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6DOLQLW\�LV�D�PHDVXUH�RI�WKH�PDVV�RI�GLVVROYHG
VDOWV�LQ�D�JLYHQ�PDVV�RI�VROXWLRQ���7KH�WHUP
´VDOLQLW\µ�LQFOXGHV�PDQ\�GLIIHUHQW�W\SHV�RI�VDOWV��
6DOLQLW\�LV�QRW�SUHFLVHO\�HTXLYDOHQW�WR�WRWDO
GLVVROYHG�VROLGV�FRQWHQW��7'6���EXW�WKH�WZR
WHUPV�DUH�FORVHO\�UHODWHG���)RU�PRVW�SXUSRVHV�
WKH\�FDQ�EH�FRQVLGHUHG�HTXLYDOHQW��>(3$�������

0HDVXUHPHQW�7HFKQLTXHV�DQG�8QLWV

6DOLQLW\�LV�XVXDOO\�DVVHVVHG�E\�PHDVXULQJ�VRPH
UHODWHG�SK\VLFDO�SURSHUW\��VXFK�DV�FRQGXFWLYLW\�
GHQVLW\��VRXQG�VSHHG��RU�UHIUDFWLYH�LQGH[���7KH
FRQGXFWLYLW\�DQG�GHQVLW\�PHWKRGV�DUH
UHFRPPHQGHG�IRU�WKHLU�KLJK�VHQVLWLYLW\�DQG
SUHFLVLRQ��DQG�FRQGXFWLYLW\�FDQ�EH�PHDVXUHG
HDVLO\�ZLWK�ILHOG�PHWHUV���7KH�FRQGXFWLYLW\�RI�D
ZDWHU�VDPSOH�LV�GHWHUPLQHG�E\�PHDVXULQJ�LWV
HOHFWULFDO�UHVLVWDQFH�EHWZHHQ�WZR�HOHFWURGHV�DQG
FRPSDULQJ�WKLV�UHVLVWDQFH�ZLWK�WKDW�RI�D�VWDQGDUG
VROXWLRQ�RI�SRWDVVLXP�FKORULGH�DW�����&��
&RQGXFWLYLW\�LV�WKH�UHFLSURFDO�RI�WKH�PHDVXUHG
UHVLVWDQFH��+HP�������

6DOLQLW\�LV�XVXDOO\�H[SUHVVHG�LQ�SDUWV�SHU
WKRXVDQG��SSW��IRU�PDULQH�RU�RWKHU�KLJKO\�VDOLQH
ZDWHUV��H�J���WKRVH�LQ�WKH�6DOWRQ�6HD����
�,Q�FRQWUDVW��´SSWµ�LV�XVHG�WR�GHQRWH�SDUWV�SHU
WULOOLRQ�IRU�IUHVKZDWHU�VWXGLHV�RI�WUDFH�HOHPHQWV
DQG�RUJDQLFV��KRZHYHU��SSW�DV�XVHG�LQ�WKLV
VHFWLRQ�UHIHUV�WR�SDUWV�SHU�WKRXVDQG����7'6�LV
XVXDOO\�H[SUHVVHG�LQ�XQLWV�RI�PLOOLJUDPV�SHU�OLWHU
�PJ�/����)RU�IUHVK�ZDWHU��WKH�WHUPV�VDOLQLW\�DQG
7'6�DUH�RIWHQ�XVHG�LQWHUFKDQJH�DEO\��DQG
LUULJDWLRQ�DQG�GUDLQDJH�HQJLQHHUV�DQG�VRLO
VFLHQWLVWV�W\SLFDOO\�H[SUHVV�VDOLQLW\�LQ�SDUWV�SHU
PLOOLRQ��SSP����2QH�PJ�/�LV�QXPHULFDOO\
HTXLYDOHQW�WR�RQH�SSP�E\�ZHLJKW�

&RQGXFWLYLW\��RU�VSHFLILF�FRQGXFWDQFH�>6&@���LQ
WKH�,QWHUQDWLRQDO�6\VWHP�RI�PHDVXUHPHQWV��6,��
LV�H[SUHVVHG�LQ��PLFURVLHPHQV�SHU�FHQWLPHWHU
��6�FP���DOWKRXJK�PDQ\�UHSRUWV�VWLOO�XVH�WKH
QRQ�6,�PHDVXUHPHQW�PLFURPKRV�SHU�FHQWL�
PHWHU�����PKR�FP� ����6�FP����6SHFLILF
FRQGXFWDQFH�LV�GHILQHG�DV�WKH�FRQGXFWLYLW\�RI�
D�FRQGXFWRU���FHQWLPHWHU�ORQJ�DQG���VTXDUH
FHQWLPHWHU�LQ�FURVV�VHFWLRQDO�DUHD�

$Q�DSSUR[LPDWH�YDOXH�IRU�7'6�FDQ�EH�GHULYHG
IURP�FRQGXFWLYLW\�UHVXOWV��DOWKRXJK�WKH
UHODWLRQVKLS�EHWZHHQ�7'6�DQG�FRQGXFWLYLW\
YDULHV�RQ�WKH�EDVLV�RI�LRQLF�FRPSRVLWLRQ�RI�WKH
VDOWV�SUHVHQW�LQ�VROXWLRQ���)RU�VSHFLILF�FRQ�
GXFWDQFH�OHVV�WKDQ��������6�FP�DW����&�

7'6� �������ï�6&�������

ZKHUH�7'6� �WRWDO�GLVVROYHG�VROLGV�LQ�PJ�/�DQG
6&� �VSHFLILF�FRQGXFWDQFH�LQ��6�FP�
)RU�D�VSHFLILF�FRQGXFWDQFH�IURP�������WR
��������6�FP�

7'6� �������ï�6&�²����

5RXJKO\��IRU�PRVW�ZDWHUV��WKH�FRQFHQWUDWLRQ�RI
GLVVROYHG�VROLGV�LQ�PJ�/�LV�LQ�WKH�UDQJH�RI�����
WR�����WLPHV�WKH�FRQGXFWLYLW\�LQ��6�FP��/LQVOH\
DQG�)UDQ]LQL���������$QRWKHU�´UXOH�RI�WKXPEµ
IRU�FRQYHUWLQJ�FRQGXFWLYLW\�PHDVXUH�PHQWV�WR
7'6�LV�WR�PXOWLSO\�6&�E\������
�8�6��%XUHDX�RI�5HFODPDWLRQ���������$FFRUGLQJ
WR�+HP���������WKH�UDQJH�RI�WKH�VORSHV�RI�WKH
UHJUHVVLRQ�OLQHV�LV�����²�����IRU�GLOXWH�ZDWHUV�
DQG������LV�RIWHQ�XVHG�WR�GHULYH�7'6�YDOXHV
IURP�PHDVXUHG�FRQGXFWLYLW\��SHUV��FRPPV��IURP
-��<DKQNH��8�6��%XUHDX�RI�5HFODPDWLRQ��DQG
0�.��6DLNL��8�6��)LVK�DQG�:LOGOLIH�6HUYLFH���
9DOXHV�LQ�WKH�XSSHU�SDUW�RI�WKLV�UDQJH��!����
WHQG�WR�KDYH�KLJKHU�VXOIDWH�FRQFHQWUDWLRQV�
ZKLFK�DUH�SHUWLQHQW�WR�1DWLRQDO�,UULJDWLRQ�:DWHU�
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4XDOLW\�3URJUDP�ZRUN���0DQ\�RI�WKH�VLWHV�EHLQJ
LQYHVWLJDWHG�DUH�LQ�&UHWDFHRXV�PDULQH�VKDOHV�
ZKLFK�WHQG�WR�EH�KLJK�LQ�J\SVXP��&D62

�
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7KH�FRQGXFWLYLW\�RI�VXUIDFH�DQG�JURXQG�ZDWHUV
YDULHV�ZLGHO\��+HP���������,Q�DUHDV�ZKHUH�WKH
UDLQZDWHU�LV�UHODWLYHO\�SXUH�DQG�WKH�URFNV�DUH
UHVLVWDQW�WR�HURVLRQ��FRQGXFWLYLW\�PD\�EH�DV�ORZ
DV�����6�FP���,Q�RWKHU�DUHDV��FRQGXFWLYLWLHV�PD\
H[FHHG���������6�FP��WKLV�LV�DERXW�WKH�VDPH�DV
WKH�FRQGXFWLYLW\�RI�VHDZDWHU���6XUIDFH�ZDWHUV�RI
HQFORVHG�EDVLQV��ZKHUH�PLQHUDO�DFFXPXODWLRQ
RFFXUV�LQ�SRQGHG�ZDWHU��PD\�KDYH�VDOLQLWLHV
HTXDO�WR�
RU�JUHDWHU�WKDQ�WKDW�RI�VHDZDWHU�

6XPPDU\�RI�(IIHFWV

7DEOH����VXPPDUL]HV�WKH�SUHGLFWHG�HIIHFWV�RI
VDOLQLW\�LQ�WKH�HQYLURQPHQW��EDVHG�RQ�WKH�OLPLWHG
LQIRUPDWLRQ�FXUUHQWO\�DYDLODEOH��

%LRWLF�(IIHFWV

6DOLQLW\�LV�D�FULWLFDO�IDFWRU�LQIOXHQFLQJ�WKH
GLVWULEXWLRQ�DQG�PDLQWHQDQFH�RI�DTXDWLF�OLIH�LQ
HVWXDULHV�DQG�RWKHU�EUDFNLVK�DUHDV���(VWXDULHV�DUH
FKDUDFWHUL]HG�E\�KLJK�GHQVLWLHV�RI�D�IHZ�VSHFLHV�
ZLWK�VSHFLHV�ULFKQHVV�LQFUHDVLQJ�DORQJ�WKH
VDOLQLW\�JUDGLHQW��+DOO�DQG�$QGHUVRQ��������
1RQPDULQH�VDOLQH�ZDWHU�ERGLHV�WHQG�WR�KDYH
IHZHU�VSHFLHV�WKDQ�IUHVKZDWHU�ERGLHV��EXW�PDQ\
RI�WKHP�KRVW�ODUJH�SRSXODWLRQV�RI�WKRVH�IHZ
VSHFLHV���([DPSOHV�RI�VXFK�ZDWHU�ERGLHV�LQFOXGH
0RQR�/DNH�DQG�WKH�6DOWRQ�6HD��6HWPLUH�HW�DO�
������&+�0�+LOO��������ERWK�LQ�&DOLIRUQLD���,Q
WKH�6DQ�-RDTXLQ�9DOOH\�RI�&DOLIRUQLD�
HYDSRUDWLRQ�EDVLQV�DUH�WKH�GLVSRVDO�UHFHSWRUV�IRU
PXFK�RI�WKH�VXEVXUIDFH�DJUL�FXOWXUDO�GUDLQZDWHU��
7KHVH�HYDSRUDWLRQ�EDVLQV�DUH�KLJKO\�VDOLQH�DQG
FRQWDLQ�D�KLJK�FRQFHQ�WUDWLRQ�RI�QXWULHQWV���/LNH
RWKHU�VDOLQH�ZDWHU�ERGLHV��HYDSRUDWLRQ�EDVLQV
KDYH�KLJK�LQYHUWHEUDWH�SRSXODWLRQV�DQG�KLJK
ZLOGOLIH�XVH�EXW�UHODWLYHO\�ORZ�VSHFLHV�GLYHUVLW\
�3DUNHU�DQG�.QLJKW�������&+�0�+LOO�HW�DO�
������

3ODQWV

0DDV��������OLVWHG�VDOLQLW\�VHQVLWLYLWLHV�IRU�PDQ\
W\SHV�RI�JUDVVHV�DQG�IRUDJH�FURSV���6RPH�RI
WKHVH�DUH�VKRZQ�LQ�WDEOH�����H[SUHVVHG�LQ�WHUPV
RI�FRQGXFWLYLW\�>�6�FP@�RI�D�VDWXUDWHG�VRLO
H[WUDFW�>(&

H
@����6RPH�RI�WKH�FXOWLYDWHG�JUDVVHV

VKRZQ�WKHUH�DOVR�JURZ�ZLOG��VR�WKHLU�WROHUDQFHV
FRXOG�EH�XVHG�DV�DQ�LQGLFDWRU�IRU�QDWXUDOO\
RFFXUULQJ�JUDVVHV���7KHVH�WKUHVKROGV�UHSUHVHQW
WKH�PD[LPXP�VRLO�VDOLQLWLHV�WKDW�GR�QRW�UHGXFH
FURS�\LHOG�EHORZ�WKDW�DFKLHYHG�XQGHU�QRQVDOLQH
FRQGLWLRQV�

,QYHUWHEUDWHV

6WXGLHV�FRQGXFWHG�DW�WKH�6WLOOZDWHU�:LOGOLIH
0DQDJHPHQW�$UHD��6:0$���1HYDGD��SURYLGH
GDWD�IRU�HYDOXDWLQJ�WR[LF�HIIHFWV�RI�VDOLQLW\�DQG
FRQWDPLQDQWV�LQ�LUULJDWLRQ�GUDLQZDWHU�HIIOXHQW��
,QJHUVROO�HW�DO���������FRQGXFWHG�VWDWLF�DFXWH
HIIOXHQW�WHVWV�ZLWK�ZDWHU�FROOHFWHG�IURP�WKH
6:0$���7KH�WHVW�DQLPDOV�IRU�WKLV�VWXG\
FRQVLVWHG�RI�DPSKLSRGV��*[CNGNNC�C\VGEC��
GDSKQLD��&CRJPKC�OCIPC���DQG�WZR�VSHFLHV�RI
ILVK���,Q�UHFRQVWLWXWHG�ZDWHU�UHSUHVHQWDWLYH�RI
RQH�RI�WKH�VDPSOH�VLWHV��VDOLQLW\�ZDV�DFXWHO\�WR[LF
WR�DPSKLSRGV�DW�D�FRQFHQWUDWLRQ�RI�
���SSW�DQG�WR�GDSKQLD�DW���WR����SSW���'Z\HU�
HW�DO���������IRXQG�D�VLPLODU�WR[LFLW\�OHYHO�IRU
GDSKQLD�

$�VWXG\�FRQGXFWHG�E\�*DODW�HW�DO��������
SURGXFHG�VLPLODU�UHVXOWV�IRU�VDOLQLW\�HIIHFWV�LQ
EHQWKLF�LQYHUWHEUDWHV��WDEOH�������7KH����K�/&��
IRU�*��C\VGEC�ZDV������SSW��VKRUW�WHUP�PRUWDOLW\
IRU�%JKTQPQOWU�WVCJGPUKU�ZDV�
����SHUFHQW�DW�D�VDOLQLW\�RI������SSW��DQG
PRUWDOLW\�RI�*GVGTQE[RTKU�VS��ZDV����SHUFHQW�
DW�D�VDOLQLW\�RI������SSW�

)LVK

)LVK�VSHFLHV�UHSUHVHQWHG�LQ�WKH�,QJHUVROO�HW�DO�
�������VWXG\�DW�6:0$�ZHUH�IDWKHDG�PLQQRZV�
�2KOGRJCNGU�RTQOGNCU��DQG�VWULSHG�EDVV
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Table 28.&Summary of comprehensive biotic effects of salinity
[All values are aqueous concentrations in parts per thousand (=g/L)] 

Affected
organisms

Effect level
(ppt)

Reference/Explanation
No

effect
Level of
concern

Toxicity
threshold

Plants

Freshwater marsh
grass

& & 10%12 Pezeshki et al. 1987

Clover, various
grasses

& & 0.9 Maas 1990, salt tolerance threshold,
1.5 dS/m (=1,500 µS/cm)

Invertebrates

Amphipods & & 22 Ingersoll et al. 1992, acute toxicity

Daphnia magna & 0.3%6 6%10 Level of concern from Dwyer et al.
1992.  6-10 ppt is acute toxicity level
from Ingersoll et al. 1992

Hyalella azteca & 8.0%11 16%19.5 Galat et al. 1988.  After 100 days at 
8%11 ppt, sample populations were
80%90% less than control group.
16 ppt = 96-h LC10; 19.5 ppt = 96-h
LC50

Chironomus
utahensis

& 5.5%8.9 13.3 Galat et al. 1988.  Cumulative mortality
of 30%50% after 17 days at 5.5%8.9 ppt. 
13.3 ppt = 96-h LC100 

Heterocypris spp. & 9.0%11 13%18.6 Galat et al. 1988.  Approximate 96-h
mortality 5% at 9%11 ppt, 7% at 13 ppt,
50% at 18.6 ppt

Fish

Fathead minnow & & 6%10 Ingersoll et al. 1992, acute toxicity

Striped bass & & 14%34 Ingersoll et al. 1992; Dwyer et al. 1992,
acute toxicity

Striped bass 2-day
larvae

& 6 12 Winger and Lasier 1994.  Mortality after
6 days: 20% at 6 ppt, 36% at 12 ppt

Birds

Mottled duck & & 9%18 Moorman et al. 1991.  "Threshold level"
9 ppt; 100% mortality at 18 ppt

Mallard 9%12 10%15  & Nystrom and Pehrsson 1988; Swanson
et al. 1984

Black duck & & 20 Swanson et al. 1984

Peking duck & 20 & Nystrom and Pehrsson 1988

Amphibians & & & &

Mammals & & & &
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Table 29.&Salt tolerance thresholds of herbaceous crops
[Data from Maas (1990)]

Common name Botanical name
Threshold

(µS/cm) Common name Botanical name
Threshold

(µS/cm)

Alfalfa Medicago sativa 2,000 Orchardgrass Dactylis glomerata 1,500

Barley (forage) Hordeum vulgare 6,000 Ryegrass, perennial Lolium perenne 5,600

Bermudagrass Cynodon dactylon 6,900 Sesbania Sesbania exaltata 2,300

Clover, ladino Trifolium repens 1,500 Sphaerophysa Sphaerophysa
salsula

2,200

Clover, Berseem Trifolium
alexandrinum

1,500 Sudangrass Sorghum sudanense 2,800

Clover, alsike Trifolium hybridum 1,500 Trefoil, big Lotus uliginosus 2,300

Clover, red Trifolium pratense 1,500 Trefoil, narrowleaf
birdsfoot

Lotus corniculatus
tenuifolium

5,000

Clover, strawberry Trifolium fragiferum 1,500 Vetch, common Vicia angustifolia 3,000

Corn (forage) Zea mays 1,800 Wheat (forage) Triticum aestivum 4,500

Cowpea (forage) Vigna unguiculata 2,500 Wheat, Durum
(forage)

Triticum turgidum 2,100

Fescue, tall Festuca elatior 3,900 Wheatgrass, fairway
crested

Agropyron cristatum 7,500

Foxtail, meadow Alopecurus pratensis 1,500 Wheatgrass,
standard crested

Agropyron sibiricum 3,500

Hardinggrass Phalaris tuberosa 4,600 Wheatgrass, tall Agropyron
elongatum

7,500

Lovegrass Eragrostis sp. 2,000 Wildrye, beardless Elymus triticoides 2,700

�/QTQPG�UCZCVKNKU����,Q�WKHLU�UHVXOWV��WKH
UHFRQVWLWXWHG�ZDWHU�VDPSOHV�IURP�6:0$�ZHUH
DFXWHO\�WR[LF�WR�VWULSHG�EDVV�DW�D�VDOLQLW\�RI���
SSW�DQG�WR�IDWKHDG�PLQQRZV�DW���WR�
���SSW���'Z\HU�HW�DO�·V��������UHVXOWV�IRU�VWULSHG
EDVV�ZHUH�VLPLODU���7KHVH�FLWHG�UHVXOWV�GR�QRW�
KRZHYHU��DSSO\�WR�DOO�VWULSHG�EDVV���/LNH�VDOPRQ�
VWULSHG�EDVV�KDYH�ERWK�DQDGURPRXV��VHDJRLQJ�
DQG�ODQGORFNHG�YDULHWLHV���7KH�PDULQH�VWULSHG
EDVV�UHDGLO\�WROHUDWH�VDOLQLWLHV�RI���²���SSW��-�
<DKQNH��8�6��%XUHDX�RI�5HFODPDWLRQ��SHUV�
FRPP���

1HOVRQ�DQG�)OLFNLQJHU��������FRQGXFWHG�
���KRXU�DFXWH�WR[LFLW\�WHVWV�WR�GHWHUPLQH�WKH
VDOLQLW\�WROHUDQFH�RI�WKH�&RORUDGR�VTXDZILVK
�2V[EJQEJGKNWU�NWEKWU����7KH�WHVWV�\LHOGHG�D�
���KRXU�/&���RI������SSW�XVLQJ�VDOLQH�ZDWHU
GLOXWHG�ZLWK�IUHVK�ZHOOZDWHU���7KLV�UHVXOW�LV�

IDLUO\�FRQVLVWHQW�ZLWK�WKH�VDOLQLW\�WROHUDQFHV�RI
RWKHU�IUHVKZDWHU�ILVKHV��HVSHFLDOO\�WKRVH�RI�WKH
IDPLO\�&\SULQLGDH��PLQQRZV�DQG�FDUSV��

$FFRUGLQJ�WR�(3$�$PELHQW�:DWHU�4XDOLW\
&ULWHULD���������WKH�JROGILVK��%CTCUUKWU�CWTCVWU�
KDV�D����KRXU�/&���RI������SSW��DQG�WKH�IDW�
KHDG�PLQQRZ�KDV�D����KRXU�/&���RI������SSW�

,Q�D�VWXG\�E\�6DLNL�HW�DO����������MXYHQLOH
&KLQRRN�VDOPRQ��1PEQTJ[PEJQU�VUJCY[VUEJC�
DQG�VWULSHG�EDVV�ZHUH�H[SRVHG�WR�VHULDO�GLOXWLRQV
RI�DJULFXOWXUDO�VXEVXUIDFH�GUDLQZDWHU�
UHFRQVWLWXWHG�GUDLQZDWHU��DQG�UHFRQVWLWXWHG
VHDZDWHU���7KH�UHVHDUFKHUV�IRXQG�WKDW�DIWHU���
GD\V�RI�H[SRVXUH��WKH�VXUYLYDO�RI�FKLQRRN
VDOPRQ�DYHUDJHG����SHUFHQW�LQ�WKH�IXOO�VWUHQJWK
DJULFXOWXUDO�VXEVXUIDFH�GUDLQZDWHU�DQG�ZDV����
SHUFHQW�LQ�DOO�RWKHU�
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Table 30.&Biological effects of various concentrations of salinity on selected
species

Species

Salinity concentra-
tion in water

(ppt) Effects/Comments Reference
Plants
Freshwater marsh
grass

10%12 Toxicity threshold Pezeshki et al. 1987

Ruppia maritima 46 No growth McMillan and Moseley 1967
Typha sp. 26 Growth ceased after 9 days McNaughton 1966

4.5%12.5 Reduction in height (salinity
increased over time)

Shekov 1974

12 Stunted growth U.S.Department of Agriculture
1972

Invertebrates
Amphipods 22 Acute toxicity Ingersoll et al. 1992
Daphnia magna 0.3%6 Level of concern Dwyer et al. 1992

6 - 10 Acute toxicity Dwyer et al. 1992; Ingersoll et
al. 1992

Chironomid 89 LC50 Kokkinn 1986
13.25 100% mortality at 96h Galat et al. 1988

Hyalella azteca 19.5 LC50 Galat et al. 1988
Heterocypris sp. 18.57 LC50
Fish
Striped bass
(Morone saxatilis)
eggs

18 71% mortality at 72 h Winger and Lasier 1994

24 100% mortality at 72 h

Striped bass
(Morone saxatilis)
2-day-old larvae

0 100% mortality at 6 d
6 20% mortality at 6 d

12 36% mortality at 6 d
18 75% mortality at 6 d
24 100% mortality at 6 d

Striped bass 14%34 Acute toxicity Ingersoll et al. 1992, Lal et al.
1977, Dwyer et al. 1992

15.6 100% mortality at 23 d Saiki et al. 1992
14.7 95% mortality at 28 d

Fathead minnow 6%10 Acutely lethal Ingersoll et al. 1992, Adelman
and Smith 1976

Chinook salmon 20.5 75% mortality at 28 d Saiki et al. 1992
14.3%20.5 Reduced growth at 28 d

Birds
Mallard -11 Reduced growth; fatal to

young ducklings
Swanson et al. 1984

8.8%12 100 percent mortality Mitcham and Wobeser 1988b
9%12 No effect Nystrom and Pehrsson 1988,

Swanson et al. 198410%15 Level of concern
15 100 percent mortality (7-

day-old ducklings)
Barnes and Nudds 1991

Mottled duck 9 Threshold level for adverse
effects

Moorman et al. 1991

12 Reduced growth, 10%
mortality

15 90% mortality
18 100% mortality

Peking duck 20 Level of concern Nystrom and Pehrsson 1988
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ZDWHU�W\SHV�DQG�GLOXWLRQV���$Q�LPSRUWDQW
FRQFOXVLRQ�RI�WKLV�VWXG\�ZDV�WKDW�VDOLQLW\�LWVHOI
PD\�QRW�EH�DV�LPSRUWDQW�DV�WKH�LRQLF
FRPSRVLWLRQ�RI�WKH�VDOWV�SUHVHQW�LQ�WKH�ZDWHU��
7KH�WLOH�GUDLQZDWHU�XVHG�LQ�WKH�VWXG\�ZDV�WR[LF
EHFDXVH�ILVK�ZHUH�XQDEOH�WR�WROHUDWH�DW\SLFDO
UDWLRV�RI�PDMRU�FDWLRQV�DQG�DQLRQV�FRQVWLWXWLQJ
WKH�GLVVROYHG�VDOWV��WKH�KLJK�FRQFHQWUDWLRQV�RI
VXOIDWH��RU�ERWK�

%LUGV

([FHVV�VDOLQLW\�LQ�WKH�GULQNLQJ�ZDWHU�RI�VRPH
ELUGV�FDQ�DGYHUVHO\�DIIHFW�KHDOWK�DQG�UHGXFH
WKHLU�VXUYLYDO��WDEOH�������'XULQJ�WKH�ZLQWHU�RI
������D�GLH�RII�RI�ZDWHUIRZO�ZDV�UHSRUWHG�DW
:KLWH�/DNH��D�KLJKO\�VDOLQH�ODNH�LQ�0RXQWUDLO
&RXQW\��1RUWK�'DNRWD���:LQGLQJVWDG�HW�DO�
�������VWXGLHG�WKLV�GLH�RII�DQG�IRXQG�WKDW�DERXW
����ZDWHUIRZO�GLHG�DQG�DQRWKHU�
����EHFDPH�ZHDN�DQG�OHWKDUJLF��DSSDUHQWO\�DV�D
UHVXOW�RI�VDOW�SRLVRQLQJ���)ULJLG�WHPSHUDWXUHV
PDGH�IUHVK�ZDWHU�XQDYDLODEOH��IRUFLQJ�WKH�ELUGV
WR�LQJHVW�WKH�VDOLQH�ZDWHUV��ZLWK�UHVXOWDQW�WR[LF
HIIHFWV���$OWKRXJK�VDOLQLW\�ZDV�QRW�PHDVXUHG�DW
WKH�WLPH�RI�WKH�GLH�RII��VRGLXP�FRQFHQWUDWLRQV
RI�PRUH�WKDQ��������PJ�/�ZHUH�PHDVXUHG�LQ
-XO\������

6ZDQVRQ�HW�DO���������IRXQG�WKDW�GXFNOLQJV�RQ
VDOLQH�ODNHV�LQ�1RUWK�'DNRWD�ZHUH�FORVHO\
DVVRFLDWHG�ZLWK�IUHVK�LQIORZ�IURP�VSULQJ
VHHSDJH�RU�IURP�DGMDFHQW�ZHWODQGV���<RXQJ
GXFNOLQJV�GLHG�ZKHQ�ZDWHU�FRQGXFWLYLW\�ZDV
��������6�FP��DERXW������SSW�VDOW��DQG�FRXOG
QRW�WROHUDWH�ZDWHU�LQ�SUDLULH�ODNHV�WKDW�H[FHHGHG
��������6�FP�����SSW��XQOHVV�IUHVK�ZDWHU�ZDV
DOVR�DYDLODEOH���'XFNOLQJ�JURZWK�ZDV
VLJQLILFDQWO\�UHGXFHG�RQ�ZDWHU�WKDW�PHDVXUHG
��������6�FP�������SSW��

0LWFKDP�DQG�:REHVHU������D��WHVWHG�WKH�HIIHFWV
RI�VDOLQH�ZDWHU�RQ�GXFNOLQJV�UDQJLQJ�IURP���GD\
ROG�XS�WR����GD\V���7KH�WHVWHG�ZDWHU�FRQWDLQHG
VRGLXP��XS�WR�����SSW��DQG�PDJQHVLXP��XS�WR
����SSW��DV�VXOIDWHV�DGGHG�WR�WDS�ZDWHU�DW
FRQFHQWUDWLRQV�VLPLODU�WR�

WKRVH�IRXQG�LQ�QDWXUDO�VDOLQH�ZHWODQGV�RI
6DVNDWFKHZDQ���0XFK�RI�WKH�LQJHVWHG�VDOW�ZDV
H[FUHWHG�E\�SDVVDJH�RI�ODUJH�YROXPHV�RI�IOXLG
H[FUHWD���7KLV�HIIHFW�RFFXUUHG�LQ�ELUGV�JLYHQ
ZDWHU�ZLWK�DV�OLWWOH�DV�����SSW�PDJQHVLXP�RU����
SSW�VRGLXP���7KH�VXSUDRUELWDO�VDOW�JODQG�ZDV
DFWLYHO\�H[FUHWLQJ�VDOW�ZLWKLQ���GD\V�LQ�GXFNOLQJV
GULQNLQJ�ZDWHU�FRQWDLQLQJ�$����SSW�RI�VRGLXP��
'XFNOLQJV�GULQNLQJ�ZDWHU�ZLWK�
����SSW�RI�HLWKHU�LRQ��RU�����SSW�RI�HDFK��JUHZ
PRUH�VORZO\�WKDQ�FRQWURO�ELUGV���'XFNOLQJV
GULQNLQJ�ZDWHU�ZLWK�����SSW�RI�HLWKHU�VRGLXP�RU
PDJQHVLXP�KDG�UHGXFHG�WK\PXV�VL]H�DQG�ERQH
VWUHQJWK���'XFNOLQJV�UHDUHG�RQ�IUHVK�RU�VOLJKWO\
VDOLQH�ZDWHU�DGDSWHG�YHU\�SRRUO\�WR�
DQ�DEUXSW�FKDQJH�WR�PRUH�VDOLQH�ZDWHU�
�6&� ���������6�FP��DW����GD\V�RI�DJH���7KHVH
ELUGV�VWRSSHG�HDWLQJ��EHFDPH�LQDFWLYH��DQG�VRPH
GLHG�ZLWKLQ���GD\V��VXUYLYRUV�KDG�PDQ\�WLVVXH
DQG�ELRFKHPLFDO�DOWHUDWLRQV�DW����GD\V�RI�DJH��
0DQ\�RI�WKH�VXEOHWKDO�HIIHFWV�ZHUH�VXEWOH�DQG
QRQVSHFLILF�PDQLIHVWDWLRQV�RI�VWUHVV�DQG�ZRXOG
EH�GLIILFXOW�WR�GHWHFW�LQ�ZLOG�GXFNOLQJV�RQ�VDOLQH
ZHWODQGV�

,Q�D�VHFRQG�VWXG\�E\�0LWFKDP�DQG�:REHVHU
�����E�����GD\�ROG�PDOODUG�GXFNOLQJV�UHFHLYHG
GULQNLQJ�ZDWHU�IURP����QDWXUDOO\�VDOLQH�ZHWODQGV
LQ�6DVNDWFKHZDQ���7DEOH����VXP�PDUL]HV�WKHLU
UHVXOWV�

$�VWXG\�RI�WKH�HIIHFWV�RI�VDOLQH�ZDWHU�RQ�WKH
JURZWK�DQG�VXUYLYDO�RI�PRWWOHG�GXFNV�LQ
/RXLVLDQD�LQGLFDWHG�D�WKUHVKROG�OHYHO�DW���SSW��
5HGXFHG�JURZWK�UDWH�DQG�QHJDWLYH�HIIHFWV�RQ
ERG\�PDVV�DQG�FDUFDVV�FRPSRQHQWV�DW����SSW
VXJJHVWHG�D�UDQJH�RI�WROHUDEOH�VDOLQLW\�EHWZHHQ��
DQG����SSW��0RRUPDQ�HW�DO�����������'XFNOLQJ
PRUWDOLW\�ZDV�����SHUFHQW�DW����SSW�VDOLQLW\�
���SHUFHQW�DW����SSW��DQG����SHUFHQW�DW����SSW�

'XFNOLQJV�DSSHDU�WR�EH�VHQVLWLYH�WR�LQFUHDVHV�LQ
VDOLQLW\��KRZHYHU��D�VWXG\�FRQGXFWHG�RQ
$PHULFDQ�EODFN�GXFNV��PDOODUGV��DQG�WKHLU
K\EULGV�GHPRQVWUDWHG�WKDW�GXFNOLQJ�PRUWDOLW\
GHFUHDVHG�ZLWK�DJH�DQG�WKDW�DFFOLPDWLRQ�WR�VDOW
ZDWHU�LV�DJH�GHSHQGHQW��%DUQHV�DQG�1XGGV
������
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Table 31.&Effects of naturally saline drinking water on 1-day-old mallard
ducklings

[From Mitcham and Wobeser (1988b)]

Water conductivity
(µS/cm)

Salt concentrations
(ppt)

Length of
exposure EffectsSodium Magnesium

3,750%7,490
  4,000
  7,720
20,000

21,500
35,000
67,000

0.512%0.911
  0.821

1.98
2.55

3.86
8.79
12.3

0.195%0.639
0.56

  0.062
1.31

1.3  
1.31
5.26

14 d
28 d
14 d
14 d

14 d
60 h
30 h

No apparent effect
Poor growth in last 2 weeks
Poor growth
6 of 10 died.  Survivors had poor
   growth, other effects
7 of 9 died
100% mortality
100% mortality

,QWHUDFWLRQV

7KH�ELRDYDLODELOLW\�RI�FKHPLFDOV³DQG�KHQFH
WKHLU�WR[LFLW\³PD\�EH�DOWHUHG�E\�SK\VLF�
RFKHPLFDO�IDFWRUV�VXFK�DV�VDOLQLW\�DQG�WHPSHUD�
WXUH��%UHFNHQ�)ROVH�HW�DO����������(VWXDULQH
RUJDQLVPV�PD\�IDFH�SDUWLFXODU�GLIILFXOWLHV�LQ
FRSLQJ�ZLWK�WR[LF�VXEVWDQFHV�LQWURGXFHG
SULPDULO\�IURP�LQGXVWULDO�DQG�DJULFXOWXUDO
VRXUFHV�RQ�ODQG�EHFDXVH�����IOXFWXDWLQJ�VDOLQLW\
PD\�LPSRVH�D�VWUHVV�RI�LWV�RZQ�DQG�����WKH�VWUHVV
PD\�EH�FRP�SRXQGHG�E\�WLGDO�YDULDWLRQV�LQ
WR[LFDQW�FRQFHQWUDWLRQV���,Q�DGGLWLRQ��VDOLQLW\
PD\�FRQWURO�WKH�VSHFLDWLRQ�DQG�KHQFH�WKH
WR[LFLW\�RI�FHUWDLQ�KHDY\�PHWDOV�DQG�RWKHU
VXEVWDQFHV��)RUEHV���������6LPLODUO\��YDULDWLRQV
LQ�WKH�VDOLQLW\�RI�QRQPDULQH�ZHWODQGV�PD\�KDYH
WKH�VDPH�VRUW�RI�HIIHFW�RQ�WKH�WR[LFLW\�RI
FKHPLFDOV�WKDW�DUH�SUHVHQW�

+DOO�DQG�$QGHUVRQ��������FRPSDUHG�WKH�HIIHFWV
RI�VDOLQLW\�RQ�WKH�WR[LFLW\�RI�YDULRXV�FODVVHV�RI
LQRUJDQLF�DQG�RUJDQLF�FKHPLFDOV���7KHLU�UHVXOWV
LQGLFDWH�WKDW�WKH�WR[LFLW\�RI�PRVW�PHWDOV��H�J��
FDGPLXP��FKURPLXP��FRSSHU��PHUFXU\��QLFNHO�
]LQF��LQFUHDVHV�ZLWK�GHFUHDVLQJ�VDOLQLW\���2QH
SRVVLEOH�H[SODQDWLRQ�IRU�WKLV�ILQGLQJ�LV�WKH
JUHDWHU�ELRDYDLODELOLW\�RI�WKH�IUHH�PHWDO�LRQ��WR[LF
IRUP��DW�ORZHU�VDOLQLW\�FRQGLWLRQV���$QRWKHU
SRVVLELOLW\�LV�WKDW�DW�KLJKHU�VDOW�FRQFHQWUDWLRQV�
SK\VLRORJLFDO�RVPRWLF�HIIHFWV�FDXVH�D�JUHDWHU
IORZ�RI�OLTXLG�

WKURXJK�WKH�NLGQH\V��WKXV�HOLPLQDWLQJ�DOO�VDOWV�
LQFOXGLQJ�WR[LF�LRQV��RXW�RI�WKH�V\VWHP���+DOO�DQG
$QGHUVRQ�IRXQG�QR�FRQVLVWHQW�WUHQG�IRU�WKH
WR[LFLW\�RI�PRVW�RUJDQLF�FKHPLFDOV�ZLWK�VDOLQLW\��
7KH�RQH�H[FHSWLRQ�WR�WKLV�ZDV�WKH�FODVV�RI
RUJDQRSKRVSKDWH�LQVHFWLFLGHV��ZKLFK�DSSHDUHG
WR�JDLQ�WR[LFLW\�ZLWK�LQFUHDVLQJ�VDOLQLW\�

,Q�D�VWXG\�XVLQJ�JUDVV�VKULPS��2CNCGOQPGVGU
VSS���DQG�VKHHSVKHDG�PLQQRZV��%[RTKPQFQP
XCTKGICVWU���WR[LFLW\�GHFUHDVHG�DV�VDOLQLW\
LQFUHDVHG�IRU���QLWURSKHQRO��%UHFNHQ�)ROVH�
HW�DO����������+RZHYHU��WKH�WR[LFLW\�RI�
����GLQLWURSKHQRO�GHFUHDVHG�IRU�VKHHSVKHDG
PLQQRZV�EXW�LQFUHDVHG�IRU�JUDVV�VKULPS�DV
VDOLQLW\�LQFUHDVHG�

5HJXODWRU\�6WDQGDUGV

(3$�KDV�HVWDEOLVKHG�QR�DPELHQW�ZDWHU�TXDOLW\
FULWHULD�IRU�VDOLQLW\�RU�GLVVROYHG�VROLGV��
6HFRQGDU\�PD[LPXP�FRQWDPLQDQW�OHYHOV�IRU
GULQNLQJ�ZDWHU�DUH�����PJ�/�IRU�FKORULGHV�����
PJ�/�IRU�VXOIDWHV��DQG�����PJ�/�IRU�WRWDO
GLVVROYHG�VROLGV��(3$�������

)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�



1DWLRQDO�,UULJDWLRQ�:DWHU�4XDOLW\�3URJUDP�*XLGHOLQHV
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5HIHUHQFHV

$GHOPDQ��,�5���DQG�/�/��6PLWK���������6WDQGDUG�WHVW
ILVK�GHYHORSPHQW���3DUW�,���)DWKHDG�PLQQRZV
�2KOGRJCNGU�RTQOGNCU��DQG�JROGILVK��%CTCUUKWU
CWTCVWU��DV�VWDQGDUG�ILVK�LQ�ELRDVVD\V�DQG�WKHLU
UHDFWLRQ�WR�SRWHQWLDO�UHIHUHQFH�WR[LFDQWV���(3$
�����������D���8�6��(QYLURQPHQWDO�3URWHFWLRQ
$JHQF\��:DVKLQJWRQ��'&�

%DUQHV��*���DQG�7�'��1XGGV����������6DOW�WROHUDQFH�LQ
$PHULFDQ�EODFN�GXFNV��PDOODUGV��DQG�WKHLU�)�
K\EULGV���6JG�#WM�������²���

%UHFNHQ�)ROVH��-�$���)�/��0D\HU��/�(��3HGLJR��DQG
/�/��0DUNLQJ��,,����������$FXWH�WR[LFLW\�RI�
��QLWURSKHQRO������GLQWURSKHQRO��WHUEXIRV�DQG
WULFKORUIRQ�WR�JUDVV�VKULPS��2CNCGOQPGVGU�VSS��
DQG�VKHHSVKHDG�PLQQRZV��%[RTKPQFQP
XCTKGICVWU��DV�DIIHFWHG�E\�VDOLQLW\�DQG
WHPSHUDWXUH���'PXKTQP��6QZKEQN��%JGO�������²���

&+�0�+LOO����������)LQDO�HQYLURQPHQWDO�LPSDFW
UHSRUW�IRU�PRGLILHG�(DVW�/RZOLQH�DQG�7ULIROLXP
LQWHUFHSWRUV�DQG�FRPSOHWLRQ�SURMHFWV��9RO��,��
3UHSDUHG�IRU�,PSHULDO�,UULJDWLRQ�'LVWULFW�
,PSHULDO��&DOLIRUQLD�

&+�0�+LOO��+�7��+DUYH\�DQG�$VVRFLDWHV��DQG�
*�/��+RUQHU����������%WOWNCVKXG�KORCEVU�QH
CITKEWNVWTCN�GXCRQTCVKQP�DCUKPU�QP�YKNFNKHG��
(KPCN�TGRQTV�VQ�VJG�%CNKHQTPKC�&GRCTVOGPV�QH
9CVGT�4GUQWTEGU���&+�0�+LOO��6DFUDPHQWR�
&DOLIRUQLD�

'Z\HU��)�-���%XUFK��6�$���&�*��,QJHUVROO��DQG�
-�%��+XQQ����������7R[LFLW\�RI�WUDFH�HOHPHQW�DQG
VDOLQLW\�PL[WXUHV�WR�VWULSHG�EDVV��/QTQPG
UCZCVKNKU��DQG�&CRJPKC�OCIPC���'PXKTQP�
6QZKEQN��%JGO��������²����

(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������
4XDOLW\�FULWHULD�IRU�ZDWHU��������8�6��(QYLURQ�
PHQWDO�3URWHFWLRQ�$JHQF\��2IILFH�RI�:DWHU
5HJXODWLRQV�DQG�6WDQGDUGV��:DVKLQJWRQ���5HSW�
(3$������²�������������S���$YDLODEOH�IURP
1DWLRQDO�7HFKQLFDO�,QIRUPDWLRQ�6HUYLFH�
6SULQJILHOG��9$�������

(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������
'ULQNLQJ�ZDWHU�UHJXODWLRQV�DQG�KHDOWK�DGYLVRULHV��
8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��2IILFH�RI
:DWHU��:DVKLQJWRQ������S�

)RUEHV��9�(����������5HVSRQVH�RI�*[FTQDKC�XGPVTQUC
�0RQWDJX��WR�HQYLURQPHQWDO�VWUHVV���(IIHFWV�RI
VDOLQLW\�IOXFWXDWLRQV�DQG�FDGPLXP�H[SRVXUH�RQ
JURZWK���(WPEV��'EQN������������

*DODW��'�/���0��&ROHPDQ��DQG�5��5RELQVRQ���������
([SHULPHQWDO�HIIHFWV�RI�HOHYDWHG�VDOLQLW\�RQ�WKUHH
EHQWKLF�LQYHUWHEUDWHV�LQ�3\UDPLG�/DNH��1HYDGD��
*[FTQDKQNQIKC��������²����

+DOO��/�:���DQG�5�'��$QGHUVRQ����������7KH�LQIOXHQFH
RI�VDOLQLW\�RQ�WKH�WR[LFLW\�RI�YDULRXV�FODVVHV�RI
FKHPLFDOV�WR�DTXDWLF�ELRWD���%TKV��4GX��6QZKEQN�
������²����

+HP��-�'����������6WXG\�DQG�LQWHUSUHWDWLRQ�RI�WKH
FKHPLFDO�FKDUDFWHULVWLFV�RI�QDWXUDO�ZDWHU��WKLUG
HGLWLRQ���8�6��*HRORJLFDO�6XUYH\�:DWHU�6XSSO\
3DSHU������

,QJHUVROO��&�*���)�-��'Z\HU��6�$��%XUFK��
0�.��1HOVRQ��'�5��%XFNOHU��DQG�-�%��+XQQ���
�������7KH�XVH�RI�IUHVKZDWHU�DQG�VDOWZDWHU
DQLPDOV�WR�GLVWLQJXLVK�EHWZHHQ�WKH�WR[LF�HIIHFWV
RI�VDOLQLW\�DQG�FRQWDPLQDQWV�LQ�LUULJDWLRQ
GUDLQZDWHU���'PXKTQP��6QZKEQN��%JGO�
������²����

.RNNLQQ��0�-����������2VPRUHJXODWLRQ��VDOLQLW\
WROHUDQFH�DQG�WKH�VLWH�RI�LRQ�H[FUHWLRQ�LQ�WKH
KDORELRQW�FKLURQRPLG�6CP[VCTUWU�DCTDKVCTUWU
)UHHPDQ���#WUV��,��/CTKPG�(TGUJYCVGT�4GU�
�����������

/DO��.���5��/DVNHU��DQG�$��.XOMLV����������$FFOLPDWLRQ
DQG�UDULQJ�VWULSHG�EDVV�ODUYDH�LQ�VHD�ZDWHU���%CNKH�
(KUJ�)COG������������

/LQVOH\��5�.���DQG�-�%��)UDQ]LQL����������9CVGT
TGUQWTEGU�GPIKPGGTKPI���0F*UDZ�+LOO��6LQJDSRUH�

0DDV��(�9����������&URS�VDOW�WROHUDQFH���,Q���
.�.��7DQML��HG���#ITKEWNVWTCN�UCNKPKV[�CUUGUUOGPV
CPF�OCPCIGOGPV����$PHULFDQ�6RFLHW\�RI�&LYLO
(QJLQHHUV��1HZ�<RUN���$6&(�0DQXDOV�DQG
5HSRUWV�RQ�(QJLQHHULQJ�3UDFWLFH�1R�������
S�����²����

0F0LOODQ��&���DQG�)�1��0RVHOH\����������6DOLQLW\
WROHUDQFH�RI�ILYH�PDULQH�VSHUPDWRSK\WHV�RI
5HGILVK�%D\��7H[DV���'EQNQI[�������²����
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0F1DXJKWRQ��6�-����������(FRW\SH�IXQFWLRQ�LQ�WKH
7\SKD�FRPPXQLW\�W\SH���'EQN��/QPQIT�
������²����

0LWFKDP��6�$���DQG�*��:REHVHU�������D���(IIHFWV�RI
VRGLXP�DQG�PDJQHVLXP�VXOIDWH�LQ�GULQNLQJ�ZDWHU
RQ�PDOODUG�GXFNOLQJV���
,��9KNFN��&KU�������²���

0LWFKDP��6�$���DQG�*��:REHVHU�������E���7R[LF
HIIHFWV�RI�QDWXUDO�VDOLQH�ZDWHUV�RQ�PDOODUG
GXFNOLQJV���,��9KNFN��&KU�������²���

0RRUPDQ��$�0���7�(��0RRUPDQ��*�$��%DOGDVVDUUH�
DQG�'�0��5LFKDUG����������(IIHFWV�RI�VDOLQH�ZDWHU
RQ�JURZWK�DQG�VXUYLYDO�RI�PRWWOHG�GXFN
GXFNOLQJV�LQ�/RXLVLDQD���,��9KNFN��/CPCIG�
������²����

1HOVRQ��6�0���DQG�6�$��)OLFNLQJHU����������6DOLQLW\
WROHUDQFHV�RI�&RORUDGR�VTXDZILVK��2V[EJQEJGKNWU
NWEKWU���3LVFHV��&\SULQLGDH����*[FTQDKQNQIKC
������������

1\VWURP��.�.�*���DQG�2��3HKUVVRQ����������6DOLQLW\
DV�D�FRQVWUDLQW�DIIHFWLQJ�IRRG�DQG�KDELWDW�FKRLFH
RI�PXVVHO�IHHGLQJ�GLYLQJ�GXFNV���+DKU�������²����

3DUNHU��0�6���DQG�$�:��.QLJKW����������$KQNQIKECN
EJCTCEVGTK\CVKQP�QH�CITKEWNVWTCN�FTCKPCIG
GXCRQTCVKQP�RQPFU���8QLYHUVLW\�RI�&DOLIRUQLD�
'DYLV��&DOLIRUQLD���:DWHU�6FLHQFH�DQG
(QJLQHHULQJ�3DSHU�1R���������3UHSDUHG�IRU
&HQWUDO�9DOOH\�5HJLRQDO�:DWHU�4XDOLW\�&RQWURO
%RDUG�

3H]HVKNL��6�5���5�'��'H/DXQH��DQG�+��3DWULFN��-U��
�������5HVSRQVH�RI�WKH�IUHVKZDWHU�PDUVK�VSHFLHV
2CPKEWO�JGOKVQOQP�6FKXOW��WR�LQFUHDVHG
VDOLQLW\���(TGUJYCVGT�$KQN��������²����

6DLNL��0�.���0�5��-HQQLQJV��DQG�5�+��:LHGPH\HU��
�������7R[LFLW\�RI�DJULFXOWXUDO�VXEVXUIDFH
GUDLQZDWHU�IURP�WKH�6DQ�-RDTXLQ�9DOOH\�
&DOLIRUQLD��WR�MXYHQLOH�FKLQRRN�VDOPRQ�DQG
VWULSHG�EDVV���6TCPU��#O��(KUJ��5QE������������

6HWPLUH��-�*���5�$��6FKURHGHU��-�1��'HQVPRUH��
6�/��*RRGEUHG��'�-��$XGHW��DQG�:�5��5DGNH��
�������&GVCKNGF�UVWF[�QH�YCVGT�SWCNKV[��DQVVQO
UGFKOGPV��CPF�DKQVC�CUUQEKCVGF�YKVJ�KTTKICVKQP
FTCKPCIG�KP�VJG�5CNVQP�5GC�CTGC��%CNKHQTPKC�
���� �����8�6��*HRORJLFDO�6XUYH\�:DWHU
5HVRXUFHV�,QYHVWLJDWLRQV�5HSRUW���²�����

6KHNRY��$�*����������(IIHFW�RI�VDOLQL]DWLRQ�RQ
K\GURPDFURSK\WHV�RI�.XEDQ�/LPDQV���5QX�
,��'EQN�������²����

6ZDQVRQ��*�$���9�$��$GRPDLWLV��)�%��/HH��
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