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Executive Summary

HIPXY VDSRAQNHURK] [Q SDWAXDD GP DIQ) \R\WHGYHBSP HOAR \WH

| FYV LQ DQADG\ RXQ) A@ &ROICEXQQ) SRZ HUSCONDHWHOLIBANRXUH

R P HI HP MRQ/UHDAG\R KXP DQORMWIQWHS 6 ,Q' HHPBHU

\WH( QNURQP HQCBURMANROS JHR (33 ZIAWKHDSURSRFG BHIXDIRQ\R
FROARP HIXY HP IWIRQVIURP \MEVHNRXUAHY 2 XUTELOWV\R DEHDOMD SURMANKHSYXETE
IURP \HDGYHYHKHDSK HI HAVDXRADMG Z W H SRKUHVR P HIFXY [VFBVHD HGR WH

HIHAYHIRV DG WHWIQIHR R MY UG

7KH( 3% &HOMYIRU MDHERQURDOG3UYHRIRY 1 DARDCS HHIK &RXGACR \WH
1 DIRQDCS FOGP VR 6AHJAHY OQG:  RUG+ HDEK 2 LIDQ] DARQ CORIWHWDNP HIFXU

H SRUKUHFDQ SUAHNB XITFA-B\BEGISXECE KHIBK UMNVR\RP HVHIP HOWR \WH
SRIXDIRY $ \KYH FRIGAAGE WHEHOMYIRU  MDHERQURIDNG 3 UYHOMRQ DG
SEDKGIOHD®  IRGWDRHIY  HIKWEHR-ONS P HIEDDZ RP HOR
FKUOEHDIQ) IHKDGP HIXY IQWHUEGRG IERHWHOYHYFRQUGHIG\DHE. ( 3$
7KVFRXGUWXWOD/PIQ D/ P IARQZRP HOR FKIGEHIIQ) DIHZ W HBYDAG GYHY
R PHRQ DQGSXAESIR [P DMD QHZ ER VDM | RUGHKURBILEDOEH IHWHTFK
\HJ 5 HAHQAXMAHYBER \KIJHXWDAP HIXY H SRKUHFDQ G0G\R DoHYHFDARYDAXDU
HIHAWIQDEXW ) XWHU P HIRX KDVDGHBIMIRXVH | HAWRQI WK HDIGY Z LG H

( [ SRKUHRP HK @ HIXY \WWHP RXWWH] LEIRP R P HIXW R Z KIFK KXP D/DG
Z IGDHDHWIXO® H SRHG FRP H/SUP DO | URP WHFRQMP SWRQR FRQIP [CDIMG 1 MK
DQG\KHOMK 5HBDA/R P HIXY \R\WHHOYURGP HOMDYHFRQIEP LODMG | UK DQG

\DIE DAL NKHIBAR \KAK DQH \WAKDVRWY [ LYH\WRIAVDQGRGHS 6 WLUMRY KDYHIWKHG
DGMRIN/Z DOQ) R WHAQIHYR HDIY | \K Z W HBYDMG FRGFHOADARQ/R P HIXUY

/ 1P IMEY 10K IQENHGHWR FRFHQ/IERAWP HIFXY FRQUEP LQDMRQ DBR A/ \WHGEHEY
EHCH IWDXRADMG Z W | K FRQKP SIRQ

0 HIXY LQWHDR RSKHHFRP H/I IRP ERM KXP 0D RUDQMURSRIHIE DG QMIDHJ
YREDQE DRIYIW \RXURHY Z [\ DQNURSRIHIE HP IWIRQVI DUH FHHEQ) WRHIURP QDMUID
\RXFH/ ,QWHS 6 FROO IUHG SRZ HUSDIQVDHWHOIHMXQUHXDAG\RXUHR P HIXY
HP WRQ/OQGDHUAGROUEGI RUSSUR [PDMD — SHIHQAR \WHFRXQM VIQBMOD
HP WRQY , QSDWVEHDAHRM-UOLIHGRP HXE\RXUA/R P HIXY HP IRQU\KAK D/

P XQESIY DWMARP EXVRYDHODHEG \KEMAAR | HGHDIOGP RIHWUQIHO/ANDAM
UIXDIRY/ \WHSUIRSRMRQR 8 6 P HIXY HP MIRQ/DMIEXBEBIVR FROCEXQQ) SRZHJ
SOONVIGRUDIQ) 0 RFRYHU P HIRY HP MWRQVIURP RO LWHG SRZ HUSTIQNVDH

H SHAAMG\R LFUDHEDHGROSIRVAIRQVR HIHI\ SURGKRINRQ DG ARBDAH CEVHQATD
WD DQG | HGHDITRARQR UATXLUHP HIXY HP MRQ UHBAURQY
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© KBIWH\SHALLE SHAHQMIHR 8 6 P HIXY G-SRMRQ DMIEXTEGIVR GRP HXF \RXURHY/
YOUH/ IR DOGLVWHKEMAR \AHQVE XQRHVTIQN ( 3$ HXP DMAKDNIRXIKO
\ER \WLG/R DOP HIXY G-ERAMGIQWHS 6 FRP H/IURP GRP I \RXUA/DG\WD/8 6
SRZ HUSCQNIFFRXQVRUIERAVRHWILG R WHP HIFXY G-SRMGIOWHFRQN  5HRHOWV
| LHGS \WMARAKIJFWWDABGAQ) P HIXY HP IWRQABQMMAR P HDXUIEGIGFUDA/IQ
P HIXY G-SRMRQ DG \KEHNXHOAHGAIRQVION MK P HIXY FRAFOADARYY * LYHQWWH
JOEDDMHR WHSUREGP  D\IQLIFDQABGAIROLO8 6 SRZ HMHRRUP HIXY

HP WRQVZ L@EHIQU | LELHQAR, WHD VR DEHIXDAD DEAHNP HIXY FRQEP IQDARQR MK
COGWHUAKEIY DOHYHKHIN [P SRV + RZ FYHU FRQARTY) P HIXY HP WIRQVI URP
SRZ HUSCQNUSUIAHQNVDFUMFIORRP SRHQWR DFRP SUKHOLYHICSSURDFK \R P LQP [ 1Y
\WHSXETF KHIIK \MUDNVURP \MMV\R] LE SROVEQWV

6HYHDDXDIM/KDYHDDHIE. EHIXQVR DEGAXKLYSUREGP B\ DERSWDY WMQIHMP VBIRQ/
RQP HIXY HP IWIRQVIURP QHZ. DGH MY SRZHUSOQN 7 KHHU-IXOWRQ/DNG SHP IW
DHEDHGRQDDXAAP HOAR \WHIHDIELOVR YOURXFRQUROMKGRBILLY $1\WUD
GHOEHVGD ( 3$ IVQRZ UTXUWGE. DFRASSURYHG\HVBP HOADIUHP HOAR IWH
SURSRHG W XOMRQV@P ML) WHP HIFXY HP IWIRQVR SRZ HUSTIQVRQ DQDIREDIVE)
' HHPEHU  DOGILOWXOMRQVE ' HHP BHU $ GMRXIK WH& GRS LUS AW

Z RXGWSIEDD WNXUHARP SIFHZ MMQWUHH\ HOYR - SURP XODIRD KDY/ B\
CHPEHU \WHS GP IQUWADMRQKD/DOHIG. [QAFDAG\WWDNANP D FRQUGHUDRGH\ HU
H \WIRQ

$ P RQY RMHUMQIV \WHEBDDS LUS FABTXUAKDA 3$ RXEEDKD 0 $&7 0 OIPXP
$ AKIYCEGI&RQAURY HKQRB\  1GR L I RUH M) \RXUH/ 7KHO $&7 | GRUFDNCRAEH
G HAKD\WHDHIIHHP IR @ MIMRQ DFKIVHGE, \WHERXSHURUP Q)
SHFHOAR WHH I \RXUFHVI RUZ KIEK ( 3% KDVHP MWIRQVIQ RUP DIRQ DG WSV
WHP IQP XP GYHIR FRQAROMNUG DADI CRAW |, | WHFRDO! LUHG XWDWERBLYI RU
ZKIFK ( 3$ KDVABDHIBN-GZ M UH HHFHR \WHUSHFHQBIHP HIY WHGRIRQD/
P HDXUHGIURP WHP HIFXY FRQMIAR \WHFRODKH EXLQ \WHDHIJHR WH\RS
SHAQWD SHR-QWFGRIRD ( 3% KDARP HAVAUHNRQVR DOMWAKHDMHIIHR \WH
WS SHAH-QWR \MEFDMIR L LQ) FROO LUHG XMV ERBLYEDHGRQFDX WSH RM] HR
WHHXQW $  SHRFQABAIRQR \WHP HIFXY FRQEIGHEIQWHARP EXWNGFROD

Z RX@ UAXONQ QAP HIXY HP IWIRQYIURP R0 LWHG SRZ HUSTIQVR C5SWR [P DAD
\RQV D/FRP SIBG\R WHRXUBOMP IMRVR \RQVIURP WHIQBMY 7 R SXAKVIQ
FROM VWAKHWEN-KRTHJURSV\KDASDMASDMGLQ( 3% V8 WIWO $&7 : RINQI * URXS
KDYHUHFRRP P HOG-GDUIHR \WIELBAKDAANOMVR DQQCODARIOHP MRV URP
FRIOWWGXWWERGYR BHEHD 06 \RQ/

- KIBIVRP HXMDVARP S U-SUHQBAYH/DIXHWDNP HIXY BOANRQ DANHEZ HUHG
R MY HIVXIAKIYTE®! \WHH M) COBFRQABARAKHHFDP V7 KHHIVIGRUDIQ)
HMGHGAH Z W BID.G\R DOFROIDASHY WD M) FROAROGYEN/GALIGHG\R BHEFH
RM-USROVIDN FQ GHDHNKEWERAICP HIXY WERIRYY \R FOBG FREHHIW: ) RU
H P SB! YHDZ MR | RWDNRSWP 1] 1Q) QRQ P HIFXY FRQIROX WP\ \RP HSOQN
EXQQ) BWP IGRXVFROIDKDHRABGHGP HIXY WORERQFRREHHIWR SHAR-OMRU
\KEEXP LGRXVAROIDFR EHGHIWR RYHU  SHIHQDHEHHD GREP HOAGXUQ) \WHH
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GROP HIXY FRRY $ VBUAHQAFR EHCH IWDBCHZ [OBGZ. \RP HEXWR\DOSCOMA
P HIADWREQIHOAP HIPXY WBEG

&RQNROMKQRBIIBNGHALLE | RUBBAQ] P HIXY HP MWIRQVDHOBR Z HORQWHUZ D \R
FRP P HRDID/DOEON ) RUH P SO IRYDME FDERQIQUAIRQWHKGRBI\ LVEHQ)
\KFFHXIXT G-P ROMDMGLQ ERK SBWING | XOWDBICSSIFMRYY 7 KHUAKVIQRFDM
WDAP HIXY FRQAROHIIEHGR R RYHU SHIFHQA/! HDUE®H RUSRZ HUSDIDN Z W FRWV
WDADHARP SDIEGIVR\WHFRWR 1 2 [ WP RYDOMMXUHG XQGHUWHI HHISRIUP \R
DFKIYHQIRQDIP EHQADUTXODW WEAG/| RUR RQH

© KIGIWHHDHUHBYDQAAL I HHOAA/ERE HHD P XQHSDLY DXMFRP EXWRY/ DG SRZ HU
SOON P RWNP XQESTY DXMARP EXWRLYKDHUWHGA-GWHUP HIDY HP MWRQVE P R
WOD  SHAHOMWURIK \WHISSTDARQR  CRYDAMGFOERQIQUANRO\WAKGRE)\ [QWWH
ZDNHR |HEHIDOG P XAK P RMAIQIHOANKEBIMHP WRQ FRQAROMTXUP OV 0 0D

P XQESOY DXMI CROMAKDADHDER HIXSSHGZ W ERIKRAR/DHIFKIMQ) BEAIR)/R
RHU  SHFHOWV( YHQZ KHDWHHGL! HHGAH/DHEN-Q QR CFFRXQAMHISSTDARQR
\KHORYDAG FDERQWHKQRE\ \R FROO) LWHG ERGLYCSSHIWAR EHMP SO DP DAUR

WIEMRIOMKQREI\ \WBOM HAR QLIHURRDOD! WG ERBLY Z KIFK GRVQRAG-SHIGXSRQ
D QZ WKQRE\ EHINMRIK

$ GHOMPELU  WSRYE WH1 RWHDX'S\BIMYI RU&RR BCDAGS LUS \HO DOIHP HOWV
1(6&$80 GRAP HOMS\WHWHKGRB)\ |RIAQ) HIHAWR HMURQP HOBDHIXDRY
BT HOV DG FRIFOG-G WD XOWRQYZ W Z HOGH LGHG LI FVDQG GHIBIH/GUYH
IQCRYDIRQIQFRQAROMKGRBI\  UWAXEY [QGIP DIFDD GZ HJIP SBP HOBMRQFRIV
\KDQIQWIHD SURVRMG

* LYHQWHPXUHOABURP IMQ) WIIMR \WWAKQRBI\ GHYHBSP HOVRUP HIRY \GHALIE
FROARYZ WLQ VKLY KIWRUFDCFRQM VWWHIHLY FROUGHIEGIDRQ | RUFRQ LGHFHWWDV
SRZ HUSBQNZ IQEHIEGIVR ARP SO Z WY DWUQIHD $ &7 \WEEDSG I RUP HIXUY QD

P HD DG FRWAH | HAYHP DQQHU 7 KHH IMMFHR \RQIHQAXEIMP HIRXY \WEED.B/1 RU
SRZ HUSCQNUMNHY/DVHIRXY TXHXMRQ DR KRZ DOWWMQIHINVHEH BOXEEG | ROKHH
\RXURH/FRXG EHMWMEG
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Chapter 1
Human Health and Wildlife

Impacts of Mercury Exposure

+ XP DO+ HOW

KHIHCHDOSRSXOMRQLYH SRFHGWR YOURXVIRUP VR P HIXY \MURXIK LCKDDUMRQ
FROXP SWRQR FRQIEP LD | RRGRUZ DIWJ DOGH SRKUHVR \MEWIGRH/
FROBQQ) P HIXY \KAK D/SHAAGHY ' LLIHHONAKHP LEDOASHV/R P HIXY FOD
DGYHYHD DI HFANHYHDORUBOW WP V Z MOKHVAYHIWR HIHWG-SHAQ)

QIHD RQWHP DJQUYGHDGWP LQJ R WHH SRMUH LH GXUQY [ HBDEHYHBSP HOARUD/D

FKUGRUDGOV 2 XNGHR RFFXSDIRIDHMIV P HA ® HIXY MKHP RV IEIRP R

P HIXW R Z KIFK KXP DQVDHUIXO® H SRHGOQGWLVIRP R P HIXY MMHIRFXVR

\WHKHDIK P STRVAVRAXHGLQWMYFKTBMU ([ SRKUHWR P HAM @ HIFXY IQWHS 6

FRP H/SUP DO | URP WHFRQMP SWRQR 11K DQG\KHTNK

7 KHHDHH WLYHDBWDBIRYIGHHMGHIFHR WHDGSHYHHIHAWR P HM @ HIXY RQ
WHGHYHBSP HOAR WHEDQ QHXURGHYHBSP HQBOH | HRAN LQKXP DQVDQGOQP DY 7KH
P RIWVHYHHH [ HAVU-SRUIMG LOKXP DQVI RBZ HGKLIK GRHSRMVRQQ) FBARGVIQ, WD DG
DB &KI@HOH SRHGWRP HM @ HIX [QXWLR \K | HIHG YOURXVDGSYHYHH | HAV

IGFOGQ) P HOEDADENRY FHHEICSEY GDGHY EQEHNONGG \DWUD D\GHHK
QRGN GHWR DZ HNHVRUOMNR FRRAQIROR WH\GHFK P XWFBY  6HORY
DQGP RRUIP SOUP HWZ HIHDBR GRAXP HMGLQ DBXW

Methylmercury Bioaccumulation

After mercury is deposited from the atmosphere, its greatest adverse impact occurs in the
aquatic ecosystem.? In a series of chemical reactions, mercury can be converted by bacteria in
the sediments to methylmercury, a form that is especially toxic to humans and wildlife. Fish
absorb methylmercury from the water as it passes over their gills and as they feed on other
organisms. As larger fish eat smaller ones, methylmercury concentrations increase in the
bigger fish, a process known as bioaccumulation. Consequently, larger predator fish usually
have higher concentrations of methylmercury from eating contaminated prey. Humans, birds
and other wildlife that eat fish are exposed to methylmercury in this way.

a

U.S. EPA, 1997b. Mercury Study Report to Congress, Volume IlI: Fate and Transport of Mercury in the Environment.
EPA-452/R-97-005.
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3RVRQQ) FEARGV/QHWRHIQ, WD DQG-CEIDHWDH |, QFROADMWKURIE BZ GRH

P HAM @ HIXU H SRKUHIRP P DMEBOFRQKP SWRQR! 1\K LVARP P RQ DG KDVEHHD
DXRADAG Z W \NEVBIGHURGYHBSP HOBOH | HAVIQAKIOHD 7KH( 38 WHEHIMYIRU
' MHDHERQARIDOG 3 UYHQARY \WH1 DARDCS HHDFK &RXGACR \WH1 DIRID

$ OGP VR 6AHGAY DOGWH: R+ HITK 2 WIBQ] DNRQ KDYHDOGHAP IGHG\WDV
SRAMNDED \LIQLIFDQBXETF KHIIK UMWVH IMVURP Z IGABUHIGH SRKUHR P HM @ HIXQY
LOXMR GHWR FRQXP SIRQR  FRQEP [QDMG | MWK DOG\KHIMK. 7 KHDDOEGNAHFHOGR
\QAFDMAKDADGYHYHKHIEN HI HAVDXRADMG Z MY P HI @ HIXY H SRAKUHP D' QRAEH

UYHME®! LGRUHDIQ) WHMIQLLIFDFHR WHSRWIBOKHDIK UARY

7 KHOGYHYHHIHAVR P HM G HIXY H SRKUHKDHEH-QUWGEHGIQWUHOUIH
LQYHXMDARQV/IQWH) DIRH, MBQG/ \WHGEH FKHBW, \OQG/D0G 1 HZ = HDDOG DVZ HODVIQ
RKMHU\P DBUMMARVIQ) UHIFK * XIDCDOQGWHS PO RQ 7 KRHWWAH/GRNHGDADZ IGH
WQYHR HIHW LGFOGQ) DIHDAKILYHP HOAR GYHBSP HOAP LOWRGH [Q DOADG
SUAARROGYHBSP FOMHQRY DG LGHP RBUIXQRIRQ DOG RM-UHIGEROQVIQ KU
,QWH) DURH, \DB/00G 1 HZ = HIDQG WYAHY FKL@HOH SRHG\R P HIM @ HIXUY 1Q
XWMIR CESHHG HQWHD QRUP DOBAUQ) QDR EXWDMIAVSD H5 QHURBILEDCCH AW
ZKHQ\WAMG 7 KRHIGFOGHG SRRUSHURIP BFHRQ QHXUREHKDYR IDMAV SDWEXDL® RQ
\WVR DAMQIRQ | L[GHP RRUIXQRIRD CIXOIH YIWKODSDIDTEONY H) GIZIQ) DG

PHPRY 7KHIIQAQIVR WHEH FKHBV, \OQGVWMG FRQ GRAZ W \KH) DURH, \OQG DG
1 HZ = HDDQGWYARVIQWDAKH GR QRAVKRZ. DOYHYHQHURGHYHEBSP HOMW | HAVIQ
@O

Q  GRJUBWUTXHXMG\WD/WH1 DIRDCS HHIFK &RXGACR \WH1 DIRID

$ FOEP IHV/R 6AHEAHYSURYIGHDRIQGE-SHG-QNAHQNE UMEZ R \KHDDOEG!
\ALQME BRQKXP DQH SRKHRP HFXY 8 G DAD \WH1 DIRICS HHIFK
&RXCAG/UMLY R \WH\AHOWE CDBOG\R \WHFRGFOMRQ\WDAKHSRMYHI LQEQIV
R WH) DRH, \OQGVWMG SURYIGHWHP RINZSSURSUDM SXETF KHDEK EDVI RUGHYHBSIQ)
WHKHIG IXGHIEHYDOHIRY( 3% 7 KIVIXGHIEHYDOHLYXHG I RUDQ®P EHUR UAN

P DOIHP HOAB-AMRQ/DQG UIXDRY SRIALV/IGFOAQ) DAHXP HONR BZ CRHFKURQE

H SRKUHILRP FRQKP SWRQR P HIXY FRQEP LODMGI MK DQGVHDRRG 7KH1 5& D8R
FROFOG-GWDNHUREHKDYRBOCH IAWR \WHP DIQWMGHWHSRWEIQWH) DRH, \OQG/
DQG1 HZ = HIDQGDHONHD \R EHDXRADAG Z W LGFUDH/IQWHQ® EHUR FKIGHDZ KR
KD/HVR VKIJBIVR NH-S XS 1O DWEEGFDXRRP RUZKRP D' WNXUHWP HADDRDXH/RU
\SHADOHOADIRY

- RPHQR AKOEHDIQIDH LH VR \HWR DJH DQGSUHQ@AZ RP HQDHR \GHADD
FRAHQIQWP VR PHK ® HIXUY H SRKH 0 HK @ HIXY H SRAKUHSURUR
SUIDR FOQ RO SOFHWHGHYHBSIQ) | HMVDAIM EHFDAHP H @ HIXY SHIMVIQ
ERG \MUXHOQGLVRQD \GZ © H FUAGIURP \WHERG  $ VDUAXOVIQGIQ@KWR \WHI DR
WDAZ RP HOR W AR CRANGRZ WH DHSUIQMXQIDKHSUIQDCR LVSDIWP 0Q R \WH
FUMFDOXIH/R |RBOGYHBSP HQAVHI M ZHANY \WHIHMVP D EHH SRFG\R

P HM @ HXY FRAHADIRQ/R FRFHDD/DUAKXIR P DMBH SRAXHSURUR

SHIA
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,QOQNVP D [QINAP HId @ HIA 1URP EHDIP IO DG FKLGHY DHH SRHGWMURXIK WHU
QHV &KIGH DG Q) DONVDHP RUHVHQAYH\KDQ DEXAOVR WHH I HWR P Hi @ HIFXY
EHFDAHWHUGHYRXAM WP VARQIDHWR GYHBS XQMIERWDH &K@ DHOBR DV
JUHDMIUM \WDQ BEXOVEHDAHWH - HDAP RUHI RRG\WDQ DOXOWVUHDYHWR ERG. ZHIKW$ V
DUAXOVFKLGH| DFHDKLIKHUUAN R DEYHYHKHIEK H I HRV

7 KHIHLYBBR FMGHIFHWDW SRKUHR P M @ HIFXY FBQKDYHDGYHYHH I HAWVRQWH
GYHBS.Q) DG DXOVDARYDAXOM WP EGRG SUARKUHUIXDUMRQ KHIWDAM
YOUCEOV DOGP D FROMEXMR KHDWAVHDH 7 KHHIHAAR P R @ HIXY RQWH

1P P XCH WP LVSRRUD XQGHIWRRG KRZ HHU OER DR BOG 0P DOXMARAKIJRXVKDN
P HM @ HIXY H SRKUHP D LQRBDHKXP DQ\XA-SWEDV\R LG HARXY QVHDHDG
DARP P XCHAWREHYE, @P DIQ) WHIP P XQHW kP

* RYHGP HOM\BQEDGVDQG XIGDQFHIRUO HM @ HIFXU
( [ SRXWH

, QUIKWR \KHKXP DQKHBIN UMNYDARADMG Z MY H SRAKUHVR P H @ HIXY \YHID
JRYHIP HONIGLOMCDMRBOKHIEN DIHGARYKDYHGAYHBSHG KHIBK WEIA.G/1 RU

P HAM @ HIXU H SRKUH 7 KRHWERE.G/DHXI) HELQUAN DXHXP HOMBIXDRY
GYHBSP QNGO IWAKGQY |MK DEMRIEY 7 KHHV MBS WP HOATP RQYJ WHH
DIHIA/RQWHGYHIR P HAM @ HIXY H SRKUHWDNDARYDGHYHH | HANV Z W \KH
FUMFDOGHEDMUHDMG) \RKRZ \R FKDUIRAL HOQG TXORM. XQFHMEIONY $ VDUAKOR WH
XVHR QLIHHMXGRHITION | CRRY R SURYIGHWHSRSXOIRO Z W DQ P SBIP DJIQR
\DHV DIHARVKDHDUYHG DADWQIHR  KHIBK \WIELBY DAKRZ QLQ 7 CEG

Table 1.1 Methylmercury Health Standards

Population Group Highest acceptable Uncertainty = Amount of
level of mercury in | Factor methylmercury that can
maternal hair safely be consumed
(parts per million) every day over a

lifetime without effect

Women of Reproductive Age, Pregnant Women and Children

U.S. EPA Reference Dose (RfD) 12 10 0.1 ng/kg/d®
ATSDR Minimal Risk Level (MRL) 15.3 4.5 0.3 ny/kg/d"
Canada Provisional Tolerable Daily 10 5 0.2 ng/kg/d®
Intake (pTDI)

Joint FAO/WHO Expert Committee 14 6.4 0.23 ng/kg/dd
on Food Additives '

Adults
FDA TDI ‘ NA ‘ NA 0.47 my/kg/d®

®Based on Faroe Islands study to protect fetal brain development.

Based on no observed effects in Seychelles study of infants up to 66 months of age.
°Based on no effect level in maternal hair from Irag, New Zealand, Seychelles and Faroe Islands studies.
YBased on no effect level in umbilical cord blood and maternal hair from Irag, New Zealand, Seychelles
and Faroe Islands studies.
°Based on tolerable daily intake with a reasonable certainty of no harm to adults.

MERCURY EMISSIONS FROM COAL-HRED POWER PLANTS 13



Fish Consumption Advisories

Widespread methylmercury contamination, primarily as a result the deposition of mercury from
the atmosphere, has resulted in elevated levels of mercury in fish. In fact, methylmercury
contamination of fish is so pervasive in the U.S. that health departments in 45 states and
American Samoa have issued freshwater fish consumption advisories.* A consumption advisory
may include recommendations to limit or avoid eating certain fish species caught from specific
water bodies. In most cases, sensitive individuals — which may include pregnant women, nursing
women, women of child-bearing age, children (typically under age 14) and consumers of large
guantities of fish — are specifically targeted by the advisories. Eleven states have consumption
advisories for every inland water body for at least one fish species; 10 states have consumption
advisories for canned tuna; and eight southern states have statewide coastal marine advisories
for king mackerel. Limitations on fish intake have public health impacts of their own, in light of
the fact that fish is in most respects a healthful food source.

The amount of methylmercury in different fish varies considerably. High intake of methylmercury
can occur from frequent consumption of fish with relatively low methylmercury levels, and/or
infrequent consumption of fish species with high levels of methylmercury.b

EPA has issued a fish consumption advisory for women who are pregnant or may become
pregnant, nursing mothers and young children. These populations are advised to limit
consumption of fish from non-commercial sources to one meal per week. Consumers are also
advised to check with their state and local health department for local information.

The Food and Drug Administration (FDA) does not have jurisdiction over freshwater bodies
within state borders and its advisories are therefore limited to marine species. The FDA has
issued a consumer advisory for pregnant women, women of childbearing age, nursing mothers
and young children. These groups are advised not to eat swordfish, tilefish, shark and king
mackerel because of high methylmercury levels. In July 2002, an independent committee of
food safety advisors convened by the FDA recommended that consumption advisories be issued
for canned tuna, but the Agency has not yet acted on the recommendation.®

Health Canada and the British Food Standards Agency have also provided guidance to
consumers about mercury exposure from fish consumption. Health Canada advises consumers
to limit their consumption of swordfish, shark and fresh and frozen tuna to one meal per week.
For young children and women of childbearing age, the recommended limit for swordfish, shark
and fresh or frozen tuna is one meal per month. The advisory does not apply to canned tuna.®
The British Food Standards Agency advises pregnant and breastfeeding women and women
who intend to become pregnant to limit their consumption of tuna to no more than two medium-
sized cans or one fresh tuna steak per week. These women are also advised to avoid eating
shark, swordfish and marlin. Infants and children under 16 are advised to avoid eating shark,
swordfish and marlin.’

#U.S. EPA. Fish Advisories Website. http://www.epa.gov/ost/fish

® U.S. EPA. An Assessment of Exposure to Mercury in the United States. Volume IV of Mercury Study Report to
Congress. 1997e. (EPA-452/R-97-006).

°FDA Consumer Advisory for Pregnant Women and Women of Child-bearing Age who may become Pregnant about the
Risks of Mercury in Fish. March 2001. http://vm.cfsan.fda.gov/~dms/admehg.html

4 Mercury Policy Project, 2003. Can the Tuna. http://www.mercurypolicy.org
¢ Canada Food Inspection Fact Sheet. http://www.inspection.gc.ca/english/corpaffr/foodfacts/mercurye.shtml

" Food Standards Agency. Agency updates advice to pregnant and breastfeeding women on eating certain fish. February
17, 2003. http://www.foodstandards.gov.uk/news/pressreleases/tuna_mercury
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Fgure 1.1 Mercury FHsh Advisories in the U.S. (2002)
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Mercury Advisories by Type:

Advisories for specific waterbodies only

; R,L
Statewide freshwater advisory only ; American Samoa (R,L)

Statewide freshwater advisory and additional
advisories on specific waterbodies
Statewide coastal advisory R = All rivers under advisory

B No mercury advisories L = All lakes under advisory

Source: U.S. EPA. Fish Advisories Website. http://www.epa.gov/ost/fish

( 33 XH/DUHHHFHRH 5I'  RDXFXKHUNR P HM @ HXU H SRKH $Q51' IV
DERHWDNDQEHIQINAMG A RYHUDQHIP HZ MWRXANDLP [ XOKHIBM HIHAW |, Q

(3$ IMXGDD5I' R PIRRIUPVR PHM @ HFXY SHUNGIUP R ERG ZHIKVGHU
@R 3N @ BDHGRWHODROAMIQ, U ,Q D1 DIRDSHHIFK
&RXGACFRP P IMKH SOWWR \WWH1 DARQDCS FDG-P IHV/R 6AHIAHY WIHZ HGDOR \WH
DOOEGNAHRME ABRQKXP DQH SRKUHWR P HM @ HIXY DIGFRFOG-GWDN 3$ -V
51" Z D/AAHQMEDD MWMEG

7KH$ JHR IRU7R [E6XEMIR/OQG MDHSHIMY $76 5 SOWWR WHEHQMYIRU
' MDHERQIR DG 3 BYHOMRY \SHALLVDGL HFQNANGYHOURP ( 3$ V51" 7KH
$76 5VO0 IQPOBAN/ WHDO 5/ IV —3 NI @ RUWUHWP H/GWAIQIHAKDD
(3$V $VWKRZQIQ7IE®!I  \WHO 5/ DG51" DHIQ\KEWEBII WP HONRQ\WH
GYHR P HFXY QP DMIDOKDUWDNDAR/KDP 7 KHSUGASOOAL | HHPHENE H-QWH
\ZR MWHISSTIFDARQR XQRHYEIQNV | CRRY 7KH$ 76' 5 FOBXOWG DO XCQRHVEIQN | CRRU
R FRPSIIGRWHXFHWEQNVIDARRUR  XWGE WH( 3$ P SRWID® WH
$76 5 \WHO 5/ LVQRAR EHXVHGDVIXEFHI RUGYHBSIQ) | IMK DEYMRIEY EXWDAH
\R GH IGH\KEWBLFH \GHALLE GYHY\WD/ERHP LQP DOMNR SXECE KHIBN DISXSHUXQG
\DAY/
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7KH) RRGOG' I $CPIQVADMRY ) ' $ KDVHXEEQKHGDD RIRQBYHPR  SDW
SHPI@RY SP | RUINK DG \KHIMK \RGLQIQMKBMARP P HIFH ) MK DQG\KHTNK

Z WP HAM @ HIFXY FROAHOADIRQYCERYHWMY @ MDHQRAR EH\RG 7 KHORIRQ BYHD
ZD/RUDOHMEQKHGI) DV SSP W DAGUDFG\R  SPIQ  DAKH
UAXOR QMDIRQERXIKWE. FRP P HIADDMKIQ) LOMIIMV Z KIEK DIXHG\KFFHX X \KDA
\KHDPARQ BYHOKRXG\ENHIQR DFFRXQAWHHRGRP LF 1P SIFVR FRP SOLQ) Z MW \WH
WIDAG 7 KHIRMRQ GYHOBNVIQR FRMGHDIRQ\WH7 RBUEG! DO, QENH 7' , IRU
PHM @ HXY ZKIEK VODBIRVR ( 3$ V51" LH WHIP RXQAR P HA ® HIXUY WDV
FOQEHFRQXP HGAO RHUDQHIP HZIWRAWKDP  7KH)' $V7' LR I N @
IVQHID | LYHWP H/BWMMQIHQAKDD( 3$ V51" DUGLVKUIKHADQ DORKHU HEHDDOG
IOMDIRDOIXGHIH DAKRZQIQ7IE®N  7KH7' |, ZD/FOBXOMGI P DI
GYHBSHG IQSDW URP \WWAH/R -CBIHHDGXWSRWRGHGE FRQEP ICDMG 1K

+ HON&ODEOV7' , R —3 N @) VEDHGRQWWYHIOAL HFQMMARVR SRARQQ
FEMRGHDQGBZ GYHH SRV

JO-XH  DNMQMEIHR \WHS QWG1 DIRQ/ ) RRGDQGS JUEXTMUH2 LIDQ] DARQDQG
WH: R+ HIBK 2 DY DARQKDOHGWHIQM DR IOXEEG | RUP H @ HIXY
FRUPSIRQIRR JIN AW —IN@ 7KHNA QIHHFHERZHQWH
QG IQMDIRIDMBAGEG( 38 V51 IV DIDQ RAKHGBYHR P HA ® HIXUY WDV
FDOR/OGHYHH I HAN 5 DKHU LQFOBXOIG WHP DJIQR \DHWV ( 3$ XVAVDQXGRHEQN
IFRUR  D/FRP SDFGWR\WH: R@G+ HIGM2 UDQ DRQVXHR D/ XQAHMIQN
| DRRU

0 HM\ @ HFEXU ( [ SRXUHIQWHS 6

* YHQWHHIHAWR P HKM @ HIXY RQI HBDOG AKIG GYHBSP HQMWWA/LIP SRR
DXFXAKHIP RXQAR P HKM ® HIXY \RZKIFK \WHS 6 SROXOMRQLVH SRHG 2 CH
DSSURTRK | RURKP DY P HM @ HIXY H SRAKUHIURP 11K FRQKP SWRQLVE\ FRP BIQQY
IMK FRQUKP SINRQUDMVIQWHS 6 SRSXOMRQZ W \SHAHY/\GHALIE FRAHOADRQVR

P HM @ HXY P HDXUGIQINK 8 QI \MVISSIRIFK IQWH 0 HBXY 63 5 HIRWR
SRIBW ( 3 HXP DAMGWDN SHHQAR ZRP HOR AKIOEHDIQ) DIHH FHGWHS |!
SUP DO |1 URP VFHDRRGFRQUMP SWRQ 0 HIXY H SRKUHHKIP DI RIVRP HIURXSVAKD
UHIXDUD FRQKP HI WAKZ DA MK KD/DBR EHHQ HUP DAMGR EHIQWHWBQIHR P HIXY
CROIHAKDNP D FDAHDGHYHKHIIK HIHAW ) RUH TP SBI DUWYG FROGAMEIQWH

1 RUMHDXVRQFOG-GWDVUADHQAQIHMRQ LH ZHAND B\ DSUHQ@IRIZ RP IQR HIKW
RXGFHVRUBWR |UAKZ DMJINK FRQEIQQ) PHM @ HIXY GYHYR  \R~ SSP RU
P RUH FOQSURGFHEBRG DG KDUBYHYLQWHUBQIHHKP DAMGVR EHR FRFHDIRMRP H
IQAYIGOY

$ CRNHUCSSURTK | RURKP DICY H SRKUHR P HM @ HIXU LVE\ TP ST KXP DREGRG
DOGKDU , QWHILLXWMG R \WIVNGQG WH 1 DARQO HDBON DG 1 XAMRD
([DPLCDARQEXYH 1+$1(6 WHEHIMYIRY M-DHERQURIDG3BYHOMRD
SHIRP HoKRAHKRGIQMYLEZ V SK\ MFDH CP I(CDIMRQVDNGEGRGP HIXY DXHXP HQV
RO FROUQDG  ZRPHD 7KHWWKYH UBVHBGWDNRHIQ ZRPHOR
FKLOEHDIQ) DIH HIKWBHRHQMMXMGIERYH( 3$ VADH5 1" 7 KNVABQUDW/ QDIRIED
R PIARQZRP HQR FKOEHDIQ) IHZ W HBYDMGOYHYR P HIXY DG
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OSSR P DMD QZERQ/ZKRDHDNMMR (HXURBIIEBH I HFAWITURP BHQY
H SRFGIQXMR R P HKA @ HIPXW %6BRGP HIPAY GYHY'Z HIHI RXAUMP HVKLIKHUILQ

ZRP HQZ KR KBGHOMY | DMK WUHHRUP RHWP H/Z WIQWHOW QD FRP SHGZ W
ZRP HQZ KR DMCR | MK GAUQ \WDNBHIRG

BICFHWHL + $ 1 ( 6 VGIQ-GWR FRIBANG RP DIRQ RQWHIHHICERSXOIRY \WHH
[LQAQIVDHAWR® CESTEGIRQD VR \WRHZ KR HDADHIJHIP RXQNR 10K 7 KXV

\WEVAMOPH DG SUR BXRQDO MKHIP HD AHYBIQ HIMQE JURXSV@HS \IDD$ P HIFDDY DG
\RP H\GRWBQIBLY/Z KR HDAP RHI MK \KCQWHDHIIHS P HIFDD DHONHD \R KDHHHD

KLIKHUH SRKUH\WDWHIQAVIGOM\XYH HEIQWHL + $1 ( 6

2 WHMYER/UINVHHYHOP RVHIRXVVARFHEY , Q1 HZ -HYH DWXG R SUIQDQV
ZRPHQIRXQG  SHIAHQIZ W KOUP HIFXY FRGA-QADIRQ/JWDMAMDD( 3$ V51 ,Q
$UDD/  [QAVGAYZ HHVUHHIHGWR HCODMEGRGP HIXY GYHYIQSHRSBIZKR
DIMI VK FDAIKWURP P HIRXY FRQUEP LCDMGZ DMY/ 7 KHDHIIHEBRGP HIXY GYHR
WVIURXS Z DVKLKHAKOQWH( 3$ 51'  $ RGH\HDAKUYH R DRIQMODOIP HAACH

SURNHIQBDD) WAVRIRXG  SHAHOAR SDVQIVZ W GHVKLIK 1QI VK KIGEBRG
P HIXY GYHYTERYHWH( 3$ 51

. OH, P SOFV

BWGEL/R WHHYURGP HQEDD/RSSRHG\R SXETE KHIK HIHAWR P HIXY KDHIRPAHG
DB RWH FOMYHD RQZIGDHIP SRV |, QWH\DP HZ D \WWDAXP DVZ KR HDVIK DXKP H
WHOIRXVANIURP P HIXY H SR |MK HDIY ELLG/OOGP [P P DVDAKMHWS R \WH
|RRGZ HE DHDNIANIURP FRQUHP [Q) HBYDAGFRFF-QADAR/R P HIXY  $VZ W

KXP 0/ WWH\ RXQ) DG XERQDHP XFK P RIHVHQLMYH\WOQ OGXW DQGEZ. GYHIRHMY
H SRKUAAKDMDYHQR CESOHND STRNRQ DEXOVFIQVAYHIHD [P SDUWH\KUYLYDOR \WH
\RQ

QW 0 HEXY 6V 5 HERVWRERIUNY ( 3% DAP SIMG\R DXFW\WHIP SIRWVR DLERCH
PHRU RQZIGDH ,QERQI\R IWRPXHGROWHHIHWR P HIXY RQHQMHZ LGDH
SRSXOMRQY/RINSHAHY RQDIRY ICHEDLY $ GKRXIK DSRSXDMRQ | REXVIVNH
DFFHBWG CESURDFK \R Z LG HOQG HARBILEDOUMN DXEXP HOA 33 NHD UNVHGWH
TXHXRQDAR Z KRMHUDIRDIDXHXP HONVDEZ | RUXVH XAFRFOMRQY $ VVR\GHALY
ZIGHIP STFW ( 3$ FRFOIGHG\WDVIHT QBDHION | LHHAR UK DFRFOMRQ WDV
HQIHZ [CBD HSRSXOWRQVDHDNANH A-SWSRMED |RIWH) GUCDSIQNHU + RZHHU
ZKIGI( 3% FRIFOG-GWDNOMH\SHAHVR KLIK® H SRHGI MK HDIY) DQP DY HJ
NQIINKHY EDGHI®V DHGQRADAAN LQAYIGOMP DYKDYH\K | HBG\R] IEHI HAVT URP

WHFRQKP SIRQR P HIXY FRQIEP [CDIMG | MK DG FHWHIQ\KESRSXOMRQV/P D EHDAAN

BLCRHWHO HBXY 6\MG 5 HIRVWREFINZ D/SXEQKHG DQ®P BHUR WAR/KDHHP HIHG
WDNHAUEHUHIR DG EAI0P STRVR 1K P HIXY FRQEP [QDIRQRQYDURAGHALY

WDAG-BHOGRODI MK GHV: - KIBIWHHWMAH/GR QRACHHXDUD \LJQDOKMHGFRIHR
FHQIH\SHARY \WH . GR CVADMWHDGYHYHIP STRVARQZ LGBDHR P HIFXY FRQEP LCDIRD

IQGLIHFHOABIIRQ/R \KHS 6
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) RUDQ®P EHUR SUIIRNOHDRYY WHARP P RQBRQKDYVHP HIHGD/D\GHARVRQZ KIFK
LOYHXMDARQR P HIXY H SRXUBVKDVIRPAHG  &RP SDBHG\R RMH\SHARY GRQ/DH
UHDIYHD HDX \RVME MGRHWH DHWIMUDDGQ) OHG XS\R  \HLY DQGARQMP H
QJHIP RQNVR 10K KHDIMK ARQMP SIRQLVH SUAKHGD/DSHA-QMHR ERG P DV
WHUDMR 10K FRQXP SWRQR DFRP P RQBRQH FHHBAKDAR DKXP DQE\ DICRRUR

5 RHDFK RQ GROVLY YORTEGIGRARQD | RUWRZ QVINH EXWIBR EHFDAHIWP D EH
SRWEGIVR X\VHWHGRQD/DRIQAFRNSHEY WXAMIDID) Z KHHWHHP D BHIP STFV
RQRWHAGHALYZ W KUK | MK GHV

$ WM3 R FRP P RQBRY/IQO0 IQCHRD : MRIQDYG0 FKLIDDI RXQG\WDNKIENVKDG
HBYDMGFRAHOADMRQVR P HIXY IQWHUEBRGLL WH Z HHUDHGRQIAGE ONY/
FROBIQIQ) SUY 11K Z WK KLIKHUP HIFXY GYHYFRP SIFGWR DR GWIAGE QN

/ RRQVIQQRWY FHOALD  VARQUQKDGWHKLIKRADHIDIHEGRGP HIXY FRGAHOADARQY2
FROA-QADIRQVACSCEGIR [P SDUQ WHWYTEOVR \RXQ) BRY/  $GRIQ: MRIQ
BRQFKIEN SURSAPUNRQ\KRZ HE DGHRICHIQ ONAYZ KHIHWHP HIXY FRQAMAR FKIENEGRG
Z D/HBYDAG

© KIMIQLIEDQ® P RHI IHG WHDIFK KDVEHH FRIGAME RQBRQY WHUHKWVP D EH
UHBYOQAR XQGHENEQ) WHIP STFVR P HA B HIFXY FRQIKP SWRQRQRWHUELLG/
Z KRHI MK GHATBR SORRAKRHP DAKLIK UANTRUP HIPY H SRKUH 0 RIWREEBIR \WHH

DHP HIDQHUGEN RBIH  HI®V KHIRQ/DOGNQI MKHY

0 [P P DYZ KRHAHVFRQEIQ QUIHTXIQMA/R P HIY FRQEP [QDMGI MK DSR KDH
KUK GYHYR P HIXY LOWHUI XU BV QHYDQGNGH YV 0 HIXY KDVEHHQIRXGIQ

WHKUKHWRGEH-OADROVIQI MK HQ) P IONDQGRW., QDUHD/Z KHHP HIXY
G-BRMRQ BYHY DHKLIK WHHMRP HFVMGHIHR UHBEHG \KILYRUKLS [QRWHLY

5 HDIYHD QABILYNGRZ QEERXWKHKHIIN [P STFVR P HAM B HIFXY RQI VK SRSXDIRY/

) DMK HP BV RVH SHIHGRHW] LE HIHRVDP HIXY GYHWDADHP XFK BZ HAKDD SHKTSV
D/GZ D/RHWR  SHRH-QWR  GYHYUWINXUWGWR FDAHVP LOUH I HRVIQDBW | RZHU
KDRKIQ) \WFRRAX/ DG U-BAE-GAKYYICR HP BYRVZ HHDXRADMG Z W KLIK

P HAM @ HIFXY FROAHOADIRQYIQZ DX HHIJVI URP \IR GRWWHQ:  MARQUIQONY/
94-FDAHZ DY H/IQ DABDIWAIKWRNHUTAGLLG:  WARQMQ ONVKDYHKLIKHU

P HM @ HXY GCBAKDQWRHIQWHER ONA/MMAHG WA/SRUEGWDAHLP STRARQ
IMK BSURGAIRQP D EHP RIHZ IGASUHIG

&RFOMRY

+ XP DQH SRXUHR P HM B HIX UAXOVP DQD | URP \WHFRQXP SWRQR! |\K DG
\KHOMK  &KUIRQFGZ GRHP HM @ HIXY H SRKUHIURP P DMIDOFRQKP SIRQR! 10K
IVFRP P RQDQG KD/EHH DXRADMS Z WY GHXURGHYHBSP HOBOH | HAVIQKIGHD |, QOO
PD DERIQIHIWP HAK ® HIPAY |URP EWDXNP 10! KUY Z KRHGHYRXM AP V/
FROMMH\R GYHBS XQMIERANIH — DIHH SREG\WURXIK WHUGHAS GAWRDD \WHH
IVHGHFHWDM SRKUHWR P HM @ HIFXY FOQDGEHYHD DI HAAKHGYHBSIQ) DG DEX OV
FOARDAXONM WP OGP D FRQUEXM\R KHDWAVFDHIQDGXWV 0 HM @ HIFXU
FRQEP LQDIRQR! 110K MR SHYDIYHIQWHS 6 \KDAKHDIK G-S0W HOVIQ  \XIWM/DOG
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$ P HIFDD 6P ROKDHIWKHG | WK FRQUKP SWRQOGYMRIEY / [P MIMRQ/RQI MK IQENHSRH
SYXEQF KHOBM [P SIFVR WHURZ Q IQ@KWR \WHEHCHIHDORBIR MK IQENHIQ DKHITM

arw

' LI HHONIRYHIP HOADQG LOMIDMRDOKHITK IHARYKDYHGHYHBSHG KIS WA B/

IRUP HAM @ HIXU H SRKUH 6LIQLIEDQE® \WHHIAXEWERAIIUHP HOATP RQ) \WHH
DIHAH/RQWHGBYHIR P HKM ® HIXY H SRKUHWDNDARYDGHYHHIHAW 7 RWHH WO

WDAKHWEEB/GYHIH MY OUIHD DARQFENXHIFHR \ALQWIE GEDMDARKRZ \R
TXOQMA XQAHYBQMY $ QDIRIDXYH FRIGEMGE. WHEHOMYIRU  M-DH&RQAURO
DOG3UMHOIRQIRXGWDARHIQ  RUHIKVEHA-QAR $ P HIFDQZ RP HOR
FKLOEHDIQ) IHKDGOP RQVR P HIXY [QWHUEGRG CERYHWHGYHY KD 3$
FRMGINDH $ QP EHUR RMHNMAH/IQWHS 6 GREXP HONYHOKLIKHUH SRKUWY

BWAH/R \WHHOVMURGP HOBOH | HAVR DUERWHP HIXY KDYHI REXAHG OB RWH FOMYHD

RQZI@DHIP SRV $ GKRXIK WHWMAEHYGR QRAJHCHIED \LJQIOMHGFIHR HQWH
\GHAHY WH (R ICVADMWHDGYHYHIP STRARQZ LGBDHR P XY FRQEP LQDIRDIQ
QLIHMHABIIRQ/R \WHS 6 ) RUH [P SBI BROFKIENSIRGAIRQLY:  WRQIQKDAKRZ Q
DGHFIHRQONA/Z KHHWHP M G I FRQMAR FKIENEBRGZ D/HBYDMG 7 KHUHLY
DOR HGHIFHR WHBA-GAXIYLYRUKLS [QRAYIQDHDZ KHHP HIFXY G-BRMRQBYHY
DHKLIK
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&RP P IMKHRQWH7 R IFRBILFD |1HAWR 0 MM @ HIXY 960G RQ( QLRGP HOBB\MAHY/DOG
7R IFRB)\ &RP P IWRQRY/ LLHEAHZAHY 1 DRI HHIWK &RXCAO7 R IFRBIEDY [1HAWR

0 HK @ HIXY 1 DIRQDCS FOG-P\ 3UAN 2 QCH $ YDXDE®

KAMB ZZZ IBHX ERRW KW O

8 6 (3% ,QMUDAMG5LN, QRP DIRQ6\\WWP ZZZ HEDJIRY LWV
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$SWOHS6REO9RO 1R  $SUO

+ UKRZHJ- ~ 0 HIXY / HHYIQ+ LIK ( QGG&RKP HYR ) WK p ( QAURGP HOWDF HT 3HYSHRRHY
1 RYHP EHU 2 QIEH $ YDOE®! ( KSRQIHRU

BAKHKPPHJS 0 (ITHAVR $AGLIFDRQRQWHS YDOHMVR 7R IF0 HEIYDG&DEXP \R: G
9%4L6/0G0 [P P OV ( QMURQP HOUEBROMRQ

8 6 (3% $Q( FRBIIEG WHXP HONVRUS QKURSRIHIF 0 HIEXY (P IWIRQVIQWHS QWG 6\ 9 ROP H
9, R 0 HEY 6WG 5HSRWRERQIUWY ' HHHP BHU (3% 5
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(YHY' - .[S0Q0 OHHJ3 5HPD: ( %DHMQS$ 0DRUL YXURNOUGS 0
BFKHXKIP P HJ” * HRIUDSKIE 7 UHGLQ0 HIXY 0 HDKUHGIQ&RP P RQ/ RRQ) HDMHY DG Y4BRGH
( QMURP HBEY R IFRBJ\ DOG&KHP MY 9RO 1 XP EHJ

. UEBHRRW 3 DOG-* : HQHU™ 0 HIXY &RQEP ICDIRY $ 1 DR LGH7 KUDAR 2 XUS TXDIF
5 HRXUAH/ DG D3URSRHG5 HHIFK $ JHIEDIRAWHS 6 * HRBIIEDDBXUYH plQ0 RUDZDS ' : DG
W\WQ+ 7 HO/ 8 6 * HREJIFIDBXYH 7R [EGXEWETRV+ \ GIRB\ 3WRIUP  3URFHHEQIVR WH
WRKQEDCP HAUDY &KDBWRQ 6& 0 DFK 8 6 * HRBUIEDDSXUYH : DMUS HRXUAH/, QrHXIDIRY
5HERW %

OHHJO ' (YHY- +DMJIDDDYG3 5DPXWHD “3DAMOVR &RP P RQ/ RRQ * DD, PPHUO HIXY
( [ SRAKUH 5 HBURSAURQ DGEXYLYDOQ: IWARQUQ 8 6$ 1 ( QMURGP HBEY R IFRB\ DOG&KHP WY
9ROPH 1XPEU

(YHY' - .[S0Q0 OHHJ3 5HPDD: ( %DHKMQS$ 0DAUL Y%XUHRNDGS 0
BFKHKKIP P HU” * HRIUZSKIE 7 UHOGLQ0 HIFXY 0 HDKUHGIQ&RP P RQ/ RRQ) HONHY DG Y%4BRG
( QMURP HOBOY R IERB)\ DOG&KHP MY OROPH 1 XPEHU

(YHY' - .[S0Q0 OHHJ3 5HPD: ( %DHMQS$ 0DRUL YXURNOIGS 0
BFKHXKIP P HJ ™ * HRIUDSKIE 7 UHGLQ0 HIXY 0 HDKUHGIQ&RP P RQ/ RRQ) HDMHY DG Y%4BRGH
( QMURP HOBY R IFRB)\ DOG&KHP MY OROPH 1 XPEHU

OHHJO ' (YHY- +DMJDDDYG3 5DP XD “3DMLIOVR &RP P RY/ RRQ * DID,PPHUO0 HIFXY
( [ SRAUH 5 HBURSAIRY DIGEXYLYDOQ: IWRQUQ 8 6$ 1 ( QMURGP HABEY R IFRB\ DOG&KHP WY
9ROPH 1XPEU

BFKHPPHUS 0 0 HM ® HIXUY ( [ SRKUHDYG( [1HAVIQ3MAYRIRXVIALG/H LQ3URFHHAQIV
&O0IENN0 HY 1 HERN: RINKRS <RINS QYHIW 7RIRQR 2 QEIR

6FKHEUS . OG- 1 HZPDR ([IHAWVR $IUBROMRQRY: LGDH $ 6\ QMR IQ3URHAQIV: .
. RIBERYUAW , QMODIRIIS QROR ) RIANG HHIFK 2 D] DAY/

)RPLWH &) “0 HIXY [Q: I@DHUIQ8 6 (3% 1 DIRID RXP RQ0 HRX 1Q) MK 3URHAQIV
(3 55

OH®* ( $GDRY. 6 0F RDBOG' * -RFKP “0 HRXY / HHYIQ7 MKHVR 2 WY1 URP
2 QEIR &DDE 9 DUDNRQZ MY $ JH 6H DG/ RADMRQ ( QAUR(P HOY R IFRBI\ DOG&KHP MY 9 ROP H
1 XPBEU

: MVARQIQ' HSDWY HQAR 1 DMUDCS HRXUAHY 0 HIXY [Q: IVFRQIQV( QLRGP HOAG B\VBIMV'S HBRWY

/ DNURS 5 & HADDO HIEXAY / HYIQ: DB HVIUWRP @ MRQUQ/ INVR " LHHOW DMJBOGEHAP HQV
&KHP MY &KDURMIMIFY ;. WARMQ' FBDWW HOAR 1 DMUICS RRXUAHY 7 HKQEBD/X@UD1 R
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Chapter 2
Mercury Emissions
and Deposition in the U.S.

0 HRU ( PIWRQVE\ , QGXMAIDCEHARU

QW 0 HBXY 6\ 5HRWRERIWY ( 3$ LG-QNEG\RXUFHVIQWHS 6 WDWP LW
PHRU WWHIU ( 3¢ FWPDAMGIROMWH ~ \R WP HUP H \WHH\RXUAHY
y FPUWG  WO/SHAHL 7KHS JHR KD/UFHQ® UBDHEIXSEDAG QIRID
PHRU IQHORY ZWWD  HXP DMR WQ/SHAHY  $V\KRZQLQ7 CE®!
FROO) LWHG SRZ HUSCQWVUP DQWHOLIFWYRXUHWSHIQWHIQHDRY  7KH ZHH
RIPDMGI)  \RHPWERW \RQ/SHAHURURYHU  SHAOMR \WHS 6 LOHORY
|URP DQMURSRIHIE \RXUAY/ |, QOBAWRQ P HIXY HP IWRQVIURP FROD WHG SRZ HUSOQN
DHH SHAMGR LGRUDHEDHGROSIRWAIRQVR. HIHI\ SURGRINRQ DG ARBDAH RN
00 WERMRU HGHDODRARQVR BTXUHP HIRY HP MWIRQ UHBAURYY

BIFHWH  LOHQRY AHYEQ\RXUAHFDMIRIEY P RWCREED KT} DERXVDGP XQHSID
Z DXMPRP EXWIRLY/DQG P HAFY DAMICACHDAY KDHEHQUINXUHG\R WQLIEDR®
WGFEHWHUP I HP MWRQY 0 HIPAY HP IWIRQVIURP P HAFDXY DAMICACHDRYDOG

P XQEASDY DWMARP EXMRYKDHGFIGFRMGHIEOMGH  RQIFRXQAR SOQWV
FRX BOAIRQIQWHP HIXUY FROMMAR \WHZ DXMWHP DQG | HEHDIDOG WM
UIXDRY DAVMRYY  6HHEKTDMJ

7KHXHR P HIXY [QFRQIKP HUSIRGFNVIYIBR GRINQ) VRN WHXHDQGAVSROR
P HIPY IQWHHSIRGENDHARP 1Q) XQEHUIGRUDIQ) WEMUIXDIRD $VR -XO

WM/ KOG SDXHG IR FRFHGQ) HWHKHXVH \DBIRUDEHI R P HFXU
FROEIQQ) SRGAEW / RAICRAIAH/DHIQH T HANQ\RP HWEIMD/Z HD

3DMNOGMABDAR/R P HIXY DHQRARQIGHGIQWHIQHIRY BEXWP DD KDHEIVD
GIR R QLB HIXY FARQEP IQDIRY 6RP HR \WHHIGFOGHWHXVHR P HIXUY

IXQIEG/IQW \WBY SXS DQG SCEHUSIRGAIRY WU JUDX/CSSTIFDIRY/ DOGLOMIRUIG
H \WIRUSDON $ VDUAKOR \MHHIDSV CRXOP HIXY HP DMWIRQVP D EHKLIKHAKDQWH

LOHORY \KIJRIN
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Source Category

Table 2.1 1999 National Emissions Inventory for Mercury by Source Type

1999 Estimated

Percent of Total U.S.

Emissions Inventory (%)
tons/year
Utility Boilers 48.7 41.6
Coal 47.8 40.8
oil 0.50 0.4
Natural gas 0.44 0.4
Municipal waste combustors 51 4.3
Commercial/Industrial boilers 9.73 8.3
Medical waste incinerators 2.84 2.4
Hazardous waste combustors 2.94 25
Residential boilers 1.23 1.1
Coal 0.08 0.1
oil 1.15 1.0
Wood-fired boilers 0.69 0.6
Crematories 0.13 0.1
Chlorine manufacturing 6.53 5.6
Portland cement 2.36 2.0
Pulp and paper 1.69 1.4
All Other 35.36 30

Source: U.S. EPA, Office of Air Quality Planning and Standards. 1999 National Emissions

Inventory for Hazardous Air Pollutants.
http://www.epa.gov/ttn/chief/net/1999inventory.html#final3haps.

* LYHQWHHFRQIGHDARQY IMIVQL | EXOVR GMP I(CHWHH DRVBHHQWHR 8 6

P HIRXY HP MWIRQVDAMIEXBEBIVR FRO0 LWHG SRZ HUSBQN + RZ HYHU LO@IKWR  \WWHI DFW
\KDADOHP IWRQLOYHQRUEY U SUAHQADVISWKRAQWP H WHILUXHR  SHIFHQW

OSSR IPDMD  \RQ/ WKRXGEHFRQIGHIG( 3$ VEHXDQG P RUWAXUHONAXY DMR \WH
FROMBXMRQR FRIO) WHG SRZ HUSCQAMR \WHDIRDOQMHORY R DOMRSRIHIF

HP AWIRQY

, QOX\IDOSRXUAHVLQ WH* GEDCS.ROM W

SXUWONHBDAVR P HIXY DEG\R WHIGEDDOQHORY IQWHERSKHH * HHDD
\SHNQI WHHDHIRAUMSH/R P HIXY HP IIRQAKDAP XMWNEHDFFRXQAG I RUQ\WH

JOEDOQHORY

SXUHNIRQKURSRIHE LH DARADMSZ W KXP BROAMW UHBDA/IURP \WH
P RAQ DFRQR P HRXY P SXUMA/IQUY. P DMIBDN\XAK D/IRMQ XHY?
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SDMEXOUD FROIDOQGWR DBWHH WRNRG DG RAHUH WIRMG WHWG DG
WA FBGP ICHDY

SXUHNIRKURSRIHIE UHBDH/UAXAIQY |URP P HIPAN XVFG QMR 1O
SURGAWOE SUIRAHNH/ GHWR BHBDH/GAUQY) P BRX ORI GON QASRORU

ICACHIMROR \GHO/BUIRGFNVRURKM-UUHBDAY

5HP REQ DARQR KIIRUE DQMURSRIHIE P HIXY UHBDAY/SUHRA® G-ERIUMGIO
\RO \H3P HQN Z DMJERGLY OG [QYDOGZ DX \BAQVSIGY 006G

1 DMIDRAA/ WHBDH/GHR (DXUIBCP REQ DARQR (DM RARAUY
PHRPAU TURP \WHHKVFOXMAXAK D/ YRBDQE DRI BRGZ HOKHIQ) R URANV

0 HIXY IQWHIGEDDQHORY FROIMDMRA® A FBY  IW/P REQ) HG G-ERMMGRQOGDNG
ZDMJDQGWHP REQ HG 7KHRID GQ) WP MQWIRUBP RYOIR P HIXY 1URP \WH

ERSKHHDHGHS \HAP HQVDOG SRMED FROMRDG GQE LOIQZ KIEK \WHP HIXY 1V
SK\ MFDED RUFKHP [EDED [P P REL) HG DG WP DQVXQAMWMUEHG

$ UFHQNAWP DMR DQQORIGEDP HRXY WBDA/Y P HE\RQ/ P HAE\RQY
IRP DQNURSRIHOE\RAURV/OOG P HAE\RQ/IURP CDMBOMBDAY 7 KHHWP DMR
DOMURSRIHQE HBDAVIFOGY VR UHHP WGP HIXY 1URP WHRRHIDY 7 KXV
PXUHQADQQXOD) GEDIDQANURSRIHIE HP WIRQVDHISSUR [P DMD P HAE\RQ/

$ FFRAQ) R \WHS QWG 1 DIRQV ( QLRGP HMBURIUP P H* HIXY $ \WHXP HQV

7KHHP IWRQ/I P \MEMRQDY FRP EXVIRQR | RMOXHY HGHADED FROIDDQG
ICACHDMRQR Z DXMP DMIDYIFFRXQNVIRUCSSUR [PDMD — SHAHQAR \WH\RED
TXOQMHG DA RGKHIE HP IWRQVIURP \UJQLIFDQAIRMUIRSRIHE \RXUAHY $V/
FRP EXMIROR 1RMOXHYVIGRIDIQ) IQREHMR P HIAKHIURZ IQ) HHU\

GP DQB/R ERK GYHBSIQ) DG GHYHBSHE QMR P HIXY HP IWIRQVADQEH

H SHAAG\R IFUDHIFR AQIO LQWHIEHIFHR \WHG-S® P HOAR FRQARO
WRKQRBILL/RWHXHR DSMIDYHHIHI\ \RXUHY/

7 KH\SDIOEVMEXMRQR JGEDDP HIFXY HP WIRQVKDYFKDQIHG MGRH ( P IWRQVIQ

( XURSHDQG1 RWM$ P HIEDGFUDFGEWIQID® FHEHD D06 ZKHID/IQ

, QADOG&KICDP HIXY HP IWRQVIGFUDFG\IQLIEIQ® ,Q  $IOQ\RXUAHY

FROMBXWGIERW  SHAHQAR \WHIGEDOQHORY FRPSDFG\R  SHIHOAQ

( WP DAWDHWD/RKIDVY DIGFUDHR PRMWID  PHUE\RQ/EHEHD DG
UHDAG\R WHIGFIDHIQFRIDFRP BARD ) UXH  LOVADMAKH\SDAID

QAWBXMRQR JOEDP HFX HP IWRQARWHDU [URP 81 ( 3
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Fgure 2.1 Spatial Distribution of Global Mercury Emissions
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Source: UNEP, Chemicals Global Mercury Assessment, 2002. Geneva, Switzerland: Inter-
Organization Programme for the Sound Management of Chemicals (IOMC), 2002.

) DMDQG 7 IDQSRWAR 0 HIFXY LOWHS$WW RSKHH

0 HRXAY VHP WG URP SRZ HUSTIRQVD/DYESRUIQDP I WUHR WUHHRKHP [FBOXIMRU
\GHAH IQWHHBP HQOEORP D/R 1d] HGP HIPXAY WSIHID D/P HIPXUE FKGUICHIOQ WH

SHHIHR FKOUH DUGOBREGWR SDWXOM/ ( DK SRZ HUSCQMKD/DALI HIQW
\SHADMRQSUR LB} Z W \KHGLI HIHFHUHDAG SUP DO \RWHWSHR  FROCEXWHG DG \WH

SORAY SROWRQ FRQARAGHR

( KR \WHP HIFXY \SHAEVKD/DGLI HFQNVDMIQ\WHDR RSKHH * DHRXVHBP HQED
P HIXY FOQEHWBQSRWERYHIYHY GQ) GWEIFHY HHQJGEDD Z WY \KHDUP DXHY

7 KHDR REKHIE UAIGHIFHWP HR HBP HOBCP HIXY VIQWHBQIHR P ROMR URXIKO
RGH\HJ 7 KXV HP IWIRQVIQDR FROAHONIQ FROMEXMVR G-SRMRQIQRMHU
FROIMHON 7 KHIBEDCSRROR P HIRXY VOB RWQIHD HBP HQBCP HIXY 2 [ 1] HG
P HIX DQG SDWFRBIERXQGP HIFXY KDYHDP XAK \KRUNWUDR RSKHIE QHIP HWDD

HBP QP HIXY DQGG-SRME ZHARUGY G-BRIMRQZ MIQURXIK® DIZ AV RU
ZMOQ W PIOVR WHRUH 6LUIQLEINRMHYRQEREHOP HIUY \GHAH/P D
RAFXUGKUQ) DA RSKHIE WIRSRWRURHDIQWHSOP HIURP \WHWEFN  Z KIEK D HRW

\WHWBQSRWWAELFH

BICFHP HIXY LQWHDA RGKHHRIIICDMYI URP GFIDUHIRQIOG JEEDDRXUAHY \WHHLY
FROIGHIFGIQMPNQKRZ P XFK GRP FUF \RXUFH/FROUEXWIR P HIXY G-BRMRQLQ
WHS 6 UHDIYH\R JBEDOCEXV $ Q<P EHUR HXP DAVKDHEHHQP DEHUHDIY) \R \WH
\RXUFH/R P HIXY G-BRIAGIQWHS 6 7 KHHDHRUMFDO/DUCEGVIQWHYDIRXY
G-BRMRQP RGHY\WDNVID GOGWR QLI HHQANHAXOV HSHADD AP DAVR DMDIG
JEEDDHP IWRQVOQGR \WHDF REKHIEWBQIR P DARQR P HIXUW \GHAHY ( 3$ KD/
HXP DAGWDNRIK® — SHHQR \WHP HIXY G-BRAMGIQWHS 6 FRP H/IURP

8 6 \RXUAV DOGWDN  SHIFF-QWFRP HVIURP \RXUHVRANIGHR \WHS 6 $FFREQ) R
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WHP RGHIQ) R LQMFRQICHQEEP HIFXY WIRSRVEHIRP HGE\ \WH&R RSHDIYH
3URIUP P HIRUO RQVRUQ) DOG( YODDIRQR WH/ RQJ 5 DQJH7 WP MIRQR $1U
SROMIDVIQ( XURSH XS\WR  SHIFHQWR DOMRSRIHIE P HIXY G-BRUMGIO1 RW
$P HIEDIVIURP H WIDDRXH/ |, QDUHRHRNIDOMY \WH( GRME 3RZ HU5 HHIWK

, QUMMM (35, HXP DAGWDNG-SHGQ) ROBADIRD R SHAHOAR WHP HIXU
G-BROAGIQWHS 6 FRPHY/IURP GRP RXE\RXUHY $ FFRAQI R( 35, PRWWR WH
P HIPY WDAG-SRIVZ IR 0 IQQHRBFRP H/IRP QRQS 6 \RXUAHY/

YUXH  \KRZ VWHIHRIUDSKIEDODAD/IQWHS 6 \WDWDYHWHKLIKRKAP RGHDGP HIXY
GBRMRY $ VIGVRDMS WHP RWWKLIKO [P STRMG DUHD/DHWHVRAKHO* WD DNV
DQG2 KIR9 OB \WH1 RUWHDXMGFOAQ) \RXKHD1 HZ ( QOQG DOG\FDMBGDIDVIQ

WHERWN $FFREQ) WR( 3$ 8 6 SRZHISTONIFRQNRUIERW  SHAHQAR WH
P HIPQY G-ERMMGLOWHFRXQU

Fgure 2.2 Total Mercury Deposition (micrograms per square meter per year)

Source: U.S. EPA. Fate and Transport of Mercury in the Environment. Volume llI
of Mercury Study Report to Congress. December 1997. (452/R-97-005).

7KHG-BRMRQR P HIXY IQWHYHQWR DSRZ HUSBQAVKLIK® YOUEGIDGLY
IQOHFAGE WHIP RQMR R [A] HGO0G SOMWEXOMERXQGP I LQWWHIGHID/
%4-FDAHHBP HQBCP HIXY MKRXIKVWR U DOIQWHDA RSKHIHI RUH WGHGSHIRG/R
WP H MER/QRSD DOJHURBIQGFE0GE-SRMRY 2 QWHRKHUKDGG R 1G] HSDG
SDMEXOMIRP VR P HIXY \KEWERIBD FRQMEXMVR G-BRMRQ FBVHWR WHRXUFH

2 \WHUI DRRWYDER [Q OHIFHG-SRMRQ QG XWP DMD KXP DQOGZ (@DHH SR
7KRHIGFOGH \WHSK\ VEDOFKDIFMANA/R \WHSRZ HUSOQAKEK DAKHM] HR \WH

| CROWDQGKRZ P XAK FRODVWEXLQ/ \WEIN KHIKWEOG\WHWSHR  DUSROWROFRQURO
GMEVIQSDH 7 DOXIANVWSEDD FAHWHSOP HVR GVGHYHI XUWHUIURP \WH CROW
7 KHGFDIRQR \WHSDIDAY/DBR P SRUENEHDAHRIP DM Z IQGAURIRQ DOGWLDQ
[P RQ) RHUI AR DO CHIFHWHIP RQAR P HIFXY \WDAGE-SRIW G
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1 DARCOWDBI DBV DHQRNVEGIR SHERNKRZ DSDMEXOUHRY WP Z INERGR
IQRUDH/RUGHFUDA/IQP HIXY GDAQ) / RFDOAL HHFHAIP SO FOQEREH

IR SRIDAGIQR DIRIDAIBIP RGHY 6WAH/R P HIFXY G-SRMRQWDNP HDAUH
UDMHAKDQP RG-DWHUAEROHR GAICHVLRGP HOM\R GRUDAVIQP HIFXY GDEQ) DH
P XPK P RIHIQRP DYH , QWWDABIDG DIDOWR VAP HOWRUBVIQWHXSSHUO [GZ RV
UYHIDKDAP XY G-BRUMRQIQWHUHIRQLYGHRUDIQ) [QDOMNHIKRRGEHDAHR DU
SROMROFROMRYRQICACHDRY BBFEGXHR P HIXY IQIQGMIDCSUIRHAEY 006G
WA IHIBIAHRQ AR RUBMGHONIKH-DITY

, QDEAVRY \I R UHAHQNOMEEAXSSRYD TXOQMIYHEN EHE HHQ GRUHDHVIQP HIAY
G-BRMRQONGP HIXY GYHYIQINK : WARQUQUAFDIFKHYI RXQG\WDNKDQIN/IQ

DF REKHIE P HIFXY G-BRMRQFEQKDHWISIGH I HAVRQWHI MK P HIFXU
FRA-QIDIRY  7KH IRKQGWDND  SHIHQAGHFUDHIQP HIXY G-BRMRQUAKEMGLO
DI LYHSHFHQAGHFUDHIQ! MK WAKHP HIXUY GYHY , WY SRUMDMG \WDAKHOBARQR

" QP HIXY \RWHHR WP LVODLP SRMIDAQADRUR KRZ P XAK P HIXY Z LOFH
DOOEGH RUIQARGAIRQIQR WHIRRGZ HE 6P O LODERXAN ) BUDVMG
QLD GZ HUBYHYR P HIXY 1QZ DAUDGG ! WK WAKHZ HIHDXRADMG Z W GHFUDHG
P HIXY G-SRMRQRYHUDIRU\HUSHIRG 7 KRH@P WAG\XAH/DHHIRADIIQ) DG
\KIJHARDMOWHNEHG HRX WP V WHEHAQ) HP IWRQVUAKWVIQP HDXUIEGIGRIDH/
LOP HIFXY G-BRMRQ DG \KEHNXHOABBANRQVIQ | WK P HIXY FRGAHOADARQY

$ VI HGHIDOG WRIM@Y P DNHY/P RYHWZ DB/HITRIY GIMOMRQVR @ P HIXY BHBDH/
VR\MHDU \RP HIQGMY WENKRTHY DIXHWDAHBAQ) HP MIRQY/IURP SRZ HUSBQNZ L@
QRAP DNHDGLI HMFHIQUBAQ) GYHYR P HIXY IQINKWAXH — 7KH FDP \KDWV

| RIAIQHP IWIRQVDHSUP DD UASRQUEGI RUP HIXY FRQEP [CDIRQZ MIQWHS 6 DG
\WD\BRZ HUSTQNDHEXWRHR P 0D \RAUAV/IQWHS 6 D0GJBEND $P RY RM-U
\WQIV \MVFDIP FRP SBIMD LIGRUIVUHILIRQDOAL | HAAHY/Z MQWHFRXQN  LOWHHDXMD
8 6 |RUH P SBI WHSUGRP LCQNRXA/R P HIXY G-SRMRQDHGRP BAF $

P [ WUHR GFDOUHIRBIGJEER0-P WRQ/DZ D VARQUEXMAR P HIXY G-SRMRQDN
DIYHOGADARY |, QUADIDHD/Z W | HZ. SRIQANRXUAHY WHUHIRQDDOG JBEDD

FRP SRHONVDHP RIHONHD \R GRP LQDMG-SRMRY , QIQBAIDT H3 DD/ \WHGHAID
\RXUAH/DHP RIHQHD VR SUHGRP LQDM 0 RIFRYHU D/ WMAHYIQRFDM \WHHLY

MGHFHWDAHGAQ) HP MIRQVIURP . GRP XN \RXUAH/UHXOVIQ DP HDXUIEBIGHRUHDH
[QGRP FX¥F P HIXY G-BRMRQ 7 KXV BHGAQI GRP HXF \RXUAH/R P HIPXAY HP IWIRQVLY

N R UGHQ) P HIXY FRQEP LADIRQZ MMQ\KHS 6

, VWWDSR\WHFDHWDAKHS 6 SRZ HUQBMY KDAKHRSSRWMQW\R GHP ROUADAMWH
\WRKQFDIQGHRRP [ETHDIE.MVR P HDXUWWARP IQP 1] HHP IWRQVR PHIY ) RU

H P SBI FRIGHUS 6 GDEHIKIS LQUHSAQI DARP REGIVIGISHHP IWRQVBQG WP RYDD
R GOGIQIDREH Z KIFK KD/UAKXMGIQZ IGAEUHIG IERSWRQR P LOUP HDXUV/IQ
FRQMH/DRXQG\WHZ R @

© KBIDWIQLIEDQAH-GAIRIO8 6 SRZHM-RRUP HIFXY HP IRQVZ LOGRAEH\K | LEHQ
B\ MHD\VR\RIHWHSUREGP WA/ XQDXHXRIED GHAHXOY VR DBAANP HIXUY

FRQEP [CDIRQR RXUI VK DG WWHUAKXEY) DEHYHKHDIK [P SRV
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&RFOMRY

7KHSURSRMRQR! 8 6 P HIXY HP IWIRQVDMEX\BEGIVR FROCEXIQ) SRZ HUSOQVLY
IQRUDIQ) ERK EHFDAHR LRUDHGHHI SIRGAIRQDUGEHDAHR HBAIRQ/IQ
P HIXY HP MWIRQVIURP RHULQBMY VHRRY ( 3$ VERXNDDOEGIRXP DMV KDNRID

EXQQ) SRZ HUSDRQNVDHASRMEGIRURH  SHF-QAR GRP BAF P HIXY HP IWIRQY

SRQUBXMRONR WHIGEDOQHORY R P HIXY FRP HIURP DQAMURSRIHIE DOGQDMUID
\RXURH/ Z W DRMURSRIHIE HP IWIRQVGRP LD WHIQHORY |, QJGEDDMPV 8 6
LOBXVIBDRXFHVDFFRXQVRUDGHUDIQ) SIRSRWRQR P HIXY HP IWIRQY @LIHD
EHFDAHR LGRUDAVIQ, QAD DG &KIGDUHDWG\R WRHFRXQUEY JURZ IQ) XWHR FROD

0 HRXY VHP WG URP SRZ HUSBRQWVIQ GLI HBHNAKHP IFBDSHARY Z W HIFK\SHARY

KDAQ) DALIHHNDMIQWHDF REKHH & DM Z 1QGAUHRMRQ DOG\WUIDQDBR SO D
URBILQWHWIDSRYR P HIXY HP IWRQY ) RUVMYDQGRAHUBDRYY WW/GLI LEXTWR

P RGHO3-5RMRQ SDARQ/RIR SUHERAKHWEQSRWEDAHQ/R HP IMIRY/ + RZHHU

( 3% KD/HXWP DAMG\WDARXIK®  SHAHOAR \WHP HIXY G-BRAMGIQWHS 6
FRP HVIURP 8 6 \RXUR/OQGWDGERP R SRZ HUSCQNDFFRXQVRUIERW  SHIFHOAR
WHP HIXY G-SRAMGLOWHFRXQN  / [P WG UHFHONMARAKIIRXND TXCQMBYHEN
FHEH-QGFUDAVIQP HIXY G-BRMRQDOGP HIXY BYHDIQINK 7 KXV
QREIMAWEEQ) \WHFRQUEXIRQR QDMBING | RUMIQHP MWRQARXUAHY W/HNG-QN
WDNH-OAIRY/IURP GRP HIWE HP MWRQARXUN? | 0G SRZ HUSOQVIQSDWAXDI D
FUMFDD

Endnotes

86 (3% $Q,QMR R $ QMUIRSRIHIFO HIXUY ( P IWRQVIQWHS QMG 6\BIM/O ROP H,, R 0 HIXUY
BQ 5 HER VR &RQIUAN (3 5

8 6 (3% 2 IIIFHR $1U4 XODW3OQQ) DOGOWEADG/ 1 DRI P IRV, QHQRY IRU
+ [ DERXVS WSROMIQN KAB  ZZZ FSDIRY W FKH QW IQHQRY KW O | LCDDKTSV

S5HQRD- S5HA R 0 DEHJ DEH&RAQW @ | ' HEDWHAR 3XETF: RNV “6\MVR / RABO6\RMMBG
) HOHIB®D HPAY 3URGEW HIMDMRQDG/ 2V I HMDAYHEHRXNRQ/U 2 AREHJ

81 (3 &KHP IFDY * GEDID HFXY $\WHXP HOV HHYD 6Z MHDIOG , QMJ2 WIDQ] DARQ3URIUP P HIRU
\WHBRXQGO0 DIIHP HQAR &KHP IFDY ,2 0 &

/IPERJ & + : ) )MHDG - 2 ' RYHOOUG7 7RIHIHD *$ QROVMIG \WBIMFRP SDOWW HQED
P RGHR JOEDOWIBIP HIXY EIRIHRAKHP I Z W LQAMKHP NSKHUE DIV RSKHUE JUBHON * HRAKIP LED
HARRP REKIP IFD$ ABO ROP H , WxH

81 (3 &KHP IFDD* GEDD HRXY $\WHXPHQNV  * HIHYD 6Z MHDQG , QAU2 WD) DIRQ3URIUP P H
| RUHGERXQG0 DIIHP HQAR &KHP IFDY ,2 0 &

BIURH1 3 &RWP-0 30AQDOYG5 ) HIDD “ $\WRBKHIEOQ HIXUY ( P IWRQVIURP $ QNURSRIHIF
DG 1 DMIBCSRXUAHVIQWHO HAWLIBGHIS HILRQW $ W RSKHIE ( QLRGP HON
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8 6 (3% ) DMDYG7 SRR 0 HEXY IQWH( QMURP HOWO ROP H,,, R 0 HEXY 63 5HSRWWR
SRQUW' HHPBU 5

8 6 (3% ) DMDYG7 SRR 0 HPXY IQWH( QMURP HOWO ROP H,,, R 0 HEXY 63 5 HSRWWR
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0 IGZ HWyi QAU 6A 7 HKQRO

+UEN75 DQG&- : DADV " 5HHQW HRIGHVIQO HIXY &RGAHOADMRQLOD) UAKZ DAL) WKHY
A\RDICY WH( [THAWR ' HIAGLFEDNRQDG' HUDHGS W RSKHIEO HIXY ' HSRMRQLO/ W85 RN
/ DNHp 7 KHEAHFHR WH7 RBD QURP HONV—, QSUAW

86(3$ GMM)(R.IGD( FRY WP $\XHXPI-D/\BKDH . 2(YI-L!I(IIE]-VG\NI-\)(RJG\\J(;I\1P  QMIANRQY
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/ XWU5 DG( ,Z1Q" 0 HIXY LQWH( QMUREP HIAD9 RDIBI3UREGP 1 ( QLRGP HON 1 RvHP BHU

6HIQHU & HABDO REHIY WH$ W RSKHIF ) DMBYG7 WBRSRYR 0 HIEXY 2 YHUL RW$ P HIFED
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Chapter 3
Legal Requirements to Regulate
Mercury Emissions from Power Plants

) HEHID(S HTXWHP HON

BHAIRD Q $ R \WHEGDDSIUSFV$PHX HOVR BTG ( 3$ \RFRQGEW
DVMG R KD} DERXVDUSROMERN + $ 3 HP WRQVIURP HBRUE XMW \AMP JHHIDILY
XQWE 00G DWWUFRQUGHIQ) WHUAKOVR \WDNYG. R GHMIP LCHZ KHIKHU
UIXDIRQ P MY \WRHHP IWIRQVZ D/CSSURSUDMDBQG GHHADY

7TKHUAXWVR (3% VMG ZHHILBD GRRXP HMGLQ) HEUXDY LQWHSudy of
Hazardous Air Pollutant Emissions from Electric Utility Steam Generating Units: Final Report
to Congress , QWDABERWW 3% \XIWWG WDM ROWHXWDWY IQGMY P HIPXY TURP FRED

[ LUHG HBRE XMV \WAMDP JHHDIQY) XQWZ D/\WH+ $3 R JUDMWRHQ | RUSXEDF
KHK  + RZ iHJ) WHUFHBSRWAG (RMIFOGHDUHIXORY GAMP ICDNRQ ZKIEK ( 3$
GHHWGW DOMIXQSHALEG@M %HHDAH( 3$ GGRNP DNHDUHIXORY 11QEQ) ZKHD
\WHUBRWZ DVIMKHG HOMURQP HQBDJURXSVAKHG R UMTXUHWHS JHR R FR®RV
CEAVRIBOQ RP DIRQRQP HIXY HP MWIRQVBIGFRQWROMKERBIIH,  IMXHD
UHXORY IIQEBQI R ' HRHP BU MHXHDSUIRSRHG WHXOMR) 1IQWHFDHR D
SRMYHUHIXODRY GAMP ICDNRO B ' HHP BV DG DXHDILCBOHIXDNRQ
B' HPHEU ( 3% HOMHGIQR DMAHBD D5SURYHG\HNBP HOADUHHP HQWV
DB \WHHFRQAWRQY

$ 1 \WWUD@BFRBFRQH | RWRUP HIXY HP IWIRQYIURP FROD) LWHG SRZ HUSGIQN | XUWHU
VMG R \WHKHISK HIHAWR P HIXY DG OEAMREDMAGY R YDURXVP HIXY HP WIRQ
FRONROMKQRBILLY ( 3$ DQRXGAGIQ' HAHPEHU  \KDABIXODIRQR +$3

HP WRQVI URP RO DG ARDO! LG HBRNE XMV \KADP JHCHIMG) XQWZ D/GHRXDY DG
D5SURSUDM

6HAIRQD R WH&ODRS LUS FAVXREQKH/DE R SDVWBURAAWVI RUBIXOIGQ) KO DERXV
DUSROGMINP IWRQY , QWHIIXABKDHR WY SURAHXY \RXURHVZ IMLQ GH ICHG\RXUH
FOAMRUEY DIHUHDAUHG W FRP SO Z W HP IWIRQWAREAAG/\WWDNH GRNP [ 1P XP DRKIRYCE®!

FROMROMKQRB) 0 $&7p DVGHIQGE 6HRD G 7KHHDHWHO $&7
UIXDIRQAKDN 3$ WUTXUW-G\R SURSRHE ' HRHP BHU 7 KHHFRQGSKDHR \WH
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UIXORY SURFHX?  WH\R FOXBG UAIGDOM DXHXP HOA! RFFXYZ MQHIKWHLY D\
0 $&7 WIEG/KDYHEHHD! LGB HG | RUWH\MEVIRAYRXUPHFDAMIRY

) RUH M) \RXURHY 0 $ &7 FDQCRAEHBWARIQIHOAKDQWHDYHIIHHP IWRQ P MANRD
DRKHVHGE, WHERWBHURP Q) SHIFHQAR \KHH WD) \RXUAH/I RUZ KIFK \WH

$ P IQVADRUKD/HP IMIRQVIQ RIP DIRQ 7 KIVIVNIRZ QD/WH' 0 $&7 1GRUL ) RUGE
\RXFH 0 $&7 IVEHIGHGDMWHP O [P XP GHIUBHR HP MIRQUBANRQIAKHHGE WH
ERARQARBG P LONRXUFHIQWHVRXUFAHFDMRY - &RIWR FROMROGRGRVIFRUQR
WHGHIQURQR WHO $&7 IGRU + RZHHUIRJ ER RQGWHI GR ) DIDOWY LH

HP AWRQ @ IWP RIHIQIHOAKDD\WHO $ &7 1GRU WHS GP LODRUP XWATNHIQR
DFFRXQANHARWR DFKIEMQ) \MAK HP INIRQVUHBAIRYY 0 GRQ DUTXCIW KHIGK DG
HMURQP HQEBOP SIAVDGHHI U HOV

7KHIMKHR Z KDVP IMRQ @ MMRQWHEHWEURP Q) SHIFQAR \RXUAH/CRXDID
DAKIEYHLYARP STFDAG ( 3$ VAMBFRBARQH | RWIGFOGHGHP IWRQWMAVI URP CERXW

FROO WGERGLY 7 KRHERGLYFIQ EHUBON-G Z W UH HBHOPHHWHR \WWHUP I
HP WRQUDMRUVR WHUSHIHOABGRIRQDYP HDXUGI URP WHP HIFXY FRQMIAR \KH
FRP EXWAGFRID |, | \WHERGLYDHWONGE. SHAHQAHOAIRQ WHDHIIHR WHRS
SHAQAWD  SHRHQA-GAIRQIURP WHP HIFXY LOWHFRP EX\WMGFRODDAKRZ QRQ
7IEGN 7 KVVGRAHHXDIO WHHGR \WHIOTW D/( 3$ KDAKHAWUHRQWR
\WNEFDMIR U HVRXUFHFDAMRULYEDHGROFDW WSH GV HR ERBLY  + RZHHU
WERAQ) BRGH LH Z MWRXNIEWWR HOVRUVKEFDMRU DARQ DQGXMQ) \WHPXUHQN
HXP DMR P HIXY LQWHFRODARP EXMMGE\ DOFROD WG SRZ HUSDQVR TERW R/
D SHAHQNHGFRIR)Z RXGUAXTNQP HIFXY HP WRQYI URP AROOILUHG SRZ HUSDDVR
CERXWAYHO R/

Table 3.1 Determination of MACT Hoor Based on Percent Reduction in Mercury
Top 12% (10 Plants) from EPA 1999 ICR Data _

Plant Name Calculated Hg Reduction
(% from coal)

1 Scrubgrass Generating Company, L.P. 99
2 Clover Plant Station 97
3 Mecklenburg Cogeneration Facility 96
4 Logan Generating Plant 96
5 Dwayne Collier Battle Cogeneration Facility 92
6 Stockton Cogen Company 90
7 SEI-Birchwood Power Facility 87
8 Clay Boswell 86
9 Intermountain 84
10 Big Bend 84

Average of Top 12% 91.10/

Source: Memo to the Utility MACT Workgroup from the Ranking Subgroup. February 5, 2002.
Online. Available: http://www.epa.gov/ttn/atw/combust/utiltox/feb5memo.pdf.
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, QREHMR BFHYHICBXWWRQCESUIRSUDMUIXDIROR + $ 3 HP IMIRQVIURP SRZ HUSOQV

( 3$ IRP HEDOGFR FKOWGWHS MVO $&7 : RINQI * RS 7 KIVIURXS FRQIMMGR

USUAFQBIYH/R LQEMY  \MH\WEIAYDQG\WERY DG HOVURGP HQBORIOG] DARQY DOGP HV

IR $XIXW RO DK 7KH: RINQJ * URXS P OEHIWI (CDOIFRP P HIEDIRQY/

\R( 3$ 102 AREHU 7 KHP RWXUIQIHOAXEED.G BHRP P HIG-GZ RXG UAKONQD
SHAHQAOANRQIOS 6 SRZ HUSTQANP HIXY HP IWIRQY Z KIGIWHGDWWXIQIHQA

\FHDIR Z RXG SIRGFH\VDIK® GWWIQD  SHA-QAHAIRQLQ PXUBHNVP MIRQ/

* LYHQ PXUHQNAXP DMG QDIRDCP HIRXY FROD WWHG SRZ HUSCQMP IRQVR CERXW

ﬁ@wmmww LQOR CDARQICSRZ HUSTIDAP HIXY HP IWIRQVR EHEHHQISSIR [P DMD

* HHDO® \RXUFHAXEVRWR DO $&7 WEEGP XWRP SO Z W \WHWEEGD/

H SHAMRX\® D/SURNTEG! BXZ M \RP HRSSRUMQW | RUH WOMRQY QR MDD \MUH
\ HOWD\WAWHSURP XODARQGDMR WHWEALEG 7 KXV DXXP LQ) WD 3$ FRP SOV
Z W IWGIDOREDIDARQ\R SURP XODMDXWDNO0 $&7 UIXDIRQIQOM  FRP SIBFH
ZIOFHUTXUGE OM + RZ HHU WHS GP LQUADARQ KD/ UHAHQ® LQAFDMG WD

P D FRQIGHUDRGH\ HIUH \WIRQ
6VBMS HTXLUHP HON

,QUKWR \WH\EZ STFHR | HEHDIRMYW DQP EHUR WM/ KDH\EINDGWHSUREGP R
P HIX HP IRQVIURP SRZ HUSOQV \WHBE\ UIMQ) DVHIRXY TXHIRQ DAR KRZ DEW
QI HQWVHGHBOXERED.S | RAMWHUHBYOQAKEFDMRY FRXGEHMWVEG $ P RQ) WHH
DA

SRRV, Q-XCH &RHWEXWWHIIRMS GI MR WDNHMX U/ FROD WHEXQWIQ
WHURMVR P FHABQHP MRQ@P WA @&V 7% RUD  SHFHONP RYDAHIIAHRA  LH
CRRWWHARQARCGMEH  Z KIFEKHYHULYP RHUWBAO DFKIBYEGIR -XO

O DX , Q6HBWP BHJ 0 DXOAXVARYUHBDHG SURSRVHG BHIXODMRQAR @P W
PHRPAU WP |RAUSRZ HUSBRNVIQWHWRM 8 QGHUMHSURSRVBOI CHONA/Z LOKDHWH
AREHR P HUIQ WP RYDH I IHHHBY/RUHP MIRQVUIDM/I RUHIKK R\ R SKDH/

3KDH, B 2 AREHU HWHU
- SHFHQAMP RYDCR P HIXY FRQEIGHGLQWHFRP EX\WAG FRODRU
DQRXSXWEDHGP HIFXY HP IRQVUDMR ®V/*: K
3KDH,, B 2 AREHU HWWHU
- SHFHQAMP RYDCR P HIXY FRQEIGHGLQWHFRP EX\AG FRODRU
DQRXASXWEDHGP HIFXY HP IRQUDMR ®V/*: K

$ YHIIIQ) DRIRWXQWDADI CHON LVSHP MKG EXWHWHUHP MRQ/MBAQ) GRUDHDIQ)
DFURW/XQWDAAL I HIHABRZ HUSOQVLYSHIP WG ) DROM/FIQFRP SO Z W \WHHP IMWIRQ

DM@ MMRQVE DFKIEMQ) RINW EXVWZ WKIQO0 DVERXAOHW HEANRQVXQD HHP BHU
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© VI 7 KHUKOVDEROMGE) WH:  WARQUQ1 DMUBTS HRXUAHVYRDG BTXUUHP DRU
HBPE X\MMA/IQWHEMMVR UHOFHWHURXUHONP IIRQY EDHGRQWHP HIRU
FROMIWR ARIDE SHFHQMEHIIQQQ) 1Q OGR SHHQEHIQQQ 1O
7KH:  WFRQIQBINVDMHKD/DN-GWH1 DM RRXU/YRDG\R UH HYODDMAHIEO
DSHAVR \WHUX®V

1H-RN 1 H -HYA IVH SHARMGWR SIRSRHDUYIVHG P HIPXY KB Z KIEK Z RXGLCRAGH
HP IWIRQ@P IWRQAREO IUWHGHBRME JHH DAY XQW 1QWHI BOR

D YDHGRQDGHMP [QDMRQE \WH, RZD' HSDWY HQAR 1 DMUICS HRXUAHY 1Q-XCH
\WHO (GBS P HIFDD( QHJ\ &RP SR \RRN DQHY RAHEGISHP WRQEAUWRQRQDQY
0: ARGV ERGUEXQQ) Z FAMQ\KEEWNP LGRXVARTD 7 KHSUHFROXKRIRD
SHP MBTXUWWDP HIXY BWOAIROR  SHHOAEDHGROWHX\HR CRAYDMG FDUERQ
LQHUANRQ

&RFOMRY/

, QDFRQIUAMRIRD P DOEDAMGWG ( 3$ KDVARIFOG-G\WDNP RQ) KO} DERXVOU

SROMIQN P HIXY HP IWIRQVDHWWHJIU-DMAVRGAHD | RUSXETF KHISK | URP FROOI UG

HBRME XMW XQW $ GHOGHOMKDQ DQMASDMGE &RQIUAN/Z KHOIMHIRMG \WH

&OO0S$ IUS PV P HIEP HON ( 3$ VQRZ |RP XD WO $ &7 \WIELG| RUP HIXWY

HP IWRQVI URP SRZHUSTIQN 7 KH$ JHIR. VUWTXUHGE\ DFRXAWESSURYHG \HVBP HONV

DIUHP QAR SURP XODMDGIDWXGIE ' HHP BHU DQGDICDOXGIR ' HHP EHU
&RP SIFHZ IOFHUTXUGE @M DBNRXIK \WHHMARP HIQAFDNRQ\WDV

WHS GP IQWIDARQP D FRUGHUDRGH\ HIUH \WURQ

7 KHGHEDMOERXWHWERED.G/ LV FXUBHO® | REVHG RQBXEEQKIQ) WH 0 $&7 IGRIRU
H M) \RXUHY $ VSURAUEHG IQWH&.BDDS LUS FAKHO $ &7 | GRUFDQIREHBW
NUQIHQAKDWHDHIIHHP MRQ P MMRQIAUM-GE, WHERWEHIRPIQ)  SHHQW
R WHH Q) \RXUFHVI RUZ KIEK WHS GP LQMDRUKDVHP IWRQVADW |, | \WHARDO WG
EROLY/IRUZKIEK ( 3$ KD/ABDHWBN-GZ W UH HHPHWR WHUSHHOAHGAIRY | URP
WHP HIXY FROMJAR FRIDWHDHIDHR WHWS ~ SHAQMD  SHFQAWHGARIRD

( 3% KDARP HAVFUHIRQ\R DOMWWHDHIIHR WHRS — SHF-QMH
\WEFDMIR U DARQEDFGROFDW WSH DGMIHR \RARY $  SHFQWH-OAIRQZ RXG
UAXONQP HIXY HP IWIRQVI URP RO IUHG SRZ HUSTIQVR CERXWHYHD \VRQ/ QDR

7 KWV LIXUHFD EHSXWOQFRQA VWA UYL Q) WHUHFRP P HIEDARQY! RUDMEEG P DCH
B\ YOURXVMENHKRTHYIQ( 3% V8 WIWVO0 $&7 1 RINQI * URKS 7 KHP RWNKIQIHQNV
WIDEDGUHRP P HE-GZRG XD  SHAQAOANRQIQS 6 SRZ HISTQN

P HIX HP IIRQY Z KIGIWKH DI HOANAHIDIR Z RXG SURGAH\DIKV® GWAKDDD
SHA-QNMGARIRY 7 KRHWENELGMEQOMR DUGFRIRQR (DIRICSRZ HISOQV
PHRU FPIWRYVIRP  \RQARBHEZHOQISSK IPDAD \ZROG  \RQ/

,QUKWR \KH\GZ STFHR | HGHITRYW WEMAXFK D/&RQCHRAIEXW, RZ D
0 DXOAOOHRY 1 WARQIQDQGL HZ -HYH DR WHURZ Q@ IWRQP HIXY
HP WRQVIURP G DQGH MY SRZ HUSOQV 7 KHH) IMMIAHR \WUQIHOANKBIM BB/
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UDNAYDVHIRXV TXHXRQ DVMR KRZ DOW/\WAIQIHONVHEHBOXNAERG | RUMHUHBYERNV
VEFDMRY FRXG EHMWMEG

Endnotes

8 6 (3% 6WG R + [ DRXYVS IUSRGMIDN P MWRYVIURP ( GRUE6WP * HHIDIY 8 QW) ICBD
SHFHRRWR&RQJUAK 9ROPH ) HEXOY (3% 5 D

7 KHUSRWRAMGWDAIERNHOHP INWRQVIURP. ROIUMGXQWIOQGRM-U+ $3 HP IWRQY HI QR 1QV
K\ GRAKGUE BIGK QR ORUE TAGY FKURP XP DYHIE QANHIDGFDEP P 1URP AROD LWHGXQWZ HIHDBR
R ARFHQ

1 DM HRXUH HHQH&RXCHO, (F Y (( QMURCP HOEBURMARO$ JHR 1 R ' & &lU-DD

3XVXOQAR &RYUANRDOAUHRANRQIQOFRQHARQZIW ( 38V IXQAQ) \WH1 DARICS OGP\ R
6AHIAV 1$6 FRIDAMGID PRONWMG R \WHDDDEGIABRQWHKHIGN HIHAVR P HKM @ HIXY
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SOMSIUSAN 8 6& \FF |
QOMSIUSANV 8 6& \FF G
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KWB ZZZ FEDIRY WY DA FRP EXVWAXMEH THE PHPRSA

SONSIUSAW 8 6& \HF G

7KH8WDNVO $&7 : RINQI* URXS ZDVI RP H5XQE-UWHH W) 3HP IW 1 HZ 6RAUHS HMEZV DG
7H IEV6XERP P MRHR \WHE GRS lUS F$ GIVRY &RP P IWHH &$$$&  FWEEQKHE XQAHMH) HEHIBD
$CMRY &RP P IWHS$ FW) $&$

© RINQJ * URXS RQWHS WMV $&7 &BDR$ IS FVE GMRY &RP P IMKHEXEFRP P IWHHIRU
3HP W 1 HZ 6RAUFH5 HYEZV 7R 1BV 5 HIRP P HOEMRQVI RUWHS WWS U7 [ IEV0 $&7 ) I0D RING
* URXS 5 FBRWBXEP IWHG\R WHEGODS IUS A/ GIMRY &RPPIWHH 2 AREHU 2 QIEH $ YDXDEG
KWB ZZZ HSDJRY W DX FRP EXWVMXGR] X\F] SI KW O &$$$&

SOM$IWSFV 8 6& \HF L
SRIGHABVBXETE $ PV
0 DXOAAHW' IDVBURSRWGS HIXDIRQP RAINLY &0 5

© WARQIQ' HSDW HOAR 1 DMUDTS HRXUAHY 5 HMHGO HIRXQY 5 XBV -XCH 2 QUH $ YOOE®!
KA ZZZ GUMBIMZLXV RJ [ DUW PHIXY $0 B SA

,RZD' HSDW HOAR 1 DXUBCS HRXUAHY( QMUR(P HOEDBHYIFH/  IYIMRQS 1U4 XODVIAUBX 3UYHIRD
R 6LIQUAIQN HARIMRY 36 3HP VB HYIHY. 7 HKQEDDBXSSRW REXP HONWKOFHR 36 3HP IW
| RUSURVRNL XP EHU 30N XP BHU 0 G P HIEDD( GHJ\ &RP S0
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Chapter 4
Status of Technology to Control
Mercury Emissions from Power Plants

) IFHGZ MY \KHIP P IQHVERGHVR CQHP MRQWEEDG@P MY P HEXY HP IR/ URP
FROCEXQIQ) SRZ HUSDRV \RP HARP STHY/Z MAQWHHBRNE JHOHIDIY [GBAKY FDP \KDV
\KH\WKQRBI\ \R BGFHHP IR/ P WHHVRUIVX QDRGB! + RZ HYHU\KHHYGHH
\KIJHVZ MK UASHRAR COFRODASAKDY] (I FRONROEMER/GALIQHG\R FRQNRCSRBVIQV
RXHUKODP HIXY HJ R 1IGVR QURIHD \KDAUGH IGH DG SMEXDMP DIRU FBQGHDHU
\JEWBIIIP HIXY BGAIRYY DOG\WDYP HIXY \GHALIE FRQNROMKQRBIILDBHZ HORQWHU
ZD) \RFRP P HADDYOXDEMY ) XUKHU H WHP HO KRR XOHGH SHIFGRHZ M \RHFRQNRO
R PHIRXY HP INIRQ/IURP P XQELSDY DXMARP EXRLYJLYH/BRAIR TS DRI RUARQIGHIH
DAR\KHSRMIZO RUARQNRER P HFXY HP MRQVIURP \KHHBRNE \FRRUAR WU HBYHY

 VIVXAHXORWKIONR P HIPXY FRQAROMK(RBILHD/GYIG-GIQR \Z R P DRUFDMIRUEY

7 HFKQRBIH/GALIQHGWR FROMRCSROMIDVRM-UWEDP HIFXY

12[ 62 30 ZKEKSIRIGHRP HP HIFXY FRQRO\R FOXDG” FR EHH WL
RUCHGOMEHHIW 05

7 HKQRBJIBAGHALLEDD GALIGHE\R FRQARTP HIXY RUDFRP EQDIRQR

P HIXY DOGRMHUSROMIDNV \R FOBG P XWYSROMINRQUROMKQRBILY

- WY UASHRAR \WHI LIXWDAIRY  \WHP RUWVRP SUKHOLYH\AAR [QRUP DRQLY( 3%V

, QRP DIRQ&RBAIRQS XAV, &5 CDREDH 7KH, &5 CBKDHHP IR/
IQRPDIRQIRJ  XQWUHSUAHOY DYDIHVR ERGUWSH/ FROY DQGH W) FRQARO
WRKQRBIIBAKDAZ HH\MXMG | RUP HIXY HP IWIRQY

The Fate of Mercury in Combustion Waste

Though not the focus of this report, it is also important to acknowledge the fate of mercury in coal
combustion systems. Because mercury is a metal, it is not destroyed. When captured by the air
pollution control device it is transferred to other waste streams. There is need for additional
research on the fate of mercury in combustion waste (i.e., in terms of its potential for leaching or
re-emission). Both current coal combustion waste containing mercury and the added waste that
will be created after controls are installed must be appropriately managed to ensure the mercury
they contain is not released to the environment.
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7 KHVHRQG FDMIRY LQFOGH/\WRKQRBILEYDAYDURX\WIBH/R . GHYHBSP HOARU

GP RQIDRY I 1URP HI® WEBHS ' \RIXOWDBIGHP RQMMRYY $ QHIRP RXV
[P RXQAR CRYW LVEHQ) | RAAHGRQP HIFXY DOGP XW/SROMBAMKRBILLY DG
CRAYW Z LOXQERXEMED CFFHBUDMZ KH| HEHIOHXDRY GIYHYDHIQSOH \FH
&KEBAM |RUDGHEKBGAVRANRY 7 KRHWRKGRBILEVIGFOCHBEMDHGRAMP MG\R
DAYDAGFDERQLOWAIRD $&, HXBUAHGZ INVFOEEQ) CBSIRIAKBAKAK DY, ) ; V.

) XHO DQG3RZHYSDV( &2  \FYHIOQH \RE-QAGYHBSP HQW [P DOCP DIRQ HJ
JRT SOME WIKRMBY CESURKHAKXK D/( 35, VO HE$3  DOGDYDUHVR P HIXU

R I(CDIRQISSURKHY 7 KRHGHYHBSP HQNDHQVRXWHG EHBZ

&R YHH W HKQRBI LWV

$ @QHRBO LWHG SRZ HUSORQWKDYHDABDXNYRP HDUSRBWRQ FRQARCG-MEH/ \XFK D/
HBPARWIME SUHHSMVRRY RUELIKRX\VHY BOR NRZ QDI ERUE 1HAMY/ | RUSDMWX DM ARQARO

ZHARUGQY \VAOXEEHYIRUG2  FROARODQG®Z 1 2 [ EXWHY \HBRYHFDEDWF WHERIRD
685 RUHBRYHQRQ FDEDWF BEAIRD 61 &5 1RUL 2 [ FRQURO 0 RWR \KHH
FROARYFQKDYHIP STFVRQP HIFXY HP WIRQVEQG\SHADARD \KXVI D HPRARKEIF
SUASMIRLY | CEUE | LGMY/D0GZ FABOG QY VAXEEHIAKRZ. SOMEXDUSURP MHIQWKLY
WIDG

$ QP BHUR SRZHUSOQNODHIG DFKILYHIP SUKYHP HIXY BOANRQVZ W
WRKQRBILBADADHGALIGHGWR FRQMRCRMHUSROMIDN ) RUH TP S

) RXUBLMP LCRXVAROD! IUHG SOQWVZ W QY \AUXEEHYDQG | DEUE | LGMYHFK
FEOMBGP RIHWID  SHFHOAR WHP HIXY FRQEIGHGLQWHFRP EX\WMGFROD
GAUQ) HP RQ\MAV 0 HANBEXU &RIHHIMRY) [RONVIQY WJIQD" ZDYCH
&ROHYDOMERIHHDIR)30AQ1 RW &DRED / RIDD* HHIMG) 30D
1 H -HIH DQG6( , YUKZ RRGIQ9 ILIIQD

6RP HSOQWEXUIQ) \KEEWP LQRXVFROIDKDADHHTXSSHG Z W | CEUE | GMY/DQGRM-U
WINFRURYDKIE-GFIBMHR R SHIHOAR \WHP HIFX [QWHFRP EX\WAG FROD

GUQ) HP IWRQWWAV ) RUH P S

SHAHQWP HIFXY BBAIRQZ DVP HDKWHG DD YRZ HDIQO LQHREB DD
EROUHNXSSHEZ W DI DEUE | (GMDQGEZ 1 2 [ EXHU

SHFHOWP HIXY BOAIRQZ DVP HDXWHGD/S ( 6+ 2 DL, F DADERGUXIQ)
@ FURCHIQVRIRQ QG DI CEUE | LGMJ DQG

SHAQWP HIXY BBAIRQZ D/P HDKUHGDNVQMP RQEIQ3RZ HU$ JHR 1O
8 \IK Z KIEK EXUOV\XEEWP LQRXV DG EWP LGRYXVFRIDQ DERBUHTXSSHGZ W D
®Z 12 [ BXHJ Z WWFOEEHU DG DI DEUE | GMJ

$VAKHAHH DP SBVIGMUDM P HIXY FR BHHIWIURP H M) DUSRBMRQFRQARD
WRKQREILHVFOQ EH\KEWERAD 0 RURYHU DAKHWP HR WHHHP WRQV\MAN \HHZ D/
CR DWP SR RSP [ HP HIFXY WP RYDD 7 KXV \KHHH WAVKHSRMIOR LRGP DH
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P HIY WP RYDDXEWEDAED XMQ) YOURXVRSWP (] DARQVADAMILLY/Z W H WD) FROARY
+ RZ BYHU IMWARICRABRWEGIVR SUHEFARUIXDDQAHWHUHP RYDOCSIEOMY/R WH

YOURXAVWSH/R FRQURY CRURW/DOSCQNRQ LIXUDARQ/DQGFROIDASHY |, QSURNDDMP V
\KLYP HIQAKDADABDIWRUHSUAHAR BHCH IWDBHZ LODZ. \RP HEXWRNIOSTON
R P HADVQIHOAP HIAY WA

0 HFXU 6SHALLF &RQARTYY HKQRBILHY

7 KVAPXWRQI RRXAH/RQVRP HR WHWHKRBILH/FBRARXWYR FRP P HADD/DMHONY

$ RMYDASE DR, QU $ &,

$&, HHYWRWHIQWAIROR QY SRZ GHUHG DRYDAG FERQIQR WHI GHID/GEW
BRI HHQ \WH DUSUHKHDAMUDG WHHBRARWEF SUHASMIRURUEDIKRYX\H WSLEDED [Q\KH

W GIUH) DGQHWEQH 6HH) LUXH 0 HIXY LVDBRE-GROR WH
CRYDMG FDUERQ Z KIEK IVWHQ FROPAG LQWHHBRARXIME SUHASMIRURUEDIKRXAH 7 KH
P HIXY  CRAYDAG FDERQLOMIFNRQ FROMMH/AR RAFXULQ WHHBRARXEME SUHASVIRURJ
EDIKRAH Z KHHDBAWRDIIOR SMRQVINYSOFH - YRIKRARY DAKIYHKLIKHUP HIAY
WP RYDOADQ HBRURWEAF SUHASMIRLYEHDAHR WHEX@XS R DFERQ @ HURQWHEDY

LAWY 6ICRH( 63VDHOWH | IHHAQUHP RVIQI P HIEXAN  DP RUHWIQIHQNBHATXUHP HOMR
UHP RYHP HIPY Z RXG UHPXAUHUARR WD) \RP H( 63 HTXASSHEXQWZ W EDIKRA\WHY - 6HH

OAMARMRQDEG) UXH  7KHS$ &, \WKGRBI\ FIDEHXHGLQFRQMQRAIRDZ W | OH
JID/WP SHDMHFRQUROR RSP [] HWH\MP SHIDMUHDAZ KIEK \WHIRYDAG FRERQ

P HPXY BORBNRQRAY

Figure 4.1 Activated Carbon Injection System

Source: Michael Durham, ADA-Environmental Solutions

9 DUIRXVARQ LUXDARQVR WHEDME \WHKCRBI\ DHSRWE®! Z W \KHVP SOIWNEHQ) \WH
IQYRROR  CRYDMG FOUERQGQUHA® DKHBGR  BRH Q) HBRARWEMF SHASVMRU 7 KIVLY

\KHGODXVRI® CESURDFK QWP VR FEBMICH SHOGVMUY MQAHQR GHZ. SDMEXOMFRQARO
GVEHIYVUANXUHG KRZ BYHU WHWEBGHR | EREZHHQ FCSMIDOG \RIEHQAWVRWP D [D/RU

RM-UFRQ LIXUDARQ/Z KH@H R FB! GYHD) HGFRWDHARQIGHIG
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2 CHFRQ LIXDIRQLYEDHGRQWHFRP ECDIRQR DR HBRARWEF SUHASMIRUDQGD
SDWEXOMSHR EDJKRAHNFZ QD/D&2 + 3$& ZIW$ &, IQNRGAEHGENZHOWHER
SOMAXOMARQARIGVEHY $ QLP SRVIDVHDMUHR WWMVWSHR  FRQ LIXUDARQ IV \KDAN
D7 VWHUY. | ODK LQWWHI GHIDAR EHFRBFMG SURVR \WHIQWRAIRQR \WHORYDAG
FOERQ WHHE\ NHHEIQ) WHI ODK | HIURP DRIYDAMGFDUERQ DG DYDMEGI RUHXH

Z KIFK LV IP SRMIDWRGRP [E FRQUGHDRQI RARP HSRZ HUSTDIQV
( QUIFG: WEREQ

7KHIROR WIVAWAKQRB)\ (VR SURP RMWHR] IGDMRQR HBP HQIBEP HIXY [QWKHIOH
JD/SUR MR HOMIQ) WH\FXEEHU \KAK WDAD/KLIK DI UIRMRQD/SRMEGIR \WHRED
P HIXY WIQWHR 1G] H3WIMDQG KHFHP RIHHD® UHP RYHGIQWH\FOEEHUYHXHD

0 BQ CESURTKH/DUHXQGEHUGHYHBSP HAR CFFRP SDK \MY JRDDIGFOGQ) WRHXQ)
FKHP LEDOSIHON |1 HSFDEDVWOQGKLIK HHI\ R LADIRQ

L) X0 7HIKRE,

) V. ) XHO IVDSURFHMHG FRODGHIVFG I URP Z FAMQ\XEEIWP ICRVARDY | WYGZ HJ
IODK KUKHIQ%' 8 YDDH DOG SURGFH/GZ HUSROMIDMP IWRQKDQWHSDHQNVARDY
. ) XHD IVSURARXHG IOV R B2 SK\ MEDDW-EDDMRQ DOGWHIP DCSURAANIQ) 2 \R
SURGFHDI XHOKDAY/KLIKHUYDDHDOG FBOCH ) WOD\WHR WIQROARED 7 KHSURAAW
LOYROH/HBYDMG WP SHIDMUHDQG SURKUH JUDI® UHEAQ) WHP RUMUHFRQMIAR \WH
FROD 7 KHP HIX LV YROWE) HG DOG\KEVHNXHQ® FESMUHG LQ DFDUERQ EHG UHRRU

SRZHNEI? ( &2

SRZHISID( &2  LVDSRWNFRP EXRQP XW/SROVEQNRQUROMKRE)  , WRQAWR
DKUK HHJ\ R IGMRQURRUIR®Z HGE\ DRIP P RADEDHG\RXEEHUDGDZ FV
HBFNRWBMF SUHASVBIRU Z KIFK FEBMUAWHSURGAEWR R LADIRY ) HW) HUE\ SURSAW
DHSUIRGAG HI TP P RIDQUDMDQG\KIDM  Z KIFK \KRXG FROUEXWR \WHRYH.ID)

HRGRP [EVR \WH\WRKGRBI\
" HP ROMDARQY DG5S HIXAW
$ RYDREE DR, QU $ &,

7KH' HSDWHQMR ( GHU\ KDASRQRUHG\HYHIO XQWFIBIG-P ROMDIRVR $&,
WRKGQRBI\
$ OEP D3RZHJ* DXRQ3OQNY EDIKRAH &2 +3$&  E\WP IGRXVAROD
© (3&2 3GDOQMBUILH? HPRARWEINF SUHASMIRU \XEEWP LQRXVFROD
3% ((1(* 60BP + DERUG\IMRY? HBPURWEANF SUASMIRU EWP ICRXVARID
oG
3% ((1(* %ADWQIRQMIMRY? \XR HBRARXDME SUASMIRYIQHIEY
FUP LGRXVARID
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© KIBIGRAFRYHQ) DOSRXEGISOQAVFRQARY FROICFRQ LIXUDIRYY \WHWMIG) SIRIUP
LQFOGAARYHIDYDUCE®V \KAK D/FRI0DON ERGUWSH HBRARWIME SUHASMIRUDOG
EDIKRAHFRQ LIXUMRQY D/Z HODARYHDIRKHMM\SHALLE DABEX\M/DOG RSHIY)
FROGURYY \R SIRYIGHUHDRIEGIEVIBK R 1QRP DIRQIRUS &, \WAKQRE\

$ GAVRTD \WMHO 1G5 P HIFID( GHU\ &RP S KD/SIRSRHGEX@Q) DQY. Z HAMD
\KEELWMP LGRXVAROD LUHG SCQAQ, RZ DWDACFR SRIDM/$ &, WRKQRB)\  7KH
SUFRQIMKAMRQ SHIP IVAKKHGE, WH, RZD' HEDWW HOAR 1 DMUBCS HRXUAHVIQ-XCH
IP SRAVDP HIXY WOARQUIXUWP QR SHIFHOW

7KHUAXOVIURP WH' HSDWY HOAR ( GHU\ BQGRWHU\P BBUVAIBISURVIRNVKDYHEHHD
ZIG-D SIAHOMSDOGAWRAKEG ) LUXH  \KP P D RAKHP HIFXY FEBMUHUAKV

Fgure 4.2 Percent Mercury Removal vs. Activated Carbon Injection Rate
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“FF” stands for fabric filter, which is the same as a baghouse; “PRB” refers to Powder River
Basin, which is a subbituminous coal; and “Macf” stands for million actual cubic feet.

YIncludes EPRI data on small-scale PRB/FF tests

Source: Durham, M. “Tools for Planning and Implementing Mercury Control Technology”,
American Coal Council. 2003. pp. 43-46.

7 KHILXUHIQAFDAVP HIXY BOARQVIQWH R SOVSHAHQADQIHOIFURKFRQARD
GHVER/I RUERW HBRARXIME SUHASMINRY DG EDIKRARY DOGERK EMMP IGRXVDG
\WEELWP I[CRAVARDY $ VH SHAMG KUKHUFDBWMUHHIIAHR.  LH KUIKHUP HIXY
WGAIRQDABZ HAR E-OQADIH IVDXRADMG Z M \WHEDIKRAHFRQ LIXUMRY 7 KLY
GHVRWHIGRUDHG FRQEPNEHE HHO\WHP HIR LQWWHI OHJD/D0G \WHIRAYDAG FERQ
\RE-QARDNRFRXWYLQ DEDIKRXVHD/FRP SDUHGWR [ HBRARWIME SUASMIRU , QIKWR
WHT MG WP D BHSXXGHAR DXXP HWDNWBRURKEIE SUHASVBRY/P DY RV
WSIFD® EHIEGWR DAKIYHWH — SHIHQABBANRQAKRZ QLOWWHI LIXUHI RUWH' ( 63
LAP LGRA\(1 H [P SB BVIHP RHOND \RKDHM@P IWIQWH  \R  SHIHONIQH ) RJ
BOARYVIQWH  SHA-QADYH \WHXHR DEDJKRAHZ (OSRETE® EHUTXUBGRU
GLIED!
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- KIBIADDI RUDIQW | IUHG SOQVDHHYHOP RIHTP MG UHFHQ/RIGVWAIBIWNG LQGFDM/
\KDAD QWDQG \XEELWP LGQRXVFRONDHMP LOLZ WY WASHRAAR P HIFX \GHADMRQ G
FRQARO 7 KHH RUH DASUAFQNNHHP VESSURSUDM\R [GFOGHQIQWM/Z MIQ DEURIGHU
©Z WNAROOFDAMIRY 2 \NEEWWP I[CRXVOQG QW2 |RUSXLSREV/R XQGHINEEQ)

P HIXY FROMRCRSIRY/

- MOWYVEIANJURXQG ARQUG-HUWHI RTBZ 1Q) FRWAP STHONRQV DVRADMS Z W \WWHFRQARO
R PHPA XMQ $&, DEHIKRAVH RUERK

YURP YLIXWH  IMVCSSDHQAKDN  SHIFHQAWP HIRXY WP RYDOUTXUA/D\R BHQWV
IQWANRQUDMR [ERW @ O [ P LARQIFMITRELE | HNZ WK DY HBPRARWEAF
SUASMIRUDQGIERAW @& 0 [A Z W DEDJKRAH , QRMHIZ RB/ \R JHAR

SHIFHQABP RYDOWTXLAIP VP RUHVRUEHQAZ WK DQ( 63 \WDRZ W DELJKRXAH

7 KVKUIKHARIB-QADMWBQOAMAR DOLFUHDHIQ\RIB-ONRIWR [ERAWER P [
SHUN K | RUDWSIFDOFROO LUHG SBOARUERW - P L@RQSH HIUIRUD

PHIZXDMO :  SCQNVEDHGRQPXAUWHONRWR DRYDMSHERQR CERXW

SHUSRXG
94 FROADMKHFCSMICFRWAR DECIKRAHLYCSSUR P DMD SHN RU
[ERW PIORQIRUKHIPH 0 SOQV

7 KMBRQOM/\R DSD EEAN SHIRG | RUDEDJKRAHR WUHHWR I RAUN HWY Z KIEK
KRXG SURYHWR EHDYHY FRWAH I HRYHRSWRQIQP B DAY RGHADBD Z KHH
YHY KUK GYHYR P HIPAY BHEANRQVDHUBTAWG

VWP SRVID/AMR CRAMWDAWHXVHR  EDIKRARVLYDOR EHH IADO RUYHY KUK FCSMUHR
[ LGHSDMAXOM/ LGFOQQ) RKHUKT) DLERXVDUSROVINVI URP FROD! IUHG SCOAN\KFK D/
DYHIE AKURP P GG P DQIDCHHONGQEN-D

,\AVDBR P SRUBD/AWR QRMWWDIZ KHOWHFRWR FROARTY P HY ZWKS$ &, ZLMWKRU
Z MWRAVWDEDIKRAH DHH SHXFGIOWP VR FRWR\WHIDMD HU HI PLOYSHIN KR
HBRAELWY WH DUHTXOMARP SDUIEGIWR WHFRWRXUHO® EHQJ LRG| RUFRQARR
SROMIDMKFKD/12[ 6HH7CE®N 1 RMWDAKHVEEGIUH GRVP HIFXY FROARO
FRUVI RUFRQAROMADADLEAKDAER QRAQYROH\LI QL LFEDQAFCSMIEFRUVNKAK DAKRHWD
Z RX@ EHDXRADAG Z MY \WHDBAWROR DEDJKRAH $ VIQAFDAGIQWHAVRXWRQ DERYH
\WHOYHD HGFRWAR DEDJKRAHZ RXGFROUEXMIDOGAWRID W PLOYSHIN K\R
\WH YODH/LQ WH\RE®
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Table 4.1 Comparison of Mercury Control Costs with NOx Control Costs

Control Type Total Annual Cost
(mills/kWh)

‘ Mercury Controls 0.18+1.15 ‘
‘ Low-NOx Burners 0.21+0.83 ‘
‘ Selective Catalytic Reduction 1.85+ 3.62 ‘

Source: Srivastava, R.K., C.B. Sedman, and J.D. Kilgroe. @Preliminary Performance and Cost
Estimates of Mercury Emission Control Options for Electric Utility Boilers.° AWMA 93rd Annual
Conference & Exhibition, Salt Lake City, UT, 2000.

$ARAIK $ &, WKQRBJ\ IVZ HORQIWZ D \RZ IGASUHIGFRP P HADD/DMEON D

QP BHUR \WKHVUP DQ [GFOQQ) FRFHOVIERAWHXQYHIDITSSTTEMVR WH\MAN
GHP RQIDMRQY RSHDARDOP STRVRQHMSP HKAK D/HBRARNIME SUHASMINR Y/ D0G
| DEUE | lGMY Z KIFK P D UINXUHP RUHI BNXHQAFBRIQIV  XQQMXG-GHMURGP HOBDOG
FRWAP SRV \IKFK D/FRQIEP LCDARQR! 1 ODK Z W RYDAGFDERD DGWEELOVR WH
P HIY DWWUFCSMMH 1 REMAENEQ) WHHINKHY W/Z RW GRIQ) WDWP 0Q \ HDLY
DWWUZ IGHG-SB\ P HFQAMBZ 1 2 [ EXCHYANOSUIRGFHKLIK [P RQNVR XEXNHGFERQ
61 &5 SIROA/ PP RIDMISUOGL 2 DUG6&S5 IGRHDH/GE2  LQWHICHID/ DO
XQGAUIEGNGHH | HAVEXWQU | FHAR SUFOGHWHUDSSTHEON | RUL 2 [ FRQARO

( QOGS NSRXEHQ

$SCRMHU 2 ( \SRQRUIGSIRIUP KD/IRPAHGRQGP ROMDIDY P HIXY R IADIRY
WHRKGQRBY\ | RUCSSTFDARQILQ STQNZ MOVFOEEHNM WPV 7Z RP DRUGHP ROMDARY/
XMQ) WHKQRB)\ GYHBSHGE, YaFFRAN @ LOR DGO F - HP RMF HKQRB)\ |, F ZHH
FROGAMEDVD [FKLIDQ6RAN & HOABCBRZ HU$ JHR V( QAFRMIQG DARIGHI\ V=P P HJ
WIMRQY 7 KIVICBSURDK LQYROMAWHDBAMROR DSURSUHE FKHP IFDOHIHQAR \WH
\FUEEHM WP Z KIEK VGAIGHG\R R (] HWHHBP HOBP HIFXY SUAHQAQ\WHI OH
JDV 5HP RYDOH I IHHZARY YDUHG FRQUGHIE® BHEHQWH\ER\MY TERAW  \R
SHAQADN QAFRMYHYXVIERW  SHA-QADMIP PHJ  6HYHDO DRRYDHSUREED
UAGROUEGH RAWLY YDUCEOW LGFOQQ) GLIHHWRXEEHURKHP I/ ERE HQWHE R
SOON 2 GHR \WHEHHIWR WLYCSSURTRK | RUSDIQVZ W \FOXEEHAMMKGREI\ MKH
[EHFHR CRAYDAGFERQWR FRQEP [QDMWHDK  KIGIWHHLYGWIQ RUP DARQIERXW
WHFRIWR \WIWKGRB)\ %EEFRAN @ LOR FDIP IWFRWWAKRXG EHEZ HAKDDI RUD
\[P O [} H5$ &, EDHGIESTFMRY

. ) XD 7HIKERE),

C): VL) XHO WRKQRBI\ KDVEHHQWAKAGLO\P DOWADBH CHOWA/DQG DFRP P HIADCSOQN
IQFOAQ) DAKHERANHOS HHDIFK , QXMAMDQGS P HIFDD( GRAE3RZ HAVE&DW&UWHN
BBIRQLO, QAOD 7 KHI LWKNDLIHFRP P HIADCBURGXAIRQ SOQAYVEHQ) EXODNKHYDN
7KXQGEUP ICHIQ: WKW \RPIQ) ZIW H SHAMGRSHIDIRQIQ 7 KWVI ROV Z LQFH
FOSCEGIR SURSAQ) RYHU RQ/SHUHLUR . ) XD SHXOVIURP WAL \R GDM
KDH\KRZ QP HIXY WHEAIRQ/R XS RIERAW  SHIHQWV
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SRZHNATD)( &2

SRZHISID( &2  WAVR ADMKIIHRXNWDNP HIDY BP RODR JUDMAMD — SHA-QWV
DHSRWE®! 7 KHWKGRBI\ VAXAUHQ® EHQ) GP RONDMGDAIISSWR IPDAD O

\ HD/Y LY GHU\ VOXUHUBBRQIQ2 KIR ,WYEHQI \FOBGXSWR 0 :  DAKHIAUIHU
BVBIROZ W H SHAMGRSHDARQIQ

) HEHIDODQG 6VBMO HFXY &ROARYRQ: DAM&RP EXWRLY

&RQIGHIQ) WHFRQARCR P HIXW HP IWIRQVI URP SRZ HUSDIQWV (W/Z RW HP SKDU L)
\KDP XQELSDY DXMFRP EXVRY 0 © &V KDHQRZ. FRP SOHGZ I \WQIHOAP HURXAY
FROUROMTXLHP HOWI RURYHUILLYH\ HDLY ) RUH TP SBI 1 HZ -HYH \FWP HIRXY @ IWRQ

0: &\KDNHXGIQ$SE, EHQ) IQXUBGRY  XQWIQ (3% IO HG1 HE
BRXUFH3HURIP DFHAIDEALG/IRUP HIY FPIWRQVILRP 0 &VIQ  ZIWM
FRP SIBRFHUIXUGIQ 0: &VDHGZ BITXUHGWR FRP SO Z W DI HEHIDKIEE

R PJ G RU PIRRIUPVSHFEEEFPHM

0 : &VKDHP FAKYMEEG DUGIQ\RP HADA/KDHEHHQUANXUG\R P HWDUP RUH
UQIHQAVP IWRQ@P W 6HYHIIDXEMY | RUH TP SBI 0 DXOFVAW 1 HZ + DP SWKILH
SRQHANRNIQGL HZ -HYA  KDHSURP XODAGP HIFXY \NEELBAKDNDHED RVKUH
WP H/P RIHWUQIHQAKDQWHI HCHDOXIQEG 0 @ &VKDHURMZHD DFKIH-GHP IWIRQ
GYHY| DUBHBZ. HYHQWHP RIMXUQIHQAMBIMWEREG/E. YXMQ) $ &, \MKQRE\
YDIKRXAH HNXSSHGXQWIDHIFKIYQ) HP IWRQUDM/D/EZ. DARR P IRRIUIP VSHURXEE
PHM 7KIVP HIQAKDID © &VKDHU-OA-GWHUP HIFXY HP WRQVE. P RIHWID
SHAQN Z W \RP HI CROM/TAKIMQ) WGREIR/R RHU SHIHQWV IQWHZ DNHR

| HGH.DCDOG \MEWEAZD P RUHWUQIHQAKBIMHP WIRQ FRQAROMTXUAP HON

7 KHIHDH \R BH\KUH UHBYDOAALI HMGRVERETHHQO © &\V/DQGSRZ HUSTIQN \KAK \WDAKH
0: & H SHIHIHLYQRNQMHD CESTEGIVR ARO0 IWHGERGLY ) RUH 0P SB! \WHYROP H
R |OHJIDAR EHWHDAMS LY KLIKHUDADSRZ HUSOQMKHP HIFXY FRFHOADIRQIQ SRZ HJ
SOQNOHID/IVEZ HAKIRLQO : &V DIGWHRKGUCHARQMMR FROOV JHHDD GZ HJ
\KDQWHRKGUCHFRQAMAR P XQASOY DM UAXEY LOP RIHHP IWIRQVR HBP HQED
PHIY Z KIEK IVKDEH MR FROMROKDQWHR] 1G] HGP HIFXY |RP HGIQWHO : & I0H
IOV ( YHRZ KHQWHHGLI HAAH/DHVEN-D QR DFFRXQMKHISSTFDIROR WHS &,
WHKQRBJ\ \R ARO0! LUHG ERBLYCSSHIYWAR EHVP SO DRIMKHR \WKGRBI\ WBQIHAR
QIHIXQW Z KIFK GRYQRIG-SHGROM) G WHKQRBI\ EUHINMURAIK

7 KRHGALI HHR/DH 1Q SDVWUIASRUEGH RAMHIEVHIFHR 1X@® ARP P HABD HG
P HIXY \SHALIE WRKQRBILEYI RUWHFRQARCR P HIXY HP IWIRQVIURP - SRZ HUSDIQV

SHKCEVP RUIHIP SRMAKRZ HYHU DVZ HAQVRXWIQWHCH WAKTBWU LV\KHI DRVAWKDNHGHAIDD
B0G WM CRYIWA/ RQWHUHIXORY | IRQAKDYHERIXQ VR MIBOR WHP DINHSOHHWR

HYIHIQ\LIQLEDAQYHXR HONIQCESOIQ) WHHWRKQRBILHAR \WHSRZ HUSOQVHRRU
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&RFOMRY

7 KHHVIGRUDIQ) FYG-CRHWDYY I FRQNROE-VER/GALIQHG\R FRQURCSRBMIQVRAHU
\KOQP HIXY FEGHYHUNKEWEQIZP HEXY WEAIRDY BIGWDAP HIXY \SHALIEFRQWRO
\NKQRBIIE/DHEHQ) \KAFHXIXT® GHP ROXWDAGIQ! XOFIBI HB\MV ( YHDZ R I RW
R RSWP 1] HH [N FRQIRY \HYHBOEAMP LQRXVFRDO! ILHG SOQVZ W GY \FOEEHYDQG
| DEUE | |GMYKDHDAKI-GP RHWED — SHIRHOAWP HIRAY FESMUHGAUQ) HP IRQ\MAN
DQGDQ® BHUR SORVEXQQ) \KEEWMP LGRXVARTONDNYHHIXSSHGZ WK | CEUE | LGMY/
DG RMHUMIERN FROARY DFKIYHGRYHU.— SHIAHQAWP HIRXY FEBMUH $ GKRXIK QDI RU

QIQWMI UG STONVDHP RIHTP MG UFHQABGVWAIBIANGY [QAFDMAKDNIQWDNG
\NEELWWP [CRXVAROYDUHMP LOUZ W UAGHRAR P HIXY \SHADARQ DG FRQARD

0 HIXY \GHALIE FROARY DHGHYHBSIQ) ISIGD \RZ DGFRP P HIADD) DARY ) XOWDB!
GP ROMDR/R $&, \MKGRBI\ LQGEDMWWDAP HIXY BP RYOIR RHU SHIHOAY
| HDIE®! Z W FRAW\KDADHARP SDIEGIVRWHFRWWR 1 2 [ UP RYDD ) RUH P SO
SXUKOQVR DUHRHQ® IWKHG\WIIMSHIP WG &, KDVEHHQ\SHALLHG DAKHUANXUHG FRQAURD
WRKQRB)\ | RUDSURSRWHGO 1G5 P HIFDD( GHUJ\ &RP SO FRIO WG SOQNAQ, RZD
EXQQ) \KERWP [CRXVARDD 2 WHUP HIXY \GHALLE FRQIROMKQRBILLY LGFOGQ)
HIOHGZHNAOERQ) . ) XHO WKQRB)\ DQG3RZHISD( &2 [PRYWHP BR
\KRZ JUDIBURP \H (| KOGRHGZ IAYPOXERLQ) UAKEAGLQUHP RYDOH | IEHCABBQILG)
IURP SHAHOAS HXOVIURP W R . ) XHD WRKQRBI\ RQ\KEELUMP LCRXVARDY
\KRZ P HIXY BBAIR/R XS\RIERW  SHFQV3RZHISID( &2 WARKOVDHIQ
WH  SHA-QAP RYOODQH

) XU KLIKO \KAFHWIXOH SHIHZFHZ W WHARQARTR P HIRY HP MWIRQYI URP

P XQASDEY DAMARP EXMRY/JILYH/DEAMRBOHDRQI RUFRQ IGHIAHUHDAQ) RUEOV\R
FROARCP HIRXY HP IWIRQVI URP \WHHBRAE \FRARU

Endnotes

0 RQRH/ 6 BRANMHDA&R “6HDM( QMURP HQNIG3XETF: RIW&RP P IMMHEXEFRP P IWHRQ&GDD
$1U &P DM&KOQIHOYG 1 XFEOU6DHV+ HUQ) RQ6 WHE&BDUBNH/$ P -XCH 2 QUH
$YDOER KWB  HSZ \HDMJRY W 0 RQRB KW

0 P RWWHS WO $&7 : RINJURXKS IURP \WH5 OINQJ 6XEIURXS ) HEXDWY 2 QIH $ YDOE®!
KWB ZZZ HDIRY W DX FRPEXAWXMKM |HE PHPRSA

0 P RWWRWWHS MDWVO0 $&7 : RINJURXS IURP \WH5 DINQJ 6XEIURXS ) HEXDY 2 QUH $ YDOE®!
KWB ZZZ HDIRY W DX FRPEXAWXMKM |HE PHPRSA

3D/DK -+ “O\MBIMVSHVMEZ R 0 HIPXY &RQAR SWRQVIRUERED) WHG3RZ HUSGWU $ ARFBWGIRU

SXETFDARQIQD\SHABOMWKHR ) XHBURFHINIQ) 7 HKQRRI\

" XKIP 0 HADD' ) XOBFOBI( YORDIRQR 6REHQVQURIRQIRUO HIFXY &RQARIRQ3RZ HIB MV
9QQ) YANP LRXV DG E6XEEWP LCRXAVERDD) SRZHIHD, QMIDIRTD 2 DR ) /
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RZD' HSDW HAR 1 DMUDCS HRXUAHY( QMR HQBDBHYIERY  IYMRQ$ LU4 XODWOAUHX 3UHYHQIRD
R 6LIQLEDQY HAMIRDIRY 36 3HP V6 HVEY. 7 HKQEDDBXSSRW REXP HOWVWKOFHR 36 3HP W
| RUSURVRNL XP BHU 30N XP FHU 0 G5 P HIEDD( GHJ\ &RP S0

' XUKIP 0 HABD' ) XOBFIBI( YODDIRQR 6REHQWQHRIRDIRU0 HIXY &RQARCRQ3RZ HI3MON
YXUQQ) YAMP LGRXVDQG6XERWWP ICRVERIY1 3RZHJHD, QMDIRID 2 WDER ) /

6P 6 *$Q@DWWR . H 30UIPHMY, P STRMY 0 HIXY &RQARTRQ&RDD) WHGYROWY $ 1U4 XDV
,9 6HBWP BHU $EIWQ 9% 3DDK - 0 HIXY &RMRY HKGREJIHYI RU( GRE 8 WM/
ONQQ) / UQMERIDUL ( 7/ 0 HIXY &RQNRY HKQRBI\ 3URIUP 5HHZ 0 HAMY $ XIXWV
3MBEXUK 3$

SHIMUS5 0 HPXY 5HP RYDB\WMBQAAGVDHERPIQ) @ KHHVWH7 HKQRB\"n32: (5 9RO 1R
oD

" XUP 0 7RRYIRU3ONQQ) DQG, P SBP HMY 0 HIXY &RQURY HKQRBI\ 1t $ P HIEDD&RDD
&RXCHO SS

SHIWUS5 "0 HFEXY 5HP RYBBWIAG/DHERP IQ) © KHHVWH7HKQRBA"'u32: (5 9RO 1R
oD

) DWQY * ) XOBFOBI7 HAY R ( KOGRHGO0 HIXY &ROARY HKQRBULLVIRU: HY* ' 6\ \KWP Vi
1(7/ 0 HIXY GRMRYHKQRB 5 ' 3URIUP 5HYEZ 0 HAMY 3MKEXUK 3$ $XIXWV

SHIWUS5 "0 HIPY 5HP RYBBMIDAAG/DHERP IQ) © KHHVWH7 HKQRBO\"'p32: (5 9RO 1R
oD

%N 9HDAK 7 ( ITHAYHO HIXY 5 HOAWRQGWDAM) 1RU: HFIMQ&RED. ) XHY HKQRBI\ 5 HBRWWR

(38 0K 2 QIHS$YODDE®I KWB  ZZZ N[ FRP QG KW

0 F DGRQ & “0 HIXY 5HP RYDDQD1 RQ 7 KHIP BEB@P DYDHG0 XW3RBVIDNRARY HKGRBI\
|RUS WMNVIRBWY L ( 7/ 0 HIFXY &RQARY HKQRBU\ 5 ' 3URIUP 5HYEZ 0 HIMY 3IMREXUK 3$
$ XTIV

&) 5 E 2 QH -XO HAMRQ 2 QIEH $ YOKDE®

KW D JDINPDWKQW PDJ HEFRANAWHHRWISRJIRY AHUWB MOoOwW 3
AU EX3

O DAMRXVHW &0 5 &RAHWDWS&6$ D 1 -HYH 1-$& 7M1 &KDBMJ
XEKIBMI

1(6&$80 6XUWH R ) IHG( [ SHIHFHZ M0 HIEXY &RQARORU0 XQASED DXM&RP EXWRY/IQWH
1 RWHDAS XIXWV
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Chapter 5
Effect of Regulatory Drivers
on Technology Development and Costs

0 0Q R WHREMRIRQVEHQ IDVGE \WHHBRAE SRZ UGG | RUDWIQIHQW

BT HQAR FRQARCP HIFXY HP IWIRQVI URP FROO! ILHG XUV ERBLYAHOAMURQ\WH
O\HD DDDEOV DOGFRWR. FRQUROMKRBIHAKDADHGRA HVX® FRP P HIRDD HG RQ
WH@P MGH SHIHGFHZ M WHHWKQRBILEY DIGRQWHP I HG UAXOVRRBIGHG | URP
UK DG GHYHBSP HOWV, QUMY UHIDSG WHRXUHONP HIPAY GHEDMLYFRQAAAZ LW
HODUWIXORY GEDM/UHDIQ) \R FROMRCR HP IWIRQVI URP \KLY/DQG RMHULQGAKY
\FRRY

,VWYIOP LD \R YIEZ \MVFRQARYHYK LQWWHFRQM WR \WHHIFRXUDILQ) UHDMRQKLS
FAG-QARYHANHOWNHHIOEHIG EHEHQHMURP HOBOHXORY GIMHYOS
WHKQRBILIFDOGHYHBSP HOV, QDGFBMP EHU WG HOMBG (| QIURIPHICS HIXDIFRD
DOG7 KRR, , TROIFD &FWREY 0 HBXY ( PINRYIBP &R0 IWEYRBYL 1 ( 68$80
XQGWRRN FDHWYEE/BIDEQ) WHGHYHBSP HOAR FROMROMKGRBIILYIRUL 2 [ DG
62 IURP SRZHUSOQNVOGR \WHFRQURCR DARP RELGIHP MWRQAKURXIK WHXHR
WKQRBIILY/OQG I XHY 7 KHP DRUIQAQ) R MV ( 68$80 WERWW DAKDAQCRYDIRD
IO FRQUROMAKGREILHVKD/FRQAM® RFFXUFGRQD DWIUHIXDRY GUYHYZ W Z HD

GHIQHG\BLINV QG GHIBIH/Z HHOERSWG

BLCFHFRP SIBIFAHARWDHOD P SRUBNVIRRUQP RIWHIXDRY GHAMRQY \WH
1(6&$80 USRVIER UWEE HEWHFRWKIRUEY DXRADMG Z W DOMIHFDAY |, QHHY
FDH HL® HXP DAYFRQIMM® RYHXIIAMG DRMOOFRP SIHCFHFRW R\WDE\ DICRRUR
\ERRUP RH / INHD UDRQVIGFOGHG SRRURUIGFRP SBIMIQ RIP DIRQ RYH® FROHYDAYH
DXXP SR/ JHHID® P RYDAGE. WHIQEMY /GUUHVR ERSWNHFDHDIDOX
UIXOMRYQ  00G DI DOUHWR DFFRXQIVRUWH\MAKQRBIEDOQCRYDARQ \WDAZSSHLYROD
DWUFRFUAM U XORY GUIYHYDHIQSOH ( YHD' LQG-SHIG-QM HXP DMAMG-G\R

H KIEMVWKHHEDHY WRXIK WSO R DEWHUGHIUH $ BR-ONNG B\ UAHAKHYDV
&DCHIHO HIRQ8 QYHIMWFRIFXWZ M 1 ( 68$80 VARFOMRQWDNMLRGEP HOBD
UHIXDUIRQ/ANP XOMIQERYDIRQY/LQ FRONROMFKGREI\

7 KHH SHIHZAHZ W BIDAUP HOVI ROWHFRQARTR 12 [ D662 HP IWIRQVIURP SRZHU
SOONIVIQWKAYH 7 RIECFRWY LQFOIGQ) ERK FCSMICBOG RSHIDIYY DQGP DQMDOAH
FRV \WOG-G\R | OGP DFDO D/FROUROMKGRBIIH/SDXHG I URP WHGHYHBSP HOWV
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SKDHWR | XOWDIBIGP RONDMRQDUGFRP P HADD DIRQ ,QWHFDHR 12 FRWV
HXP DAWGHFIHGE D/P XKD/ SHAHQVRQDFRWSHAQR 1 2 [ WP RHGEDL IRU
685 \MWKQRB)\ BHEHD DG

7 KHARWWHIGI RUBKDH, , R WHQMRQIDH AG5 DQ3WRIUP VP IO INGQ) |, Q
QG NP DAMGWDNIQQCORP SIFHFRRIWZ RGIQIHIRP — \R
HORQSH HUZ MWWEQ) $ \HUOM ( 3$ SWWHWDIHDN W BORQSHU
\HJ % WHHXP DMR WH( GRME 3RZ HUS RFDFK , QUMAMKDG I DBOR ~~ \R
FL@RQ SH\ HIU \KUHHWR | RAMP B/GZ HAKDQWHI LIXU/Z 1GHD AMGIQWH

SRYUANRIDOGEDMAKDNKCS-GWH — &GO0$ IUS FV$ P HIGP HOW
2 YHBO\WHFDHWMARYR | HAHHEDIE IQLIKW

&RWWOB RVDZ D VGHRIHKEWERIDD RFHUIXDRY P DOEDM/DH
LQNRGHHG DG FRQMROMKCRBIIL/DHARP P HADD HG $ WREDY
|P STFDARQR WIVI LQAQ) MKDANHHLYDUMR HIRIY Z HNUIXDRY

QUYHYWWDNBURNCGHDGZ HUBYHR  HMURGP HQBCSURARIRQ\WDD LY HDRIED
DI REE®! 1L SRIAR/DHRXEEQKHE UH ORI [QUBTFRWARYHURKIP DAY 7 KH
$AG5DQ3WRIUP VUTXUWP HOAR R®®  SHAHDM2 FRQWROZKHOP RH
WOD  SHA-ONWFRQURY D/UDRIEGIRP WHSHISHRIYHR FRWDQG
\WKQFDO HMELDV IVDJIRRGH [P SBIR WLV XQ RWMDMRXRRP H

7 KHVIQIHR DOGWP Q) R HP MWIRQ/BHBANRQ WXL HFOMVARQIO

1Q OHIFH\KEHNHOMKQRE\ FKREHY © HINWEEDB/FIQ SURYHICH | IAEQW
B\ SURP R QYRR HONOQ FRQAROMKCREILH\KDXENP DAMD CR<UHYH
ICBEHDOMHP IWRQVWHERIRY

$ YDIHWVR XCBUHEREEGI DRRY/FEDSUR RXQED D HANXMHWHRKQRE\
FKREH + HGFH \WHP RIGFERRX XA XOMROYKDYHDRGHG SIENQ) \WKQRB\

" ZIQCHY , QXADG WWH KDHI RPAHG RQBXEEDQKIQ) Z HOGH IGHG SHIRP DFH
WX HQWDOG GWRP STQHY/AKRRHRSWP DOMKQRBIEY

$ FRP ECQDIRQR DIJUAXIYHSHURIP DFHUATXUP HONDQG | ®f LIEGIDMICP HOV
P HKOQ\P VKD/SUIRYHQH WHP HD \KFFRX XAQWLP VR WHGHAQ) HP IWIRQV/DOG
FRUVIQWHSDIV

- KDMHIMRKGRBI\ RUPI[ R \MKGRBILEY/ X DMD HP HIH/D/RSWP D0 RWHFRQURO
R P HIU HP MRQ/IURP \MHHBRME SRZ HVHRRU RHWIQ) VB HBRUE LQGAKY
WD) R P HIXY FRQARVAR QDM D/Z HODAKHH SHIHZFHZ W FRQURTLY P HIXY

HP WIRQVIURP P XQIELSOY. DXMFRP EXVRLY JLYH/QR UDRQWR H SHAAKDNTFKIENQY

P HIY HP MWIRQVUHBANRYVI URP SRZ HUSDIDNZ LOSRHWKQRBILFDCRUHARGRP |E
KXUBBYGELI HF-ONQ DMHRUGIUHI WP WRHH [P IGHGIQWH1 ( 6&$80 WERW

& RQFOMRQV
$ 6HB\WP B-U 1(6&$80 UWBRWKQEHWWRNAHWYAH/R FRQAROMKRRIEIRU

12[ DYG62 1URP SRZHUSDQVONGR WHFRQURCR DARP RELGIHP WIRQAKURXIK \WH
XHR \WKGRBILLY/DQGIXHY 1 ( 68$80 FRIFOG-G\WDNHXDRY GUIYHYZ W Z HD
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GHIQ-G\BLIHVDOG G-IBIH/DHQHRXDY \R GUYHIQCRYDIRQIQ FROMROMKGRBILLY
7 KXV WHU-SRWRGFOGHE WDAMKQRBILFDOQCRYDIRQ| RTZ V IDMHUKWDQ SUHHRHEY
UIXDRY WIXUP FOV $ GAMRIDD [QHIK FDHHL® FRXNVAXP DM/GIP DD
RYHWXEING CRXOOFRP STBFHARWV. & DAMRQP XWEHH HIAVHG GRAR FXEEQK HP IWIRQ
BOARQUAXUP HFQVROWHEDIVR \MHHIQUITFRNVAXP DM/ GWWH GOGRZ HN
UIXDRY SRIABAKDABURICHDGZ HUBYHIR HMLRGP HOBCSIRMANRQWIDLY

UDRIE® DIREEG|

Endnotes

$PU3 3URWAW IHARU 1 ( 6&$80 USRI QYMURCP HONCS HIXOWRQ DG 7 HKCRBR)\ |, QRYDIR)
SRR 0 HEXY (P WRQVIURP &RBD) IWHGYRGLY 6HBWP BHU

7DOUO0 5 ( 6 5XBQDX' $ +RQKHD (IIHWR * RYHP HY/$ IR/
RQ7 HKQRRIIFID QGQRYDIRQIRUE2  &RRN ( QLRGP HQWDBAHIFHONG 7 HKQRR)\  SXEQKHGRYIEH
R H/ E

$PIU3 3URVAW IWHARU 1 ( 6&$80 UBRW_ QMURCP HONS HIXOWRQ DG 7 HKCRR)\ |, QCRYDINRD)
QRQNRTEY 0 HEXY (P IWRQVIURP &RBD) IHGYRGLY &KEB\WU9  6HBWP BHJ

$PU3 3URWAW IWHARU 1 (6&$80 USRI QMURCP HONCS HIXOWRQ DG 7 HKCRBR)\ |, QRYDIR)
QRQNRTEY 0 HIEXY (P IWRQVIURP &RBD) IHGYRGLY &KEBWU9  6HBWP BHJ
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Conclusion

0 RUMWWOQ DGHDEHKD/SDXHGMGFHERQIUWUTXUG( 3 WRWME \WHHIHAWR

P HIY HP MWRQVIURP SRZ HUSTQN DG GHMP LGHZ KHMHUUW-IXOMRQLYGHHXOY \R
SURMASXEDE KHIBK 7 KH$ JHIR KD/GAMUP LGHG\WDNKAK BIXOIRQVIQEHG
GHHRXDY |, QDWKYH FRIGAMSE. WHEHOMYIRU  IM-DH&RQARIOG 3 BYHRQ RCH
10 $PHIFIDZRP HOR AK@EHIQ IHZ HHIRXQG\R KDHIP RXQNVR P HIY 1Q
\WHUEGRG ERYHWHOYHY WD/ 3$ FRMGHIADH ) RW I LYH\WI/DQG$ P HIFDD
60P RDKDHIKKHG | WK FRQKP SWRQOGYMNRIN/Z DAQ) R WHAQHYR HDIDY P HIFXY
FRQIP [CDMGINK 8 6 SRZ HUSTQNDBGHDHHXP DMG\R DFFRXQVRUCSSUR [P DMD
RHWILGR WHP HIXY G-BRAMGLQWHFRXQA 7 KHUFRQUEXIRQIVH SHAMG\R
IQRUDHERW SURSRMRD DOGIQMERAMMP \F - XQBIW/( 3$ \BNVIESURSUDMORIRY

( 3$ VREQIDMGE\ DFRANISSURYHG\FNBP HOADIUHP HOMAR IWAKHSURSRVHG W XOMRQY
Q' HHPEHU  DGIOHXORYIQ' HHPEHU @ MG P HIXY HP IR/

|URP SRZ HUSDIQN 7 KH&BDR$ LS PABTXUAAKDAKHWERELSGY| RUH I SOQVEHEV

Z 1\ UH HOHGFH\R WHHP IRQ @P IR/ DFKIEVHG B, WHERXSHUR P 1Q) SBQN 6RP H
LB WSUIAHOBYH/FOP WDAKAK WIQIHOABYHYR P HIRY BHEAIRQDH
XQFKIYEG! 0 RXQIQ) FYGHFHUIDAQ) P HIXY FRQUROMKGRBILLY/SROMER WH
FROAMDY ) XUWHU GHDGHVR H SHIHGRH\KIJFWAKDAXUQI QA XOMRQYZ LOBOG\R
FRI DEAVRBOQERYDIRQIQWRKGRBI\ DG G-RUDHGFRP STBFHFRWW
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