ,I XKF]PGIOJL FIJF"J,GK,DIJE$ 

F$ +\" DL"J,DWDFK,DIJ IW ED,"2G"QK,"L C79CE XKE"L IJ EFG""JDJP FGD,"GDK FIYHKGDEIJE KJL 

XKF]PGIOJL FIYHKGDEIJE$  /D,"2G"QK,"L C79CE KG" ,\IE" F\"YDFKQE ZD,\ FIJF"J,GK,DIJE 

"_F""LDJP GDE]2XKE"L EFG""JDJP FGD,"GDK KJL XKF]PGIOJL FIJF"J,GK,DIJE$  +I ,\" "_,"J, HIEEDXQ"c 

ED,"2G"QK,"L C79CE KG" WOG,\"G "#KQOK,"L dOKJ,D,K,D#"QN DJ ,\" XKE"QDJ" GDE] KEE"EEY"J,$  aNIJ2

ED,"2G"QK,"L C79CE KG" WOG,\"G LDEFOEE"L DJ ,\" GDE] F\KGKF,"GD`K,DIJ E"F,DIJE IW ,\" XKE"QDJ" GDE] 

KEE"EEY"J,Eb$ 

8$ +\" FIJEDL"GK,DIJ IW XKF]PGIOJL DJ ,\" XKE"QDJ" GDE] KEE"EEY"J,$ 

K$ +\" FKQFOQK,DIJ IW GDE] "E,DYK,"E WIG ED,"2G"QK,"L C79CE IJQN$ 

X$ +\" WOG,\"G "#KQOK,DIJ IW JIJ2ED,"2G"QK,"L C79CE DJ ,\" GDE] F\KGKF,"GD`K,DIJ E"F,DIJ IJQN a"$P$c 

,\" "#KQOK,DIJ IW F\"YDFKQE L","F,"L K, FIJF"J,GK,DIJE "_F""LDJP EFG""JDJP FGD,"GDK XO, Q"EE ,\KJ 

XKF]PGIOJL FIJF"J,GK,DIJEb$  +\" NK#N FIJEDL"GE ,\DE FIYHKGDEIJ ,I X" FIJEDE,"J, ZD,\ ./E9AkE 

!IQ" IW BKF]PGIOJL DJ ,\" CE!CLA CQ"KJOH 9GIPGKY a./E9Ac AHGDQ &))&b$ 

4$ +\" E"Q"F,DIJ IW ED," FQ"KJOH G"Y"LDKQ PIKQE K, Q"#"QE JI, Q"EE ,\KJ XKF]PGIOJL Q"#"QE$  ALLD,DIJKQQNc 

FQ"KJOH Q"#"QE E\IOQL JI, X" L"#"QIH"L WIG F\"YDFKQE JI, DL"J,DWD"L KE C7CE$  AE L"WDJ"L DJ ,\" NK#N 

PODLKJF"c C7CE KG" ED,"2G"QK,"L C79CE WIOJL ,I X" ,\" GDE] LGD#"GE DJ ,\" XKE"QDJ" GDE] KEE"EEY"J, 

KJL ,\K, YKN HIE" OJKFF"H,KXQ" \OYKJ IG "FIQIPDFKQ GDE]E$ 

+\" G"EOQ,E IW ,\" XKF]PGIOJL EFG""JE KG" HG"E"J,"L DJ +KXQ"E *2' ,\GIOP\ *28$ 

;G"dO"JFN /FG""J

>W KJ KJKQN," DE L","F,"L DJ Q"EE ,\KJ 3 H"GF"J, IW ,\" EKYHQ"Ec D, YKN JI, X" E"Q"F,"L KE K C79C a;=E9c 

;"XGOKGN &))3b$  A WG"dO"JFN EFG""J DE FIJLOF,"L IJQN Z\"J ,\"G" KG" &) IG YIG" EKYHQ"E IW ,\" 

Y"LDOY IW FIJF"GJ$  +\" L"FDEDIJ ,I "QDYDJK," K F\"YDFKQ X"FKOE" IW QIZ L","F,DIJ WG"dO"JFN DE KQEI 

XKE"L IJ ED," \DE,IGN aD$"$c DE ,\"G" K G"KEIJ ,I X"QD"#" K F\"YDFKQ YKN IG YKN JI, X" G"QK,"L ,I \DE,IGDFKQ 

ED," KF,D#D,D"Eb KJL ,\" YKPJD,OL" IW ,\" FIJF"J,GK,DIJ aD$"$c LI"E ,\" FIJF"J,GK,DIJ IW K F\"YDFKQ DJLDFK," 

K HI,"J,DKQ \I,EHI, KG"Kb$  NI," ,\K, JI F\"YDFKQE Z"G" "QDYDJK,"L KE C79CE IJ ,\" XKEDE IW WG"dO"JFN 

KQIJ"$
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="FDEDIJ !OQ"E WIG EE,KXQDE\DJP C79CE

+\" KHHQDFKXQ" L"FDEDIJ GOQ"E WIG ,\" E"Q"F,DIJ IW C79CE KG" KE WIQQIZEr 

 A F\"YDFKQ DE E"Q"F,"L KE K C79C WIG EIDQ IG PGIOJLZK,"G DW ,\" YK_DYOY L","F,"L FIJF"J,GK,DIJ 

"_F""LE ,\" EFG""JDJP Q"#"Q KJL DW ,\" XKF]PGIOJL EFG""J DJLDFK,"E ,\" ED," FIJF"J,GK,DIJE KG" 

PG"K,"G ,\KJ ,\" FIGG"EHIJLDJP XKF]PGIOJL FIJF"J,GK,DIJE$ 

 >JLD#DLOKQ F\"YDFKQE YKN X" "QDYDJK,"L KE C79CE DW ,\"N KG" L","F,"L K, K WG"dO"JFN IW Q"EE ,\KJ 

3 H"GF"J, DJ KJN PD#"J Y"LDOY XO, IJQN DW ,\"G" KG" JI I,\"G DJLDFK,DIJE ,\" F\"YDFKQ ZIOQL HIE" KJ 

OJKFF"H,KXQ" GDE] ,I G"F"H,IGE a"$P$c ,\"G" DE JI "#DL"JF" IW K FIJ,KYDJKJ, n\I, EHI,ob$  C\"YDFKQE 

"_\DXD,DJP OJOEOKQQN \DP\ FIJF"J,GK,DIJE IG KG" FQ"KGQN ED,"2G"QK,"L YKN X" G",KDJ"L KE C79CE K, ,\" 

LDEFG",DIJ IW ,\" \OYKJ \"KQ,\ GDE] KEE"EEIG$ 

 >W K F\"YDFKQ DE JI, L","F,"L DJ KJN IW ,\" EKYHQ"E DJ K HKG,DFOQKG Y"LDOYc KJL ,\" L","F,DIJ QDYD,E 

"_F""LE ,\" GDE]2XKE"L EFG""JDJP Q"#"QEc ,\" F\"YDFKQ DE JI, E"Q"F,"L KE K C79C XO, DE dOKQD,K,D#"QN 

LDEFOEE"L DJ ,\" OJF"G,KDJ,N KJKQNEDE E"F,DIJ$ 

 +\" "EE"J,DKQ JO,GD"J,E aFKQFDOYc YKPJ"EDOYc HI,KEEDOYc KJL EILDOYb KG" JI, DL"J,DWD"L KE C79CE$ 

 C\"YDFKQE ZD,\ FIJF"J,GK,DIJE "_F""LDJP ,I_DFD,N EFG""JDJP FIJF"J,GK,DIJE XO, L","GYDJ"L ,I X" Q"EE 

,\KJ XKF]PGIOJL FIJF"J,GK,DIJE XKE"L IJ ,\" XKF]PGIOJL EFG""J KG" JI, E"Q"F,"L KE C79CE$  

MIZ"#"Gc KE E,K,"L HG"#DIOEQNc JI F\"YDFKQE Z"G" "QDYDJK,"L KE C79CE IJ ,\" XKEDE IW XKF]PGIOJL 

KQIJ"$

6K1K2 Selection o2 CO;Cs 2or Tuman Tealth RisA Assessment d USE;A Metho$ology

+\" LDG"F, FIJ,KF,c ./E9A !"PDIJ [ GDE]2XKE"L EFG""JDJP Q"#"QE KJL ./E9A <CLE aWIG PGIOJLZK,"Gb 

L"WDJ"L DJ /"F,DIJ *$'$'$'$& Z"G" OE"L ,I E"Q"F, C79CE WIG dOKJ,D,K,D#" "#KQOK,DIJ K, /D," 48$  A 

LDEFOEEDIJ IW ,\" F\"YDFKQE E"Q"F,"L KE C79CE aD$"$c ,\IE" F\"YDFKQE L","F,"L K, FIJF"J,GK,DIJE DJ 

"_F"EE IW ./E9A LDG"F, FIJ,KF, EFG""JDJP FGD,"GDKb KJL ,\" GK,DIJKQ" WIG C79C E"Q"F,DIJ KG" HGI#DL"L DJ 

,\" WIQQIZDJP HKGKPGKH\E$  C79C E"Q"F,DIJ ,KXQ"E WIG EOGWKF" EIDQc EOXEOGWKF" EIDQc KJL PGIOJLZK,"G KG" 

HG"E"J,"L KE +KXQ"E *2'c *2&c KJL *28c G"EH"F,D#"QN$ 

6K1K2K1 Sur2ace Soil 

EDP\,""J 9AMEc ,ZI H\,\KQK," "E,"GEc KJL WD#" DJIGPKJDFE Z"G" L","F,"L DJ &) EOGWKF" EIDQ EKYHQ"E 

FIQQ"F,"L K, /D," 48$  A FIYHKGDEIJ IW ,\" YK_DYOY L","F,"L EOGWKF" EIDQ FIJF"J,GK,DIJE ,I EFG""JDJP 
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Q"#"QE XKE"L IJ ./E9A !"PDIJ [ 9!@E WIG G"EDL"J,DKQ "_HIEOG"E DE HG"E"J,"L DJ +KXQ" *2'$  AQEI 

HG"E"J,"L DJ +KXQ" *2' KG" ,\" G"EOQ,E IW ,\" ED," LK,K2,I2XKF]PGIOJL LK,K FIYHKGDEIJE$  +\" WIQQIZDJP 

F\"YDFKQE Z"G" L","F,"L DJ EOGWKF" EIDQE K, YK_DYOY FIJF"J,GK,DIJE "_F""LDJP ,\" LDG"F, FIJ,KF,c GDE] 

XKE"L C79C EFG""JDJP Q"#"QE KJL XKF]PGIOJLc KJL Z"G" G",KDJ"L KE C79CE WIG EOGWKF" EIDQr 

 CKGFDJIP"JDF 9AME 

 >JIGPKJDFE aKGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOYb 

+\"E" FIJE,D,O"J,E Z"G" G",KDJ"L WIG ,\" dOKJ,D,K,D#" "#KQOK,DIJ HG"E"J,"L DJ /"F,DIJ *$'$3$  +\" 

YK_DYOY FIJF"J,GK,DIJE IW XKGDOYc FIHH"Gc KJL #KJKLDOY "_F""L"L ,\" !"PDIJ [ 9!@2XKE"L EFG""JDJP 

Q"#"Q G"HG"E"J,DJP KJ MV IW )$' XO, Z"G" Q"EE ,\KJ ,\" JIJ2KLgOE,"L 9!@ #KQO"E XKE"L IJ KJ MV IW '$)$ 

6K1K2K2 Su5sur2ace Soil 

+Z"J,N 9AMEc IJ" H\,\KQK," "E,"Gc 'c'2XDH\"JNQ aDJ ' IW 4) EKYHQ"Ebc KJL WD#" DJIGPKJDFE Z"G" L","F,"L 

DJ 4) EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, /D," 48$  A FIYHKGDEIJ IW ,\" YK_DYOY L","F,"L EOXEOGWKF" 

EIDQ FIJF"J,GK,DIJE ,I EFG""JDJP Q"#"QE XKE"L IJ ./E9A !"PDIJ [ 9!@E WIG G"EDL"J,DKQ "_HIEOG"E DE 

HG"E"J,"L DJ +KXQ" *2&$  AQEI HG"E"J,"L DJ +KXQ" *2& KG" ,\" G"EOQ,E IW ,\" ED," LK,K2,I2XKF]PGIOJL LK,K 

FIYHKGDEIJE$  +\" WIQQIZDJP F\"YDFKQE Z"G" L","F,"L DJ EOXEOGWKF" EIDQE K, YK_DYOY FIJF"J,GK,DIJE 

"_F""LDJP ,\" LDG"F, FIJ,KF,c GDE] XKE"L C79C EFG""JDJP Q"#"QE KJL XKF]PGIOJLc KJL Z"G" G",KDJ"L KE 

C79CE WIG EOXEOGWKF" EIDQr 

 CKGFDJIP"JDF 9AME 

 >JIGPKJDFE aKGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOYb 

+\"E" FIJE,D,O"J,E Z"G" G",KDJ"L WIG ,\" dOKJ,D,K,D#" "#KQOK,DIJ HG"E"J,"L DJ /"F,DIJ *$'$3$  +\" 

YK_DYOY FIJF"J,GK,DIJ IW XKGDOY "_F""L"L ,\" !"PDIJ [ 9!@2XKE"L EFG""JDJP FIJF"J,GK,DIJ XO, ZKE 

Q"EE ,\KJ ,\" JIJ2KLgOE,"L 9!@ #KQO"$  NI," ,\K, ,\" YK_DYOY FIJF"J,GK,DIJE IW YIE, F\"YDFKQE aXI,\ 

IGPKJDF KJL DJIGPKJDFb Z"G" L","F,"L DJ EKYHQ" 9EN2482/B'4)' ZD,\DJ P"IH\NEDFKQ KJIYKQN QIFK,DIJ &8 

DJ ,\" ;IGY"G ;"JF"L =GOY AG"K$  +\DE EKYHQ" QIFK,DIJ DE IO,EDL" ,\" DJ,"GDY G"YI#KQ KF,DIJ "_FK#K,DIJ 

KG"K KJL QD]"QN G"HG"E"J,E K n\I,EHI,o KG"Kc HKG,DFOQKGQN WIG Q"KL KJL FKGFDJIP"JDF 9AME$ 

6K1K2K9 Jroun$_ater 

+\G"" ?7CE KJL '8 DJIGPKJDFE Z"G" L","F,"L DJ '& PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48$  A 

FIYHKGDEIJ IW ,\" YK_DYOY L","F,"L PGIOJLZK,"G FIJF"J,GK,DIJE ,I EFG""JDJP Q"#"QE XKE"L IJ ./E9A 

!"PDIJ [ 9!@E KJL ./E9A <CLE WIG G"EDL"J,DKQ "_HIEOG"E DE HG"E"J,"L DJ +KXQ" *28$  AQEI HG"E"J,"L DJ 

+KXQ" *28 KG" ,\" G"EOQ,E IW ,\" ED," LK,K2,I2XKF]PGIOJL LK,K FIYHKGDEIJE$  +\" WIQQIZDJP F\"YDFKQE Z"G" 
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L","F,"L DJ PGIOJLZK,"G K, YK_DYOY FIJF"J,GK,DIJE "_F""LDJP ,\" LDG"F, FIJ,KF,c GDE] XKE"L C79C 

EFG""JDJP Q"#"QE IG ,\" ./E9A <CLEc KJL XKF]PGIOJLc KJL Z"G" G",KDJ"L KE C79CE WIG PGIOJLZK,"Gr 

 C\QIGIWIGY 

 >JIGPKJDFE aDGIJc Q"KLc YKJPKJ"E"b 

C\QIGIWIGY ZKE L","F,"L DJ & IW '& EKYHQ"E K, K YK_DYOY FIJF"J,GK,DIJ ,\K, "_F""L"L ,\" EFG""JDJP 

Q"#"QE XKE"L IJ ,\" !"PDIJ [ 9!@ XO, ZKE Q"EE ,\KJ ,\" ./E9A <CL$  +\" YK_DYOY FIJF"J,GK,DIJE IW 

DGIJ KJL YKJPKJ"E" "_F""L"L ,\" !"PDIJ [ 9!@2XKE"L EFG""JDJP Q"#"QE XO, Z"G" Q"EE ,\KJ ,\" JIJ2

KLgOE,"L 9!@E$ +\" FIJF"J,GK,DIJE IW DGIJ KJL YKJPKJ"E" KQEI "_F""L"L ,\" ./E9A /"FIJLKGN <CLEc 

Z\DF\ KG" JI, XKE"L IJ \"KQ,\ "WW"F,E XO, IJ K"E,\",DF "WW"F,Ec EOF\ KE ,KE," KJL ILIG$  NI F\"YDFKQE DJ 

PGIOJLZK,"G Z"G" "QDYDJK,"L KE C79CE IJ ,\" XKEDE IW XKF]PGIOJL IJQN$ 

6K1K9 ENposure AssessmentaEstimation o2 RisA

+\" "_HIEOG" KEE"EEY"J, L"WDJ"E KJL "#KQOK,"Ec dOKJ,D,K,D#"QN IG dOKQD,K,D#"QNc ,\" ,NH" KJL YKPJD,OL" 

IW \OYKJ "_HIEOG" ,I ,\" F\"YDFKQE HG"E"J, K, IG YDPGK,DJP WGIY ,\" ED,"$  +\" "_HIEOG" KEE"EEY"J, DE 

L"EDPJ"L ,I L"HDF, ,\" H\NEDFKQ E",,DJP IW ,\" ED,"c ,I DL"J,DWN HI,"J,DKQQN "_HIE"L HIHOQK,DIJE KJL 

KHHQDFKXQ" "_HIEOG" HK,\ZKNEc ,I L","GYDJ" FIJF"J,GK,DIJE IW C79CE ,I Z\DF\ G"F"H,IGE YDP\, X" 

"_HIE"Lc KJL ,I "E,DYK," F\"YDFKQ DJ,K]"E OJL"G ,\" DL"J,DWD"L "_HIEOG" EF"JKGDIE$  AF,OKQ IG HI,"J,DKQ 

"_HIEOG"E K, K ED," KG" L","GYDJ"L XKE"L IJ ,\" YIE, QD]"QN HK,\ZKNE IW FIJ,KYDJKJ, G"Q"KE" KJL 

,GKJEHIG,c KE Z"QQ KE \OYKJ KF,D#D,N HK,,"GJE$  A FIYHQ"," "_HIEOG" HK,\ZKN \KE ,\G"" FIYHIJ"J,Er  a'b 

K EIOGF" IW F\"YDFKQE ,\K, FKJ X" G"Q"KE"L ,I ,\" "J#DGIJY"J,c a&b K GIO," IW FIJ,KYDJKJ, ,GKJEHIG, 

,\GIOP\ KJ "J#DGIJY"J,KQ Y"LDOYc KJL a8b KJ "_HIEOG" IG FIJ,KF, HIDJ, WIG K \OYKJ G"F"H,IG$  +\"E" 

FIYHIJ"J,E FKJ X" DJ,"PGK,"L KJL L"EFGDX"L XN Y"KJE IW K FIJF"H,OKQ ED," YIL"Q aC/<bc Z\DF\ DE KJ 

"EE"J,DKQ "Q"Y"J, IW ,\" "_HIEOG" KEE"EEY"J,$ 

COGG"J, IG HI,"J,DKQ \OYKJ "_HIEOG"E DL"J,DWD"L XN ,\" C/< KG" "#KQOK,"L OEDJP ,\" nGDE]2GK,DIo KHHGIKF\ 

L"WDJ"L DJ /"F,DIJ *$'$8$8$  AE JI,"L KXI#"c ,\DE KHHGIKF\ DE EOHHIG,"L XN ./E9A !"PDIJ 4$  +\" 

KHHGIKF\ OE"E E9CE WIG ,\" C79CE DJ EIDQ KJL PGIOJLZK,"G KJL G"Q"#KJ, GDE]2XKE"L FIJF"J,GK,DIJE ,I 

P"J"GK," FKJF"G KJL JIJ2FKJF"G GDE] "E,DYK,"E WIG G"F"H,IGE IW FIJF"GJ$  +\" GDE]2XKE"L FIJF"J,GK,DIJE 

WIG EIDQ OE"L ,I "E,DYK," GDE] KG" ,\" ;=E9 /C+LE L"#"QIH"L WIG ,\" G"EDL"J,DKQ KJL DJLOE,GDKQ QKJL OE" 

EF"JKGDIE KJL GDE]2XKE"L FIJF"J,GK,DIJE L"#"QIH"L WIG I,\"G G"F"H,IGE OEDJP ./E9A KJL ;=E9 

PODLKJF" LIFOY"J,E$  +\" GDE]2XKE"L FIJF"J,GK,DIJE WIG PGIOJLZK,"G OE"L ,I "E,DYK," GDE]E KG" ,\" 

./E9A !"PDIJ [ +KH TK,"G 9!@E a./E9A !"PDIJ [c 7F,IX"G &))4b$  +\" !"PDIJ [ 9!@E Z"G" OE"L 

WIG PGIOJLZK,"G aDJE,"KL IW ,\" ;=E9 C+LEbc X"FKOE" YIE, IW ,\" ;=E9 @C+LE KG" JI, GDE]2XKE"L 

#KQO"E$  +\" GDE]2XKE"L FIJF"J,GK,DIJE L"WDJ" KJL DJFIGHIGK," KQQ ,\" "_HIEOG" WKF,IGE a"$P$c EIDQ KJL 

ZK,"G DJP"E,DIJ GK,"Eb OE"L ,I L","GYDJ" F\"YDFKQ DJ,K]"("_HIEOG" XN G"F"H,IGE IW FIJF"GJ$ 
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6K1K9K1 Conceptual Site Mo$el 

+\" WIOJLK,DIJ IW KJ "_HIEOG" KEE"EEY"J, DE ,\" C/<c Z\DF\ DL"J,DWD"E ED," F\KGKF,"GDE,DFE DJFQOLDJP 

HI,"J,DKQ FIJ,KYDJKJ, EIOGF"Ec FIJ,KYDJKJ, G"Q"KE" Y"F\KJDEYEc ,GKJEHIG, GIO,"Ec G"F"H,IGE OJL"G 

FOGG"J, KJL WO,OG" QKJL OE" EF"JKGDIEc KJL I,\"G KHHGIHGDK," DJWIGYK,DIJ$  +\" C/< DJ,"PGK,"E 

DJWIGYK,DIJ G"PKGLDJP ,\" H\NEDFKQ F\KGKF,"GDE,DFE IW ,\" ED,"c "_HIE"L HIHOQK,DIJEc EIOGF"E IW 

FIJ,KYDJK,DIJc KJL FIJ,KYDJKJ, YIXDQD,N aWK," KJL ,GKJEHIG,b ,I DL"J,DWN HI,"J,DKQ "_HIEOG" GIO,"E KJL 

G"F"H,IGE ,I X" "#KQOK,"L DJ ,\" GDE] KEE"EEY"J,$  A Z"QQ2L"WDJ"L C/< KQQIZE WIG K X",,"G OJL"GE,KJLDJP 

IW ,\" GDE]E K, K ED," KJL KDLE GDE] YKJKP"GE DJ ,\" DL"J,DWDFK,DIJ IW ,\" HI,"J,DKQ J""L WIG G"Y"LDK,DIJ$  A 

P"J"GKQ I#"G#D"Z IW C/< DJWIGYK,DIJ G"Q"#KJ, ,I /D," 48 DE HGI#DL"L X"QIZ$  +KXQ" *24 HGI#DL"E K P"J"GKQ 

EOYYKGN IW ,\" HI,"J,DKQ G"F"H,IGE KJL "_HIEOG" GIO,"E "#KQOK,"L DJ ,\" GDE] KEE"EEY"J, WIG /D," 48$ 

TABHE 6-4 

EO;OSURE ROUTES >OR ^UANT)TAT)QE EQAHUAT)ON 
S)TE 49 REMED)AH )NQEST)JAT)ON RE;ORT 

NAS ;ENSACOHA 
;ENSACOHA, >HOR)DA 

Receptors ENposure Routes 
ALOQ, KJL ALIQ"EF"J, +G"EHKEE"GE ( 
!"FG"K,DIJKQ .E"GE 

 /IDQ L"GYKQ FIJ,KF, aEOGWKF"b 
 /IDQ DJP"E,DIJ aEOGWKF"b 
 >J\KQK,DIJ IW KDG(LOE,("YDEEDIJE aEOGWKF" EIDQb 

<KDJ,"JKJF" TIG]"GE  /IDQ L"GYKQ FIJ,KF, aEOGWKF"b 
 /IDQ DJP"E,DIJ aEOGWKF"b 
 >J\KQK,DIJ IW KDG(LOE,("YDEEDIJE aEOGWKF"b 

CIJE,GOF,DIJ TIG]"GE  /IDQ L"GYKQ FIJ,KF, aEOGWKF" KJL EOXEOGWKF"b 
 /IDQ DJP"E,DIJ aEOGWKF" KJL EOXEOGWKF"b 
 >J\KQK,DIJ IW KDG(LOE,("YDEEDIJE aEOGWKF" KJL 

EOXEOGWKF"b
7FFOHK,DIJKQ TIG]"GE  /IDQ L"GYKQ FIJ,KF, aEOGWKF"b'

 /IDQ DJP"E,DIJ aEOGWKF"b'

 >J\KQK,DIJ IW KDG(LOE,("YDEEDIJE aEOGWKF"b'

!"EDL"J,E aALOQ,(C\DQLG"Jb  /IDQ L"GYKQ FIJ,KF, aEOGWKF"b'

 /IDQ DJP"E,DIJ aEOGWKF"b'

 >J\KQK,DIJ IW KDG(LOE,("YDEEDIJE aEOGWKF"b'

 @GIOJLZK,"G DJP"E,DIJ 
 @GIOJLZK,"G DJ\KQK,DIJ 

' 7FFOHK,DIJKQ ZIG]"GE KJL G"EDL"J,E KG" KQEI "#KQOK,"L WIG "_HIEOG" ,I C79CE DJ EOXEOGWKF" EIDQ$  +\DE 
EF"JKGDI DE DJFQOL"L ,I KFFIOJ, WIG ,\" HIEEDXDQD,N ,\K, EOXEOGWKF" EIDQ FIOQL X" XGIOP\, ,I ,\" EOGWKF" DJ 
WO,OG" "_FK#K,DIJ HGIg"F,E$ 
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AE JI,"L KXI#"c ,\" C/< L"HDF,E ,\" G"QK,DIJE\DHE KYIJP ,\" WIQQIZDJP "Q"Y"J,Er 

 /D," EIOGF"E IW FIJ,KYDJK,DIJ 

 CIJ,KYDJKJ, G"Q"KE" Y"F\KJDEYE 

 +GKJEHIG,(YDPGK,DIJ HK,\ZKNE 

 E_HIEOG" GIO,"E 

 9I,"J,DKQ G"F"H,IGE 

A P"J"GKQ LDEFOEEDIJ IW ,\"E" "Q"Y"J,E DE HGI#DL"L DJ WIQQIZDJP HKGKPGKH\E$ 

/IOGF"E IW EJ#DGIJY"J,KQ CIJ,KYDJK,DIJ

+\" HGDYKGN EIOGF"E IW FIJ,KYDJK,DIJ K, /D," 48 KG" ,\" XOGD"L LGOYE LDEFI#"G"L LOGDJP ,\" /D," 

C\KGKF,"GD`K,DIJ >J#"E,DPK,DIJ$ +\" HGDYKGN FIJ,KYDJKJ, G"Q"KE" Y"F\KJDEY DE ,\" Q"K]KP"(EHDQQKP" IW ,\" 

LGOYEk FIJ,"J,E DJ,I ,\" EIDQ K, ,\" ED,"$  /OGWKF" EIDQc EOXEOGWKF" EIDQ ,I K L"H,\ IW 8$3 W"",c KJL 

PGIOJLZK,"G Z"G" DYHKF,"L XN ,\" \DE,IGDFKQ OE" IW /D," 48 KE K LGOY E,IGKP"(LDEHIEKQ KG"K 

a+,N./c &))4Kb$  /"YD#IQK,DQ" IGPKJDFE a"$P$c 9AMEb KJL Y",KQE a"$P$c KJ,DYIJN KJL Q"KLb Z"G" ,\" 

HG"LIYDJKJ, C79CE DL"J,DWD"L WIG ,\" ED,"$  ?IQK,DQ" IGPKJDF F\"YDFKQE KJL H"E,DFDL"E Z"G" JI, EDPJDWDFKJ, 

ED," FIJ,KYDJKJ,E$  /OGWKF" EIDQc EOXEOGWKF" EIDQc KJL PGIOJLZK,"G Z"G" ,\" HGDYKGN Y"LDK DYHKF,"L XN 

"J#DGIJY"J,KQ FIJ,KYDJK,DIJ$ /OGWKF" ZK,"G KJL E"LDY"J, KG" JI, "#KQOK,"L X"FKOE" JI EOGWKF" ZK,"G 

XILD"E aI,\"G ,\KJ DJ,"GYD,,"J, E,G"KYE(LGKDJKP" LD,F\"Eb KG" HG"E"J, DJ ,\" DYY"LDK," #DFDJD,N IW /D," 48 

KJL ,\"E" LI JI, LGKDJ DJ,I KJN QIFKQ EOGWKF" ZK,"G XILD"E$  AJKQN,DFKQ LK,K OE"L DJ ,\DE GDE] KEE"EEY"J, 

Z"G" WGIY EKYHQ"E FIQQ"F,"L KW,"G ,\" G"YI#KQ KF,DIJ aDJ <KGF\ &))3b$ 

9I,"J,DKQ CIJ,KYDJKJ, <DPGK,DIJ !IO,"E

@D#"J ,\K, EOGWKF" EIDQc EOXEOGWKF" EIDQc KJL PGIOJLZK,"G FIJ,KYDJK,DIJ \KE IFFOGG"L KE K G"EOQ, IW 

F\"YDFKQ OEKP"(ZKE," LDEHIEKQ KJL ,\K, F\"YDFKQE YKN YDPGK," ,I L""H"G EOXEOGWKF" EIDQE KJL 

PGIOJLZK,"Gc ,\" HGDYKGN HQKOEDXQ" FIJ,KYDJKJ, G"Q"KE" KJL YDPGK,DIJ Y"F\KJDEYE K, /D," 48 KG" KE 

WIQQIZEr 

<DPGK,DIJ IW EIDQ FIJ,KYDJKJ,E LIZJZKGL ,\GIOP\ ,\" EIDQ FIQOYJ ZD,\ DJWDQ,GK,DJP HG"FDHD,K,DIJ$  C\"YDFKQE 

YKN FIJ,DJO" ,I YDPGK," DJ PGIOJLZK,"G #DK LDEH"GEDIJ KJL KL#"F,DIJ DJ ,\" LIZJPGKLD"J, LDG"F,DIJ$  ="H,\ 

,I PGIOJLZK,"G K, ,\" /D," DE KHHGI_DYK,"QN '3 W"", XQE$ MIZ"#"Gc ,\" C7CE K, ,\" ED," a9AME KJL Y",KQEb 

KG" JI, "J#DGIJY"J,KQQN YIXDQ" KJL LI JI, ,"JL ,I G"KLDQN Q"KF\ ,\GIOP\ ,\" EIDQ FIQOYJ OJL"G ,NHDFKQ 

"J#DGIJY"J,KQ FIJLD,DIJE a"$P$c YIL"GK," HMb$ 9AME KJL Y",KQE DJ EIDQ KG" YOF\ YIG" QD]"QN ,I XDJL ,I EIDQ 

KJL X" ,GKJEHIG,"L #DK YKEE ,GKJEHIG, Y"F\KJDEYE GK,\"G ,\KJ YI#" DJ ,\" LDEEIQ#"L H\KE"$  +\" 
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HG"E"JF" IW ,\"E" F\"YDFKQE DJ EOXEOGWKF" EIDQ KJL PGIOJLZK,"G K, ,\" ED," DE YIG" QD]"QN LO" ,I G"Q"KE"E 

WGIY XOGD"L LGOYE ,\KJ Q"KF\DJP WGIY ,\" EOGWKF"$ 

<DPGK,DIJ IW WOPD,D#" LOE,E WGIY EOGWKF" EIDQE aKJL EOXEOGWKF" EIDQE DW FIJE,GOF,DIJ("_FK#K,DIJ KF,D#D,D"E 

IFFOGb DJ,I KYXD"J, KDG$   COGG"J,QNc /D," 48 DE FI#"G"L ZD,\ PGKEEl ,\"G"WIG" ,\" HI,"J,DKQ WIG YDPGK,DIJ IW 

KDGXIGJ" WOPD,D#" LOE,E WGIY EOGWKF" EIDQ DE JI, EDPJDWDFKJ,$  AQEIc KE DJLDFK,"L DJ C79C E"Q"F,DIJ +KXQ"E *2' 

KJL *2&c ,\" ED," EIDQ FIJF"J,GK,DIJE IW KQQ L","F,"L F\"YDFKQE Z"G" Q"EE ,\KJ ./E9A DJ\QKQK,DIJ //LE KJLc 

,\"G"WIG"c ,\" EIDQ2,I2KDG DJ\KQK,DIJ HK,\ZKN DE JI, FIJEDL"G"L EDPJDWDFKJ, KJL DE JI, WOG,\"G "#KQOK,"L DJ ,\" 

GDE] KEE"EEY"J,$ 

CIJ,KYDJKJ,E DJ EOGWKF" EIDQE YKN KQEI YDPGK," WGIY ,\" ED," KE K G"EOQ, IW EOGWKF" ZK,"G(E"LDY"J, GOJ2IWW 

LOGDJP GKDJWKQQ "#"J,E$  MIZ"#"Gc ,\"G" KG" JI EOGWKF" ZK,"G XILD"E aI,\"G ,\KJ DJ,"GYD,,"J, 

E,G"KYE(LGKDJKP" LD,F\"Eb DJ ,\" DYY"LDK," #DFDJD,N IW /D," 48 KJL ,\"E" KG" JI, ]JIZJ ,I LGKDJ DJ,I KJN 

QIFKQ EOGWKF" ZK,"G XILD"E$  +\"G"WIG"c EOGWKF" ZK,"GE KJL E"LDY"J,E Z"G" JI, EKYHQ"L LOGDJP 

"J#DGIJY"J,KQ DJ#"E,DPK,DIJE FIJLOF,"L K, /D," 48 KJL KG" JI, "#KQOK,"L DJ ,\DE MM!A$ 

9I,"J,DKQ COGG"J, KJL ;O,OG" !"F"H,IGE IW CIJF"GJ KJL E_HIEOG" 9K,\ZKNE

NA/ 9"JEKFIQK DE KJ KF,D#" WKFDQD,N KJL ZDQQ G"YKDJ KF,D#" WIG ,\" WIG"E""KXQ" WO,OG"$  MIZ"#"Gc WIG 

HOGHIE"E IW FIYHQ","J"EEc ,\" XKE"QDJ" GDE] KEE"EEY"J, HG"HKG"L WIG /D," 48 FIJEDL"GE G"F"H,IG 

"_HIEOG" OJL"G G"EDL"J,DKQc DJLOE,GDKQc KJL G"FG"K,DIJKQ QKJL OE" EF"JKGDIE$  BKE"L IJ FOGG"J, KJL 

HI,"J,DKQ WO,OG" QKJL OE"c ,\" WIQQIZDJP HI,"J,DKQ G"F"H,IGE KG" KEEOY"L ,I X" "_HIE"L ,I FIJ,KYDJK,"L 

"J#DGIJY"J,KQ Y"LDK K, /D," 48r 

Site Maintenance WorAer ^ AJ IJ2ED," G"F"H,IG OJL"G FOGG"J,(WO,OG" QKJL OE"$  +\DE DJFQOL"E 

KLOQ, YDQD,KGN IG FD#DQDKJ H"GEIJJ"Q KEEDPJ"L ,I ZIG] aHGDYKGDQN PGIOJLE]""HDJP(IO,LIIG 

YKDJ,"JKJF" KF,D#D,D"Eb K, K ED,"$  +\DE G"F"H,IG FIOQL X" "_HIE"L ,I EOGWKF" EIDQ XN DJFDL"J,KQ 

DJP"E,DIJc L"GYKQ FIJ,KF,c KJL DJ\KQK,DIJ aD$"$c KDGXIGJ" HKG,DFOQK,"E(#KHIGEb LOGDJP PGIOJLE]""HDJP 

IG YKDJ,"JKJF" KF,D#D,D"E$  +\DE G"F"H,IG ZIOQL JI, X" "_H"F,"L ,I X" GIO,DJ"QN "_HIE"L ,I 

EOXEOGWKF" EIDQE$  +\DE G"F"H,IG DE "_H"F,"L ,I X" "_HIE"L ,I EOGWKF" EIDQ WIG 8) LKNE H"G N"KG 

XKE"L IJ HGIW"EEDIJKQ gOLPY"J,$  <KDJ,"JKJF" ZIG]"GE KG" FIJEDL"G"L IJ" IW ,\" YIG" QD]"QN 

G"F"H,IGE OJL"G FOGG"J, QKJL OE"$ 

ConstructionaENcavation WorAer ^ A HQKOEDXQ" IJ2ED," G"F"H,IG OJL"G WO,OG" QKJL OE" DW YKgIG 

FIJE,GOF,DIJ KF,D#D,D"E Z"G" ,I IFFOG$  +\DE G"F"H,IG FIOQL X" "_HIE"L ,I EOGWKF" KJL EOXEOGWKF" 

EIDQE XN DJFDL"J,KQ DJP"E,DIJc L"GYKQ FIJ,KF,c KJL DJ\KQK,DIJ aD$"$c KDGXIGJ" HKG,DFOQK,"E(#KHIGEb$  

+\" FIJE,GOF,DIJ ZIG]"G DE KEEOY"L ,I X" "_HIE"L ,I EIDQ WIG &3) LKNE H"G N"KG a./E9Ac 

="F"YX"G &))&Xb KEEOYDJP K !"KEIJKXQ" <K_DYOY E_HIEOG" a!<Eb EF"JKGDI$  +\" G"F"H,IG 
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YKN KQEI X" "#KQOK,"L WIG DJ\KQK,DIJ IW ?7C #KHIGE WGIY PGIOJLZK,"G DW E\KQQIZ PGIOJLZK,"G 

Z"G" FIJ,KF,"L LOGDJP KJ "_FK#K,DIJ HGIg"F,$  MIZ"#"Gc EDJF" IJQN IJ" ?7Cc F\QIGIWIGYc ZKE 

E"Q"F,"L KE K C79Cc ZD,\ ,\" YK_DYOY FIJF"J,GK,DIJ Z"QQ X"QIZ ,\" ./E9A <CL KJL ;QIGDLK 

@C+Lc ,\DE "_HIEOG" HK,\ZKN DE JI, "#KQOK,"L WIG ,\" FIJE,GOF,DIJ ZIG]"G$ 

Typical Occupational WorAer ^ AJ IJ2ED," G"F"H,IG OJL"G WO,OG" QKJL OE"$  ;O,OG" IFFOHK,DIJKQ

ZIG]"GE YKN ZIG] K, ,\" ED," DW ,\" WKFDQD,N Z"G" ,I WOG,\"G L"#"QIH ,\DE KG"K WIG DJLOE,GDKQ(YDQD,KGN 

HOGHIE"E IW DW ,\" WKFDQD,N Z"G" ,I FQIE" KJL X" L"#"QIH"L WIG FIYY"GFDKQ(DJLOE,GDKQ OE"E$  +I HGI#DL" 

DJWIGYK,DIJ WIG GDE] YKJKP"Y"J, L"FDEDIJEc HI,"J,DKQ GDE]E ,I WO,OG" IFFOHK,DIJKQ ZIG]"GE KG" 

dOKJ,DWD"L DJ ,\DE GDE] KEE"EEY"J,$  +\DE G"F"H,IG FIOQL X" "_HIE"L ,I EOGWKF" EIDQ XN DJFDL"J,KQ 

DJP"E,DIJc L"GYKQ FIJ,KF,c KJL DJ\KQK,DIJ aD$"$c KDGXIGJ" HKG,DFOQK,"E(#KHIGEb$  +\DE G"F"H,IG ZIOQL 

JI, X" "_H"F,"L ,I X" GIO,DJ"QN "_HIE"L ,I EOXEOGWKF" EIDQE$  +\" IFFOHK,DIJKQ ZIG]"G DE "_H"F,"L 

,I X" "_HIE"L ,I EOGWKF" EIDQE WIG &3) LKNE H"G N"KG a./E9Ac <KN '[[8 KJL ="F"YX"G &))&b XO, 

Q"EE DJ,"JE"QN ,\KJ ,\" YKDJ,"JKJF" IG FIJE,GOF,DIJ ZIG]"G$ 

A$ult an$ A$olescent Recreational UseraTrespasser ^ A HQKOEDXQ" G"F"H,IG OJL"G FOGG"J, KJL 

WO,OG" QKJL OE"$  AQ,\IOP\ KFF"EE ,I ,\" XKE" DE FIJ,GIQQ"Lc IJF" DJEDL" ,\" XKE"c KFF"EE ,I /D," 48 

DE JI, QDYD,"L XN KJN H\NEDFKQ FIJE,GKDJ,E$  +\DE G"F"H,IG YKN X" "_HIE"L ,I HI,"J,DKQQN 

FIJ,KYDJK,"L EOGWKF" EIDQ XN DJFDL"J,KQ DJP"E,DIJc L"GYKQ FIJ,KF,c KJL DJ\KQK,DIJ aD$"$c KDGXIGJ" 

HKG,DFOQK,"E(#KHIGEb$  !"FG"K,DIJKQ OE"GE(,G"EHKEE"GE KG" KEEOY"L ,I X" "_HIE"L ,I C79CE DJ 

EIDQ WIG 43 LKNE H"G N"KGc XKE"L IJ HGIW"EEDIJKQ gOLPY"J,$  =DG"F, FIJ,KF, ZD,\ EOXEOGWKF" EIDQE DE 

JI, KJ,DFDHK,"L WIG ,\DE G"F"H,IG$  !"FG"K,DIJKQ OE"GE KG" FIJEDL"G"L IJ" IW ,\" YIG" QD]"QN 

G"F"H,IGE OJL"G FOGG"J, QKJL OE"$ 

Typothetical >uture On-Site Chil$ an$ A$ult Resi$ent ^  +\" WO,OG" G"EDL"J,DKQ EF"JKGDI ZKE 

dOKJ,D,K,D#"QN "#KQOK,"L DJ ,\" GDE] KEE"EEY"J, WIG L"FDEDIJ2YK]DJP HOGHIE"E KQ,\IOP\ ,\DE 

EF"JKGDI DE OJQD]"QN WIG ,\" NA/ 9"JEKFIQK$  >, DE KEEOY"L K G"EDL"J, YKN X" "_HIE"L ,I EOGWKF" 

EIDQE XN DJFDL"J,KQ DJP"E,DIJc L"GYKQ FIJ,GKF,c KJL DJ\KQK,DIJ aD$"$c KDGXIGJ" HKG,DFOQK,"E(#KHIGEb$  

;O,OG" G"EDL"J,E FIOQL KQEI X" "_HIE"L ,I PGIOJLZK,"G IJQN DW LGDJ]DJP ZK,"G Z"QQE Z"G" DJE,KQQ"L 

IJ ,\" ED," DJ ,\" WO,OG"$  +\DE DE #"GN OJQD]"QN EDJF" ,\" YKDJ EIOGF" IW ZK,"G WIG ,\" XKE" DE ,\" 

NK#N2IZJ"L Z"QQ WD"QL QIFK,"L K, NK#KQ +"F\JDFKQ +GKDJDJP C"J,"G aN++Cb CIGGN /,K,DIJ JIG,\ IW 

NA/ 9"JEKFIQK$  MIZ"#"Gc ,\" WO,OG" G"EDL"J,DKQ LGDJ]DJP ZK,"G EF"JKGDI ZKE "#KQOK,"L WIG 

HOGHIE"E IW FIYHQ","J"EE$  AFFIGLDJP ,I ./E9A !"PDIJ 4 KJL !"PDIJ [ PODLKJF"c K G"EDL"J, DE 

KEEOY"L ,I X" "_HIE"L ,I PGIOJLZK,"G XN DJP"E,DIJ KJL DJ\KQK,DIJ aD$"$c KDGXIGJ" #KHIGEb$  ;=E9 

DJ C\KH,"G *&2UUUc ;AC KEEOY"E ,\K, K G"F"H,IG DE "_HIE"L ,I PGIOJLZK,"G XN DJP"E,DIJ IJQN$  

!"EDL"J,DKQ G"F"H,IGE KG" KEEOY"L ,I X" "_HIE"L ,I PGIOJLZK,"G 83) LKNE H"G N"KG a./E9Ac 

<KN '[[8b WIG K ,I,KQ IW 8) N"KGE$ 
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6K1K9K2 Calculation o2 ENposure ;oint Concentrations 

+\" E9Cc FKQFOQK,"L WIG C79CE IJQNc DE K G"KEIJKXQ" "E,DYK," IW ,\" F\"YDFKQ FIJF"J,GK,DIJ QD]"QN ,I X" 

FIJ,KF,"L I#"G ,DY" XN K G"F"H,IG KJL DE OE"L ,I FKQFOQK," "E,DYK,"L "_HIEOG" DJ,K]"E$  +\" FKQFOQK,DIJ IW 

E9CE FIJEDL"G"L PODLKJF" L"EFGDX"L DJ ,\" ./E9AkE CKQFOQK,DJP .HH"G CIJWDL"JF" LDYD,E WIG E_HIEOG" 

9IDJ, CIJF"J,GK,DIJE K, MK`KGLIOE TKE," /D,"E a="F"YX"G &))&Kb KJL ;QIGDLKkE *&2U5)c ;AC a;=E9c 

AHGDQ &))3b$ 

+\" [3q .CLc Z\DF\ DE XKE"L IJ ,\" LDE,GDXO,DIJ IW K LK,KE",c DE FIJEDL"G"L ,I X" ,\" X"E, "E,DYK," IW ,\" 

"_HIEOG" FIJF"J,GK,DIJ WIG LK,KE",E ZD,\ ') IG YIG" EKYHQ"E a./E9Ac <KN '[[&b$  ;IG LK,KE",E ZD,\ 

Q"EE ,\KJ ') EKYHQ"Ec ,\" .CL DE FIJEDL"G"L ,I X" K HIIG "E,DYK," IW ,\" Y"KJc KJL ,\" E9C DE L"WDJ"L 

KE ,\" YK_DYOY FIJF"J,GK,DIJ$  AE EH"FDWD"L DJ C\KH,"G *&2U5)c ;ACc ,\" ;QIGDLK .CL CKQFOQK,IG ,IIQ 

a?"GEDIJ )$[Ub ZKE OE"L ,I FKQFOQK," ,\" .CLE$ 

+\" WIQQIZDJP L"FDEDIJ GOQ"E Z"G" OE"L ,I FKQFOQK," E9CEr 

 >W K EIDQ LK,KE", FIJ,KDJE W"Z"G ,\KJ ') EKYHQ"Ec ,\" E9C DE L"WDJ"L KE ,\" YK_DYOY L","F,"L 

FIJF"J,GK,DIJ$

 >W K EIDQ LK,KE", FIJ,KDJE ') IG YIG" EKYHQ"Ec ,\" [3q .CL IJ ,\" KGD,\Y",DF Y"KJ aFKQFOQK,"L  OEDJP 

,\" ;QIGDLK .CL CKQFOQK,IG +IIQbc Z\DF\ DE XKE"L IJ ,\" LDE,GDXO,DIJ IW ,\" LK,KE",c ZKE E"Q"F,"L KE 

,\" E9C$  >W K LK,KE", FIJ,KDJE Q"EE ,\KJ ,\G"" HIED,D#" G"EOQ,Ec ,\" ;QIGDLK .CL CKQFOQK,IG +IIQ 

G"FIYY"JLE ,\K, ,\" YK_DYOY L","F,"L FIJF"J,GK,DIJ X" OE"L K, ,\" E9C$ 

 >W ,\" FKQFOQK,"L [3q .CL "_F""L"L ,\" YK_DYOY L","F,"L FIJF"J,GK,DIJc ,\" YK_DYOY 

FIJF"J,GK,DIJ ZKE OE"L KE ,\" E9C$ 

 /KYHQ" KJL LOHQDFK," KJKQN,DFKQ G"EOQ,E Z"G" K#"GKP"L X"WIG" ,\" E9C ZKE FKQFOQK,"L$ 

 A LK,K #KQO" Q"EE ,\KJ ,\" EKYHQ"2EH"FDWDF L","F,DIJ QDYD, ZKE EOXE,D,O,"L ZD,\ IJ"2\KQW ,\" L","F,DIJ 

QDYD,$

 +\" E9CE WIG PGIOJLZK,"G OE"L DJ ,\" ./E9A GDE] "#KQOK,DIJ KG" ,\" KGD,\Y",DF K#"GKP"E IW ,\" 

Z"QQE DJ ,\" \DP\QN FIJF"J,GK,"L KG"K IW ,\" HQOY" a./E9A !"PDIJ 4c <KN &)))b$  ;IG ,\" F\"YDFKQE 

E"Q"F,"L KE C79CE DJ PGIOJLZK,"Gc ,\" E9CE Z"G" L"GD#"L WGIY ,\" WIQQIZDJP QIFK,DIJEr 
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/\KQQIZ AdODW"G E9CE

 C\QIGIWIGY a8$3 OP(Lb ^ K#"GKP" IW Z"QQE 9EN2482''/ KJL 9EN2482'&/ 

 >GIJ a&4)) OP(Lb s K#"GKP" IW Z"QQE 9EN2482*/c 9EN2482[/c 9EN2482')/c KJL 

9EN2482''/

 <KJPKJ"E" a''3 OP(Lb ^ K#"GKP" IW Z"QQE 9EN2482*/ KJL 9EN2482''/ 

 L"KL a&[$[ OP(Lb ^ YK_DYOY aJI HQOY" KG"K L"WDJ"Lb 

=""H"G AdODW"G E9CE

 C\QIGIWIGY ^ JI, L","F,"L DJ L""H"G KdODW"G 

 >GIJ a'*)) OP(Lb s K#"GKP" IW Z"QQE 9EN24823= KJL 9EN2482*= 

 <KJPKJ"E" a&U OP(Lb ^ K#"GKP" IW Z"QQE 9EN24823= KJL 9EN2482*= 

 L"KL  ^ JI, L","F,"L DJ L""H"G KdODW"G 

+\"E" PGIOJLZK,"G E9CE KG" IJQN OE"L ,I "#KQOK," PGIOJLZK,"G GDE]E KFFIGLDJP ,I ,\" ./E9A 

Y",\ILIQIPN$  +\" YK_DYOY L","F,"L FIJF"J,GK,DIJE Z"G" OE"L ,I "#KQOK," GDE]E KFFIGLDJP ,I ;=E9 

Y",\ILIQIPN aE"" /"F,DIJ *$'$*$&b$ 

NI," ,\K, KJ "_KYDJK,DIJ IW ,\" KJKQN,DFKQ LK,K DJLDFK,"E ,\K, E"#"GKQ n\I,EHI,o KG"KE "_DE, IJ ,\" ED," 

a"$P$c ,\" EIDQ DJ KJL KGIOJL AJIYKQN AG"KE '' KJL &8bc "EH"FDKQQN WIG Q"KL$  9I,"J,DKQ GDE]E KEEIFDK,"L 

ZD,\ ,\"E" KG"KE KG" LDEFOEE"L /"F,DIJ *$'$3$4$

6K1K9K9 Chemical )ntaAe an$ RisA Estimation 

+I "#KQOK," GDE]E XN ./E9A Y",\ILIQIPNc FKJF"G KJL JIJ2FKJF"G GDE] "E,DYK,"E WIG C79CE L","F,"L DJ 

EIDQ KJL PGIOJLZK,"G KG" L","GYDJ"L OEDJP ,\" WIQQIZDJP EDYHQ" nGDE] GK,DIo ,"F\JDdO"c Z\DF\ DJ#IQ#"E ,\" 

E"Q"F,DIJ aIG L"#"QIHY"J,b IW GDE]2XKE"L FIJF"J,GK,DIJE "E,KXQDE\"L K, ,\" '_')2* FKJF"G GDE] Q"#"Q IG MV 

IW ' KJL ,\" FKQFOQK,DIJ IW FKJF"G KJL JIJ2FKJF"G GDE]E XKE"L IJ ,\" E9C KJL ,\" GDE] XKE"L 

FIJF"J,GK,DIJr

C79CWIGEE,DYK,"!DE]CKJF"GIGMV
)*2'EIWEE,DYK,"!DE]CKJF"GIG'IWMV

C79CWIGE9C
DIJCIJF"J,GK,XKE"L2!DE]

+\DE DE K #KQDL ,"F\JDdO" WIG "E,DYK,DJP GDE] X"FKOE" KQQ IW ,\" DJ,K]" KJL GDE] F\KGKF,"GD`K,DIJ "dOK,DIJE 

OE"L ,I L"#"QIH GDE]2XKE"L FIJF"J,GK,DIJE KG" QDJ"KG$  +\" GDE]2XKE"L FIJF"J,GK,DIJE OE"L DJ ,\DE MM!A 

WIG ,\" "#KQOK,DIJ IW ,\" \NHI,\",DFKQ WO,OG" G"EDL"J, KJL ,NHDFKQ ZIG]"G "_HIEOG" ,I EIDQ KG" ,\" /,K," IW 

;QIGDLK /C+LE IG GDE]2XKE"L FIJF"J,GK,DIJE XKE"L IJ ,\" Y",\ILIQIPN WIG ,\" L"#"QIHY"J, IW G"EDL"J,DKQ 

KJL DJLOE,GDKQ /C+LE HG"E"J,"L DJ ,\" LGKW, +"F\JDFKQ !"HIG,r ="#"QIHY"J, IW C+LE WIG C\KH,"G *&2UUU 

a;=E9c AHGDQ &))3b$  B"FKOE" YIE, ;QIGDLK @C+LE KG" JI, GDE]2XKE"L #KQO"Ec ,\" GDE]2XKE"L !"PDIJ [ 
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9!@E KG" OE"L DJ ,\" GDE] GK,DI FKQFOQK,DIJE OE"L ,I L"GD#" GDE] "E,DYK,"E WIG "_HIEOG" ,I C79CE DJ 

PGIOJLZK,"G$

CKJF"G KJL JIJ2FKJF"G GDE] "E,DYK,"E WIG KQQ I,\"G G"F"H,IGE "#KQOK,"L DJ ,\" MM!A aD$"$c ,\" FIJE,GOF,DIJ 

ZIG]"Gc ,\" YKDJ,"JKJF" ZIG]"Gc KJL ,\" G"FG"K,DIJKQ OE"G(,G"EHKEE"Gb KG" XKE"L IJ GDE]2XKE"L 

FIJF"J,GK,DIJE L"#"QIH"L OEDJP ,\" "_HIEOG" LIE" KEEOYH,DIJE KJL ,\" EDYHQ" DJ,K]" "dOK,DIJE 

HG"E"J,"L DJ ,\" WIQQIZDJP E"F,DIJE KJL ,\" ,I_DFD,N FGD,"GDK aEQIH" WKF,IGE KJL G"W"G"JF" LIE"Eb LDEFOEE"L 

DJ /"F,DIJ *$'$4$  +\" EDYHQ" DJ,K]" "dOK,DIJE KG" FIYXDJ"L ,I HGILOF" IJ" GDE]2XKE"L FIJF"J,GK,DIJ H"G 

F\"YDFKQ ,\K, KFFIOJ,E WIG DJP"E,DIJc L"GYKQc KJL DJ\KQK,DIJ "_HIEOG"E a+\" GDE]2XKE"L FIJF"J,GK,DIJ 

FKQFOQK,DIJE KG" HG"E"J,"L DJ AHH"JLD_ Eb$  +\" GDE]2XKE"L FIJF"J,GK,DIJE KG" "E,KXQDE\"L XN E",,DJP ,\" 

FKJF"G KJL JIJ2FKJF"G GDE] Q"#"QE K, '_')2* IG M> IW 'c G"EH"F,D#"QNc KJL EIQ#DJP WIG ,\" KEEIFDK,"L 

FIJ,KYDJKJ, FIJF"J,GK,DIJ DJ EIDQ KE L"YIJE,GK,"L DJ ,\" ./E9A !DE] AEE"EEY"J, @ODLKJF" WIG 

/OH"GWOJLc 9KG, B a./E9A ="F"YX"G '[['b$  +\" "_HIEOG" KEEOYH,DIJE E"Q"F,"L WIG ,\" FIJE,GOF,DIJ 

ZIG]"Gc ,\" YKDJ,"JKJF" ZIG]"Gc KJL ,\" G"FG"K,DIJKQ OE"G(,G"EHKEE"G Z"G" XKE"L IJ FOGG"J, ./E9A GDE] 

KEE"EEY"J, PODLKJF" a="F"YX"G '[5[ KJL pOQN &))4b KJL /,K," IW ;QIGDLK PODLKJF" a;=E9c AHGDQ &))3bc 

KJL KG" HG"E"J,"L DJ ,\" WIQQIZDJP E"F,DIJE$  !DE] KEE"EEY"J, EHG"KLE\"",E WIG ,\" FKQFOQK,DIJ IW ,\" GDE] 

"E,DYK,"E KG" HG"E"J,"L DJ AHH"JLD_ E$ 

6K1K9K9K1 )nci$ental )ngestion o2 Soil

>JFDL"J,KQ DJP"E,DIJ IW EIDQ XN HI,"J,DKQ G"F"H,IGE FIDJFDL"E ZD,\ L"GYKQ "_HIEOG"$  E_HIEOG"E KEEIFDK,"L 

ZD,\ DJFDL"J,KQ DJP"E,DIJ Z"G" "E,DYK,"L DJ ,\" WIQQIZDJP YKJJ"G a./E9Ac ="F"YX"G '[5[br 

TbaA+bE=baC;b(aBba;>baE;baba>!aC>J,K]" EEDED

 Z\"G"r >J,K]"ED s DJ,K]" IW FIJ,KYDJKJ, wDw WGIY EIDQ aYP(]P(LKNb 

  CED s FIJF"J,GK,DIJ IW FIJ,KYDJKJ, wDw DJ EIDQ aYP(]Pb 

  >!E s DJP"E,DIJ GK," aYP(LKNb 

  ;> s WGKF,DIJ DJP"E,"L WGIY FIJ,KYDJK,"L EIOGF" aLDY"JEDIJQ"EEb 

  E; s "_HIEOG" WG"dO"JFN aLKNE(N"KGb 

  E= s "_HIEOG" LOGK,DIJ aN"KGb 

  C; s FIJ#"GEDIJ WKF,IG a'_')2* ]P(YPb 

  BT s XILN Z"DP\, a]Pb 

  A+ s K#"GKPDJP ,DY" aLKNEbl 

    WIG JIJFKGFDJIP"JEc A+ s E= _ 8*3 LKNE(N"KGl 

    WIG FKGFDJIP"JEc A+ s U) N"KGE _ 8*3 LKNE(N"KG 
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AE JI,"L KXI#"c ,\" /,K," IW ;QIGDLK /C+LE KG" OE"L ,I FKQFOQK," FKJF"G KJL JIJ2FKJF"G GDE] "E,DYK,"E 

WIG ,\" \NHI,\",DFKQ WO,OG" G"EDL"J, KJL K ,NHDFKQ DJLOE,GDKQ ZIG]"G "_HIE"L ,I EIDQ$  E_HIEOG" KEEOYH,DIJE 

WIG ,\" I,\"G G"F"H,IGE KG" L"EFGDX"L X"QIZ KJL Z"G" OE"L ,I L"#"QIH GDE]2XKE"L FIJF"J,GK,DIJE WIG ,\" 

FIJE,GOF,DIJ ZIG]"Gc ,\" YKDJ,"JKJF" ZIG]"Gc KJL ,\" G"FG"K,DIJKQ OE"G(,G"EHKEE"G$ 

A L"WKOQ, #KQO" IW '$) a./E9Ac ="F"YX"G '[5[b DE G"FIYY"JL"L WIG ,\" WGKF,DIJ IW EIDQ DJP"E,"L WGIY ,\" 

FIJ,KYDJK,"L EIOGF"$  +\" DJP"E,DIJ GK,"E Z"G" 88) YP H"G LKN WIG ,\" FIJE,GOF,DIJ ZIG]"G a./E9Ac 

="F"YX"G &))&Xbc 3) YP H"G LKN WIG ,\" YKDJ,"JKJF" ZIG]"GE a;=E9c ;"XGOKGN &))3bc KJL ')) YP H"G 

LKN WIG KLOQ, KJL KLIQ"EF"J, ,G"EHKEE"GE(G"FG"K,DIJKQ OE"GE a./E9Ac <KN '[[8b$  +\" "_HIEOG" 

WG"dO"JFD"E OE"L ,I "E,DYK," DJ,K]"E WIG DJFDL"J,KQ DJP"E,DIJ IW EIDQ KG" HG"E"J,"L DJ /"F,DIJ *$'$8$'$ 

6K1K9K9K2 Dermal Contact _ith Soil

=DG"F, H\NEDFKQ FIJ,KF, ZD,\ EIDQ YKN G"EOQ, DJ ,\" L"GYKQ KXEIGH,DIJ IW F\"YDFKQE$  E_HIEOG"E KEEIFDK,"L 

ZD,\ ,\" L"GYKQ GIO," Z"G" "E,DYK,"L DJ ,\" WIQQIZDJP YKJJ"G a./E9Ac ="F"YX"G '[5[ KJL pOQN &))4br 

aA+bbaE=b(aBTbAB/baC;bE;ba/AbaA;baaC>J,K]" EDED

 Z\"G"r >J,K]"ED s KYIOJ, IW F\"YDFKQ wDw KXEIGX"L LOGDJP FIJ,KF, ZD,\ EIDQ aYP(]P(LKNb 

  CED s FIJF"J,GK,DIJ IW F\"YDFKQ wDw DJ EIDQ aYP(]Pb 

  /A s E]DJ EOGWKF" KG"K K#KDQKXQ" WIG FIJ,KF, aFY&(LKNb

  A; s E]DJ KL\"G"JF" WKF,IG aYP(FY&b

  AB/ s KXEIGH,DIJ WKF,IG aLDY"JEDIJQ"EEb 

  C; s FIJ#"GEDIJ WKF,IG a'_')2* ]P(YPb 

  E; s "_HIEOG" WG"dO"JFN aLKNE(N"KGb 

  E= s "_HIEOG" LOGK,DIJ aN"KGb 

  BT s XILN Z"DP\, a]Pb 

  A+ s K#"GKPDJP ,DY" aLKNEbl 

    WIG JIJFKGFDJIP"JEc A+ s E= _ 8*3 LKNE(N"KGl 

    WIG FKGFDJIP"JEc A+ s U) N"KGE _ 8*3 LKNE(N"KG 

AE JI,"L KXI#"c ,\" /,K," IW ;QIGDLK /C+LE Z"G" OE"L ,I FKQFOQK," FKJF"G KJL JIJ2FKJF"G GDE] "E,DYK,"E 

WIG ,\" \NHI,\",DFKQ WO,OG" G"EDL"J, KJL K ,NHDFKQ DJLOE,GDKQ ZIG]"G$  E_HIEOG" KEEOYH,DIJE WIG ,\" I,\"G 

G"F"H,IGE KG" L"EFGDX"L X"QIZ KJL Z"G" OE"L ,I L"#"QIH GDE]2XKE"L FIJF"J,GK,DIJE WIG ,\" FIJE,GOF,DIJ 

ZIG]"Gc ,\" YKDJ,"JKJF" ZIG]"Gc KJL ,\" G"FG"K,DIJKQ OE"G(,G"EHKEE"G$ 



  !"#$ & 
  ''()*()* 

+,N./(+AL2)32)3*(45&'(3$& *2&& C+7 )833

+\" "_HIE"L EOGWKF" KG"KE IW ,\" XILN K#KDQKXQ" WIG L"GYKQ FIJ,KF, KG" L","GYDJ"L IJ K G"F"H,IG2EH"FDWDF 

XKEDE KJL KG" XKE"L IJ KEEOY"L \OYKJ KF,D#D,D"E KJL FQI,\DJP ZIGJ LOGDJP "_HIEOG" "#"J,E$  COGG"J, 

PODLKJF" a./E9Ac AOPOE, '[[U KJL pOQN &))4b ZKE OE"L ,I L"#"QIH ,\" KEEOYH,DIJE FIJF"GJDJP ,\" 

KYIOJ, IW E]DJ EOGWKF" KG"K K#KDQKXQ" WIG FIJ,KF, WIG K G"F"H,IG$  +\" GK,DIJKQ"E OE"L ,I E"Q"F, ,\" E]DJ 

KG"KE KG" KE WIQQIZEr

 +\" \"KLc \KJLEc KJL WIG"KGYE IW "_FK#K,DIJ(FIJE,GOF,DIJ ZIG]"G KJL YKDJ,"JKJF" ZIG]"GE Z"G" 

KEEOY"L ,I X" "_HIE"L ,I EIDQE aKEEOYDJP ,\" G"F"H,IGE Z"KG K E\IG,2EQ""#"L E\DG,c QIJP HKJ,Ec KJL 

E\I"Eb$  AE G"FIYY"JL"L DJ ,\" !DE] AEE"EEY"J, @ODLKJF" WIG /OH"GWOJL a!A@/b 9KG, E 

a./E9Ac pOQN &))4bc ,\" E]DJ EOGWKF" KG"K WIG K ZIG]"G ZKE KEEOY"L ,I X" 8c8)) F"J,DY","GE 

EdOKG"L aFY&b$  +\DE #KQO" G"HG"E"J,E ,\" K#"GKP" IW ,\" 3),\2H"GF"J,DQ" KG"KE IW YKQ"E KJL W"YKQ"E 

YIG" ,\KJ '5 N"KGE IQL$ 

 ;IG ,\" KLIQ"EF"J, ,G"EHKEE"GE(G"FG"K,DIJKQ OE"Gc &3 H"GF"J, IW ,\" ,I,KQ XILN EOGWKF" KG"K WIG KJ 

KLIQ"EF"J, aKP"L U ,I '*b ZKE KEEOY"L ,I X" K#KDQKXQ" WIG EOGWKF" EIDQ FIJ,KF,$  +\" !<E #KQO" 

a8c&5) FY&b ZKE L"GD#"L WGIY ,\" [3,\2H"GF"J,DQ" EOGWKF" KG"K LK,K$ 

 ;IG ,\" KLOQ, ,G"EHKEE"G(G"FG"K,DIJKQ OE"G KEEOY"L ,I X" "_HIE"L ,I EOGWKF" EIDQc ,\" "_HIE"L E]DJ 

EOGWKF" KG"K K#KDQKXQ" WIG FIJ,KF, ZKE ,\" #KQO" G"FIYY"JL"L WIG ,\" KLOQ, G"EDL"J, DJ E_\DXD, 823 IW 

!A@/ 9KG, E a./E9Ac pOQN &))4bc 3cU)) FY&$  +\DE EOGWKF" KG"K KEEOY"E ,\" \"KLc \KJLEc 

WIG"KGYEc KJL QIZ"G Q"PE IW ,\" G"F"H,IG KG" K#KDQKXQ" WIG FIJ,KF,$ 

+\" WIQQIZDJP #KQO"E IW EIDQ KL\"G"JF" WKF,IGE KJL F\"YDFKQ2EH"FDWDF L"GYKQ KXEIGH,DIJ WKF,IGE HGI#DL"L 

DJ !A@/ 9KG, E a./E9Ac pOQN &))4b Z"G" OE"L ,I "#KQOK," GDE]E WGIY "_HIEOG" ,I EIDQr

 <KDJ,"JKJF" TIG]"G 2 )$& YP(FY& aE_\DXD, 8$3l ./E9Ac pOQN &))4b$ 

 CIJE,GOF,DIJ ZIG]"GE 2 )$8 YP(FY&$ +\DE #KQO" DE ,\" [3,\2H"GF"J,DQ" #KQO" WIG FIJE,GOF,DIJ ZIG]"GEc 

aE_\DXD, 8$8l ./E9Ac pOQN &))4b$ 

 ALIQ"EF"J, +G"EHKEE"GE(!"FG"K,DIJKQ .E"GE 2 )$8 YP(FY&$  +\DE KL\"G"JF" WKF,IG DE ,\" [3,\2

H"GF"J,DQ" #KQO" HG"E"J,"L WIG EIFF"G HQKN"GE a,""JEb HQKNDJP DJ YIDE, FIJLD,DIJE aE_\DXD, 8$8l ./E9Ac 

pOQN &))4b$ 

 ;O,OG" KLOQ, ,G"EHKEE"GE(G"FG"K,DIJKQ OE"GE 2 )$)U YP(FY& aE_\DXD, 8$3l ./E9Ac pOQN &))4b$ 
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;IG ,\" FIJE,D,O"J,E DL"J,DWD"L KE C79CE DJ EIDQc ,\" WIQQIZDJP L"GYKQ KXEIGH,DIJ WKF,IGE Z"G" OE"L 

a./E9Ac E_\DXD, 824c pOQN &))4br 

 9AME 2 )$'8 

 AGE"JDF 2 )$)8 

AE DJLDFK,"L DJ !A@/ 9KG, Ec KXEIGH,DIJ WKF,IGE WIG ,\" I,\"G Y",KQE E"Q"F,"L KE C79CE WIG EIDQE \K#" 

JI, X""J L"#"QIH"L LO" ,I DJEOWWDFD"J, LK,K$  +\"G"WIG"c GDE]E WGIY L"GYKQ KXEIGH,DIJ IW Y",KQE aI,\"G 

,\KJ KGE"JDFb WGIY EIDQ Z"G" JI, dOKJ,DWD"L DJ ,\DE MM!A$  +\" OJF"G,KDJ,N KEEIFDK,"L ZD,\ ,\" IYDEEDIJ IW 

,\"E" FIJE,D,O"J,E DE LDEFOEE"L DJ ,\" OJF"G,KDJ,N KJKQNEDE$ 

+\" EKY" "_HIEOG" WG"dO"JFD"E KJL LOGK,DIJE OE"L DJ ,\" "E,DYK,DIJ IW DJP"E,DIJ DJ,K]"E Z"G" OE"L ,I 

"E,DYK," "_HIEOG" #DK L"GYKQ FIJ,KF,$ 

6K1K9K9K9 )nhalation o2 Air an$ >ugitive DustaQolatile Emissions

+\" KYIOJ, IW K F\"YDFKQ K G"F"H,IG ,K]"E DJ KE K G"EOQ, IW XG"K,\DJP DE L","GYDJ"L OEDJP ,\" 

FIJF"J,GK,DIJ IW ,\" FIJ,KYDJKJ, DJ KDG$  >J,K]"E IW XI,\ HKG,DFOQK,"E KJL #KHIGE(PKE"E KG" FKQFOQK,"L 

OEDJP ,\" EKY" "dOK,DIJc KE WIQQIZE a./E9Ac ="F"YX"G '[[' KJL pOQN '[[*br 

 Z\"G"r >J,K]"KD s DJ,K]" IW F\"YDFKQ wDw WGIY KDG #DK DJ\KQK,DIJ aYP(]P(LKNb 

  CKD s FIJF"J,GK,DIJ IW F\"YDFKQ wDw DJ KDG aYP(Y8b

  >!K s DJ\KQK,DIJ GK," aY8(\IOGb

  E+  s "_HIEOG" ,DY" a\IOGE(LKNb 

  E; s "_HIEOG" WG"dO"JFN aLKNE(N"KGb 

  E=  s "_HIEOG" LOGK,DIJ aN"KGb 

  9E; s 9KG,DFOQK," EYDEEDIJ ;KF,IG aY8(]Pb 

  ?; s ?IQK,DQD`K,DIJ ;KF,IG aF\"YDFKQ2EH"FDWDFb aY8(]Pb 

  BT s XILN Z"DP\, a]Pb 

  A+ s K#"GKPDJP ,DY" aLKNEbl 

   s WIG JIJFKGFDJIP"JEc A+ s E= _ 8*3 LKNE(N"KGl 

   s WIG FKGFDJIP"JEc A+ s U) N"KG _ 8*3 LKNE(N"KG 

aBTbaA+b
E=bbaE+baE;baba>!aCs>J,K]" KKD

KD
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AE JI,"L KXI#"c ,\" /,K," IW ;QIGDLK /C+LE KG" OE"L FKQFOQK," FKJF"G KJL JIJ2FKJF"G GDE] "E,DYK,"E WIG 

,\" \NHI,\",DFKQ WO,OG" G"EDL"J, KJL K ,NHDFKQ DJLOE,GDKQ ZIG]"G$  E_HIEOG" KEEOYH,DIJE WIG ,\" I,\"G 

G"F"H,IGE KG" L"EFGDX"L X"QIZ KJL Z"G" OE"L ,I L"#"QIH GDE]2XKE"L FIJF"J,GK,DIJE WIG ,\" FIJE,GOF,DIJ 

ZIG]"Gc ,\" YKDJ,"JKJF" ZIG]"Gc KJL ,\" G"FG"K,DIJKQ OE"G(,G"EHKEE"G$ 

+\" EKY" "_HIEOG" WG"dO"JFD"E KJL LOGK,DIJE OE"L DJ ,\" "E,DYK,DIJ IW DJP"E,DIJ KJL L"GYKQ DJ,K]"E IW 

EIDQ Z"G" OE"L ,I "E,DYK," "_HIEOG" #DK DJ\KQK,DIJ IW KDG KJL WOPD,D#" LOE,(#IQK,DQ" "YDEEDIJE$  ALLD,DIJKQQNc 

WIG FIJE,GOF,DIJ("_FK#K,DIJ ZIG]"GE KJL YKDJ,"JKJF" ZIG]"GEc KJ DJ\KQK,DIJ GK," IW &$3 Y8 H"G \IOG 

a./E9Ac ="F"YX"G &))&Xb KJL KJ "_HIEOG" ,DY" IW 5 \IOGE(LKN aD$"$c &) Y8 H"G LKNb Z"G" OE"L ,I 

"#KQOK," GDE]E WGIY DJ\KQK,DIJ IW WOPD,D#" LOE,E KJL #IQK,DQ" "YDEEDIJE$ 

;IG KLOQ, KJL KLIQ"EF"J, ,G"EHKEE"GE(G"FG"K,DIJKQ OE"GEc DJ\KQK,DIJ GK,"E IW '$* Y8 H"G \IOG KJL '$& Y8

H"G \IOG a./E9Ac AOPOE, '[[Ubc G"EH"F,D#"QNc KJL KJ "_HIEOG" ,DY" IW 4 \IOGE H"G LKN Z"G" OE"L ,I 

"#KQOK," GDE]E WGIY DJ\KQK,DIJ IW WOPD,D#" LOE,E KJL #IQK,DQ" "YDEEDIJE$ 

+\" FIJF"J,GK,DIJE IW F\"YDFKQE DJ KDG G"EOQ,DJP WGIY "YDEEDIJE WGIY EIDQ Z"G" L"#"QIH"L WIQQIZDJP 

HGIF"LOG"E HG"E"J,"L DJ ./E9A /IDQ /FG""JDJP @ODLKJF" apOQN '[[* KJL ="F"YX"G &))&Xbc KE WIQQIZEr 

?;
'

9E;
'CC EK

 Z\"G"r CK s F\"YDFKQ FIJF"J,GK,DIJ DJ KDGc YP(Y8

   CE s F\"YDFKQ FIJF"J,GK,DIJ DJ EIDQc YP(]P 

   9E; s 9KG,DFOQK," EYDEEDIJ ;KF,IGc  '$&4' _ ')[ Y8(]P a;=E9c ;"XGOKGN &))3b 

   ?; s F\"YDFKQ2EH"FDWDF ?IQK,DQD`K,DIJ ;KF,IGc Y8(]P 

;IG F\"YDFKQE DJ EIDQ ,\K, KG" JI, FQKEEDWD"L KE #IQK,DQ"c ,\" KXI#" "dOK,DIJ G"LOF"E ,Ir 

9E;
'CC EK

+\" 9KG,DFOQK," EYDEEDIJE ;KF,IG a9E;b G"QK,"E ,\" FIJF"J,GK,DIJ IW ,\" F\"YDFKQ DJ EIDQ ZD,\ ,\" 

FIJF"J,GK,DIJ IW LOE, HKG,DFQ"E DJ KDG$  +\" ?IQK,DQD`K,DIJ ;KF,IG a?;b G"QK,"E ,\" FIJF"J,GK,DIJ IW ,\" 

F\"YDFKQ DJ EIDQ ZD,\ ,\" FIJF"J,GK,DIJ DJ KYXD"J, KDG$  +\" ?;E OE"L ,I FKQFOQK," ,\" KQ,"GJK," /C+LE 

Z"G" IX,KDJ"L WGIY +KXQ" 4 IW ,\" *&2UUU +"F\JDFKQ !"HIG, a;=E9c ;"XGOKGN &))3b$  TD,\ ,\" "_F"H,DIJ 

IW ,\" FIJE,GOF,DIJ ZIG]"Gc ,\" 9E; #KQO" OE"L ,I "E,DYK," GDE]E WGIY DJ\KQK,DIJ IW WOPD,D#" LOE,E ZKE 

'$&4' _ ')[ Y8(]Pc Z\DF\ ZKE L"#"QIH"L XN ,\" /,K," IW ;QIGDLK DJ ;AC *&2UUU a;=E9c ;"XGOKGN &))3b$  

+\" 9E; FKQFOQK,"L WIG ,\" FIJE,GOF,DIJ ZIG]"G ZKE &$48 _ ')* Y8(]P a./E9Ac ="F"YX"G &))&b$ 
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6K1K9K9K4 )ngestion o2 Jroun$_ater

!"EDL"J,E YKN X" "_HIE"L ,I PGIOJLZK,"G #DK LDG"F, DJP"E,DIJ$  +\" !"PDIJ [ 9!@E OE"L DJ ,\" GDE] 

FKQFOQK,DIJE Z"G" L"GD#"L OEDJP ,\" WIQQIZDJP DJP"E,DIJ DJ,K]" "dOK,DIJ KJL "_HIEOG" HKGKY","GE 

a./E9Ac '[5[ KJL ./E9A !"PDIJ [c 7F,IX"G &))4br 

aBTbaA+b
baE;baE=bba>!aCs>J,K]" ZZD

ZD

 Z\"G"r >J,K]"ZD s DJ,K]" IW F\"YDFKQ wDw WGIY ZK,"G aYP(]P(LKNb  

  CZD s FIJF"J,GK,DIJ IW F\"YDFKQ wDw DJ ZK,"G aYP(Lb  

  >!Z s DJP"E,DIJ GK," WIG PGIOJLZK,"G aL(LKNb 

  E; s "_HIEOG" WG"dO"JFN aLKNE(N"KGb 

  E= s "_HIEOG" LOGK,DIJ aN"KGb 

  BT s XILN Z"DP\, a]Pb 

  A+ s K#"GKPDJP ,DY" aLKNEbl 

    WIG JIJFKGFDJIP"JEc A+ s E= _ 8*3 LKNE(N"KGl 

    WIG FKGFDJIP"JEc A+ s U) N"KGE _ 8*3 LKNE(N"KG 

+\DE EF"JKGDI KEEOY"E ,\K, K G"F"H,IG DE "_HIE"L 83) LKNE H"G N"KG WIG 8) N"KGE OEDJP KJ KLgOE,"L 

DJ,K]" WKF,IG aKLOQ, y F\DQL DJP"E,DIJ GK,"Eb IW '$' L2N"KG(]P2LKN WIG ,\" "#KQOK,DIJ IW FKGFDJIP"JDF "WW"F,E 

KJL KJ DJP"E,DIJ GK," IW & QD,"GE H"G LKN WIG ,\" "#KQOK,DIJ IW JIJ2FKGFDJIP"JDF "WW"F,E a./E9A$ !"PDIJ [c 

7F,IX"G &))4b$ 

6K1K9K9K5 )nhalation o2 Qolatiles 2rom Jroun$_ater 

7J" #IQK,DQ" F\"YDFKQc F\QIGIWIGYc ZKE DL"J,DWD"L KE K C79C WIG PGIOJLZK,"G$  ;O,OG" G"EDL"J,E YKN X" 

"_HIE"L ,I ?7C #KHIGE WGIY PGIOJLZK,"G Z\DQ" XK,\DJP IG E\IZ"GDJP$  +\" !"PDIJ [ 9!@ OE"L DJ ,\" 

GDE] FKQFOQK,DIJ WIG F\QIGIWIGY ZKE L"GD#"L OEDJP ,\" WIQQIZDJP DJ\KQK,DIJ DJ,K]" "dOK,DIJ KJL "_HIEOG" 

HKGKY","GE a./E9Ac !"PDIJ [c 7F,IX"G &))4br 

aBTbaA+b
baE=bba>J\;baE;ba?;aCs>J,K]" ZZD

ZDJ\

 Z\"G"r >J,K]"ZDJ\s DJ,K]" IW F\"YDFKQ wDw WGIY ZK,"G XN DJ\KQK,DIJ aYP(]P(LKNb

  CZD s FIJF"J,GK,DIJ IW F\"YDFKQ wDw DJ ZK,"G aYP(Lb  

  >J\; s DJ\KQK,DIJ GK," aY8(LKNb

  ?;Z s #IQK,DQD`K,DIJ WKF,IG WIG ZK,"G a)$3 L(Y8b
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  E; s "_HIEOG" WG"dO"JFN aLKNE(N"KGb 

  E= s "_HIEOG" LOGK,DIJ aN"KGb 

  BT s XILN Z"DP\, a]Pb 

  A+ s K#"GKPDJP ,DY" aLKNEbl 

    WIG JIJFKGFDJIP"JEc A+ s E= _ 8*3 LKNE(N"KGl 

    WIG FKGFDJIP"JEc A+ s U) N"KGE _ 8*3 LKNE(N"KG 

+\" DJ\KQK,DIJ EF"JKGDI KEEOY"E ,\K, K G"F"H,IG DE "_HIE"L 83) LKNE H"G N"KG WIG 8) N"KGE OEDJP KJ 

KLgOE,"L DJ,K]" WKF,IG aKLOQ, y F\DQL DJP"E,DIJ GK,"Eb IW '' Y82N"KG(]P2LKN WIG ,\" "#KQOK,DIJ IW 

FKGFDJIP"JDF "WW"F,E KJL KJ DJ\KQK,DIJ GK," IW &) Y8 H"G LKN WIG ,\" "#KQOK,DIJ IW JIJ2FKGFDJIP"JDF "WW"F,E 

a./E9A$ !"PDIJ [c 7F,IX"G &))4b$ 

+\" HG"F"LDJP DJP"E,DIJ KJL DJ\KQK,DIJ DJ,K]" "dOK,DIJE KG" FIYXDJ"L ,I HGILOF" IJ" GDE]2XKE"L 

FIJF"J,GK,DIJ H"G F\"YDFKQ ,\K, KFFIOJ,E WIG DJP"E,DIJ KJL DJ\KQK,DIJ "_HIEOG"E a./E9A !"PDIJ [c 

7F,IX"G &))4b$ 

6K1K9K9K6 ENposure to Hea$ 

+\" "dOK,DIJE KJL Y",\ILIQIPN HG"E"J,"L DJ ,\" HG"#DIOE E"F,DIJE FKJJI, X" OE"L ,I "#KQOK," "_HIEOG" 

,I Q"KL X"FKOE" IW ,\" KXE"JF" IW HOXQDE\"L LIE"2G"EHIJE" HKGKY","GE$  E_HIEOG" ,I Q"KL ZKE 

KEE"EE"L OEDJP ,\" WIQQIZDJP YIL"QEr 

 +\" QK,"E, #"GEDIJ IW ,\" ./E9AjE >J,"PGK,"L E_HIEOG" .H,K]" BDI]DJ",DF a>E.BCb <IL"Q WIG Q"KL 

a<KN &))&b$  +\DE YIL"Q DE ,NHDFKQQN OE"L ,I "#KQOK," "_HIEOG" ,I Q"KL DJ #KGDIOE Y"LDK a"$P$c EIDQc 

ZK,"Gc KDGb KEEOYDJP K G"EDL"J,DKQ QKJL OE" EF"JKGDI$ 

 +\" ./E9AkE +!T <IL"Q WIG L"KL apKJOKGN &))8b$  +\DE YIL"Q DE ,NHDFKQQN OE"L ,I "#KQOK," 

"_HIEOG" ,I Q"KL DJ EIDQ IJQN KEEOYDJP K JIJ2G"EDL"J,DKQ QKJL OE" EF"JKGDI$ 

+\" >E.BC <IL"Q WIG Q"KL a./E9Ac <KN &))&b DE L"EDPJ"L ,I "E,DYK," XQIIL Q"#"QE IW Q"KL DJ F\DQLG"J 

aOJL"G U N"KGE IW KP"b XKE"L IJ "D,\"G L"WKOQ, IG ED,"2EH"FDWDF DJHO, #KQO"E WIG KDGc LGDJ]DJP ZK,"Gc LD",c 

LOE,c KJL EIDQ "_HIEOG"$  /,OLD"E DJLDFK," ,\K, DJWKJ,E KJL NIOJP F\DQLG"J KG" "_,G"Y"QN EOEF"H,DXQ" ,I 

KL#"GE" "WW"F,E WGIY "_HIEOG" ,I Q"KL$  CIJEDL"GKXQ" X"\K#DIGKQ KJL L"#"QIHY"J,KQ DYHKDGY"J,E \K#" 

X""J JI,"L DJ F\DQLG"J ZD,\ "Q"#K,"L XQIIL2Q"KL Q"#"QE$  +\" ,\G"E\IQL WIG ,I_DF "WW"F,E WGIY ,\DE F\"YDFKQ 

DE X"QD"#"L ,I X" DJ ,\" GKJP" IW ') ,I '3 YDFGIPGKYE H"G L"FDQD,"G afP(LLb$  BQIIL2Q"KL Q"#"QE PG"K,"G ,\KJ 

') fP(LL KG" FIJEDL"G"L ,I X" K wFIJF"GJ$w 
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+\" >E.BC <IL"Q WIG Q"KL ZKE OE"L ,I KLLG"EE "_HIEOG" ,I Q"KL DJ F\DQLG"J Z\"J L","F,"L PGIOJLZK,"G 

FIJF"J,GK,DIJE "_F""L ,\" '3 fP(L ;"L"GKQ AF,DIJ L"#"Q HGIYOQPK,"L OJL"G ,\" /KW" =GDJ]DJP TK,"G AF, 

KJL Z\"J L","F,"L EIDQ FIJF"J,GK,DIJE "_F""L ,\" 7/TE! //L IW 4)) YP(]P WIG G"EDL"J,DKQ QKJL OE" 

a./E9Ac pOQN '[[4b$  A#"GKP" F\"YDFKQ FIJF"J,GK,DIJEc KE Z"QQ KE L"WKOQ, HKGKY","GE WIG EIY" DJHO, 

HKGKY","GEc Z"G" OE"L DJ ,\" "#KQOK,DIJ$  EE,DYK,"L XQIIL2Q"KL Q"#"QE KJL HGIXKXDQD,N L"JED,N \DE,IPGKYE 

KG" HG"E"J,"L KE EOHHIG, LIFOY"J,K,DIJ WIG ,\DE KJKQNEDE DJ AHH"JLD_ E$ 

NIJ2G"EDL"J,DKQ KLOQ, "_HIEOG" ,I Q"KL DJ EIDQ ZKE "#KQOK,"L OEDJP ./E9AkE +!T <IL"Q WIG Q"KL 

a./E9Ac pKJOKGN &))8b$  >J ,\DE YIL"Qc KLOQ, "_HIEOG" ,I Q"KL DJ EIDQ DE KLLG"EE"L XN KJ "#KQOK,DIJ IW ,\" 

G"QK,DIJE\DH X",Z""J ,\" ED," EIDQ Q"KL FIJF"J,GK,DIJ KJL ,\" XQIIL2Q"KL FIJF"J,GK,DIJ DJ ,\" L"#"QIHDJP 

W",OE"E IW KLOQ, ZIY"J$  +\" KLOQ, Q"KL YIL"Q P"J"GK,"E K EHG"KLE\"", WIG "KF\ "_HIEOG" EF"JKGDI ,\K, 

DE "#KQOK,"L aD$"$c DJLOE,GDKQc G"FG"K,DIJKQb$  +\" IO,HO, IW ,\" EHG"KLE\"", DE ,\" HGIXKXDQD,N ,\K, ,\" XQIIL2

Q"KL FIJF"J,GK,DIJE DJ ,\" W",OE "_F""LE ') fP(L$  +\" HGIXKXDQD,N ,\K, ,\" W",KQ XQIIL2Q"KL Q"#"Q ZDQQ 

"_F""L ') fP(L ZKE FKQFOQK,"L DJ KFFIGLKJF" ZD,\ ,\" WIQQIZDJP ./E9A PODL"QDJ"Er 

.E" IW ,\" +!T >J,"GDY ALOQ, L"KL <",\ILIQIPN DJ !DE] AEE"EEY"J, a./E9Ac AHGDQ '[[[b$ 

;G"dO"J,QN AE]"L VO"E,DIJE a;AVEb IJ ,\" ALOQ, L"KL <IL"Q a./E9Ac IJQDJ"c pOQN &))3b$ 

NI YIL"QE KG" FOGG"J,QN K#KDQKXQ" ,I "#KQOK," ,\" H"GDILDF "_HIEOG" IW KLIQ"EF"J, 

,G"EHKEE"GE(G"FG"K,DIJKQ OE"GE ,I Q"KL$  +\"G"WIG"c ,\" G"EOQ,E IW ,\" >E.BC <IL"Q WIG F\DQLG"J KG" OE"L ,I 

dOKQD,K,D#"QN KEE"EE "_HIEOG" IW ,\DE G"F"H,IG X"FKOE" ,\" HI,"J,DKQ KL#"GE" "WW"F,E WGIY "_HIEOG" ,I Q"KL 

KG" "_H"F,"L ,I X" IW K Q"EE"G YKPJD,OL" WIG KLIQ"EF"J, ,G"EHKEE"GE ,\KJ WIG F\DQLG"J$ 

6K1K4 ToNicity Assessment ;rotocol

+\" IXg"F,D#" IW K ,I_DFD,N KEE"EEY"J, DE ,I DL"J,DWN ,\" HI,"J,DKQ WIG \OYKJ \"KQ,\ \K`KGLE KJL KL#"GE" 

"WW"F,E DJ "_HIE"L HIHOQK,DIJE$  A EDPJDWDFKJ, HIG,DIJ IW ,\" ,I_DFD,N KEE"EEY"J, IW ,\" MM!A \KE X""J 

FIYHQ","L X"FKOE" C/;E KJL !W=E Z"G" E"Q"F,"L XN ./E9A LOGDJP ,\" L"#"QIHY"J, IW ,\" !"PDIJ [ 

9!@E KJL XN ,\" /,K," IW ;QIGDLK LOGDJP ,\" L"#"QIHY"J, IW ,\" G"EDL"J,DKQ KJL DJLOE,GDKQ EIDQ /C+LE KJL 

@C+LE$  A C/; DE KJ DJLDFK,IG IW ,\" HI,"JFN IW K F\"YDFKQ FKGFDJIP"J aD$"$c ,\" PG"K,"G ,\" C/;c ,\" 

YIG" HI,"J, ,\" FKGFDJIP"Jb$  AJ !W= DE ,\" LIE" K, IG X"QIZ Z\DF\ KL#"GE" JIJ2FKGFDJIP"JDF "WW"F,E KG" 

JI, KJ,DFDHK,"L$  +\"E" WKF,IGE G"HG"E"J, dOKJ,D,K,D#" "E,DYK,"E IW ,\" G"QK,DIJE\DH X",Z""J ,\" YKPJD,OL" 

KJL ,NH"E IW "_HIEOG"E KJL ,\" E"#"GD,N IG HGIXKXDQD,N IW \OYKJ \"KQ,\ "WW"F,E KJL Z"G" OE"L ,I L"#"QIH 

GDE]2XKE"L FIJF"J,GK,DIJE KE L"EFGDX"L KXI#"$ 
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6K1K4K1 Sources o2 ToNicity Criteria 

7GKQ KJL DJ\KQK,DIJ !W=E KJL C/;E OE"L DJ ,\DE MM!A Z"G" IX,KDJ"L WGIY ,\" WIQQIZDJP HGDYKGN 

G"FIYY"JL"L ./E9A EIOGF"Er 

 >J,"PGK,"L !DE] >JWIGYK,DIJ /NE,"Y a>!>/b aIJQDJ"b 

 ./E9A 9GI#DEDIJKQ 9""G !"#D"Z"L +I_DFD,N ?KQO"E a99!+?Eb ^ +\" 7WWDF" IW !"E"KGF\ KJL 

="#"QIHY"J,(NK,DIJKQ C"J,"G WIG EJ#DGIJY"J,KQ AEE"EEY"J, aNCEAb /OH"GWOJL M"KQ,\ !DE] 

+"F\JDFKQ /OHHIG, C"J,"G L"#"QIHE 99!+?E IJ K F\"YDFKQ2EH"FDWDF XKEDE Z\"J G"dO"E,"L XN 

./E9AkE /OH"GWOJL HGIPGKY$ 

 +KXQ"E 3K KJL 3X IW ,\" ;=E9 *&2UUU +"F\JDFKQ !"HIG, a;=E9c ;"XGOKGN &))3b$ 

 7,\"G +I_DFD,N ?KQO"E ^ +\"E" EIOGF"E DJFQOL" XO, KG" JI, QDYD,"L ,I CKQDWIGJDK EJ#DGIJY"J,KQ 

9GI,"F,DIJ AP"JFN aCKQ E9Ab ,I_DFD,N #KQO"Ec ,\" AP"JFN WIG +I_DF /OXE,KJF"E KJL =DE"KE" !"PDE,GN 

aA+/=!b <DJDYKQ !DE] L"#"QE a<!LEbc KJL ,\" AJJOKQ M"KQ,\ EWW"F,E AEE"EEY"J, /OYYKGN +KXQ"E 

aMEA/+b a./E9Ac pOQN '[[Ub$ 

AQ,\IOP\ !W=E KJL C/;E FKJ X" WIOJL DJ E"#"GKQ ,I_DFIQIPDFKQ EIOGF"Ec ./E9AjE >!>/ IJQDJ" LK,KXKE"c 

Z\DF\ DE FIJ,DJOIOEQN OHLK,"Lc DE ,\" HG"W"GG"L EIOGF" IW ,I_DFD,N #KQO"E$  +\" ./E9A !"PDIJ [ 9!@ 

+KXQ"E a./E9Ac 7F,IX"G &))4b KJL !"PDIJ 8 !DE]2BKE"L CIJF"J,GK,DIJ ,KXQ"E a./E9Ac AHGDQ &))3b KG" 

KQEI OE"L KE EIOGF"E IW ,I_DFD,N FGD,"GDK Z\"J FGD,"GDK KG" JI, K#KDQKXQ" WGIY ,\" KWIG"Y"J,DIJ"L 

G"W"G"JF"E$

6K1K4K2 ToNicity Criteria 2or Dermal ENposure 

!W=E KJL C/;E WIOJL DJ QD,"GK,OG" KG" WG"dO"J,QN "_HG"EE"L KE KLYDJDE,"G"L LIE"El ,\"G"WIG"c ,\"E" 

#KQO"E KG" FIJEDL"G"L ,I X" DJKHHGIHGDK," WIG "E,DYK,DJP ,\" GDE]E KEEIFDK,"L ZD,\ L"GYKQ GIO,"E IW 

"_HIEOG"$  7GKQ LIE"2G"EHIJE" HKGKY","GE XKE"L IJ KLYDJDE,"G"L LIE"E YOE, X" KLgOE,"L ,I KXEIGX"L 

LIE"E X"WIG" FIYHKGDEIJE ,I "E,DYK,"L L"GYKQ "_HIEOG" DJ,K]"E KG" YKL"$ 

+\" KLgOE,Y"J, WGIY KLYDJDE,"G"L ,I KXEIGX"L LIE" ZKE YKL" OEDJP ,\" WIQQIZDJP F\"YDFKQ2EH"FDWDF 

KXEIGH,DIJ "WWDFD"JFD"E HOXQDE\"L DJ !A@/ 9KG, Er 

bbaAB/a!W=!W= @>IGKQL"GYKQ

bb(aAB/aC/;C/; @>IGKQL"GYKQ

 Z\"G"r AB/@>  s  KXEIGH,DIJ "WWDFD"JFN DJ ,\" PKE,GIDJ,"E,DJKQ ,GKF, 
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6K1K4K9 ToNicity Criteria 2or Carcinogenic E22ects o2 ;ATs 

LDYD,"L ,I_DFD,N #KQO"E KG" K#KDQKXQ" ,I "#KQOK," ,\" FKGFDJIP"JDF "WW"F,E WGIY "_HIEOG" ,I 9AME$  +\" 

YIE, "_,"JED#"QN E,OLD"L 9AM DE X"J`IaKbHNG"J"c Z\DF\ DE FQKEEDWD"L XN ,\" ./E9A KE K HGIXKXQ" \OYKJ 

FKGFDJIP"J$  AQ,\IOP\ C/;E KG" K#KDQKXQ" WIG X"J`IaKbHNG"J"c DJEOWWDFD"J, LK,K KG" K#KDQKXQ" ,I FKQFOQK," 

C/;E WIG I,\"G FKGFDJIP"JDF 9AME$  +I_DF "WW"F,E WIG ,\"E" F\"YDFKQE Z"G" "#KQOK,"L OEDJP ,\" FIJF"H, 

IW "E,DYK,"L IGL"GE IW HI,"J,DKQ HI,"JFNc KE HG"E"J,"L DJ ./E9A !"PDIJ 4 PODLKJF" a<KN &)))b KJL DJ 

,\" !OQ" *&2UUU +"F\JDFKQ !"HIG,$  +E;Ec Z\DF\ DJLDFK," ,\" HI,"JFN IW "KF\ 9AM FIYHIOJL G"QK,D#" ,I 

,\K, IW X"J`IaKbHNG"J"c KG" K#KDQKXQ" WIG E"Q"F, FKGFDJIP"JDF 9AME$  +\" "dOD#KQ"J, IGKQ KJL DJ\KQK,DIJ 

C/;E WIG 9AME I,\"G ,\KJ X"J`IaKbHNG"J" KG" L"GD#"L XN YOQ,DHQNDJP ,\" C/; WIG X"J`IaKbHNG"J" XN ,\" 

+E; WIG ,\" 9AM FIYHIOJLE  a./E9A !"PDIJ 4c <KN &))) KJL ;=E9c ;"XGOKGN &))3b$  +\" +E;E WIG 

,\" FKGFDJIP"JDF 9AME KG" QDE,"L DJ ,\" WIQQIZDJP ,KXQ"$ 

ToNic Eeuivalency >actors 2or Carcinogenic ;ATs 
Contaminant TE> 
X"J`IaKbHNG"J" '$) 
X"J`IaKbKJ,\GKF"J" )$' 
X"J`IaXbWQOIGKJ,\"J" )$' 
X"J`Ia]bWQOIGKJ,\"J" )$)' 
F\GNE"J" )$))' 
LDX"J`aKc\bKJ,\GKF"J" '$) 
DJL"JIa'c&c82FLbHNG"J" )$' 

+\"E" +E;E Z"G" OE"L ,I FIJ#"G, ,\" DJLD#DLOKQ FKGFDJIP"JDF 9AM FIJF"J,GK,DIJE ,I KJ "dOD#KQ"J, 

FIJF"J,GK,DIJ IW X"J`IaKbHNG"J"$  BI,\ ,\" C79C EFG""JDJP KJL dOKJ,D,K,D#" GDE] "E,DYK,"E Z"G" XKE"L 

IJ KJ "#KQOK,DIJ IW ,\" "dOD#KQ"J, FIJF"J,GK,DIJE IW X"J`IaKbHNG"J"$  +\" FKGFDJIP"JDF 9AME KF,OKQQN 

L","F,"L K, Q"KE, IJF" DJ K EIDQ LK,KE", Z"G" OE"L DJ ,\" FKQFOQK,DIJ$  NIJ2L","F, G"EOQ,E Z"G" KEEDPJ"L K 

#KQO" IW IJ"2\KQW ,\" EKYHQ" dOKJ,D,K,DIJ QDYD, HGDIG ,I ,\" FKQFOQK,DIJ$  MIZ"#"Gc ,\IE" FKGFDJIP"JDF 9AME 

JI, L","F,"L DJ KJN EKYHQ" ZD,\DJ ,\" LK,KE", Z"G" JI, FIJEDL"G"L DJ ,\" FKQFOQK,DIJ$  >W FKGFDJIP"JDF 

9AME Z"G" JI, L","F,"L DJ K EKYHQ"c IJ"2\KQW ,\" EKYHQ" dOKJ,D,K,DIJ QDYD, HG"E"J,"L WIG X"J`IaKbHNG"J" 

ZKE OE"L ,I FKQFOQK," ,\" "dOD#KQ"J, FIJF"J,GK,DIJ IW X"J`IaKbHNG"J" DJ ,\K, EKYHQ"$ 

6K1K5 RisA Characteri\ation XUSE;A Metho$ologyY

+\DE E"F,DIJ HGI#DL"E K F\KGKF,"GD`K,DIJ IW ,\" \OYKJ \"KQ,\ GDE]E KEEIFDK,"L ZD,\ ,\" HI,"J,DKQ 

"_HIEOG"E ,I F\"YDFKQE DJ EOGWKF" EIDQc EOXEOGWKF" EIDQc KJL PGIOJLZK,"G K, /D," 48$  +\" G"EOQ,E IW ,\" 

GDE] F\KGKF,"GD`K,DIJ KG" LDEFOEE"L X"QIZ$  9I,"J,DKQ GDE]E aJIJ2FKGFDJIP"JDF KJL FKGFDJIP"JDFb WIG 

DJLD#DLOKQ F\"YDFKQE L","F,"L DJ EIDQ KJL PGIOJLZK,"G K, /D," 48 Z"G" "E,DYK,"L OEDJP ,\" EDYHQ" GDE] 

GK,DI ,"F\JDdO" HG"E"J,"L DJ /"F,DIJ *$'$8$8$  AE LDEFOEE"L DJ /"F,DIJ *$'$8$'c HI,"J,DKQ GDE]E Z"G" 
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"E,DYK,"L WIG WD#" G"F"H,IGE a,\" \NHI,\",DFKQ WO,OG" G"EDL"J,c ,\" ,NHDFKQ DJLOE,GDKQ ZIG]"Gc ,\" FIJE,GOF,DIJ 

ZIG]"Gc ,\" YKDJ,"JKJF" ZIG]"Gc KJL ,\" G"FG"K,DIJKQ OE"G(,G"EHKEE"Gb OEDJP ./E9A KJL ;=E9 GDE] 

KEE"EEY"J, PODLKJF"$  +\" ,I,KQ GDE] WGIY "_HIEOG" ,I KQQ C79CE ZKE FKQFOQK,"L DJ KFFIGLKJF" ZD,\ ,\" 

GDE] KEE"EEY"J, Y",\ILE IO,QDJ"L DJ ./E9A PODLKJF" a="F"YX"G '[5[b$  !DE]E ,I \OYKJ G"F"H,IGE KG" 

KQEI F\KGKF,"GD`"L H"G ;=E9 PODL"QDJ"E(FGD,"GDK "E,KXQDE\"L DJ !OQ" *&2U5)c ;AC DJ /"F,DIJ *$'$*$  

/OHHIG,DJP LIFOY"J,K,DIJ WIG ,\" ED,"2EH"FDWDF MM!AE DE HG"E"J,"L DJ AHH"JLD_ E$ 

6K1K5K1 Evaluation o2 Chemicals Other Than Hea$ 

VOKJ,D,K,D#" "E,DYK,"E IW GDE] WIG F\"YDFKQE I,\"G ,\KJ Q"KL Z"G" FKQFOQK,"L KFFIGLDJP ,I GDE] KEE"EEY"J, 

Y",\ILE IO,QDJ"L DJ /"F,DIJ *$'$8$8$  +\" Y",\ILIQIPN DE XKE"L IJ E,KJLKGL ./E9A PODLKJF" 

a="F"YX"G '[5[b$  LDW",DY" FKJF"G GDE]E KG" "_HG"EE"L DJ ,\" WIGY IW LDY"JEDIJQ"EE HGIXKXDQD,D"E G"W"GG"L 

,I KE >LC!Ec Z\DF\ KG" XKE"L IJ C/;E$  AJ >LC! IW '_')2* DJLDFK,"E ,\" "_HIE"L G"F"H,IG \KE K IJ"2DJ2

IJ"2YDQQDIJ F\KJF" IW L"#"QIHDJP FKJF"G OJL"G ,\" L"WDJ"L "_HIEOG" EF"JKGDI$  AQ,"GJK,D#"QNc EOF\ K GDE] 

YKN X" DJ,"GHG","L KE G"HG"E"J,DJP IJ" KLLD,DIJKQ FKE" IW FKJF"G DJ KJ "_HIE"L HIHOQK,DIJ IW IJ" YDQQDIJ 

H"GEIJE$  CKJF"G GDE] "E,DYK,"E L"#"QIH"L WIG DJLD#DLOKQ F\"YDFKQE KG" EOYY"L KJL HG"E"J,"L KE ,\" 

,I,KQ FKJF"G GDE] "E,DYK," WIG "KF\ G"F"H,IG$  NIJ2FKGFDJIP"JDF GDE] "E,DYK,"E WIG DJLD#DLOKQ F\"YDFKQE KG" 

HG"E"J,"L KE MVEc Z\DF\ KG" XKE"L IJ !W=E$  AJ MV DE ,\" GK,DI IW ,\" DJ,K]" ,I ,\" !W= KJL DE KJ 

DJLDFK,IG IW ,\" HI,"J,DKQ WIG KL#"GE" JIJ2FKGFDJIP"JDF \"KQ,\ "WW"F,E$  AJ M> DE P"J"GK,"L XN EOYYDJP ,\" 

DJLD#DLOKQ MVE WIG KQQ C79CE$  +\" M> DE JI, K YK,\"YK,DFKQ HG"LDF,DIJ IW ,\" E"#"GD,N IW ,I_DF "WW"F,E KJL 

,\"G"WIG" DE JI, K ,GO" wGDE]wl D, DE EDYHQN K JOY"GDFKQ DJLDFK,IG IW ,\" HIEEDXDQD,N IW ,\" IFFOGG"JF" IW JIJ2

FKGFDJIP"JDF a,\G"E\IQLb "WW"F,E$  AE LDEFOEE"L X"QIZc M>E Z"G" FKQFOQK,"L IJ K ,KGP", IGPKJ(,KGP", "WW"F, 

XKEDE$

6K1K5K2 Evaluation o2 Hea$  

E_HIEOG" ,I Q"KL ZKE KEE"EE"L OEDJP ./E9AjE a>E.BCb <IL"Q WIG Q"KL KJL ,\" +!T KLOQ, Q"KL YIL"Q 

aAL<bc KE L"EFGDX"L DJ /"F,DIJ *$'$8$8$*$  +\" G"EOQ,E IW ,\" YIL"QE KG" FIYHKG"L ,I ./E9A Q"#"QE IW 

FIJF"GJ aD$"$c HG"LDF,"L Q"KL Q"#"QE DJ F\DQLG"J KJL KLOQ,E E\IOQL X" Q"EE ,\KJ ') fP(LL KJL ,\" HGIXKXDQD,N 

IW ,\" XQIIL Q"KL FIJF"J,GK,DIJE DJ K F\DQL IG W",OE "_F""LDJP ') fP(L E\IOQL X" Q"EE ,\KJ 3 H"GF"J,b$ 

6K1K5K9 )nterpretation o2 ^uantitative RisA Assessment Results 

+I DJ,"GHG", ,\" dOKJ,D,K,D#" GDE]E KJL ,I KDL GDE] YKJKP"GE DJ L","GYDJDJP ,\" J""L WIG G"Y"LDK,DIJ K, K 

ED,"c dOKJ,D,K,D#" GDE] "E,DYK,"E KG" FIYHKG"L ,I ,NHDFKQ GDE] X"JF\YKG]E$  CKQFOQK,"L >LC!E KG" 

DJ,"GHG","L OEDJP ,\" ./E9AjE ,KGP", GKJP" a'_')2* ,I'_')24b aD$"$c K IJ"2DJ2,"J2,\IOEKJL ,I IJ"2DJ2IJ"2

YDQQDIJ F\KJF" IW L"#"QIHDJP FKJF"Gb KJL ,\" /,K," IW ;QIGDLK PIKQ WIG K ,I,KQ FKJF"G GDE] IW '_')2*$  M>E 

KG" "#KQOK,"L OEDJP K #KQO" IW '$)$ 
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+\" ./E9A \KE L"WDJ"L ,\" GKJP" IW '_')2* ,I '_')24 KE ,\" >LC! ,KGP", GKJP" WIG \K`KGLIOE ZKE," 

WKFDQD,D"E KLLG"EE"L OJL"G ,\" CE!CLA KJL !"EIOGF" CIJE"G#K,DIJ KJL !"FI#"GN AF, a!C!Ab$  

>JLD#DLOKQ IG FOYOQK,D#" >LC!E PG"K,"G ,\KJ '_')24 KG" P"J"GKQQN JI, FIJEDL"G"L KE HGI,"F,D#" IW \OYKJ 

\"KQ,\$  +\" /,K," IW ;QIGDLK \KE "E,KXQDE\"L K FOYOQK,D#" FKJF"G PIKQ IW '_')2* WIG G"F"H,IGE "_HIE"L ,I 

FIJ,KYDJK,"L "J#DGIJY"J,KQ Y"LDK K, K ED,"$  +\"E" X"JF\YKG]E KG" OE"L DJ ,\" DJ,"GHG",K,DIJ IW ,\" GDE] 

F\KGKF,"GD`K,DIJ G"EOQ,E$ 

+\" JIJ2FKGFDJIP"JDF PIKQ WIG XI,\ ,\" ./E9A KJL ;=E9 DE ,\K, ,\" FOYOQK,D#" M> WIG K G"F"H,IG X" Q"EE 

,\KJ OJD,N a'$)b$  AJ M> "_F""LDJP OJD,N DJLDFK,"E ,\"G" YKN X" HI,"J,DKQ JIJ2FKGFDJIP"JDF \"KQ,\ GDE]E 

KEEIFDK,"L ZD,\ "_HIEOG"$  MIZ"#"Gc Z\"J KJ M> "_F""LE OJD,Nc ,KGP", IGPKJkE "WW"F,E KEEIFDK,"L ZD,\ 

"_HIEOG" ,I C79CE KG" FIJEDL"G"L$  7JQN ,\" MVE WIG ,\IE" F\"YDFKQE KWW"F,DJP ,\" EKY" ,KGP", 

IGPKJaEb IG "_\DXD, EDYDQKG FGD,DFKQ "WW"F,aEb KG" G"PKGL"L KE ,GOQN KLLD,D#"$  CIJE"dO"J,QNc D, YKN X" 

HIEEDXQ" WIG K FOYOQK,D#" M> ,I "_F""L '$)c XO, JI KL#"GE" \"KQ,\ "WW"F,E KG" KJ,DFDHK,"L DW ,\" C79CE LI 

JI, KWW"F, ,\" EKY" ,KGP", IGPKJ IG "_\DXD, ,\" EKY" FGD,DFKQ "WW"F, aD$"$c ,\" M>E L"#"QIH"L IJ K ,KGP",2

IGPKJ2EH"FDWDF XKEDE LI JI, "_F""L 'b$  A ,KGP", IGPKJ KJKQNEDE DE ,NHDFKQQN H"GWIGY"L Z\"J ,\" FOYOQK,D#" 

M> "_F""LE OJD,N$  MIZ"#"Gc DJ ,\DE GDE] KEE"EEY"J,c ,\" M>E WIG KQQ G"F"H,IGE Z"G" Q"EE ,\KJ OJD,N KJL ,\" 

,KGP", IGPKJ KJKQNEDE ZKE JI, J"F"EEKGN$ 

COGG"J, ./E9A HIQDFN G"PKGLDJP Q"KL "_HIEOG"E DE ,I QDYD, ,\" F\DQL\IIL GDE] aD$"$c ,\" HGIXKXDQD,Nb IW 

"_F""LDJP K ') fP(LL XQIIL Q"KL Q"#"Q ,I 3 H"GF"J,$ 

6K1K5K4 RisA Characteri\ation Using USE;A Jui$elines 

+\DE E"F,DIJ FIJ,KDJE K EOYYKGN IW ,\" G"EOQ,E IW ,\" GDE] F\KGKF,"GD`K,DIJ WIG /D," 48 FIJLOF,"L 

KFFIGLDJP ,I ./E9A PODLKJF"$  VOKJ,D,K,D#" GDE] "E,DYK,"E WIG HI,"J,DKQ \OYKJ G"F"H,IGE Z"G" L"#"QIH"L 

WIG ,\IE" F\"YDFKQE DL"J,DWD"L KE C79CE DJ /"F,DIJ *$'$&$  9I,"J,DKQ FKJF"G GDE]E KJL M>E Z"G" FKQFOQK,"L 

OEDJP ,\" Y",\ILIQIPN HG"E"J,"L DJ /"F,DIJ *$'$8 KJL KG" EOYYKGD`"L DJ +KXQ" *23$  +\" G"EOQ,E KG" 

LDEFOEE"L X"QIZ$  C\"YDFKQ2EH"FDWDF GDE]E KG" HG"E"J,"L DJ AHH"JLD_ E$ 

Non-Carcinogenic RisA 

COYOQK,D#" M>E "E,DYK,"L WIG "_HIEOG"E ,I EOGWKF" EIDQc EOXEOGWKF" EIDQc KJL PGIOJLZK,"G XN KQQ G"F"H,IGE 

Z"G" Q"EE ,\KJ 'c DJLDFK,DJP ,\K, KL#"GE" JIJ FKGFDJIP"JDF "WW"F,E KG" JI, KJ,DFDHK,"L WIG ,\"E" G"F"H,IGE 

OJL"G ,\" FIJLD,DIJE "E,KXQDE\"L DJ ,\" "_HIEOG" KEE"EEY"J,$ M>E WIG KQQ G"F"H,IGE KG" HG"E"J,"L DJ 

+KXQ" *23$ 
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TABLE 6-5

SUMMARY OF CANCER RISKS AND HAZARD INDICES
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Receptor Media Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with
Risk Cancer Risks Cancer Risks Cancer Risks Index HI> 1

> 10-4 > 10-5 and ~ 10.4 > 10.6 and ~ 10.5

Industrial Workers Surface Soil 1E-06 -- - - -- 0.04 ., -
SubsLrface Soil 3E-06 -- -- Carcinoqenic PAHs 0.02 ., -

Iconstruction Workers ~rface Soil 8E-07 E 0.7
1E-06 0.3Su:)surface Soil

IMaintenance Workers ISurface Soil 5E-07 0.008

IAdolescent Recreati01al Users ISwrface Soil 7E-07 0.03

IAdult Recreational Users ISUIrface Soil 8E-07 0.02

ILifelong Recreational Users ISUliace Soil 2E-06 Arsenic NA

SUliace Soil 6E-06 -- --
Carcinogenic PAHs,

0.7 - -
Hypothetical Future Residents Arsenic

Subsurface Soil 2E-05 ., - Carcinoqenic PAils Arsenic 0.6 ., -
Groundwater - shallow 2E-05 ., - Chloroform -- 0.6 --
Groundwater deep(1) --- - - - - - - 0.2 ., -

Notes:
1. No carcinogenic COPCs were detected in the deep groundwater samples.
NA - Not applicable.
HI - Hazard Index.

o
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Carcinogenic RisA 

COYOQK,D#" >LC!E WIG "_HIEOG" ,I EOGWKF" EIDQc EOXEOGWKF" EIDQc KJL PGIOJLZK,"G Z"G" Q"EE ,\KJ IG ZD,\DJ 

./E9AkE ,KGP", GDE] GKJP" IW ')24 ,I ')2* WIG KQQ G"F"H,IGE$ MIZ"#"Gc >LC!E "_F""L"L ,\" /,K," IW 

;QIGDLKkE ,KGP", GDE] Q"#"Q IW ' _ ')2* WIG "_HIEOG" ,I EOGWKF" EIDQ XN G"EDL"J,E KJL QDW"QIJP G"FG"K,DIJKQ 

OE"GEc WIG "_HIEOG" ,I EOXEOGWKF" EIDQ XN G"EDL"J,Ec DJLOE,GDKQ ZIG]"GEc KJL QDW"QIJP G"FG"K,DIJKQ OE"GEc 

KJL WIG "_HIEOG" ,I PGIOJLZK,"G XN WO,OG" G"EDL"J,E$  +\"E" "_F""LKJF"E IW ,\" ;QIGDLK ,KGP", GDE] Q"#"Q 

KG" LO" ,I KGE"JDF KJL FKGFDJIP"JDF 9AME DJ EOGWKF" KJL EOXEOGWKF" EIDQ KJL ,I F\QIGIWIGY DJ 

PGIOJLZK,"G$  NI," ,\K, GDE]E WIG KGE"JDF DJ EOGWKF" EIDQ KG" XKE"L IJ ,\" YK_DYOY L","F,"L 

FIJF"J,GK,DIJ X"FKOE" ,\" FKQFOQK,"L .CL aXKE"L IJ K QIPJIGYKQ LDE,GDXO,DIJb "_F""L"L ,\" YK_DYOY 

FIJF"J,GK,DIJc KE G"FIYY"JL"L XN ,\" ;QIGDLK .CL CKQFOQK,IG +IIQ$  AQEIc KQ,\IOP\ ,\" >LC! WIG 

F\QIGIWIGY DJ PGIOJLZK,"G aE\KQQIZ KdODW"Gb ZKE &_')23c ,\" YK_DYOY L","F,"L FIJF"J,GK,DIJ IW 

F\QIGIWIGY a* OP(Lb DE Q"EE ,\KJ ,\" ./E9A <CL a5) OP(Lb KJL ,\" ;QIGDLK @C+L aU) OP(Lb$ >LC!E WIG 

G"EDL"J,DKQ OE" IW ,\" L""H"G KdODW"G K, /D," 48 Z"G" Q"EE ,\KJ ' _ ')2*$  >LC!E WIG KQQ G"F"H,IGE KG" 

HG"E"J,"L DJ +KXQ" *23$ 

ENposure to Hea$ 

L"KL ZKE DL"J,DWD"L KE K C79C WIG EOGWKF" KJL EOXEOGWKF" EIDQ K, /D," 48 X"FKOE" YK_DYOY L","F,"L 

FIJF"J,GK,DIJE aUc8*) YP(]P KJL 3c33) YP(]Pc G"EH"F,D#"QNb "_F""L"L ,\" 4)) YP(]P 7/TE! //L WIG 

G"EDL"J,DKQ QKJL OE"$  L"KL ZKE KQEI DL"J,DWD"L KE K C79C WIG PGIOJLZK,"G X"FKOE" ,\" YK_DYOY 

L","F,"L PGIOJLZK,"G FIJF"J,GK,DIJ a&[$[ fP(Lb "_F""L"L ,\" '3 fP(L ./E9A KF,DIJ Q"#"Q K, ,\" ,KH$  

+\" YK_DYOY Q"KL FIJF"J,GK,DIJE DJ EIDQE KJL PGIOJLZK,"G "_F""L XKF]PGIOJL X"JF\YKG] 

FIJF"J,GK,DIJE$

AE E,K,"L HG"#DIOEQNc HOXQDE\"L ,I_DFD,N FGD,"GDK aC/;Ec !W=Eb KG" JI, FOGG"J,QN K#KDQKXQ" WIG Q"KL$  +\" 

./E9A G"FIYY"JLE ,\K, "J#DGIJY"J,KQ Q"KL "_HIEOG"E X" "#KQOK,"L OEDJP ,\" >E.BC F\DQL\IIL Q"KL 

YIL"Q WIG ,\" G"EDL"J,DKQ "_HIEOG" EF"JKGDI KJL ,\" +!T KLOQ, Q"KL YIL"Q WIG JIJ2G"EDL"J,DKQ "_HIEOG" 

EF"JKGDIE$  +\" XQIIL2Q"KL FIJF"J,GK,DIJ IW K G"F"H,IG DE FIJEDL"G"L K ]"N DJLDFK,IG IW ,\" HI,"J,DKQ WIG 

KL#"GE" \"KQ,\ "WW"F,E$  +\" >E.BC KJL +!T YIL"QE FKQFOQK," ,\" HGIXKXDQD,N IW K G"F"H,IGkE XQIIL2Q"KL 

Q"#"Q "_F""LDJP ') fP(LL$  +\" ./E9A PIKQ DE ,I QDYD, ,\" F\DQL\IIL GDE] aHGIXKXDQD,Nb IW "_F""LDJP K ') 

fP(LL XQIIL2Q"KL FIJF"J,GK,DIJ ,I WD#" H"GF"J,$ 

C\DQL L"KL <IL"Q !"EOQ,E

COGG"J, ./E9A PODLKJF" G"FIYY"JLE OEDJP ,\" K#"GKP" FIJF"J,GK,DIJ ,I "#KQOK," "_HIEOG" ,I Q"KL$  

+\"G"WIG"c ,\" K#"GKP" Q"KL FIJF"J,GK,DIJ DJ EOGWKF" EIDQ a'c)5) YP(]Pb KJL ,\" K#"GKP" FIJF"J,GK,DIJ DJ 

EOXEOGWKF" EIDQ a&U4 YP(]Pbc KJL YIL"Q L"WKOQ, #KQO"E WIG I,\"G YIL"Q HKGKY","GE Z"G" OE"L DJ ,\" 
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>E.BC KJL +!T YIL"Q KJKQNE"E WIG EIDQ$  L"KL ZKE L","F,"L DJ ,ZI PGIOJLZK,"G EKYHQ"E QIFK,"L DJ 

LDWW"G"J, KG"KE IW ,\" ED,"$  E_HIEOG" ,I Q"KL DJ PGIOJLZK,"G ZKE "#KQOK,"L DJ ,\" >E.BC YIL"Q OEDJP ,\" 

YK_DYOY L","F,"L PGIOJLZK,"G FIJF"J,GK,DIJ a&[$[ OP(Lb DJ EKYHQ" 9EN2482@T'8/)' QIFK,"L DJ 

AJIYKQN AG"K NI$ ''$ 

+\" G"EOQ,E IW ,\" >E.BC YIL"Q "#KQOK,DIJ WIG EOGWKF" EIDQ DJLDFK," ,\K, ,\" "E,DYK,"L P"IY",GDF Y"KJ 

XQIIL2Q"KL Q"#"Q WIG K F\DQL G"EDL"J, DE [$[U& fP(LL$ +\DE XQIIL2Q"KL Q"#"Q DE Q"EE ,\KJ ,\" "E,KXQDE\"L Q"#"Q 

IW FIJF"GJ a') fP(LLb$  MIZ"#"Gc KHHGI_DYK,"QN 4[$U*3 H"GF"J, IW F\DQLG"J KEEOY"L ,I X" "_HIE"L ,I 

EOGWKF" EIDQ KG" "_H"F,"L ,I "_H"GD"JF" XQIIL2Q"KL Q"#"QE PG"K,"G ,\KJ ') fP(LL$  +\DE "E,DYK," DE PG"K,"G 

,\KJ ./E9AkE PIKQ IW QDYD,DJP "_HIEOG" ,I Q"KL EI ,\K, JI YIG" ,\KJ 3 H"GF"J, IW ,\" "_HIE"L F\DQLG"J 

\K#" KJ "E,DYK,"L XQIIL2Q"KL Q"#"Q PG"K,"G ,\KJ ,\" "E,KXQDE\"L Q"#"Q IW FIJF"GJ aD$"$c') fP(LLb$  L"KL 

FIJF"J,GK,DIJE "_F""LDJP 4)) YP(]P Z"G" WIOJL DJ ,\" WIQQIZDJP ,\G"" KG"KE IW ,\" ED,"r 

'b +\" KG"K J"KG P"IH\NEDFKQ AJIYKQN AG"K NI$'' aK#"GKP" Q"KL FIJF"J,GK,DIJ s 'c&*) YP(]Pb 

&b +\" KG"K J"KG P"IH\NEDFKQ AJIYKQN AG"K NI$ &8 aK#"GKP" FIJF"J,GK,DIJ s 8c)8& YP(]Pb 

8b +\" WIGY"G +"JJDE CIOG, AG"K a&c)5) YP(]P DJ EKYHQ" 9EN2482//&'b$ 

+\" G"EOQ,E IW ,\" >E.BC YIL"Q "#KQOK,DIJ WIG EOXEOGWKF" EIDQ hXKE"L IJ KJ K#"GKP" FIJF"J,GK,DIJ IW 

&U4 YP(]P aD$"$c KQQ /D," 48 EOXEOGWKF" EIDQ EKYHQ"Ebi DJLDFK," ,\K, ,\" "E,DYK,"L P"IY",GDF Y"KJ XQIIL2

Q"KL Q"#"Q WIG K F\DQL G"EDL"J, DE 4$)4[ fP(LL$  +\DE XQIIL2Q"KL Q"#"Q DE Q"EE ,\KJ ,\" "E,KXQDE\"L Q"#"Q IW 

FIJF"GJ a') fP(LLb$  AHHGI_DYK,"QN &$U& H"GF"J, IW F\DQLG"J KEEOY"L ,I X" "_HIE"L ,I EOXEOGWKF" EIDQ 

KG" "_H"F,"L ,I "_H"GD"JF" XQIIL2Q"KL Q"#"QE PG"K,"G ,\KJ ') fP(LL$  +\DE "E,DYK," DE Q"EE ,\KJ ./E9AkE 

PIKQ IW QDYD,DJP "_HIEOG" ,I Q"KL EI ,\K, JI YIG" ,\KJ 3 H"GF"J, IW ,\" "_HIE"L F\DQLG"J \K#" KJ 

"E,DYK,"L XQIIL2Q"KL Q"#"Q PG"K,"G ,\KJ ,\" "E,KXQDE\"L Q"#"Q IW FIJF"GJ aD$"$c') fP(LLb$  NI," ,\K, Q"KL 

FIJF"J,GK,DIJE DJ ED_ EOXEOGWKF" EIDQ EKYHQ"E a4&Uc 3'[c 'c8*3c 'c8U)c 'c4*)c KJL 3c3)) YP(]Pb "_F""L"L 

,\" 4)) YP(]P EFG""JDJP Q"#"Q$  +\"E" EKYHQ"E KG" QIFK,"L ZD,\DJ IG J"KG ,\" DJ,"GDY G"YI#KQ KF,DIJ 

"_FK#K,DIJ KG"K K, K L"H,\ GKJP" IW & ,I 4 W"", XQE$  +\" K#"GKP" Q"KL FIJF"J,GK,DIJ IW EKYHQ"E ZD,\DJ ,\DE 

KG"K KJL L"H,\ GKJP" DE 'c833 YP(]P KJL ,\" K#"GKP" FIJF"J,GK,DIJ IW EKYHQ"E IO,EDL" ,\DE KG"K KJL K, 

PG"K,"G L"H,\E DE 8$[ YP(]P$  >W ,\" >E.BC YIL"Q DE GOJ OEDJP K Q"KL FIJF"J,GK,DIJ IW 'c833 YP(]Pc ,\" 

HG"LDF,"L XQIIL Q"KL Q"#"Q DE ''$**& fP(LL KJL *&$5&& H"GF"J, IW F\DQLG"J KG" "_H"F,"L ,I \K#" XQIIL2

Q"KL Q"#"QE PG"K,"G ,\KJ ') fP(LL$  +\"E" #KQO"E "_F""L ,\" ./E9A X"JF\YKG]E WIG "_HIEOG" ,I Q"KL$ 

+\" G"EOQ,E IW ,\" >E.BC YIL"Q "#KQOK,DIJ WIG PGIOJLZK,"G aXKE"L IJ ,\" YK_DYOY L","F,"L 

FIJF"J,GK,DIJ IW &[$[ OP(Lb DJLDFK," ,\K, ,\" "E,DYK,"L P"IY",GDF Y"KJ XQIIL2Q"KL Q"#"Q WIG K F\DQL 

G"EDL"J, DE 3$&4& fP(LL$  +\DE XQIIL2Q"KL Q"#"Q DE Q"EE ,\KJ ,\" "E,KXQDE\"L Q"#"Q IW FIJF"GJ a') fP(LLb$  

AHHGI_DYK,"QN 5$4*[ H"GF"J, IW F\DQLG"J KEEOY"L ,I X" "_HIE"L ,I PGIOJLZK,"G KG" "_H"F,"L ,I 

"_H"GD"JF" XQIIL2Q"KL Q"#"QE PG"K,"G ,\KJ ') fP(LL$  +\DE "E,DYK," DE PG"K,"G ,\KJ ./E9AkE PIKQ IW 
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QDYD,DJP "_HIEOG" ,I Q"KL EI ,\K, JI YIG" ,\KJ 3 H"GF"J, IW ,\" "_HIE"L F\DQLG"J \K#" KJ "E,DYK,"L 

XQIIL2Q"KL Q"#"Q PG"K,"G ,\KJ ,\" "E,KXQDE\"L Q"#"Q IW FIJF"GJ aD$"$c ') fP(LLb$ 

+\" G"EOQ,E IW ,\" >E.BC YIL"Q KJKQNEDE DJLDFK," ,\K, XQIIL2Q"KL Q"#"QE IW F\DQLG"J "_HIE"L ,I Q"KL DJ EIDQ 

KJL PGIOJLZK,"G K, /D," 48 YKN X" PG"K,"G ,\KJ ,\" ./E9A PIKQ IW ') fP(LL$  +\" G"EOQ,E IW ,\" >E.BC 

YIL"Q KG" HG"E"J,"L DJ AHH"JLD_ E$ 

ALOQ, L"KL <IL"Q !"EOQ,E

+\DE E"F,DIJ HG"E"J,E ,\" G"EOQ,E IW ,\" AL< "#KQOK,DIJ$  ;OQQ ,DY" ZIG]"GEc FIJE,GOF,DIJ ZIG]"GEc KJL 

G"FG"K,DIJKQ OE"GE Z"G" "#KQOK,"L WIG "_HIEOG" ,I Q"KL DJ EOGWKF" EIDQ KJL WOQQ ,DY" ZIG]"GE KJL 

FIJE,GOF,DIJ ZIG]"GE Z"G" "#KQOK,"L WIG "_HIEOG" ,I Q"KL DJ EOXEOGWKF" EIDQ OEDJP K#"GKP" 

FIJF"J,GK,DIJE KFGIEE ,\" ED,"$  +\" WIQQIZDJP ,KXQ" EOYYKGD`"E ,\" G"EOQ,E IW ,\" ALOQ, L"KL <IL"Q 

KJKQNEDE$

ADUHT HEAD MODEH RESUHTS 

!"F"H,IG

9G"LDF,"L ALOQ, BQIIL 

L"KL L"#"Q 

aOP(=Qb

9GIXKXDQD,N ,\K, W",KQ 

BQIIL L"KL L"#"Q TDQQ 

E_F""L ') OP(LL 

E_F""LE ./E9A @IKQ z 

/OGWKF" /IDQ aK#"GKP" FIJF"J,GK,DIJ s 'c)5) YP(]Pb'

;OQQ +DY" TIG]"G 8$' ^ 8$8 4$' ^ U$) A"E 

CIJE,GOF,DIJ TIG]"G 4$U ^ 4$[ '&$8 ^ '*$8 A"E 

!"FG"K,DIJKQ .E"G &$' ^ &$8 '$8 ^ 8$' NI 

/OXEOGWKF" /IDQ aK#"GKP" FIJF"J,GK,DIJ s &U4 YP(]Pb'

;OQQ +DY" TIG]"G '$[ 2&$' )$[ ^ &$8 NI 

CIJE,GOF,DIJ TIG]"G &$8 ^ &$3 '$U ^ 8$U NI 

'$  L"KL FIJF"J,GK,DIJE KG" K#"GKP"E IW EKYHQ"E KFGIEE ,\" "J,DG" ED," a4)c))) W,
&
 IG KHHGI_DYK,"QN ' KFG"b$  +\" FIJF"J,GK,DIJE KJL GDE]E HG"E"J,"L DJ ,\" ,KXQ" LI 

JI, KFFIOJ, WIG QIFKQ n\I,EHI,Eo KE LDEFOEE"L WIG ,\" >E.BC <IL"Q "#KQOK,DIJ IW Q"KL DJ EIDQE HG"E"J,"L KXI#"$ 

AE E\IZJ DJ ,\" ,KXQ"c ,\" F"J,GKQ "E,DYK," XQIIL2Q"KL Q"#"QE WIG WOQQ ,DY" IFFOHK,DIJKQ ZIG]"GEc 

FIJE,GOF,DIJ ZIG]"GEc KJL G"FG"K,DIJKQ OE"GE "_HIE"L ,I ,\" K#"GKP" FIJF"J,GK,DIJ IW Q"KL DJ EOGWKF" EIDQ 

a'c)5) YP(]Pb Z"G" Q"EE ,\KJ ,\" ./E9A Q"#"Q IW FIJF"GJ IW ') fP(LL$  MIZ"#"Gc YIG" ,\KJ 3 H"GF"J, IW 

,\" "_HIE"L F\DQLG"J aD$"$c OJXIGJ W",OE"Eb KG" HG"LDF,"L ,I \K#" "E,DYK,"L XQIIL2Q"KL Q"#"QE PG"K,"G ,\KJ 

,\" "E,KXQDE\"L Q"#"Q IW FIJF"GJ aD$"$c ') fP(LLb$ 

+\" HG"LDF,"L XQIIL Q"KL Q"#"QE KJL HGIXKXDQD,D"E IW "_F""LDJP ,\" XQIIL2Q"KL PIKQ IW ') fP(LL WIG 

"_HIEOG" ,I ,\" K#"GKP" FIJF"J,GK,DIJ IW Q"KL DJ EOXEOGWKF" EIDQ a&U4 YP(]Pb KFGIEE ,\" ED," KG" 
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KFF"H,KXQ" WIG KQQ HI,"J,DKQ G"F"H,IGE$  MIZ"#"Gc KE L",KDQ"L DJ ,\" LDEFOEEDIJ WIG ,\" HG"F"LDJP >E.BC 

<IL"Q "#KQOK,DIJc ,\" K#"GKP" Q"KL FIJF"J,GK,DIJ WIG EOXEOGWKF" EIDQ EKYHQ"E DJ ,\" G"YI#KQ KF,DIJ 

"_FK#K,DIJ KG"K K, K L"H,\ GKJP" IW & ,I 4 W"", DE 'c833 YP(]P$  >W ,\" AL< YIL"Q DE GOJ OEDJP K Q"KL 

FIJF"J,GK,DIJ IW 'c833 YP(]Pc ,\" HGIXKXDQD,D"E ,\K, XQIIL2Q"KL Q"#"QE IW W",OE"E IW IFFOHK,DIJKQ ZIG]"GE 

KJL FIJE,GOF,DIJ ZIG]"GE ZIOQL X" PG"K,"G ,\KJ ') fP(LL "_F""LE ,\" ./E9AkE PIKQ IW 3 H"GF"J,$ 

>J EOYYKGNc ,\" G"EOQ,E IW ,\" +!T KLOQ, Q"KL YIL"Q "#KQOK,DIJE DJLDFK," ,\K, ,\" HGIXKXDQD,N IW ZIG]"GE 

\K#DJP F\DQLG"J ZD,\ XQIIL2Q"KL Q"#"QE PG"K,"G ,\KJ ') fP(LL "_F""L ,\" ./E9AkE PIKQ IW WD#" H"GF"J,$  

+\" G"EOQ,E IW ,\" +!T YIL"QDJP KG" HG"E"J,"L DJ AHH"JLD_ E$ 

6K1K6 RisA Characteri\ation Using >DE; Rules 62-777 an$ 62-780, >AC

+\DE E"F,DIJ L"EFGDX"E ,\" /,K," IW ;QIGDLK Y",\ILIQIPN OE"L ,I "#KQOK," GDE]E WIG "_HIEOG" ,I F\"YDFKQE 

L","F,"L DJ EIDQ KJL PGIOJLZK,"G K, /D," 48$ +\" GDE] KEE"EEY"J, Y",\ILIQIPN DE XKE"L IJ PODLKJF" 

HGI#DL"L DJ !OQ" *&2U5)c ;ACc Z\DF\ YK]"E OE" IW K H\KE"L GDE]2XKE"L FIGG"F,D#" KF,DIJ HGIF"EE ,\K, DE 

D,"GK,D#" KJL ,KDQIGE ED," G"\KXDQD,K,DIJ ,I ED,"2EH"FDWDF FIJLD,DIJE KJL GDE]E$  !OQ" *&2U5) DE OE"L DJ 

FIJgOJF,DIJ ZD,\ !OQ" *&2UUUc ;ACc Z\DF\ HGI#DL"E ,\" Y",\ILIQIPN OE"L ,I "E,KXQDE\ ,\" ;=E9 C+LE 

WIG ,\" G"EDL"J,DKQc FIYY"GFDKQ(DJLOE,GDKQc IG KQ,"GJK," QKJL OE" EF"JKGDIE$  +\" Y",\ILIQIPD"E L"EFGDX"L 

DJ ,\" WIQQIZDJP HKGKPGKH\E KG" HG"E"J,"L DJ AHH"JLD_ = KJL AHH"JLD_ E IW ,\" +"F\JDFKQ !"HIG, WIG 

C\KH,"G *&2UUU ;AC a;=E9c ;"XGOKGN &))3b$ 

+\" ;=E9 GDE] F\KGKF,"GD`K,DIJ DE H"GWIGY"Lc DJ HKG,c ,\GIOP\ K E"GD"E IW ,KXQ"E DJ Z\DF\ FIJF"J,GK,DIJE IW 
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TABLE 6-6

FLORIDA LEVEL 1 (RESIDENTIAL) DIRECT CONTACT EVALUATION - SURFACE SOIL
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

CAS No. Parameter
Frequency of 

Detection
Sample of Maximum 

Detection
Background

Value(1)

Non-Apportioned Florida 
Residential SCTL- Direct 

Contact (2)

Ratio of 
Maximum

Concentration/
Non-apportioned

Residential
SCTL

Is Chemical a
Potential Level 1 

COC ? (3)
Rationale/Comments

Semivolatile Organics  (mg/kg)
90-12-0 1-METHYLNAPHTHALENE 1/20 0.003 J PEN-43-SS2401 NA(4) 200 N 1.5E-05 No maximum < SCTL
91-57-6 2-METHYLNAPHTHALENE 7/20 0.009 J PEN-43-SS2401 NA 210 N 4.3E-05 No maximum < SCTL
83-32-9 ACENAPHTHENE 5/20 0.003 J PEN-43-SS2401 NA 2400 N 1.3E-06 No maximum < SCTL
208-96-8 ACENAPHTHYLENE 11/20 0.011 J PEN-43-SS2501 NA 1800 N 6.1E-06 No maximum < SCTL
120-12-7 ANTHRACENE 17/20 0.017 J PEN-43-SS2801 NA 21000 N 8.1E-07 No maximum < SCTL
191-24-2 BENZO(G,H,I)PERYLENE 19/20 0.11 J PEN-43-SS2801 NA 2500 N 4.4E-05 No maximum < SCTL
206-44-0 FLUORANTHENE 20/20 0.28 J PEN-43-SS2401 NA 3200 N 8.8E-05 No maximum < SCTL
86-73-7 FLUORENE 1/20 0.003 J PEN-43-SS1801-D NA 2600 N 1.2E-06 No maximum < SCTL
91-20-3 NAPHTHALENE 9/20 0.003 J PEN-43-SS2701 NA 55 N 5.5E-05 No maximum < SCTL
85-01-8 PHENANTHRENE 20/20 0.085 PEN-43-SS2801 NA 2200 N 3.9E-05 No maximum < SCTL
129-00-0 PYRENE 20/20 0.19 PEN-43-SS2401 NA 2400 N 7.9E-05 No maximum < SCTL
50-32-8 CARCINOGENIC PAHS 20/20 0.3 PEN-43-SS2801 NA 0.1 C 2.9E+00 Yes maximum > SCTL
117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 3/20 0.87 PEN-43-SS3501 NA 72 C 1.2E-02 No maximum < SCTL
84-74-2 DI-N-BUTYL PHTHALATE 2/20 1.2 PEN-43-SS2001 NA 8200 N 1.5E-04 No maximum < SCTL

Inorganics  (mg/kg)

7440-38-2 ARSENIC 11/12 8 PEN-43-SS2801 1.56 2.1 C 3.8E+00 Yes
maximum > SCTL

maximum/SCTL ratio > 3

7440-39-3 BARIUM 12/12 726 PEN-43-SS2801 4.63 120 N 6.1E+00 Yes
maximum > SCTL

maximum/SCTL ratio > 3

7440-50-8 COPPER 17/17 889 PEN-43-SS2401 5.74 150 N 5.9E+00 Yes
maximum > SCTL

maximum/SCTL ratio > 3

7439-92-1 LEAD 17/17 7360 PEN-43-SS2801 7.32 400 1.8E+01 Yes
maximum > SCTL

maximum/SCTL ratio > 3
7440-62-2 VANADIUM 9/9 73.1 PEN-43-SS2801 5.83 67 N 1.1E+00 Yes maximum > SCTL

Shaded cells indicate that the specified criterion or background level has been exceeded or that the chemical has been selected as a potential COC.

Footnotes:
1     To determine whether metal concentrations were within background levels,  soil concentrations were compared to facilty background levels described in Section 6.1.1.1.  If the maximum concentration of a chemical
        is less than the background value, that chemical was not selected as a COPC.
2    Soil Cleanup Target Levels (SCTLs) for Chapter 62-777, FAC, Florida Department of Environmental Protection (FDEP), April  2005.
3    A chemical is selected as a potential COC if the maximum concentration exceeds the non-apportioned SCTL and, for metals, if the site concentrations exceed background levels.
4    NA - Not Applicable.   According to Rule 62-780 only naturally occurring (inorganic) constituents are considered in the background evaluation.
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90-12-0 1-MET0YLNAP0T0ALENE 1(20 0.003 7 0.003 PEN-43-SS2401 NA(7) 12000 N 2.5E-07 Nasal 12000 No No MaBimum(SCTL ratio I0.1
91-57-6 2-MET0YLNAP0T0ALENE 7(20 0.009 7 0.005 PEN-43-SS2401 NA 12000 N 7.5E-07 Nasal 12000 No No MaBimum(SCTL ratio I0.1
83-32-9 ACENAP0T0ENE 5(20 0.003 7 0.002 PEN-43-SS2401 NA 190000 N 1.6E-08 Liver 190000 No No MaBimum(SCTL ratio I0.1
208-96-8 ACENAP0T0YLENE 11(20 0.011 7 0.004 PEN-43-SS2501 NA 190000 N 5.8E-08 Liver 190000 No No MaBimum(SCTL ratio I0.1
120-12-7 ANT0RACENE 17(20 0.017 7 0.01 PEN-43-SS2801 NA 1000000 N 1.7E-08 None specified 1000000 No No MaBimum(SCTL ratio I0.1
191-24-2 PENQR(G,0,I)PERYLENE 19(20 0.11 7 0.06 PEN-43-SS2801 NA 110000 N 1.0E-06 Neurological 110000 No No MaBimum(SCTL ratio I0.1

206-44-0 WLURRANT0ENE 20(20 0.28 7 0.2 PEN-43-SS2401 NA 64000 N 4.4E-06 Plood, Yidney , 
Liver 64000 No No MaBimum(SCTL ratio I0.1

86-73-7 WLURRENE 1(20 0.003 7 0.002 PEN-43-SS1801-D NA 140000 N 2.1E-08 Plood 140000 No No MaBimum(SCTL ratio I0.1
91-20-3 NAP0T0ALENE 9(20 0.003 7 0.002 PEN-43-SS2701 NA 4400 N 6.8E-07 Nasal 4400 No No MaBimum(SCTL ratio I0.1
85-01-8 P0ENANT0RENE 20(20 0.085 0.05 PEN-43-SS2801 NA 110000 N 7.7E-07 Yidney 110000 No No MaBimum(SCTL ratio I0.1
129-00-0 PYRENE 20(20 0.19 0.1 PEN-43-SS2401 NA 110000 N 1.7E-06 Yidney 110000 No No MaBimum(SCTL ratio I0.1
50-32-8 CARCINRGENIC PA0S 20(20 0.3 0.2 PEN-43-SS2801 NA 0.8 C 7.2E-01 Carcinogen 0.4 No No EPC I Simple Apportioned SCTL
117-81-7 PIS(2-ET0YL0E\YL)P0T0ALATE 3(20 0.87 0.4 PEN-43-SS3501 NA 480 C 1.8E-03 Liver, Carcinogen 480 No No MaBimum(SCTL ratio I0.1
84-74-2 DI-N-PUTYL P0T0ALATE 2(20 1.2 1.2 PEN-43-SS2001 NA 180000 N 6.7E-06 Mortality 180000 No No MaBimum(SCTL ratio I0.1

-E<?P>EIFL  1@P/OP4

7440-38-2 ARSENIC 11(12 8 8 PEN-43-SS2801 1.T' 9.4 C 8.5E-01 Cardiovascular, 
S]in, Carcinogen 9.4 No No EPC I Simple Apportioned SCTL

7440-39-3 PARIUM 12(12 726 546 PEN-43-SS2801 7.'0 251000 N 2.9E-03 Cardiovascular 251000 No No MaBimum(SCTL ratio I0.1
7440-50-8 CRPPER 17(17 889 357 PEN-43-SS2401 T.Y7 146000 N 6.1E-03 Gastrointestinal 146000 No No MaBimum(SCTL ratio I0.1
7439-92-1 LEAD 17(17 7360 1080 PEN-43-SS2801 Y.02 3000 2.5E^00 --- 3000 No No EPC I Simple Apportioned SCTL
7440-62-2 _ANADIUM 9(9 73.1 73.1 PEN-43-SS2801 T.80 3650 N 2.0E-02 0air Loss 3650 No No MaBimum(SCTL ratio I0.1

6W>QeQ FeNNL IEQIF>Be BW>B BWe LKeFIHIeQ F?IBe?I<E <? Z>FOP?<DEQ NeveN W>L ZeeE eJFeeQeQ <? BW>B BWe FWe@IF>N W>L ZeeE LeNeFBeQ >L > K<BeEBI>N 2+2.

*<<BE<BeL[
1    EBposure point concentrations (EPCs) are maBimum concentrations or 95 ` upper confidence limits (UCLs) on the arithmetic mean as determined by statistical tests and calculations performed by Wloridacs UCL Calculator.
2     To determine whether metal concentrations were within bac]ground levels,  soil concentrations were compared to facilty bac]ground levels described in Section 6.1.1.1.  If the maBimum concentration of a chemical
        is less than the bac]ground value, that chemical was not selected as a CRPC.
3    SCTLs for recreational users were developed using the methods presented in Chapter 62-777, WAC, April  2005 and the most current toBicological data available in IRIS.
       The recreational users are assumed to be eBposed 45 days per year by ingestion, inhalation, and dermal contact.  Calculations of the recreational SCTLs are presented in AppendiB D.
4    Target organs are obtained from Table II, Soil Cleanup Target Levels (SCTLs) for Chapter 62-777, WAC, Wlorida Department of Environmental Protection (WDEP), April  2005.
5    _alues of the simple apportioned SCTLs are determined by dividing the non-apportioned SCTL by the number carcinogenic chemicals or by the number of chemicals impacting the same target organ for noncarcinogens as defined by Chapter 62-777 W.A.C.  Chemicals
       with maBimum concentrations less than 0.1 of the non-apportioned SCTL are not included in the apportionment process. 
6    A chemical is selected as a potential CRC if the maBimum concentration is greater than 3 times  the non-apportioned SCTL or if the EPC is greater than the apportioned SCTL, and, for metals, if the site concentrations eBceed bac]ground levels.
7    NA - Not Applicable.   According to Rule 62-780 only naturally occurring (inorganic) constituents are considered in the bac]ground evaluation.
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TABLE 6·9

COMPARISON WITH SCTLs FOR LEACH~BILITY TO GROUNDWATER AND CSAT LIMITS· SURFACE SOIL
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Frequency of Maximum Sample of Maximum Background
Florida

Soil Saturation
CAS No. Parameter Leachability to

Detection Concentration Detection Value(1)
GW(2)

Limit, Csat (3)

Semivolatile OrClani,;s (malkQ)
90-12-0 1-METHYLNAPHTHJ,LENE 1120 -. 0.003 J PEN-43-SS2401 NAI4\ 31 410
91-57-6 ;>-METHYLNAPHTHJ,LENE 7120 0.009 J PEN-43-SS2401 NA 8.5 ---
83-32-9 I'\CENAPHTHENE 5120 0.003 J PEN-43-SS2401 NA 2.1 ---
208-96-8 I'\CENAPHTHYLENE 11120 0.011 J PEN-43-SS2501 NA 27 ---
120-12-7 I'\NTHRACENE 17120 0.017 J PEN-43-SS2801 NA 2500 ---
191-24-2 3ENZOIG,H,I\PERYLENE 19120 0.11 J PEN-43-SS2801 NA 32000 ---
206-44-0 ~LUORANTHENE 20/20 - 0.28 J PEN-43-SS2401 NA 1200 ---
86-73-7 ~LUORENE 1/20 0.003 J PEN-43-SS1801-D NA 160 ---
91-20-3 NAPHTHALENE 9/20 0.003 J PEN-43-SS2701 NA 1.2 ---
85-01-8 PHENANTHRENE 20/20

~

0.085 PEN-43-SS2801 NA 250 ---
129-00-0 PYRENE 20/20 0.19 PEN-43-SS2401 NA 880 ---
56-55-3 BENZO A ANTHRACENE 20120 0.31 J PEN-43-SS2401 NA 0.8 ---
50-32-8 BENZO A PYRENE 19/20 0.18 PEN-43-SS2801 NA 8 ---
205-99-2 BENZO B FLUORANTHENE 20120 0.41 PEN-43-SS2801 NA 2.4 ---
207-08-9 BENZO K FlUORANTHENE 20/20 0.13 PEN-43-SS2501 NA 24 ---
218-01-9 CHRYSENE 20120 -- 0.16 PEN-43-SS2401 NA 77 ---
53·70-3 DIBENZOIA,H)ANTH OlACENE 6/20 0.036 PEN-43-SS2401 NA 0.7 ---
193-39-5 INDENOl1 ,2 3-CD\PYRENE 19120 0.098 PEN-43-SS2401 NA 6.6 ---
50-32-8 CARCINOGENIC PAHS 20120 0.3 PEN-43-SS2801 NA 8 ---
117-81-7 BISI2-ETHYlH EXYL)PHTH!\lATE 3120 0.87 PEN-43-SS3501 NA 3600 31000
84-74-2 DI-N-BUTYL PHTHALATE 2/20 1.2 PEN-43-SS2001 NA 47 110

Inoraanics (mQ/kg)
7440-38-2 ARSENIC 11112 8 PEN-43-SS2801 --- ---
7440-39-3 BARIUM 12/12 726 PEN-43-SS2801 1600 ---
7440-50-8 COPPER 17117 889 PEN-43-SS2401 --- ---
7439-92-1 LEAD 17117 7360 PEN-43-SS2801 --- ---
7440-62-2 VANADIUM 919 73.1 PEN-43-SS2801 : 980 ---
Shaded cells indicate that lhe specified criterion or background level has, been exceeded.

Footnotes:

To determine whether metal conceltrations were within background leveis soil concentrations were compared to facilty background levels described in Section 6.1.1.1.
It the maximum concentration of a chemical is less than the backaround value, that chemical was not selected as a COPC.

2 Soil Cleanup Target levels (SCTlsl for Leachability Based en Gro~ndwater Criteria, Table 2, Chapter 62-777 Technical Report (FDEP February 2005)
3 Soil Saturation Limits (CS~T)' Table 8, Chapter 62-777 Technical Report :FDEP, Febuary 2005).

4 NA - Not Applicable. Accordin~1 to proposed Florida Rule 62-780 only na'urally occurring (inorganic) constituents are considered in the background evaluation.
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TABLE 6-11

FLORIDA LEVEL 2 (COMMERCIAL/INDUSTRIAL) DIRECT CONTACT EVALUATION· SUBSURFACE SOIL
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Ratio of
Maximum

Frequency of Maximum Sample of Maximum Background
Non·Apportioned Florida Concentration! Is Chemical a

CAS No. Parameter Industrial SCTl· Direct Non· Potential level 2 Rationale/Comments
Detection Concentration Detection Value(1)

Contact (2) APportioned COC ?(3)
Residential

SCTl
Semivolatile Orqanics (mq/kq)

92-52-4 1,l·BIPHENYL 1/40 0.28 J PEN-43·SB1401 NA(4) 34000 N 8.2E-Q6 No maximum < SCTL
90-12-0 1-METHYLNAPHT",ALENE 2/40 0.54 J PEN-43·SB1401 NA 1800 N 3.0E-Q4 No maximum < SCTL
91-57-6 2-METHYLNAPHT",ALENE 9/40 0.67 PEN-43-SB1401 NA 2100 N 3.2E-Q4 No maxin'um < SCTL
83-32-9 ACENAPHTHENE 3/40 1.8 PEN-43·SB1401 NA 20000 N 9.0E-Q5 No maximum < SCTL
208-96-8 ACENAPHTHYLENE 4/40 0.008 J PEN-43·SBll0l NA 20000 N 4.0E-Q7 No maximum < SCTL
120-12-7 ANTHRACENE I 8/40 8 PEN-43-SB1401 NA 300000 N 2.7E-Q5 No maxin'um < SCTL
191-24-2 BENZOIG,H,I)PERYLENE I 7140 4.6 J PEN-43-SB1401 NA 52000 N 8.8E-Q5 No maxin'um < SCTL
86-74-8 CARBAZOLE 1140 2.8 PEN-43-SB1401 NA 240 C 1.2E-Q2 No maxin'um < SCTL
132-64-9 DIBENZOFURAN 1140 1.7 PEN-43-SB1401 NA 6300 N 2.7E-04 No maxin'um < SCTL
206-44-0 FLUORANTHENE 15140 30 PEN-43-SB1401 NA 59000 r, 5.1E-Q4 No maximum < SCTL
86-73-7 FLUORENE 2140 1.7 PEN-43-SB1401 NA 33000 N 5.2E-05 No maximum < SCTL
91-20-3 NAPHTHALENE 8140 2.4 J PEN-43-SB1401 NA 300 N 8.0E-03 No maximum < SCTL
85-01-8 PHENANTHRENE 12140 28 PEN-43-SB1401 NA 36000 N 7.8E-04 No maximum < SCTL
129-00-0 PYRENE 12140 17 J PEN·43·SB1401 NA 45000 N 3.8E·04 No maximum < SCTL
50·32-8 I"of" • • .. 15140 I 14.8 PEN-43·SB1401 NA 0.7 C 2.1E+Ol maximum> SCTL
84·74-2 DI-N-BUTYL PHTHALATE I 4140 I 1.2 PEN·43·SB0901 NA 170000 N 7.1E·06 T No maximum < SCTL

Inoroanics (mo/ko)
7440·38·2 ARSENIC I 24140 11.4 J PEN-43-SB1401 12 C 9.5E-01 No maximum < SCTL
7440·39·3 BARIUM I 39140 939 J PEN-43-8B1401 130000 N 7.21'::53 No maximum < SCTL
7440·50-8

~
39140 3380 PEN-43-SBll0l 89000 N 3.8E-02 ... maximum < SCTL

7439·92-1

VA~:DIUM
38'40 5500 J PEN-43-8B1401 1400 3.9E+OO

maximum> SCTL
maximum:SCTL ratio> 3

7440·62·2 39'40 156 PEN-43-8B1401 10000 tJ 1.6E-n No maximum < SCTL

Shaded cells indicate that the specified criterion or background level has been exceeded or that the chemical has been selected as a potential CDC.

Footnotes:
1 To determine whether metal concentratiors were within background levels, soil concentrations were compared to facility background levels described in Section 6.1.1.1. If the maximum concentration of a chemical

s less than the background value, that chemical was not selected as a COPC.
2 Soil Cleanup Target Levels (SCTLs) for Crapter 62-777, FAC., Florida Department of EnvironmEntal Protectiol (FDEP), April 2005.
3 A chemical is selected as a potential COC if the ma>:imul1 concentration exceeds the non-apportioned SCTL and, for metals, if the site concentrations exceed background levels.
4 NA Not Applicable. According to Rule 62·780 only naturally occurring (inorganic) constituents ace considered in the background evaluation.
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CAS No> Parameter FreDuency oI 
Detection

EKpoMure Point 
Concentration 215

Sample oI MaKimum 
Detection

BacOgrounQ 
Value225

Non-ApportioneQ FloriQa 
Recreational SCTL- Direct 

Contact 235

Ratio oI 
MaKimum 

ConcentrationR 
Non-apportioneQ 

ReMiQential 
SCTL

Target Organ    
285

Simple 
ApportioneQ 

FloriQa 
Recreational 
SCTL- Direct 

Contact         
255

IM MaKimum      
Concentration R 

ApportioneQ 
Recreational 

SCTL Ratio T 3 U

IM CVemical a  
Potential Level 3 

COC U 2'5
RationaleRCommentM

Semivolatile OrganicM  2mgROg5
+2,-2,. 1/1,01234567 1/.0 0.28 9 0.28 245,.:,;01.01 5<=>? 1-0000 5 1.8>4,0* @ABCeD 1-0000 5E 5E FGHAIJI/;KL7 MGNAE O0.1/  PMeQJeCRD 
+0,12,0 1,F4L3675<23L3<7454 2/.0 0.-. 9 0.-. 245,.:,;01.01 5< 12000 5 ..-04,0- 5GSGT 12000 5E 5E FGHAIJI/;KL7 MGNAE O0.1
+1,->,* 2,F4L3675<23L3<7454 +/.0 0.*> 0.0+ 245,.:,;01.01 5< 12000 5 -.-84,0- 5GSGT 12000 5E 5E FGHAIJI/;KL7 MGNAE O0.1
8:,:2,+ <K45<23L3454 :/.0 1.8 0.2 245,.:,;01.01 5< 1+0000 5 +..>4,0* 7AveM 1+0000 5E 5E FGHAIJI/;KL7 MGNAE O0.1
208,+*,8 <K45<23L367454 ./.0 0.008 9 0.00: 245,.:,;01101 5< 1+0000 5 ..214,08 7AveM 1+0000 5E 5E FGHAIJI/;KL7 MGNAE O0.1
120,12,> <5L3R<K454 8/.0 8 1 245,.:,;01.01 5< 1000000 5 8.004,0* 5ECe SUeRAVAeB 1000000 5E 5E FGHAIJI/;KL7 MGNAE O0.1
1+1,2.,2 045WX=Y/3/1?24R67454 >/.0 ..* 9 0.* 245,.:,;01.01 5< 110000 5 ..184,0- 5eJMETEZARGT 110000 5E 5E FGHAIJI/;KL7 MGNAE O0.1
8*,>.,8 K<R0<WX74 1/.0 2.8 2.8 245,.:,;01.01 5< ::0 K 8..84,0: KGMRACEZeC ::0 5E 5E FGHAIJI/;KL7 MGNAE O0.1/  PMeQJeCRD 
1:2,*.,+ [1045WXP\R<5 1/.0 1.> 1.> 245,.:,;01.01 5< -+00 5 2.884,0. 5ECe SUeRAVAeB -+00 5E 5E FGHAIJI/;KL7 MGNAE O0.1/  PMeQJeCRD 

20*,..,0 P7\XR<5L3454 1-/.0 :0 . 245,.:,;01.01 5< *.000 5 ..*+4,0. 0TEEB/ @ABCeD / 
7AveM *.000 5E 5E FGHAIJI/;KL7 MGNAE O0.1

8*,>:,> P7\XR454 2/.0 1.> 1.> 245,.:,;01.01 5< 1.0000 5 1.214,0- 0TEEB 1.0000 5E 5E FGHAIJI/;KL7 MGNAE O0.1
+1,20,: 5<23L3<7454 8/.0 2.. 9 0.: 245,.:,;01.01 5< ..00 5 -..-4,0. 5GSGT ..00 5E 5E FGHAIJI/;KL7 MGNAE O0.1
8-,01,8 2345<5L3R454 12/.0 28 . 245,.:,;01.01 5< 110000 5 2.--4,0. @ABCeD 110000 5E 5E FGHAIJI/;KL7 MGNAE O0.1
12+,00,0 26R454 12/.0 1> 9 2 245,.:,;01.01 5< 110000 5 1.--4,0. @ABCeD 110000 5E 5E FGHAIJI/;KL7 MGNAE O0.1

-0,:2,8 CARCINOGENIC PAXS 1-/.0 1..8 2 245,.:,;01.01 5< 0.8 K 1.8-4]01 KGMRACEZeC 0>8 ZeM ZeM 42K ^;AIUTe <UUEMNAECeB ;KL7/ 
FGHAIJI/5EC,<UUEMNAECeB ;KL7 RGNAE^ :

8.,>.,2 [1,5,0\L67 23L3<7<L4 ./.0 1.2 0.. 245,.:,;00+01 5< 180000 5 *.*>4,0* FEMNGTAND 180000 5E 5E FGHAIJI/;KL7 MGNAE O0.1
InorganicM  2mgROg5

>..0,:8,2 <R;451K 2./.0 11.. 9 : 245,.:,;01.01 1>5' 18.> K *.104,01 KGMBAEvGSRJTGM/ 
;_AC/ KGMRACEZeC +.. 5E 5E 42K O;AIUTe <UUEMNAECeB ;KL7

>..0,:+,: 0<R1\F :+/.0 +:+ 9 1+- 245,.:,;01.01 8>'3 2-1000 5 :.>.4,0: KGMBAEvGSRJTGM 2-1000 5E 5E FGHAIJI/;KL7 MGNAE O0.1
>..0,-0,8 KX224R :+/.0 ::80 -** 245,.:,;01101 5>78 1.*000 5 2.:24,02 YGSNMEACNeSNACGT 1.*000 5E 5E FGHAIJI/;KL7 MGNAE O0.1
>.:+,+2,1 74<[ :8/.0 --00 9 2>. 245,.:,;01.01 7>32 :000 1.8:4]00 ,,, :000 5E 5E 42K O ;AIUTe <UUEMNAECeB ;KL7
>..0,*2,2 `<5<[1\F :+/.0 1-* 2> 245,.:,;01.01 5>\3 :*-0 5 ..2>4,02 3GAM 7ESS :*-0 5E 5E FGHAIJI/;KL7 MGNAE O0.1

SVaQeQ cellM inQicate tVat tVe MpeciIieQ criterion or bacOgrounQ level VaM been eKceeQeQ or tVat tVe cVemical VaM been MelecteQ aM a potential COC>

FootnoteM^
1    4HUESJMe UEACN RECReCNMGNAECS =42KS? GMe IGHAIJI RECReCNMGNAECS EM +- a JUUeM RECVABeCRe TAIANS =\K7S? EC Nbe GMANbIeNAR IeGC GS BeNeMIACeB cD SNGNASNARGT NeSNS GCB RGTRJTGNAECS UeMVEMIeB cD PTEMABGdS \K7 KGTRJTGNEM.
2     LE BeNeMIACe ebeNbeM IeNGT RECReCNMGNAECS eeMe eANbAC cGR_ZMEJCB TeveTS/ SEAT RECReCNMGNAECS eeMe REIUGMeB NE VGRATAND cGR_ZMEJCB TeveTS BeSRMAceB AC ;eRNAEC *.1.1.1.  1V Nbe IGHAIJI RECReCNMGNAEC EV G RbeIARGT
        AS TeSS NbGC Nbe cGR_ZMEJCB vGTJe/ NbGN RbeIARGT eGS CEN SeTeRNeB GS G KX2K.
:    ;KL7S VEM MeRMeGNAECGT JSeMS eeMe BeveTEUeB JSACZ Nbe IeNbEBS UMeSeCNeB AC KbGUNeM *2,>>>/ P<K/ <UMAT  200- GCB Nbe IESN RJMMeCN NEHARETEZARGT BGNG GvGATGcTe AC 1R1;.
       Lbe MeRMeGNAECGT JSeMS GMe GSSJIeB NE ce eHUESeB .- BGDS UeM DeGM cD ACZeSNAEC/ ACbGTGNAEC/ GCB BeMIGT RECNGRN.  KGTRJTGNAECS EV Nbe MeRMeGNAECGT ;KL7S GMe UMeSeCNeB AC <UUeCBAH [.
.    LGMZeN EMZGCS GMe EcNGACeB VMEI LGcTe 11/ ;EAT KTeGCJU LGMZeN 7eveTS =;KL7S? VEM KbGUNeM *2,>>>/ P<K/ PTEMABG [eUGMNIeCN EV 4CvAMECIeCNGT 2MENeRNAEC =P[42?/ <UMAT  200-.
-    `GTJeS EV Nbe SAIUTe GUUEMNAECeB ;KL7S GMe BeNeMIACeB cD BAvABACZ Nbe CEC,GUUEMNAECeB ;KL7 cD Nbe CJIceM RGMRACEZeCAR RbeIARGTS EM cD Nbe CJIceM EV RbeIARGTS AIUGRNACZ Nbe SGIe NGMZeN EMZGC VEM CECRGMRACEZeCS GS BeVACeB cD KbGUNeM *2,>>> P<K. KbeIARGTS
       eANb IGHAIJI RECReCNMGNAECS TeSS NbGC 0.1 EV Nbe CEC,GUUEMNAECeB ;KL7 GMe CEN ACRTJBeB AC Nbe GUUEMNAECIeCN UMEReSS. 
*    < RbeIARGT AS SeTeRNeB GS G UENeCNAGT KXK AV Nbe IGHAIJI RECReCNMGNAEC AS ZMeGNeM NbGC : NAIeS  Nbe CEC,GUUEMNAECeB ;KL7 EM AV Nbe 42K AS ZMeGNeM NbGC Nbe GUUEMNAECeB ;KL7/ GCB/ VEM IeNGTS/ AV Nbe SANe RECReCNMGNAECS eHReeB cGR_ZMEJCB TeveTS.
>    5< , 5EN <UUTARGcTe.   <RREMBACZ NE RJTe *2,>80 ECTD CGNJMGTTD ERRJMMACZ =ACEMZGCAR? RECSNANJeCNS GMe RECSABeMeB AC Nbe cGR_ZMEJCB evGTJGNAEC.

MaKimum 
Concentration 

LN5\;/L<7,0-,0-*/.821/-.2 *,..                                             KLX 0:--
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"KF\ F\"YDFKQ DE LD#DL"L XN ,\" JOYX"G IW F\"YDFKQE ,\K, HGILOF" ,\" EKY" ,NH" IW ,I_DFD,N$  ;IG 

FKGFDJIP"JEc ,\" #KQO" IW ,\" EDYHQ" KHHIG,DIJ"L /C+L DE FKQFOQK,"L XN LD#DLDJP ,\" JIJ2

KHHIG,DIJ"L /C+L aG"EDL"J,DKQc FIYY"GFDKQ(DJLOE,GDKQc IG G"FG"K,DIJKQb XN ,\" JOYX"G FKGFDJIP"JDF 

F\"YDFKQE L","F,"L DJ K EOGWKF" IG EOXEOGWKF" EIDQ LK,KE",$  ;IG "_KYHQ"c DW WD#" FKGFDJIP"JE Z"G" 

L","F,"L DJ K EOGWKF" EIDQ LK,KE", WIG K ED,"c ,\" EDYHQ" KHHIG,DIJ"L /C+LE WIG FKGFDJIP"JE KG" 

,\" JIJ2KHHIG,DIJ"L /C+LE LD#DL"L XN 3 a;=E9c ;"XGOKGN &))3b$  ;IG JIJFKGFDJIP"JEc ,\" 

EDYHQ" KHHIG,DIJ"L /C+L DE L","GYDJ"L XN LD#DLDJP ,\" JIJ2KHHIG,DIJ"L /C+L XN ,\" JOYX"G IW 

F\"YDFKQE DYHKF,DJP ,\" EKY" ,KGP", IGPKJ$  >W ,\" QD#"Gc WIG "_KYHQ"c DE DL"J,DWD"L KE ,\" ,KGP", 

IGPKJ WIG U JIJFKGFDJIP"JE DJ K LK,KE",c ,\" EDYHQ" KHHIG,DIJ"L /C+LE WIG ,\IE" F\"YDFKQE KG" 

,\" JIJ2KHHIG,DIJ"L #KQO"E LD#DL"L XN U$ 

NI, KQQ /C+LE E\IOQL X" KHHIG,DIJ"L$  +\" +"F\JDFKQ !"HIG, a;=E9c ;"XGOKGN &))3b QDE,E ,\" 

WIQQIZDJP "_F"H,DIJE ,I KHHIG,DIJDJPr 

'$ =I JI, KHHIG,DIJ KJ /C+L XKE"L IJ JK,OGKQ XKF]PGIOJL FIJF"J,GK,DIJ IG K HGKF,DFKQ dOKJ,D,K,DIJ 

QDYD,$ +\"E" KG" FGD,"GDK ,\K, KG" JI, LDG"F,QN GDE]2XKE"L KJLc ,\"G"WIG"c KG" JI, EOXg"F, ,I 

KHHIG,DIJY"J,$

&$ =I JI, KHHIG,DIJ KJ /C+L XKE"L IJ KFO," ,I_DFD,N$ +\"E" /C+LE KG" KQZKNE G"PKGL"L KE JI,2,I2

"_F""L #KQO"Ec KJL ,\" L"WKOQ, #KQO" E\IOQL X" FIYHKG"L ZD,\ ,\" YK_DYOY FIJF"J,GK,DIJ IJ 

ED,"$ aNI," ,\K, KFO," ,I_DFD,N /C+LE KG" KHHQDFKXQ" IJQN DJ ED,OK,DIJE Z\"G" EYKQQ F\DQLG"J YDP\, 

X" HG"E"J,c EOF\ KE K G"EDL"JF"c HQKNPGIOJLc IG EF\IIQb$  7W ,\" F\"YDFKQE L","F,"L DJ EIDQ K, 

/D," 48c ,\" G"EDL"J,DKQ /C+LE WIG XKGDOYc FIHH"Gc KJL #KJKLDOY KG" KFO," #KQO"E$ 

8$ =I JI, KHHIG,DIJ Q"KL a9Xb /C+LE$  BI,\ G"EDL"J,DKQ KJL FIYY"GFDKQ(DJLOE,GDKQ Q"KL /C+LE KG" 

XKE"L IJ K OJDdO" ,NH" IW ,I_DFIQIPDFKQ KJKQNEDE ,\K, DE JI, KY"JKXQ" ,I ,\" E,KJLKGL 

KHHIG,DIJY"J, HGIF"EE$ 

4$ =I JI, KHHIG,DIJ ,\" /C+LE WIG F\"YDFKQE HG"E"J, DJ QIZ FIJF"J,GK,DIJE$ EQDYDJK," WGIY 

FIJEDL"GK,DIJ K, K ED," F\"YDFKQE Z\IE" YK_DYOY FIJF"J,GK,DIJ DE Q"EE ,\KJ IG "dOKQ ,I '(') ,\" 

L"WKOQ, /C+L$  C\"YDFKQE HG"E"J, DJ QIZ FIJF"J,GK,DIJE KG" OJQD]"QN ,I FIJ,GDXO," EOXE,KJ,DKQQN ,I 

GDE] KJL OJJ"F"EEKGDQN FIYHQDFK," ,\" KHHIG,DIJY"J, HGIF"EE$  AE E\IZJ DJ +KXQ"E *2* ,\GIOP\ 

*2'&c ,\" YK_DYOY FIJF"J,GK,DIJE IW YIE, L","F,"L F\"YDFKQE aKQQ "_F"H, ,\" FKGFDJIP"JDF 

9AMEc KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOYb Z"G" Q"EE ,\KJ '(') IW ,\" L"WKOQ, /C+LE WIG 

EOGWKF" KJL EOXEOGWKF" EIDQ$  +\"G"WIG"c ,\" /C+LE WIG YIE, F\"YDFKQE L","F,"L DJ EIDQ K, /D," 48 

Z"G" JI, KHHIG,DIJ"L$ 
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3$ =I JI, KHHIG,DIJ ,\" /C+LE WIG F\"YDFKQE L","F,"L DJWG"dO"J,QN$ A F\"YDFKQ FKJ X" "QDYDJK,"L 

WGIY FIJEDL"GK,DIJ K, K ED," DW D, DE L","F,"L Kb DJ IJQN IJ" IO, IW ') IG YIG" EKYHQ"Ec IG 3 H"GF"J, 

IG W"Z"G IO, IW &) IG YIG" EKYHQ"Ec KJL DJ IJQN IJ" "J#DGIJY"J,KQ Y"LDOYl KJL Xb DJ QIZ 

FIJF"J,GK,DIJE aJI YIG" ,\KJ ,\" L"WKOQ, /C+Lbl KJL Fb ,\"G" DE JI G"KEIJ ,I X"QD"#" ,\K, ,\" 

F\"YDFKQ YKN X" HG"E"J, LO" ,I \DE,IGDFKQ ED," KF,D#D,D"E$ +\"E" FGD,"GDK KG" DJ,"JL"L ,I "QDYDJK," 

F\"YDFKQ L","F,DIJE ,\K, KG" KG,DWKF,E WGIY EKYHQDJPc KJKQN,DFKQc IG I,\"G HGIXQ"YE$ +\"N KG" JI, 

DJ,"JL"L ,I "QDYDJK," F\"YDFKQE HG"E"J, LO" ,I ED," KF,D#D,D"E DJ QIFKQD`"L KG"KE IW FIJ,KYDJK,DIJ$ 

 T"DP\,"L AHHIG,DIJY"J,$ >J YIE, ED,OK,DIJEc EDYHQ" KHHIG,DIJY"J, ZDQQ X" I#"GQN FIJE"G#K,D#" DJ 

,\K, ,\" EOY IW ,\" GDE]E G"HG"E"J,"L XN ,\" DJLD#DLOKQ F\"YDFKQ /C+LE KG" QD]"QN ,I X" X"QIZ 

;=E9 ,KGP", GDE]E IW '_')2* KJL K M> aWIG "KF\ ,KGP", IGPKJ(ENE,"Y IG "WW"F,b IW '$  +\DE FKJ X" 

K#IDL"L XN Z"DP\,"L KHHIG,DIJDJP$  7J" Y",\IL IW Z"DP\,"L KHHIG,DIJDJP DJ#IQ#"E FKQFOQK,DIJ IW 

GK,DIE IW ,\" [3q .CLE WIG F\"YDFKQE ,I ,\"DG /C+LE$  +\" [3q .CL WIG "KF\ F\"YDFKQ EOXg"F, ,I 

KHHIG,DIJY"J, DE LD#DL"L XN D,E L"WKOQ, /C+L$  >W ,\" EOY IW ,\" GK,DIE DE Q"EE ,\KJ 'c ,\" F\"YDFKQE 

\K#" Y", ,\" ;=E9kE GDE] PIKQE$  >W ,\" EOY DE PG"K,"G ,\KJ 'c LD#DLDJP ,\" FIJF"J,GK,DIJ IW "KF\ 

XN ,\" EOY IW ,\" GK,DIE ZDQQ ND"QL KHHIG,DIJ"L /C+LE ,\K, YK,F\ "_KF,QN ,\" GDE] PIKQE$  >J ,\DE 

KHHGIKF\c E,"HE ,I KF\D"#" ,\" KHHIG,DIJ"L /C+LE KG" "_H"F,"L ,I HGILOF" HGIHIG,DIJKQ 

L"FG"KE"E DJ ,\" FIJF"J,GK,DIJE IW "KF\ F\"YDFKQ$  +\DE KHHGIKF\ YK]"E E"JE" DW ,\" F\"YDFKQE 

KG" FI2QIFK,"Lc EOF\ ,\K, G"YI#KQ IW IJ" F\"YDFKQ G"EOQ,E DJ EDYDQKG G"LOF,DIJ DJ I,\"GE$ 

 NIJ29GIHIG,DIJKQ T"DP\,"L AHHIG,DIJY"J,$ AJI,\"G Y",\IL IW Z"DP\,"L KHHIG,DIJY"J, DE JIJ2

HGIHIG,DIJKQ G"LOF,DIJE DJ L"WKOQ, /C+LE KYIJP F\"YDFKQE ZD,\ KLLD,D#" "WW"F,E$  AE ZD,\ I,\"G 

Y",\ILEc ,\" IXg"F,D#" IW ,\" G"LOF,DIJ DJ L"WKOQ, /C+LE DE ,I KF\D"#" K ED,OK,DIJ DJ Z\DF\ ,\" 

EOY IW ,\" GDE]E HIE"L XN KHHIG,DIJ"L /C+LE LI"E JI, "_F""L ;=E9kE GDE] PIKQE WIG KJN \"KQ,\ 

"WW"F,$  MIZ"#"Gc DJ ,\DE KHHGIKF\c ,\" G"LOF,DIJ YKN X" ,K]"J OJ"#"JQN KYIJP ,\" F\"YDFKQE$  

+\DE KHHGIKF\ DE OE"WOQ DW ,\" F\"YDFKQE KG" JI, FI2QIFK,"Lc KJL G"YI#KQ IW IJ" IG YIG" 

F\"YDFKQE FKJ X" KF\D"#"L YIG" "KEDQN IG YIG" "FIJIYDFKQQN ,\KJ ,\" I,\"GE$  !DE]E FKJ X" 

LDE,GDXO,"L IH,DYKQQN KYIJP ,\" KHHIG,DIJ"L /C+LE XKE"L IJ ED," FIJLD,DIJEc KE QIJP KE ,\" 

EOYE IW ,\" GDE]E ,\"N G"HG"E"J, Y"", ,\" PIKQE IW '_')2* "_F"EE FKJF"G GDE] KJL K M> IW '$ 

T"DP\,"L KHHIG,DIJY"J, DE H"GWIGY"L IJ K F\"YDFKQ XN F\"YDFKQ XKEDE Z\"J D, DE W"KEDXQ" KJL 

KHHGIHGDK,"c KE L","GYDJ"L XN ,\" \OYKJ \"KQ,\ GDE] KEE"EEIG$  >J HGKF,DF"c Z"DP\,"L KHHIG,DIJY"J, DE 

IW,"J KJ IH,DIJ Z\"J FOYOQK,D#" dOKJ,D,K,D#" GDE] KEE"EEY"J, G"EOQ,E L"GD#"L KE L"EFGDX"L DJ HG"F"LDJP 

E"F,DIJE KG" Q"EE ,\KJ ;=E9 GDE] X"JF\YKG]E aD$"$c K FKJF"G GDE] "E,DYK," IW '_')2* WIG FKGFDJIP"JE KJL 

KJ M> IW ' WIG JIJFKGFDJIP"JEb$ 
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T\"J ,\" [3q .CL KHHGIKF\ DE OE"L ,I L"#"QIH "_HIEOG" FIJF"J,GK,DIJEc ,ZI FGD,"GDK YOE, X" EK,DEWD"L 

Z\"J FIYHKGDJP ED," FIJF"J,GK,DIJE ,I ,\" /C+LEc "D,\"G L"WKOQ, IG KQ,"GJK,D#"r 

'$ +\" [3q .CL YOE, Y"", IG X" X"QIZ ,\" KHHIG,DIJ"L /C+Ll KJL 

&$ +\" YK_DYOY FIJF"J,GK,DIJ G"YKDJDJP IJ ED," YOE, Y"", IG X" X"QIZ K FIJF"J,GK,DIJ ,\G""2

,DY"E ,\" OJKHHIG,DIJ"L /C+L DJ !DE] <KJKP"Y"J, 7H,DIJ L"#"QE > KJL >>c KJL X"QIZ ,\G""2,DY"E 

,\" KHHIG,DIJ"L /C+L DJ !DE] <KJKP"Y"J, 7H,DIJ L"#"Q >>>$  .EDJP ,\" [3q .CL KE ,\" XKEDE ,I 

L","GYDJ" Z\",\"G ,\" /C+L \KE X""J KF\D"#"L WIG K ED," Y"KJE ,\K, EIY" KG"KE FKJ \K#" 

FIJF"J,GK,DIJE KXI#" ,\" /C+Lc KE QIJP KE I,\"G KG"KE KG" X"QIZ$  >J ,\DE FIJ,"_,c D, DE DYHIG,KJ, 

,I DJEOG" ,\K, FIJF"J,GK,DIJE KXI#" ,\" /C+L KQQIZ"L ,I G"YKDJ LI JI, FIJE,D,O," KJ 

OJKFF"H,KXQ" \"KQ,\ GDE]$ 

>J ,\" GDE] KEE"EEY"J, WIG /D," 48c /C+LE Z"G" KHHIG,DIJ"L aXN EDYHQ" KHHIG,DIJY"J,b WIG !DE] 

<KJKP"Y"J, 7H,DIJ L"#"Q >>>$  >J ,\" L"#"Q >>> "#KQOK,DIJEc IJQN ,\" YK_DYOY FIJF"J,GK,DIJE IW 

FKGFDJIP"JDF 9AME KJL Q"KL Z"G" YIG" ,\KJ ,\G"" ,DY"E ,\"DG G"EH"F,D#" JIJ2KHHIG,DIJ"L /C+LE KJL 

,\"E" FIJE,D,O"J,E Z"G" E"Q"F,"L KE HI,"J,DKQ C7CE WIG EIDQ$ 

Comparison _ith Heacha5ility-Base$ SCTHs 

+\" HI,"J,DKQ WIG Q"KF\DJP ZKE KLLG"EE"L ,\GIOP\ FIYHKGDEIJE ZD,\ /C+LE WIG L"KF\KXDQD,N BKE"L IJ 

@GIOJLZK,"G CGD,"GDK a;=E9c ;"XGOKGN &))3b$  .JQD]" LDG"F, FIJ,KF, /C+LEc Z\DF\ KG" XKE"L HGDYKGDQN IJ 

QIJP2,"GY "_HIEOG" FI#"GDJP K EH"FDWD"L KG"Kc Q"KF\KXDQD,N2XKE"L  L"WKOQ, /C+LE KG" DJ,"JL"L ,I HGI,"F, 

ZK,"G G"EIOGF"E K, KQQ QIFK,DIJE$  CIJE"dO"J,QNc YK_DYOY GK,\"G ,\KJ K#"GKP" aIG [3q .CLb 

FIJF"J,GK,DIJE KG" FIYHKG"L ZD,\ Q"KF\DJP FGD,"GDK$  >W ,\" YK_DYOY FIJF"J,GK,DIJ IW K F\"YDFKQ "_F""LE 

D,E G"EH"F,D#" Q"KF\KXDQD,N /C+Lc ,\K, F\"YDFKQ DE DL"J,DWD"L KE K HI,"J,DKQ C7C$ 

Evaluation o2 >ree ;ro$uct in Soil

+\" HI,"J,DKQ WIG ,\" HG"E"JF" IW WG"" HGILOF, aWIG IGPKJDF F\"YDFKQEb ZKE "#KQOK,"L XN FIYHKGDJP 

YK_DYOY ED," FIJF"J,GK,DIJE ,I CEK, QDYD,E$  +\" CEK, #KQO"E KG" HGI#DL"L DJ +KXQ" 5 IW C\KH,"G *&2UUU 

;AC a;=E9c ;"XGOKGN &))3b$  +\" CEK, FIYHKGDEIJE DJLDFK,"L ,\" FIJF"J,GK,DIJE IW KQQ IGPKJDF F\"YDFKQE 

L","F,"L DJ EIDQ K, ,\" ED,"E "#KQOK,"L DJ ,\DE G"HIG, Z"G" EDPJDWDFKJ,QN Q"EE ,\KJ ,\" CEK, Q"#"QE$  +\"G"WIG"c 

D, DE OJQD]"QN ,\"E" F\"YDFKQE KG" HG"E"J, KE WG"" HGILOF, K, KJN IW ,\" ED,"E$  NI," ,\K, ;=E9 HGI#DL"E CEK,

#KQO"E WIG IJQN K W"Z F\"YDFKQE a'2Y",\NQJKH\,\KQ"J"c XDEa&2",\NQ\"_NQbH\,\KQK,"c KJL LD2J2XO,NQ 

H\,\KQK,"b L","F,"L DE EOGWKF" KJL EOXEOGWKF" EIDQ K, /D," 48 KJL ,\DE KJKQNEDE DE JI, KHHQDFKXQ" ,I YIE, IW 

,\" F\"YDFKQE L","F,"L K, /D," 48$ 
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6K1K6K2 >lori$a Metho$ology 2or Evaluating Jroun$_ater 

+\DE E"F,DIJ L"EFGDX"E ,\" Y",\ILIQIPN OE"L ,I "#KQOK," PGIOJLZK,"G K, /D," 48 OEDJP PODL"QDJ"E 

HG"E"J,"L DJ !OQ"E *&2U5) KJL *&2UUUc ;AC$  A L",KDQ"L LDEFOEEDIJ IW ,\" ;=E9 KHHGIKF\ WIG "#KQOK,DJP 

PGIOJLZK,"G DE HG"E"J,"L DJ AHH"JLD_ E IW ,\" !OQ" *&2UUU +"F\JDFKQ !"HIG, a;=E9c ;"XGOKGN &))3b$ 

AE ZD,\ EIDQc ,\" ;=E9 GDE] F\KGKF,"GD`K,DIJ WIG PGIOJLZK,"G DE H"GWIGY"L XN FIYHKGDJP FIJF"J,GK,DIJE IW 

F\"YDFKQE L","F,"L DJ PGIOJLZK,"G ZD,\ ;=E9 PGIOJLZK,"G FGD,"GDK aIG ,I FGD,"GDK L"#"QIH"L KFFIGLDJP ,I 

PODL"QDJ"E HG"E"J,"L DJ C\KH,"GE *&2UUUc DW J"F"EEKGNb$  +\" @C+LE KG" XKE"L IJ HGDYKGN KJL 

E"FIJLKGN E,KJLKGLE a"$P$c <CLEb IG IJ \OYKJ \"KQ,\ GDE]2XKE"L FGD,"GDKc KEEOYDJP ,\K, ,\" PGIOJLZK,"G 

DE OE"L KE K HI,KXQ" ZK,"G EIOGF" aKJL KG" XKE"L IJ ,\" DJP"E,DIJ GIO," IW "_HIEOG" IJQNb$  ;IG 

FIJ,KYDJKJ,E ,\K, LI JI, HGILOF" FKJF"Gc ,\" GDE]2XKE"L C+LE KG" FKQFOQK,"L XKE"L IJ K M> IW ' KJL 

DJFIGHIGK," K L"WKOQ, G"QK,D#" EIOGF" FIJ,GDXO,DIJ WKF,IG IW )$&$  +\" G"QK,D#" EIOGF" FIJ,GDXO,DIJ WKF,IG 

Y"KJEc DJ "WW"F,c ,\K, JI YIG" ,\KJ &) H"GF"J, IW ,\" ,I,KQ KQQIZKXQ" DJ,K]" IW ,\" FIJ,KYDJKJ, FKJ FIY" 

WGIY FIJ,KYDJK,"L ZK,"G$  ;IG FKGFDJIP"JEc ,\" L"WKOQ, @C+L DE XKE"L IJ KJ "_F"EE FKJF"G GDE] IW ' _ 

')2*$

;IG PGIOJLZK,"G K, /D," 48c IJQN ,\" C+LE WIG KF",IJ" KJL F\QIGIWIGY KG" GDE]2XKE"L #KQO"E$  +\" C+LE 

WIG KQQ I,\"G L","F,"L F\"YDFKQE KG" HGDYKGN IG E"FIJLKGN E,KJLKGLE$  +\" PODLKJF" HG"E"J,"L DJ *&2UUU 

+"F\JDFKQ !"HIG, E,K,"E ,\K, C+LE XKE"L IJ HGDYKGN IG E"FIJLKGN E,KJLKGLE E\IOQL JI, X" KHHIG,DIJ"L$

AE ZD,\ EIDQEc DW KQ,"GJK,D#" C+LE KG" L"#"QIH"Lc ,\" L"WKOQ, #KQO"E E\IOQL X" KHHIG,DIJ"L$  MIZ"#"Gc ,\" 

KQ,"GJK," C+LE E\IOQL JI, X" QIZ"G ,\KJ ,\" HGDYKGN IG E"FIJLKGN E,KJLKGL$ 

.EDJP ,\" PODLKJF" HGI#DL"L DJ !OQ"E *&2U5) KJL *&2UUUc PGIOJLZK,"G K, /D," 48 ZKE "#KQOK,"L WIG 

G"EDL"J,DKQ QKJL OE" a!DE] <KJKP"Y"J, 7H,DIJ L"#"Q >b$  >J !DE] <KJKP"Y"J, 7H,DIJ L"#"Q >c ,\" 

KHHQDFKXQ" C+L DE OEOKQQN ,\" L"WKOQ, #KQO" WIG ,\K, FIJ,KYDJKJ, DJ ,\" PGIOJLZK,"G KE HG"E"J,"L DJ 

+KXQ" ' IW ,\" +"F\JDFKQ !"HIG,$  >W PGIOJLZK,"G \KE ,\" HI,"J,DKQ ,I DYHKF, EOGWKF" ZK,"Gc L"YIJE,GK,"L 

XN YIJD,IGDJP Z"QQ LK,Kc PGIOJLZK,"G WQIZ GK," KJL LDG"F,DIJc IG WK," KJL ,GKJEHIG, YIL"QDJPc ,\" 

KHHGIHGDK," YKGDJ" EOGWKF" ZK,"G IG WG"E\ZK,"G EOGWKF" ZK,"G C+L KQEI KHHQD"E ,I PGIOJLZK,"G$  

MIZ"#"Gc XKE"L IJ DJWIGYK,DIJ HG"E"J,"L DJ ,\" /C!c a+,N./c >JF$c pKJOKGN &))4bc PGIOJLZK,"G K, /D," 

48 \KE QD,,Q" HI,"J,DKQ ,I DYHKF, K EOGWKF" ZK,"G XILN$  +\"G"WIG"c ,\" PGIOJLZK,"G "#KQOK,DIJ DE XKE"L IJ 

FIYHKGDEIJ ,I @C+LE IJQN$ 

+\" WIQQIZDJP "#KQOK,DIJE WIG /D," 48 Z"G" H"GWIGY"L KFFIGLDJP ,I !OQ"E *&2UUU KJL *&2U5)r 

!"#$%&'(") "4 #%5'#6# 7e,e0,e7 0")0e),&%,'")( ," 8!23($  CIYHKGDJP ,\" @C+LE ,I 

YK_DYOY L","F,"L PGIOJLZK,"G FIJF"J,GK,DIJE DE KHHGIHGDK," WIG /D," 48 X"FKOE"c KE E,K,"L 

HG"#DIOEQNc ,\" C+LE WIG KQQ XO, ,ZI L","F,"L F\"YDFKQE KG" HGDYKGN IG E"FIJLKGN E,KJLKGLE KJL 
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,\" QDE, IW HI,"J,DKQ C7CE ZIOQL JI, F\KJP" DW C+LE Z"G" KHHIG,DIJ"L$  >W ,\" YK_DYOY L","F,"L 

FIJF"J,GK,DIJ WIG K F\"YDFKQ "_F""LE ,\" C+L aKJL XKF]PGIOJL Q"#"QE WIG Y",KQEbc ,\" FIJE,D,O"J, 

DE DL"J,DWD"L KE K HI,"J,DKQ C7C WIG ,\" ED,"$ 

9v%;6%,'") "4 4&ee $&"760, ') <&"6)7+%,e&$ +\" HI,"J,DKQ WIG ,\" HG"E"JF" IW WG"" HGILOF, aWIG 

IGPKJDF F\"YDFKQEb ZKE "#KQOK,"L XN FIYHKGDJP YK_DYOY ED," FIJF"J,GK,DIJE ,I ZK,"G EIQOXDQD,N 

#KQO"E HG"E"J,"L DJ +KXQ" 4c C\KH,"G *&2UUUc ;AC a;=E9c AHGDQ &))3b$  +\" ZK,"G EIQOXDQD,N

FIYHKGDEIJE DJLDFK,"L ,\" FIJF"J,GK,DIJE IW ,\" W"Z IGPKJDF F\"YDFKQE L","F,"L DJ PGIOJLZK,"G 

K, /D," 48 DJ &))3 Z"G" EDPJDWDFKJ,QN Q"EE ,\KJ ,\"DG G"EH"F,D#" ZK,"G EIQOXDQD,D"E$  +\"G"WIG"c D, DE 

OJQD]"QN ,\"E" F\"YDFKQE KG" HG"E"J, KE WG"" HGILOF, DJ PGIOJLZK,"G K, ,\" ED,"$ 

6K1K6K9 RisA Characteri\ation Using State o2 >lori$a Jui$elines 

+\DE E"F,DIJ FIJ,KDJE K EOYYKGN IW ,\" G"EOQ,E IW ,\" GDE] F\KGKF,"GD`K,DIJ WIG /D," 48 FIJLOF,"L OEDJP 

PODL"QDJ"E HG"E"J,"L DJ ;QIGDLK !OQ" *&2U5)c ;AC KJL ,\" !OQ" *&2UUU +"F\JDFKQ !"HIG,$  +\" G"EOQ,E KG" 

EOYYKGD`"L DJ +KXQ"E *2* ,\GIOP\ *2'4 KJL KG" LDEFOEE"L X"QIZ$ 

6K1K6K9K1 Results o2 Sur2ace Soil Evaluation d >lori$a Metho$ology

L"#"Q ' E#KQOK,DIJ a!"EDL"J,DKQb

+KXQ" *2* HG"E"J,E K FIYHKGDEIJ IW ,\" YK_DYOY L","F,"L F\"YDFKQ FIJF"J,GK,DIJE DJ EOGWKF" EIDQ ,I ,\" 

;=E9 G"EDL"J,DKQ /C+LE$  +\" WIQQIZDJP F\"YDFKQE Z"G" DL"J,DWD"L KE "_F""LDJP ,\" L"#"Q ' /C+LE KJL 

Z"G" G",KDJ"L KE HI,"J,DKQ C7CE WIG G"EDL"J,DKQ "_HIEOG"E ,I EOGWKF" EIDQ K, /D," 48r 

 CKGFDJIP"JDF 9AME a"_HG"EE"L KE X"J`IaKbHNG"J" "dOD#KQ"J,Eb 

 >JIGPKJDFE aKGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOYb 

+\" YK_DYOY L","F,"L FIJF"J,GK,DIJE IW KGE"JDFc XKGDOYc FIHH"Gc KJL Q"KL KQEI "_F""L"L ,\G"" ,DY"E 

,\" G"EDL"J,DKQ /C+LE$ 

L"#"Q & a>JLOE,GDKQb

+\" G"EOQ,E IW ,\" L"#"Q ' "#KQOK,DIJ DL"J,DWD"L ED_ HI,"J,DKQ C7CEl ,\"G"WIG"c K L"#"Q & "#KQOK,DIJ ZKE 

FIJLOF,"L$  A FIYHKGDEIJ IW ,\" YK_DYOY F\"YDFKQ FIJF"J,GK,DIJE DJ EOGWKF" EIDQ ,I ,\" ;=E9 DJLOE,GDKQ 

/C+LE DE HG"E"J,"L DJ +KXQ" *2U$  +\" WIQQIZDJP FIJE,D,O"J, ZKE DL"J,DWD"L KE "_F""LDJP ,\" L"#"Q & 

/C+Lc KJL ZKE G",KDJ"L KE K HI,"J,DKQ C7C WIG DJLOE,GDKQ "_HIEOG"E ,I EOGWKF" EIDQ K, /D," 48r 

 L"KL 
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L"#"Q 8 a!"FG"K,DIJKQb

+\" G"EOQ,E IW ,\" L"#"Q & "#KQOK,DIJ DL"J,DWD"L IJ" HI,"J,DKQ C7C aQ"KLbl ,\"G"WIG"c K L"#"Q 8 "#KQOK,DIJ 

ZKE FIJLOF,"L KEEOYDJP K WO,OG" G"FG"K,DIJKQ QKJL OE" EF"JKGDI WIG /D," 48$  AQ,"GJK,D#" /C+LE WIG 

G"FG"K,DIJKQ "_HIEOG"E Z"G" L"GD#"L WIQQIZDJP ,\" Y",\ILIQIPN HG"E"J,"L DJ /"F,DIJ *$'$8$8$  A 

FIYHKGDEIJ IW ,\" YK_DYOY L","F,"L F\"YDFKQE FIJF"J,GK,DIJE KJL E9CE WIG EOGWKF" EIDQ ,I ,\" 

KQ,"GJK,D#" C+LE DE HG"E"J,"L DJ +KXQ" *25$  AE E\IZJ DJ ,\" ,KXQ"c ,\" E9CE WIG KQQ FIJE,D,O"J,E Z"G" Q"EE 

,\KJ ,\" KHHIG,DIJ"L KQ,"GJK," /C+LE KJL ,\" YK_DYOY FIJF"J,GK,DIJE Z"G" Q"EE ,\KJ ,\G"" ,DY"E ,\" 

JIJ2KHHIG,DIJ"L L"#"Q 8 KQ,"GJK,D#" /C+LE$  +\"G"WIG"c JI FIJE,D,O"J,E Z"G" G",KDJ"L KE HI,"J,DKQ C7CE 

WIG G"FG"K,DIJKQ "_HIEOG" ,I EOGWKF" EIDQ K, /D," 48$ 

CIYHKGDEIJ IW C\"YDFKQE DJ /OGWKF" /IDQ ZD,\ L"KF\KXDQD,N /C+LE

+KXQ" *2[ HG"E"J,E FIYHKGDEIJE IW YK_DYOY L","F,"L FIJF"J,GK,DIJE DJ EOGWKF" EIDQ ZD,\ ;QIGDLK FGD,"GDK 

XKE"L IJ Q"KF\KXDQD,N ,I PGIOJLZK,"G$  AE E\IZJ DJ ,\" ,KXQ"c YK_DYOY FIJF"J,GK,DIJE IW KQQ L","F,"L 

F\"YDFKQE Z"G" Q"EE ,\KJ ,\" Q"KF\KXDQD,N FGD,"GDK DJLDFK,DJP ,\K, ,\"G" DE YDJDYKQ HI,"J,DKQ WIG 

FIJ,KYDJKJ,E L","F,"L DJ EOGWKF" EIDQ ,I KL#"GE"QN DYHKF, PGIOJLZK,"G$  +KXQ" *2[ KQEI HG"E"J,E 

FIYHKGDEIJE IW YK_DYOY FIJF"J,GK,DIJE ZD,\ EIDQ EK,OGK,DIJ FIJF"J,GK,DIJE ,I "#KQOK," ,\" HI,"J,DKQ WIG 

HG"E"JF" IW WG"" HGILOF,$  AE E\IZJ DJ ,\" ,KXQ"c ,\" FIJF"J,GK,DIJE IW IGPKJDF FIYHIOJLE DJ EOGWKF" EIDQ 

Z"G" EDPJDWDFKJ,QN Q"EE ,\KJ ,\" CEK, FIJF"J,GK,DIJE aWIG ,\G"" FIYHIOJLE IJQNbc DJLDFK,DJP ,\K, WG"" 

HGILOF, DE JI, HG"E"J, DJ EOGWKF" EIDQ$ 

6K1K6K9K2 Results o2 Su5sur2ace Soil Evaluation d >lori$a Metho$ology

L"#"Q ' E#KQOK,DIJ a!"EDL"J,DKQb

+KXQ" *2') HG"E"J,E K FIYHKGDEIJ IW ,\" YK_DYOY L","F,"L FIJF"J,GK,DIJE WIG EOXEOGWKF" EIDQ ,I ,\" 

;=E9 G"EDL"J,DKQ /C+LE$  +\" WIQQIZDJP F\"YDFKQE Z"G" DL"J,DWD"L KE "_F""LDJP ,\" L"#"Q ' /C+LE KJL 

Z"G" G",KDJ"L KE HI,"J,DKQ C7CE WIG G"EDL"J,DKQ "_HIEOG"E ,I EOXEOGWKF" EIDQ K, /D," 48r 

 CKGFDJIP"JDF 9AME a"_HG"EE"L KE X"J`IaKbHNG"J" "dOD#KQ"J,Eb 

 >JIGPKJDFE aKGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOYb 

+\" YK_DYOY L","F,"L FIJF"J,GK,DIJE IW FKGFDJIP"JDF 9AMEc KGE"JDFc XKGDOYc FIHH"Gc KJL Q"KL KQEI 

"_F""L"L ,\G"" ,DY"E ,\" G"EDL"J,DKQ /C+LE$ 
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L"#"Q & a>JLOE,GDKQb

+\" G"EOQ,E IW ,\" L"#"Q ' "#KQOK,DIJ DL"J,DWD"L ED_ HI,"J,DKQ C7CEl ,\"G"WIG"c K L"#"Q & "#KQOK,DIJ ZKE 

FIJLOF,"L$  A FIYHKGDEIJ IW ,\" YK_DYOY FIJF"J,GK,DIJE WIG EOXEOGWKF" EIDQ ,I ,\" ;=E9 DJLOE,GDKQ 

/C+LE DE HG"E"J,"L DJ +KXQ" *2''$  +\" WIQQIZDJP FIJE,D,O"J,E Z"G" DL"J,DWD"L KE "_F""LDJP ,\" L"#"Q & 

/C+LEc KJL Z"G" G",KDJ"L KE K HI,"J,DKQ C7CE WIG DJLOE,GDKQ "_HIEOG"E ,I EOXEOGWKF" EIDQ K, /D," 48r 

 CKGFDJIP"JDF 9AME a"_HG"EE"L KE X"J`IaKbHNG"J" "dOD#KQ"J,Eb 

 L"KL 

+\" YK_DYOY FIJF"J,GK,DIJE IW FKGFDJIP"JDF 9AME KJL Q"KL KQEI "_F""L"L ,\G"" ,DY"E ,\" G"EDL"J,DKQ 

/C+LE$ 

L"#"Q 8 a!"FG"K,DIJKQb

+\" G"EOQ,E IW ,\" L"#"Q & "#KQOK,DIJ DL"J,DWD"L ,ZI HI,"J,DKQ C7CE aFKGFDJIP"JDF 9AME KJL Q"KLbl 

,\"G"WIG"c K L"#"Q 8 "#KQOK,DIJ ZKE FIJLOF,"L KEEOYDJP K WO,OG" G"FG"K,DIJKQ QKJL OE" EF"JKGDI$  

AQ,"GJK,D#" /C+LE WIG G"FG"K,DIJKQ "_HIEOG"E Z"G" L"GD#"L WIQQIZDJP ,\" Y",\ILIQIPN HG"E"J,"L DJ 

/"F,DIJ *$'$8$8$  A FIYHKGDEIJ IW ,\" YK_DYOY L","F,"L FIJF"J,GK,DIJE KJL E9CE WIG EOXEOGWKF" EIDQ ,I 

,\" KQ,"GJK,D#" C+LE DE HG"E"J,"L DJ +KXQ" *2'&$  +\" WIQQIZDJP FIJE,D,O"J,E Z"G" DL"J,DWD"L KE "_F""LDJP 

,\" L"#"Q 8 /C+LEc KJL Z"G" G",KDJ"L KE K HI,"J,DKQ C7CE WIG G"FG"K,DIJKQ "_HIEOG"E ,I EOXEOGWKF" EIDQ 

K, /D," 48r 

 CKGFDJIP"JDF 9AME a"_HG"EE"L KE X"J`IaKbHNG"J" "dOD#KQ"J,Eb 

+\" YK_DYOY FIJF"J,GK,DIJ IW FKGFDJIP"JDF 9AME KQEI "_F""L"L ,\G"" ,DY"E ,\" G"EDL"J,DKQ /C+L$  

CIJE"dO"J,QNc FKGFDJIP"JDF 9AME Z"G" G",KDJ"L KE HI,"J,DKQ C7CE WIG EOXEOGWKF" EIDQ$ 

CIYHKGDEIJ IW C\"YDFKQE DJ /OXEOGWKF" /IDQ ZD,\ L"KF\KXDQD,N /C+LE

+KXQ" *2'8 HG"E"J,E FIYHKGDEIJE IW YK_DYOY L","F,"L FIJF"J,GK,DIJE DJ EOXEOGWKF" EIDQ ZD,\ ;QIGDLK 

FGD,"GDK XKE"L IJ Q"KF\KXDQD,N ,I PGIOJLZK,"G$ +\" WIQQIZDJP "_F""L"L ,\" Q"KF\KXDQD,N FGD,"GDKr 

 'c'2BDH\"JNQ 

 CKGXK`IQ" 

 NKH\,\KQ"J" 

 B"J`IaKbKJ,\GKF"J" 

 B"J`IaKbHNG"J" 

 B"J`IaXbWQOIGKJ,\"J" 

 =DX"J`IaKc\bKJ,\GKF"J" 
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+\"E" "_F""LKJF"E IFFOGG"L DJ IJQN ' IW 4) EOXEOGWKF" EIDQ EKYHQ"E aEKYHQ" 9EN2482/B2'4)'b$  +\DE 

EKYHQ" KQEI FIJ,KDJ"L ,\" \DP\"E, FIJF"J,GK,DIJE IW Q"KL KJL I,\"G Y",KQE$ 7W ,\" FIYHIOJLE QDE,"L 

KXI#"c IJQN JKH\,\KQ"J" DE P"J"GKQQN FIJEDL"G"L ,I X" EIY"Z\K, YIXDQ" DJ ,\" "J#DGIJY"J,$  +\" I,\"G 

F\"YDFKQE KG" FQKEEDWD"L KE \DP\QN DYYIXDQ" aIJ FKQFOQK,"L YIXDQD,N DJLDF"Eb KJL LI JI, ,"JL ,I Q"KF\ 

OJL"G JIGYKQ FIJLD,DIJE XO, GK,\"G KG" ,GKJEHIG,"L IJ HKG,DFOQK," YK,,"G$  ALLD,DIJKQQNc JIJ" IW ,\"E" 

FIYHIOJLE Z"G" L","F,"L DJ KJN PGIOJLZK,"G EKYHQ"E$  BKE"L IJ ,\"E" WKF,Ec D, LI"E JI, KHH"KG ,\K, 

,\" FIJ,KYDJKJ,E L","F,"L DJ EOXEOGWKF" EIDQ \K#" ,\" HI,"J,DKQ ,I KL#"GE"QN DYHKF, PGIOJLZK,"G$ 

+KXQ" *2'8 KQEI HG"E"J,E FIYHKGDEIJE IW YK_DYOY FIJF"J,GK,DIJE ZD,\ EIDQ EK,OGK,DIJ FIJF"J,GK,DIJE ,I 

"#KQOK," ,\" HI,"J,DKQ WIG HG"E"JF" IW WG"" HGILOF,$  AE E\IZJ DJ ,\" ,KXQ"c ,\" FIJF"J,GK,DIJE IW IGPKJDF 

FIYHIOJLE DJ EOXEOGWKF" EIDQ Z"G" EDPJDWDFKJ,QN Q"EE ,\KJ ,\" CEK, FIJF"J,GK,DIJEc DJLDFK,DJP ,\K, WG"" 

HGILOF, DE JI, HG"E"J, DJ EOXEOGWKF" EIDQ$ 

6K1K6K9K9 Results o2 Jroun$_ater Evaluation d >lori$a Metho$ology

L"#"Q ' E#KQOK,DIJ a!"EDL"J,DKQb

@GIOJLZK,"G ZKE "#KQOK,"L WIG WO,OG" G"EDL"J,DKQ OE" aL"#"Q 'b$  +KXQ" *2'4 HG"E"J,E K FIYHKGDEIJ IW ,\" 

YK_DYOY L","F,"L FIJF"J,GK,DIJE DJ PGIOJLZK,"G ,I ,\" ;=E9 @C+LE$  +\" WIQQIZDJP F\"YDFKQE Z"G" 

DL"J,DWD"L KE "_F""LDJP ,\" L"#"Q ' C+LE KJL Z"G" G",KDJ"L KE HI,"J,DKQ C7CE WIG G"EDL"J,DKQ "_HIEOG"E 

,I PGIOJLZK,"G K, /D," 48r 

 >JIGPKJDFE aDGIJc Q"KLc YKJPKJ"E"b 

L"KL ZKE L","F,"L DJ & IW '& PGIOJLZK,"G EKYHQ"Ec IJQN IJ" IW Z\DF\ "_F""L"L ,\" @C+L$  +\" 

YK_DYOY FIJF"J,GK,DIJ a&[$[ OP(Lb ZKE L","F,"L K, Z"QQ QIFK,DIJ 9EN2482'8/ DJ AJIYKQN AG"K NI$ ''$  

+\DE KG"K KQEI FIJ,KDJ"L "Q"#K,"L FIJF"J,GK,DIJE IW Q"KL DJ EOGWKF" KJL EOXEOGWKF" EIDQ  +\" YK_DYOY 

L","F,"L FIJF"J,GK,DIJE IW DGIJ KJL YKJPKJ"E" KQEI "_F""L"L ,\G"" ,DY"E ,\" @C+LE$  NI," ,\K, @C+LE 

WIG DGIJ a8)) OP(Lb KJL YKJPKJ"E" a3) OP(Lb KG" E"FIJLKGN E,KJLKGLE Z\DF\ KG" JI, XKE"L IJ \"KQ,\ 

"WW"F,E XO, IJ K"E,\",DF "WW"F,Ec EOF\ KE ,KE," KJL ILIG$ 

6K1K7 Tuman Tealth RisA Uncertainty Analysis

+\DE E"F,DIJ HG"E"J,E K EOYYKGN IW OJF"G,KDJ,D"E DJ\"G"J, DJ ,\" GDE] KEE"EEY"J, KJL DJFQOL"E K LDEFOEEDIJ 

IW \IZ ,\"N YKN KWW"F, ,\" dOKJ,D,K,D#" GDE] "E,DYK,"E KJL FIJFQOEDIJE IW ,\" GDE] KJKQNEDE$  +\" XKE"QDJ" 

MM!A WIG /D," 48 ZKE H"GWIGY"L DJ KFFIGLKJF" ZD,\ FOGG"J, ./E9A KJL ;QIGDLK PODLKJF"$  MIZ"#"Gc ,\"G" 

KG" #KGNDJP L"PG""E IW OJF"G,KDJ,N KEEIFDK,"L ZD,\ ,\" XKE"QDJ" MM!A$  +\" WIQQIZDJP E"F,DIJE LDEFOEE 

P"J"GKQ OJF"G,KDJ,D"E DJ GDE] KEE"EEY"J, KJL OJF"G,KDJ,D"E EH"FDWDF ,I ,\" GDE] KEE"EEY"J, WIG /D," 48$ 
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.JF"G,KDJ,N DJ ,\" E"Q"F,DIJ IW C79CE ZKE G"QK,"L ,I ,\" FOGG"J, E,K,OE IW ,\" HG"LDF,D#" LK,KXKE"Ec ,\" 

PGIOHDJP IW EKYHQ"Ec ,\" JOYX"GEc ,NH"E KJL LDE,GDXO,DIJE IW EKYHQ"Ec LK,K dOKQD,Nc KJL ,\" HGIF"LOG"E 

OE"L ,I DJFQOL" IG "_FQOL" FIJE,D,O"J,E KE C79CE$  .JF"G,KDJ,N KEEIFDK,"L ZD,\ ,\" "_HIEOG" 

KEE"EEY"J, DJFQOL"L ,\" #KQO"E OE"L KE DJHO, #KGDKXQ"E WIG K PD#"J DJ,K]" GIO," IG EF"JKGDIc ,\" 

KEEOYH,DIJE YKL" ,I L","GYDJ" E9CEc KJL ,\" HG"LDF,DIJE G"PKGLDJP WO,OG" QKJL OE" KJL HIHOQK,DIJ 

F\KGKF,"GDE,DFE$  .JF"G,KDJ,N DJ ,\" ,I_DFD,N KEE"EEY"J, DJFQOL"L ,\" dOKQD,N IW ,\" "_DE,DJP ,I_DFD,N LK,K 

J""L"L ,I EOHHIG, LIE"2G"EHIJE" G"QK,DIJE\DHE KJL ,\" Z"DP\,2IW2"#DL"JF" OE"L ,I L","GYDJ" ,\" 

FKGFDJIP"JDFD,N IW C79CE$  .JF"G,KDJ,N DJ GDE] F\KGKF,"GD`K,DIJ ZKE KEEIFDK,"L ZD,\ "_HIEOG" ,I YOQ,DHQ" 

F\"YDFKQE KJL ,\" FOYOQK,D#" OJF"G,KDJ,N WGIY FIYXDJDJP FIJE"G#K,D#" KEEOYH,DIJE YKL" DJ "KGQD"G 

E,"HE IW ,\" GDE] KEE"EEY"J, HGIF"EE$ 

T\"G"KE ,\"G" Z"G" #KGDIOE EIOGF"E IW GKJLIY OJF"G,KDJ,N KJL XDKEc ,\" YKPJD,OL" IW XDKE KJL 

OJF"G,KDJ,N KJL ,\" LDG"F,DIJ IW XDKE Z"G" DJWQO"JF"L XN ,\" KEEOYH,DIJE YKL" ,\GIOP\IO, ,\" GDE] 

KEE"EEY"J, DJFQOLDJP E"Q"F,DIJ IW C79CE KJL E"Q"F,DIJ IW #KQO"E WIG LIE"2G"EHIJE" G"QK,DIJE\DHE$  

+\GIOP\IO, ,\" "J,DG" GDE] KEE"EEY"J, KEEOYH,DIJE ,\K, FIJEDL"G"L EKW",N WKF,IGE Z"G" YKL" EI ,\K, ,\" 

WDJKQ FKQFOQK,"L GDE]E Z"G" I#"G"E,DYK,"L aD$"$c "GG IJ ,\" EDL" IW EKW",Nb$ 

@"J"GKQQNc GDE] KEE"EEY"J,E FKGGN ,ZI ,NH"E IW OJF"G,KDJ,Nr Y"KEOG"Y"J, KJL DJWIGYK,DIJKQ OJF"G,KDJ,N$  

<"KEOG"Y"J, OJF"G,KDJ,N G"W"GE ,I ,\" OEOKQ #KGDKJF" ,\K, KFFIYHKJD"E EFD"J,DWDF Y"KEOG"Y"J,E$  ;IG 

"_KYHQ"c ,\DE ,NH" IW OJF"G,KDJ,N DE KEEIFDK,"L ZD,\ KJKQN,DFKQ LK,K FIQQ"F,"L WIG "KF\ ED,"$  +\" GDE] 

KEE"EEY"J, G"WQ"F,E ,\" KFFOYOQK,"L #KGDKJF"E IW ,\" DJLD#DLOKQ #KQO"E OE"L$ 

>JWIGYK,DIJKQ OJF"G,KDJ,N E,"YE WGIY DJKL"dOK," K#KDQKXDQD,N IW DJWIGYK,DIJ J""L"L ,I FIYHQ"," ,\" ,I_DFD,N 

KJL "_HIEOG" KEE"EEY"J,E$  7W,"Jc ,\DE PKH DE EDPJDWDFKJ,c EOF\ KE ,\" KXE"JF" IW DJWIGYK,DIJ IJ ,\" 

"WW"F,E IW \OYKJ "_HIEOG" ,I QIZ LIE"E IW K F\"YDFKQc ,\" XDIQIPDFKQ Y"F\KJDEY IW KF,DIJ IW K F\"YDFKQc 

IG ,\" X"\K#DIG IW K F\"YDFKQ DJ EIDQ$ 

7JF" ,\" GDE] KEE"EEY"J, DE FIYHQ","c ,\" G"EOQ,E YOE, X" G"#D"Z"L KJL "#KQOK,"L ,I DL"J,DWN ,\" ,NH" 

KJL YKPJD,OL" IW OJF"G,KDJ,N DJ#IQ#"L$  !"QDKJF" IJ G"EOQ,E WGIY K GDE] KEE"EEY"J, ZD,\IO, FIJEDL"GK,DIJ 

IW OJF"G,KDJ,D"Ec QDYD,K,DIJEc KJL KEEOYH,DIJE DJ\"G"J, DJ ,\" HGIF"EE FKJ X" YDEQ"KLDJP$  ;IG "_KYHQ"c ,I 

KFFIOJ, WIG OJF"G,KDJ,D"E DJ ,\" L"#"QIHY"J, IW "_HIEOG" KEEOYH,DIJEc FIJE"G#K,D#" "E,DYK,"E Z"G" 

YKL" ,I "JEOG" ,\K, ,\" HKG,DFOQKG KEEOYH,DIJE Z"G" HGI,"F,D#" IW E"JED,D#" EOXHIHOQK,DIJE IG ,\" 

YK_DYOY "_HIE"L DJLD#DLOKQE$  >W K JOYX"G IW FIJE"G#K,D#" KEEOYH,DIJE KG" FIYXDJ"L DJ KJ "_HIEOG" 

YIL"Qc ,\" G"EOQ,DJP FKQFOQK,DIJE FKJ HGIHKPK," ,\" OJF"G,KDJ,D"E KEEIFDK,"L ZD,\ ,\IE" KEEOYH,DIJEc 

,\"G"XN HGILOFDJP K YOF\ QKGP"G OJF"G,KDJ,N WIG ,\" WDJKQ G"EOQ,E$  +\DE OJF"G,KDJ,N DE XDKE"L ,IZKGL 

I#"GHG"LDF,DJP XI,\ FKGFDJIP"JDF KJL JIJ2FKGFDJIP"JDF GDE]E$  +\OEc XI,\ ,\" G"EOQ,E IW ,\" GDE] 
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KEE"EEY"J, KJL ,\" OJF"G,KDJ,D"E KEEIFDK,"L ZD,\ ,\IE" G"EOQ,E YOE, X" FIJEDL"G"L Z\"J YK]DJP GDE] 

YKJKP"Y"J, L"FDEDIJE$ 

+\DE DJ,"GHG",K,DIJ IW OJF"G,KDJ,N DE "EH"FDKQQN G"Q"#KJ, Z\"J ,\" GDE]E "_F""L ,\" HIDJ, IW L"HKG,OG" WIG 

L"WDJDJP wKFF"H,KXQ"w GDE]$  ;IG "_KYHQ"c Z\"J GDE]E FKQFOQK,"L OEDJP K \DP\ L"PG"" IW OJF"G,KDJ,N KG" 

Q"EE ,\KJ KJ KFF"H,KXQ" GDE] Q"#"Q aD$"$c ')2*bc ,\" DJ,"GHG",K,DIJ IW JI EDPJDWDFKJ, GDE] DE ,NHDFKQQN 

E,GKDP\,WIGZKGL$  MIZ"#"Gc Z\"J GDE]E FKQFOQK,"L OEDJP K \DP\ L"PG"" IW OJF"G,KDJ,N "_F""L KJ 

KFF"H,KXQ" GDE] Q"#"Q aD$"$c ')24bc K FIJFQOEDIJ FKJ X" LDWWDFOQ, OJQ"EE OJF"G,KDJ,N DE FIJEDL"G"L$ 

6K1K7K1 Uncertainty in Selection o2 CO;Cs 

+\" YIE, EDPJDWDFKJ, DEEO"E G"QK,"L ,I OJF"G,KDJ,N DJ C79C E"Q"F,DIJ Z"G" ,\" OEKXDQD,N IW "_DE,DJP 

LK,KXKE"E hD$"$c ,\" OE" IW #KQDLK,"L KJL OJ#KQDLK,"L EKYHQ" G"EOQ,E aIJQN #KQDLK,"L LK,K Z"G" OE"L DJ ,\DE 

GDE] KEE"EEY"J,b KJL ,\" FIYHQ","J"EEc HG"FDEDIJc KJL KFFOGKFN IW ,\" LK,K E",ic ,\" DJFQOEDIJ IW 

F\"YDFKQE HI,"J,DKQQN K,,GDXO,KXQ" ,I XKF]PGIOJL DJ ,\" dOKJ,D,K,D#" GDE] KEE"EEY"J,c ,\" EFG""JDJP Q"#"QE 

OE"Lc KJL ,\" KXE"JF" IW EFG""JDJP Q"#"QE WIG K W"Z F\"YDFKQE L","F,"L DJ ,\" ED," Y"LDK$  A XGD"W 

LDEFOEEDIJ IW "KF\ IW ,\"E" DEEO"E DE HGI#DL"L DJ ,\" G"YKDJL"G IW ,\DE E"F,DIJ$ 

Usa5ility an$ Completeness o2 ENisting Data5ases 

=K,K WGIY EKYHQ"E FIQQ"F,"L DJ <KGF\ &))3 Z"G" OE"L ,I KEE"EE GDE]E ,I HI,"J,DKQ \OYKJ G"F"H,IGE K, 

/D," 48$  +\" LK,K Z"G" P"J"GKQQN XDKE"L X"FKOE" EKYHQ"E Z"G" FIQQ"F,"L DJ KG"KE IW ]JIZJ IG 

EOEH"F,"L FIJ,KYDJK,DIJ$  ;IG "_KYHQ"c EOGWKF" EIDQ EKYHQ"E Z"G" FIQQ"F,"L WGIY AJIYKQN AG"KE NI$ ''c 

'&c '8c 'Uc '5c '[c &'c &8c KJL &4c Z\DF\c XKE"L IJ HG"#DIOE DJ#"E,DPK,DIJEc Z"G" ]JIZJ ,I FIJ,KDJ 

FIJ,KYDJKJ,E ,\K, "_F""L"L FQ"KJOH FGD,"GDK$ 

+\" EOGWKF" KJL EOXEOGWKF" EIDQE Z"G" KJKQN`"L WIG K QDYD,"L JOYX"G IW Y",KQE aKGE"JDFc XKGDOYc FIHH"Gc 

Q"KLc KJL #KJKLDOYb$  .E" IW ,\DE QDYD,"L QDE, YKN OJL"G"E,DYK," GDE]E XO,c KE DJLDFK,"L DJ ,\" /KYHQDJP 

KJL AJKQNEDE 9QKJ WIG ,\" &))3 EKYHQDJP "#"J,c EKYHQDJP K, /D," 48 ZKE XDKE"L ,IZKGLE ]JIZJ IG 

EOEH"F,"L FIJ,KYDJKJ,E KJL FIJ,KYDJK,"L KG"KE$  +\"E" Y",KQE Z"G" F\IE"J WIG KJKQNEDE X"FKOE" 

FIJF"J,GK,DIJE WGIY HG"#DIOE DJ#"E,DPK,DIJE "_F""L"L ,\" G"#DE"L G"Y"LDKQ PIKQEc KE LDEFOEE"L DJ ,\" 

/KYHQDJP KJL AJKQNEDE 9QKJ$  +\"G"WIG"c ,\" EKYHQDJP KJL KJKQN,DFKQ HGIPGKY E\IOQL X" KL"dOK," WIG 

F\KGKF,"GD`DJP ED,"2G"QK,"L GDE]E$ 

AQQ ,\" LK,K Z"G" #KQDLK,"L KFFIGLDJP ,\" ./E9A PODLKJF"$  =K,K G"PKGL"L KE OJG"QDKXQ" aD$"$c dOKQDWD"L 

KE w!w LOGDJP ,\" LK,K #KQDLK,DIJ HGIF"EEb Z"G" JI, OE"L DJ ,\" dOKJ,D,K,D#" GDE] KEE"EEY"J,$  +\" 

"QDYDJK,DIJ IW LK,K dOKQDWD"L n!o YKN DJFG"KE" ,\" OJF"G,KDJ,N DJ ,\" GDE] KEE"EEY"J,$  MIZ"#"Gc ,\" 

F\"YDFKQE dOKQDWD"L n!o a"$P$c &2JD,GIH\"JIQ KJL X"J`KQL"\NL"b KG" JI, ,NHDFKQ FIJE,D,O"J,E IW FIJF"GJ K, 
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/D," 48$  +\"G"WIG"c D, DE OJQD]"QN ,\K, GDE]E \K#" X""J OJL"G"E,DYK,"L XN ,\" G"YI#KQ IW ,\" OJG"QDKXQ" 

LK,K WGIY ,\" LK,K E",E$ 

Chemicals ;otentially Attri5uta5le to BacAgroun$ 

NI F\"YDFKQE DJ EIDQ IG PGIOJLZK,"G Z"G" "QDYDJK,"L WGIY ,\" GDE] KEE"EEY"J, IJ ,\" XKEDE IW XKF]PGIOJL 

IJQN$  >, DE HIEEDXQ" ,\K, GDE]E WIG YKN X" I#"G"E,DYK,"L XN ,\" DJFQOEDIJ IW EIY" Y",KQE KE C79CE$  NI," 

,\K, ,\" XKF]PGIOJL FIJF"J,GK,DIJE WIG EIDQ KG" XKE"L IJ LK,K WGIY IJQN ,ZI QIFK,DIJE KJL XKF]PGIOJL Q"#"QE 

WIG PGIOJLZK,"G KG" XKE"L IJ WIOG QIFK,DIJE$  +\"G"WIG"c ,\" XKF]PGIOJL FIJLD,DIJE WIG NA/ 9"JEKFIQK YKN 

JI, X" KL"dOK,"QN F\KGKF,"GD`"L$  ;IG "_KYHQ"c KGE"JDF ZKE E"Q"F,"L KE K C79C WIG EOGWKF" KJL EOXEOGWKF" 

EIDQ X"FKOE" ,\" YK_DYOY L","F,"L FIJF"J,GK,DIJE DJ ,\"E" Y"LDK a5 KJL '4$* YP(]Pc G"EH"F,D#"QNb 

"_F""L"L ,\" KGE"JDF EFG""JDJP Q"#"Q KJL ,\" XKF]PGIOJL G"W"G"JF" FIJF"J,GK,DIJ a'$3* YP(]Pb$  ./E9A 

!"PDIJ [ DJLDFK,"E ,\K, XKF]PGIOJL Q"#"QE IW KGE"JDF DJ ,\" .JD,"L /,K,"E GKJP" WGIY )$' ,I [U YP(]P KJL 

A+/=! DJLDFK,"E K XKF]PGIOJL GKJP" IW ' ,I 4) YP(]P$  +\" YK_DYOY L","F,DIJE IW KGE"JDF DJ EIDQ K, NA/ 

9"JEKFIQK KG" K, ,\" QIZ "JL IW ,\"E" FIJF"J,GK,DIJE GKJP"E KJL D, DE HIEEDXQ" ,\K, Q"#"QE IW KGE"JDF K, /D," 

48 KG" JK,OGKQQN IFFOGGDJP$ 

CO;C Screening Hevels 

+\" OE" IW GDE]2XKE"L EFG""JDJP #KQO"E aWIG ,\" ./E9A KJKQNEDEb XKE"L IJ FIJE"G#K,D#" QKJL OE" 

EF"JKGDIE aD$"$c G"EDL"J,DKQ QKJL OE" WIG EIDQ KJL PGIOJLZK,"Gb FIGG"EHIJLDJP ,I KJ >LC! IW ')2* KJL M> IW 

)$' "JEOG"L ,\K, KQQ ,\" EDPJDWDFKJ, FIJ,GDXO,IGE ,I GDE] WGIY K ED," Z"G" "#KQOK,"L$  +\" "QDYDJK,DIJ IW 

F\"YDFKQE HG"E"J, K, FIJF"J,GK,DIJE ,\K, FIGG"EHIJL ,I KJ >LC! Q"EE ,\KJ ')2* KJL KJ M> Q"EE ,\KJ )$' 

E\IOQL JI, KWW"F, ,\" WDJKQ FIJFQOEDIJE IW ,\" GDE] KEE"EEY"J, X"FKOE" ,\IE" F\"YDFKQE KG" JI, "_H"F,"L 

,I FKOE" K HI,"J,DKQ \"KQ,\ FIJF"GJ K, ,\" L","F,"L FIJF"J,GK,DIJE$ 

>J ,\" C79C EFG""JDJP WIG PGIOJLZK,"Gc K nCAL2<ILDWD"L 9!@o WIG +CE a'$4 OP(Lb ZKE OE"L KE ,\" 

EFG""JDJP #KQO" WIG +CE DJE,"KL IW ,\" ./E9A !"PDIJ [ 9!@ a)$)&5 OP(Lb Z\DF\ DE XKE"L IJ K 

HGI#DEDIJKQ NCEA FKJF"G EQIH" WKF,IG$  CIJE"dO"J,QNc +CE aYK_DYOY FIJF"J,GK,DIJ s )$5 OP(Lb ZKE JI, 

E"Q"F,"L KE K C79C$  +\" "QDYDJK,DIJ IW +CE KE K C79C YKN G"EOQ, DJ KJ OJL"G"E,DYK,DIJ IW GDE]$  

MIZ"#"Gc DW +CE Z"G" "#KQOK,"L DJ ,\" dOKJ,D,K,D#" GDE] KEE"EEY"J, aE9C s )$5 OP(Lbc ,\" G"EDL"J,DKQ 

>LC! WIG +CE DJ PGIOJLZK,"G ZIOQL X" Q"EE ,\KJ '_')2*  DW ,\" CAL2<ILDWD"L ,I_DFD,N FGD,"GDK Z"G" OE"Lc 

KJL ZIOQL X" KHHGI_DYK,"QN '_')23c DW ,\" HGI#DEDIJKQ ./E9A ,I_DFD,N #KQO"E Z"G" OE"L$  +\"G"WIG"c ,\" 

"WW"F, IW IYD,,DJP +CE WGIY ,\" dOKJ,D,K,D#" GDE] KEE"EEY"J, DE J"PQDPDXQ"$  >J KLLD,DIJc ,\" YK_DYOY 

FIJF"J,GK,DIJ IW +CE DE Q"EE ,\KJ ,\" ./E9A <CL a3 OP(Lb KJL ,\" ;=E9 @C+L a8 OP(Lb$ 
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Chemicals _ithout Esta5lishe$ Screening Hevels 

!"PDIJ [ 9!@E KG" FOGG"J,QN JI, K#KDQKXQ" WIG EIY" FIJE,D,O"J,E a"$P$c '2Y",\NQJKH\,\KQ"J"c 

&2Y",\NQJKH\,\KQ"J"c KF"JKH\,\NQ"J"c X"J`IaPc\cDbH"GNQ"J"c KJL H\"JKJ,\G"J"b$  AHHGIHGDK," EOGGIPK,"E 

Z"G" E"Q"F,"L WIG ,\"E" F\"YDFKQE XKE"L IJ EDYDQKG F\"YDFKQ E,GOF,OG"Ec DW K#KDQKXQ"$  ;IG "_KYHQ"c 

JKH\,\KQ"J" ZKE OE"L KE K EOGGIPK," WIG '2Y",\NQJKH\,\KQ"J" KJL &2Y",\NQJKH\,\KQ"J"c KJL HNG"J" 

ZKE OE"L KE K EOGGIPK," WIG X"J`IaPc\cDbH"GNQ"J" KJL H\"JKJ,\G"J"$  AHHQNDJP ,\" ,I_DFD,N #KQO"E 

K#KDQKXQ" WIG IJ" FIYHIOJL ,I KJI,\"G DJFG"KE"E ,\" OJF"G,KDJ,N DJ ,\" GDE] KEE"EEY"J, XI,\ DJ G"PKGL ,I 

,\" E"Q"F,DIJ IW C79CE KJL ,\" FKQFOQK,"L GDE]E$  +\" LDG"F,DIJ IW ,\" OJF"G,KDJ,N DE JI, ]JIZJ$  NI," ,\K, 

,\" /,K," IW ;QIGDLK LI"E HGI#DL" C+LE WIG ,\"E" FIYHIOJLE KJL ,\"N Z"G" "#KQOK,"L DJ ,\" KJKQNEDE 

OEDJP ;=E9 Y",\ILIQIPN$  +\"G"WIG"c ,\" OJF"G,KDJ,N KEEIFDK,"L ZD,\ ,\" OE" IW EOGGIPK,"E DE QD]"QN ,I X" 

YDJDYKQ$

6K1K7K2 Uncertainty in the ENposure Assessment 

.JF"G,KDJ,N DJ ,\" "_HIEOG" KEE"EEY"J, KGIE" X"FKOE" IW ,\" Y",\ILE OE"L ,I FKQFOQK," E9CEc ,\" 

L","GYDJK,DIJ IW QKJL OE" FIJLD,DIJEc ,\" E"Q"F,DIJ IW G"F"H,IGE KJL EF"JKGDIEc ,\" "E,DYK,DIJ IW E9CEc 

KJL ,\" E"Q"F,DIJ IW "_HIEOG" HKGKY","GE$  EKF\ IW ,\"E" DE LDEFOEE"L X"QIZ$ 

Han$ Use 

+\" FOGG"J, QKJL OE" HK,,"GJE K, NA/ 9"JEKFIQK KG" Z"QQ "E,KXQDE\"Lc ,\"G"XN QDYD,DJP ,\" OJF"G,KDJ,N 

KEEIFDK,"L ZD,\ QKJL OE" KEEOYH,DIJE$  LKJL OE" K, /D," 48 DE FOGG"J,QN QDYD,"L KJL DE "_H"F,"L ,I X" 

QDYD,"L DJ ,\" WO,OG"c KE QIJP KE NA/ 9"JEKFIQK G"YKDJE IH"J$  +I X" FIJE"G#K,D#"c GDE]E ,I HI,"J,DKQ KJL 

WO,OG" FIJE,GOF,DIJ ZIG]"GEc YKDJ,"JKJF" ZIG]"GEc IFFOHK,DIJKQ ZIG]"GEc G"FG"K,DIJKQ OE"GEc KJL IJ2ED," 

G"EDL"J,E Z"G" "E,DYK,"L WIG ,\" ED,"$  <KDJ,"JKJF" ZIG]"GE KJL G"FG"K,DIJKQ OE"GE KG" FIJEDL"G"L ,I X" 

,\" YIE, QD]"QN G"F"H,IGE OJL"G FOGG"J, QKJL OE"$ 

ENposure ;oint Concentrations

E9CE WIG EIDQ Z"G" FKQFOQK,"L OEDJP ,\" ;QIGDLK .CL CKQFOQK,IG a?"GEDIJ )$[Ub$  .JF"G,KDJ,N DE KEEIFDK,"L 

ZD,\ ,\" OE" IW ,\" [3 H"GF"J, .CL IJ ,\" Y"KJ FIJF"J,GK,DIJ KE ,\" E9C$  AE K G"EOQ, IW OEDJP ,\" 

[3q .CLc ,\" "E,DYK,DIJE IW HI,"J,DKQ GDE] WIG ,\" !<E EF"JKGDI Z"G" YIE, QD]"QN I#"GE,K,"L X"FKOE" ,\DE 

DE K G"HG"E"J,K,DIJ IW ,\" OHH"G QDYD, ,\K, HI,"J,DKQ G"F"H,IGE ZIOQL X" "_HIE"L ,I I#"G ,\" "J,DG" 

"_HIEOG" H"GDIL$  >J EIY" FKE"E a"$P$c KGE"JDF DJ EIDQbc ,\" YK_DYOY FIJF"J,GK,DIJ ZKE OE"L KE ,\" E9C$  

.E" IW ,\" YK_DYOY FIJF"J,GK,DIJ KE ,\" E9C ,"JLE ,I I#"G"E,DYK," HI,"J,DKQ GDE]E X"FKOE" G"F"H,IGE 

KG" KEEOY"L ,I X" "_HIE"L FIJ,DJOIOEQN ,I ,\" YK_DYOY FIJF"J,GK,DIJ WIG ,\" "J,DG" "_HIEOG" H"GDIL$  

.JF"G,KDJ,N ZKE KQEI DJ,GILOF"L Z\"J ,\" JIJL","F,E G"EOQ,E Z"G" KEEDPJ"L K #KQO" IW IJ"2\KQW ,\" 
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JIJL","F, dOKJ,D,K,DIJ QDYD, DJ ,\" FKQFOQK,DIJ IW ,\" E9C$  +\DE YKN "D,\"G I#"GE,K," IG OJL"GE,K," ,\" 

GDE]E ,I HI,"J,DKQ G"F"H,IGE$ 

AE LDEFOEE"L DJ /"F,DIJ *$'$8$&c ,\" FKQFOQK,"L GDE]E WIG PGIOJLZK,"G DJ ,\" ./E9A GDE] "#KQOK,DIJ Z"G" 

XKE"L IJ ,\" KEEOYH,DIJ ,\K, E9CE WIG PGIOJLZK,"G Z"G" ,\" FIJF"J,GK,DIJE DJ ,\" YIE, \DP\QN 

FIJ,KYDJK,"L KG"K IW ,\" HQOY"E aWIG "KF\ C79Cb$  +\" OE" IW ,\"E" K#"GKP"E DE G"FIYY"JL"L XN 

./E9A !"PDIJE ' KJL 4 a./E9A !"PDIJ 4c <KN &)))b$  +\" HQOY" KG"K OE"L WIG K#"GKPDJP ZKE 

E"Q"F,"L XKE"L IJ FIJF"J,GK,DIJE KJL QIFK,DIJE IW "KF\ C79C$  .EDJP ,\" YIE, FIJ,KYDJK,"L HKG, IW ,\" 

HQOY" YKN G"EOQ, DJ I#"G"E,DYK,DIJ IW GDE]E$  NI," ,\K, YK_DYOY PGIOJLZK,"G FIJF"J,GK,DIJE Z"G" OE"L 

DJ ,\" GDE] KEE"EEY"J, H"GWIGY"L KFFIGLDJP ,\" ;=E9 Y",\ILIQIPN$ 

+\"G" ZKE KQEI OJF"G,KDJ,N DJ KEEOYDJP ,\K, FOGG"J, PGIOJLZK,"G FIJF"J,GK,DIJE ZDQQ JI, F\KJP" DJ ,\" 

WO,OG" KJL ,\DE DJ,GILOF"E KLLD,DIJKQ OJF"G,KDJ,N DJ ,\" E9CE KJL GDE]E WIG PGIOJLZK,"G C79CE$  

CIJF"J,GK,DIJE DJ PGIOJLZK,"G YKN LDYDJDE\ I#"G ,DY" LO" ,I JK,OGKQ K,,"JOK,DIJ HGIF"EE"E DJ#IQ#DJP 

EIOGF" L"HQ",DIJ KJL LDQO,DIJ$  +\DE DE KJ DYHIG,KJ, FIJEDL"GK,DIJ WIG /D," 48 X"FKOE" G"Y"LDK,DIJ \KE 

KQG"KLN IFFOGG"L DJ EIY" HIG,DIJE IW ,\" ED,"$ 

ENposure Routes an$ Receptor )$enti2ication 

+\" L","GYDJK,DIJ IW #KGDIOE G"F"H,IG PGIOHE KJL "_HIEOG" GIO,"E IW HI,"J,DKQ FIJF"GJ ZKE XKE"L IJ 

FOGG"J, QKJL OE" IXE"G#"L K, ,\" ED," KJL ,\" KJ,DFDHK,"L WO,OG" QKJL OE"$  +\"G"WIG"c ,\" OJF"G,KDJ,N 

KEEIFDK,"L ZD,\ ,\" E"Q"F,DIJ IW "_HIEOG" GIO,"E KJL HI,"J,DKQ G"F"H,IGE ZKE YDJDYKQ X"FKOE" ,\"N Z"G" 

FIJEDL"G"L ,I X" Z"QQ L"WDJ"L$  AQ,\IOP\ G"EDL"J,DKQ OE" IW PGIOJLZK,"G ZKE "#KQOK,"L KE KJ "_HIEOG" 

EF"JKGDIc PGIOJLZK,"G DE JI, FOGG"J,QN OE"L K, ,\" ED," JIG DE D, "_H"F,"L ,I X" OE"L DJ ,\" WO,OG" a+\G"" 

ZK,"G Z"QQE QIFK,"L IJ NA/ 9"JEKFIQK HGI#DL" "Y"GP"JFN XKF]OH HI,KXQ" ZK,"G EOHHQN$  +\" XKF]OH 

ZK,"G EOHHQN Z"QQE IX,KDJ PGIOJLZK,"G WGIY ,\" EKJL KJL PGK#"Q KdODW"G K, L"H,\E GKJPDJP WGIY &&4 ,I 

&3) W"", XQEb$  +\" J"KG"E, HI,KXQ" ZK,"G Z"QQ ,I /D," 48 DE QIFK,"L KHHGI_DYK,"QN 'c*)) W"", Z"E,2

EIO,\Z"E, IW ,\" ED,"$  +\" "#KQOK,DIJ IW LDG"F, "_HIEOG" ,I PGIOJLZK,"G DJ ,\" MM!A ZKE DJFQOL"L 

HGDYKGDQN ,I KDL DJ GDE] YKJKP"Y"J, L"FDEDIJ YK]DJP$ 

ENposure ;arameters 

+\" GDE]2XKE"L FIJF"J,GK,DIJE OE"L ,I "E,DYK," GDE]E XN ,\" ./E9A Y",\ILIQIPN Z"G" FKQFOQK,"L XN ,\" 

"dOK,DIJE KJL "_HIEOG" WKF,IGE HG"E"J,"L DJ /"F,DIJ *$'$8$8$  EKF\ "_HIEOG" WKF,IG E"Q"F,"L WIG OE" DJ 

,\" GDE] KEE"EEY"J, \KE EIY" KEEIFDK,"L OJF"G,KDJ,N$  @"J"GKQQNc "_HIEOG" WKF,IGE Z"G" XKE"L IJ 

EOG#"NE IW H\NEDIQIPDFKQ KJL QDW"E,NQ" HGIWDQ"E KFGIEE ,\" .JD,"L /,K,"E$  +\" K,,GDXO,"E KJL KF,D#D,D"E 

E,OLD"L DJ ,\"E" EOG#"NE P"J"GKQQN \K#" K XGIKL LDE,GDXO,DIJ$  +\" "_HIEOG" WKF,IGE OE"L DJ ,\DE G"HIG,c DJ 

YIE, FKE"Ec Z"G" IX,KDJ"L WGIY ./E9A IG ;QIGDLK PODLKJF" LIFOY"J,E WIG ,\" !<Ec Z\DF\ P"J"GKQQN 

EH"FDWN ,\" OE" IW ,\" [3,\ H"GF"J,DQ" #KQO" WIG YIE, HKGKY","GE$  +\"G"WIG"c ,\" E"Q"F,"L #KQO"E WIG ,\" 
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!<E G"F"H,IG G"HG"E"J,"L KJ OHH"G XIOJL IW ,\" IXE"G#"L IG "_H"F,"L \KXD,E IW ,\" YKgIGD,N IW ,\" 

HIHOQK,DIJ$

@"J"GKQQNc ,\" OJF"G,KDJ,N FKJ X" KEE"EE"L dOKJ,D,K,D#"QN WIG YKJN KEEOYH,DIJE YKL" DJ L","GYDJDJP 

WKF,IGE WIG FKQFOQK,DJP "_HIEOG"E KJL DJ,K]"E$  <KJN IW ,\"E" HKGKY","GE Z"G" L","GYDJ"L WGIY E,K,DE,DFKQ 

KJKQNE"E IJ \OYKJ HIHOQK,DIJ F\KGKF,"GDE,DFE$  7W,"Jc ,\" LK,KXKE" OE"L ,I EOYYKGD`" K HKG,DFOQKG 

"_HIEOG" HKGKY","G aD$"$c XILN Z"DP\,b DE dOD," QKGP"$  CIJE"dO"J,QNc ,\" #KQO"E F\IE"J WIG EOF\ 

#KGDKXQ"E DJ ,\" !<E EF"JKGDI \K#" QIZ OJF"G,KDJ,N$ 

;IG YKJN HKGKY","GE WIG Z\DF\ QDYD,"L DJWIGYK,DIJ "_DE,E aD$"$c L"GYKQ KXEIGH,DIJ IW F\"YDFKQE WGIY EIDQbc 

PG"K,"G OJF"G,KDJ,N "_DE,E$  ;IG "_KYHQ"c FOGG"J, ./E9A L"GYKQ PODLKJF" a./E9Ac pOQN &))4b LI"E JI, 

HGI#DL" L"GYKQ KXEIGH,DIJ WKF,IGE WIG "_HIEOG" ,I YIE, Y",KQE a"_F"H, KGE"JDF KJL FKLYDOYb DJ EIDQ$  

+\"G"WIG"c GDE]E WIG L"GYKQ FIJ,KF, WGIY EIDQ Z"G" JI, "#KQOK,"L WIG YIE, Y",KQE DJ ,\DE GDE] KEE"EEY"J,$  

CIJE"dO"J,QNc GDE]E WGIY "_HIEOG" ,I EIDQ YKN \K#" X""J OJL"G"E,DYK,"L$ 

6K1K7K9 Uncertainty in the ToNicological Evaluation 

+\" GDE]2XKE"L FIJF"J,GK,DIJE OE"L ,I KEE"EE GDE] Z"G" KQEI L"#"QIH"L OEDJP ,\" ,I_DFD,N FGD,"GDK 

LDEFOEE"L DJ /"F,DIJ *$'$4$  .JF"G,KDJ,D"E KEEIFDK,"L ZD,\ ,\" ,I_DFD,N KEE"EEY"J, aL","GYDJK,DIJ IW !W=E 

KJL C/;E KJL OE" IW K#KDQKXQ" FGD,"GDKb KG" HG"E"J,"L DJ ,\DE E"F,DIJ$ 

Derivation o2 ToNicity Criteria 

.JF"G,KDJ,N KEEIFDK,"L ZD,\ ,\" ,I_DFD,N KEE"EEY"J, ZKE KEEIFDK,"L ZD,\ \K`KGL KEE"EEY"J, KJL 

LIE"2G"EHIJE" "#KQOK,DIJE WIG ,\" C79CE$  +\" \K`KGL KEE"EEY"J, L"KQ, ZD,\ F\KGKF,"GD`DJP ,\" JK,OG" 

KJL E,G"JP,\ IW ,\" "#DL"JF" IW FKOEK,DIJ IG ,\" QD]"QD\IIL ,\K, K F\"YDFKQ ,\K, DJLOF"E KL#"GE" "WW"F,E DJ 

KJDYKQE ZDQQ KQEI DJLOF" KL#"GE" "WW"F,E DJ \OYKJE$  MK`KGL KEE"EEY"J, IW FKGFDJIP"JDFD,N ZKE 

"#KQOK,"L KE K Z"DP\,2IW2"#DL"JF" L","GYDJK,DIJ OEDJP ./E9A Y",\ILE$  9IED,D#" KJDYKQ FKJF"G ,"E, 

LK,K EOPP"E, ,\K, \OYKJE FIJ,KDJ ,DEEO"aEb ,\K, YKN YKJDW"E, K FKGFDJIP"JDF G"EHIJE"l \IZ"#"Gc ,\" 

KJDYKQ LK,K FKJJI, J"F"EEKGDQN X" OE"L ,I HG"LDF, ,\" ,KGP", ,DEEO" DJ \OYKJE$  >J ,\" \K`KGL KEE"EEY"J, 

IW JIJFKJF"G "WW"F,El \IZ"#"Gc HIED,D#" KJDYKQ LK,K IW,"J EOPP"E, ,\" JK,OG" IW ,\" "WW"F,E aD$"$c ,\" ,KGP", 

,DEEO"E KJL ,NH" IW "WW"F,Eb KJ,DFDHK,"L DJ \OYKJE$ 

.JF"G,KDJ,N DJ \K`KGL KEE"EEY"J, KGIE" WGIY ,\" JK,OG" KJL dOKQD,N IW ,\" KJDYKQ KJL \OYKJ LK,K$  

.JF"G,KDJ,N ZKE G"LOF"L Z\"J EDYDQKG "WW"F,E Z"G" IXE"G#"L KFGIEE EH"FD"Ec E,GKDJc E"_c KJL "_HIEOG" 

GIO,"l Z\"J ,\" YKPJD,OL" IW ,\" G"EHIJE" ZKE FQ"KGQN LIE" G"QK,"Ll Z\"J H\KGYKFI]DJ",DF LK,K 

DJLDFK,"L K EDYDQKG WK," DJ \OYKJE KJL KJDYKQEl Z\"J HIE,OQK,"L Y"F\KJDEYE IW ,I_DFD,N Z"G" EDYDQKG WIG 
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\OYKJE KJL KJDYKQEl KJL Z\"J ,\" C7C ZKE E,GOF,OGKQQN EDYDQKG ,I I,\"G F\"YDFKQE WIG Z\DF\ ,\" ,I_DFD,N 

DE YIG" FIYHQ","QN F\KGKF,"GD`"L$ 

.JF"G,KDJ,N DJ ,\" LIE"2G"EHIJE" "#KQOK,DIJ DJFQOL"L ,\" L","GYDJK,DIJ IW K C/; WIG ,\" FKGFDJIP"JDF 

KEE"EEY"J, KJL L"GD#K,DIJ IW KJ !W= WIG ,\" JIJ2FKGFDJIP"JDF KEE"EEY"J,$  .JF"G,KDJ,N ZKE DJ,GILOF"L 

WGIY DJ,"GEH"FD"E aKJDYKQ ,I \OYKJb "_,GKHIQK,DIJc Z\DF\c DJ ,\" KXE"JF" IW dOKJ,D,K,D#" H\KGYKFI]DJ",DF 

IG Y"F\KJDE,DF LK,Kc DE OEOKQQN XKE"L IJ FIJEDL"GK,DIJ IW DJ,"GEH"FD"E LDWW"G"JF"E DJ XKEKQ Y",KXIQDF GK,"$  

.JF"G,KDJ,N KQEI G"EOQ,"L WGIY DJ,GKEH"FD"E #KGDK,DIJ$  <IE, ,I_DFD,N "_H"GDY"J,E KG" H"GWIGY"L ZD,\ 

KJDYKQE ,\K, KG" #"GN EDYDQKG DJ KP" KJL P"JI,NH"c EI DJ,GKPGIOH XDIQIPDFKQ #KGDK,DIJ DE YDJDYKQc XO, ,\" 

\OYKJ HIHOQK,DIJ IW FIJF"GJ YKN G"WQ"F, K PG"K, L"KQ IW \","GIP"J"D,Nc DJFQOLDJP OJOEOKQ E"JED,D#D,N IG 

,IQ"GKJF" ,I ,\" C79C$  E#"J ,I_DFD,N LK,K WGIY \OYKJ IFFOHK,DIJKQ "_HIEOG" G"WQ"F, K XDKE X"FKOE" 

IJQN ,\IE" DJLD#DLOKQE EOWWDFD"J,QN \"KQ,\N ,I K,,"JL ZIG] G"POQKGQN a,\" w\"KQ,\N ZIG]"G "WW"F,wb KJL ,\IE" 

JI, OJOEOKQQN E"JED,D#" ,I ,\" F\"YDFKQ KG" QD]"QN ,I X" IFFOHK,DIJKQQN "_HIE"L$  ;DJKQQNc OJF"G,KDJ,N KGDE"E 

WGIY ,\" dOKQD,N IW ,\" ]"N E,OLN WGIY Z\DF\ ,\" dOKJ,D,K,D#" "E,DYK," ZKE L"GD#"L KJL ,\" LK,KXKE" OE"L$

;IG FKJF"G "WW"F,Ec ,\" OJF"G,KDJ,N KEEIFDK,"L ZD,\ LIE"2G"EHIJE" WKF,IGE ZKE YD,DPK,"L XN KEEOYDJP ,\" 

[3 H"GF"J, OHH"G XIOJL WIG ,\" EQIH" WKF,IG$  AJI,\"G EIOGF" IW OJF"G,KDJ,N DJ FKGFDJIP"JDF KEE"EEY"J, DE 

,\" Y",\IL XN Z\DF\ LK,K WGIY \DP\ LIE"E DJ KJDYKQ E,OLD"E KG" "_,GKHIQK,"L ,I ,\" LIE" GKJP" "_H"F,"L 

WIG "J#DGIJY"J,KQQN "_HIE"L \OYKJE$  +\" QDJ"KGD`"L YOQ,DE,KP" YIL"Qc Z\DF\ DE OE"L DJ J"KGQN KQQ 

dOKJ,D,K,D#" "E,DYK,DIJE IW \OYKJ GDE] WGIY KJDYKQ LK,Kc DE XKE"L IJ K JIJ,\G"E\IQL KEEOYH,DIJ IW 

FKGFDJIP"J"EDE$  E#DL"JF" EOPP"E,Ec \IZ"#"Gc ,\K, "HDP"J",DF FKGFDJIP"JEc KE Z"QQ KE YKJN P"JI,I_DF 

FKGFDJIP"JEc \K#" K ,\G"E\IQL X"QIZ Z\DF\ ,\"N KG" JIJFKGFDJIP"JDF$  +\"G"WIG"c ,\" OE" IW ,\" 

QDJ"KGD`"L YOQ,DE,KP" YIL"Q ZKE FIJE"G#K,D#" WIG F\"YDFKQE ,\K, "_\DXD,"L K ,\G"E\IQL WIG FKGFDJIP"JDFD,N$ 

;IG JIJFKJF"G "WW"F,Ec KLLD,DIJKQ OJF"G,KDJ,N WKF,IGE YKN \K#" X""J KHHQD"L DJ ,\" L"GD#K,DIJ IW ,\" !W= 

,I YD,DPK," HIIG dOKQD,N IW ,\" ]"N E,OLN IG PKHE DJ ,\" LK,KXKE"$  ALLD,DIJKQ OJF"G,KDJ,N WIG JIJFKJF"G 

"WW"F,E KGIE" WGIY ,\" OE" IW KJ "WW"F, Q"#"Q DJ ,\" "E,DYK,DIJ IW KJ !W=c X"FKOE" ,\DE "E,DYK,DIJ ZKE 

HG"LDFK,"L IJ ,\" KEEOYH,DIJ IW K ,\G"E\IQL Q"EE ,\KJ Z\DF\ KL#"GE" "WW"F,E Z"G" JI, "_H"F,"L$  

+\"G"WIG"c KJ OJF"G,KDJ,N WKF,IG DE OEOKQQN KHHQD"L ,I "E,DYK," K JI2"WW"F, Q"#"Q$  ALLD,DIJKQ OJF"G,KDJ,N 

KGIE" DJ "E,DYK,DIJ IW KJ !W= WIG F\GIJDF "_HIEOG" WGIY EOXF\GIJDF LK,K$  .JQ"EE "YHDGDFKQ LK,K DJLDFK,"L 

,\K, "WW"F,E LDL JI, ZIGE"J ZD,\ DJFG"KEDJP LOGK,DIJ IW "_HIEOG"c KJ KLLD,DIJKQ OJF"G,KDJ,N WKF,IG ZKE 

KHHQD"L ,I ,\" JI2"WW"F, Q"#"Q DJ ,\" EOXF\GIJDF E,OLN$  .JF"G,KDJ,N DJ ,\" L"GD#K,DIJ IW !W=E ZKE YD,DPK,"L 

XN ,\" OE" IW OJF"G,KDJ,N KJL YILDWNDJP WKF,IGE ,\K, JIGYKQQN GKJP"L X",Z""J 8 KJL ')$  +\" G"EOQ,DJP 

FIYXDJK,DIJ IW OJF"G,KDJ,N KJL YILDWNDJP WKF,IGE YKN \K#" G"KF\"L 'c))) IG YIG"$ 

+\" L"GD#K,DIJ IW L"GYKQ !W=E KJL C/;E WGIY IGKQ #KQO"E YKN \K#" FKOE"L OJF"G,KDJ,N$  +\DE ZKE 

HKG,DFOQKGQN ,\" FKE" Z\"J JI PKE,GIDJ,"E,DJKQ KXEIGH,DIJ GK,"E Z"G" K#KDQKXQ" DJ ,\" QD,"GK,OG" IG Z\"J 

IJQN dOKQD,K,D#" E,K,"Y"J,E G"PKGLDJP KXEIGH,DIJ Z"G" K#KDQKXQ"$ 
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Uncertainty Associate$ _ith Evaluation o2 the Dermal ENposure ;ath_ay  

AFFIGLDJP ,I !A@/ 9KG, E a./E9Ac pOQN &))4bc GDE]E WIG L"GYKQ KXEIGH,DIJ IW F\"YDFKQE DJ EIDQ YKN X" 

dOKJ,D,K,D#"QN "#KQOK,"L WIG KGE"JDFc FKLYDOYc F\QIGLKJ"c &c42LDF\QIGIH\"JI_NKF",DF KFDLc ==+c +C== aKJL 

I,\"G LDI_DJEbc 9AMEc 9CBEc H"J,KF\QIGIH\"JIQc KJL /?7CE IJQN X"FKOE" IW ,\" QDYD,"L DJWIGYK,DIJ 

PODLKJF" K#KDQKXQ" ,I "#KQOK," L"GYKQ "_HIEOG" ,I I,\"G FIJE,D,O"J,E$  +\"G"WIG"c GDE]E WGIY L"GYKQ 

"_HIEOG" ,I Y",KQE DJ EIDQ a"_F"H, WIG KGE"JDF KJL FKLYDOYb Z"G" JI, "#KQOK,"L DJ ,\" GDE] KEE"EEY"J,$  

CIJE"dO"J,QNc HI,"J,DKQ GDE]E YKN \K#" X""J OJL"G"E,DYK,"L XN "_FQOLDJP ,\"E" FIJE,D,O"J,E WGIY ,\" 

L"GYKQ GDE] KEE"EEY"J, FKQFOQK,DIJE$  MIZ"#"Gc ,\" L"GYKQ HK,\ZKN ZKE DJFQOL"L DJ ,\" L"#"QIHY"J, IW ,\" 

;=E9 /C+LE$  CIJE"dO"J,QNc ,\" OJF"G,KDJ,N KEEIFDK,"L ZD,\ ,\" IYDEEDIJ IW ,\" L"GYKQ HK,\ZKN DJ ,\" 

./E9A KJKQNEDE DE QD]"QN ,I X" YDJDYKQ$ 

+\" !"PDIJ [ 9!@E OE"L ,I KEE"EE GDE]E WIG PGIOJLZK,"G KG" XKE"L IJ DJP"E,DIJ KJL DJ\KQK,DIJ aWIG 

#IQK,DQ"Eb XO, L"GYKQ "WW"F,E KG" JI, FIJEDL"G"L DJ ,\" 9!@ FKQFOQK,DIJE$  ;IG EIY" F\"YDFKQE a"$P$c 9CBE 

KJL 9AMEb ,\" IYDEEDIJ IW ,\" KdO"IOE L"GYKQ HK,\ZKN FKJ X" EDPJDWDFKJ,$  MIZ"#"Gc WIG ,\" ,NH"E IW 

F\"YDFKQE L","F,"L DJ PGIOJLZK,"G K, /D," 48 aD$"$c ?7CE KJL Y",KQEbc ,\" KdO"IOE L"GYKQ HK,\ZKN DE 

P"J"GKQQN JI, DYHIG,KJ,$  +\"G"WIG"c ,\" "WW"F,E IW IYD,,DJP L"GYKQ FIJ,KF, WGIY ,\" 9!@ FKQFOQK,DIJE KG" 

"_H"F,"L ,I X" J"PQDPDXQ"$ 

Use o2 )ron ToNicity Criteria 

AJ NCEA HGI#DEDIJKQ !W= ZKE OE"L ,I "#KQOK," JIJ2FKGFDJIP"JDF "WW"F,E WGIY "_HIEOG" ,I DGIJ$  +\" 

HGI#DEDIJKQ !W= WIG DGIJ DE XKE"L IJ KQQIZKXQ" DJ,K]"E GK,\"G ,\KJ KL#"GE" "WW"F, Q"#"QE$  +\"G"WIG"c ,\"G" 

ZKE EIY" L"PG"" IW OJF"G,KDJ,N KEEIFDK,"L ZD,\ ,\" OE" IW ,\" !W= OE"L ,I FKQFOQK," GDE]2XKE"L 

FIJF"J,GK,DIJE WIG DGIJ$  NI," ,\K, EIY" ./E9A G"PDIJE a"$P$c !"PDIJ 'b FIJEDL"G ,\" OE" IW ,\" IGKQ !W= 

WIG DGIJ DJKHHGIHGDK," KJL G"FIYY"JL ,\K, ,\DE Y",KQ JI, X" "#KQOK,"L dOKJ,D,K,D#"QN DJ GDE] KEE"EEY"J,E$ 

Alternate R2D 2or Manganese 

+\" IGKQ !W= WIG YKJPKJ"E" QDE,"L DJ ,\" !"PDIJ [ 9!@ ,KXQ" a)$)&4 YP(]P(LKNb ZKE OE"L ,I FKQFOQK," 

,\" 9!@ WIG "#KQOK,DJP GDE]E WIG G"EDL"J,DKQ "_HIEOG" ,I PGIOJLZK,"G$  +\DE #KQO" DJFQOL"E K YILDWDFK,DIJ 

WKF,IG IW 8 KJL KJ KLgOE,Y"J, WKF,IG WIG ,\" LD",KGN FIJ,GDXO,DIJ Z\DF\ DE KHHQD"L ,I ,\" JIJ2LD",KGN 

G"W"G"JF" LIE" a)$'4 YP(]P(LKNb HG"E"J,"L DJ >!>/$  >!>/ DJLDFK,"E ,\K, KJ KLgOE,Y"J, WIG ,\" LD",KGN 

FIJ,GDXO,DIJ E\IOQL X" EOX,GKF,"L WGIY ,\DE KQQIZKXQ" DJ,K]"$  .EDJP ,\" YILDWD"L KJL KLgOE,"L !W= G"EOQ,E 

DJ GDE] "E,DYK,"E ED_2,DY"E \DP\"G ,\KJ DW ,\" JIJ2LD",KGN !W= Z"G" OE"L$ 
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6K1K7K4 Uncertainty in the RisA Characteri\ation 

.JF"G,KDJ,N DJ GDE] F\KGKF,"GD`K,DIJ G"EOQ,"L WGIY KEEOYH,DIJE YKL" G"PKGLDJP KLLD,D#D,N IW "WW"F,E WGIY 

"_HIEOG" ,I YOQ,DHQ" C79CE WGIY #KGDIOE "_HIEOG" GIO,"E$  MDP\ OJF"G,KDJ,N "_DE,"L Z\"J EOYYDJP 

JIJFKJF"G GDE]E WIG E"#"GKQ EOXE,KJF"E KFGIEE LDWW"G"J, "_HIEOG" HK,\ZKNE$  +\DE KEEOY"L ,\K, "KF\ 

EOXE,KJF" \KE K EDYDQKG "WW"F, KJL(IG YIL" IW KF,DIJ$  E#"J Z\"J FIYHIOJLE KWW"F, ,\" EKY" ,KGP", 

IGPKJEc ,\"N YKN \K#" LDWW"G"J, Y"F\KJDEYE IW KF,DIJ IG LDWW"G DJ ,\"DG WK," DJ ,\" XILNc EI KLLD,D#D,N YKN 

JI, \K#" X""J KJ KHHGIHGDK," KEEOYH,DIJ$  MIZ"#"Gc ,\" KEEOYH,DIJ IW KLLD,D#D,N ZKE FIJEDL"G"L 

X"FKOE" DJ YIE, FKE"E D, G"HG"E"J,"L K FIJE"G#K,D#" "E,DYK," IW GDE]$ 

!DE]E ,I KJN DJLD#DLOKQ YKN KQEI \K#" X""J I#"G"E,DYK,"L XN EOYYDJP YOQ,DHQ" KEEOY"L "_HIEOG" HK,\ZKN 

GDE]E WIG KJN EDJPQ" G"F"H,IG$  AQ,\IOP\ "#"GN "WWIG, ZKE YKL" ,I L"#"QIH G"KEIJKXQ" EF"JKGDIEc JI, KQQ 

DJLD#DLOKQ G"F"H,IGE YKN \K#" X""J "_HIE"L #DK KQQ HK,\ZKNE FIJEDL"G"L$ 

;DJKQQNc ,\" GDE] F\KGKF,"GD`K,DIJ LDL JI, FIJEDL"G KJ,KPIJDE,DF IG ENJ"GPDE,DF "WW"F,E$  LD,,Q" IG JI 

DJWIGYK,DIJ ZKE K#KDQKXQ" ,I L","GYDJ" ,\" HI,"J,DKQ WIG KJ,KPIJDEY IG ENJ"GPDEY WIG ,\" C79CE$  

B"FKOE" F\"YDFKQ2EH"FDWDF DJ,"GKF,DIJE FIOQL JI, X" HG"LDF,"Lc ,\" QD]"QD\IIL WIG GDE]E ,I X" I#"GHG"LDF,"L 

IG OJL"GHG"LDF,"L FIOQL JI, X" L"WDJ"Lc XO, ,\" Y",\ILIQIPN OE"L ZKE XKE"L IJ FOGG"J, ./E9A 

PODLKJF"$

6K1K8 Summary an$ Conclusions

AJ MM!A ZKE FIJLOF,"L WIG ,\" F\"YDFKQ FIJF"J,GK,DIJE L","F,"L DJ EOGWKF" EIDQc EOXEOGWKF" EIDQc KJL 

PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48$  +\" "#KQOK,DIJ ZKE FIJLOF,"L OEDJP XI,\ ./E9A KJL /,K," 

IW ;QIGDLK G"POQK,DIJE KJL PODL"QDJ"E WIG MM!A$ +\" G"EOQ,E IW ,\" ./E9A KJL ;QIGDLK GDE] KEE"EEY"J,E 

KG" EOYYKGD`"L DJ ,\" WIQQIZDJP E"F,DIJE$ 

6K1K8K1 Summary o2 RisA Assessment per USE;A Metho$ology 

+\" ./E9A GDE] KEE"EEY"J, FIJEDL"G"L WD#" G"F"H,IGEc ,\" \NHI,\",DFKQ WO,OG" G"EDL"J,c ,\" ,NHDFKQ 

DJLOE,GDKQ ZIG]"Gc ,\" FIJE,GOF,DIJ ZIG]"Gc ,\" YKDJ,"JKJF" ZIG]"Gc KJL ,\" ,G"EHKEE"G(G"FG"K,DIJKQ OE"Gc 

KEEOYDJP "_HIEOG" #DK ,\" DJP"E,DIJc L"GYKQ FIJ,KF,c KJL DJ\KQK,DIJ GIO," IW "_HIEOG"E$  MIZ"#"Gc 

YKDJ,"JKJF" ZIG]"GE KJL ,G"EHKEE"GE(G"FG"K,DIJKQ OE"GE KG" FIJEDL"G"L ,I X" ,\" YIE, QD]"QN G"F"H,IGE 

K, /D," 48 OJL"G FOGG"J, QKJL OE"$ 

AJ DJ,"GDY G"Y"LDKQ KF,DIJ aEIDQ G"YI#KQb IFFOGG"L K, ,\" ED," DJ &))8$  +\" EKYHQ"E OE"L DJ ,\DE MM!A 

Z"G" FIQQ"F,"L LOGDJP ,\" WD"QL DJ#"E,DPK,DIJ FIJLOF,"L DJ <KGF\ &))3 KJL ,\"G"WIG" G"HG"E"J, FOGG"J, ED," 

FIJLD,DIJE$
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+\" QDE, IW C79CE WIG /D," 48 DJFQOL"L ,\" WIQQIZDJPr 

 /OGWKF" /IDQ ^ FKGFDJIP"JDF 9AMEc KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOY 

 /OXEOGWKF" /IDQ ^ FKGFDJIP"JDF 9AMEc KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOY 

 @GIOJLZK,"G ^ F\QIGIWIGYc DGIJc Q"KLc YKJPKJ"E" 

VOKJ,D,K,D#" "E,DYK,"E IW JIJ2FKGFDJIP"JDF KJL FKGFDJIP"JDF GDE]E aM>E KJL >LC!Ec G"EH"F,D#"QNb Z"G" 

L"#"QIH"L WIG HI,"J,DKQ \OYKJ G"F"H,IGE$ E_HIEOG" ,I Q"KL ZKE "#KQOK,"L XN ,\" ./E9AkE C\DQL L"KL 

<IL"Q a>E.BCb KJL ALOQ, L"KL <IL"Q aAL<b$  !"EOQ,E IW ,\"E" "#KQOK,DIJE KG" EOYYKGD`"L X"QIZ$ 

9I,"J,DKQ GDE]E KEEIFDK,"L ZD,\ DJ\KQK,DIJ "_HIEOG"E Z"G" FIJEDL"G"L ,I X" YDJDYKQ WIG EIDQ KJL PGIOJLZK,"G$  

>J\KQK,DIJ IW #IQK,DQ" "YDEEDIJE KJL WOPD,D#" LOE, WGIY EIDQ ZKE "#KQOK,"L dOKQD,K,D#"QN #DK K FIYHKGDEIJ IW 

ED," LK,K ZD,\ ./E9A P"J"GDF //LE WIG ,GKJEW"GE WGIY EIDQ ,I KDG$  >J\KQK,DIJ "_HIEOG" WIG EIDQ ZKE FIJEDL"G"L 

,I X" G"QK,D#"QN DJEDPJDWDFKJ, X"FKOE" KQQ L","F,"L EIDQ FIJF"J,GK,DIJE Z"G" Q"EE ,\KJ ,\" //LE$  +\G"" ?7CE 

Z"G" L","F,"L DJ PGIOJLZK,"G K, /D," 48 KJL IJ" ?7C aF\QIGIWIGYb ZKE DL"J,DWD"L KE K C79C WIG 

PGIOJLZK,"G$  !DE]E WIG ,\" DJ\KQK,DIJ IW F\QIGIWIGY WGIY PGIOJLZK,"G Z"G" FKQFOQK,"L DJ ,\" GDE] 

KEE"EEY"J, XN FIYHKGDJP ,\" ED," PGIOJLZK,"G FIJF"J,GK,DIJE ,I ,\" ./E9A !"PDIJ [ +KH TK,"G 9!@c 

Z\DF\ DE XKE"L EIQ"QN IJ DJ\KQK,DIJ$  +\" FKQFOQK,"L GDE] a>LC!b ZKE ZD,\DJ ,\" ./E9AkE GDE] YKJKP"Y"J, 

GKJP"$  >J KLLD,DIJc ,\" YK_DYOY L","F,"L FIJF"J,GK,DIJ IW F\QIGIWIGY a* OP(Lb DE Z"QQ X"QIZ ,\" ./E9A 

<CL a5) OP(Lb$  AQEIc ,\" EIDQ KJL PGIOJLZK,"G 9!@E DJFQOL" ,\" DJ\KQK,DIJ HK,\ZKN KJLc ,\"G"WIG"c ,\" 

DJ\KQK,DIJ HK,\ZKN DE DJFQOL"L DJ ,\" dOKJ,D,K,D#" GDE] KEE"EEY"J, XN FIYHKGDJP F\"YDFKQ FIJF"J,GK,DIJE ,I 

,\" 9!@ #KQO"E$ 

BKE"L IJ ,\" ./E9A "#KQOK,DIJc Q"KL DE ,\" HG"LIYDJKJ, C79C L","F,"L DJ EIDQ KJL PGIOJLZK,"G K, 

/D," 48 KJL DE ,\" HGDYKGN F\"YDFKQ ZKGGKJ,DJP WOG,\"G FIJEDL"GK,DIJ KE K ED," FIJ,KYDJKJ,$  L"KL 

FIJF"J,GK,DIJE "_F""LDJP ,\" 7/TE! //L IW 4)) YP(]P Z"G" L","F,"L K, ED_ EOGWKF" EIDQ EKYHQDJP 

QIFK,DIJE aK#"GKP" FIJF"J,GK,DIJ DJ ,\" ED_ QIFK,DIJE s &c3&3 YP(]Pb KJL K, ED_ EOXEOGWKF" EIDQ QIFK,DIJE 

aK#"GKP" FIJF"J,GK,DIJ s 'c83) YP(]Pb$  L"KL ZKE L","F,"L DJ & IW '& PGIOJLZK,"G EKYHQ"E ZD,\ ,\" 

FIJF"J,GK,DIJ DJ IJ" EKYHQ" "_F""LDJP ,\" '3 OP(L ./E9A KF,DIJ Q"#"Q$  B"FKOE" HOXQDE\"L ,I_DFD,N 

FGD,"GDK KG" JI, K#KDQKXQ" WIG Q"KLc "_HIEOG" ,I Q"KL DJ EIDQ ZKE "#KQOK,"L XN ,\" >E.BC <IL"Q KJL ,\" 

+!T ALOQ, L"KL <IL"Q WIG G"EDL"J,DKQ KJL JIJ2G"EDL"J,DKQ "_HIEOG" EF"JKGDIEc G"EH"F,D#"QN$  !"EOQ,E IW 

,\" >E.BC KJL +!T KLOQ, Q"KL YIL"Q KJKQNE"E DJLDFK," ,\K, "_HIEOG" ,I K#"GKP" Q"KL FIJF"J,GK,DIJE DJ 

EOGWKF" KJL EOXEOGWKF" EIDQ KJL ,\" YK_DYOY L","F,"L FIJF"J,GK,DIJ DJ PGIOJLZK,"G ZIOQL G"EOQ, DJ 

GDE]E aD$"$c HGIXKXDQD,D"Eb "_F""LDJP ./E9A X"JF\YKG]E$ 

VOKJ,D,K,D#" "E,DYK,"E IW JIJ2FKGFDJIP"JDF KJL FKGFDJIP"JDF GDE]E Z"G" L"#"QIH"L WIG ,\" G"F"H,IGE QDE,"L 

KXI#" WIG "_HIEOG" ,I C79CE DJ EIDQ KJL PGIOJLZK,"G$ CKJF"G GDE] "E,DYK,"E a,I,KQ >LC!Eb L"#"QIH"L WIG 
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"_FK#K,DIJ(FIJE,GOF,DIJ ZIG]"GE KJL YKDJ,"JKJF" ZIG]"GE "_HIE"L ,I C79CE DJ EOGWKF" KJL EOXEOGWKF" 

EIDQ Z"G" Q"EE ,\KJ '_')2*$  +I,KQ >LC!E WIG WOQQ ,DY" FIYY"GFDKQ(DJLOE,GDKQ ZIG]"GEc QDW"QIJP G"FG"K,DIJKQ 

OE"GEc KJL WO,OG" G"EDL"J,E \NHI,\",DFKQQN "_HIE"L ,I C79CE DJ EIDQ KJL PGIOJLZK,"G Z"G" ZD,\DJ ,\" 

./E9A ,KGP", GDE] GKJP" IW '_')2* ,I '_')24$  +\" HGDYKGN GDE] LGD#"GE Z"G" FKGFDJIP"JDF 9AME KJL 

KGE"JDF DJ EIDQ KJL F\QIGIWIGY DJ PGIOJLZK,"G$  MIZ"#"Gc ,\"G" DE FIJEDL"GKXQ" OJF"G,KDJ,N KEEIFDK,"L 

ZD,\ ,\" GDE]E FKQFOQK,"L WIG KGE"JDF KJL F\QIGIWIGY$ +\" KGE"JDF FIJF"J,GK,DIJE L","F,"L DJ EIDQ "_F""L 

WKFDQD,N XKF]PGIOJL FIJF"J,GK,DIJE XO, KG" Z"QQ ZD,\DJ JK,OGKQQN IFFOGGDJP Q"#"QE DJ ,\" .$/$ a,\" K#"GKP" 

/D," 48 EIDQ FIJF"J,GK,DIJ DE KHHGI_DYK,"QN 8 YP(]Pb$  >J KLLD,DIJc ,\" EIDQ XKF]PGIOJL LK,KE", WIG NA/ 

9"JEKFIQK FIJEDE,E IW IJQN ,ZI QIFK,DIJE KJL XKF]PGIOJL Q"#"QE YKN JI, X" KL"dOK,"QN F\KGKF,"GD`"L$  

AE E,K,"L KXI#"c F\QIGIWIGY ZKE L","F,"L DJ IJQN & IW '& EKYHQ"El ,\" YK_DYOY FIJF"J,GK,DIJ DE Z"QQ 

X"QIZ ,\" ./E9A <CL KJL ,\" ;QIGDLK @C+L$  >, DE QD]"QN ,\K, FKGFDJIP"JDF 9AME KG" K n\I,EHI,o 

FIJ,KYDJK,DIJ DEEO" IJQN X"FKOE" "Q"#K,"L FIJF"J,GK,DIJE IW FKGFDJIP"JDF 9AME Z"G" L","F,"L YKDJQN DJ 

EOXEOGWKF" EIDQ /KYHQ" 9EN2482/B'4)'$  A#"GKP" FKGFDJIP"JDF 9AM FIJF"J,GK,DIJE IO,EDL" ,\DE KG"K 

aKHHGI_DYK,"QN )$)5 YP(]Pb EQDP\,QN "_F""L ,\" !"PDIJ [ !"EDL"J,DKQ /IDQ 9!@ a)$)*& YP(]Pb KJL KG" Q"EE 

,\KJ ,\" ;=E9 !"EDL"J,DKQ /IDQ /C+L a)$' YP(]Pb$  +\DE EKYHQ" a/B'4)'b KQEI FIJ,KDJ"L ,\" \DP\"E, 

L","F,"L FIJF"J,GK,DIJE IW Q"KL KJL I,\"G Y",KQE DJ EOXEOGWKF" EIDQ$ 

NIJFKJF"G GDE] "E,DYK,"E a,I,KQ M>Eb L"#"QIH"L IJ K ,KGP", IGPKJ("WW"F, XKEDE WIG KQQ G"F"H,IGE "#KQOK,"L 

Z"G" Q"EE ,\KJ OJD,N a'$)b$  CIJE"dO"J,QNc KL#"GE" JIJ2FKGFDJIP"JDF \"KQ,\ "WW"F,E KG" JI, KJ,DFDHK,"L 

OJL"G ,\" FIJLD,DIJE "E,KXQDE\"L DJ ,\" "_HIEOG" KEE"EEY"J,$ 

6K1K8K2 Summary o2 RisA Assessment per State o2 >lori$a Metho$ology 

+\" GDE] KEE"EEY"J, FIJLOF,"L H"G ,\" /,K," IW ;QIGDLK G"POQK,DIJE KJL PODL"QDJ"E "#KQOK,"L GDE]E ,I K 

\NHI,\",DFKQ WO,OG" G"EDL"J, KJL K ,NHDFKQ DJLOE,GDKQ ZIG]"G OEDJP ,\" HOXQDE\"L /C+LE WIG ,\" G"EDL"J,DKQ 

KJL DJLOE,GDKQ QKJL OE" EF"JKGDIc G"EH"F,D#"QN$  !DE]E ,I K \NHI,\",DFKQ WO,OG" G"FG"K,DIJKQ OE"G Z"G" 

"#KQOK,"L OEDJP /C+LE EH"FDWDFKQQN L"#"QIH"L WIG ,\DE GDE] KEE"EEY"J, KE E,DHOQK,"L DJ ,\" /,K," IW 

;QIGDLK G"POQK,DIJE KJL PODL"QDJ"E$  +\" WIQQIZDJP F\"YDFKQE Z"G" DL"J,DWD"L KE HI,"J,DKQ C7CE WIG EOGWKF" 

EIDQE XKE"L IJ K FIYHKGDEIJ IW YK_DYOY FIJF"J,GK,DIJE IG E9CE ,I ,\"E" /C+LEr 

>HOR)DA SUR>ACE SO)H EQAHUAT)ON 

Resi$ential SCTHs )n$ustrial SCTHs Recreational SCTHs 
CKGFDJIP"JDF 9AME L"KL  
AGE"JDF   
BKGDOY   
CIHH"G   
L"KL   
?KJKLDOY   
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+\" WIQQIZDJP F\"YDFKQE Z"G" DL"J,DWD"L KE HI,"J,DKQ C7CE WIG EOXEOGWKF" EIDQE XKE"L IJ K FIYHKGDEIJ IW 

YK_DYOY FIJF"J,GK,DIJE IG E9CE ,I ,\" /C+LEr 

>HOR)DA SUBSUR>ACE SO)H EQAHUAT)ON 

Resi$ential SCTHs )n$ustrial SCTHs Recreational SCTHs 
CKGFDJIP"JDF 9AME CKGFDJIP"JDF 9AME CKGFDJIP"JDF 9AME 
AGE"JDF L"KL  
BKGDOY   
CIHH"G   
L"KL   
?KJKLDOY   

+\" WIQQIZDJP F\"YDFKQE Z"G" DL"J,DWD"L KE HI,"J,DKQ C7CE WIG PGIOJLZK,"G XKE"L IJ K FIYHKGDEIJ IW 

YK_DYOY FIJF"J,GK,DIJE ,I @C+LEr 

>HOR)DA JROUNDWATER EQAHUAT)ON 

Resi$ential SCTHs 
>GIJ
L"KL
<KJPKJ"E"

NI," ,\K, DGIJ KJL YKJPKJ"E" Z"G" DL"J,DWD"L KE HI,"J,DKQ C7CE WIG PGIOJLZK,"G X"FKOE" ,\" YK_DYOY 

FIJF"J,GK,DIJE "_F""L"L C+LE Z\DF\ KG" ./E9A /"FIJLKGN <CLE$  /"FIJLKGN <CLE KG" FGD,"GDK XKE"L 

JI, IJ \"KQ,\ "WW"F,E XO, GK,\"G IJ K"E,\",DF "WW"F,E EOF\ KE ,KE," KJL ILIG$  AQEIc JI," ,\K, MVE WIG DGIJ 

KJL YKJPKJ"E" FKQFOQK,"L DJ ,\" ./E9A "#KQOK,DIJ Z"G" Q"EE ,\KJ ,\" ./E9A KJL ;QIGDLK PIKQ IW OJD,N 

WIG JIJ2FKGFDJIP"JDF \"KQ,\ "WW"F,E$ 

C\"YDFKQE L","F,"L DJ EIDQ Z"G" KQEI "#KQOK,"L WIG ,\" HI,"J,DKQ ,I DYHKF, PGIOJLZK,"G dOKQD,N K, ,\" ED," 

XN FIYHKGDJP YK_DYOY FIJF"J,GK,DIJE ZD,\ ;=E9 /C+LE WIG YDPGK,DIJ WGIY EIDQ ,I PGIOJLZK,"G$  +\DE 

"#KQOK,DIJ DJLDFK,"L ,\K, ,\K, ,\" FIJF"J,GK,DIJE IW FIJE,D,O"J,E L","F,"L DJ EIDQ Z"G" OJQD]"QN ,I KL#"GE"QN 

DYHKF, PGIOJLZK,"G dOKQD,N$ 

9Q"KE" JI," ,\K, ,\" KXI#" GDE] KEE"EEY"J,E a./E9A KJL ;=E9b Z"G" FIJLOF,"L OEDJP YK_DYOY KJL 

.CL FIJF"J,GK,DIJE KFGIEE ,\" "J,DG" ED," XO, D, DE QD]"QN ,\K, E"#"GKQ QIFKQ n\I,EHI,o KG"KE "_DE, ZD,\DJ ,\" 

ED,"c KE LDEFOEE"L HG"#DIOEQN a"$P$c /"F,DIJ *$'$3$4b$ 
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6K2 ECOHOJ)CAH R)SU ASSESSMENT 

+\DE EFG""JDJP2Q"#"Q "FIQIPDFKQ GDE] KEE"EEY"J, ZKE FIJLOF,"L DJ KFFIGLKJF" ZD,\ ./E9A EFIQIPDFKQ 

!DE] AEE"EEY"J, @ODLKJF" WIG /OH"GWOJL a./E9Ac '[[Ubc ./E9A AY"JL"L @ODLKJF" IJ EFIQIPDFKQ 

!DE] AEE"EEY"J, K, <DQD,KGN BKE"E a./E9Ac &)))bc KJL ,\" NK#N 9IQDFN WIG CIJLOF,DJP EFIQIPDFKQ !DE] 

AEE"EEY"J,E a=7Nc '[[[b$  +\" GDE] KEE"EEY"J, WIG /D," 48 FIJEDE,E IW /,"HE ' ,\GIOP\ 8K IW ./E9AkE 

52E,"H "FIQIPDFKQ GDE] KEE"EEY"J, HGIF"EE$ /,"HE ' ,\GIOP\ 8K FIJEDE, IW ,\" WIQQIZDJPr 

/,"H '  /FG""JDJP2L"#"Q 9GIXQ"Y ;IGYOQK,DIJ KJL EFIQIPDFKQ EWW"F,E E#KQOK,DIJ 

/,"H &  /FG""JDJP2L"#"Q E_HIEOG" EE,DYK," KJL !DE] CKQFOQK,DIJ 

/,"H 8K  !"WDJ"Y"J, IW 9G"QDYDJKGN C79CE  

/"F,DIJ *$&$'$' HGI#DL"E ,\" "J#DGIJY"J,KQ E",,DJP WIG /D," 48$  +\" WK," KJL ,GKJEHIG, F\KGKF,"GDE,DFE IW 

,\" F\"YDFKQE L","F,"L DJ EIDQ KG" HGI#DL"L DJ /"F,DIJ *$&$'$&$  +\" "FI,I_DFD,N IW ED," FIJ,KYDJKJ,E KJL 

HI,"J,DKQ "FIQIPDFKQ G"F"H,IGE KG" L"EFGDX"L DJ /"F,DIJ *$&$'$8$  /"F,DIJ *$&$'$4 L"EFGDX"E FIYHQ"," 

"_HIEOG" HK,\ZKNEc Z\DQ" /"F,DIJ *$&$'$3 HGI#DL"E KEE"EEY"J, KJL Y"KEOG"Y"J, "JLHIDJ,E$  /"F,DIJE 

*$&$&c *$&$8c KJL *$&$4 L"EFGDX" ,\" "FIQIPDFKQ "WW"F,E "#KQOK,DIJc "_HIEOG" "E,DYK,"Ec KJL GDE] 

FKQFOQK,DIJc G"EH"F,D#"QN$  /"F,DIJ *$&$3 L"EFGDX"E ,\" G"WDJ"Y"J, IW HG"QDYDJKGN C79CE$  .JF"G,KDJ,D"E 

DJ\"G"J, ZD,\ ,\" "FIQIPDFKQ GDE] KEE"EEY"J, KG" LDEFOEE"L DJ /"F,DIJ *$&$*$  +\" EOYYKGN KJL 

FIJFQOEDIJE IW ,\DE "FIQIPDFKQ GDE] KEE"EEY"J, KG" HGI#DL"L DJ /"F,DIJ *$&$U$

6K2K1 Screening-Hevel ;ro5lem >ormulation

6K2K1K1 Environmental Setting 

/D," 48 FIYHGDE"E KHHGI_DYK,"QN )$[& KFG"E$  /D," 48 DE QIFK,"L K, ,\" EIO,\Z"E, FIGJ"G IW ,\" DJ,"GE"F,DIJ 

IW <OGGKN KJL +KNQIG !IKLE KJL FIJEDE,E IW KJ KG"K KHHGI_DYK,"QN &)) W"", XN &)) W"", DJ ED`" aE"" 

;DPOG" '2&b$  +\" ED," QD"E DJ K E\KQQIZ L"HG"EEDIJ X",Z""J ,\"E" ,ZI GIKLE KJL ,\" ED," "Q"#K,DIJ DE 

KHHGI_DYK,"QN &) W"", KXI#" Y"KJ E"K Q"#"Q$

/D," 48 DE QIFK,"L DJ K L"#"QIH"L KG"K IW ,\" XKE"$  +\" ED," KJL KLgKF"J, KG"K KG" FI#"G"L ZD,\ YIZ"L 

,OGW PGKEE$  A W"Z QKGP" IK] ,G""Ec IGJKY"J,KQ E\GOXEc KJL EYKQQ"G ,G""E KG" HG"E"J,$  BKG" EIDQ FI#"GE ,\" 

KG"K Z\"G" ,"JJDE FIOG,E Z"G" WIGY"GQN QIFK,"L$  NK,D#" OJL"GE,IGN DE KXE"J, WGIY ,\" ED," KJL 

EOGGIOJLDJP KG"K$  NI H"G"JJDKQ E,G"KYE IG I,\"G EOGWKF" ZK,"G XILD"E KG" QIFK,"L ZD,\DJ IG J"KG /D," 48$  

+\" J"KG"E, EOGWKF" ZK,"G DE K LGKDJKP" LD,F\ KHHGI_DYK,"QN 3)) W"", "KE, IW <OGGKN !IKLc XO, EOGWKF" 

ZK,"G DE HG"E"J, DJ ,\DE LD,F\ IJQN DJ,"GYD,,"J,QN$  A nZK,"G QDJ"o E\IZJ IJ EIY" ED," YKHE a;DPOG"E '2& KJL 

82'c WIG "_KYHQ"b DE KJ OJL"GPGIOJL O,DQD,N QDJ"c KJL JI, K LD,F\ IG E,G"KY$
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A QDE, IW W"L"GKQQN QDE,"L ,\G"K,"J"L KJL "JLKJP"G"L EH"FD"E KJL EH"FD"E IW EH"FDKQ FIJF"GJ WIG EEFKYXDK 

CIOJ,N ZKE IX,KDJ"L WGIY ,\" EFIQIPDFKQ /"G#DF"E KJL ;DE\"GD"E !"EIOGF" 7WWDF" IW ,\" .$/$ ;DE\ KJL 

TDQLQDW" /"G#DF" DJ 9KJKYK CD,Nc ;QIGDLK a\,,Hr((ZZZ$WZE$PI#(HKJKYKFD,N(G"EIOGF"E(EH"FD"EQDE,$\,YQb$  ;D#" 

WDE\c '& KYH\DXDKJE(G"H,DQ"Ec '4 XDGLEc 4 YKYYKQEc KJL &4 HQKJ,E KG" QDE,"L KE ,\G"K,"J"Lc "JLKJP"G"Lc IG 

K EH"FD"E IW EH"FDKQ FIJF"GJ WIG ,\" FIOJ,N$  MIZ"#"Gc ,\" \KXD,K,E KEEIFDK,"L ZD,\ ,\"E" EH"FDKQ E,K,OE 

EH"FD"E aD$"$c "E,OKGDJ"c HKQOE,GDJ"c OHQKJL WIG"E,Ec ",F$b LI JI, "_DE, K, /D," 48 IG KLgKF"J, KG"KE$  NIJ" IW 

,\" EH"FDKQ E,K,OE EH"FD"E G"FIGL"L DJ EEFKYXDK CIOJ,N ZIOQL X" "_H"F,"L K, ,\" ED,"$

6K2K1K2 Contaminant >ate an$ Transport 

9KE, KF,D#D,D"E K, /D," 48 DJFQOL" ,\" OJLIFOY"J,"L XOGJDJP KJL XOGDKQ IW LGOYE FIJ,KDJDJP OJ]JIZJ 

YK,"GDKQE$  =GOYE KJL XOGD"L Y",KQQDF L"XGDE \K#" X""J WIOJL DJ HG"#DIOE DJ#"E,DPK,DIJE$  <",KQ L"XGDEc 

XGDF]Ec KJL PQKEE KG" #DEDXQ" IJ ,\" PGIOJL EOGWKF"$  +\" HG"E"JF" IW ,\"E" YK,"GDKQE KJL HG"#DIOE 

KF,D#D,D"E \K#" G"EOQ,"L DJ ,\" FIJ,KYDJK,DIJ IW EIDQE ZD,\ /?7CE KJL Y",KQE$  A L",KDQ"L LDEFOEEDIJ IW 

FIJ,KYDJKJ, WK," KJL ,GKJEHIG, ZKE HG"E"J,"L DJ /"F,DIJ 3$)$  +\" LDEFOEEDIJ X"QIZ DE QDYD,"L ,I K XGD"W 

G"#D"Z IW ,\" WK," KJL ,GKJEHIG, IW FIJ,KYDJKJ,E K, /D," 48 KE G"QK,"L ,I FIJ,KYDJKJ, YDPGK,DIJ HK,\ZKNE 

KJL "FIQIPDFKQ "_HIEOG"$

CIJ,KYDJKJ, YDPGK,DIJ HK,\ZKNE KHHQDFKXQ" K, ,\DE ED," DJFQOL" "GIEDIJ KJL DJWDQ,GK,DIJ$  B"FKOE" ,\" ED," 

DE "EE"J,DKQQN FI#"G"L ZD,\ ,OGW PGKEEc ZDJL "GIEDIJ DE JI, K EDPJDWDFKJ, YDPGK,DIJ HK,\ZKN$  MIZ"#"Gc DW 

EOGWKF" EIDQ DE LDE,OGX"L ,\GIOP\ KF,D#D,D"E EOF\ KE "_FK#K,DIJc EIDQE FIOQL E"G#" KE K EIOGF" WIG KDGXIGJ" 

,GKJEHIG, IW FIJ,KYDJKJ,El EIDQ FIJ,KYDJKJ,E FIOQL ,\"J X" ,GKJEHIG,"L ,I LIZJZDJL QIFK,DIJE$  /IDQ 

"GIEDIJ LO" ,I E,IGY ZK,"G GOJIWW DE HGIXKXQN YDJDYKQ K, /D," 48 LO" ,I ,\" "EE"J,DKQQN WQK, ,"GGKDJ KJL 

PGKEE KJL #"P",K,DIJ FI#"G$

>JWDQ,GK,DJP HG"FDHD,K,DIJ \KE G"EOQ,"L DJ ,\" FIJ,KYDJK,DIJ IW EOXEOGWKF" EIDQ KJL PGIOJLZK,"G K, /D," 48$  

AE "_HQKDJ"L DJ /"F,DIJ *$&$'$'l \IZ"#"Gc EOGWKF" ZK,"G DE JI, HG"E"J, K, /D," 48  +\"G"WIG"c PGIOJLZK,"G 

E""HDJP DJ,I EOGWKF" ZK,"G DE JI, K HK,\ZKN IW FIJF"GJ KJL DE JI, LDEFOEE"L WOG,\"G DJ ,\DE E"F,DIJ$

/?7CE L","F,"L DJ /D," 48 EOGWKF" EIDQ FIJEDE,E IW 9AME KJL H\,\KQK,"E$  +\" WK," KJL ,GKJEHIG, 

F\KGKF,"GDE,DFE IW 9AME KG" L"H"JL"J, IJ ,\"DG YIQ"FOQKG Z"DP\,E$  LIZ YIQ"FOQKG Z"DP\, 9AME KG" YIG" 

EIQOXQ" KJL #IQK,DQ"c KJL ,\"G"WIG" YIG" YIXDQ"$  +\"N YKN #IQK,DQD`" KJL H\I,IQN`" WGIY EIDQ KJL EOGWKF" 

ZK,"Gc KJL ,\"N KQEI YKN X" XDIL"PGKL"L$  MDP\ YIQ"FOQKG Z"DP\, 9AME ,"JL ,I X" DYYIXDQ" KJL 

DJEIQOXQ"c XDJLDJP E,GIJPQN ,I IGPKJDF YK,,"G aG"LOFDJP ,\" HI,"J,DKQ WIG Q"KF\DJP ,I PGIOJLZK,"Gbc KJL ,\"N 

KG" G"EDE,KJ, ,I #IQK,DQD`K,DIJc H\I,IQNEDEc KJL XDIL"PGKLK,DIJ aEDEQ"Gc &)))b$  .HH"G ,GIHDF Q"#"Q IGPKJDEYE 

KG" "_HIE"L ,I 9AME HGDYKGDQN ,\GIOP\ LD",c XO, YIE, ZDQLQDW" FKJ Y",KXIQD`" KJL "_FG"," 9AME$  

;IILF\KDJ ,GKJEW"G KJL XDIYKPJDWDFK,DIJ IW 9AME DE "_H"F,"L ,I X" YDJDYKQ$  9AME YKN X" KXEIGX"L XN 

HQKJ,E XO, KG" "_H"F,"L ,I X" ,GKJEQIFK,"Lc Y",KXIQD`"Lc KJL HI,"J,DKQQN H\I,IL"PGKL"L$  AFFOYOQK,DIJ 
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ZD,\DJ HQKJ,E DE QD]"QN ,I IFFOG IJQN DJ \"K#DQN HIQQO,"L QIFK,DIJE Z\"G" OH,K]" "_F""LE Y",KXIQDEY KJL 

L"PGKLK,DIJ aELZKGLEc '[58b$ 

9\,\KQK,"E KG" G"QK,D#"QN H"GEDE,"J, DJ ,\" "J#DGIJY"J,$  AQ,\IOP\ JOY"GIOE E,OLD"E \K#" L"YIJE,GK,"L 

,\K, H\,\KQK,"E OJL"GPI XDIL"PGKLK,DIJc ,\DE DE K EQIZ HGIF"EE DJ EIDQ$  /IY" YDFGIIGPKJDEYE \K#" X""J 

E\IZJ ,I "_FG"," HGILOF,E ,\K, DJFG"KE" ,\" EIQOXDQD,N IW H\,\KQK,"E KJL "J\KJF" ,\"DG XDIL"PGKLK,DIJ 

a@DXXIJE KJL AQ"_KJL"Gc '[5[b$  BDIYKPJDWDFK,DIJ IW H\,\KQK,"E LI"E JI, IFFOG$

<",KQE KG" \DP\QN H"GEDE,"J, "J#DGIJY"J,KQ FIJ,KYDJKJ,E$  +\"N LI JI, XDIL"PGKL"c H\I,IQN`"c \NLGIQN`"c 

",F$  +\" YKgIG WK," Y"F\KJDEYE WIG Y",KQE KG" KLEIGH,DIJ ,I ,\" EIDQ YK,GD_ aKE FIYHKG"L ,I X"DJP HKG, 

IW ,\" EIDQ E,GOF,OG"b KJL XDIKFFOYOQK,DIJ$ 

+\" YIXDQD,N IW Y",KQE DE DJWQO"JF"L HGDYKGDQN XN ,\"DG H\NEDFKQ KJL F\"YDFKQ HGIH"G,D"Ec DJ FIYXDJK,DIJ 

ZD,\ ,\" H\NEDFKQ KJL F\"YDFKQ F\KGKF,"GDE,DFE IW ,\" EIDQ YK,GD_$  ;KF,IGE ,\K, KEEDE, DJ HG"LDF,DJP ,\" 

YIXDQD,N IW DJIGPKJDF EH"FD"E KG" ,\" EIDQ(HIG" ZK,"G HMc EIDQ(HIG" ZK,"G E\c KJL FK,DIJ "_F\KJP" 

FKHKFD,N$  +\" YIXDQD,N IW Y",KQE P"J"GKQQN DJFG"KE"E ZD,\ L"FG"KEDJP EIDQ HM KJL FK,DIJ "_F\KJP" 

FKHKFD,N$

6K2K1K9 EcotoNicity an$ ;otential Receptors 

/?7CE KJL Y",KQE Z"G" L","F,"L DJ EOGWKF" EIDQ EKYHQ"E$

;"Z P"J"GKQD`K,DIJE FKJ X" YKL" KXIO, ,\" "FI,I_DFD,N IW 9AME X"FKOE" IW ,\" "_,G"Y" #KGDKXDQD,N DJ 

,I_DFD,N KJL H\NEDIF\"YDFKQ HGIH"G,D"E IW 9AME$  AL#"GE" DYHKF,E ,I HQKJ,E WGIY 9AMEc \IZ"#"Gc KG" GKG" 

aEDEQ"Gc &)))b$  >J YIE, KJDYKQ EH"FD"Ec 9AME KG" Y",KXIQD`"L XN K YD_"L2WOJF,DIJ I_DLKE" "J`NY" 

ENE,"Y DJ,I DJ,"GY"LDK,"E ,\K, YKN X" ,I_DFc YO,KP"JDFc IG FKGFDJIP"JDF ,I ,\" \IE,$  /IY" DJ#"G,"XGK," 

EH"FD"E FKJJI, "WWDFD"J,QN Y",KXIQD`" 9AME aEDEQ"Gc &)))bc KJL 9AME FKJ X" F\GIJDFKQQN ,I_DF ,I 

DJ#"G,"XGK,"Ec XO, I#"GKQQc #"GN QD,,Q" DE ]JIZJ KXIO, ,\" ,I_DFIQIPDFKQ Y"F\KJDEYE IW 9AME DJ 

DJ#"G,"XGK,"E aEGE,WD"QL KJL /JIZ2AE\XGII]c '[[[b$  9AME FKJ XDJL ,I F"QQOQKG YKFGIYIQ"FOQ"E KJL

,\"G"XN LDEGOH, ,\"DG WOJF,DIJ DJ \DP\"G Q"#"Q IGPKJDEYE EOF\ KE YKYYKQE KJL XDGLE$  BDIQIPDFKQ 

YKFGIYIQ"FOQ"E DJFQOL" HIQNY"GE IW FKGXI\NLGK,"E a"$P$c E,KGF\bc KYDJI KFDLE aHGI,"DJEbc KJL JOFQ"I,DL"E 

a"$P$c =NAb$  +\" F"QQOQKG WOJF,DIJE IW ,\"E" HIQNY"GE DJFQOL" E,GOF,OG"c "J"GPN E,IGKP"c "J"GPN ,GKJEW"Gc 

YK,"GDKQ ,GKJEHIG,c KJL ,\" E,IGKP" KJL ,GKJEYD,,KQ IW P"J",DF DJWIGYK,DIJ$  9AME E\IZ QD,,Q" ,"JL"JFN ,I 

XDIYKPJDWN DJ ,\" WIIL Z"X aEDEQ"Gc &)))b$  ./E9A !"PDIJ >? FIJEDL"GE ,\" HI,"J,DKQ ,I_DFD,N IW 9AME #DK 

,\" ,"GG"E,GDKQ WIIL Z"X ,I X" P"J"GKQQN J"PQDPDXQ" OJQ"EE 9AME KG" HG"E"J, K, "_,G"Y"QN \DP\ 

FIJF"J,GK,DIJE aD$"$c H"GF"J, Q"#"QEr ')c))) YP(]Pb DJ EIDQ$  <DFGIXDKQ Y",KXIQDEY DE ,\" YKgIG HGIF"EE WIG 

L"PGKLK,DIJ IW 9AME DJ EIDQ aA+/=!c '[[Ub$ 
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>J P"J"GKQc H\,\KQK,"E \K#" K QIZ KFO," ,I_DFD,N ,I KJDYKQE aAYLOG ", KQ$c '[['b$  C\GIJDF IGKQ "_HIEOG"Ec 

\IZ"#"Gc \K#" X""J E\IZJ ,I G"EOQ, DJ QD#"G ,I_DFD,N DJ YKYYKQE$  >JP"E,"L H\,\KQK,"E Y",KXIQD`" ,I 

YIJI"E,"GE DJ ,\" PO, KJL KG" EOXE"dO"J,QN KXEIGX"L$  ;IQQIZDJP KXEIGH,DIJc H\,\KQK,"E LDE,GDXO," 

HGDYKGDQN ,I ,\" QD#"G KJL ]DLJ"NE KJL YKNc DJ EIY" EH"FD"Ec FIJF"J,GK," DJ ,\" ,"E,"E a!\IL"E ", KQ$c 

'[5*b$  LD#"G FKGFDJIP"J"EDE \KE X""J IXE"G#"L aA+/=!c '[[Ub$  <KJN G"F"H,IGE KG" KXQ" ,I Y",KXIQD`" 

KJL "_FG"," H\,\KQK," "E,"GEc EI ,\"DG KXDQD,N ,I XDIKFFOYOQK," #KGD"E KYIJP EH"FD"E$  =",KDQ"L "FI,I_DFD,N 

LK,K WIG XDGLEc HQKJ,Ec KJL DJ#"G,"XGK,"E HQKJ,E FIOQL JI, X" QIFK,"L$

<KJN Y",KQE IFFOG JK,OGKQQN K, #KGDIOE FIJF"J,GK,DIJE DJ EOGWKF" ZK,"G KJL E"LDY"J, HGDYKGDQN ,I 

F\"YDFKQ Z"K,\"GDJP IW GIF]E KJL WKQQIO, WGIY #IQFKJI"E$  <IE, Y",KQE KG" ,I_DF ,I KdOK,DF aD$"$c WDE\c 

DJ#"G,"XGK,"Eb KJL ,"GG"E,GDKQ aD$"$c HQKJ,Ec DJ#"G,"XGK,"Ec #"G,"XGK,"Eb "FIQIPDFKQ G"F"H,IGE KXI#" F"G,KDJ 

FIJF"J,GK,DIJEc ZD,\ EIY" Y",KQE X"DJP YIG" ,I_DF K, QIZ"G FIJF"J,GK,DIJE ,\KJ I,\"GE$  AQEIc LDWW"G"J, 

F\"YDFKQ WIGYE IW ,\" Y",KQE YKN X" YIG" ,I_DF ,\KJ I,\"GE$  ;IG "_KYHQ"c Y",\NQY"GFOGN DE YIG" ,I_DF 

,\KJ DJIGPKJDF Y"GFOGN$  >J KLLD,DIJc ,\" ,I_DFD,N IW E"#"GKQ Y",KQE aFIHH"G KJL Q"KLb ,I KdOK,DF G"F"H,IGE 

DJ WG"E\ZK,"G ENE,"YE L"FG"KE"E ZD,\ DJFG"KEDJP ZK,"G \KGLJ"EE$ 

6K2K1K4 Complete ENposure ;ath_ays 

/IDQ DJ#"G,"XGK,"E KG" "_HIE"L ,I EIDQ FIJ,KYDJKJ,E K, /D," 48 ,\GIOP\ DJP"E,DIJ KJL L"GYKQ FIJ,KF,$  

MDP\"G ,GIH\DF Q"#"Q KJDYKQE EOF\ KE XDGLE KJL EYKQQ YKYYKQE ZDQQ X" "_HIE"L ,I ED,"2G"QK,"L 

FIJ,KYDJK,DIJ ,\GIOP\ DJP"E,DIJ IW FIJ,KYDJK,"L WIIL D,"YE$  +\"E" KJDYKQE FKJ KQEI DJFDL"J,KQQN DJP"E, 

FIJ,KYDJKJ,E DJ EIDQ Z\DQ" PGIIYDJP WOGc HG""JDJP W"K,\"GEc LDPPDJPc PGK`DJP FQIE" ,I ,\" EIDQc IG W""LDJP 

IJ D,"YE ,I Z\DF\ EIDQ \KE KL\"G"L$  AXEIGH,DIJ IW FIJ,KYDJKJ,E WGIY ,\" PKE,GIDJ,"E,DJKQ ,GKF, DE ,\" 

HGDYKGN HK,\ZKN IW DJ,K]" WIG ,"GG"E,GDKQ G"F"H,IGE$  E_HIEOG" ,I FIJ,KYDJKJ,E DJ ,\" EIDQ ,\GIOP\ L"GYKQ 

FIJ,KF, FIOQL IFFOG XO, DE OJQD]"QN ,I G"HG"E"J, K YKgIG "_HIEOG" HK,\ZKN X"FKOE" WOGc W"K,\"GEc KJL 

F\D,DJIOE "_IE]"Q",IJE YDJDYD`" ,GKJEW"G IW FIJ,KYDJKJ,E KFGIEE L"GYKQ ,DEEO"$  MDP\"G ,GIH\DF Q"#"Q 

KJDYKQE K, ,\" ED," KG" "_H"F,"L ,I X" QDYD,"L ,I EH"FD"E ,NHDFKQQN WIOJL DJ OGXKJ KG"KEc EOF\ KE EIJP 

XDGLEc KJL EYKQQ YKYYKQE EOF\ KE YIQ"Ec YDF"c KJL PGKN EdODGG"QE$  /H"FD"E EOF\ KE GKXXD,Ec E\G"ZEc 

IHIEEOYEc GKFFIIJEc KJL EJK]"E YDP\, IFFKEDIJKQQN WIGKP" K, ,\" ED,"$

+\" KDGXIGJ" ,GKJEHIG, IW LOE, DE K J"PQDPDXQ" HK,\ZKN WIG ,"GG"E,GDKQ KJDYKQE X"FKOE" ,\" KG"K DE QKGP"QN 

FI#"G"L XN ,OGW PGKEE$  /DYDQKGQNc ,\" DJ\KQK,DIJ HK,\ZKN DE JI, EDPJDWDFKJ,$

+"GG"E,GDKQ #"P",K,DIJ FIOQL X" "_HIE"L ,I FIJ,KYDJKJ,E #DK FIJ,KF, ZD,\ EIDQ KJL EOXE"dO"J, GII, 

,GKJEQIFK,DIJ$  A"GDKQ L"HIED,DIJ DE K J"PQDPDXQ" HK,\ZKN WIG HQKJ,E KJL KJDYKQE K, /D," 48 X"FKOE" ,\" ED," 

DE QKGP"QN FI#"G"L XN ,OGW PGKEEc G"LOFDJP ,\" KYIOJ, IW XKG" EIDQ KJL WOPD,D#" LOE,$
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+\"G" KG" JI EOGWKF" ZK,"G XILD"E K, /D," 48$  A LGKDJKP" LD,F\ KHHGI_DYK,"QN 3)) W"", ,I ,\" "KE, IW 

<OGGKN !IKL DE ,\" J"KG"E, EOGWKF" ZK,"G XILN ,I /D," 48c XO, EOGWKF" ZK,"G DE HG"E"J, DJ ,\DE LD,F\ IJQN 

DJ,"GYD,,"J,QN$  EFIQIPDFKQ G"F"H,IGE KG" JI, LDG"F,QN "_HIE"L ,I FIJ,KYDJKJ,E DJ PGIOJLZK,"G K, ,\" ED,"$  

E_HIEOG" ,I PGIOJLZK,"G LDEF\KGPDJP KE K E""H IG LDG"F,QN ,I K EOGWKF" ZK,"G XILN G"HG"E"J,E K FIYHQ"," 

"_HIEOG" HK,\ZKN Z\"J K EOGWKF" ZK,"G XILN DE HG"E"J,$  B"FKOE" EOGWKF" ZK,"G DE JI, HG"E"J, K, IG 

J"KG /D," 48c ,\" PGIOJLZK,"G HK,\ZKN DE JI, FIYHQ","$

A FIYHQ"," "_HIEOG" HK,\ZKN \KE ,\G"" FIYHIJ"J,Er K EIOGF" IW FIJ,KYDJKJ,E ,\K, FKJ X" G"Q"KE"L ,I 

,\" "J#DGIJY"J,l K GIO," IW FIJ,KYDJKJ, ,GKJEHIG, ,\GIOP\ KJ "J#DGIJY"J,KQ Y"LDOYl KJL KJ "_HIEOG" IG 

FIJ,KF, HIDJ, WIG KJ "FIQIPDFKQ G"F"H,IG$  AE "_HQKDJ"L DJ /,"H ' IW ./E9AkE "FIQIPDFKQ GDE] KEE"EEY"J, 

PODLKJF" a./E9Ac '[[Ubc DW KJ "_HIEOG" HK,\ZKN DE JI, FIYHQ","c ,\K, "_HIEOG" HK,\ZKN LI"E JI, J""L 

,I X" "#KQOK,"L$  +\DE DE ,\" FKE" WIG PGIOJLZK,"G K, /D," 48 KJL PGIOJLZK,"G FIJ,KYDJKJ,E ZDQQ JI, X" 

"#KQOK,"L DJ ,\DE "FIQIPDFKQ GDE] KEE"EEY"J,$ 

>J EOYYKGNc FIYHQ"," "_HIEOG" HK,\ZKNE KJL GIO,"E IW "J,GN DJ,I XDI,K K, /D," 48 FIJEDE, IW

 =DG"F, FIJ,KF, ZD,\ EIDQ 

 >JP"E,DIJ IW EIDQ 

 >JP"E,DIJ IW FIJ,KYDJK,"L WIIL D,"YE 

6K2K1K5 ;reliminary Assessment an$ Measurement En$points 

./E9A !"PDIJ >? \KE EH"FDWD"L ,\K, KEE"EEY"J, "JLHIDJ,E WIG ,\" EFG""JDJP2Q"#"Q KEE"EEY"J, E\IOQL X" 

XGIKL KJL P"J"GDF$  ;IG ,\" EFG""JDJP Q"#"Q KEE"EEY"J,c ,\" HG"QDYDJKGN KEE"EEY"J, "JLHIDJ, DE ,\" 

HGI,"F,DIJ IW ,"GG"E,GDKQ XDI,K WGIY KL#"GE" "WW"F,E IW F\"YDFKQE IJ ,\"DG PGIZ,\c EOG#D#KQc KJL 

G"HGILOF,DIJ$  <"KEOG"Y"J, "JLHIDJ,E G"HG"E"J, ,\" KEE"EEY"J, "JLHIDJ,E F\IE"J WIG K ED,"c KJL KG" 

Y"KEOG"E IW XDIQIPDFKQ "WW"F,E a./E9Ac '[[Ub$  +\" HG"QDYDJKGN Y"KEOG"Y"J, "JLHIDJ,E Z"G" F\"YDFKQ 

FIJF"J,GK,DIJE DJ EOGWKF" EIDQ ,\K, KG" KEEIFDK,"L ZD,\ JI KL#"GE" "WW"F,E IJ PGIZ,\c EOG#D#KQc KJL 

G"HGILOF,DIJ IW ,"GG"E,GDKQ IGPKJDEYE$  +\" Y"KEOG"Y"J, "JLHIDJ,E KG" G"HG"E"J,"L XN ./E9A !"PDIJ >? 

"FIQIPDFKQ EFG""JDJP #KQO"E aE/?Eb WIG EOGWKF" EIDQ$  ./E9A EFIQIPDFKQ /IDQ /FG""JDJP L"#"QE aEFI2

//LEb Z"G" OE"L DJ HQKF" IW ,\" ./E9A !"PDIJ >? E/?E KE ,\" Y"KEOG"Y"J, "JLHIDJ,E WIG F\"YDFKQE 

Z\"J EFI2//LE Z"G" K#KDQKXQ"$ 

+\" ./E9A !"PDIJ >? E/?E WIG EOGWKF" EIDQ KG" XKE"L IJ FIJE"G#K,D#" "JLHIDJ,E KJL E"JED,D#" 

"FIQIPDFKQ "WW"F,E LK,Kc KJL ,\OEc ,\" EFG""JDJP #KQO"E G"HG"E"J, F\"YDFKQ FIJF"J,GK,DIJE KEEIFDK,"L ZD,\ 

K QIZ HGIXKXDQD,N IW OJKFF"H,KXQ" GDE]E ,I "FIQIPDFKQ G"F"H,IGE$  ;IG ,\DE G"KEIJc ./E9A !"PDIJ >? 

FIJEDL"GE ,\"DG EIDQ E/?E ,I X" HGI,"F,D#" IW ,"GG"E,GDKQ DJ#"G,"XGK,"E KJL HQKJ,E KE Z"QQ KE OHH"G Q"#"Q 

G"F"H,IGE EOF\ KE XDGLE KJL YKYYKQE$  ALLD,DIJKQQNc ,\" QIZ"E, IW ,\" HQKJ,c DJ#"G,"XGK,"c YKYYKQc KJL 

K#DKJ EFI2//L ZKE OE"L WIG F\"YDFKQE Z\"J EFI2//LE Z"G" K#KDQKXQ"$  >J ,\" /LE!Ac ,\"G"WIG"c K 
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LDE,DJF,DIJ DE JI, YKL" X",Z""J Y"KEOG"Y"J, "JLHIDJ,E KEEIFDK,"L ZD,\ LDG"F, ,I_DFD,N ,I DJ#"G,"XGK,"E 

KJL HQKJ,E #"GEOE Y"KEOG"Y"J, "JLHIDJ,E KEEIFDK,"L ZD,\ WIIL F\KDJ "WW"F,E$

6K2K2 Screening-Hevel Ecological E22ects Evaluation

;IG ,\" /LE!Ac YK_DYOY FIJF"J,GK,DIJE IW F\"YDFKQE L","F,"L DJ EOGWKF" EIDQ Z"G" FIYHKG"L ,I EFI2

//LE WIG F\"YDFKQE Z\DF\ EFI2//LE KG" K#KDQKXQ" KJL ,I ./E9A !"PDIJ >? E/?E a./E9Ac &))'b WIG KQQ 

I,\"G L","F,"L F\"YDFKQE$  >W ,\" YK_DYOY FIJF"J,GK,DIJ ZKE Q"EE ,\KJ ,\" EFI2//L aIG ,\" E/?bc ,\" 

F\"YDFKQ ZKE "QDYDJK,"L WGIY WOG,\"G FIJEDL"GK,DIJ$  >W ,\" YK_DYOY FIJF"J,GK,DIJ "dOKQ"L IG "_F""L"L 

,\" EFG""JDJP Q"#"Qc IG DW K EFG""JDJP Q"#"Q ZKE JI, K#KDQKXQ"c ,\" F\"YDFKQ ZKE ,\"J FIJEDL"G"L ,I X" KJ 

"FIQIPDFKQ C79C KJL ZKE G",KDJ"L WIG WOG,\"G E,OLN DJ ,\" "FIQIPDFKQ GDE] KEE"EEY"J,$

6K2K9 Screening-Hevel ENposure Estimate

+\" #KQDLK,"L EOGWKF" EIDQ LK,K E", DE HG"E"J,"L DJ AHH"JLD_ =$  +\" ,"GY nEOGWKF" EIDQo DE OE"L DJ ,\DE GDE] 

KEE"EEY"J, ,I G"W"G ,I EIDQ FIQQ"F,"L WIGY ) ,I '2WII, L"H,\c EDJF" ./E9A !"PDIJ >? FIJEDL"GE ,\DE L"H,\ 

,I X" G"HG"E"J,K,D#" IW EOGWKF" EIDQ$

AQQ KJKQN,"E a"_F"H, FKQFDOYc YKPJ"EDOYc HI,KEEDOYc KJL EILDOYb L","F,"L DJ EOGWKF" EIDQ EKYHQ"E Z"G" 

KEE"EE"L DJ ,\DE DJ#"E,DPK,DIJ$  CKQFDOYc YKPJ"EDOYc HI,KEEDOYc KJL EILDOY Z"G" "_FQOL"L X"FKOE" 

,\"N KG" "EE"J,DKQ JO,GD"J,E ,\K, KG" ,I_DF IJQN K, "_,G"Y"QN \DP\ FIJF"J,GK,DIJE$  =O" ,I ,\" EFKGFD,N IW 

LK,K WIG ,\"E" "EE"J,DKQ JO,GD"J,Ec D, ZKE JI, HIEEDXQ" ,I L"#"QIH GKJP"E IW ,I_DFD,N WIG ,\"Y "#"J K, \DP\ 

FIJF"J,GK,DIJE$

6K2K4 Screening-Hevel RisA Calculation

+\" HG"QDYDJKGN GDE] FKQFOQK,DIJ E,"H FIYHKG"L YK_DYOY FIJF"J,GK,DIJE IW F\"YDFKQE DJ EOGWKF" EIDQ ,I 

./E9A EFI2//LE KJL ./E9A !"PDIJ >? E/?E$  +\" GK,DI IW ,\" YK_DYOY FIJF"J,GK,DIJ ,I ,\" 

EFG""JDJP Q"#"Q DE FKQQ"L ,\" EFG""JDJP MV$  AJKQN,"E Z\IE" YK_DYOY FIJF"J,GK,DIJE LDL JI, "_F""L ,\" 

EFG""JDJP Q"#"Q aD$"$c MV v '$)b Z"G" LGIHH"L WGIY WOG,\"G FIJEDL"GK,DIJc KJL ,\IE" ,\K, "dOKQ"L IG 

"_F""L"L ,\" EFG""JDJP Q"#"Q aD$"$c MV u '$)bc IG LDL JI, \K#" K EFG""JDJP Q"#"Qc Z"G" G",KDJ"L KE 

"FIQIPDFKQ C79CE$

;IOG DJIGPKJDFE aXKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOYb KJL ,\G"" 9AME aX"J`IaKbHNG"J"c WQOIGKJ,\"J"c 

KJL HNG"J"b KE Z"QQ KE ,I,KQ 9AME Z"G" G",KDJ"L KE C79CE X"FKOE" ,\"DG YK_DYOY FIJF"J,GK,DIJE 

"_F""L"L EFG""JDJP #KQO"E a+KXQ" *2'3b$  +"J I,\"G 9AME KJL IJ" H\,\KQK," aXDEh&2",\NQ\"_NQiH\,\KQK,"b 

Z"G" G",KDJ"L KE C79CE X"FKOE" EFG""JDJP Q"#"QE Z"G" JI, K#KDQKXQ"$ 
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TABLE 6-15

SELECTION OF ECOLOGICAL CHEMICALS OF POTENTIAL CONCERN FOR SLJRFACE SOIL
SITE 43 REMEDIAL INVESTIGATION REPORT

NAS PENSACOLA
PENSACOLA, FLORIDA

Frequency Minimum Maximum
Sample of Average of Soil

COPC(2) IPARAMETER Maximum Mean Positive Screening HQ Rationale(3)
of Detection Concentration Concentration

Detection Concentration(1) Detections Value
Semi Volatile Oorqanic Chemicals (ug/kg)

~
1-METHYLNAPHTHALENE 1/20 3J 3J PEN-43-SS2401 4.5 3 NA NA NC
2-METHYLNAPHTHALENE 7/20 2 J 9 J PEN-43-SS2401 2.1 5.4 NA NA NC
ACENAPHTHENE 5/20 1 J 3J PEN-43-SS2401 0.84 2.2 20,000 0.0002 BSL
ACENAPHTHYLENE 11/20 1 J 11 J PEN-43-SS2501 2.8 4.9 NA NA - NC
ANTHRACENE 17/20 0.9 J 17 J PEN-43-SS2801 4.7 5.5 100 0.2 No BSL
BENZO(A)ANTHRACENE 20/20 8 J 310 J PEN-43-SS2401 75.6 75.6 NA NA · NC
BENZO(AlPYRENE 19/20 6J 180 PEN-43-SS2801 47.8 50.3 100 1.8 · ASL
BENZO(B)FLUORANTHENE 20/20 11 J 410 PEN-43-SS2801 111 111 NA NA - NC
BENZO(G,H,I)PERYLENE 19/20 4J 110 J PEN-43-SS2801 25.1 26.3 NA NA - NC
BENZO(K)FLUORANTHENE 20/20 3J 130 PEN-43-SS25C1 32.3 32.3 NA NA · NC
BIS(2-ETHYLHEXYL)PHTHALAT 3/20 110 J 870 PEN-43-SS35C1 90 365 NA NA - NC
CHRYSENE 20/20 3J 160 PEN-43-SS2401 43.4 43.4 NA NA - NC
DI-N-BUTYL PHTHALATE 2/20 930 1200 PEN-43-SS2001 148.7 1065 2DO.000 0.Q1 No BSL
DIBENZO(A,H)ANTHRACENE 6/20 7J 36 PEN-43-SS2401 7.3 22 NA NA - NC
FLUORANTHENE 20/20 5J 280 J PEN-43-SS2401 84.4 84.4 100 2.8 - ASL
FLUORENE 1/20 1.675 J 3 J PEN-43-SS1801-D 0.4 1.7 30,000 0.0001 No BSL
INDENO(1,2,3-CD)PYRENE 19/20 4J 98 PEN-43-SS2401 27 28.4 NA NA - NC
NAPHTHALENE 9/20 1 J 3J PEN-43-SS2701 0.97 1.6 100 I 0.03 I No I BS:"
PHENANTHRENE 20/20 2 J 85 PEN-43-SS2801 25.1 25.1 100 I 0.9 .. BSL
PYRENE 20/20 4J 190 PEN-43-SS2401 56.4 56.4 100 I 1.9 ASL
TOTAL PAH -- -- 1919.35 PEN·43-SS2401 -- -- 1,000 I 1.9 ASL
Inorqanics (mQ/kq)
ARSENIC 11112 1.2 8 PEN-43-SS2801 3.5 3.8 18 0.4

II
BSL

BARIUM 12/12 2.2 726 PEN-43-SS2801 205 205 330 2.2 ASL
COPPER 17/17 1.7 889 PEN-43-SS2401 114 I 114 40 22 ASL
LEAD 17/17 10.7 7360 PEN-43-SS2801 1077 1077 11 669 ASL
VANADIUM 9/9 1.4 73.1 PEN-43-SS2801 13.9 13.9 78 9.4 ASL

Footnotei?~

1 - The mean concentration incorporates 1/2 the det3ction limit for non-detect samples.
2 - Chemicals retained as COPCs are evaluated further in the Step 3a evaluation.
3 Rationale for COPC selection/deletion:
ASL Maximum detected concentration above screening level
BSL Maximum detected concentration below screening level
NA Not available
NC No criteria available
HQ Hazard quotient

o
~JJ
0(1)
::::1<o·
0) ......
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6K2K5 Re2inement o2 ;reliminary Chemicals o2 ;otential Concern

A, ,\DE HIDJ,c ,\" WDGE, ,ZI E,"HE IW ,\" "FIQIPDFKQ GDE] KEE"EEY"J, \K#" X""J FIYHQ","L$  +\" "FIQIPDFKQ 

GDE] KEE"EEY"J, HGIF"EE DJFQOL"E K E"GD"E IW EFD"J,DWDF(YKJKP"Y"J, L"FDEDIJ HIDJ,E a/<=9Eb a./E9Ac 

'[[Ub$  +\" WDGE, /<=9 IFFOGE K, ,\" "JL IW /,"H &c KJL G"dODG"E ,\" GDE] YKJKP"GE ,I "#KQOK," KJL 

KHHGI#" IG G"LDG"F, ,\" ZIG] OH ,I ,\K, HIDJ, KJL L","GYDJ" Z\",\"G ,\" GDE] KEE"EEY"J, ZDQQ FIJ,DJO" DJ,I 

/,"H 8$  MIZ"#"Gc ./E9A !"PDIJ >? G"FIPJD`"E ,\K, YIE, "FIQIPDFKQ GDE] KEE"EEY"J,E ZDQQ HGIF""L DJ,I 

/,"H 8c KJL WKFDQD,D"E KG" "JFIOGKP"L ,I EOXYD, ,\" G"EOQ,E IW /,"HE ' ,\GIOP\ 8 KE K EDJPQ" L"QD#"GKXQ" 

LIFOY"J, a./E9Ac &)))b$  TD,\ ,\DE DJ YDJLc KJL EDJF" ,\" /LE!A DJLDFK,"E K HI,"J,DKQ WIG KL#"GE" 

"WW"F,Ec K YIG" ,\IGIOP\ KEE"EEY"J, DE ZKGGKJ,"L$  +\"G"WIG"c ,\" GDE] KEE"EEY"J, HGIF"EE WIG /D," 48 

ZDQQ HGIF""L DJ,I /,"H 8 aBKE"QDJ" !DE] AEE"EEY"J, 9GIXQ"Y ;IGYOQK,DIJb$

+\" XKE"QDJ" "FIQIPDFKQ GDE] KEE"EEY"J, X"PDJE ZD,\ K YIG" XKQKJF"L "#KQOK,DIJ IW ,\" FIJE"G#K,D#"J"EE 

DJ\"G"J, DJ ,\" WDGE, ,ZI E,"HE IW ,\" GDE] KEE"EEY"J, HGIF"EE a./E9Ac '[[Ul =7Nc '[[[b$  +\" DJD,DKQ 

H\KE" IW /,"H 8 DE ,NHDFKQQN ]JIZJ KE /,"H 8Kc KJL FIJEDE,E IW K G"WDJ"Y"J, IW ,\" FIJE"G#K,D#" "_HIEOG" 

KEEOYH,DIJE DJ IGL"G ,I YIG" G"KQDE,DFKQQN "E,DYK," HI,"J,DKQ GDE]E ,I "FIQIPDFKQ G"F"H,IGE aD$"$c HQKJ,Ec 

DJ#"G,"XGK,"Ec KJL ZDQLQDW" G"F"H,IGEb$  E_KYHQ"E IW WKF,IGE FIJEDL"G"L LOGDJP /,"H 8K DJFQOL" 

,I_DFIQIPDFKQ "#KQOK,DIJ IW C79CEc EHK,DKQ LDE,GDXO,DIJ IW FIJ,KYDJKJ,Ec WIIL2F\KDJ YIL"QDJPc KJL \KXD,K, 

dOKQD,N a./E9Ac '[[Ul =7Nc '[[[b$

;IIL2F\KDJ YIL"QDJP ZKE FIJLOF,"L ,I DJ#"E,DPK," HI,"J,DKQ GDE]E ,I G"HG"E"J,K,D#" G"F"H,IGE WGIY 

DJP"E,"L LIE"E IW EOGWKF" EIDQ C79CE ,\K, KG" ]JIZJ ,I XDIKFFOYOQK," IG XDIYKPJDWN a./E9Ac &)))b$  

+\" Y",\ILE OE"L ,I YIL"Q ,\" LIE"E ,\K, G"HG"E"J,K,D#" G"F"H,IGE FIOQL G"F"D#"c KE Z"QQ KE ,\" 

E"Q"F,DIJ IW ,I_DFD,N G"W"G"JF" #KQO"E a+!?Ebc KG" HG"E"J,"L DJ AHH"JLD_ ;$  +\" KEE"EEY"J, "JLHIDJ,E 

KEEIFDK,"L ZD,\ ,\" WIIL2F\KDJ YIL"QDJP Z"G" ,\" HGI,"F,DIJ IW DJE"F,D#IGIOE XDGLE KJL YKYYKQE WGIY 

KL#"GE" "WW"F,E IW C79CE IJ PGIZ,\c EOG#D#KQc KJL G"HGILOF,DIJ$  +\" ,"GY nDJE"F,D#IGIOEo DE OE"L \"G" DJ 

K XGIKL E"JE" ,I L"EFGDX" XDGLE KJL YKYYKQE ,\K, HG"N JI, IJQN OHIJ DJE"F,E XO, IJ K #KGD",N IW 

DJ#"G,"XGK,"E aD$"$c KLOQ, KJL QKG#KQ DJE"F,Ec F"J,DH"L"Ec YDQQDH"L"Ec I,\"G KG,\GIHILEc KJL ZIGYEb$  +\" 

E\IG,2,KDQ"L E\G"Z ZKE E"Q"F,"L ,I G"HG"E"J, DJE"F,D#IGIOE YKYYKQE KJL ,\" AY"GDFKJ GIXDJ ZKE 

E"Q"F,"L ,I G"HG"E"J, DJE"F,D#IGIOE XDGLE$  +\" KEEIFDK,"L Y"KEOG"Y"J, "JLHIDJ,E Z"G" LIE"E IW 

C79CE KEEIFDK,"L ZD,\ KL#"GE" "WW"F,E IJ PGIZ,\c EOG#D#KQc KJL G"HGILOF,DIJ IW ,\"E" G"F"H,IG PGIOHE$

LKGP" ,"GG"E,GDKQ FKGJD#IGIOE XDGLE KJL YKYYKQE a"$P$c G"L WI_c G"L2,KDQ"L \KZ]b Z"G" JI, E"Q"F,"L KE 

KEE"EEY"J, "JLHIDJ,E X"FKOE" IW ,\" L"#"QIH"L JK,OG" IW ,\" ED," KJL D,E EYKQQ ED`" FIYHKG"L ,I ,\" 

,NHDFKQ WIGKPDJP KG"KE IW FKGJD#IGIOE KJDYKQE$  7YJD#IG"E KJL \"GXD#IG"E Z"G" JI, E"Q"F,"L KE 

KEE"EEY"J, "JLHIDJ,E X"FKOE" "_HIEOG" ,I ,\" ED," C79CE DE PG"K,"G WIG DJE"F,D#IG"E ,\KJ WIG 

IYJD#IG"E KJL \"GXD#IG"E$ 



  !"#$ & 
  ''()*()* 

+,N./(+AL2)32)3*(45&'(3$& *2U3 C+7 )833

6K2K5K1 Results o2 >oo$-Chain Mo$eling 

BKE"L IJ YK_DYOY FIJF"J,GK,DIJE KJL FIJE"G#K,D#" KEEOYH,DIJEc WIIL2F\KDJ MVE "_F""L"L '$) WIG 

FIHH"G KJL Q"KL WIG XI,\ ,\" GIXDJ KJL E\G"Z a+KXQ" *2'*b$  +\" Q"KL WIIL F\KDJ MVE Z"G" PG"K,"G WIG 

DJE"F,D#IGIOE XDGLE aG"HG"E"J,"L XN ,\" GIXDJb ,\KJ WIG DJE"F,D#IGIOE EYKQQ YKYYKQE aG"HG"E"J,"L XN ,\" 

E\G"Zb$  BKE"L IJ ,\" K#"GKP" FIJF"J,GK,DIJ EF"JKGDI aE"" AHH"JLD_ ;bc WIIL2F\KDJ MVE "_F""L"L '$) 

WIG Q"KL IJQN a+KXQ" *2'Ub$

6K2K5K2 Step 9a Discussion 

+\" G"EOQ,E IW ,\" EFG""JDJP Q"#"Q KEE"EEY"J, KJL /,"H 8K FIJEDL"GK,DIJE KG" LDEFOEE"L IJ K C79C2

EH"FDWDF XKEDE$

6K2K5K2K1 Semivolatile Organic Compoun$s

;ATs
<K_DYOY EFG""JDJP MVE IW ,\G"" 9AME aX"J`IaKbHNG"J"c WQOIGKJ,\"J"c KJL HNG"J"b KE Z"QQ KE ,I,KQ 

9AME "_F""L"L '$)c XO, Z"G" G"QK,D#"QN QIZ a'$5 ,I &$5b$  +\" ./E9A !"PDIJ >? E/?E WIG ,\"E" WIOG 

9AME KJL WIG ,I,KQ 9AME KG" XKE"L IJ FIJF"J,GK,DIJE ,\K, G"HG"E"J, XKF]PGIOJL FIJF"J,GK,DIJE DJ EIDQ IG 

L","F,DIJ QDYD,E a;GDLKNc '[[5b$  E/?E Z"G" JI, K#KDQKXQ" WIG ') I,\"G 9AMEl \IZ"#"Gc ,\" YK_DYOY 

FIJF"J,GK,DIJ IW ,I,KQ 9AME a'['[ fP(]Pc +KXQ" *2'3b ZKE Z"QQ X"QIZ &)c))) fP(]Pc Z\DF\ \KE X""J 

L"EFGDX"L KE YIL"GK," EIDQ FIJ,KYDJK,DIJ ,\K, G"dODG"E KLLD,DIJKQ E,OLN a;GDLKNc '[[5b$ ;IG ,\DE G"KEIJc 

GDE]E ,I HQKJ,E KJL EIDQ DJ#"G,"XGK,"E WGIY 9AME KG" J"PQDPDXQ"$  ALLD,DIJKQQNc ,\" ,I_DFD,N IW 9AME K, /D," 

48 #DK ,\" ,"GG"E,GDKQ WIIL Z"X DE J"PQDPDXQ"$  +\"G"WIG"c 9AME HIE" J"PQDPDXQ" "FIQIPDFKQ GDE] K, /D," 48$

BisX2-ethyheNylYphthalate
AJ E/? ZKE JI, K#KDQKXQ" WIG XDEa&2",\NQ\"_NQbH\,\KQK,"l ,\"G"WIG"c ,\" YK_DYOY XDEa&2",\NQ\"_NQb 

H\,\KQK," FIJF"J,GK,DIJ ZKE FIYHKG"L ,I I,\"G ,I_DFD,N PODL"QDJ"E ,I "#KQOK," GDE]E ,I HQKJ,E KJL 

DJ#"G,"XGK,"E$

 7K] !DLP" NK,DIJKQ LKXIGK,IGN a7!NLb 9QKJ, a=D",\NQH\,\KQK,"br ')) YP(]P aEWGINYEIJ ", KQ$c '[[UKb 

 7!NL EKG,\ZIGY a=DY",\NQH\,\KQK,"br &)) YP(]P aEWGINYEIJ ", KQ$c '[[UXb 



TABLE 6-16

TERRESTRIAL FOOD CHAIN MODEL - CONSERVATIVE SCENARIO
INSECTIVOROUS RECEPTORS

SITE 43 REMEDIAL INVESTIGATION REPORT
NAS PENSACOLA

 PENSACOLA, FLORIDA

Rev. 1
03/07/06

HQNOAEL HQLOAEL HQNOAEL HQLOAEL

Metals
Copper 4.8E+00 3.6E+00 1.3E+01 9.8E+00
Lead 1.6E+03 1.6E+02 1.5E+02 1.5E+01

Notes:
-Cells are shaded if the HQ value is greater than 1.0.
-See Appendix E for the HQ calculation spreadsheets.
HQ = Hazard Quotient
NOAEL = No observed adverse effect level
LOAEL = Lowest observed adverse effect level

Chemical
American Robin Short-Tailed Shrew

TtNUS/TAL-05-056/4821/5.2 6-76 CTO 0355

Rev. 2
11/06/06



TABLE 6-17

TERRESTRIAL FOOD CHAIN MODEL - AVERAGE SCENARIO
INSECTIVOROUS RECEPTORS

SITE 43 REMEDIAL INVESTIGATION REPORT
NAS PENSACOLA

PENSACOLA, FLORIDA

Rev. 1
03/107/06

HQNOAEL HQLOAEL HQNOAEL HQLOAEL

Metals
Copper 1.9E-01 1.4E-01 4.5E-01 3.5E-01
Lead 3.9E+01 3.9E+00 3.3E+00 3.3E-01

Notes:
-Cells are shaded if the HQ value is greater than 1.0.
-See Appendix E for the HQ calculation spreadsheets.
HQ = Hazard Quotient
NOAEL = No observed adverse effect level
LOAEL = Lowest observed adverse effect level

Chemical
American Robin Short-Tailed Shrew

TtNUS/TAL-05-056/4821/5.2 6-77 CTO 0355

Rev. 2
11/06/06
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NI HQKJ, X"JF\YKG]E KG" K#KDQKXQ" WIG XDEa&2",\NQ\"_NQb H\,\KQK,"c ,\"G"WIG"c ,\" 7!NL HQKJ, X"JF\YKG] 

WIG LD",\NQH\,\KQK," a')) YP(]Pb ZKE OE"L$  +\" LD",\NQH\,\KQK," 7!NL X"JF\YKG] WIG HQKJ,E DE XKE"L IJ 

KJ EC3) #KQO" IW '84 YP(]P aZ\DF\ ZKE GIOJL"L LIZJ ,I IJ" EDPJDWDFKJ, WDPOG" WIG ,\" HQKJ, X"JF\YKG] 

KE L"EFGDX"L DJ EWGINYEIJ ", KQ$c '[[UKb XKE"L IJ "WW"F,E IJ ,\" PGIZ,\ IW Q",,OF" WGIY E""LQDJP ,I 

'4 LKNE DJ QIKY EIDQE$  E#"J ,\IOP\ ,\" 7!NL X"JF\YKG] DE XKE"L IJ KJ EC3) FIJF"J,GK,DIJ aK #KQO" 

DJLDFK,DJP KL#"GE" "WW"F,E ,I 3) H"GF"J, IW ,\" ,"E, EOXg"F,Ebc ,\" YK_DYOY L","F,"L FIJF"J,GK,DIJ a5U) 

OP(]Pb DE YOF\ QIZ"G ,\KJ ,\" 7!NL HQKJ, X"JF\YKG]c EI DYHKF,E ,I HQKJ,E KG" JI, "_H"F,"L$  +\"G"WIG"c 

GDE]E ,I HQKJ,E WGIY XDE a&2",\NQ\"_NQb H\,\KQK," KG" "_H"F,"L ,I X" J"PQDPDXQ"$

NI X"JF\YKG]E KG" K#KDQKXQ" WIG XDEa&2",\NQ\"_NQb H\,\KQK," ,I "#KQOK," GDE]E ,I "KG,\ZIGYEl ,\"G"WIG"c 

,\" 7!NL "KG,\ZIGY X"JF\YKG] WIG LDY",\NQH\,\KQK," a&)) YP(]Pb ZKE OE"L X"FKOE" ,\" ,I_DFD,N IW 

,\"E" ,ZI H\,\KQK,"E DE HGIXKXQN EDYDQKG DJ YKPJD,OL"$  +\" 7!NL "KG,\ZIGY X"JF\YKG] WIG 

LDY",\NQH\,\KQK," ZKE L"#"QIH"L XKE"L IJ EOG#D#KQ IW KLOQ,E IW WIOG "KG,\ZIGY EH"FD"El ,\" '42LKN LC3)

ZKE 'c)*4 YP(]P$  +\" 7!NL "KG,\ZIGY #KQO" IW &)) YP(]P WIG LDY",\NQH\,\KQK," ZKE IX,KDJ"L XN 

LD#DLDJP ,\" LC3) a'c)*4 YP(]Pb XN K EKW",N WKF,IG 3 aEWGINYEIJ ", KQ$c '[[UXb$  AQ,\IOP\ ,\"G" KG" 

OJF"G,KDJ,D"E DJ FIYHKGDJP ,\" YK_DYOY XDEa&2",\NQ\"_NQb H\,\KQK," FIJF"J,GK,DIJ ,I ,I_DFD,N DJWIGYK,DIJ 

K#KDQKXQ" WIG LDY",\NQH\,\KQK,"c KJL DJ KHHQNDJP K EKW",N WKF,IG ,I KJ LC3) #KQO" ,I "E,DYK," K ,I_DFD,N 

,\G"E\IQLc ,\" YK_DYOY XDEa&2",\NQ\"_NQb H\,\KQK," FIJF"J,GK,DIJ DE Q"EE ,\KJ ,\" 7!NL "KG,\ZIGY 

X"JF\YKG] WIG LDY",\NQH\,\KQK," KJL DYHKF,E ,I DJ#"G,"XGK,"E KG" JI, QD]"QN$ 

9\,\KQK,"E KG" FIYYIJ "J#DGIJY"J,KQ FIJ,KYDJKJ,E LO" ,I ,\"DG OE" DJ HQKE,DFE$  +\"DG HG"E"JF" DJ 

/D," 48 K, ,\"E" QIZ FIJF"J,GK,DIJE YDP\, X" KJ KG,DWKF, IW ,\" EKYHQDJP KJL(IG KJKQN,DFKQ Y",\ILE$  ;IG 

,\"E" G"KEIJEc GDE]E ,I HQKJ,E KJL EIDQ DJ#"G,"XGK,"E KG" HGIXKXQN J"PQDPDXQ"$ 

6K2K5K2K2 )norganics

Barium
BKGDOY ZKE K C79C X"FKOE" ,\" YK_DYOY EIDQ FIJF"J,GK,DIJ IW U&* YP(]P "_F""L"L ,\" ./E9A EFI2

//L WIG EIDQ DJ#"G,"XGK,"E IW 88) YP(]P a./E9Ac &))3Kb$  +\" ./E9A EFI2//L ZKE L"#"QIH"L KW,"G K 

G"#D"Z IW I#"G '3& ,"F\JDFKQ E,OLD"E$  7W ,\"E"c ,\G"" E,OLD"E Z"G" KFF"H,"L WIG DJFQOEDIJ DJ ,\" 

L"#"QIHY"J, IW ,\" EFI2//L XKE"L IJ K GKJ]DJP ,\K, WIQQIZ"L ./E9A /,OLN AFF"H,KJF" CGD,"GDK$  +\" 

EFI2//L DE ,\" P"IY",GDF Y"KJ IW ,\" EC&) #KQO"E aXKE"L IJ G"HGILOF,DIJb G"HIG,"L WIG "KF\ IW ,\G"" 

,"E, EH"FD"E OJL"G ,\G"" E"HKGK," ,"E, FIJLD,DIJE IW HM a./E9Ac &))3Kb$  AJ EFI2//L WIG HQKJ,E DE JI, 

K#KDQKXQ"$  +\" 7!NL HQKJ, X"JF\YKG] IW 3)) YP(]P DE XKE"L IJ K E,OLN ,\K, WIOJL K 85 H"GF"J, 

G"LOF,DIJ DJ E\II, PGIZ,\ IW XKGQ"N '4 LKNE KW,"G ,\" KLLD,DIJ IW 3)) YP(]P XKGDOYc Z\DF\ ZKE ,\" QIZ"E, 

FIJF"J,GK,DIJ ,"E,"L aEWGINYEIJ ", KQ$c '[[UKb$ 
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+\" ,\G"" PG"K,"E, FIJF"J,GK,DIJE IW XKGDOY K, /D," 48 aU') YP(]P K, 9EN2482//&'c 84* YP(]P K, 9EN2

482//&4c KJL U&* YP(]P K, 9EN2482//&5b "_F""L"L ,\" EFI2//L WIG EIDQ DJ#"G,"XGK,"E a88) YP(]Pb$  

+\"E" QIFK,DIJE KG" DJ ,\G"" LDE,DJF, KG"KE IW /D," 48r 9EN2482//&' DE ZD,\DJ ,\" WIGY"G ,"JJDE FIOG, 

XIOJLKGD"Ec 9EN2482//2&4 DE ZD,\DJ AJIYKQN AG"K ''c KJL 9EN2482//2&5 DE ZD,\DJ AJIYKQN AG"K &8$  

+ZI IW ,\"E" QIFK,DIJE a9EN2482//2&' KJL 9EN2482//2&5b \KL EKYHQ" FIJF"J,GK,DIJE KQEI "_F""LDJP 

,\" 3)) YP(]P HQKJ, X"JF\YKG] IW EWGINYEIJ ", KQ$ a'[[UKb$  >J KLLD,DIJc QIFK,DIJ 9EN2482//&' LI"E JI, 

KHH"KG Z"QQ XIOJL"L ,I ,\" EIO,\c KQ,\IOP\ D, DE XIOJL"L ,I ,\" JIG,\ KJL Z"E, XN QIFK,DIJE Z\"G" 

FIJF"J,GK,DIJE KG" Q"EE ,\KJ FGD,"GDK KJL ,I ,\" "KE, XN ,\" "_FK#K,"L KG"K$  LIFK,DIJ 9EN2482//2&4 DE 

QIFK,"L IJ ,\" EIO,\"KE,"GJ FIGJ"G IW AJIYKQN AG"K '' KJL DE Z"QQ XIOJL"L ,I ,\" JIG,\ KJL Z"E, XN 

QIFK,DIJE Z\"G" FIJF"J,GK,DIJE KG" Q"EE ,\KJ FGD,"GDK KJL ,I ,\" EIO,\ XN ,\" "J,GKJF" LGD#" ,I ,\" 

XKF\"QIG IWWDF"G dOKG,"GEc KQ,\IOP\ D, G"YKDJE OJXIOJL"L ,I ,\" "KE,$  LIFK,DIJ 9EN2482//2&5 DE Z"QQ 

XIOJL"L ,I ,\" JIG,\ KJL Z"E, XN QIFK,DIJE Z\"G" FIJF"J,GK,DIJE KG" Q"EE ,\KJ FGD,"GDK KJL ,I ,\" EIO,\ 

KJL "KE, XN ,\" "_FK#K,DIJ KG"Kl ,\"G"WIG"c D, KHH"KGE ,\K, ,\" "Q"#K,"L XKGDOY FIJF"J,GK,DIJ K, ,\DE 

QIFK,DIJ DE DEIQK,"L$

7#"GKQQ D, KHH"KGE ,\K, ,\G"" HI,"J,DKQQN DEIQK,"L KG"KE "_DE, DJ Z\DF\ EIDQ XKGDOY FIJF"J,GK,DIJE HIE" 

HI,"J,DKQ GDE]E ,I EIDQ DJ#"G,"XGK,"E K, /D," 48r ,\" #DFDJD,N IW 9EN2482//&'c AJIYKQN AG"K ''c KJL 

AJIYKQN AG"K &8$  !DE]E DJ I,\"G KG"KE IW ,\" ED," KG" J"PQDPDXQ"$

Copper
CIHH"G ZKE K C79C X"FKOE" ,\" YK_DYOY L","F,"L EIDQ FIJF"J,GK,DIJ IW 55[ YP(]P "_F""L"L ,\" 

!"PDIJ >? E/? IW 4) YP(]P$  +\" YK_DYOY FIHH"G FIJF"J,GK,DIJ ZKE FIYHKG"L ,I I,\"G ,I_DFD,N 

PODL"QDJ"E ,I WOG,\"G "#KQOK," GDE]E ,I HQKJ,E KJL DJ#"G,"XGK,"E$ 

 CKJKLDKJ /IDQ VOKQD,N @ODL"QDJ" a/V@br *8 YP(]P aCC<Ec '[[Ub 

 7!NL 9QKJ,r ')) YP(]P aEWGINYEIJ ", KQ$c '[[UKb 

 7!NL EKG,\ZIGYr *) YP(]P aEWGINYEIJ ", KQ$c '[[UXb 

+\" CKJKLDKJ /V@ IW *8 YP(]P WIG FIHH"G DE ,\" &3,\ H"GF"J,DQ" IW "WW"F,E KJL JI "WW"F,E LK,K LDE,GDXO,DIJ 

WIG HQKJ,E KJL DJ#"G,"XGK,"Ec Z\DF\ DE ,\" 'U,\ IW *[ LK,K HIDJ,E KJL FIGG"EHIJLE ,I KJ "WW"F, IJ GKLDE\ 

E""LQDJP "Y"GP"JF" hCKJKLDKJ CIOJFDQ IW <DJDE,"GE WIG ,\" EJ#DGIJY"J, aCC<Ebc '[[Ui$  +\"G"WIG"c 

EIY" E,OLD"E E\IZ"L "WW"F,E X"QIZ *8 YP(]P XO, YKJN YIG" E,OLD"E LDL JI, E\IZ "WW"F,E K, ,\DE 

FIJF"J,GK,DIJ$  CIHH"G FIJF"J,GK,DIJE X"QIZ ,\" CKJKLDKJ /V@ IW *8 YP(]P KG" "_H"F,"L ,I X" 

HGI,"F,D#" IW HQKJ,E KJL DJ#"G,"XGK,"E$  MIZ"#"Gc ,\"G" DE EIY" Q"#"Q IW OJF"G,KDJ,N DJ KEEOYDJP ,\K, 

FIJF"J,GK,DIJE EQDP\,QN PG"K,"G ,\KJ ,\" /V@ HG"E"J, OJKFF"H,KXQ" GDE]E X"FKOE" ,\" FIHH"G EOQWK,"c 

FIHH"G JD,GK,"c KJL FIHH"G F\QIGDL" OE"L DJ ,\" ,I_DFD,N E,OLD"E KG" QD]"QN ,I X" YIG" XDIK#KDQKXQ" ,\KJ 

FIHH"G DJ EIDQE WGIY ,\" ED,"$  AQEIc KE LDEFOEE"L KXI#"c KQ,\IOP\ EIY" E,OLD"E L"YIJE,GK,"L 
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Y"KEOGKXQ" "WW"F,E ,I HQKJ,E KJL DJ#"G,"XGK,"E K, FIHH"G FIJF"J,GK,DIJE Q"EE ,\KJ *8 YP(]Pc ,\" "WW"F,E 

FIJF"J,GK,DIJE DJ YKJN I,\"G E,OLD"E Z"G" YOF\ PG"K,"G ,\KJ *8 YP(]P$

+\" FIHH"G 7!NL X"JF\YKG] WIG HQKJ,E a')) YP(]Pb ZKE XKE"L IJ ,I_DFD,N LK,K WGIY ,\G"" E,OLD"E$  +ZI 

IW ,\" E,OLD"E L"YIJE,GK,"L G"LOF,DIJE DJ GII, KJL E\II, Z"DP\,E IW QD,,Q" XQO"E,"Y PGIZJ DJ EKJLN EIDQ ,I 

Z\DF\ ')) HKG,E H"G YDQQDIJ aHHYb FIHH"G aKE FIHH"G EOQWK,"b ZKE KLL"L a<DQ"E KJL 9KG]"Gc '[U[b$  +\" 

,\DGL E,OLN E\IZ"L JI "WW"F, IJ Q"KW KJL E,"Y Z"DP\,E IW XOE\ X"KJE PGIZJ DJ EIDQ ,I Z\DF\ ')) HHY 

FIHH"G aKE FIHH"G EOQWK,"b ZKE KLL"Lc XO, Q"KW Z"DP\, ZKE G"LOF"L &* H"GF"J, Z\"J &)) HHY FIHH"G 

ZKE KLL"L aTKQQKF" ", KQ$c '[UUb$

+\" FIHH"G 7!NL X"JF\YKG] WIG DJ#"G,"XGK,"E a*) YP(]Pb ZKE XKE"L IJ ,I_DFD,N LK,K WGIY '3 E,OLD"E$  

+\" "JLHIDJ,E WIG YIE, IW ,\" E,OLD"E FD,"L DJ EWGINYEIJ ", KQ$ a'[[UXbc KG" EOG#D#KQ IG DYHKF,E IJ 

G"HGILOF,DIJ aD$"$c FIFIIJ HGILOF,DIJc \K,F\QDJP EOFF"EEb$  B"FKOE" ,\"G" Z"G" YIG" ,\KJ ') E,OLD"Ec ,\" 

X"JF\YKG] ZKE XKE"L IJ K '),\ H"GF"J,DQ" QIZ"E, IXE"G#KXQ" "WW"F, FIJF"J,GKDIJ aL7ECb #KQO"$  

MIZ"#"Gc K G"#D"Z IW ,\" LK,K DJ AHH"JLD_ A$' IW EWGINYEIJ ", KQ$c a'[[UXb E\IZE ,\K, YIE, IW ,\" 

E,OLD"E FD,"L DJ ,\K, LIFOY"J, \K#" JI IXE"G#KXQ" "WW"F, FIJF"J,GK,DIJE aN7ECEb ,\K, KG" PG"K,"G ,\KJ 

*) YP(]P$

CIHH"G ZKE L","F,"L K, WIOG QIFK,DIJE K, FIJF"J,GK,DIJE "_F""LDJP ,\" FGD,"GDK WIG HQKJ,E KJL EIDQ 

DJ#"G,"XGK,"E aQIFK,DIJE 9EN2482//2&'c 9EN2482//2&4c 9EN248//2&3c KJL 9EN2482//284b$  +\G"" IW 

,\" WIOG EKYHQ"E K, ,\"E" QIFK,DIJE KQEI \KL "Q"#K,"L XKGDOY FIJF"J,GK,DIJE aE"" KXI#"b$  +\"E" ,\G"" 

EKYHQ"E Z"G" FIQQ"F,"L WGIY ZD,\DJ ,\" WIGY"G ,"JJDE FIOG, XIOJLKGD"Ec AJIYKQN AG"K ''c KJL AJIYKQN 

AG"K &4$  LIFK,DIJ 9EN2482//284 KHH"KGE ,I X" Z"QQ XIOJL"L IJ KQQ EDL"E XN QIFK,DIJE Z\"G" EKYHQ" 

FIJF"J,GK,DIJE KG" Q"EE ,\KJ FGD,"GDKl ,\" "Q"#K,"L FIHH"G L","F,DIJ K, ,\DE QIFK,DIJ KHH"KGE DEIQK,"L$  

LIFK,DIJE 9EN2482//2&4 KJL 9EN2482//2&3 KG" QIFK,"L IJ ,\" EIO,\"GJ "LP" IW AJIYKQN AG"K '' KJL 

KG" XIOJL"L ,I ,\" JIG,\ KJL Z"E, XN QIFK,DIJE Z\"G" FIJF"J,GK,DIJE KG" Q"EE ,\KJ FGD,"GDK KJL ,I ,\" 

EIO,\ XN ,\" "J,GKJF" LGD#" ,I ,\" XKF\"QIG IWWDF"G dOKG,"GE$  +\"E" QIFK,DIJE G"YKDJ OJXIOJL"L ,I ,\" 

"KE,$

;IIL2F\KDJ YIL"QDJP ZKE FIJLOF,"L WIG FIHH"G ,I "#KQOK," GDE]E ,I DJE"F,D#IGIOE YKYYKQE KJL XDGLE$  

BI,\ N7AEL KJL L7AEL2XKE"L MVE Z"G" PG"K,"G ,\KJ '$) OJL"G ,\" FIJE"G#K,D#" EF"JKGDI aD$"$c OEDJP 

YK_DYOY EOGWKF" EIDQ FIJF"J,GK,DIJEbl \IZ"#"Gc JI MVE "_F""L"L '$) OJL"G ,\" K#"GKP" EF"JKGDI$  +\" 

K#"GKP" EF"JKGDI YIG" G"KQDE,DFKQQN L"HDF,E KF,OKQ GDE]E ,I OHH"G Q"#"Q G"F"H,IGE ,\KJ LI"E ,\" 

FIJE"G#K,D#" EF"JKGDI X"FKOE" DJE"F,D#IGIOE EYKQQ YKYYKQE KJL XDGLE KG" "_HIE"L ,I F\"YDFKQ 

FIJF"J,GK,DIJE ,\GIOP\IO, ,\" ED," KE IHHIE"L ,I QIFK,DIJE IW ,\" PG"K,"E, FIJF"J,GK,DIJE IJQN$ 
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>J EOYYKGNc GDE]E ,I HQKJ,E KJL DJ#"G,"XGK,"E WGIY FIHH"G KG" HIEEDXQ" DJ ,\" #DFDJD,N IW QIFK,DIJ 

9EN2482//&' DJ ,\" WIGY"G ,"JJDE FIOG, XIOJLKGD"Ec AJIYKQN AG"K ''c KJL DJ ,\" #DFDJD,N IW QIFK,DIJ 

9EN2482//84 KQIJP ,\" EIO,\"GJ XIGL"G IW AJIYKQN AG"K &4$  !DE]E ,I DJE"F,D#IGIOE YKYYKQE KJL 

XDGLEc \IZ"#"Gc KG" JI, QD]"QN X"FKOE" MVE OJL"G ,\" K#"GKP" WIIL2F\KDJ EF"JKGDI Z"G" Q"EE ,\KJ '$)$

Hea$
L"KL ZKE K C79C X"FKOE" ,\" YK_DYOY EIDQ FIJF"J,GK,DIJ IW Uc8*) YP(]P "_F""L"L ,\" ./E9A EFI2

//L WIG XDGLE IW '' YP(]P$  EDP\, EKYHQ"E FIQQ"F,"L K, /D," 48 \KL Q"KL FIJF"J,GK,DIJE GKJPDJP WGIY 

&[) YP(]P ,I Uc8*) YP(]P$  .EDJP K FIJF"J,GK,DIJ IW &[) YP(]Pc WIIL F\KDJ MVE WIG ,\" GIXDJ KG" E,DQQ 

PG"K,"G ,\KJ '$) WIG Q"KL$  +\" N7AEL2XKE"L MV WIG ,\" GIXDJ DE KQEI EQDP\,QN PG"K,"G ,\KJ '$) aMV s 8$4b 

Z\"J OEDJP ,\" J"_, PG"K,"E, Q"KL FIJF"J,GK,DIJ IW 55 YP(]P aK, QIFK,DIJ //'[bl \IZ"#"Gc ,\" L7AEL2

XKE"L MV DE Q"EE ,\KJ '$)$  +\"G"WIG"c ,\" WIIL F\KDJ YIL"QDJP DJLDFK,"E GDE]E ,I DJE"F,D#IGIOE YKYYKQE 

KJL "EH"FDKQQN ,I XDGLE LO" ,I ,\" "DP\, \DP\"E, Q"KL FIJF"J,GK,DIJE a9EN2482//&'c 9EN2482//&4 

,\GIOP\ 9EN2482//&[c KJL 9EN2482//84b$  ;IIL F\KDJ MVE WIG DJE"F,D#IGIOE YKYYKQE KJL XDGLE KG" 

Q"EE ,\KJ '$) K, KQQ I,\"G EKYHQ" QIFK,DIJE OJL"G ,\" K#"GKP" EF"JKGDI$

B"FKOE" ,\" EFI2//L OE"L DJ ,\" FIJE"G#K,D#" C79C EFG""JDJP DE XKE"L IJ GDE]E ,I ZDQLQDW" KJL JI, GDE]E 

,I HQKJ,E KJL DJ#"G,"XGK,"Ec Q"KL FIJF"J,GK,DIJE Z"G" KQEI FIYHKG"L ,I ,\" WIQQIZDJP ./E9A EFI2//LE 

WIG EIDQ DJ#"G,"XGK,"E KJL HQKJ,E ,I "#KQOK," GDE]E ,I ,\"E" G"F"H,IGE$ 

 EFI2//L WIG HQKJ,E ^ ''3 YP(]P a./E9Ac &))3Xb 

 EFI2//L WIG EIDQ DJ#"G,"XGK,"E ^ 'cU)) YP(]P a./E9Ac &))3Xb 

+\" EFI2//L WIG HQKJ,E DE ,\" P"IY",GDF Y"KJ IW ,\" YK_DYOY KFF"H,KXQ" ,I_DFKJ, FIJF"J,GK,DIJ 

a<A+Cb #KQO"E WIG WIOG ,"E, EH"FD"E OJL"G ,\G"" LDWW"G"J, ,"E, FIJLD,DIJE aHM IW 4$) ,I *$8bc KJL ,\" 

"FIQIPDFKQ "JLHIDJ, ZKE PGIZ,\$  +\" EFI2//L WIG EIDQ DJ#"G,"XGK,"E DE ,\" P"IY",GDF Y"KJ IW ,\" <A+C 

#KQO"E WIG IJ" ,"E, EH"FD"E aF"#$"%&' )'*+&+'b OJL"G ,\G"" LDWW"G"J, ,"E, FIJLD,DIJE aHM IW 4$3 ,I *$)b KJL 

DE XKE"L IJ K G"HGILOF,D#" "JLHIDJ,$

EDP\, EKYHQ"E FIQQ"F,"L K, /D," 48 \KL Q"KL FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\" ./E9A EFI2//L WIG HQKJ,E$  

7W ,\"E" "DP\, EKYHQ"Ec WIOG \KL FIJF"J,GK,DIJE PG"K,"G ,\KJ ,\" ./E9A EFI2//L WIG EIDQ DJ#"G,"XGK,"E$  

+\"E" EKYHQ"E Z"G" FIQQ"F,"L WGIY ZD,\DJ ,\" WIGY"G ,"JJDE FIOG, XIOJLKGD"Ec AJIYKQN AG"K ''c KJL 

AJIYKQN AG"K &8 KJL &4 aE"" ;DPOG" 82'b$  +\"E" QIFK,DIJE KG" Z\"G" "Q"#K,"L Q"#"QE IW XKGDOY KJL 

FIHH"G \K#" KQEI X""J L","F,"L KJL G"HG"E"J, n\I, EHI,Eo IW FIJ,KYDJK,DIJ$  L"KL FIJF"J,GK,DIJE K, KQQ 

I,\"G QIFK,DIJE Z"G" 55 YP(]P KJL Q"EEc KJL ,\OEc KG" Q"EE ,\KJ ,\" EFI2//L WIG HQKJ,E KJL DJ#"G,"XGK,"E$ 
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>J EOYYKGNc HI,"J,DKQ GDE]E ,I HQKJ,E KJL DJ#"G,"XGK,"E WGIY Q"KL KG" HIEEDXQ" DJ ,\" #DFDJD,N IW QIFK,DIJ 

9EN2482//&' DJ ,\" WIGY"G ,"JJDE FIOG, XIOJLKGD"Ec AJIYKQN AG"K ''c AJIYKQN AG"K &8c KJL DJ ,\" 

#DFDJD,N IW QIFK,DIJ 9EN2482//84 KQIJP ,\" EIO,\"GJ XIGL"G IW AJIYKQN AG"K &4$  !DE]E ,I DJE"F,D#IGIOE 

YKYYKQE KJL "EH"FDKQQN XDGLE WGIY Q"KL KG" KQEI HIEEDXQ" K, QIFK,DIJE 9EN2482//&'c 9EN2482//&4 

,\GIOP\ 9EN2482//&[c KJL 9EN2482//84$ 

Qana$ium
?KJKLDOY ZKE K C79C X"FKOE" ,\" YK_DYOY FIJF"J,GK,DIJ IW U8$' YP(]P "_F""L"L ,\" ./E9A EFI2

//L WIG XDGLE IW U$5 YP(]P$  B"FKOE" ,\" EFI2//L OE"L DJ ,\" FIJE"G#K,D#" C79C EFG""JDJP DE XKE"L IJ 

GDE]E ,I ZDQLQDW" KJL JI, GDE]E ,I HQKJ,E KJL DJ#"G,"XGK,"Ec #KJKLDOY FIJF"J,GK,DIJE K, /D," 48 Z"G" 

FIYHKG"L ,I ,\" CKJKLDKJ /V@ a'8) YP(]Pl ECc '[[[b ,I "#KQOK," HI,"J,DKQ GDE]E ,I HQKJ,E KJL 

DJ#"G,"XGK,"E$

+\" #KJKLDOY CKJKLDKJ /V@ IW '8) YP(]P DE ,\" &3,\ H"GF"J,DQ" IW "WW"F,E KJL JI "WW"F,E LK,K 

LDE,GDXO,DIJ WIG HQKJ,E KJL DJ#"G,"XGK,"Ec Z\DF\ DE ,\" 4,\ IW '4 LK,K HIDJ,E KJL FIGG"EHIJLE ,I K L7EC WIG 

Q",,OF" E""LQDJP "Y"GP"JF" hEJ#DGIJY"J, CKJKLK aECbc '[[[i$  +\" IJQN E,OLN FD,"L DJ ,\" #KJKLDOY 

CKJKLDKJ /V@ WIG "KG,\ZIGYE QDE,"L K N7EC IW &)U YP(]P XKE"L IJ YIG,KQD,N KW,"G '4 LKNE KJL K L7EC 

IW 4'U YP(]P$  /IY" IW ,\" E,OLD"E OE"L WIG ,\" CKJKLDKJ /V@ Z"G" FIJLOF,"L XN EJ#DGIJY"J, CKJKLK 

KJL Z"G" L"EDPJ"L ,I HGI#DL" K GKJP" IW "WW"F,E aN7ECc EC&3c EC3)c KJL L7ECb$

+\" YK_DYOY #KJKLDOY L","F,DIJ IW U8$' YP(]P DE Q"EE ,\KJ ,\" CKJKLDKJ /V@$  AQQ I,\"G L","F,"L 

FIJF"J,GK,DIJE Z"G" ''$* YP(]P KJL Q"EEc Z\DF\ DE Q"EE ,\KJ ,\" QIZ"E, N7EC IW 33 YP(]P OE"L ,I 

L"#"QIH ,\" CKJKLDKJ /V@$  +\"G"WIG"c DYHKF,E ,I HQKJ,E KJL DJ#"G,"XGK,"E WGIY #KJKLDOY DJ ,\" EIDQ KG" 

JI, "_H"F,"L 

6K2K6 Uncertainty

.JF"G,KDJ,N DE KEEIFDK,"L ZD,\ KQQ KEH"F,E IW ,\" "FIQIPDFKQ KEE"EEY"J, Y",\ILIQIPN HG"E"J,"L DJ ,\" 

HG"F"LDJP E"F,DIJE$  +\DE E"F,DIJ HGI#DL"E K EOYYKGN IW ,\" OJF"G,KDJ,D"E$ 

6K2K6K1 Uncertainty in the ;ro5lem >ormulation 

A YKgIG OJF"G,KDJ,N DJ ,\DE GDE] KEE"EEY"J, DE ,\" "_,"J, ,I Z\DF\ ZDQLQDW" KF,OKQQN WIGKP" K, ,\" ED,"$  +\" 

ED," HGI#DL"E HIIG \KXD,K,c KJL KE K G"EOQ,c EDPJDWDFKJ, WIGKPDJP HGIXKXQN LI"E JI, IFFOG K, ,\" ED,"$  !DE] ,I 

DJE"F,D#IGIOE G"F"H,IGE ZKE "#KQOK,"L KE K FIJE"G#K,D#" Y"KEOG"c XO, OJL"G FOGG"J, \KXD,K, FIJLD,DIJEc 

,\" WIIL F\KDJ MVE KG" X"QD"#"L ,I PGIEEQN I#"G"E,DYK," GDE] K, ,\" ED,"$  +\" HG"FDE" "_,"J, IW 

I#"G"E,DYK,DIJ DE OJF"G,KDJ$ 
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AJI,\"G OJF"G,KDJ,N G"QK,"L ,I ,\" \KXD,K, K, /D," 48 DE F\IDF" IW G"HG"E"J,K,D#" G"F"H,IGE$  +\" E\IG,2,KDQ"L 

E\G"Z ZKE E"Q"F,"L ,I G"HG"E"J, EYKQQ YKYYKQE ,\K, FIJEOY" EIDQ DJ#"G,"XGK,"Ec XO, ,\" ED," HGI#DL"E 

#"GN QD,,Q" FI#"G DJ Z\DF\ ,\"E" ,DYDL KJDYKQE FKJ \DL"$  .JL"G FOGG"J, \KXD,K, FIJLD,DIJEc ,\" WIIL F\KDJ 

MVE WIG YKYYKQE G"HG"E"J,"L XN ,\" E\G"Z KG" X"QD"#"L ,I PGIEEQN I#"G"E,DYK," GDE] ,I DJE"F,D#IGIOE 

YKYYKQE$

LKGP"G KJDYKQE EOF\ KE WI_"Ec XIXFK,Ec KJL \KZ]E Z"G" JI, E"Q"F,"L KE G"HG"E"J,K,D#" G"F"H,IGE LO" ,I 

FIJLD,DIJE K, ,\" ED,"$  BIXFK,E KG" JI, WIOJL DJ L"#"QIH"L KG"KE EOF\ KE /D," 48 KJL ,\" #DFDJD,N$  ;I_"E 

YDP\, WIGKP" K, /D," 48 X"FKOE" ,\"E" KJDYKQE EIY",DY"E X"FIY" \KXD,OK,"L ,I L"#"QIH"L KG"KEc XO, 

EOF\ OE" ZIOQL X" IJQN IFFKEDIJKQ K, YIE,$  /DYDQKGQNc ,\" ED," ZIOQL JI, X" "_H"F,"L ,I HGI#DL" WIGKPDJP 

\KXD,K, ,I QKGP" HG"LK,IGN XDGLE EOF\ KE \KZ]E$  ALLD,DIJKQQNc ,\" \IY" GKJP"E IW QKGP"G KJDYKQE KG" EI 

PG"K, ,\K, ,\" QD]"QD\IIL ,\K, ,\"E" KJDYKQE KG" HG"E"J, KJL WIGKP" K, /D," 48 IJQN DE \DP\QN OJQD]"QN$  +\" 

OJF"G,KDJ,N KEEIFDK,"L ZD,\ JI, DJFQOLDJP QKGP" HG"LK,IGN YKYYKQE KJL XDGLE DE J"PQDPDXQ"$ 

E#DL"JF" DJLDFK,"E ,\K, ,\" PGIOJLZK,"G2,I2EOGWKF" ZK,"G HK,\ZKN DE JI, FIYHQ"," K, ,\" ED,"c KJL 

,\"G"WIG"c PGIOJLZK,"G FIJ,KYDJKJ,E KG" HG"EOY"L ,I HIE" JI GDE] ,I "FIQIPDFKQ G"F"H,IGE$  E_,"JED#" 

PGIOJLZK,"G LK,Kc ,\" KXE"JF" IW EOGWKF" ZK,"G XILD"E K, ,\" ED,"c KJL ,\" LDE,KJF" ,I LIZJPGKLD"J, 

EOGWKF" ZK,"G XILD"E EOHHIG,E ,\DE HG"EOYH,DIJ$  +\OEc ,\" OJF"G,KDJ,N KEEIFDK,"L ZD,\ ,\DE HG"EOYH,DIJ 

KHH"KGE ,I X" J"PQDPDXQ"$

6K2K6K2 Uncertainty in the Ecological E22ects Characteri\ation 

LKXIGK,IGN2L"GD#"L N7AELE KJL L7AELE YDP\, JI, KL"dOK,"QN G"HG"E"J, ,I_DFD,N ,\G"E\IQLE WIG G"F"H,IGE 

OJL"G WD"QL FIJLD,DIJE$  >J KLLD,DIJc N7AELE KJL L7AELE L"GD#"L WIG EH"FD"E OE"L DJ ,I_DFD,N ,"E,E YDP\, 

JI, KL"dOK,"QN G"HG"E"J, ,I_DFD,N ,\G"E\IQLE WIG I,\"G EH"FD"E$  +\"E" OJF"G,KDJ,D"E YKN I#"G"E,DYK," IG 

OJL"G"E,DYK," HI,"J,DKQ GDE]E$

+I_DFIQIPDFKQ LK,K WIG K W"Z IW ,\" F\"YDFKQE aWIG K W"Z IW ,\" G"F"H,IG ,NH"Eb KG" QDYD,"L IG LI JI, "_DE,$  

+\DE IFFOGG"L WIG XDEa&2",\NQ\"_NQb H\,\KQK," DJ EOGWKF" EIDQ XO, D, LDL JI, KWW"F, ,\" IO,FIY" IW ,\" GDE] 

KEE"EEY"J, X"FKOE" XDEa&2",\NQ\"_NQb H\,\KQK," ZKE "#KQOK,"L OEDJP K EOGGIPK," H\,\KQK," KJL ,\" I,\"G 

/,"H 8K WKF,IGE LDEFOEE"L DJ /"F,DIJ *$&$3$&$  AQ,\IOP\ ,\"G" DE OJF"G,KDJ,N DJ OEDJP K EOGGIPK," F\"YDFKQ 

Z\"J "#KQOK,DJP ,I_DFD,Nc K,,"YH,E Z"G" YKL" ,I Q"EE"J ,\" OJF"G,KDJ,D"E XN HGI#DLDJP ,\" ,I_DFIQIPDFKQ 

XKEDE IW ,\" KQ,"GJK," X"JF\YKG]E Z\"J ,\"N Z"G" OE"L$

=K,K WIG DJ#"E,DPK,DJP ,I_DFD,N ,I G"H,DQ"E KJL KYH\DXDKJE WGIY IGKQ DJP"E,DIJ IW FIJ,KYDJKJ,E KG" EHKGE"$  

+\OEc HI,"J,DKQ GDE]E #DK ,\" WIIL F\KDJ Z"G" JI, "#KQOK,"L WIG G"H,DQ"E KJL KYH\DXDKJE$  TD,\ ,\" 

"_F"H,DIJ IW ,IKLEc \IZ"#"Gc W"Z G"H,DQ"E KJL KYH\DXDKJE HGIXKXQN O,DQD`" ,\" ED,"$
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6K2K6K9 Uncertainty in the ENposure Assessment 

+\" L"GYKQ "_HIEOG" WIG OHH"G2Q"#"Q G"F"H,IGE ZKE JI, "#KQOK,"Lc HI,"J,DKQQN OJL"G"E,DYK,DJP GDE]E$  

MIZ"#"Gc X"FKOE" W"Z OHH"G2Q"#"Q G"F"H,IGE HGIXKXQN OE" /D," 48c ,\DE "_HIEOG" GIO," DE FIJEDL"G"L 

J"PQDPDXQ"$

LD,"GK,OG"2XKE"L XDIKFFOYOQK,DIJ WKF,IGE OE"L DJ WIIL2F\KDJ YIL"QDJP IW,"J #KGN X",Z""J EH"FD"E KJL 

ED,"E$  +\DE FKJ I#"G"E,DYK," IG OJL"G"E,DYK," HI,"J,DKQ GDE]E$

/IDQ EKYHQ"E "#KQOK,"L DJ ,\DE GDE] KEE"EEY"J, FIJEDE,"L IW EKYHQ"E JI L""H"G ,\KJ ' WII, X"QIZ ,\" EIDQ 

EOGWKF"$  MIZ"#"Gc ,G"" GII,E "_,"JL L""H"G ,\KJ ' WII, X"QIZ ,\" EOGWKF"c KJL YKYYKQE EOF\ KE YIQ"E 

FIOQL XOGGIZ L""H"G ,\KJ ' WII,$  TD,\ ,\" "_F"H,DIJ IW YIQ"E KJL ,G""Ec ,"GG"E,GDKQ EH"FD"E K, ,\" ED," 

ZIOQL GKG"QN aDW "#"Gb X" "_HIE"L ,I EIDQE L""H"G ,\KJ ' WII, X"QIZ ,\" EOGWKF"$  +\" OJF"G,KDJ,N G"EOQ,DJP 

DJ "#KQOK,DJP IJQN EOGWKF" EIDQE DE J"PQDPDXQ"$

6K2K6K4 Uncertainty in the RisA Characteri\ation 

+\DE OJF"G,KDJ,N G"EOQ,E WGIY ,\" FIYXDJK,DIJ IW ,\" KXI#" OJF"G,KDJ,D"E$  ;IG "_KYHQ"c ,\" KEE"EEY"J, IW 

GDE]E ,I OHH"G2Q"#"Q G"F"H,IGE #DK ,\" WIIL F\KDJ DE \DJL"G"L XN OJF"G,KDJ,D"E EOF\ KE ,\" L"GD#K,DIJ IW ,\" 

,I_DFD,N G"W"G"JF" #KQO"Ec ,\" HGIF"EE OE"L ,I L"GD#" XDIKFFOYOQK,DIJ WKF,IGEc KJL ,\" F\IDF" IW ,\" X"E, 

EH"FD"E ,I G"HG"E"J, YKYYKQ KJL XDGL G"F"H,IGE$  A Z"DP\,2IW2"#DL"JF" KHHGIKF\ ,I KEE"EE GDE]E ZKE 

OE"L ,I G"LOF" ,\" I#"GKQQ OJF"G,KDJ,N DJ ,\"E" ED,OK,DIJE$

.JF"G,KDJ,N DJ GDE] F\KGKF,"GD`K,DIJ KQEI G"EOQ,E WGIY ,\" QKF] IW LK,K G"PKGLDJP ,\" ,I_DFD,N IW YOQ,DHQ" 

F\"YDFKQE$  ;IG "_KYHQ"c EIDQ FIJF"J,GK,DIJE IW EIY" C79CE Z"G" "Q"#K,"L K, JOY"GIOE QIFK,DIJE$  +\" 

"_,"J, ,I Z\DF\ ,\"E" FIJF"J,GK,DIJE YDP\, FIJ,GDXO," ,I FOYOQK,D#" ,I_DFD,N DE OJF"G,KDJ$  

;DJKQQNc ,\"G" DE OJF"G,KDJ,N DJ \IZ ,\" HG"LDF,"L GDE]E ,I K EH"FD"E K, K ED," ,GKJEQK," DJ,I GDE] ,I ,\" 

HIHOQK,DIJ DJ ,\" KG"K KE K Z\IQ"$ 

6K2K7 Summary an$ Conclusions

A /LE!A ZKE H"GWIGY"L WIG /D," 48 K, NA/ 9"JEKFIQK$  /"#"GKQ F\"YDFKQE Z"G" G",KDJ"L KE C79CE KE 

K G"EOQ, IW ,\" DJD,DKQ EFG""JDJP IW EOGWKF" EIDQ$  +\"E" F\"YDFKQE Z"G" WOG,\"G "#KQOK,"L KJL LK,K Z"G" 

EFGO,DJD`"L KE K HKG, IW ,\" /,"H 8K G"WDJ"Y"J,$  /"F,DIJ *$&$3 HG"E"J,E K EOYYKGN IW ,\" G"WDJ"Y"J, IW 

,\" DJD,DKQ C79CE DJFQOLDJP ,\" I#"GKQQ FIJFQOEDIJ IW Z\",\"G F\"YDFKQE DJD,DKQQN E"Q"F,"L KE C79CE 

KF,OKQQN HIE" EDPJDWDFKJ, "FIQIPDFKQ GDE]$ 
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;lants an$ Soil )nverte5rates

>J EOGWKF" EIDQc E"#"GKQ F\"YDFKQE Z"G" DJD,DKQQN E"Q"F,"L KE C79CE$  CIJF"J,GK,DIJE IW XKGDOYc FIHH"Gc 

KJL Q"KL HIE" GDE]E ,I EIDQ DJ#"G,"XGK,"E KJL HQKJ,Ec "EH"FDKQQN WGIY ,\" FOYOQK,D#" ,I_DFD,N IW YOQ,DHQ" 

Y",KQE$  CIJF"J,GK,DIJE IW ,\"E" Y",KQE Z"G" PG"K,"G ,\KJ KQ,"GJK," ,I_DFD,N PODL"QDJ"E WIG HQKJ,E KJL 

DJ#"G,"XGK,"E K, EIY" QIFK,DIJE$  MIZ"#"Gc ,\" QIFK,DIJE Z\"G" "Q"#K,"L FIJF"J,GK,DIJE WIG ,\" WDJKQ 

C79CE "_DE, KG" HGDYKGDQN QDYD,"L ,I ,\G"" EYKQQ DEIQK,"L KG"KEr ZD,\DJ ,\" #DFDJD,N IW QIFK,DIJ 9EN2482

//&' aQIFK,"L ZD,\DJ ,\" WIGY"G ,"JJDE FIOG, XIOJLKGD"Ebc AJIYKQN AG"K ''c KJL AJIYKQN AG"K &8$  NI 

DYHKF,E ,I HQKJ,E KJL DJ#"G,"XGK,"E K, /D," 48 KG" "_H"F,"L K, I,\"G QIFK,DIJE$ 

Summary o2 >oo$ Chain Mo$eling

9I,"J,DKQ GDE]E ,I DJE"F,D#IGIOE EYKQQ YKYYKQE KJL XDGLE WGIY FIHH"G KJL Q"KL Z"G" "#KQOK,"L$  BKE"L 

IJ ,\" WIIL F\KDJ YIL"QDJP G"EOQ,Ec Q"KL FIJF"J,GK,DIJE DJ "DP\, EIDQ EKYHQ"E HIE" HI,"J,DKQ GDE]E ,I 

DJE"F,D#IGIOE EYKQQ YKYYKQE KJL XDGLE aE"" /"F,DIJ *$&$3$'b ,\K, WIGKP" "_FQOED#"QN K, /D," 48$  +\"E" 

"DP\, EKYHQ"E Z"G" FIQQ"F,"L WGIY HGDYKGDQN ,\G"" DEIQK,"L KG"KEr ,\" #DFDJD,N IW QIFK,DIJ 9EN2482//&' 

aQIFK,"L ZD,\DJ ,\" WIGY"G ,"JJDE FIOG, XIOJLKGD"Ebc AJIYKQN AG"K ''c KJL AJIYKQN AG"K &8$  +\" HG"FDE" 

"_,"J, ,I Z\DF\ XDGLE KJL YKYYKQE WIGKP" K, /D," 48 DE OJF"G,KDJc XO, LO" ,I ,\" HIIG \KXD,K, K, ,\" ED,"c 

XDGLE KJL YKYYKQE HGIXKXQN LI JI, WIGKP" ,I K EDPJDWDFKJ, "_,"J, ,\"G"$
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7K0 SUMMARL AND CONCHUS)ONS 

+\" HGDYKGN IXg"F,D#" IW ,\" !> DE ,I HGI#DL" LK,K ,I "#KQOK," ,\" FOGG"J, "J#DGIJY"J,KQ FIJLD,DIJE KJL 

PODL" ,\" E"Q"F,DIJ IW K G"Y"LN WIG KJN FIJ,KYDJK,DIJ HG"E"J, K, /D," 48 ,\K, DE HGI,"F,D#" IW \OYKJ 

\"KQ,\ KJL ,\" "J#DGIJY"J,$  >J IGL"G ,I KF\D"#" ,\DE HGDYKGN IXg"F,D#"c EKYHQ"E WGIY #KGDIOE Y"LDK Z"G" 

FIQQ"F,"L KJL KJKQN`"L ,I WDQQ LK,K PKHE WGIY HG"#DIOE DJ#"E,DPK,DIJE$  /KYHQ"E WGIY #KGDIOE Y"LDK Z"G" 

OE"L ,I "#KQOK," ,\" "_,"J, IW FIJ,KYDJK,DIJ HG"#DIOEQN LIFOY"J,"L K, ,\" ED," KJL "#KQOK," ,\" "WW"F, 

G"Y"LDKQ KF,DIJE \K#" \KL IJ ED," FIJLD,DIJE$ 

7K1 S)TE TLDROHOJL 

+\" L"H,\ ,I PGIOJLZK,"G K, /D," 48 GKJP"E WGIY KHHGI_DYK,"QN '& ,I '3 W"", KJL DE FIJ,GIQQ"L HGDYKGDQN 

XN EOGWKF" ,IHIPGKH\N$  @GIOJLZK,"G WQIZ LDG"F,DIJ DJ ,\" E\KQQIZ PGIOJLZK,"G DJ,"G#KQ DE ,I ,\" "KE,$  

+\" "E,DYK,"L K#"GKP" PGIOJLZK,"G #"QIFD,N WIG ,\" E\KQQIZ `IJ" K, ,\" ED," ZKE FKQFOQK,"L K, )$55 

W"",(LKN$  AJ OHZKGL #"G,DFKQ PGKLD"J, ZKE IXE"G#"L DJ KLgKF"J, HKDGE IW E\KQQIZ KJL L""H YIJD,IGDJP 

Z"QQE$

7K2 SO)H ASSESSMENT 

+\" G"Q"KE" IW FIJ,KYDJKJ,E K, /D," 48 KHH"KGE ,I \K#" G"EOQ,"L WGIY OJLIFOY"J,"L XOGJDJP KJL 

LDEHIEKQ IW OJ]JIZJ YK,"GDKQE$  +\" EIOGF" KJL JK,OG" IW YK,"GDKQEc KE Z"QQ KE ,\" ,DY" IW LDEHIEKQc KG" 

OJ]JIZJ$  +\" L","F,DIJE IW FKGFDJIP"JDF 9AME KJL Y",KQE K, /D," 48 EOHHIG,E XOGJDJP KJL LDEHIEKQ KE 

,\" HGIXKXQ" EIOGF" IW FIJ,KYDJK,DIJ$ 

+"J EOGWKF" EIDQ EKYHQ"E ZD,\ "_F""LKJF"E IW IJ" IG YIG" G"EDL"J,DKQ /C+L aDJFQOLDJP EIY" DJLOE,GDKQ 

"_F""LKJF"Eb Z"G" FIQQ"F,"L LOGDJP ,\" !>c DJFQOLDJP EOGWKF" EIDQ EKYHQ"E FIQQ"F,"L WGIY AJIYKQN AG"KE 

''c '&c &8c KJL &4 KJL ,\" +"JJDE CIOG, AG"K$  /D_ E\KQQIZ EOXEOGWKF" EIDQ EKYHQ"E \KL "_F""LKJF"E IW 

IJ" IG YIG" G"EDL"J,DKQ /C+L aDJFQOLDJP EIY" DJLOE,GDKQ "_F""LKJF"Eb$  ;IOG IW ,\"E" EKYHQ"E Z"G" 

FIQQ"F,"L DJ ,\" WII,HGDJ, IW ,\" >!A "_FK#K,DIJc KJL IJ" "KF\ WGIY AJIYKQN AG"KE '' KJL &8$  

CIJ,KYDJKJ, FIJF"J,GK,DIJE DJ ,\" L""H"G EOXEOGWKF" EIDQ EKYHQ"Ec FIQQ"F,"L  WGIY L"H,\E PG"K,"G ,\KJ 

4 W"", Z"G" Q"EE ,\KJ /C+LE$ 

AJIYKQN AG"K 'U

CIJ,KYDJKJ, FIJF"J,GK,DIJE DJ ,\" EOGWKF" KJL EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L WGIY AJIYKQN AG"K 'U 

Z"G" Q"EE ,\KJ /C+LEl ,\"G"WIG"c JI WOG,\"G L"QDJ"K,DIJ DE J""L"L DJ ,\DE KG"K$ 
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AJIYKQN AG"K ''

AQQ ,\G"" IW ,\" EOGWKF" EIDQ EKYHQ"E KJL ,\" E\KQQIZ EOXEOGWKF" EIDQ EKYHQ" FIQQ"F,"L K, AJIYKQN 

AG"K ''c QIFK,"L ,I ,\" "KE, IW ,\" >!A "_FK#K,DIJc \KL "_F""LKJF"E IW G"EDL"J,DKQ EFG""JDJP FGD,D"GDK$  

/OGWKF" EIDQ EKYHQ"E 9EN2482//&4 KJL 9EN2482//&3 KJL EOXEOGWKF" EIDQ EKYHQ" 9EN2482/B&3)'c 

FIQQ"F,"L WGIY & ,I 8 W"",c \KL "_F""LKJF"E IW ,\" KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL FKGFDJIP"JDF 9AM 

/C+LE$  +\" Q"KL FIJF"J,GK,DIJE DJ ,\"E" EKYHQ"E "_F""L"L ,\" DJLOE,GDKQ /C+L$  /OGWKF" EIDQ EKYHQ" 

9EN2482//&* "_F""L"L IJQN ,\" G"EDL"J,DKQ FKGFDJIP"JDF 9AM /C+L KJL JIJ" IW ,\" Y",KQE /C+LE$  

+\"E" KJKQN,DFKQ G"EOQ,E DJLDFK," ,\K, \IGD`IJ,KQ KJL #"G,DFKQ L"QDJ"K,DIJ IW ,\" EOGWKF" KJL EOXEOGWKF" EIDQ 

FIJ,KYDJKJ,E \KE JI, X""J FIYHQ","L K, AJIYKQN AG"K ''$ 

AJIYKQN AG"K '&

+ZI IW ,\" EOGWKF" EIDQ EKYHQ"E K, FIQQ"F,"L K, AJIYKQN AG"K '& \KL "_F""LKJF"E IW G"EDL"J,DKQ /C+LEc  

9EN2482//'5 "_F""L"L ,\" FKGFDJIP"JDF 9AM /C+L KJL 9EN2482//'[ "_F""L"L ,\" KGE"JDF /C+L$  

+\" ,\DGL EOGWKF" EIDQ EKYHQ" 9EN2482//&) \KL JI /C+L "_F""LKJF"E$  NI /C+L "_F""LKJF"E Z"G" 

G"HIG,"L WIG ,\" EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L WGIY 9EN2482/B'[$ 

AJIYKQN AG"K &8

AQQ ,\G"" IW ,\" EOGWKF" EIDQ EKYHQ"E KJL IJ" IW ,\" E\KQQIZ EOXEOGWKF" EIDQ EKYHQ" FIQQ"F,"L K, AJIYKQN 

AG"K &8c QIFK,"L KLgKF"J, ,I ,\" JIG,\"GJ "LP" IW ,\" >!A "_FK#K,DIJc \KL "_F""LKJF"E IW G"EDL"J,DKQ 

EFG""JDJP FGD,D"GDK$  /OGWKF" EIDQ EKYHQ"E 9EN2482//&U KJL 9EN2482//&5 \KL "_F""LKJF"E IW ,\" 

KGE"JDFc XKGDOYc KJL Q"KL /C+LE$  +\" Q"KL FIJF"J,GK,DIJ DJ 9EN2482//&5 KQEI "_F""L"L ,\" DJLOE,GDKQ 

/C+L$  +\" FKGFDJIP"JDF 9AM FIJF"J,GK,DIJ WIG 9EN2482//&5 "_F""L"L ,\" G"EDL"J,DKQ /C+L$  /OGWKF" 

EIDQ EKYHQ" 9EN2482//&[ "_F""L"L IJQN ,\" G"EDL"J,DKQ FKGFDJIP"JDF 9AM /C+L KJL JIJ" IW ,\" Y",KQE 

/C+LE$  +\" E\KQQIZ EOXEOGWKF" EIDQ EKYHQ" FIQQ"F,"L K, 9EN2482/B'4 \KL "_F""LKJF"E IW ,\" KGE"JDFc 

XKGDOYc FIHH"Gc KJL #KJKLDOY G"EDL"J,DKQ /C+LE KJL ,\" Q"KL KJL FKGFDJIP"JDF 9AM DJLOE,GDKQ /C+LE$  

/KYHQ" 9EN2482/B'4)' FIJ,KDJ"L EIY" IW ,\" \DP\"E, FIJ,KYDJKJ, FIJF"J,GK,DIJE IXE"G#"L DJ EKYHQ"E 

FIQQ"F,"L WIG ,\" !>$  +\" G"YKDJDJP EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, AJIYKQN AG"K &8 \KL JI /C+L 

"_F""LKJF"E$

AJIYKQN AG"K &4

7J" IW ,\" EOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, AJIYKQN AG"K &4c QIFK,"L ,I ,\" JIG,\ IW ,\" >!A "_FK#K,DIJc 

\KL "_F""LKJF"E IW G"EDL"J,DKQ /C+LE$  9EN2482//84 \KL "_F""LKJF"E IW ,\" FIHH"G KJL Q"KL 

G"EDL"J,DKQ /C+LE$  9EN2482//84 ZKE FIQQ"F,"L WGIY ,\" EIO,\"GJ H"GDY","G IW AJIYKQN AG"K &4c Z\DF\ 

DE FQIE"E, ,I AJIYKQN AG"K &8 KJL ,\" >!A "_FK#K,DIJ$  CIJ,KYDJKJ, FIJF"J,GK,DIJE DJ ,\" I,\"G EOGWKF" 

KJL EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L WGIY AJIYKQN AG"K &4 Z"G" Q"EE ,\KJ /C+LE$ 
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+"JJDE CIOG, AG"K

7J" IW ,\" EOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, ,\" +"JJDE CIOG, AG"K \KL "_F""LKJF"E IW G"EDL"J,DKQ KJL 

DJLOE,GDKQ /C+LE$  9EN2482//&' \KL "_F""LKJF"E IW ,\" KGE"JDFc XKGDOYc KJL FIHH"G G"EDL"J,DKQ /C+L 

KJL ,\" Q"KL DJLOE,GDKQ /C+L$  CIJ,KYDJKJ, FIJF"J,GK,DIJE DJ ,\" I,\"G EOGWKF" KJL EOXEOGWKF" EIDQ 

EKYHQ"E FIQQ"F,"L WGIY ,\" +"JJDE CIOG, AG"K Z"G" Q"EE ,\KJ /C+LE$ 

>!A E_FK#K,DIJ AG"K

;IOG IW ,\" EIDQ XIGDJP QIFK,DIJE KL#KJF"L DJ ,\" "_FK#K,DIJ KG"K WGIY ,\" >!A \KL /C+L "_F""LKJF"E$  

+\" E\KQQIZ EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, 9EN2482/B)*c 9EN2482/B)5c 9EN2482/B''c KJL 

9EN2482/B'U \KL "_F""LKJF"E IW ,\" KGE"JDFc XKGDOYc FIHH"Gc KJL Q"KL G"EDL"J,DKQ /C+LE$  +\" Q"KL 

FIJF"J,GK,DIJ DJ 9EN2482/B'U)' KQEI "_F""L"L ,\" DJLOE,GDKQ /C+L$  +\" FKGFDJIP"JDF 9AM 

FIJF"J,GK,DIJ WIG 9EN2482/B'')' KJL 9EN2482/B'U)' "_F""L"L ,\" G"EDL"J,DKQ /C+L$  +\" LDE,GDXO,DIJ 

IW FIJ,KYDJKJ,E DJ ,\" E\KQQIZ EOXEOGWKF" `IJ" EOPP"E,E ,\K, EOXEOGWKF" EIDQ FIJ,KYDJKJ,DIJ G"YKDJDJP 

K, ,\" ED," LI"E JI, "_,"JL QK,"GKQQN YOF\ WOG,\"G ,\KJ ,\" >!A "_FK#K,DIJ$  /C+L "_F""LKJF"E Z"G" JI, 

G"HIG,"L WIG ,\" EOXEOGWKF" EIDQ EKYHQ"E FIQQ"F,"L K, AJIYKQN AG"KE '&c 'Uc KJL &4 IG ,\" +"JJDE CIOG, 

AG"K$

7K9 JROUNDWATER ASSESSMENT 

@GIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48 Z"G" KJKQN`"L WIG +AL Y",KQE KJL +CL ?7CE XKE"L IJ 

KJKQN,DFKQ G"EOQ,E WGIY HG"#DIOE EKYHQDJP "#"J,E$  =","F,"L ?7C FIJF"J,GK,DIJE DJ ,\" PGIOJLZK,"G 

EKYHQ"E FIQQ"F,"L WIG ,\" !> Z"G" Q"EE ,\KJ ,\" @C+LE$ 

>GIJ ZKE L","F,"L DJ YIE, IW ,\" YIJD,IGDJP Z"QQE EKYHQ"L WIG ,\" !> K, FIJF"J,GK,DIJE "_F""LDJP ,\" 

@C+Lc Z\DF\ DE K E"FIJLKGN E,KJLKGLc XO, Q"EE ,\KJ ,\" NA/ 9"JEKFIQK XKF]PGIOJL DGIJ FIJF"J,GK,DIJ$  

>GIJ FIJF"J,GK,DIJE "_F""L"L ,\" XKF]PGIOJL FIJF"J,GK,DIJ DJ ,\G"" YIJD,IGDJP Z"QQEc 9EN2482)*/c 

9EN2482)[/c KJL 9EN2482')/$  +\" \DP\"E, DGIJ FIJF"J,GK,DIJ ZKE IXE"G#"L DJ 9EN2482)*/$  +\"E" 

Z"QQE KG" QIFK,"L OH KJL EDL" PGKLD"J, ,I ,\" ]JIZJ LDEHIEKQ KG"Kc Z\DF\ ZIOQL EOPP"E, ,\K, ,\" DGIJ 

FIJF"J,GK,DIJE DJ ,\"E" Z"QQE KG" JK,OGKQQN IFFOGDJP GK,\"G ,\KJ LO" ,I ED," KF,D#D,N$ 

<KJPKJ"E" ZKE L","F,"L DJ "KF\ IW ,\" PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48$  +\" G"HIG,"L 

YKJPJ"E" FIJF"J,GK,DIJE DJ ,ZI E\KQQIZ Z"QQEc 9EN2482)*/ KJL 9EN2482)U/c "_F""L"L ,\" @C+Lc 

Z\DF\ DE K E"FIJLKGN E,KJLKGL$  9EN2482)*/ DE QIFK,"L ,I ,\" EIO,\ IW ,\" >!A "_FK#K,DIJ KG"K KJL 9EN2

482)U/ DE QIFK,"L ,I ,\" JIG,\ IW ,\" >!A "_FK#K,DIJ KG"K$  +\" \DP\"E, YKJPKJ"E" FIJF"J,GK,DIJ ZKE 

IXE"G#"L DJ 9EN2482)*/c Z\DF\ DE QIFK,"L EDL" PGKLD"J, ,I ,\" ]JIZJ LDEHIEKQ KG"K$  <KJPKJ"E" ZKE 

Q"EE ,\KJ ,\" @C+L DJ 9EN2482)*=c ,\" L""H Z"QQ HKDG"L ZD,\ 9EN2482)*/$ 
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L"KL ZKE L","F,"L DJ IJQN ,ZI IW ,\" PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48$  L"KL IJQN "_F""L"L ,\" 

@C+L DJ ,\" EKYHQ" FIQQ"F,"L WGIY 9EN2482'8/c Z\DF\ DE QIFK,"L K, ,\" F"J,"G IW AJIYKQN AG"K ''c 

Z\"G" EOGWKF" KJL EOXEOGWKF" EIDQ EKYHQ"E \KL Q"KL FIJF"J,GK,DIJE "_F""LDJP G"EDL"J,DKQ KJL DJLOE,GDKQ 

/C+LE$ 

7K4 SUMMARL O> R)SU ASSESSMENT 

AJ MM!A ZKE FIJLOF,"L WIG ,\" F\"YDFKQ FIJF"J,GK,DIJE L","F,"L DJ EOGWKF" EIDQc EOXEOGWKF" EIDQc KJL 

PGIOJLZK,"G EKYHQ"E FIQQ"F,"L K, /D," 48$  +\" "#KQOK,DIJ ZKE FIJLOF,"L OEDJP XI,\ ./E9A KJL /,K," 

IW ;QIGDLK G"POQK,DIJE KJL PODL"QDJ"E WIG MM!A$  +\" ./E9A GDE] KEE"EEY"J, FIJEDL"G"L WD#" G"F"H,IGEc 

,\" \NHI,\",DFKQ WO,OG" G"EDL"J,c ,\" ,NHDFKQ DJLOE,GDKQ ZIG]"Gc ,\" FIJE,GOF,DIJ ZIG]"Gc ,\" YKDJ,"JKJF" 

ZIG]"Gc KJL ,\" ,G"EHKEE"G(G"FG"K,DIJKQ OE"Gc KEEOYDJP "_HIEOG" #DK ,\" DJP"E,DIJc L"GYKQ FIJ,KF,c KJL 

DJ\KQK,DIJ GIO," IW "_HIEOG"E$  MIZ"#"Gc YKDJ,"JKJF" ZIG]"GE KJL ,G"EHKEE"GE(G"FG"K,DIJKQ OE"GE KG" 

FIJEDL"G"L ,I X" ,\" YIE, QD]"QN G"F"H,IGE K, /D," 48 OJL"G FOGG"J, QKJL OE"$ 

+\" QDE, IW C79CE WIG /D," 48 DJFQOL"L ,\" WIQQIZDJPr 

 /OGWKF" /IDQ ^ FKGFDJIP"JDF 9AMEc KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOY 

 /OXEOGWKF" /IDQ ^ FKGFDJIP"JDF 9AMEc KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOY 

 @GIOJLZK,"G ^ F\QIGIWIGYc DGIJc Q"KLc YKJPKJ"E" 

BKE"L IJ ,\" ./E9A "#KQOK,DIJc Q"KL DE ,\" HG"LIYDJKJ, C79C L","F,"L DJ EIDQ KJL PGIOJLZK,"G K, 

/D," 48 KJL DE ,\" HGDYKGN F\"YDFKQ ZKGGKJ,DJP WOG,\"G FIJEDL"GK,DIJ KE K ED," FIJ,KYDJKJ,$  L"KL 

FIJF"J,GK,DIJE "_F""LDJP ,\" 7/TE! //L IW 4)) YP(]P Z"G" L","F,"L K, ED_ EOGWKF" EIDQ EKYHQDJP 

QIFK,DIJE aK#"GKP" FIJF"J,GK,DIJ DJ ,\" ED_ QIFK,DIJE s &c3&3 YP(]Pb KJL K, ED_ EOXEOGWKF" EIDQ QIFK,DIJE 

aK#"GKP" FIJF"J,GK,DIJ s 'c83) YP(]Pb$  L"KL ZKE L","F,"L DJ & IW '& PGIOJLZK,"G EKYHQ"E ZD,\ ,\" 

FIJF"J,GK,DIJ DJ IJ" EKYHQ" "_F""LDJP ,\" '3 OP(L ./E9A KF,DIJ Q"#"Q$  B"FKOE" HOXQDE\"L ,I_DFD,N 

FGD,"GDK KG" JI, K#KDQKXQ" WIG Q"KLc "_HIEOG" ,I Q"KL DJ EIDQ ZKE "#KQOK,"L XN ,\" >E.BC <IL"Q KJL ,\" 

+!T ALOQ, L"KL <IL"Q WIG G"EDL"J,DKQ KJL JIJ2G"EDL"J,DKQ "_HIEOG" EF"JKGDIEc G"EH"F,D#"QN$  !"EOQ,E IW 

,\" >E.BC KJL +!T KLOQ, Q"KL YIL"Q KJKQNE"E DJLDFK," ,\K, "_HIEOG" ,I K#"GKP" Q"KL FIJF"J,GK,DIJE DJ 

EOGWKF" KJL EOXEOGWKF" EIDQ KJL ,\" YK_DYOY L","F,"L FIJF"J,GK,DIJ DJ PGIOJLZK,"G ZIOQL G"EOQ, DJ 

GDE]E aD$"$c HGIXKXDQD,D"Eb "_F""LDJP ./E9A X"JF\YKG]E$ 

VOKJ,D,K,D#" "E,DYK,"E IW JIJ2FKGFDJIP"JDF KJL FKGFDJIP"JDF GDE]E Z"G" L"#"QIH"L WIG ,\" G"F"H,IGE QDE,"L 

KXI#" WIG "_HIEOG" ,I C79CE DJ EIDQ KJL PGIOJLZK,"G$ CKJF"G GDE] "E,DYK,"E a,I,KQ >LC!Eb L"#"QIH"L WIG 

"_FK#K,DIJ(FIJE,GOF,DIJ ZIG]"GE KJL YKDJ,"JKJF" ZIG]"GE "_HIE"L ,I C79CE DJ EOGWKF" KJL EOXEOGWKF" 

EIDQ Z"G" Q"EE ,\KJ '_')2*$  +I,KQ >LC!E WIG WOQQ ,DY" FIYY"GFDKQ(DJLOE,GDKQ ZIG]"GEc QDW"QIJP G"FG"K,DIJKQ 
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OE"GEc KJL WO,OG" G"EDL"J,E \NHI,\",DFKQQN "_HIE"L ,I C79CE DJ EIDQ KJL PGIOJLZK,"G Z"G" ZD,\DJ ,\" 

./E9A ,KGP", GDE] GKJP" IW '_')2* ,I '_')24$  +\" HGDYKGN GDE] LGD#"GE Z"G" FKGFDJIP"JDF 9AME KJL 

KGE"JDF DJ EIDQ KJL F\QIGIWIGY DJ PGIOJLZK,"G$  MIZ"#"Gc ,\"G" DE FIJEDL"GKXQ" OJF"G,KDJ,N KEEIFDK,"L 

ZD,\ ,\" GDE]E FKQFOQK,"L WIG KGE"JDF KJL F\QIGIWIGY$ +\" KGE"JDF FIJF"J,GK,DIJE L","F,"L DJ EIDQ "_F""L 

WKFDQD,N XKF]PGIOJL FIJF"J,GK,DIJE XO, KG" Z"QQ ZD,\DJ JK,OGKQQN IFFOGGDJP Q"#"QE DJ ,\" .JD,"L /,K,"E a,\" 

K#"GKP" /D," 48 EIDQ FIJF"J,GK,DIJ DE KHHGI_DYK,"QN 8 YP(]Pb$  >J KLLD,DIJc ,\" EIDQ XKF]PGIOJL LK,KE", WIG 

NA/ 9"JEKFIQK FIJEDE,E IW IJQN ,ZI QIFK,DIJE KJL XKF]PGIOJL Q"#"QE YKN JI, X" KL"dOK,"QN 

F\KGKF,"GD`"L$  AE E,K,"L KXI#"c F\QIGIWIGY ZKE L","F,"L DJ IJQN & IW '& EKYHQ"El ,\" YK_DYOY 

FIJF"J,GK,DIJ DE Z"QQ X"QIZ ,\" ./E9A <CL KJL ,\" ;QIGDLK @C+L$  >, DE QD]"QN ,\K, FKGFDJIP"JDF 9AME 

KG" K n\I,EHI,o FIJ,KYDJK,DIJ DEEO" IJQN X"FKOE" "Q"#K,"L FIJF"J,GK,DIJE IW FKGFDJIP"JDF 9AME Z"G" 

L","F,"L YKDJQN DJ EOXEOGWKF" EIDQ /KYHQ" 9EN2482/B'4)'$  A#"GKP" FKGFDJIP"JDF 9AM FIJF"J,GK,DIJE 

IO,EDL" ,\DE KG"K aKHHGI_DYK,"QN )$)5 YP(]Pb EQDP\,QN "_F""L ,\" !"PDIJ [ G"EDL"J,DKQ EIDQ 9!@ a)$)*& 

YP(]Pb KJL KG" Q"EE ,\KJ ,\" ;=E9 !"EDL"J,DKQ /IDQ /C+L a)$' YP(]Pb$  +\DE EKYHQ" a/B'4)'b KQEI 

FIJ,KDJ"L ,\" \DP\"E, L","F,"L FIJF"J,GK,DIJE IW Q"KL KJL I,\"G Y",KQE DJ EOXEOGWKF" EIDQ$ 

NIJFKJF"G GDE] "E,DYK,"E a,I,KQ M>Eb L"#"QIH"L IJ K ,KGP", IGPKJ("WW"F, XKEDE WIG KQQ G"F"H,IGE "#KQOK,"L 

Z"G" Q"EE ,\KJ OJD,N a'$)b$  CIJE"dO"J,QNc KL#"GE" JIJ2FKGFDJIP"JDF \"KQ,\ "WW"F,E KG" JI, KJ,DFDHK,"L 

OJL"G ,\" FIJLD,DIJE "E,KXQDE\"L DJ ,\" "_HIEOG" KEE"EEY"J,$ 

+\" GDE] KEE"EEY"J, FIJLOF,"L H"G ,\" /,K," IW ;QIGDLK G"POQK,DIJE KJL PODL"QDJ"E "#KQOK,"L GDE]E ,I K 

\NHI,\",DFKQ WO,OG" G"EDL"J, KJL K ,NHDFKQ DJLOE,GDKQ ZIG]"G OEDJP ,\" HOXQDE\"L /C+LE WIG ,\" G"EDL"J,DKQ 

KJL DJLOE,GDKQ QKJL OE" EF"JKGDIc G"EH"F,D#"QN$  !DE]E ,I K \NHI,\",DFKQ WO,OG" G"FG"K,DIJKQ OE"G Z"G" 

"#KQOK,"L OEDJP /C+LE EH"FDWDFKQQN L"#"QIH"L WIG ,\DE GDE] KEE"EEY"J, KE E,DHOQK,"L DJ ,\" /,K," IW 

;QIGDLK G"POQK,DIJE KJL PODL"QDJ"E$  +\" WIQQIZDJP F\"YDFKQE Z"G" DL"J,DWD"L KE HI,"J,DKQ C7CE WIG EOGWKF" 

EIDQE XKE"L IJ K FIYHKGDEIJ IW YK_DYOY FIJF"J,GK,DIJE IG E9CE ,I ,\"E" /C+LEr 

 !"EDL"J,DKQ /C+L ^ FKGFDJIP"JDF 9AMEc KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOY 

 >JLOE,GDKQ /C+L 2 Q"KL 

+\" WIQQIZDJP F\"YDFKQE Z"G" DL"J,DWD"L KE HI,"J,DKQ C7CE WIG EOXEOGWKF" EIDQE XKE"L IJ K FIYHKGDEIJ IW 

YK_DYOY FIJF"J,GK,DIJE IG E9CE ,I ,\" /C+LEr 

 !"EDL"J,DKQ /C+L ^ FKGFDJIP"JDF 9AMEc KGE"JDFc XKGDOYc FIHH"Gc Q"KLc KJL #KJKLDOY 

 >JLOE,GDKQ /C+L 2 FKGFDJIP"JDF 9AMEc Q"KL 

 !"FG"K,DIJKQ /C+L 2 FKGFDJIP"JDF 9AME 
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+\" WIQQIZDJP F\"YDFKQE Z"G" DL"J,DWD"L KE HI,"J,DKQ C7CE WIG PGIOJLZK,"G XKE"L IJ K FIYHKGDEIJ IW 

YK_DYOY FIJF"J,GK,DIJE ,I @C+LEr 

 >GIJ 

 L"KL 

 <KJPKJ"E" 

NI," ,\K, DGIJ KJL YKJPKJ"E" Z"G" DL"J,DWD"L KE HI,"J,DKQ C7CE WIG PGIOJLZK,"G X"FKOE" ,\" YK_DYOY 

FIJF"J,GK,DIJE "_F""L"L C+LE Z\DF\ KG" ./E9A /"FIJLKGN <CLE$  /"FIJLKGN <CLE KG" FGD,"GDK XKE"L 

JI, IJ \"KQ,\ "WW"F,E XO, GK,\"G IJ K"E,\",DF "WW"F,E EOF\ KE ,KE," KJL ILIG$  AQEIc JI," ,\K, MVE WIG DGIJ 

KJL YKJPKJ"E" FKQFOQK,"L DJ ,\" ./E9A "#KQOK,DIJ Z"G" Q"EE ,\KJ ,\" ./E9A KJL ;QIGDLK PIKQ IW OJD,N 

WIG JIJ2FKGFDJIP"JDF \"KQ,\ "WW"F,E$ 

C\"YDFKQE L","F,"L DJ EIDQ Z"G" KQEI "#KQOK,"L WIG ,\" HI,"J,DKQ ,I DYHKF, PGIOJLZK,"G dOKQD,N K, ,\" ED," 

XN FIYHKGDJP YK_DYOY FIJF"J,GK,DIJE ZD,\ ;=E9 /C+LE WIG YDPGK,DIJ WGIY EIDQ ,I PGIOJLZK,"G$  +\DE 

"#KQOK,DIJ DJLDFK,"L ,\K, ,\K, ,\" FIJF"J,GK,DIJE IW FIJE,D,O"J,E L","F,"L DJ EIDQ Z"G" OJQD]"QN ,I KL#"GE"QN 

DYHKF, PGIOJLZK,"G dOKQD,N$ 

+\" MM!A DL"J,DWD"L FIYHQ","L HK,\ZKNE DJ EIDQc EOXEOGWKF" EIDQc KJL PGIOJLZK,"Gc ,I OJG"E,GDF,"L 

G"F"H,IG HIHOQK,DIJE$  +\" KJKQN,"E DL"J,DWD"L DJ ,\" MM!A KE FIJ,GDXO,DJP ,I GDE] ,I \OYKJ G"F"H,IGE 

Z"G" Q"KL DJ EIDQ KJL PGIOJLZK,"G$  >J KLLD,DIJc FKGFDJIP"JDF 9AM \I, EHI,E YKN DJWQO"JF" GDE] K, ,\" ED,"$  

AGE"JDFc XKGDOYc FIHH"Gc KJL #KJKLDOY Z"G" L","F,"L DJ EOGWKF" KJL EOXEOGWKF" EIDQ K, FIJF"J,GK,DIJE 

"_F""LDJP ;=E9 G"EDL"J,DKQ GDE] XKE"L FGD,"GDK$  L"KL KJL FKGFDJIP"JDF 9AME Z"G" L","F,"L K, 

FIJF"J,GK,DIJE "_F""LDJP ;=E9 DJLOE,GDKQ GDE] XKE"L EFG""JDJP FGD,"GDK$ 

+\" /LE!A DL"J,DWD"L EOGWKF" EIDQ FIJF"J,GK,DIJE IW XKGDOYc FIHH"Gc KJL Q"KL ,\K, YKN HIE" GDE]E ,I EIDQ 

DJ#"G,"XGK,"E KJL HQKJ,Ec "EH"FDKQQN WGIY ,\" FOYOQK,D#" ,I_DFD,N IW YOQ,DHQ" Y",KQE$  +\" QIFK,DIJE Z\"G" 

"Q"#K,"L FIJF"J,GK,DIJE WIG ,\" WDJKQ C79CE "_DE, KG" HGDYKGDQN QDYD,"L ,I ,\G"" EYKQQ DEIQK,"L KG"KEr ZD,\DJ 

,\" #DFDJD,N IW QIFK,DIJ 9EN2482//&' aQIFK,"L ZD,\DJ ,\" WIGY"G ,"JJDE FIOG, XIOJLKGD"Ebc AJIYKQN AG"K 

''c KJL AJIYKQN AG"K &8$  NI DYHKF,E ,I HQKJ,E KJL DJ#"G,"XGK,"E K, /D," 48 KG" "_H"F,"L K, I,\"G 

QIFK,DIJE$ 

9I,"J,DKQ GDE]E ,I DJE"F,D#IGIOE EYKQQ YKYYKQE KJL XDGLE WGIY FIHH"G KJL Q"KL Z"G" "#KQOK,"L$  BKE"L 

IJ ,\" WIIL F\KDJ YIL"QDJP G"EOQ,Ec Q"KL FIJF"J,GK,DIJE DJ "DP\, EIDQ EKYHQ"E HIE" HI,"J,DKQ GDE]E ,I 

DJE"F,D#IGIOE EYKQQ YKYYKQE KJL XDGLE ,\K, WIGKP" "_FQOED#"QN K, /D," 48$  +\"E" "DP\, EKYHQ"E Z"G" 

FIQQ"F,"L WGIY HGDYKGDQN ,\G"" DEIQK,"L KG"KEr ,\" #DFDJD,N IW QIFK,DIJ 9EN2482//&' aQIFK,"L ZD,\DJ ,\" 

WIGY"G ,"JJDE FIOG, XIOJLKGD"Ebc AJIYKQN AG"K ''c KJL AJIYKQN AG"K &8$  +\" HG"FDE" "_,"J, ,I Z\DF\ 
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XDGLE KJL YKYYKQE WIGKP" K, /D," 48 DE OJF"G,KDJc XO, LO" ,I ,\" HIIG \KXD,K, K, ,\" ED,"c XDGLE KJL 

YKYYKQE HGIXKXQN LI JI, WIGKP" ,I K EDPJDWDFKJ, "_,"J, ,\"G"$ 

7K5 CONCHUS)ONS 

<",KQE KJL FKGFDJIP"JDF 9AME Z"G" L","F,"L DJ EOGWKF" EIDQ KJL EOXEOGWKF" EIDQ EKYHQ"E K, 

FIJF"J,GK,DIJE "_F""LDJP GDE]2XKE"L EFG""JDJP FGD,"GDK$  <",KQE DJ PGIOJLZK,"G EKYHQ"E "_F""L"L 

GDE]2XKE"L EFG""JDJP FGD,"GDK aQ"KLb KJL E"FIJLKGN E,KJLKGLE aDGIJ KJL YKJPKJ"E"b$  /KYHQ" QIFK,DIJE 

,\K, "_F""L"L GDE] XKE"L FGD,"GDK KG" E\IZJ IJ ;DPOG" U2'$  BI,\ ,\" MM!A KJL /LE!A DL"J,DWD"L GDE] ,I 

\OYKJ KJL "FIQIPDFKQ G"F"H,IGE "_F""LDJP ./E9A KJL ;=E9 X"JF\YKG]E$ 

+\" G"YKDJDJP FIJ,KYDJKJ,E DJ /D," 48 EOGWKF" KJL EOXEOGWKF" EIDQ ZDQQ G"dODG" Y"KEOG"E ,I "QDYDJK," IG 

YDJDYD`" "_HIEOG" XN KF,D#" FQ"KJOHc "JPDJ""GDJP FIJ,GIQEc KJL(IG DJE,D,O,DIJKQ FIJ,GIQE$  +I KF\D"#" JI 

WOG,\"G KF,DIJ WIG G"EDL"J,DKQ IG DJLOE,GDKQ FGD,"GDKc "_HIEOG" ,I EOGWKF" EIDQ K, AJIYKQN AG"KE ''c '&c &8c 

&4c ,\" +"JJDE CIOG, AG"K KJL "_HIEOG" ,I EOXEOGWKF" EIDQ K, AJIYKQN AG"KE ''c &8c KJL ,\" ,\" >!A 

KG"K ZDQQ \K#" ,I X" HG"#"J,"L$  E_HIEOG" ,I PGIOJLZK,"G K, ,\" ED," ZDQQ KQEI G"dODG" FIJ,GIQ$  A L",KDQ"L 

"#KQOK,DIJ IW KQ,"GJK,D#"E ,I KF\D"#" ,\DE PIKQ E\IOQL X" HG"E"J,"L DJ K ;"KEDXDQD,N /,OLN WIG /D," 48$  A 

FIJWDGYK,DIJ EKYHQDJP KJL KJKQNEDE HGI,IFIQ ZDQQ X" DJFIGHIGK,"L DJ ,\" ;"KEDXDQD,N /,OLN ,I #"GDWN ,\K, ,\" 

E"Q"F,"L G"Y"LN WIG /D," 48 DE "WW"F,D#" WIG ,\" JK,OG" KJL "_,"J, IW FIJ,KYDJKJ,E K, ,\" ED,"$ 
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EWGINYEIJc !$A$c <$E$ TDQQc @$T$ /O,"G >>c KJL A$C$ TII,"Jc '[[UK$ +I_DFIQIPDFKQ B"JF\YKG]E WIG 
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7K] !DLP" NK,DIJKQ LKXIGK,IGN$  NI#"YX"G$ E/(E!(+<253(!8$ 

EWGINYEIJc !$A$c <$E$ TDQQc KJL @$T$ /O,"G >>c '[[UX$ +I_DFIQIPDFKQ B"JF\YKG]E WIG CIJ,KYDJKJ,E IW 

9I,"J,DKQ CIJF"GJ WIG EWW"F,E IJ /IDQ KJL LD,,"G >J#"G,"XGK,"E KJL M","GI,GIH\DF 9GIF"EEr '[[U 
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=IFOY"J,$  NK,DIJKQ @ODL"QDJ"E KJL /,KJLKGLE 7WWDF"c EJ#DGIJY"J,KQ VOKQD,N BGKJF\c 

EJ#DGIJY"J, CKJKLK$ 7,,KZK$

EGE,WD"QLc C$<$ KJL p$ /JIZ2AE\XGII]c '[[[$  EWW"F,E IW F\GIJDF QIZ Q"#"Q 9AM FIJ,KYDJK,DIJ IJ EIDQ 

DJ#"G,"XGK," FIYYOJD,D"E$  C\"YIEH\"G" 8[ a'&br &''U2&'8[$ 

;=E9 a;QIGDLK ="HKG,Y"J, IW EJ#DGIJY"J,KQ 9GI,"F,DIJbc '[[5$  9",GIQ"OY CIJ,KYDJK,DIJ /D," CQ"KJOH 

CGD,"GDKc C\KH,"G *&2UU) ;QIGDLK ALYDJDE,GK,D#" CIL"c /"H,"YX"G &8c '[[5$ 

;=E9c &))4$ /,KJLKGL 7H"GK,DJP 9GIF"LOG"E WIG ;D"QL AF,D#D,D"E =E92/792))'()'c ;"XGOKGN 'c &))4$ 
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;DW,\ NK,DIJKQ CIJW"G"JF" IJ <KJKP"Y"J, IW .JFIJ,GIQQ"L MK`KGLIOE TKE," /D,"E$   TKE\DJP,IJ 
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C"J,GKQ +"JL"JFN KJL !"KEIJKXQ" <K_DYOY E_HIEOG"$  7/TE!$  TKE\DJP,IJc =$C$

./E9Ac '[[4$ ./E9A CIJ,GKF, LKXIGK,IGN 9GIPGKY NK,DIJKQ ;OJF,DIJKQ @ODL"QDJ"E ;IG >JIGPKJDF =K,K 

!"#D"Zc 7WWDF" IW /IQDL TKE," KJL !"Y"LDKQ !"EHIJE"c  TKE\DJP,IJc =DE,GDF, IW CIQOYXDK$ 

./E9Ac '[[4$  @ODLKJF" <KJO"Q WIG ,\" >J,"PGK,"L E_HIEOG" .H,K]" CDJ",DF <IL"Q WIG L"KL DJ C\DQLG"J$  

E9A(34)(!2[82)5'$  7WWDF" IW EY"GP"JFN KJL !"Y"LDKQ !"EHIJE"c TKE\DJP,IJc =$C$ ;"XGOKGN$ 

./E9Ac '[[4$  !"#DE"L >J,"GDY @ODLKJF" IJ EE,KXQDE\DJP /IDQ L"KL @ODLKJF" WIG CE!CLA /D,"E KJL 

!C!A CIGG"F,D#" AF,DIJ ;KFDQD,D"E$  7/TE! =DG"F,D#" [833$42'&$ pOQN$ 

./E9Ac '[[*$  /IDQ /FG""JDJP @ODLKJF"r +"F\JDFKQ BKF]PGIOJL =IFOY"J,$  E9A(34)(!2[3('&5$  

7/TE!$  TKE\DJP,IJc =$C$ pOQN$ 

./E9Ac '[[*$  !"FIYY"JLK,DIJE IW ,\" +"F\JDFKQ !"#D"Z TIG]PGIOH WIG L"KL WIG KJ >J,"GDY AHHGIKF\ 

,I AEE"EEDJP !DE]E AEEIFDK,"L ZD,\ ALOQ, E_HIEOG"E ,I L"KL DJ /IDQ$ ="F"YX"G$ 

./E9Ac '[[U$  E_HIEOG" ;KF,IGE MKJLXII]$  E9A(*))(9 [3())&;K$  7WWDF" IW M"KQ,\ KJL EJ#DGIJY"J,KQ 

AEE"EEY"J,c TKE\DJP,IJc =$C$ AOPOE,$ 

./E9Ac '[[U$ EFIQIPDFKQ !DE] AEE"EEY"J, @ODLKJF" WIG /OH"GWOJLr 9GIF"EE WIG ="EDPJDJP KJL 

CIJLOF,DIJ EFIQIPDFKQ !DE] AEE"EEY"J,E$ 

./E9Ac '[[[$  .E" IW ,\" +!T >J,"GDY ALOQ, L"KL <",\ILIQIPN DJ !DE] AEE"EEY"J,$  <"YIGKJLOY 

WGIY 9K, ?KJ L""Z#"J KJL 9KOQ T\D," ,I <KG] <KLLKQIJD$ AHGDQ$ 
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AOPOE,$

./E9Ac '[[[$  ./E9A CIJ,GKF, LKXIGK,IGN 9GIPGKY NK,DIJKQ ;OJF,DIJKQ @ODL"QDJ"E ;IG 7GPKJDF =K,K 

!"#D"Zc 7WWDF" IW EY"GP"JFN KJL !"Y"LDKQ !"EHIJE"c TKE\DJP,IJc =DE,GDF, IW CIQOYXDK$ 

./E9A !"PDIJ 4c &)))$  /OHHQ"Y"J,KQ @ODLKJF" ,I !A@/r !"PDIJ >? BOQQ",DJEc MOYKJ M"KQ,\ !DE] 

AEE"EEY"J,$ <KN$ 
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CIJEDL"GK,DIJEc +DYDJP IW AF,D#D,D"Ec KJL >JFQOEDIJ IW /,K]"\IQL"GE$  <"YIGKJLOY WGIY +"L$ T$ 

/DYIJc !"PDIJ 4 E9A 7WWDF" IW +"F\JDFKQ /"G#DF"Ec A,QKJ,Kc @"IGPDKc pOJ" &8$ 

./E9Ac &))'$ /OHHQ"Y"J,KQ @ODLKJF" ,I !A@/r !"PDIJ 4 BOQQ",DJEc EFIQIPDFKQ !DE] AEE"EEY"J,$  

TKE," <KJKP"Y"J, =D#DEDIJc A,QKJ,Kc @"IGPDK$  7GDPDJKQQN HOXQDE\"L NI#"YX"G '[[3$  T"XED," 

#"GEDIJ QKE, OHLK,"L NI#"YX"G 8)c &))'r \,,Hr((ZZZ$"HK$PI#(G"PDIJ4(ZKE,"(I,E("FIQXOQ$\,Y

./E9Ac &))&$  !IQ" IW BKF]PGIOJL DJ ,\" CE!CLA CQ"KJOH 9GIPGKYc 7WWDF" IW /IQDL TKE," KJL 
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TKE\DJP,IJc =$C$ /"H,"YX"G$ 
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TKE," /D,"E$  7/TE! [&53$*2')$  TKE\DJP,IJc =$C$ ="F"YX"G$ 
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Jeb Bush
Governor

Department of
Environmental Protection

Twin Towers Office Building
2600 Blair Stone Road

Tallahassee, Florida 32399-2400

August 4, 2006

Colleen M. Castille
Secretary

Mr. Bill Hill
Code ES33
Southern Division
Naval Facilities Engineering Command
2155 Eagle Drive
P.O. Box 190010
North Charleston, South Carolina 29419-9010

RE: Remedial Investigation Report for the Demolition Debris Disposal Area-Site 43, Naval
Air Station Pensacola, Florida.

Dear Mr. Hill:

I have completed the technical review of the above referenced document dated March,
2006 (received March 8, 2006), and find it to be adequate for its intent. Please review the
attached comments from the University of Florida and follow the directions listed below:

1. Comments 1-5 should be taken into consideration when writing the Feasibility Study for this
site.

2. Comment 6 needs to be responded to prior to final approval of this document.

If! can be of any further assistance with this matter, please contact me at (850) 245-8998.

Sincerely,

)Ycu» tr~~
Tracie L. Bolanos
Remedial Project Manager

JJc[f;t ESN£!llt/

"More Protection, Less Process"
Printed on recycled paper



10/23/2006 

4WD-FFB

.

William J. Hill  
CodeES31
South Division 
Naval Facilities Engineering Command 
2155 Eagle Dr. 
P.O. Box 190010 
North Charleston, South Carolina, 29419-9010 

Subject:  Remedial Investigation Report Site 43, Naval Air Station – Pensacola in Pensacola, FL 

Dear Mr. Hill: 

EPA has reviewed the above referenced document and we offer the following comments. 

This document was well written and organized. It is obvious that a major investment of time and 
effort was put into this investigation. We agree with the recommendations and conclusions 
outlined in the document. 

If you have any questions or comments, please contact me in writing or at 404.562.8544. 

Sincerely, 

Gregory D. Fraley 
Senior Remedial Project Manager 

cc: Tracie Vaught, FDEP 



.~.,.\\ .f,\. UNIVERSITY OF

~" ..53"= FLORIDA
Center for Environmental & Human Toxicology

June 5,2006

Ligia Mora-Applegate
Bureau of Waste Cleanup
Florida Department of Environmental Protection
2600 Blair Stone Road
Tallahassee, FL 32399-2400

Re: Demolition Debris Disposal Area - Site 43

Dear Ms. Mora-Applegate:

P.O. Box 110885
Gainesville, Florida 32611-0885

Tel.: (352) 392-4700, ext. 5500
Fax: (352) 392-4707

We have reviewed at your request the Remedial Investigation Report for the
Demolition Debris Disposal Area - Site 43 at the Naval Air Station in Pensacola. This
document was prepared by Tetra Tech Nus, Inc and is dated March 7, 2006. As
expected, this document closely follows EPA and FDEP risk assessment procedures.
We do, however, have the following comments:

1. Surface soil samples taken on the boarders of Anomaly Area 12 exceed
residential SCTLs for arsenic and Benzo[a]pyrene (BaP). This suggests that the
extent of the contaminated area may extend beyond the current boarders.

2. Surface soil samples taken on the boarders of Anomaly Area 23 contained a "hot
spot" of arsenic and exceeded the residential SCTL for barium and vanadium.
The adjacent area (Anomaly Area 24) was not analyzed for these metals but may
also contain these chemicals of potential concern (COPC) in the surface soil.

3. Anomaly Area 17 was considered adequately delineated, but the surface soils
were not tested for arsenic, barium, or vanadium. Adjacent areas have
residential SCTL exceedances for these metals.

4. In Table 6-12 carbazole should be apportioned under the recreational user
scenario.

5. SPLP tests were not conducted for arsenic, copper, or lead. Leachability may
present a problem for arsenic and lead because these metals were found in
surface soils above their residential and industrial SCTLs. Additionally, lead was
detected above its GCTL in shallow groundwater at one location (PEN-43
GW13S01).

6. The Site 43 ecological risk assessment evaluates risk from surface soil
contaminants only, as there are no surface water bodies or sediment on site. In
addition, groundwater does not appear to pose risk to off-site surface water

An Equal Opportunity Institution



bodies, as the directional groundwater flow does not form an exposure pathway
to nearby surface waters. Maximum surface soil contaminants were compared to
Region IV Ecological Screening Values as well as EPA Eco-Soil Screening
Levels. This method is appropriate. However, upon comparison to the
corresponding Region IV value of 1000 ug/kg, total PAHs were not retained even
though the maximum value exceeded nearly twice the Region IV value (1919
ug/kg). The reasoning for this is not clear. A study was cited by Friday (1998),
that used a value of 20,000 ug/kg to describe moderate PAH soil contamination.
We do not believe it is appropriate to use alternative screening values without
site-specific justification especially during the initial screening step, therefore we
disagree with the elimination of total PAHs from further consideration. We do
concur, however, with the report's conclusions that barium, copper and lead pose
risks to invertebrates, small birds and mammals.

We would appreciate the opportunity to participate in a meeting to discuss these
comments further.

Sincerely,

Stephen M. Roberts, Ph.D. Leah D. Stuchal, Ph.D.
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M9(6 )+ t6$ ()--$nt #$+$#s t) t$?t in S$(ti)n 6&2&5&1, 46i(6 is 1.#t )+ St$1 3 )+ USEPAQs 8-st$1 
$()2)"i(.2 #isI .ss$ss-$nt 1#)($ss&  As $?12.in$% in t6$ +i#st t4) 1.#."#.16s )+ S$(ti)n 6&2&5, 
t6is st$1 is . #$+in$-$nt )+ 1#$2i-in.#3 COPCs, .n% in<)2<$s s$<$#.2 +.(t)#s&  F)# (2.#it3, t6$ +i#st 
1.#."#.16 )+ S$(ti)n 6&2&5&1 %is(9ssin" PAHs 4i22 5$ %$2$t$% .n% #$12.($% 4it6 t6$ +)22)4in" 
t6#$$ 1.#."#.16sW 

W%9+-"- )&#ee1+1C Z`) *$ /2#ee A5Z) ?3e1>*?%@.6#e1eN $,"*#%1/2e1eN %14 .6#e1e@ %) Je,, %) 
/*/%, A5Z) e9&ee4e4 1.0.  S&*,*C+&%,,6 3%)e4 /*9+&+/6 v%,"e) %#e ).%#)e $*# A5Z) +1 )*+,N %14 
a!SA5 ReC+*1 OY 2%) e)/%3,+)2e4 )&#ee1+1C v%,"e) $*# *1,6 e+C2/ *$ /2e 18 +14+v+4"%, A5Z) 
4e/e&/e4 %/ /2e )+/e.  ;2e a!SA5 ReC+*1 OY )&#ee1+1C v%,"e) $*# )+9 *$ /2e)e e+C2/ A5Z) %#e 
3%)e4 *1 v%,"e) e)/%3,+)2e4 +1 /2e Te/2e#,%14) 4"#+1C /2e 1]80).  O1 1]]IN /2e b"/&2 -*4+$+e4 
/2e+# )&#ee1+1C v%,"e) $*# A5Z)N e)/%3,+)2+1C % E/%#Ce/F v%,"e *$ 1N000 C/0C %14 %1 F+1/e#ve1/+*1F 
v%,"e *$ I0N000 C/0C $*# /*/%, A5Z) ?WZ!AcSN 1]]I@.  ;2e b"/&2 /%#Ce/ v%,"e) #e.#e)e1/ &,e%1 
)*+,N /2e +1/e#ve1/+*1 v%,"e) #e.#e)e1/ )e#+*"),6 &*1/%-+1%/e4 )*+,N %14 /2e &*1&e1/#%/+*1 -+4J%6 
3e/Jee1 /2e /%#Ce/ v%,"e %14 /2e +1/e#ve1/+*1 v%,"e J%) 4e)+C1%/e4 %) /2e E+1/e#-e4+%/eF v%,"e.  
;2e b"/&2 C"+4e,+1e) ).e&+$6 /2%/ &*1&e1/#%/+*1) C#e%/e# /2%1 /2e /%#Ce/ v%,"e 3"/ ,e)) /2%1 /2e 
+1/e#-e4+%/e v%,"e #eM"+#e 1* $"#/2e# +1ve)/+C%/+*1 ?3"/ -+1*# #e)/#+&/+*1) -%6 3e %..,+e4 *1 )*+, 
")e@N J2+,e $"#/2e# +1ve)/+C%/+*1 +) #eM"+#e4 J2e1 &*1&e1/#%/+*1) e9&ee4 /2e +1/e#-e4+%/e v%,"e 
3"/ %#e ,e)) /2%1 /2e +1/e#ve1/+*1 v%,"e ?!J%#/He)N 1]]]@.  ;2e +1/e#-e4+%/e v%,"e $*# /*/%, A5Z) 
+1 )*+, ?+.e.N /2e &*1&e1/#%/+*1 -+4J%6 3e/Jee1 /2e /%#Ce/ v%,"e %14 /2e +1/e#ve1/+*1 v%,"e@ +) 
20Nd00 [C/0C.   

;2e 20Nd00 [C/0C v%,"e +) ve#6 1e%# /2e e&*,*C+&%, )&#ee1+1C v%,"e *$ 20N800 [C/0C $*# /*/%, 
A5Z) &%,&",%/e4 36 <+1Ce1$e,)e# ?2000@ $*# %))e))+1C #+)0 /* )*+, +1ve#/e3#%/e).  <+1Ce1$e,)e#e) 
)&#ee1+1C v%,"e J%) 4e#+ve4 ")+1C /*9+&+/6 eM"+v%,e1&6 $%&/*#) %14 J%) 3%)e4 *1 % )/"46 36 
Te"2%")e# e/ %, ?1]8P@ +1 J2+&2 /2e e$$e&/) *$ $,"*#e1e Je#e ev%,"%/e4 ")+1C $*"# ).e&+e) *$ 
e%#/2J*#-).  ;2e )+-+,%#+/6 *$ <+1Ce1$e,)e#e) )&#ee1+1C v%,"e #e,%/+ve /* /2e b"/&2 +1/e#-e4+%/e 
v%,"e .#*v+4e) &#e4e1&e $*# ")e *$ /2e b"/&2 v%,"e %) % &*1)e#v%/+ve )&#ee1+1C v%,"e $*# /*/%, 
A5Z). 

;2e /*9+&+/6 *$ A5Z) +) *$/e1 %))"-e4 /* 3e %44+/+veN )* ev%,"%/+1C A5Z /*9+&+/6 +1 )*+, 36 
e9%-+1+1C /*/%, A5Z &*1&e1/#%/+*1) +) e).e&+%,,6 ")e$", J2e1N %) %/ !+/e IDN )eve#%, A5Z) Je#e 



4e/e&/e4 $*# J2+&2 e&*,*C+&%, )&#ee1+1C v%,"e) 4* 1*/ e9+)/.  ;2e -%9+-"- &*1&e1/#%/+*1 *$ /*/%, 
A5Z) %/ !+/e ID ?1N]1] [C/0CN ;%3,e P.2Q1@ J%) Je,, 3e,*J 3*/2 /2e 20N000 [C/0C b"/&2 
+1/e#-e4+%/e v%,"e %14 /2e <+1Ce1$e,)e# ?2000@ )*+, +1ve#/e3#%/e /*9+&+/6 /2#e)2*,4 v%,"e *$ 
20N800 [C/0C.  ;2")N #+)0) /* .,%1/) %14 )*+, +1ve#/e3#%/e) $#*- A5Z) %#e 1eC,+C+3,e.  544+/+*1%,,6N 
/2e /*9+&+/6 *$ A5Z) %/ !+/e ID v+% /2e /e##e)/#+%, $**4 Je3 +) 1eC,+C+3,e ?)ee !e&/+*1 P.2.1.D@.  
;2e#e$*#eN A5Z) .*)e 1eC,+C+3,e e&*,*C+&%, #+)0 %/ !+/e ID.  

3%44e&( >?: Ue 4* &*1&"#N 2*Jeve#N J+/2 /2e #e.*#/f) &*1&,")+*1) /2%/ 3%#+"-N &*..e# %14 
,e%4 .*)e #+)0) /* +1ve#/e3#%/e)N )-%,, 3+#4) %14 -%--%,). 

Re#$%&#e: 
T6$ $()2)"i(.2 #isI .ss$ss-$nt %)$s n)t ()n(29%$ t6.t 5.#i9- .n% ()11$# 1)s$ #isIs t) s-.22 
5i#%s .n% -.--.2s&  Inst$.%, t6$ $()2)"i(.2 #isI .ss$ss-$nt ()n(29%$% t6.t 5.#i9- .n% ()11$# 
1)s$ #isI t) in<$#t$5#.t$s .n% 12.nts, 59t n)t t) s-.22 5i#%s .n% -.--.2s&   

T6$ $()2)"i(.2 #isI .ss$ss-$nt ()n(29%$% t6.t 2$.% 1)s$s #isI t) in<$#t$5#.t$s, 12.nts, .n% s-.22 
5i#%s .n% -.--.2s&  H)4$<$#, 1)t$nti.2 #isI t) 5i#%s .n% -.--.2s .112i$s )n23 t) t6)s$ 
in%i<i%9.2s t6.t +)#."$ $?(29si<$23 .t Sit$ 43&  T6$ 1#$(is$ $?t$nt t) 46i(6 5i#%s .n% -.--.2s 
+)#."$ .t Sit$ 43 is 9n($#t.in, 59t %9$ t) t6$ 1))# 6.5it.t .t t6$ sit$, 5i#%s .n% -.--.2s 1#)5.523 
%) n)t +)#."$ t) . si"ni+i(.nt $?t$nt t6$#$&   

R@/@R@A3@5 

<+1Ce1$e,)e#N !.  2000.  544e14"- /* /2e ^+1%, U*#0 A,%1 $*# /2e ^*#-e# !0ee/ R%1Ce ?!+/e 1L=@N 
a.!. 5#-6 ;#%1).*#/%/+*1 :e1/e#N ^*#/ S")/+)N Y+#C+1+%.  a.!. ^+)2 %14 U+,4,+$e !e#v+&eN !e./e-3e# 
L.

WZ!AcS ?W+1+)/#6 *$ Z*")+1CN !.%/+%, A,%11+1C %14 S1v+#*1-e1/@.  2000.  :+#&",%# *1 /%#Ce/ v%,"e) 
%14 +1/e#ve1/+*1 v%,"e) $*# )*+, #e-e4+%/+*1.  b+#e&/*#%/eQRe1e#%, $*# S1v+#*1-e1/%, A#*/e&/+*1N 
be.%#/-e1/ *$ !*+, A#*/e&/+*1N ;2e Z%C"eN ;2e Te/2e#,%14).  ^e3#"%#6 I.  

Te"2%")e#N S.^.N A.R. b"#0+1N W.R. W%,e&0+N %14 W. 51%/#%. 1]8P. :*-.%#%/+ve /*9+&+/6 *$ /e1 
*#C%1+& &2e-+&%,) /* $*"# e%#/2J*#- ).e&+e).  C)-1& Bi)(6$-& P63si)2& 8D:?1@g1]LQ200. 

!J%#/He)N ^.5.  1]]].  R+)0 3%)e4 %))e))-e1/ *$ )*+, %14 C#*"14J%/e# M"%,+/6 +1 /2e Te/2e#,%14)g 
)/%14%#4) %14 #e-e4+%/+*1 "#Ce1&6.  R+)0 51%,6)+)N 1] ?P@g 12DdQ12I].   



  !"#$ & 
  ''()*()* 

+,N./(+AL2)32)3*(45&'(3$& B2' C+7 )833

A;;END)O B 

>)EHD DATA STEETS









































  !"#$ & 
  ''()*()* 

+,N./(+AL2)32)3*(45&'(3$& C2' C+7 )833

A;;END)O C 

SU;;ORT)NJ DOCUMENTS 



!"#"$ #&' ($'$R#* "+R$#"$&$', $&'#&-$R$', #&' ."+$R !/$01$! .( 0.&0$R& *12$*3 ". .004R 1& 
$!0#561# 0.4&"3 (*.R1'# 

0789:;e= >? 4.!. (:AB CD= E:;=;:Fe !eGv:Ie, May, 2004

Common Name Scientific Name
Status 
State

Status 
FWS Natural Communities

FISH6 ! $
-L;F AMLGNe7D "#$%e'(e) +,-)$'#./( 0e(+1+$ !!0 "           

0+
$!"4#R1&$O vCG:7LA  5#R1&$O vCG:7LA BC>:MCMA  
R1P$R1&$O C;;Lv:C; CD= >;CIQRCMeG AMGeC8A      

0G?AMC; =CGMeG "22+#)-%1! !(%)e33! " Ie R1P$R1&$O C;;Lv:C; AMGeC8            
+CG;eSL:D =CGMeG 41.e+(1+2! .$(1)$+ !!0 R1P$R1&$O C;;Lv:C; AMGeC8            
!C;M8CGAB M798:DD7R 5/'0/3/( 6e'7$'($ !!0 $!"4#R1&$O eAMLCG:De M:=C; 8CGAB            
6;LeD7Ae AB:DeG 81e)+'+1)+%$( 9e3!7! !!0 R1P$R1&$O >;CIQRCMeG, C;;Lv:C;, CD= A9G:DNTGLD 

AMGeC8A            
AMPHIBIANS ; REPTILES6 !
#8eG:ICD C;;:NCM7G "33$:!1+) 2$(($(($%%$e'($( !!0 "UA/CW $!"4#R1&$O 8CGABeA, vCG:7LA BC>:MCMA  

*#04!"R1&$O 8CGABeA, ARC89A, vCG:7LA BC>:MCMA  
/#*4!"R1&$O ARC89A, F;77=9;C:DA, 8CGABeA, 
vCG:7LA BC>:MCMA  R1P$R1&$O 79eD RCMeG, 
AB7Ge;:DeA, vCG:7LA BC>:MCMA   

(;CMR77=A AC;C8CD=eG "2;-(1+2! #$':/3!1/2 !!0 " /#*4!"R1&$O ReM F;CMR77=A, =78e ARC89, >CA:D 
ARC89, GL=eGC;  "$RR$!"R1#*O 8eA:I F;CMR77=A 
UGe9G7=LIeA :D e9Be8eGC; ReM;CD=A R:MB:D MB:A 
I788LD:M?W      

*7NNeGBeC= MLGM;e <!)e11! #!)e11! " " "$RR$!"R1#*O ACD=? >eCIBeAX DeAM:DN    
-GeeD MLGM;e <.e3+'$! 2-0!( 2-0!( $ $ "$RR$!"R1#*O ACD=? >eCIBeAX DeAM:DN   
*eCMBeG>CIQ MLGM;e =e)2+#.e3-( #+)$!#e! $ $ "$RR$!"R1#*O ACD=? >eCIBeAX DeAM:DN  
$CAMeGD :D=:N7 ADCQe =)-2!)#.+' #+)!$( #+/%e)$ " " $!"4#R1&$O M:=C; ARC89  /#*4!"R1&$O B?=G:I 

BC887IQ, ReM F;CMR77=A  "$RR$!"R1#*O 8eA:I 
F;CMR77=A, L9;CD= 9:De F7GeAM, ACD=B:;;A, AIGL>, 
AIGL>>? F;CMR77=A, G7IQ;CD= BC887IQ, GL=eGC;      

+CRQA>:;; MLGM;e 4)e12+#.e3-( $2;)$#!1! 
$2;)$#!1!

$ $ 5#R1&$O 79eD RCMeGX D7 DeAM:DN            

-79BeG M7GM7:Ae >+%.e)/( %+3-%.e2/( !!0 Ie "$RR$!"R1#*O ACD=B:;;A, AIGL>, AIGL>>? 
F;CMR77=A, YeG:I BC887IQA, I7CAMC; AMGCD=, GL=eGC;  

/:De >CGGeDA MGeeFG7N ?-3! !'0e)(+'$$ !!0 /#*4!"R1&$O Aee9CNe A;79e, >C?NC;;  R1P$R1&$O 
Aee9CNe AMGeC8         

2e89ZA R:=;e? MLGM;e @e%$0+#.e3-( 7e2%$ $ $ "$RR$!"R1#*O ACD=? >eCIBeAX DeAM:DN   
#;;:NCM7G ADC99:DN MLGM;e A!#)+#3e2-( 1e22$'#7$$ !!0 Ie $!"4#R1&$O M:=C; 8CGAB  *#04!"R1&$O G:veG 

F;77=9;C:D ;CQe, ARC89 ;CQe  R1P$R1&$O C;;Lv:C; 
AMGeC8, >;CIQRCMeG AMGeC8      

-L;F AC;M 8CGAB ADCQe Be)+0$! #3!)7$$ #3!)7$$ Ie $!"4#R1&$O M:=C; 8CGAB, M:=C; ARC89  5#R1&$O 
M:=C; 8CGAB, M:=C; ARC89         

(;7G:=C 9:De ADCQe 8$1/+%.$( 2e3!'+3e/#/( 
2/:$1/(

!!0 Ie *#04!"R1&$O GL=eGC;, ACD=B:;; L9;CD= ;CQe  
"$RR$!"R1#*O ACD=B:;;, AIGL>>? F;CMR77=A, YeG:I 
BC887IQ, GL=eGC;         

BIRDS6 !
6CIB8CDZA A9CGG7R "$2+%.$3! !e(1$v!3$( Ie "$RR$!"R1#*O vCG:7LA, GL=eGC;            
!7LMBeCAMeGD AD7R? 9;7veG <.!)!0)$/( !3e,!'0)$'/( 

1e'/$)+(1)$(
" Ie $!"4#R1&$O eY97Ae= LDI7DA7;:=CMe= AL>AMGCMe  

5#R1&$O eY97Ae= LDI7DA7;:=CMe= AL>AMGCMe  
"$RR$!"R1#*O =LDeA, ACD=? >eCIBeA, CD= :D;eM 
CGeCA      

/:9:DN 9;7veG <.!)!0)$/( 2e3+0/( " "        
0+

$!"4#R1&$O eY97Ae= LDI7DA7;:=CMe= AL>AMGCMe  
5#R1&$O eY97Ae= LDI7DA7;:=CMe= AL>AMGCMe  
"$RR$!"R1#*O =LDeA, ACD=? >eCIBeA, CD= :D;eM 
CGeCA.  57AM;? R:DMeG:DN CD= 8:NGCDMA. 

!M7==CG=ZA ?e;;7RTMBG7CMe= 
RCG>;eG

=e'0)+$#! 0+2$'$#! (1+00!)0$ Ie "$RR$!"R1#*O R77=e= BC>:MCMA R:MB A9CD:AB 
87AA, vCG:7LA            

*:MM;e >;Le BeG7D 4:)e11! #!e)/3e! !!0 $!"4#R1&$O 8CGABeA, AB7Ge;:De  /#*4!"R1&$O 
F;77=9;C:DA, ARC89A  R1P$R1&$O AB7Ge;:De      

"e2[.Y;A
/G:DMe= 10/1]/200^ 12O^] /5

$_eD=CDNeGe=, "_MBGeCMeDe=, /_9G797Ae=, 0_ICD=:=CMe,A/C_!:8:;CG:M? 7F C99eCGCDIe,
!!0_!9eI:eA 7F !9eI:C; 07DIeGD,Ie_07DA:=eGCM:7D eDI7LGCNe=,0+_0G:M:IC; BC>:MCM

/CNe 1 7F `



!"#"$ #&' ($'$R#* "+R$#"$&$', $&'#&-$R$', #&' ."+$R !/$01$! .( 0.&0$R& *12$*3 ". .004R 1& 
$!0#561# 0.4&"3 (*.R1'# 

0789:;e= >? 4.!. (:AB CD= E:;=;:Fe !eGv:Ie, .IM7>eG, 200^

Common Name Scientific Name
Status 
State

Status 
FWS Natural Communities

!D7R? eNGeM 4:)e11! 1./3! !!0 $!"4#R1&$O 8CGABeA, M:=C; ARC89A, AB7Ge;:De  
*#04!"R1&$O ;CQe e=NeA  /#*4!"R1&$O ARC89, 
F;77=9;C:D, GL=eGC;  R1P$R1&$O AB7Ge;:De   

"G:I7;7Ge= BeG7D 4:)e11! 1)$#+3+) !!0 $!"4#R1&$O 8CGABeA, M:=C; ARC89A, AB7Ge;:De  
*#04!"R1&$O ;CQe e=NeA  /#*4!"R1&$O ARC89, 
F;77=9;C:D, GL=eGC;  R1P$R1&$O AB7Ge;:De   

#GIM:I 9eGeNG:De FC;I7D 5!3#+ %e)e:)$'/( 1/'0)$/( $ Ie $!"4#R1&$O R:DMeGA C;7DN I7CAMA  *#04!"R1&$O 
vCG:7LA  /#*4!"R1&$O vCG:7LA  "$RR$!"R1#*O 
vCG:7LA, GL=eGC;   

!7LMBeCAMeGD QeAMGe; 5!3#+ (%!)ve)$/( %!/3/( " Ie $!"4#R1&$O vCG:7LA BC>:MCMA  /#*4!"R1&$O 
vCG:7LA BC>:MCMA  "$RR$!"R1#*O 79eD 9:De 
F7GeAMA, I;eCG:DNA, GL=eGC;, vCG:7LA      

#8eG:ICD 7?AMeGICMIBeG ?!e2!1+%/( %!33$!1/( !!0 $!"4#R1&$O eY97Ae= LDI7DA7;:=CMe= AL>AMGCMe, 
eY97Ae= 87;;LAQ GeeF  5#R1&$O eY97Ae= 
LDI7DA7;:=CMe= AL>AMGCMe, eY97Ae= 87;;LAQ GeeF  
"$RR$!"R1#*O >eCIBeA, GL=eGC; CGeCA    

6C;= eCN;e ?!3$!ee1/( 3e/#+#e%.!3/( " " $!"4#R1&$O 8CGAB e=NeA, M:=C; ARC89, 79eD 
RCMeG  *#04!"R1&$O ARC89 ;CQeA, e=NeA  
/#*4!"R1&$O ARC89, F;77=9;C:D  R1P$R1&$O 
AB7Ge;:De, 79eD RCMeG  "$RR$!"R1#*O 9:De CD= 
BCG=R77= F7GeAMA, I;eCG:DNA

E77= AM7GQ A-#1e)$! !2e)$#!'! $ $ $!"4#R1&$O 8CGABeA  *#04!"R1&$O F;77=9;C:D 
;CQeA, 8CGABeA UFee=:DNW, vCG:7LA  /#*4!"R1&$O 
8CGABeA, ARC89A, vCG:7LA      

6G7RD 9e;:ICD 8e3e#!'/( +##$0e'1!3$( !!0 $!"4#R1&$O :A;CD=A F7G DeAM:DN, 79eD RCMeG  
5#R1&$O 79eD RCMeG         

Re=TI7IQC=e= R77=9eIQeG 8$#+$0e( ;+)e!3$( " $ "$RR$!"R1#*O  8CMLGe 9:De F7GeAMA            
6;CIQ !Q:88eG R-'#.+%( '$:e) !!0 $!"4#R1&$O vCG:7LA  *#04!"R1&$O vCG:7LA  

R1P$R1&$O vCG:7LA  "$RR$!"R1#*O 7IeCD 
>eCIBeA, >eCIB =LDe, GL=eGC;.  &eAMA I7887D 7D 
G77FM79A.  

*eCAM MeGD E1e)'! !'1$33!)/2 " $!"4#R1&$O vCG:7LA  *#04!"R1&$O vCG:7LA  
R1P$R1&$O vCG:7LA  "$RR$!"R1#*O >eCIB =LDe, 
GL=eGC;.  &eAMA I7887D 7D G77FM79A.  

MAMMALS6 !
!CDMC R7AC >eCIB 87LAe 8e)+2-(#/( %+3$+'+1/( 

3e/#+#e%.!3/(
Ie "$RR$!"R1#*O >eCIB =LDe, I7CAMC; AIGL>           

/eG=:=7 2e? >eCIB 87LAe 8e)+2-(#/( %+3$+'+1/( 
1)$((-33e%($(

$ $          
0+

"$RR$!"R1#*O >eCIB =LDe, I7CAMC; AIGL>.  !:MeAO 
/eG=:=7 2e? !MCMe ReI. #GeC U0+W, -L;F 1A;CD=A 
&CM:7DC; !eCAB7Ge U0+W.          

!7LMBeCAMeGD >:NTeCGe= >CM 83e#+1/( )!F$'e(G/$$ Ie /#*4!"R1&$O vCG:7LA, F;77=9;C:DA  
"$RR$!"R1#*O 9:De CD= BCG=R77= F7GeAMA, 
GL=eGC;, vCG:7LA         

$CAMeGD IB:98LDQ H!2$!( (1)$!1/( !!0 "$RR$!"R1#*O A;79e F7GeAM, L9;CD= BCG=R77= 
F7GeAM, L9;CD= 9:De F7GeAM            

EeAM 1D=:CD 8CDCMee H)$#.e#./( 2!'!1/( 3!1$)+(1)$( $ $ $!"4#R1&$O AL>8eGNe= veNeMCM:7D, 79eD RCMeG  
5#R1&$O 79eD RCMeG, AL>8eGNe= veNeMCM:7D  
R1P$R1&$O C;;Lv:C; AMGeC8, >;CIQRCMeG AMGeC8, 
A9G:DNTGLD AMGeC8      

(;7G:=C >;CIQ >eCG I)(/( !2e)$#!'/( F3+)$0!'/( " Ie /#*4!"R1&$O M:M: ARC89A, F;77=9;C:DA  
"$RR$!"R1#*O 9:De CD= BCG=R77= F7GeAMA         

INVERTEBRATES6 !

"e2[.Y;A
/G:DMe= 10/1]/200^ 12O^] /5

$_eD=CDNeGe=, "_MBGeCMeDe=, /_9G797Ae=, 0_ICD=:=CMe,A/C_!:8:;CG:M? 7F C99eCGCDIe,
!!0_!9eI:eA 7F !9eI:C; 07DIeGD,Ie_07DA:=eGCM:7D eDI7LGCNe=,0+_0G:M:IC; BC>:MCM

/CNe 2 7F `



!"#"$ #&' ($'$R#* "+R$#"$&$', $&'#&-$R$', #&' ."+$R !/$01$! .( 0.&0$R& *12$*3 ". .004R 1& 
$!0#561# 0.4&"3 (*.R1'# 

0789:;e= >? 4.!. (:AB CD= E:;=;:Fe !eGv:Ie, .IM7>eG, 200^

Common Name Scientific Name
Status 
State

Status 
FWS Natural Communities

&CGG7R 9:NM7e 5/(#+'!$! e(#!2;$! 0 U$W R:veG:DeO A8C;; M7 8e=:L8TA:ae= IGeeQA CD= G:veGA 
R:MB A;7R M7 87=eGCMe ILGGeDM 7veG NGCve;, CD= 
NGCve; 8:Ye= R:MB ACD= 7G A78e A:;M.  $D=e8:I M7 
MBe $AIC8>:C CD= 3e;;7R R:veG =GC:DCNeA 7F 
#;C>C8C CD= (;7G:=C 

R7LD= e>7D?ABe;; 5/(#+'!$! )+1/3!1! 0 U$W R:veG:DeO  $D=e8:I CD= GeAMG:IMe= M7 MBe 8C:D 
IBCDDe; 7F MBe 07DeILB R:veG #*, CD= $AIC8>:C 
R:veG, (*

(Laa? 9:NM7e 83e/)+;e2! (1)+0e!'/2 0 U$W R:veG:DeO A8C;; M7 8e=:L8TA:ae= IGeeQA CD= G:veGA 
R:MB A;7R M7 87=eGCMe ILGGeDMA :D ACD= CD= ACD= 
R:MB A78e A:;M.  $D=e8:I M7 MBe $AIC8>:C, 3e;;7R, 
CD= 0B7IMCRBCMIBee R:veG =GC:DCNeA 7F #;C>C8C 
CD= (;7G:=C. 

0B7IMCR >eCD J$33+(! #.+#1!9e'($( 0 U$W R:veG:DeO !8C;; M7 ;CGNe IGeeQA CD= G:veGA R:MB 
87=eGCMe ILGGeDM 7veG ACD= M7 A:;M?TACD= 
AL>AMGCMeA.  $D=e8:I M7 MBe $AIC8>:C, 3e;;7R, CD= 
0B7IMCRBCMIBee R:veG =GC:DCNeA 7F #;C>C8C CD= 
(;7G:=C.

'7RD? GC:D>7R U8LAAe;W J$33+(! v$33+(! Ie R1P$R1&$O A8C;; AMGeC8A M7 ;CGNe G:veGA :D ACD= 7G 
8L==? ACD= AL>AMGCMeA U/CDBCD=;e RCMeGABe=AO 
#9C;CIB:I7;C, 0B:97;C, $AIC8>:C, 
0B7IMCRBCMIBee, .IB;7IQ7Dee, !LRCDDeeW

PLANTS6 !
!ReeM ABGL> <!3-#!'1./( F3+)$0/( $ "$RR$!"R1#*O L9;CD= BCG=R77= F7GeAM, A;79e 

F7GeAM, >;LFFA  /#*4!"R1&$O >7MM78;CD= F7GeAM, 
AMGeC8 >CDQA, F;77=9;C:DA         

6C;Mae;;ZA Ae=Ne <!)e, ;!31Ke33$$ " Ie "$RR$!"R1#*O A;79e F7GeAM, 87:AM ACD=? ;7C8X 
87:AM ACD=? ;7C8            

-7=FGe?ZA N7;=eD CAMeG <.)-(+%($( :+0F)e-$ Ie "$RR$!"R1#*O >eCIB =LDeA, I7CAMC; NGCAA;CD=      
0GL:AeZA N7;=eDTCAMeG <.)-(+%($( :+((-%$'! 

#)/$(e!'!
$ Ie "$RR$!"R1#*O I7CAMC; =LDeA, I7CAMC; AMGCD=, 

I7CAMC; NGCAA;CD=X 79eD:DNA CD= >;7R7LMA            
!977DT;eCve= ALD=eR =)+(e)! $'1e)2e0$! " *#04!"R1&$O A:DQB7;e ;CQe e=NeA  /#*4!"R1&$O 

Aee9CNe A;79e, ReM F;CMR77=A, =e9GeAA:7D 8CGAB  
R1P$R1&$O Aee9CNe AMGeC8 >CDQA, =GC:DCNe 
=:MIBeA      

"GC:;:DN CG>LMLA 4%$:!e! )e%e'( $ "$RR$!"R1#*O >;LFF, A;79e F7GeAM, 8:Ye= 
BCG=R77= F7GeAM            

+eCGM;eCF ?e,!(1-3$( !)$F+3$! " R1P$R1&$O Aee9CNe AMGeC8 >CDQ  "$RR$!"R1#*O 
A;79e F7GeAM         

(;7G:=C CD:Ae L33$#$/2 F3+)$0!'/2 " /#*4!"R1&$O F;77=9;C:D F7GeAM, >C?NC;;  
R1P$R1&$O Aee9CNe AMGeC8 >CDQ  "$RR$!"R1#*O 
A;79e F7GeAM, Aee9CNe A;79e      

57LDMC:D ;CLGe; M!32$! 3!1$F+3$! " R1P$R1&$O Aee9CNe AMGeC8 >CDQ  "$RR$!"R1#*O 
A;79e F7GeAM, Aee9CNe AMGeC8 >CDQA         

67NT>LMM7D @!#.'+#!/3+' 0$:-'/2 Ie /#*4!"R1&$O Aee9CNe A;79e, ReM F;CMR77=A, >7N  
"$RR$!"R1#*O Aee9CNe A;79eA, ReM F;CMR77=AX 
eY97Ae= ACD=A         

!7LMBeGD Ge= ;:;? @$3$/2 #!1e(;!e$ " /#*4!"R1&$O ReM 9GC:G:e, ReM F;CMR77=A, Aee9CNe 
A;79e  "$RR$!"R1#*O 8eA:I F;CMR77=A, Aee9CNe 
A;79eX LALC;;? R:MB NGCAAeA         

/CDBCD=;e ;:;? @$3$/2 $)$0+33!e $ Ie /#*4!"R1&$O >C?NC;;, =78e ARC89 e=NeA, 
8LIQ? A7:;, Aee9CNe A;79e, e=NeA 7F M:M: >7NA,  
R1P$R1&$O >;CIQRCMeG AMGeC8 >CDQA         

"e2[.Y;A
/G:DMe= 10/1]/200^ 12O^] /5

$_eD=CDNeGe=, "_MBGeCMeDe=, /_9G797Ae=, 0_ICD=:=CMe,A/C_!:8:;CG:M? 7F C99eCGCDIe,
!!0_!9eI:eA 7F !9eI:C; 07DIeGD,Ie_07DA:=eGCM:7D eDI7LGCNe=,0+_0G:M:IC; BC>:MCM

/CNe ^ 7F `



!"#"$ #&' ($'$R#* "+R$#"$&$', $&'#&-$R$', #&' ."+$R !/$01$! .( 0.&0$R& *12$*3 ". .004R 1& 
$!0#561# 0.4&"3 (*.R1'# 

0789:;e= >? 4.!. (:AB CD= E:;=;:Fe !eGv:Ie, .IM7>eG, 200^

Common Name Scientific Name
Status 
State

Status 
FWS Natural Communities

-L;F I7CAM ;L9:De @/%$'/( 9e(1$!'/( " Ie "$RR$!"R1#*O >eCIB =LDe, AIGL>, =:AMLG>e= 
CGeCA, G7C=A:=eA, >;7R7LMA :D =LDeA            

+L88:DN>:G= F;7ReG A!#)!'1.e)! F3!22e! $ /#*4!"R1&$O Aee9CNe A;79e, =78e ARC89 
e=NeA, F;77=9;C:D ARC89A  R1P$R1&$O Aee9CNe 
AMGeC8 >CDQA  "$RR$!"R1#*O Aee9CNe A;79eA      

/:e=87DM RCMeGT8:;F7:; A-)$+%.-33/2 3!,/2 Ie *#04!"R1&$O ACD=B:;; L9;CD= ;CQe, AL>8eGAe=  
/#*4!"R1&$O F;77=9;C:D CD= =78e ARC89  
R1P$R1&$O >;CIQRCMeG AMGeC8, G7C=A:=e =:MIBeA      

&CQe=TAMe88e= 9CD:I NGCAA 8!'$#/2 '/0$#!/3e Ie /#*4!"R1&$O Aee9CNe A;79e, >7N, ReM F;CMR77=A, 
=78e ARC89            

0BC98CDZA >LMMeGR7GM 8$':/$#/3! %3!'$F+3$! " Ie /#*4!"R1&$O ReM F;CMR77=A, Aee9CNe A;79eA, >7N, 
=78e ARC89, =:MIBeAX :D RCMeG            

/G:8G7AeTF;7ReG >LMMeGR7GM 8$':/$#/3! %)$2/3$F+3$! $ /#*4!"R1&$O >7NA, 97D= 8CGN:DA, 8CGN:DA 7F 
A9G:DN GLDA            

3e;;7R FG:DNe= 7GIB:= 83!1!'1.e)! #$3$!)$( " /#*4!"R1&$O >7NA, ReM F;CMR77=A   
"$RR$!"R1#*O 6;LFF         

3e;;7R FG:DNe;eAA 7GIB:= 83!1!'1.e)! $'1e:)! $ Ie /#*4!"R1&$O ReM 9GC:G:e, Aee9CNe A;79e  
"$RR$!"R1#*O 8eA:I F;CMR77=A         

*CGNeT;eCve= b7:DMRee= 8+3-:+'e33! 2!#)+%.-33! " Ie "$RR$!"R1#*O AIGL>, ACD= 9:De/7CQ AIGL> G:=NeA   

(;7G:=C 97D=Ree= 8+1!2+:e1+' F3+)$0!'/( Ie R1P$R1&$O >;CIQRCMeG AMGeC8            
.GCDNe CaC;eC R.+0+0e'0)+' !/(1)$'/2 $ /#*4!"R1&$O >7MM78;CD= F7GeAM  R1P$R1&$O 

Aee9CNe AMGeC8 >CDQ  "$RR$!"R1#*O A;79e 
F7GeAM, L9;CD= 8:Ye= F7GeAM      

EB:MeTM79 9:MIBeG 9;CDM E!))!#e'$! 3e/#+%.-33! $ Ie /#*4!"R1&$O ReM 9GC:G:e, Aee9CNe A;79e, >C?NC;; 
e=NeA, =:MIBeA            

/CGG7M 9:MIBeG 9;CDM E!))!#e'$! %($11!#$'! " /#*4!"R1&$O ReM F;CMR77=A, ReM 9GC:G:e, Aee9CNe 
A;79e            

'eIL8>CDM 9:MIBeG 9;CDM E!))!#e'$! %/)%/)e! " /#*4!"R1&$O 67NA            
Re=TF;7ReGe= 9:MIBeG 9;CDM E!))!#e'$! )/;)! " /#*4!"R1&$O >7N, ReM 9GC:G:e, Aee9CNe A;79e, ReM 

F;CMR77=A  R1P$R1&$O Aee9CNe AMGeC8 >CDQA         
!:;Q? IC8e;;:C E1e9!)1$! 2!3!#+0e'0)+' $ /#*4!"R1&$O >C?NC;;  /#*4!"R1&$O A;79e F7GeAM, 

L9;CD= 8:Ye= F7GeAM,  "$RR$!"R1#*O A;79e F7GeAM, 
L9;CD= 8:Ye= F7GeAMX CI:= A7:;A      

'GL887D=ZA ?e;;7RTe?e= 
NGCAA

N-)$( 0)/22+'0$$ Ie /#*4!"R1&$O ReM F;CMR77=A, >7N, Aee9CNe A;79eA, 
=:MIBeA            

+CG9eGZA ?e;;7RTe?e= NGCAA N-)$( (#!;)$F+3$! " Ie /#*4!"R1&$O Aee9CNe A;79e, ReM 9GC:G:e, >7NA       

"e2[.Y;A
/G:DMe= 10/1]/200^ 12O^] /5

$_eD=CDNeGe=, "_MBGeCMeDe=, /_9G797Ae=, 0_ICD=:=CMe,A/C_!:8:;CG:M? 7F C99eCGCDIe,
!!0_!9eI:eA 7F !9eI:C; 07DIeGD,Ie_07DA:=eGCM:7D eDI7LGCNe=,0+_0G:M:IC; BC>:MCM

/CNe ` 7F `
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Spada, Bernie
------------------_._------_.__..

From: Andrea Colby [acolby@katahdinlab.com]

Sent: Tuesday, April 26, 2005 1:54 PM

To: 'Spada, Bernie'

Subject: RE: SDG-3551

Attachments: CT0355.pdf

Bernie,
Here are the updated form 6 & 7s for SVOA from 3/23, 3/24 and 3/25/05.
Thanks,
Andrea Colby
Katahdin Analytical

From: Spada, Bernie [mailto:SpadaB@ttnus.com]
Sent: Monday, April 25, 20059:30 AM
To: Andrea Colby
Subject: FW: SDG-3551

Andrea,

I'm having the same problem with SDG-3551. The CCAl on 3/24 at 12:21 doesn't match the 3/15 ICAl either.

Bernie

From: Spada, Bernie
Sent: Monday, April 25, 20058:33 AM .
To: 'Andrea Colby'
Subject: RE: SDG-3554

Andrea,

Does this apply to SDG-3552 also? The ICAl on 3/15/05 don't match the CCAls from 3/23 at 11 :42 and 3/25 at
12:22 for benzaldehyde.

Please let me know.

Thank you.

Bernie

From: Andrea Colby [mailto:acolby@katahdinlab.com]
Sent: Wednesday, April 20, 2005 4:59 PM
To: 'Spada, Bernie'
Subject: RE: SDG-3554

Bernie,
Here is additional information for WV0975. There was a missing ICAl and we had to requanta CCV for
benzaldehyde. let me know if we should send a revised hardcopy.
Thanks,

4/27/2005
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Andrea

From: Spada, Bernie [mailto:SpadaB@ttnus.com]
Sent: Tuesday, April 19, 2005 1:06 PM
To: Andrea Colby
Subject: SDG-3554

Andrea,

I am performing the validation for SDG-3554 and have a question for you. The SVOC fraction has one ICAl and
two CCAls associated with it. The ICAl on March 15 on the GCMS-X instrument shows and RRF of 4.2*10-2 for
benzaldehyde, however the CCAl from March 25 at 12:22 shows a CCAl RRF of 1.0616 associated to an ICAl
RRF of 1.148 that matches the date/time for the ICAl above. The second CCAl appears to match up better with
the ICAL. Can you help me out with the CCAl on March 25? let me know what is correct.

Thank you.

'Beware! r. ~vae!a III
1

Bernard F Spada III
Environmental Scientist
TETRA TECH NUS, Inc.
Foster Plaza 7
661 Andersen Drive
Pittsburgh, PA 15220-2745
Telephone: (412) 921-8729
FAX: (412) 921-4040
spadab@ttnus.com
http://www.ttnus.com
http://www.tetratech.com

412712005



Page 1 of 1

Spada, Bernie

From: Andrea Colby [acolby@katahdinlab.com]

Sent: Tuesday, April 26, 2005 1:57 PM

To: 'Spada, Bernie'

Subject: RE: SOG-3552

Bernie,
There should only be one form I for WV0943-4. The first run was outside the 12 hour clock and was not
reported. The rerun is labeled as WV0943-4RA.
Thanks,
Andrea Colby
Katahdin Analytical

From: Spada, Bernie [mailto:SpadaB@ttnus.com]
Sent: Monday, April 25, 2005 6:56 AM
To: Andrea Colby
Subject: SDG-3552

Andrea,

I'm validating the PAH fraction of SOG-3552 and I have two Form I's and EOD results for sample WV0943-4, but
only one record in the data. I have WV0943-4RA shown on the March 24 Form V but nothing for the original
analysis or any mention of it in the narrative.

Can you help me out?

'Beman! r.<;vatfa III
L

Bernard F Spada III
Environmental Scientist
TETRA TECH NUS, Inc.
Foster Plaza 7
661 Andersen Drive
Pittsburgh, PA 15220-2745
Telephone: (412) 921-8729
FAX: (412) 921-4040
spadab@ttnus.com
http://www.ttnus.com
http://www.tetratech.com

4/27/2005
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Spada, Bernie

From: Andrea Colby [acolby@katahdinlab.com]

Sent: Wednesday, April 27, 20051 :30 PM

To: 'Spada, Bernie'

Subject: RE: 8DG-3551

Attachments: X7557.pdf

Bernie,
Here is the corrected form VII from 3/23/05 1142. The other CCAl from 3/23/05 1059 was not used and should
not have been sent to you. Sorry for the confusion.
Thanks,
Andrea

From: Spada, Bernie [mailto:SpadaB@ttnus.com]
Sent: Wednesday, April 27, 2005 7:59 AM
To: Andrea Colby
Cc: Samchuck, Joseph; Carper, Kelly
Subject: RE: SDG-3551

Andrea,

The replacement CCAl you sent me for 3/23 has a.time of 10:59 and the initial was 11 :42. Can you requantitate
the 11 :42 CCAl or explain why a different one was used?

Thank you.

Bernie

From: Andrea Colby [mailto:acolby@katahdinlab.com]
Sent: Tuesday, April 26, 2005 1:54 PM
To: 'Spada, Bernie'
Subject: RE: SDG-3551

Bernie,
Here are the updated form 6 & 7s for 8VOA from 3/23, 3/24 and 3/25/05.
Thanks,
Andrea Colby
Katahdin Analytical

From: Spada, Bernie [mailto:SpadaB@ttnus.com]
Sent: Monday, April 25, 2005 9:30 AM
To: Andrea Colby
Subject: FW: SDG-3551

Andrea,

I'm having the same problem with SDG-3551. The CCAl on 3/24 at 12:21 doesn't match the 3/15 ICAl either.

Bernie

412712005
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From: Spada, Bernie
Sent: Monday, April 25, 20058:33 AM
To: 'Andrea Colby'
Subject: RE: SDG-3554

Andrea,

Does this apply to SDG-3552 also? The ICAl on 3/15/05 don't match the CCAls from 3/23 at 11 :42 and 3/25 at
12:22 for benzaldehyde.

Please let me know.

Thank you.

Bernie

From: Andrea Colby [mailto:acolby@katahdinlab.com]
sent: Wednesday, April 20, 20054:59 PM
To: 'Spada, Bernie'
Subject: RE: SDG-3554

Bernie,
Here is additional information for WV0975. There was a missing ICAl and we had to requant a CCV for
benzaldehyde. let me know if we should send a revised hardcopy.
Thanks,
Andrea

From: Spada, Bernie [mailto:SpadaB@ttnus.com]
Sent: Tuesday, April 19, 2005 1:06 PM
To: Andrea Colby
Subject: SDG-3554

Andrea,

I am performing the validation for SDG-3554 and have a question for you. The SVOC fraction has one ICAl and
two CCAls associated with it. The ICAl on March 15 on the GCMS-X instrument shows and RRF of 4.2*10-2 for
benzaldehyde, however the CCAl from March 25 at 12:22 shows a CCAl RRF of 1.0616 associated to an ICAl
RRF of 1.148 that matches the date/time for the ICAl above. The second CCAl appears to match up better with
the ICAL. Can you help me out with the CCAl on March 25? let me know what is correct.

Thank you.

'Beuum[ r, ()vaC£a III
1

Bernard F Spada III
Environmental Scientist
TETRA TECH NUS, Inc.
Foster Plaza 7
661 Andersen Drive
Pittsburgh, PA 15220-2745
Telephone: (412) 921-8729
FAX: (412) 921-4040

412712005



spa-dab@ttnus.com
http://www.ttnus.com
http://www.tetratech.com
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APPENDIX E

FOOD CHAIN MODELING

Food chain modeling was conducted as part of the COPC refinement. The objective of the food chain

modeling was to investigate potential risks to representative receptors from screening-level COPCs that

are known to bioaccumulate or biomagnify (USEPA, 2000a). Toxicity reference values (TRVs), which are

contaminant doses associated with adverse effects on growth, survival, and reproduction, were obtained

for comparison to doses that the receptors may receive in the environment. TRVs were preferentially

selected that represent a threshold for sublethal effects, such as impairment of reproduction or growth.

Since toxicity data for the specific receptors chosen herein were not available, toxicity data from

laboratory species were extrapolated to receptor species. The TRVs were obtained from wildlife toxicity

data that were summarized by Sample et al. (1996). If only a no-observed-adverse-effect level (NOAEL)

was available, the value was multiplied by 10 to derive an estimated lowest-observed-adverse-effect level

(LOAEL). If only a LOAEL was available, the value was divided by 10 to derive an estimated NOAEL.

TRVs used in this ecological risk assessment and their sources are presented in Table E-1.

Food chain modeling was limited to COPCs that are known to bioaccumulate or biomagnify (USEPA,

2000a). USEPA Region IV considers chemicals in this category to consist of those so designated in

USEPA's (2000b) Appendix to Bioaccumulation Testing and Interpretation for the Purpose of Sediment

Quality Assessment, Status and Needs, Chemical-Specific Summary Tables, with the exception of PAHs.

USEPA Region IV does not consider PAHs to bioaccumulate unless they are present in percent levels in

soil. COPCs at Site 43 that are known to bioaccumulate or biomagnify consist of copper and lead. The

remaining COPCs are not known to bioaccumulate or biom~gnify and were not included in the food chain

model.

Risk via the food chain was evaluated using two scenarios. The first scenario used maximum detected

copper and lead concentrations and conservative assumptions for body weight, food consumption, and

soil ingestion. The second scenario used average copper and lead concentrations, and average values

for body weight, food consumption, and soil ingestion.

REPRESENTATIVE RECEPTORS

Representative ecological receptors used in the food chain model for Site 43 consisted of the short-tailed

shrew (Blarina brevicauda) and American robin (Turdus migratorius) , both of which are expected to be

located in the vicinity of Site 43. Information regarding these representative receptors is presented below

and in Table and is taken from a literature review performed by USEPA (1993). Table E-3 presents

the exposure parameters that were used in the food chain modeling, and was derived from Table E-2.



Short-tailed shrew (Blarina brevicaudal

Shrews inhabit a wide variety of habitats and are common in areas with abundant vegetative cover. They

need cool, moist habitats because of their high metabolic and water-loss rates. The short-tailed shrew is

primarily carnivorous, eating insects such as earthworms, slugs, and snails.

The adult body weight for the short-tailed shrew in various habitats ranged from 0.015 to 0.01921 kg with

an average of 0.0161 kg. Wet-weight food ingestion rates were 0.49 and 0.62 gig-day. The food

ingestion rates in kglday were calculated as shown in Table E.-2. The food ingestion rates were then

multiplied by 0.16, because earthworms consist of approximately 16 percent solids and 84 percent

moisture (Sample et aI., 1997), to convert the ingestion rate from a wet-weight value to a dry-weight

value. The incidental soil ingestion rate was calculated by multiplying the ingestion rate by the

percentage of soil that is incidentaily ingested (assumed 3 percent for conservative food chain model and

0.9 percent for the average food chain model) from USEPA (2005). The 90th percentile value is 3 percent

and 0,9 percent is the 50th percentile value from USEPA (2005).

American Robin. (Turdus migratoriusl

Habitat for the American robins consists of parks, lawns, moist forests, swamps, open woodlands, and

orchards. Robins forage on the ground in open areas, along habitat edges, or the edges of streams.

They also may forage above ground in shrubs and within the lower branches of trees. In the months

preceding and during the breeding season, robins feed primarily on invertebrates.

The adult body weight for the American robin in New York woodlands and forests and in Pennsylvania

ranged from 0.0773 to 0.0862 kg with an average of 0.0804 kg. The only listed food ingestion rates were

for robins in Kansas (1.52 gig-day) and California (0.89 gig-day), with an average of 1.205 gig-day.

Studies calculating ingestion rates for the robin included in the USEPA (1993) review are based on a diet

comprised of berries. Based on these studies, the food ingestion rates in kglday were calculated as

shown in Table E-2. The food ingestion rates were then multiplied by 0.23, which is the portion of solids

in fruit (Sample et aI., 1997) to convert the ingestion rate from a wet-weight value to a dry-weight value.

However, because the robin is being used in the ecological risk assessment to represent

insectivorouslvermivorous birds, it is assumed that the 100 percent of the robin's diet is invertebrates, and

the ingestion rate for the robin was calculated using field metabolism scaling as presented in Table E-2

following (Nagyet aI., 1999). The Nagy-derived values were used in the food chain model for Site 43.

The incidental soil ingestion rate was calculated by multiplying the ingestion rate by the percentage of soil

that is incidentally ingested (assumed 3 percent for the conservative food chain model and 0.9 percent for



the average food chain model) from USEPA (2005). The 3 percent and 0.9 percent values are based on

the shrew since it is assumed that both the shrew and robin are consuming 100 percent soil

invertebrates, and incidental soil ingestion rates were not available for the robin.

Exposure Estimate and Risk Calculation

The following equation presents the food chain model that was used for the shrew and robin:

COl =_[(C_f_*_lf_)+_(_C_s_*I_s)_]

BW

where:

COl =
Cf

If =
Cs =
Is =
BW =

Chronic daily intake (mg/kg-day)

Contaminant concentration in food (earthworm) (mg/kg)

Ingestion rate of food (kg/day)

Contaminant concentration in. surface soil (mg/kg)

Rate of incidental surface soil ingestion (kg/day)

Body weight (kg)

The chemical concentrations in earthworms were calculated using the following equation:

Ce = BAFe * Cs

Where:

Ce Chemical concentration in earthworm

BAFe Soil-to-invertebrate (i.e., earthworm) bioaccumulation factor (unitless)

The bioaccumulation factors are presented in Table E-4.

The risk characterization is the final phase of a risk assessment that compares the exposure to the

ecological effects. It is at this phase that the likelihood of adverse effects occurring as a result of

exposure to a stressor is characterized. A Hazard Quotient (HQ) approach was used to characterize the

risk to terrestrial receptors. This approach characterizes the potential effects by comparing exposure

concentration with the effects data. The HQ for the terrestrial wildlife model is calculated as follows:

COl
HQ=-

TRV



Where:

HQ =
CDI =

TRV =

Hazard Quotient, (unitless)

Chronic daily intake dose, (mg/kg-day)

Toxicity Reference Value, (mg/kg-day)

An HQ of less than 1.0 is considered to indicate that potential risks to the representative ecological

receptors are low. An HQ of greater than 1.0 at this stage in the risk assessment process indicates that

potential risks to ecological receptors may occur.

Calculation spreadsheets for the representative receptors are presented as Tables E-5 through E-8 and

an example calculation is presented following Table E-8.
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TABLE E-1

SOURCES AND ENDPOINTS FOR NOAELS AND LOAELS FOR TERRESTRIAL WILDLIFE
SITE 43

NAVAL AIR STATION PENSACOLA
PENSACOLA, FLORIDA

I Chronic!
I. ,II. Endpoint Effect Species Primary Reference Source of Reference

lorganics
:opper 11.71 NOAEL reproductive chronic mink Aulerich et al., 1982 ATSDR,1989
:opper 15.14 LOAEL reproductive chronic mink Aulerich et aI., 1982 ATSDR,1989
:opper 46.97 NOAEL mortality chronic chicks Mehring .et aI., 1960 Sample et.al., 1996

:oPI>er 61.72 LOAEL mor:an chronic chicks Mehring et al., 1960 Sample et.al., 1996
Lea( 8 NOAEL chronic rat Azar et aL 1973 Sample et.al., 1996
Lea( 80 LOAEL chronic rat Azaretal. 1973 Sample et.al., 1996
Lea( 1.13 NOAEL chronic Japanese quail Edens et at. 1976 Sample et.al., 1996
Lea( 11.3 LOAEL reproductive chronic Japanese quail Edens et aI., 1976 Sample et.al., 1996

NOAL = No Observed Adverse Effect Level
LOAEL Lowest Observed Adverse Effect Level

References:
R.J., R.K., Ringer, M.A., Bleavins, .m....§!. 1982. "Effects of Supplemental Dietary Copper on Growth, Reproductive Performance and Kit Survival of Standard Dark Mink

Acute Toxicity of Copper to Mink". J. Animal Sci. 55:337-343.
_/irion,,,\! i't\,. "lrt\vil" Substances Registry (ATSDR). 1989. Toxicological Profile for Copper - Draft. Prepared by Syracuse Research Corporation for the US
DelJanlmeint ()f hleallth and Human Services.

A. L. Jr., J. H. Brumbaugh, A. Sutherland, and H. W. Titus. 1960. The tolerance of growing chickens for dietary copper. Poult. Sci. 39: 713-719.
B.E., D.M. Opresko, and G.W. Suter II. 1996. Oak Ridge National Laboratory. June. ES/ERffM-86/R3.

A., H.J. Trochimowicz and M.E. 1973. "Review of Lead Studies Carried Haskell Laboratory - Two Year Feeding StUdy and Response to
Barth D., A. A. Engel, P. Recht and J. Smeets, Ed. Health Aspects of Lead: Proceedings International Symposium; October 1972;

Netherlands. Commission of the European Communities, Luxemberg. P. 199-208.
-Edens, F., W. E. Benton, S. J. G. W. Morgan. 1976. Effect of Dietary Lead on Reproductive Performance in Japanese Quail, Coturnix coturnix japonica.

Appl. Pharmacol. 38: 307-314.



EXAMPLE CALCULATION OF HAZARD QUOTIENT FOR THE AMERICAN ROBIN
USING THE MAXIMUM SURFACE SOIL CONCENTRATION OF COPPER

CONSERVATIVE SCENARIO

* Is)]
The predicted dose for representative receptors = -------

BW
Cf =Contaminant concentration (mg/kg)in food (soil invertebrates)
If = Ingestion rate of food (kg/day)
Cs = Contaminant concentration in surface soil (mg/kg)
Is = Incidental surface soil ingestion (kg/day)
BW = Body weight (kg)

Concentrations of copper in food items of the robin (Cf) were derived from soil data by multiplying the
soil concentration by a soil-to-invertebrate BAF.

BA.F for copper = 1.53 (Table E-4)
Cs 889 mg/kg (Table 6.2-1)
Using these values, Cf =889mg/kg x 1.53 = 1,360 mg/kg.

If =0.01247 kg/day (Conservative scenario, Table E-3)
Is =0.0003741 kg/day (Conservative scenario, Table E-3)
BW = 0.0773 kg (Conservative scenario, Table E-3)
Using the above values,
Total dose = [(1,360 mg/kg x 0.01247 kg/day) + (889 mg/kg x 0.0003741 kg/day)] -;- 0.0773 kg

=(16.96 mg/day + 0.333 mg/day) -;- 0.0773 kg = 224 mg/kg/day

The avian NOAEL for endrin is 46.97 mg/kg/day (Table E-1).
Thus, the NOAEL-based HQ =224 mg/kg/day -;- 46.97 mg/kg/day =4.77 =4.8 (as shown in Table 6.2-2).

example calc fern robin 11/22105



TABLE E-2
DERIVATION OF EXPOSURE FACTORS FOR FOOD CHAIN MODEL

SITE 43
NAVAL AIR STATION PENSACOLA

PENSACOLA, FLORIDA

Notes

Derivation of Factors for Modeling

0.0773 kg
0.0862 kg
0.0804 kg

0.01188 kg/day Used average body weight in below equation

Calculation of Values

Minimum Value
Maximum Value
Overall Average

Average scenario:

Food ingestion rates were calculated from Nagy et aI., (1999) for insectivores as follows:
Conservative scenario: 0.01247 kg/day Used maximum body weight in below equation

The soil in estion rate for the robin will be assumed to be the same as the shrew 3% of diet .

Food ingestion rates (dry weight) were calculated from Nagy et aI., (1999) for insectivores as follows:
FI = (9.7 x BW(g)0.705)/18kJ/g/1000

AB 77.3 77.3

A M nonbreeding 86.2
A F nonbreeding 83.6 84.9

77.4
80.6 79

Food Ingestion Rate 0.89

- B free-living 1.52

Soil In estion: Data not available for this s ecies.

Overall Average 1.21
The above data were from robins that were consuming only fruit. Since the
robin is used to represent birds at Site 43 that consume soil invertebrates
rather than food rates were based on metabolic scaling using
Na et 1999 e for avian insectivores.

Short-Tailed Shrew
Body Weight (g) AB 15 15 Minimum Value 0.0150 kg

Maximum Value 0.01921 kg
M summer 19.21 17.27 Overall Average 0.01613 kg
F summer 17.4
Mfall 16.87
Mfall 15.58

Food Ingestion Rate (g/g-day) AB 0.49 Conservative scenario: 0.0016 kg/day Maximum ingestion rate x Average Body weight x 0.16(1)

AB 0.62 Average scenario: 0.00143 kg/day Average ingestion rate x Average Body weight x 0.16(1)

Overall Average 0.555 (1) 0.16 = 1€, percent solids in earthworms used to convert to a dry weight ingestion rate
Soil Ingestion Rate 30/0 of diet (90th percentile of data from USEPA [2003]).

Notes:
A Adult
F M Male, B Both
BW Body Weight



TABLE E-3

EXPOSURE PARAMETERS FOR THE TERRESTRIAL WILDLIFE MODEL
SITE 43

NAVAL AIR STATION PENSACOLA
PENSACOLA, FLORIDA

Species Exposure Inputs
Conservative Scenario Average Scenario

Source
Values Units Values Units

Body Weight =BW 0.015 kg 0.01613 kg USEPA,1993
Short-Tailed Shrew Food Ingestion Rate =If 0.0016 kg/day 0.00143 kg/day USEPA,1993

Soil Ingestion Rate =Is(1) 0.000048 kg/day 0.000012~~ kg/day USEPA, 2005
Body Weight =BW 0.0773 kg 0.0804 kg USEPA, 1993

American Robin Food Ingestion Rate =If 0.01247 kg/day 0.01188 kg/day USEPA,1993
Soil Ingestion Rate = Is(2) 0.0003741 kg/day 0.0001069 kg/day USEPA, 2005(2)

1 - A soil ingestion rate of 30/0 was assumed for the conservative scenario and 0.90/0 for the average scenario as found in USEPA (2005).
2 - The shrew soil ingestion rates were used for the robin food chain model because no ingestion rates are available for the robin in USEPA (2005).



TABLE E-4

DRY WEIGHT EARTHWORM BAFS
SITE 43

NAVAL AIR STATION PENSACOLA
PENSACOLA, FLORIDA

IChemicalS
Earthworm BAFs

Conservative Average
Inorganics

ICopper 1.53E+OO 5.15E-01
Ilead 1.52E+OO 2.66E-01

Notes:
BAF - Bioaccumulation Factor
-Source of the Earthworm BAFs is:
Sample, B.E., J.J. Beauchamp, R.A. Efroymson, G.W., Suter II, and T.l.
Ashwood. 1998. Development and Validation of Bioaccumulation Models
for Earthworms. Oak Ridge National laboratory. February. ES/ERfTM-220.
-Conservative value is the 90th percentile; average value is median value.



TABLE E-5
SHORT-TAILED SHREW - CONSERVATIVE INPUTS

TERRESTRIAL WILDLIFE MODEL HAZARD QUOTIENT CALCULATION
SITE 43, NAVAL AIR STATION PENSACOLA, PENSACOLA FLORIDA

Max Soil Biotransfer Invertebrate Dose (mglkgld) from: ·fotal

Cone. Factor Cone. I Dose NOAEL LOAEL NOAEL LOAEL

Chemical (mg/kg) (soil to inv) (mg/kg) Soil Invert. (mg/kg/d) (mg/kgld) (mgikg/d) EEQ EEQ

1.3E+01 9.8E+00
1.5E+02 1.5E+018.00E+01

1.51 E+01
2.36E+01
2.84E+00

1.12E+04
1.36E+03

1.52E+00
1.53E+008.89E+02

Lead 7.36E+03
Cells are shaded if the value is greater than 1.0

Metals-------....---------,.------..,..--------r------....------.--.---..,-----..,-----

kg
kg/day
kg/day

Body Weight (BW)
Food Ingestion Rate (If)
Soil Ingestion Rate (Is)
Home Range (HR)
Contaminated Area (CA)

0.015
0.0016

0.000048
Assume equal to 1
Assume equal to home range

Dose (soil) =(Cs * Is)(H)/BW
Dose (invertebrate) =(Ci * If)(H)/BW
Ci = Contaminant concentration in invertebrate = (soil conc. * Biotransfer Factor)
Cs =Contaminant concentration in soil
Total Dose = Dose (soil) + Dose (invertebrate)
H=HRlCA (Assume = to 1 )



TABLE E-6
SHORT-TAILED SHREW - AVERAGE INPUTS

TERRESTRIAL WILDLIFE MODEL HAZARD QUOTIENT CALCULATION
SITE 43, NAVAL AIR STATION PENSACOLA, PENSACOLA FLORIDA

Avg Soil Biotransfer Invertebrate Dose (mg/kg/d) from: Total
Cone. Factor Cone. I Dose NOAEL LOAEL NOAEL LOAEL

Chemical (mg/kg) (soil to inv) (mgikg) Soil Invert. (mgikg/d) (mgikg/d) (mglkgld) EEQ EEQ
Metals
Copper 1.14E+02 5.15E-01 5.87E+01 9.10E-02 I 5.20E+00 5.30E+OO 1.17E+01 1.51 E+01

~
3.5E-01

Lead 1.08E+03 2.66E-01 2.86E+02 8.59E-01 I 2.54E+01 2.63E+01 8.00E+00 8.00E+01 II 3.3E-01

Cells are if the is greater than 1.0

kg

kg/day

kg/day

Body Weight (BW)

Food Ingestion Rate (If)

Soil Ingestion Rate = (Is)

Home Range = (HR)

Contaminated Area = (CA)

0.01613

0.00143

0.00001287

Assume equal to 1

Assume equal to home range

Dose (soil) =(Cs * Is)(H)/BW
Dose (invertebrate) =(Ci * If)(H)/BW
Ci = Contaminant concentration in invertebrate = (soil conca * Biotransfer Factor)

Cs = Contaminant concentration in soil
Total Dose =Dose (soil) + Dose (invertebrate)
H=HR/CA (Assume = to 1 )



TABLE E-7
AMERICAN ROBIN - CONSERVATIVE INPUTS

TERRESTRIAL WILDLIFE MODEL HAZARD QUOTIENT CALCULATION
SITE 43, NAVAL AIR STATION PENSACOLA, PENSACOLA FLORIDA

Max Soil Biotransfer Invertebrate Dose (mg/kg/d) from: Total
Conca Factor Conca I Dose NOAEL LOAEL NOAEL LOAEL

Chemical (mglkg) (soil to inv) (mglkg) Soil Invert. (mglkg/d) (mglkg/d) (mg/kg/d) EEQ EEQ
Metals

8.89E+02
Lead 7.36E+03
Cells are shaded if the value is greater than 1.0

1.53E+00
1.52E+OO

1.36E+03
1.12E+04

6.17E+01
1.13E+01

4.8E+00 3.6E+00
1.6E+03 1.6E+02

kg
kg/day
kg/day

Body Weight (BW)
Food Ingestion Rate (If)
Soil Ingestion Rate = (Is)
Home Range (HR)
Contaminated Area (CA)

0.0773
0.01247

0.0003741
Assume equal to 1
Assume equal to home range

Dose (soil) =(Cs * Is)(H)/BW
Dose (invertebrate) =(Ci * If)(H)/BW
Ci = Contaminant concentration in invertebrate = (soil cone. * Biotransfer Factor)
Cs =Contaminant concentration in soil
Total Dose = Dose (soil) + Dose (invertebrate)
H=HR/CA (Assume = to 1 )



TABLE E-a
AMERICAN ROBIN - AVERAGE INPUTS

TERR~STRIALWILDLIFE MODEL HAZARD QUOTIENT CALCULATION
SITE 43, NAVAL AIR STATION PENSACOLA, PENSACOLA FLORIDA

Avg Soil
Cone.

Chemical (mg/kg)
Metals
Copper 1.14E+02
Lead 1.08E+03
Cells are shaded if the value is greater than 1.0

Biotransfer
Factor

(soil to inv)

Invertebrate
Cone.

(mg/kg)

5.87E+01
2.86E+02

Dose (mg/kg/d) from:

Soil Invert.

1.52E-01

1.43E+00

Total
Dose

(mglkgld)
NOAEL

(mglkg/d)
NOAEL

EEQ
LOAEL

EEQ

kg
kg/day
kg/day

Body Weight = (BW)
Food Ingestion Rate (If)
Soil Ingestion Rate = (Is)
Home Range (HR)
Contaminated Area = (CA)

0.0804
0.01188

0.0001069
Assume equal to 1
Assume equal to home range

Dose (soil) =(Cs * Is)(H)/BW
Dose (invertebrate) =(Ci * If)(H)/BW
Ci = Contaminant concentration in invertebrate = (soil conca * Biotransfer Factor)
Cs = Contaminant concentration in soil
Total Dose = Dose (soil) + Dose (invertebrate)
H=HRICA (Assume := to 1 )
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