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&RQVWLWXHQWV�RI�&RQFHUQ

=LQF

'HVFULSWLRQ

=LQF��=Q��LV�D�OXVWURXV�ZKLWH�WR�SDOH�EOXLVK�JUD\
PHWDO�ZKHQ�IUHVKO\�FXW�RU�SROLVKHG��WKRXJK�LW
PRUH�FRPPRQO\�DSSHDUV�GXOO�JUD\��RZLQJ�WR�D
FRDWLQJ�RI�K\GUDWHG�]LQF�FDUERQDWH�WKDW�GHYHORSV
DIWHU�H[WHQGHG�H[SRVXUH�WR�WKH�DLU���,W�LV�D
UHODWLYHO\�VRIW�PHWDO��KDYLQJ�D�KDUGQHVV
LQWHUPHGLDWH�EHWZHHQ�WKDW�RI�J\SVXP�DQG
FDOFLWH���,W�LV�EULWWOH�DW�QRUPDO�WHPSHUDWXUHV�EXW�LV
PRUH�PDOOHDEOH�XQGHU�ORZ�KHDW�����²�����&����,W
PHOWV�DW������&�DQG�ERLOV�DW������&�

3XUH�PHWDOOLF�]LQF�LV�UDUHO\�VHHQ�LQ�QDWXUH��IRU
WKH�HOHPHQW�LV�KLJKO\�UHDFWLYH�DQG�IRUPV�D
YDULHW\�RI�ZKLWH�WR�SDOH�FRORUHG�VDOWV���0RVW�RI
LWV�FRPSRXQGV�DUH�ZDWHU�VROXEOH��WKRXJK�WKH
PHWDO�LWVHOI�LV�QRW���%HFDXVH�RI�LWV�KLJK�UHDFWLYLW\�
]LQF�LV�FRPPRQO\�XVHG�DV�D�FRDWLQJ�RYHU�VWHHO
�JDOYDQL]LQJ����7KH�VWHHO�LV�WKXV�SURWHFWHG��DV
FRUURVLYH�DJHQWV�SUHIHUHQWLDOO\�DWWDFN�WKH�]LQF
FRDWLQJ���$OVR��IRU�PDQ\�FHQWXULHV��]LQF�KDV�EHHQ
DOOR\HG�ZLWK�FRSSHU�WR�PDNH�EUDVV���7KH�PRVW
FRPPRQ�]LQF�RUH�LV�VSKDOHULWH��=Q6���D�\HOORZLVK
WR�GDUN�EURZQ�FXELF�PLQHUDO��WKRXJK�VRPH�]LQF
DOVR�LV�SURGXFHG�IURP�VPLWKVRQLWH��=Q&2
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2FFXUUHQFH

0HDQ�WRWDO�]LQF�FRQWHQWV�LQ�VXUIDFH�VRLO�UDQJH
IURP����WR�����PJ�NJ��DQG�JUDQG�PHDQ�]LQF�IRU
ZRUOGZLGH�VRLOV�LV�FDOFXODWHG�WR�EH�
���PJ�NJ��.DEDWD�3HQGLDV�DQG�3HQGLDV��������
%DFNJURXQG�FRQFHQWUDWLRQV�RI�]LQF�LQ�VRLOV�RU
VHGLPHQWV�VHOGRP�H[FHHG�����PJ�NJ��(LVOHU
��������,Q�IUHVK�ZDWHU��WKH�FRQFHQWUDWLRQ�LV
QRUPDOO\�OHVV�WKDQ����WR�����J�/��7D\ORU�
HW�DO��������(LVOHU�������

7KH�PRVW�LPSRUWDQW�DUWLILFLDO�VRXUFHV�RI�]LQF�LQ
WKH�HQYLURQPHQW�LQFOXGH�HOHFWURSODWHUV��VPHOWLQJ
DQG�RUH�SURFHVVRUV��PLQH�GUDLQDJH��GRPHVWLF�DQG
LQGXVWULDO�VHZDJH��URDG�VXUIDFH�UXQRII��FRUURVLRQ
RI�]LQF�DOOR\V�DQG�JDOYDQL]HG�VXUIDFHV��DQG
HURVLRQ�RI�DJULFXOWXUDO�VRLOV��(LVOHU��������

6XPPDU\�RI�(IIHFWV

=LQF�LV�DQ�HVVHQWLDO�HOHPHQW�IRU�DOO�OLYLQJ
RUJDQLVPV��EXW�HOHYDWHG�OHYHOV�RI�]LQF�LQ�WKH
HQYLURQPHQW�PD\�EH�KDUPIXO�QHDU�]LQF�
FRQWDPLQDWHG�VLWHV���=LQF�LV�ELRDFFXPXODWHG�E\
DOO�RUJDQLVPV��HYHQ�LQ�DUHDV�RI�ORZ�]LQF
FRQFHQWUDWLRQV���%RWK�GHILFLHQW�DQG�H[FHVVLYH
DPRXQWV�FDXVH�DGYHUVH�HIIHFWV�LQ�DOO�VSHFLHV�

=LQF�LV�PRVW�KDUPIXO�WR�DTXDWLF�OLIH�GXULQJ�HDUO\
OLIH�VWDJHV��LQ�VRIW�ZDWHU��XQGHU�FRQGLWLRQV�RI�ORZ
S+��ORZ�DONDOLQLW\��ORZ�GLVVROYHG�R[\JHQ��DQG
HOHYDWHG�WHPSHUDWXUHV��(LVOHU���������,Q�FRQWUDVW
WR�LWV�WR[LFLW\�WR�VHQVLWLYH�DTXDWLF�RUJDQLVPV��]LQF
LV�UHODWLYHO\�QRQWR[LF�WR�ELUGV�DQG�PDPPDOV��DQG
WLVVXH�FRQFHQWUDWLRQV�DUH�KRPHRVWDWLFDOO\
FRQWUROOHG��)XUQHVV�DQG�5DLQERZ�������(LVOHU
������

$OWKRXJK�WLVVXH�UHVLGXHV�DUH�QRW�\HW�UHOLDEOH
LQGLFDWRUV�RI�]LQF�FRQWDPLQDWLRQ��]LQF�SRLVRQLQJ
RFFXUV�LQ�ELUGV�ZKHQ�OLYHU�RU�NLGQH\
FRQFHQWUDWLRQV�H[FHHG�������PJ�NJ�GU\�ZHLJKW
�GZ���DQG�LQ�PDPPDOV�ZKHQ�OHYHOV�H[FHHG����
PJ�NJ�GZ�LQ�NLGQH\�RU�����PJ�NJ�GZ�LQ�OLYHU
�(LVOHU���������,Q�DPSKLELDQV��WKH�WLVVXH�YDOXHV
UDQJH�IURP����WR�����PJ�NJ�GZ�DW
XQFRQWDPLQDWHG�VLWHV��+DOO�DQG�0XOKHUQ��������
$�VXPPDU\�RI�ELRWLF�HIIHFW�OHYHOV�LV�SUHVHQWHG�LQ
WDEOH����

6XWHU�DQG�0DEUH\��������HYDOXDWHG�D�VHULHV�
RI�WR[LFRORJLFDO�EHQFKPDUNV�IRU�VFUHHQLQJ�
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Table 34.&Summary of comprehensive biotic effects of zinc
[Note:  Diagnostic levels for toxicity are not well established in any animal tissues because the zinc

concentrations generally are homeostatically regulated]

Medium
No

effect
Level of
concern

Toxicity
threshold Comments/Explanation

Water (µg/L) <30 30%110 110 30 µg/L is lowest chronic value for aquatic life
(Suter and Mabrey 1994).  Threshold value
assumes chronic exposure at hardness of 100
mg/L (as CaCO3).1

Sediment (mg/kg dw) 150 150%410 410 From Long et al. (1995); however, sulfides in
sediment may reduce Zn toxicity.

Plants (mg/kg dw) 27%150 150%300 >300 Kabata-Pendias and Pendias (1992).

Invertebrates & & &

Fish (white sucker
muscle tissue; mg/kg
dw): 

& & 20 From Munkittrick et al. (1991), but this is lower
than normal background (88) for whole fish
(Schmitt and Brumbaugh 1990).

Birds (mg/kg dw):
   Eggs
   Liver/kidney

    50
<210

&
&

&
>2,100

J.P. Skorupa, unpub. data, 1996.

Reptiles/amphibians & & &

Mammals (mg/kg dw):
     Kidney
     Liver

<210
<210

&
&

>274
>465

Talmage and Walton (1991).

     1 Zinc toxicity in water is affected not only by hardness but also by factors such as pH, temperature, dissolved oxygen,
and alkalinity.  Toxic effects may occur in sensitive phytoplankton, invertebrates, or fish life stages at concentrations in the
"level of concern" range.  In most of the West, hardness of more than 200 mg/L is much more common, and zinc would be
less toxic under those conditions.

YDULRXV�FRQWDPLQDQWV�IRU�WKHLU�SRWHQWLDO�HIIHFWV
RQ�DTXDWLF�ELRWD���,Q�DGGLWLRQ�WR�WKH�QDWLRQDO
DPELHQW�ZDWHU�TXDOLW\��1$:4��FULWHULD��WKH\
SURYLGHG�VHFRQGDU\�DFXWH�DQG�FKURQLF�YDOXHV�
ORZHVW�FKURQLF�YDOXHV��LQFOXGLQJ�WKRVH�IRU�ILVK�
GDSKQLGV��QRQGDSKQLG�LQYHUWHEUDWHV��DTXDWLF
SODQWV��DQG�DOO�RUJDQLVPV���WHVW�(&��V��VHQVLWLYH
VSHFLHV�WHVW�(&��V��DQG�SRSXODWLRQ�(&��V���7KH
YDOXHV�IRU�ZDWHU�LQ�WDEOH����DUH�DV�IROORZV���´1R
HIIHFWµ�LV�WKH�ORZHVW�FKURQLF�YDOXH�IRU�DOO
RUJDQLVPV��´7R[LFLW\�WKUHVKROGµ�LV�WKH�1$:4
FKURQLF�FULWHULRQ��LI�HVWDEOLVKHG��RU�WKH
VHFRQGDU\�FKURQLF�YDOXH��DQG�´/HYHO�RI
FRQFHUQµ�LV�WKH�UDQJH�EHWZHHQ�WKH�WZR�RWKHU
YDOXHV�

)LHOG�&DVHV

0DQ\�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�LQ�UHFHQW
\HDUV�WR�LQYHVWLJDWH�WKH�WR[LFLW\�RI�]LQF�DQG�]LQF�
FRSSHU�PL[WXUHV�LQ�HIIOXHQWV���)LQOD\VRQ�DQG
9HUUXH��������DQG�)LQOD\VRQ�DQG�$VKXFNLDQ
�������FRQGXFWHG�ORQJ�WHUP�DQG�VKRUW�WHUP
WR[LFLW\�VWXGLHV�RQ�&KLQRRN�VDOPRQ�DQG
VWHHOKHDG�WURXW��UHVSHFWLYHO\��LQ�RUGHU�WR�HVWLPDWH
´VDIHµ�OHYHOV�RI�]LQF�DQG�FRSSHU�IRU�WKRVH
VSHFLHV���+DUULVRQ�DQG�.ODYHUNDPS��������DOVR
FRQGXFWHG�DQ�H[WHQVLYH�VWXG\�RQ�WKH
ELRDFFXPXODWLRQ�RI�]LQF��FRSSHU��DQG�RWKHU
PHWDOV�LQ�QRUWKHUQ�SLNH�DQG�ZKLWH�VXFNHU�IURP
ODNHV�QHDU�D�VPHOWHU��
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7KUHH�H[DPSOHV�LOOXVWUDWH�WKH�SRWHQWLDO�LPSDFWV
RI�]LQF�FRQWDPLQDWHG�PLQH�GUDLQDJH�RQ�WKH
DTXDWLF�HQYLURQPHQW�

��� $FLG�PLQH�GUDLQDJH�IURP�WKH�,URQ
0RXQWDLQ�0LQH�QHDU�5HGGLQJ��&DOLIRUQLD�
FRQWDLQLQJ�KLJK�FRQFHQWUDWLRQV�RI�]LQF�DQG
FRSSHU��FDXVHG�QXPHURXV�ILVK�NLOOV�LQ�WKH
XSSHU�6DFUDPHQWR�5LYHU��)LQOD\VRQ�DQG
$VKXFNLDQ�������)LQOD\VRQ�DQG�9HUUXH
��������6RPH�RI�WKHVH�RFFXUUHG�DV�IDU�EDFN
DV�WKH�HDUO\�����
V��EXW�WKH\�EHFDPH�PRUH
IUHTXHQW�DQG�PRUH�VHULRXV�IROORZLQJ�WKH
FRQVWUXFWLRQ�RI�6KDVWD�'DP�LQ������DQG
.HVZLFN�'DP�LQ��������)LQOD\VRQ�DQG
$VKXFNLDQ��������K\SRWKHVL]HG�WKDW�WKHVH
GDPV�KDG�HIIHFWLYHO\�GLPLQLVKHG�WKH
´GLOXWLRQ�HIIHFWµ�LQ�WKH�6DFUDPHQWR�5LYHU��
<HW��WKH�RXW�IORZV�IURP�WKHVH�GDPV�KDYH
DOVR�EHHQ�XVHG�WR�SXUSRVHO\�GLOXWH�HOHYDWHG
FRQFHQWUDWLRQV�WKDW�DUH�GHWHFWHG�DW
GRZQVWUHDP�PRQLWRULQJ�VWDWLRQV�

��� 6LPLODUO\��WR[LF�FRQFHQWUDWLRQV�RI�]LQF�DQG
FRSSHU�IURP�WKH�3HQQ�0LQH�DUHD�LQ�WKH
6LHUUD�1HYDGD�RI�&DOLIRUQLD�FDXVHG�VL]DEOH
ILVK�NLOOV�LQ�WKH�ORZHU�0RNHOXPQH�5LYHU
%DVLQ��)LQOD\VRQ���DQG�5HFWHQZDOG��������
'XULQJ�D�ILVK�NLOO�LQ�WKH�0RNHOXPQH�5LYHU
LQ�������]LQF�FRQFHQ�WUDWLRQV�RI����
PLOOLJUDPV�SHU�OLWHU��PJ�/��ZHUH�PHDVXUHG
����NLORPHWHUV�GRZQ�VWUHDP�IURP�WKH�PLQH�

��� ,Q�&DQDGD��WKH�HIIHFWV�RI�PL[HG�PLQLQJ
ZDVWHV�RQ�ILVK�ZHUH�H[DPLQHG�WKURXJK
LQWHJUDWHG�ILHOG�VDPSOLQJ�RI�ZDWHU�
VHGLPHQW��LQYHUWHEUDWHV��DQG�ILVK
�0XQNLWWULFN�HW�DO��������0LOOHU�HW�DO���������
0LOOHU�HW�DO����������LQ�SDUWLFXODU��PDGH�DQ
H[WHQVLYH�VWXG\�RI�WKH�UHODWLRQVKLSV
EHWZHHQ�FRQFHQWUDWLRQV�RI�]LQF�DQG�FRSSHU
LQ�DOO�WKHVH�PHGLD�LQ�WKH�0DQLWRXZDGJH
FKDLQ�RI�ODNHV�LQ�QRUWKHUQ�2QWDULR���7KH\
IRXQG�D�FRUUHODWLRQ�EHWZHHQ�]LQF
FRQFHQWUDWLRQV�LQ�LQYHUWHEUDWHV�DQG�LQ
VHGLPHQW�EXW�REVHUYHG�QR�VXFK�UHODWLRQVKLS�

ZLWK�ZDWHU�FRQFHQWUDWLRQV���1HLWKHU�GLG�WKH\
ILQG�DQ\�UHODWLRQVKLS�EHWZHHQ�]LQF
FRQFHQWUDWLRQV�LQ�ILVK�WLVVXH�DQG�WKRVH�LQ
LQYHUWHEUDWHV��DOWKRXJK�VHYHUDO�ODE�VWXGLHV�KDG
VXJJHVWHG�WKDW�IRRG�DQG�SDUWLFXODWHV�DUH�PXFK
PRUH�LPSRUWDQW�VRXUFHV�RI�]LQF�WKDQ�ZDWHU
�3DWULFN�DQG�/RXWLW�������'DOOLQJHU�DQG�.DXW]N\
������DV�FLWHG�LQ�0LOOHU�HW�DO����������)RU�ERWK
]LQF�DQG�FRSSHU��WKH�ZDWHU�FRQFHQWUDWLRQ�ZDV�D
EHWWHU�LQGLFDWRU�RI�PHWDO�FRQFHQWUDWLRQ�LQ�ILVK
WLVVXH�WKDQ�WKH�VHGLPHQW�RU�LQYHUWHEUDWH
FRQFHQWUDWLRQV�LQ�WKLV�ILHOG�VWXG\���0LOOHU�HW�DO�
�������DOVR�UHSRUWHG�UHGXFHG�JURZWK�LQ�IHPDOHV
RI�ZKLWH�VXFNHU�DIWHU�VH[XDO�PDWXUDWLRQ�
GHFUHDVHG�HJJ�VL]H�DQG�IHFXQGLW\��QR�VLJQLILFDQW
LQFUHDVH�LQ�IHFXQGLW\�ZLWK�DJH��DQG�DQ�LQFUHDVHG
LQFL�GHQFH�RI�VSDZQLQJ�IDLOXUH�DW�D�ZDWHUERUQH
]LQF�FRQFHQWUDWLRQ�RI�����PJ�/�DQG�D�VHGLPHQW
FRQFHQWUDWLRQ�RI�������PJ�NJ���,Q�DGGLWLRQ��WKH\
IRXQG�NLGQH\�DQG�OLYHU�FRQFHQWUDWLRQV�WR�EH
EHWWHU�LQGLFDWRUV�RI�FKURQLF�]LQF�DQG�FRSSHU
H[SRVXUH�WKDQ�PXVFOH�FRQFHQWUDWLRQV��

$ELRWLF�)DFWRUV�$IIHFWLQJ
%LRDFFXPXODWLRQ

:DWHU

,Q�QDWXUDO�ZDWHUV��]LQF�RFFXUV�ERWK�LQ�GLV�VROYHG
IRUP�DQG�DV�VXVSHQGHG�SDUWLFXODWHV���2QO\�WKH
GLVVROYHG�IUDFWLRQ�LV�EHOLHYHG�WR�EH�WR[LF�WR�ILVK
�)LQOD\VRQ�DQG�9HUUXH���������'LVVROYHG�]LQF
DVVXPHV�VHYHUDO�GLIIHUHQW�FKHPLFDO�IRUPV�LQ
YDULRXV�LQRUJDQLF�DQG�RUJDQLF�FRPSOH[HV���=LQF
LV�SUHVHQW�DV�=Q���LQ�DFLGLF�ZDWHUV�DQG�=Q2+�

LQ�VRIW�ZDWHUV���$FFRUGLQJ�WR�VRPH�VWXGLHV��]LQF
LV�DOVR�SUHVHQW�DV�D�WR[LF��DTXR�LRQ��
�=Q�+

�
2�

�
�����DOPRVW�H[FOXVLYHO\�LQ�IUHVK�ZDWHU

�&DPSEHOO�DQG�6WRNHV���������6RIWHU�ZDWHU�LV
DOVR�NQRZQ�WR�LQFUHDVH�WKH�WR[LFLW\�RI�]LQF�LQ
ILVK��DQG�DPELHQW�ZDWHU�TXDOLW\�FULWHULD�DUH�EDVHG
RQ�ZDWHU�KDUGQHVV��(3$���������������0RVW�RI
WKH�]LQF�LQWURGXFHG�LQWR�WKH�DTXDWLF
HQYLURQPHQW�LV�HYHQWXDOO\�GHSRVLWHG�LQ
VHGLPHQWV�
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%RWWRP�6HGLPHQW

%LRORJLFDO�HIIHFWV�KDYH�QRW�EHHQ�DVVRFLDWHG�ZLWK
]LQF�FRQFHQWUDWLRQV�RI����PJ�NJ��GU\�ZHLJKW��RU
OHVV�LQ�VHGLPHQWV��EXW�WKH�DYDLODEOH�GDWD�VXJJHVW
WKDW�VXEOHWKDO�HIIHFWV�PD\�RFFXU�DW�]LQF
FRQFHQWUDWLRQV�EHWZHHQ����DQG�
����PJ�NJ��/RQJ�DQG�0RUJDQ���������/RQJ�
HW�DO���������LGHQWLILHG�����PJ�NJ�DV�D�VDIH�OHYHO
IRU�]LQF�DQG�����PJ�NJ�DV�D�FRQFHQWUD�WLRQ
DERYH�ZKLFK�DGYHUVH�HIIHFWV�DUH�FRPPRQ��
$OWKRXJK�PDQ\�RI�WKH�GDWD�WKDW�ZHUH�HYDOXDWHG
ZHUH�IRU�HVWXDULQH�DQG�PDULQH�VHGLPHQWV��+XOO
DQG�6XWHU��������FRQFOXGHG�WKDW�WKRVH�VFUHHQLQJ
OHYHOV�DOVR�ZHUH�DSSURSULDWH�IRU�IUHVKZDWHU
VHGLPHQWV�XQWLO�PRUH�VSHFLILF�JXLGHOLQHV�EHFRPH
DYDLODEOH���+RZHYHU��WKH\�DOVR�UHFRPPHQG�WKDW
WKHVH�FRQFHQWUDWLRQV�EH�FRPSDUHG�WR�ORFDO
EDFNJURXQG�OHYHOV�ZKHQ�SRVVLEOH��DQG�WKDW
FRQFHQWUDWLRQV�ZLWKLQ�WKH�EDFNJURXQG�UDQJH
VKRXOG�QRW�EH�FRQVLGHUHG�D�SUREOHP�

$FLG�YRODWLOH�VXOILGHV��$96��LQ�WKH�VHGLPHQW�PD\
FRPELQH�ZLWK��D�SRUWLRQ�RI�FHUWDLQ�PHWDOV��&G�
&X��1L��3E��DQG�=Q��DQG�UHQGHU�WKDW�SRUWLRQ
XQDYDLODEOH�DQG�QRQWR[LF�WR�ELRWD�
�'L�7RUR�HW�DO����������,Q�RUGHU�WR�DVVHVV�WKH
HIIHFWV�RI�DFLG�YRODWLOH�VXOILGHV�RQ�PHWDO�WR[LFLW\�
WKH�$96�LV�H[WUDFWHG�IURP�VHGLPHQW�ZLWK�K\GUR�
FKORULF�DFLG��DQG�WKH�PHWDO�FRQFHQWUDWLRQ�WKDW
FRPHV�ZLWK�LW�LV�FDOOHG�WKH�VLPXOWDQHRXVO\
H[WUDFWHG�PHWDO��6(0����$OO�6(0V�WKDW�ZRXOG
FRQWULEXWH�DSSUHFLDEO\�WR�WKH�WRWDO�6(0�DUH
PHDVXUHG�DQG�WRWDOHG��'L�7RUR�HW�DO����������+H
WKH�VHGLPHQWV�DUH�QRW�IXOO\�R[LGL]HG��$GDPV�HW
DO���������WKHQ�DQ�6(0�$96�UDWLR����LQGLFDWHV
WKDW�DFXWH�WR[LFLW\�LV�XQOLNHO\���7KH�PHWKRG�KDV
QRW�\HW�EHHQ�DGDSWHG�IRU�FKURQLF�WR[LFLW\�

%LRWLF�(IIHFWV

=LQF�FRQFHQWUDWLRQV�LQ�SODQWV�DQG�DQLPDOV�DUH
H[WUHPHO\�YDULDEOH���,Q�SODQWV��WKH�EDFNJURXQG
FRQFHQWUDWLRQ�UDQJHV�IURP���WR�����PJ�NJ
�%RGHN�HW�DO����������,Q�ILVK��FRQFHQWUDWLRQV�DUH
QRUPDOO\������PJ�NJ�GZ��(LVOHU��������EDVHG�

RQ�D�QDWLRQZLGH�VXUYH\�RI�]LQF�LQ�ILVK��6FKPLWW
DQG�%UXPEDXJK��������UHSRUWHG�D�PHDQ
FRQFHQWUDWLRQ�RI������PJ�NJ�ZZ��DERXW�
���PJ�NJ�GZ��DQG�DQ���WK�SHUFHQWLOH
FRQFHQWUDWLRQ�RI������PJ�NJ�ZZ������PJ�NJ
GZ����)RU�ERWK�ELUGV�DQG�PDPPDOV��QRUPDO
WLVVXH�]LQF�FRQFHQWUDWLRQV�DUH������PJ�NJ�GZ
�(LVOHU�������

3ODQWV

6HQVLWLYH�WHUUHVWULDO�SODQWV�VXFK�DV�RDN�DQG�PDSOH
VHHGOLQJV�GLHG�ZKHQ�VRLO�]LQF�OHYHOV�ZHUH�!���
PJ�NJ��DV�VKRZQ�LQ�WDEOH������,Q�JHQHUDO��]LQF
XSWDNH�E\�SODQWV�LV�SURPRWHG�E\�ORZ�VRLO�S+�DQG
LV�UHVWUDLQHG�E\�KLJK�VRLO�S+��KLJK�FOD\�FRQWHQW�
KLJK�FDWLRQ�H[FKDQJH�FDSDFLW\��RU�D�KLJK
SKRVSKDWH�OHYHO�LQ�WKH�VRLO��%RGHN�HW�DO���������
7KH�JHQHUDO�V\PSWRPV�RI�]LQF�WR[LFLW\�LQ
WHUUHVWULDO�SODQWV�DUH�FKORURWLF�DQG�QHFURWLF�OHDI
WLSV��LQWHUYHLQDO�FKORURVLV�LQ�QHZ�OHDYHV��UHWDUGHG
JURZWK�RI�WKH�HQWLUH�SODQW��DQG�LQMXUHG�URRWV
UHVHPEOLQJ�EDUEHG�ZLUH��.DEDWD�3HQGLDV�DQG
3HQGLDV���������&HUHDOV�DQG�VSLQDFK�DUH�WKH
FRPPRQ�FURS�SODQWV�PRVW�VHQVLWLYH�WR�]LQF
WR[LFLW\���7KH�UHFRPPHQGHG�PD[LPXP
DFFHSWDEOH�]LQF�FRQFHQWUDWLRQ�LQ�VRLO�IRU
WHUUHVWULDO�SODQWV�LV���²����PJ�NJ��GHSHQGLQJ�RQ
WKH�IRUP�RI�]LQF�DQG�WKH�VRLO�FRQGLWLRQV�

)LVK

6LJQLILFDQW�DGYHUVH�HIIHFWV�ZHUH�REVHUYHG�LQ�WKH
PRVW�VHQVLWLYH�ILVK�VSHFLHV�DW�D�ZDWHUERUQH
]LQF�FRQFHQWUDWLRQ�RI����PJ�/��WDEOH������
:KHQ�ODUYDH�DQG�DOHYLQV�RI�UDLQERZ�WURXW�
�1PEQTJ[PEJWU�O[MKUU��ZHUH�H[SRVHG�WR�����J
=Q�/�����SHUFHQW�RI�WKHP�GLHG�DIWHU�D����GD\
H[SRVXUH��6SHDU���������$FXWH����K�/&���YDOXHV
IRU�VDOPRQ�ZHUH�PHDVXUHG�DW�
!�������J�/��+DPLOWRQ�DQG�%XKO���������

.QR[�HW�DO���������IRXQG�WKDW�UDLQERZ�WURXW�FDQ
WROHUDWH�UHODWLYHO\�KLJK�GLHWDU\�FRQFHQ�WUDWLRQV�RI
]LQF���7KHUH�ZDV�QR�HIIHFW�RQ�JURZWK�RU�KHDOWK
RI�UDLQERZ�WURXW�ZKHQ�WKH\
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Table 35.&Biological effects of zinc in sediment or soil

Species

Zn in sediment/
soil

(mg/kg dw)
Zn in biomass (mg/kg dw)

and other effects Comments Reference

Plants

Oak (Quercus rubra) 100 Lethal to seedlings Planted in
culture medium

Eisler 1993

Red maple (Acer
rubrum)

100 Lethal to seedlings

Invertebrates

Aquatic invertebrates 1,149 Complete absence of Plecoptera,
Ephemeroptera, Odonata,
Trichoptera, Amphipoda, and
Unionidae

Manitouwadge
Lake, Ontario,
Canada

Munkittrick
et al. 1991

Earthworm
(Aporrectodea
tuberculata)

28 320 Eisler 1993

97 810

110 1,300

190 1,100

320 650

470 No worms found

Fish

White sucker
(Catostomus
commersoni)

43 Liver 112; muscle 25; stomach
contents 7

Loken Lake,
Ontario, Canada

Munkittrick
et al. 1991

1,149 Liver 210; muscle 20; stomach
contents 886.  Lowered growth
rate

Manitouwadge
Lake, Ontario,
Canada

Mammals

Field vole
(Microtus agrestis)

21,000 Whole body 191.6 Pb-Zn mine site Johnson et
al. 1978

131 Whole body 121.2 Uncontaminated
site

Roberts
and
Johnson
1978

59 Whole body 100; liver 113; kidney
121

Uncontaminated
site

Anderson
et al. 1982

Shrew
(Sorex araneus)

21,000 Whole body 141 Pb-Zn mine site Johnson et
al. 1978

Vole (Clethrionomys
glareolus)

21,000 Whole body 123.4 Pb-Zn mine site
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ZHUH�IHG�D�GLHW�FRQWDLQLQJ�]LQF�DW�D�OHYHO�RI�
����PJ�NJ�GZ��WDEOH�������2WKHU�IHHGLQJ�VWXGLHV
XVLQJ�UDLQERZ�WURXW�IRXQG�QR�REVHUYHG�HIIHFW
ZLWK�GLHWDU\�FRQFHQWUDWLRQV�UDQJLQJ�IURP�����WR
������PJ�NJ�GZ��DOWKRXJK�SURJUHVVLYHO\�KLJKHU
]LQF�FRQFHQ�WUDWLRQV�ZHUH�REVHUYHG�LQ�WKH�OLYHU�
EORRG��DQG�JLOOV��:HNHOO�HW�DO��������

$PSKLELDQV

$PSKLELDQ�HPEU\RV�DUH�NQRZQ�WR�EH�PRUH
VHQVLWLYH�WR�]LQF�WKDQ�ROGHU�VWDJHV���$V�VKRZQ�LQ
WDEOH�����PRVW�DPSKLELDQV�VKRZ�VHULRXV�DGYHUVH
HIIHFWV�DW�ZDWHUERUQH�]LQF�FRQFHQWUD�WLRQV
!�������J�/���$PSKLELDQV�DUH�UHSRUWHG�WR
DFFXPXODWH�]LQF�PRUH�WKDQ�RWKHU�VSHFLHV��
&RPSDUHG�WR�FRQFHQWUDWLRQV�LQ�ILVK��]LQF
FRQFHQWUDWLRQV�LQ�WDGSROHV�ZHUH����WLPHV�DV
KLJK��DQG�WKRVH�LQ�HYLVFHUDWHG�WDGSROHV�ZHUH
WZLFH�DV�KLJK��-HQQHWW�HW�DO��������

%LUGV

%LUGV�DUH�UHODWLYHO\�WROHUDQW�WR�]LQF��3XOV������
(LVOHU���������'XFNV��#PCU�VSS���KDG�UHGXFHG
VXUYLYDO�ZKHQ�WKH\�FRQVXPHG�������WR�
������PJ�=Q�NJ�LQ�GLHWV���:KHQ�WKH�VDPH
DPRXQW��������PJ�NJ��ZDV�IHG�WR�PDOODUGV
�#PCU�RNCV[TJ[PEJQU���WKH\�GHYHORSHG�GLDUUKHD
DIWHU����GD\V��OHJ�SDUDO\VLV�LQ����GD\V��DQG�KLJK
PRUWDOLW\�DIWHU����GD\V���7KH�ORZHVW�FRQ�
FHQWUDWLRQ�RI�]LQF�LQ�GLHW�WKDW�FDXVHG�DGYHUVH
HIIHFWV�LQ�ELUGV�ZDV�����PJ�NJ���:KHQ�����PJ
=Q�NJ�ZDV�IHG�WR�GRPHVWLF�EUHHGLQJ�KHQV�IRU�
��ZHHNV��LW�FDXVHG�LPPXQRVXSSUHVVLRQ�RI�\RXQJ
SURJHQ\�ZLWKRXW�DIIHFWLQJ�JURZWK��(LVOHU�������

0DPPDOV

0DPPDOV�DOVR�DUH�UHODWLYHO\�WROHUDQW�WR�]LQF
�3XOV�������(LVOHU���������0RVW�PDPPDOV�FDQ
FRQVXPH�PXFK�KLJKHU�OHYHOV�RI�]LQF�WKDQ�WKHLU
QRUPDO�LQWDNHV�ZLWKRXW�VKRZLQJ�DQ\�GHOHWHULRXV
HIIHFWV���0RVW�VWXGLHV�RI�]LQF�LQ�PDPPDOV�KDYH�

IRFXVHG�RQ�ZKROH�ERG\�FRQFHQWUDWLRQV��]LQF�GLG
QRW�ELRFRQFHQWUDWH�LQ�OLYHU�RU�NLGQH\�WLVVXH��
$PRQJ�WKH�VPDOO�PDPPDOV�OLVWHG�LQ�WDEOH�����WKH
ILHOG�YROH��/KETQVWU�CITGUVKU��ZDV�IRXQG�WR
DFFXPXODWH�WKH�PRVW�]LQF�LQ�ZKROH�ERG\
FRQFHQWUDWLRQV��7DOPDJH�DQG�:DOWRQ���������$W
D�VRLO�FRQFHQWUDWLRQ�RI��������PJ�NJ�GZ��LW
DFFXPX�ODWHG�D�]LQF�FRQFHQWUDWLRQ�RI������
PJ�NJ�GZ��VLJQLILFDQWO\�KLJKHU�WKDQ�WKH
FRQFHQWUDWLRQV�LQ�FRQWURO�YROHV���0DQ\�VWXGLHV
VKRZ�WKDW�PDPPDOV�JHQHUDOO\�FDQ�WROHUDWH
GLHWDU\�]LQF�OHYHOV�XS�WR�����WLPHV�WKHLU�XVXDO
GDLO\�UHTXLUHPHQW�IRU�ORQJ�SHULRGV�ZLWKRXW
VKRZLQJ�VLJQLILFDQW�DGYHUVH�HIIHFWV��(LVOHU��������

%LRDFFXPXODWLRQ

%LRFRQFHQWUDWLRQ�IDFWRUV��%&)V��RI�]LQF�FDQ
YDU\�JUHDWO\�EHWZHHQ�IUHVKZDWHU�VSHFLHV���
)RU�LQVHFWV��WKH�%&)�FDQ�YDU\�IURP�����WR�
������DQG�IRU�ILVK�IURP����WR������(3$��������

,QWHUDFWLRQV

,Q�VROXWLRQ��LQRUJDQLF�R[LGHV�DQG�KXPLF
VXEVWDQFHV�LQFUHDVH�WKH�ELRDYDLODELOLW\�RI�]LQF
�(3$���������������0RUHRYHU��PL[WXUHV�RI�]LQF
DQG�FRSSHU�DUH�NQRZQ�WR�EH�DGGLWLYH�RU��PRUH�
WKDQ�DGGLWLYH��LQ�WR[LFLW\�WR�PDQ\�DTXDWLF
RUJDQLVPV���)LQOD\VRQ�DQG�9HUUXH�������
FRQGXFWHG�ORQJ�WHUP�DQG�VKRUW�WHUP�WR[LFLW\
VWXGLHV�RQ�&KLQRRN�VDOPRQ��1PEQTJ[PEJWU
VUJCY[VUEJC��XVLQJ�YDULRXV�ZDWHU�FRQFHQWUDWLRQV
RI�FRSSHU�DQG�]LQF�PL[WXUH���)URP�WKH�UHVXOWV�
WKH\�HVWLPDWHG�WKDW�VDIH�OHYHOV�RI�FRSSHU�DQG
]LQF�IRU�&KLQRRN�VDOPRQ�ZRXOG�EH�EHORZ���
DQG����PJ�/��UHVSHFWLYHO\���2WKHU�PHWDOV�WKDW
DUH�DGGLWLYH�WR�]LQF�LQ�WR[LFLW\�DUH�OHDG�DQG
QLFNHO���2Q�WKH�RWKHU�KDQG��FDGPLXP�LV�NQRZQ
WR�EH�DQWDJRQLVWLF�WR�]LQF���$�ORZ�PROHFXODU�
ZHLJKW�SURWHLQ��PHWDOORWKLRQHLQ��DOVR�SOD\V�DQ
LPSRUWDQW�UROH�LQ�WKH�WUDQVSRUW��VWRUDJH��DQG
GHWR[LILFDWLRQ�RI�]LQF��+DPLOWRQ�DQG�0HKUOH
��������0HWDOORWKLRQHLQ�V\QWKHVLV�LV�LQGXFHG
ZKHQ�PRVW�YHUWHEUDWHV�DQG�VRPH�SODQWV�DUH�
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Table 36.&Biological effects of zinc on aquatic species

Species
Zn in water

(µg/L) Effect Comments Reference

Plants

Brown macroalgae
(Fucas serratus)

9.5 BCF:  10,770 in 140 days Marine algae Eisler 1993

Freshwater alga
(Selenastrum
capricornutum)

30 Some growth inhibition in 7 days Eisler 1993

40%68 95% growth inhibition in 14 days

100 100% growth inhibition in 14 days

Freshwater algae,
most species

>1,000 Growth inhibition Eisler 1993

Phytoplankton 15 Primary productivity reduced in 
14 days

Eisler 1993

Invertebrates

Cladoceran (Daphnia
magna) eggs

10,000%50,000 No effect on mortality 46-h exposure. 
Eggs more tolerant
than adults

Bodar et al.
1989

100,000 Increase in mortality

Mayfly (Epeorus
latifolium) larvae

10%30 Decreased growth rate after 
2 weeks.  Notable increase in
mortality at 4 weeks

Hatakeyama
1989

100 Growth rate 37% of control at 
1 week, near 0% at 2 weeks.  All
died before emergence

300 Growth rate 24% of control at
1 week, near 0% at 2 weeks.  All
died before emergence

Midge (Chironomus
tentans) larvae

8,200 48-h EC50  (Effect:  immobilization) Temp. 14°C, pH 6.3 Khangarot and
Ray 1989

Mosquito (Aedes
aegypti) hatched
pupae

500 20% increase in mortality pH 6.1 Abbasi et al.
1985

Snail (Ancylus
fluviatilis) juvenile

80 100d LC50 Shell length
<2 millimeters

Eisler 1993

130 100d LC50 Shell length
>3 millimeters

Snail (Ancylus
fluviatilis) adult

100 No adverse effect on reproduction in
100 days

180 Reproduction reduced in 100 days

Snail (Biomphalaria
glabrata) embryos

500 Survival reduced to 50% Eisler 1993

Snail (Biomphalaria
glabrata) adults

500 Growth and reproduction inhibited
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Table 36.&Biological effects of zinc on aquatic species&Continued

Species
Zn in water

(µg/L) Effect Comments Reference

Invertebrates &Continued

Sponge (Ephydatia
fluviatilis) adults

6.5 No effect on growth; no tolerance
developed with long-term exposure

Eisler 1993

26 After exposure for 10 days, tissue
deterioration and death during
3-week post-exposure period

Fish

Bluegill (Lepomis
macrochirus)

1,400 96-h LC50 (Cu present) Cu = 400 µg/L; temp.
22±1 °C; pH 6.8%7.5 

Thompson et al.
1980

3,200 96-h LC50 (Cu absent) Cu = 0; other condi-
tions as above

Chinook salmon
(Oncorhynchus
tshawytscha)

1,270 96-h LC50 In fresh water; mean
weight 1.03 g

Hamilton and
Buhl 1990

2,880 In brackish water;
mean weight 2.60 g

5,530 24-h LC50 In fresh water; mean
weight 1.03 g

12,600 In brackish water;
mean weight 2.60 g

Chinook salmon
(Oncorhynchus
tshawytscha) eggs to
hatchlings

145 28-d LC10s, based on various mixed
solutions of Cu and Zn

Zn = 3× dissolved
Cu

Finlayson and
Verrue 1980

175 Zn = 3× total Cu

224 Zn = 6× dissolved
Cu

254 Zn = 6× total Cu

396 Zn = 11× dissolved
Cu

437 Zn = 11× total Cu

Chinook salmon
(Oncorhynchus
tshawytscha)
hatchlings to swim-up
fry

119 28-d LC50s, based on various mixed
solutions of Cu and Zn

Zn = 3× dissolved
Cu

Finlayson and
Verrue 1980

145 Zn = 3× total Cu

156 Zn = 6× dissolved
Cu

187 Zn = 6× total Cu

208 Zn = 11× dissolved
Cu

234 Zn = 11× total Cu
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Table 36.&Biological effects of zinc on aquatic species&Continued

Species
Zn in water

(µg/L) Effect Comments Reference

Fish&Continued

Coho salmon
(Oncorhynchus
kisutch), yearling

4,600 96-h LC50 Temp. 10%12°C;
hardness 68%78 or 
89%90 mg/kg (as
CaCO3)

Lorz and
McPherson
1976

Rainbow trout
(Oncorhynchus
mykiss)

10 28-d LC54 Larvae and alevins Spear 1981

70-140 25-d LC50 Early life stages

Steelhead trout
(Oncorhynchus
mykiss) eggs to
hatchlings

170 60-d LC10s, based on various mixed
solutions of Cu, Zn, and Al

Cu:Zn:Al = 1:4:6,
dissolved Zn

Finlayson and
Aschuckian
1979

200 Cu:Zn:Al = 1:4:6,
total Zn

280 Cu:Zn:Al = 1:12:18,
dissolved Zn

290 Cu:Zn:Al = 1:12:18,
total Zn

Steelhead trout
(Oncorhynchus
mykiss) hatchlings to
swim-up fry

140 60-d LC10s, based on various mixed
solutions of Cu, Zn, and Al

Cu:Zn:Al = 1:12:18,
dissolved Zn

Finlayson and
Aschuckian
1979

140 Cu:Zn:Al = 1:4:6,
dissolved Zn

170 Cu:Zn:Al = 1:4:6,
total Zn

180 Cu:Zn:Al = 1:12:18,
total Zn

Amphibians

South African clawed
frog (Xenopus laevis)

>1,500 At 96 h, some mid-gut malformations
and pericardial edema

Eisler 1993

2,700 50% malformations in 96 h

Newt
(Triturus cristatus)

200%3,000 Newts became lethargic, ate poorly,
and had skin darkening before
death.  Elevated Zn concentrations
in kidney, brain, liver, and intestine

Eisler 1993
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Table 37.&Summary of exposure-response or exposure-bioaccumulation of zinc

Species
Zn in diet

(mg/kg dw)
Zn in biomass (mg/kg dw) and effect when

observed Comments Reference

Food chain

Mayfly
(Epeorus
latifolium)
larvae

   940
(algae)

No change in growth rate; slight increase in
mortality

Hatakeyama
1989

1,380
(algae)

Growth rate decreased to 55% of control within
1 week but rebounded after 2 weeks.  Significant
increase in mortality; impaired emergence

2,170
(algae)

Impaired emergence and growth rate; significant
increase in mortality

Woodlouse
(Porcellio
scaber)

5,000 Survival reduced to 74% of control Beyer et al.
1984

20,000 Survival reduced to 34% of control

Slug 
(Arion ater)

<100 No significant effect Eisler 1993

300%1,000 Reduced food consumption at day 27

470 Significantly impaired growth

Fish

Rainbow
trout
(Oncorhyn-
chus mykiss)

440 Liver 106; blood 171; gill 308.  No effect Wekell et al.
1983

860 Liver 120; blood 192; gill 522.  No effect

1,700 Liver 151; blood 244; gill 1,120.  No effect

683 Liver 24.  No effect 20-week
exposure.  Diet
also contained
178 mg/kg Cu

Knox et al.
1982

Birds

Mallard
(Anas platy-
rhynchos)

3,000 Leg paralysis and decreased food consumption 30-day
exposure

Eisler 1993

>3,000 Many deaths

Peking duck
(Anas platy-
rhynchos)

2,500 Progressive ultrastructural degeneration of
pancreatic acinar cells evident as early as day 5

56-day
exposure

Eisler 1993

Mammals

Horse
(Equus
caballus)

1,000 2,728%3,511 in liver; caused Cu deficiency Eisler 1993

2,000 4,364%4,524 in liver; caused Cu deficiency

Domestic
mouse
(Mus sp.)

682 No effects Eisler 1993

6,820 Reduced survival, growth, and food intake
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Table 38.&U.S. Environmental Protection Agency standards and criteria
for zinc

(See Appendix II for explanation of terms.  Source:  EPA, 1985, 1995)

Status EPA priority pollutant; carcinogencity unknown

Drinking water MCL/MCLG None established

Secondary MCL 5 mg/L

Drinking-water health advisories 
for 10-kilogram child

1-day HA: 6 mg/L
10-day HA: 6 mg/L
Long-term HA: 3 mg/L

Drinking-water health advisories 
for 70-kilogram child

Reference dose: 0.3 mg/kg/day
Long-term HA: 10 mg/L
Lifetime HA: 2 mg/L
DWEL: 10 mg/L

Freshwater criteria (hardness dependent)

At hardness of 50 mg/L CaCO3 65 µg/L for acute exposure
59 µg/L for chronic exposure

At hardness of 100 mg/L CaCO3 120 µg/L for acute exposure
110 µg/L for chronic exposure

At hardness of 200 mg/L CaCO3 210 µg/L for acute exposure
190 µg/L for chronic exposure

FKURQLFDOO\�RU�DFXWHO\�H[SRVHG�WR�]LQF�DQG�RWKHU
KHDY\�PHWDOV���,W�SURWHFWV�DJDLQVW�WKH�LOO�HIIHFWV
RI�]LQF�E\�VHTXHVWHULQJ�]LQF�PRUH�HIILFLHQWO\�

5HJXODWRU\�6WDQGDUGV

6WDQGDUGV�DQG�FULWHULD�HVWDEOLVKHG�E\�WKH�
8�6��(QYLURQPHQWDO�3URWHFWLRQ�DJHQF\�DUH�
OLVWHG�LQ�WDEOH������)RU�VWDQGDUGV�DQG�FULWHULD�VHW
E\�6WDWH�DJHQFLHV��FRQWDFW�WKRVH�DJHQFLHV
GLUHFWO\���6HH�$SSHQGL[�,�IRU�D�OLVWLQJ�RI�ZDWHU
TXDOLW\�RIILFLDOV�LQ�WKH����:HVWHUQ�6WDWHV�

5HIHUHQFHV

$EEDVL��6�$���3�&��1LSDQH\��DQG�5��6RQL���������
(QYLURQPHQWDO�FRQVHTXHQFHV�RI�WKH�LQKLELWLRQ
LQ�WKH�KDWFKLQJ�RI�SXSDH�RI�#GFGU�CGI[RVK�E\
PHUFXU\��]LQF�DQG�FKURPLXP³�7KH�DEQRUPDO
WR[LFLW\�RI�]LQF���,��'PXKTQP��5VWFKGU
������²����

$GDPV��:�-���5�$��.LPHUOH��DQG�-�:��%DUQHWW��-U��
�������6HGLPHQW�TXDOLW\�DQG�DTXDWLF�OLIH
DVVHVVPHQWV���'PXKTQP��5EK��6GEJPQN�
�����������²�����

$QGHUVRQ��7�-���*�:��%DUUHWW��&�6��&ODUN��9�-��(OLD�
DQG�9�$��0DMHWL����������0HWDO�FRQFHQWUDWLRQV�LQ
WLVVXHV�RI�PHDGRZ�YROHV�IURP�VHZDJH�VOXGJH
WUHDWHG�LQ�ILHOGV���,��'PXKTQP��3WCN��������²����

%H\HU��:�1���*�:��0LOOHU��DQG�(�-��&URPDUWLH���������
&RQWDPLQDWLRQ�RI�WKH�VRLO�KRUL]RQ�E\�]LQF
VPHOWLQJ�DQG�LWV�HIIHFW�RQ�ZRRGORXVH�VXUYLYDO��
,��'PXKTQP��3WCN��������²����

%RGDU��&�:�0���$�9�'��=HH��3�$��9RRJW��+��:\QQH�
DQG�'�,��=DQGHH����������7R[LFLW\�RI�KHDY\
PHWDOV�WR�HDUO\�OLIH�VWDJHV�RI�&CRJPKC�OCIPC��
'EQVQZKEQN��'PXKTQP��5CHGV[�������²������

%RGHN��,���:�-��/\PDQ��:�)��5HHKO��DQG�
'�+��5RVHQEODWW����������'PXKTQPOGPVCN�
KPQTICPKE�EJGOKUVT[��2TQRGTVKGU��RTQEGUUGU��CPF
GUVKOCVKQP�OGVJQFU���3HUJDPRQ�3UHVV��
1HZ�<RUN���
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&DPSEHOO��3�*�&���DQG�3�0��6WRNHV���������
$FLGLILFDWLRQ�DQG�WR[LFLW\�RI�PHWDOV�WR�DTXDWLF
ELRWD���%CP��,��(KUJ��#SWCV��5EK���������²�������

'DOOLQJHU��5���DQG�+��.DXW]N\����������7KH
LPSRUWDQFH�RI�FRQWDPLQDWHG�IRRG�IRU�WKH
XSWDNH�RI�KHDY\�PHWDO�E\�UDLQERZ�WURXW��5CNOQ
ICKTFPGTK����$�ILHOG�VWXG\���1GEQNQIKC��%HUOLQ�
�����²�����

'L�7RUR��'�0���-�'��0DKRQ\��'�-��+DQVHQ��
.�-��6FRWW��$�5��&DUOVRQ��DQG�*�7��$QNOH\��
�������$FLG�YRODWLOH�VXOILGH�SUHGLFWV�WKH�DFXWH
WR[LFLW\�RI�FDGPLXP�DQG�QLFNHO�LQ�VHGLPHQWV��
'PXKTQP��5EK��6GEJPQN�������²����

(LVOHU��5����������<KPE�JC\CTFU�VQ�HKUJ��YKNFNKHG��CPF
KPXGTVGDTCVGU���#�U[PQRVKE�TGXKGY���8�6��)LVK
DQG�:LOGOLIH�6HUYLFH�%LRORJLFDO�5HSRUW����������
����S�

(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������
#ODKGPV�YCVGT�SWCNKV[�ETKVGTKC�HQT�\KPE���
8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�5HSRUW
�����²��²����������S�

(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������
9CVGT�SWCNKV[�ETKVGTKC�UWOOCT[���8�6�
(QYLURQ�PHQWDO�3URWHFWLRQ�$JHQF\��2IILFH�RI
6FLHQFH�DQG�7HFKQRORJ\��+HDOWK�DQG�(FRORJLFDO
&ULWHULD�'LYLVLRQ��:DVKLQJWRQ��'&�

(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������
:DWHU�TXDOLW\�VWDQGDUGV���(VWDEOLVKPHQW�
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