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Figure 1.&Chemical structure of the two most common isomers of DDT and
of the metabolites DDD and DDE.
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ZKLFK�KDV�EHHQ�XVHG�H[WHQVLYHO\�IRU�LQVHFW
FRQWURO�WKURXJKRXW�WKH�ZRUOG���,WV�WHFKQLFDO
QDPH�LV�GLFKORURGLSKHQ\OWULFKORURHWKDQH�RU�
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��D�PROHFXODU�ZHLJKW�RI��������DQG�D

PHOWLQJ�SRLQW�RI������&���,W�LV�LQVROXEOH�LQ�ZDWHU
EXW�YHU\�VROXEOH�LQ�HWKDQRO�DQG�DFHWRQH��
7HFKQLFDO�JUDGH�''7�FRQVLVWV�RI�D�PL[WXUH�RI
LVRPHUV��HVSHFLDOO\�R�R	�''7�DQG�Q�R	�''7��VHH
ILJXUH�����LW�LV�D�FUHDP�FRORUHG�WR�JUD\�SRZGHU
ZLWK�D�IDLQW�IUXLWOLNH�RGRU�

'''�DQG�''(��ILJXUH����DUH�PHWDEROLWHV�RI
''7��.ODDVVHQ�HW�DO����������7KHVH�WZR
EUHDNGRZQ�SURGXFWV�DQG�''7�DUH�RIWHQ�IRXQG
WRJHWKHU�LQ�WKH�HQYLURQPHQW�DQG�DUH�UHIHUUHG�WR
FROOHFWLYHO\�DV�WRWDO�''7�

2FFXUUHQFH

''7��'''��DQG�''(�DUH�V\QWKHWLF�FRP�
SRXQGV�DQG�KDYH�QR�QDWXUDO�VRXUFHV���''7�ZDV
V\QWKHVL]HG�DV�HDUO\�DV�������EXW�LWV�LQVHFWLFLGDO
SURSHUWLHV�ZHUH�QRW�GLVFRYHUHG�XQWLO�������
''7�ZDV�SDWHQWHG�IRU�XVH�LQ������DQG�ZDV�XVHG
GXULQJ�:RUOG�:DU�,,�WR�FRQWURO�OLFH�DQG�RWKHU
LQVHFWV�RQ�KXPDQV��.ODDVVHQ�
HW�DO��������(3$���������,W�ZDV�XVHG�PRVW
H[WHQVLYHO\�GXULQJ�WKH�����
V�DQG�¶��V��PDLQO\�WR
FRQWURO�LQVHFWV�RQ�FURSV�DQG�WR�FKHFN�YHFWRU�
ERUQH�GLVHDVHV��VXFK�DV�PDODULD��LQ�KXPDQV���7KH
GRPHVWLF�XVH�RI�''7�SHDNHG�LQ�������EXW
SURGXFWLRQ�GLG�QRW�SHDN�XQWLO��������6LQFH�WKDW
WLPH��H[SRUWV�RI�''7�KDYH�H[FHHGHG�GRPHVWLF
XVH���''7�ZDV�EDQQHG�LQ�WKH�8QLWHG�6WDWHV�LQ
������SULPDULO\�GXH�WR�LWV�HQYLURQPHQWDO�HIIHFWV
�(3$��������EXW�LV�YHU\�SHUVLVWHQW�LQ
WKH�HQYLURQPHQW�DQG�LV�VWLOO�GHWHFWHG�LQ�PDQ\
ELRFKHPLFDO�DQG�JHRFKHPLFDO�VXUYH\V���,Q�
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DGGLWLRQ��''7�LV�VWLOO�LQ�XVH�LQ�PDQ\�SDUWV�RI�WKH
ZRUOG�DQG�LV�WUDQVSRUWHG�LQWR�WKH�8QLWHG�6WDWHV
WKURXJK�DQLPDO�PLJUDWLRQ�DQG�DLU�DQG�ZDWHU
PRYHPHQW�

6RPH�''7�UHVLGXHV�DUH�GHULYHG�IURP�GLFRIRO�
DQ�RUJDQRFKORULQH�SHVWLFLGH�ZLWK�D�VWUXFWXUH
VLPLODU�WR�''7��WKDW�KDV�EHHQ�XVHG�KLVWRULFDOO\
WR�WUHDW�PLWHV�LQ�FLWUXV�RUFKDUGV�DQG�FRWWRQ
ILHOGV��&ODUN���������6WXGLHV�FRQGXFWHG�LQ�����
IRXQG�WKDW�GLFRIRO�SURGXFWV�FRQWDLQHG�XS�WR�
���SHUFHQW�WRWDO�''7���$OWKRXJK�WR[LFLW\�WHVWLQJ
LQGLFDWHG�WKDW�GLFRIRO�SURGXFWV�ZHUH
SUHGRPLQDQWO\�OHVV�WR[LF�WKDQ�''7�WR�ILVK�
FUXVWDFHDQV��LQVHFWV��ELUGV��DQG�PDPPDOV���(3$
UHVWULFWHG�WKH�DPRXQW�RI�WRWDO�''7
FRQWDPLQDWLRQ�LQ�GLFRIRO�WR�����SHUFHQW�
HIIHFWLYH�LQ�������DQG�WKHQ�UHGXFHG�LW�
IXUWKHU³WR�����SHUFHQW³LQ������

6XPPDU\�RI�(IIHFWV

%DFNJURXQG�FRQFHQWUDWLRQV��HIIHFW�OHYHOV��DQG
FULWHULD�IRU�WKH�SURWHFWLRQ�RI�ILVK�DQG�ZLOGOLIH�IRU
'''��''(��DQG�''7�DUH�SUHVHQWHG�EHORZ�IRU
ERWK�SK\VLFDO�PHGLD��VXUIDFH�ZDWHU��VHGLPHQW�
DQG�VRLO��DQG�ELRWLF�PHGLD��DTXDWLF
RUJDQLVPV��WHUUHVWULDO�LQYHUWHEUDWHV��DPSKLE�LDQV
DQG�UHSWLOHV��ELUGV��DQG�PDPPDOV����$�VXPPDU\
RI�HIIHFW�OHYHOV�RI�''7�DQG�LWV�PHWDEROLWHV�LV
SUHVHQWHG�LQ�WDEOH������7KLV�VXPPDU\�LV�EDVHG
RQ�WKH�DYDLODEOH�GDWD��DQG�UDQJHV�RI�HIIHFWV�ZHUH
HVWDEOLVKHG�XVLQJ�WKH�IROORZLQJ�JXLGHOLQHV�

� 1R�HIIHFW³VWXGLHV�UHSRUWLQJ�QR
REVHUYHG�HIIHFW�OHYHOV�RU�FRQFHQWUDWLRQV
�12(/V�DQG�12(&V��DQG�QR�REVHUYHG
DGYHUVH�HIIHFW�OHYHOV�RU�FRQFHQWUDWLRQV
�12$(/V�DQG�12$(&V�

� /HYHO�RI�FRQFHUQ³VWXGLHV�UHSRUWLQJ
VRPH�HIIHFW��LQFOXGLQJ�ORZHVW�REVHUYHG
HIIHFW�DQG�ORZHVW�REVHUYHG�DGYHUVH�HIIHFW
OHYHOV�DQG�FRQFHQWUDWLRQV

�/2(/V��/2(&V��/2$(/V��/2$(&V��
HIIHFWLYH�FRQFHQWUDWLRQV�DW�ZKLFK�D�FHUWDLQ
SHUFHQW�RI�WKH�WHVW�VSHFLHV�VKRZHG�DQ�HIIHFW
�H�J���(&���RU�(&�����PHGLDQ�HIIHFW
FRQFHQWUDWLRQV�ZKHUH�PRUWDOLW\�ZDV�QRW�WKH
HQGSRLQW��H�J���0'���

� 7R[LFLW\�WKUHVKROG³VWXGLHV�UHSRUWLQJ
PRUWDOLW\�DV�WKH�HQGSRLQW��VXFK�DV�OHWKDO
FRQFHQWUDWLRQV�DQG�GRVHV��/&��V�DQG
/'��V�

,Q�VRPH�FDVHV��WKHUH�LV�D�JDS�RU�DQ�RYHUODS
EHWZHHQ�OHYHOV�RI�FRQFHUQ�DQG�WR[LFLW\
WKUHVKROGV���7KLV�PD\�EH�WKH�UHVXOW�RI�
LQWHUVSHFLHV�GLIIHUHQFHV�RU�RI�D�ODFN�RI�GDWD
UHSRUWLQJ�HIIHFWV�EHWZHHQ�WKH�WZR�UDQJHV�

)LHOG�&DVHV

7KH�SHUVLVWHQFH�RI�RUJDQRFKORULQH�SHVWLFLGHV�LQ
WKH�HQYLURQPHQW�FDQ�EH�PHDVXUHG�LQ�GLIIHUHQW
ZD\V��LQFOXGLQJ�VDPSOLQJ�DQG�DQDO\VLV�RI�SODQWV
DQG�ZLOGOLIH��H�J���IRRG�LWHPV��SUHGDWRU�VSHFLHV�
RU�HJJV��RU�DELRWLF�PHGLD��H�J���VXUIDFH�ZDWHU�
VHGLPHQW��RU�VRLO����7KH�ILHOG�VWXGLHV�GHVFULEHG�LQ
WKLV�VHFWLRQ�LQFOXGH�H[DPSOHV�RI�WKHVH�GLIIHUHQW
PHDVXUHPHQWV�

7KH�SHUVLVWHQFH�RI�''7�LQ�VXUIDFH�ZDWHU��
VHGLPHQW��DQG�ILVK�IURP�WKH�<DNLPD�5LYHU
GUDLQDJH�V\VWHP�LQ�:DVKLQJWRQ�ZDV�HYDOXDWHG
SHULRGLFDOO\�IURP������WR������E\�WKH�
8�6��*HRORJLFDO�6XUYH\�DQG�LQ�UHFHQW�VWXGLHV�E\
WKH�6WDWH�RI�:DVKLQJWRQ��'HSDUWPHQW�RI
(FRORJ\��-RKQVRQ�HW�DO����������7KH�SULPDU\
VRXUFH�RI�''7�LQ�WKH�<DNLPD�5LYHU�ZDV
LUULJDWLRQ�ZDWHU�UXQRII���$W�FHUWDLQ�WLPHV�RI�
WKH�\HDU��LUULJDWLRQ�ZDWHU�DFFRXQWV�IRU�XS�WR�
���SHUFHQW�RI�WKH�ZDWHU�LQ�WKH�<DNLPD�5LYHU�

7KH�SUHGRPLQDQW�FRPSRXQGV�IRXQG�GXULQJ
�����VDPSOLQJ�RI�WKH�<DNLPD�5LYHU�ZHUH�DV
IROORZV�
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Table 14.& Summary of comprehensive effects: DDD, DDE, and DDT
["&" indicates that endpoints are not reported in available literature;

dw = dry weight; ww = wet weight; bw, body weight.  See Appendix II
for explanation of other abbreviations and technical terms]

Medium Compound
No

effect
Level of
concern

Toxicity
threshold Explanation

Water (µg/L) Total DDT & & 0.013 For freshwater organisms (EPA 1996,
ecotoxicity threshold).

<0.3 0.3%800,000 & For aquatic plants (ORNL 1996,
lowest chronic value; EPA 1980,
reduced growth).

DDT & 0.016 0.36 For Daphnia  (see table 15).

DDD & 1.69%3.99 & For fish (see table 15).1

DDE & & 4,400

DDT & 0.008%0.2 0.2

Sediment (µg/kg dw) DDD & 8%110 6,000 Persaud et al. (1993), lowest (8) and
severe (6,000) effect levels; ORNL
1996 screening criterion (110).

DDE & 2.2%27 19,000 Long et al. (1995) ERLs and ERMs;
Persaud et al. (1993) severe effect
levels.Total DDT & 1.5%46 12,000

Soil (mg/kg dw) DDE & 1.5 & Toxic to Lumbricus (Cathey 1982).

Terrestrial inverte-
brates (mg/kg dw)

Total DDT & 32 & Minimum hazardous level for birds
(Beyer and Gish 1980).

Reptiles/amphibians & & & &

Terrestrial birds, diet
(mg/kg dw)

DDT & 5%25 311 White-throated sparrow delayed
development; LC50 for ring-necked
pheasant (table 16).

DDE & 4 825 Bengalese finch impaired fledging;
bobwhite quail LC 50 (table 16)

Raptor eggs
(mg/kg ww)

DDE & 3%16 & Bald eagle eggshell thinning, reduced
productivity (table 16).

Waterfowl diet
(mg/kg dw,
insectivores)

DDT & & 200 Mallard 95%100% lethality (Davison
and Sell, 1974).

DDE & 10%30 3,572 Black duck eggshell thinning; mallard
LC50 (table 16).

Waterfowl eggs
(mg/kg ww,
insectivores) 

DDE & 46%144 & Black duck eggshell thinning
(Longcore et al. 1971).

Waterfowl eggs
(mg/kg ww,
omnivores)

DDE & 0.25%20 & White-face ibis eggshell thinning
(table 16).

Waterfowl eggs
(mg/kg ww,
piscivores)

DDE & 0.62%66 & Eggshell thinning, hooded merganser
and brown pelican (table 16).

Mammals, diet
(mg/kg bw/day)1

DDT & 0.26%32.5 & Mouse LOAELs (table 17).

& & 40 Bat LD50 (Clark and Stafford 1981)

40 40%83 & Hamster NOAEL & LOAEL
(table 17)

16 16%80 & Dog NOAEL & LOAEL (Lehman 1965)

DDD 107 & & Mouse NOAEL (NCI 1978).

Mammals, tissue
(mg/kg dw)

DDT & & 210 LC50 for shrews (Blus 1978).

     1 Fish and mammalian effect levels vary widely depending on the endpoint and species.  See tables 15 and 17 for
species-specific toxicity information.
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� 6XUIDFH�ZDWHU
5LYHU�PDLQ�VWHP���R�R	�''(
7ULEXWDULHV���R�R �''(�DQG�R�R �''7

� 6HGLPHQW���R�R	�''7��Q�R	�''7�
���R�R	�''(��DQG�R�R	�'''

� )LVK���R�R	�''(�

7KH�SUHGRPLQDQW�PHWDEROLWH�IRXQG�LQ�VXUIDFH
ZDWHU�DQG�ILVK�FROOHFWHG�IURP�WKH�PDLQ�VWHP�RI
WKH�<DNLPD�5LYHU�ZDV�R�R �''(���,Q�ILVK��LW
DFFRXQWHG�IRU�DSSUR[LPDWHO\����SHUFHQW�RI�WKH
WRWDO�''7���7KHVH�ILQGLQJV�LQ�ILVK�DQG�VXUIDFH
ZDWHU�IURP�WKH�PDLQ�VWHP�RI�WKH�<DNLPD�5LYHU
LQGLFDWH�WKDW�''7�IURP�KLVWRULFDO�UHOHDVHV�KDV
UHPDLQHG�LQ�WKH�HFRV\VWHP�IRU�PDQ\�\HDUV���,Q
VXUIDFH�ZDWHU�FROOHFWHG�IURP�WULEXWDULHV�WR�WKH
ULYHU�DQG�LQ�VHGLPHQW�FROOHFWHG�IURP�ERWK�WKH
PDLQ�VWHP�DQG�IURP�WKH�WULEXWDULHV��WKH
FRQFHQWUDWLRQV�RI�R�R	�''7�ZHUH�HTXDO�WR�RU
JUHDWHU�WKDQ�WKRVH�RI�Q�R	�''7���,Q�DGGLWLRQ�
R�R	�''7�WR�Q�R	�''7�UDWLRV�LQ�VHGLPHQW�ZHUH
VLPLODU�WR�WKRVH�LQ�WHFKQLFDO�JUDGH�''7��������
7KHVH�UDWLRV�LQGLFDWH�WKDW�PRVW�RI�WKH�''7
IRXQG�LQ�WKH�<DNLPD�5LYHU�EDVLQ�LV�XQGHU�JUDGHG
PDWHULDO�DQG�VXJJHVW�WKDW�''7�KDV�D�ORQJ�KDOI�
OLIH�LQ�WKHVH�DUHDV³SHUKDSV�QHDU�WKH�XSSHU�HQG
RI�WKH��²���\HDU�UDQJH�SURSRVHG�E\�-RKQVRQ�HW
DO���������

6WXGLHV�RI�RWKHU�ULYHU�GUDLQDJHV�KDYH�DOVR�VKRZQ
WKDW�OHYHOV�RI�R�R	�''7�FDQ�UHPDLQ�KLJK�\HDUV
DIWHU�WKH�ODVW�NQRZQ�XVDJH���7KHVH�LQFOXGH
VHGLPHQW�IURP�3XJHW�6RXQG��VXUIDFH�ZDWHU�DQG
VHGLPHQWV�LQ�:LVFRQVLQ�VWUHDPV��VRLOV�LQ�1HZ
0H[LFR�DQG�7H[DV��DQG�VHGLPHQW��ILVK��DQG�VRLO
LQ�&DOLIRUQLD�DJULFXOWXUDO�DUHDV��-RKQVRQ�HW�DO�
��������,Q�DGGLWLRQ��WKH�RFFXU�UHQFH�RI�Q�R	�
''7�DQG�R�R	�''7�LQ�UDWLRV�UHVHPEOLQJ
WHFKQLFDO�JUDGH�''7�LQGLFDWHV�WKDW�Q�R	�''7�LV
PXFK�PRUH�SHUVLVWHQW�WKDQ�RULJLQDOO\�H[SHFWHG��
(DUO\�VWXGLHV�RI�Q�R	�''7�GLG�QRW�VKRZ�LW�WR�EH
VXFK�D�SHUVLVWHQW�FRP�SRXQG�EHFDXVH�RI
GLIILFXOWLHV�LQ�GLVWLQJXLVKLQJ�LW�IURP�RWKHU
LQWHUIHULQJ�FRPSRXQGV�LQ�WKH�SDFNHG�FROXPQV
WKDW�ZHUH�XVHG�LQ�ROGHU�DQDO\WLFDO�SURFHGXUHV
�-RKQVRQ�HW�DO��������3KDP�HW�DO��������

7KH�RFFXUUHQFH�DQG�GLVWULEXWLRQ�RI�''7�LQ�WKH
6W��/DZUHQFH�5LYHU�LQ�4XHEHF��&DQDGD��DOVR
IROORZV�WKH�WUHQGV�REVHUYHG�LQ�ZDWHUVKHGV�LQ�WKH
8QLWHG�6WDWHV���$JULFXOWXUDO�XVH�RI�''7�
LQ�&DQDGD�SHDNHG�LQ������EXW�ZDV�EDQQHG
GXULQJ�WKH�����·V���5HVWULFWHG�XVHV�ZHUH�
VWLOO�DOORZHG�XQWLO�������3KDP�HW�DO���������
2EVHUYHG�OHYHOV�RI�Q�R	�''7�LQ�WKH�
6W��/DZUHQFH�5LYHU�LQGLFDWHG�WKDW�Q�R	�''7�ZDV
PRUH�SHUVLVWHQW�WKDQ�R�R	�''7���,Q�DGGLWLRQ�
R�R	�''7�ZDV�IRXQG�LQ�WKH�ZDWHU�FROXPQ�EXW
QRW�LQ�WKH�VHGLPHQW���7KLV�PD\�KDYH�EHHQ�D
UHVXOW�RI�GLOXWLRQ�RI�VXVSHQGHG�SDUWLFXODWHV
FDUU\LQJ�WKH�R�R	�''7�DV�WKH\�VHWWOHG�WKURXJK
WKH�ZDWHU�FROXPQ�RU�D�UHVXOW�RI�WKH�PRUH�UDSLG
GHJUDGDWLRQ�RI�R�R	�''7�LQ�VHGLPHQW�WKDQ�LQ
VXUIDFH�ZDWHU���7KH�SUH�GRPLQDQW�GHJUDGDWLRQ
SURGXFWV�RI�R�R	�''7�LQ�VHGLPHQW�WHQG�WR�EH
R�R	�''(�LQ�WKH�WRS�DHURELF�OD\HUV�DQG�R�R	�
'''�LQ�WKH�ERWWRP�DQDHURELF�OD\HUV���,W�ZDV
K\SRWKHVL]HG�WKDW�Q�R	�''7�ZRXOG�IROORZ�WKH
VDPH�GHJUDGDWLRQ�SURFHVVHV�DV�R�R	�''7�EXW�DW
D�VORZHU�UDWH��3KDP�HW�DO��������

7KH�SHUVLVWHQFH�RI�''7�LQ�VRLO�DQG�HDUWK�
ZRUPV�ZDV�VWXGLHG�IRU�D����\HDU�SHULRG�DW�WKH
3DWX[HQW�:LOGOLIH�5HVHDUFK�&HQWHU�LQ�0DU\ODQG
�%H\HU�DQG�*LVK�������%H\HU�DQG�.U\QLWVN\
��������''7�ZDV�VSUD\HG�RQ�WZR�UHSOLFDWH�KD\
ILHOGV�DW�D�FRQFHQWUDWLRQ�RI�
����NLORJUDPV�SHU�KHFWDUH���&RQFHQWUDWLRQV�LQ
HDUWKZRUPV�ZHUH�PHDVXUHG�VHYHUDO�WLPHV
WKURXJKRXW�WKH����\HDU�SHULRG�DQG�KDOI�OLYHV
�DPRXQW�RI�WLPH�IRU�WKH�FRQFHQWUDWLRQV�WR
GHFUHDVH�E\����SHUFHQW��ZHUH�FDOFXODWHG�IRU
''7�DQG�LWV�PHWDEROLWHV�LQ�VRLO�DQG�HDUWK�
ZRUPV���(DUWKZRUPV�RI�YDULRXV�VSHFLHV�DQG
DJHV�ZHUH�FROOHFWHG�IURP�WKH�WHVW�SORWV�EHFDXVH
SUHVXPDEO\�SUHGDWRUV�ZRXOG�QRW�EH�VHOHFWLYH�LQ
WKH�W\SH�RU�DJH�RI�WKH�HDUWKZRUPV�WKH\�IHG�RQ��
6SHFLHV�FROOHFWHG�LQFOXGHG�#RQTTGEVQFGC�VWTIKFC�
#RQTTGEVQFGC�VTCRG\QKFGU��#NNQNQDQRJQTC
EJNQTQVKEC��DQG�.WODTKEWU�VGTTGUVTKU���''7
PHWDEROLWHV�IRXQG�LQ�VRLO����\HDUV�DIWHU
DSSOLFDWLRQ�LQFOXGHG�R�R	�''7��Q�R	�''7�
R�R	�''(��DQG�WUDFH�DPRXQWV�RI�R�R	�'''
�%H\HU�DQG�*LVK���������''7�PHWDEROLWHV�
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IRXQG�LQ�HDUWKZRUPV����\HDUV�DIWHU�DSSOLFD�WLRQ
LQFOXGHG�R�R	�''7��R�R	�'''��DQG
R�R	�''(���7KH�KDOI�OLIH�IRU�WRWDO�''7�LQ�ERWK
VRLO�DQG�HDUWKZRUPV�ZDV�����\HDUV��%H\HU�DQG
*LVK���������''(�ZDV�WKH�PRVW�SHUVLVWHQW�
''7�PHWDEROLWH�LQ�HDUWKZRUPV��%H\HU�DQG
.U\QLWVN\���������''(�FRQFHQWUDWLRQV�LQ
HDUWKZRUPV�LQFUHDVHG�GXULQJ�WKH�ILUVW���\HDUV�RI
WKH�H[SHULPHQW�WR����PJ�NJ�GU\�ZHLJKW��GZ�
DQG�WKHQ�GHFUHDVHG�WKURXJK�WKH�UHPDLQLQJ���
\HDUV�WR�����PJ�NJ�GZ��ZKLFK�ZDV���SHUFHQW�RI
WKH�SHDN�FRQFHQWUDWLRQ�

$ELRWLF�)DFWRUV�$IIHFWLQJ
%LRDYDLODELOLW\

:DWHU

''7�DQG�LWV�PHWDEROLWHV�DUH�IRXQG�LQ�PRVW
VXUIDFH�ZDWHU�ERGLHV��HVSHFLDOO\�WKRVH�WKDW�DUH
GRZQVWUHDP�IURP�WULEXWDULHV�GUDLQLQJ�XUEDQ�DQG
DJULFXOWXUDO�DUHDV��(3$���������''7�FDQ�EH
WUDQVSRUWHG�WR�SUHYLRXVO\�XQLPSDFWHG�ZDWHU
ERGLHV�WKURXJK�VRLO�HURVLRQ��PRYHPHQW�RI
VXVSHQGHG�SDUWLFXODWHV��DFFXPXODWHG�UHVLGXHV�LQ
IUHH�VZLPPLQJ�DTXDWLF�RUJDQLVPV��DQG�UDLQIDOO
FDUU\LQJ�YRODWLOL]HG�''7�

%HFDXVH�RI�WKH�ORZ�ZDWHU�VROXELOLW\�RI�''7�����
�J�/���WKH�ZDWHU�FROXPQ�SULPDULO\�VHUYHV�DV�D
WUDQVIHU�PHFKDQLVP�EHWZHHQ�FRQ�WDPLQDWHG
VHGLPHQWV�DQG�DTXDWLF�RUJDQLVPV��(3$��������
''7�SUHVHQW�LQ�WKH�ZDWHU�FROXPQ�LV�GLUHFWO\
DYDLODEOH�IRU�XSWDNH�E\�DTXDWLF�SODQWV�DQG
DQLPDOV�DW�DOO�OHYHOV�RI�WKH�IRRG�ZHE���+RZHYHU�
IRU�DQLPDOV�LQ�WKH�KLJKHU�WURSKLF�OHYHOV��WUDQVIHU
RI�''7�WKURXJK�WKH�ZDWHU�FROXPQ�LV�SUREDEO\
OHVV�LPSRUWDQW�WKDQ�IRRG�FKDLQ�WUDQVIHU��ZKLFK�LV�
GLVFXVVHG�LQ�ODWHU�VHFWLRQV��

7KH�WR[LFLW\�RI�''7�LQ�ZDWHU�FDQ�EH�DIIHFWHG�E\
VHYHUDO�IDFWRUV��LQFOXGLQJ�WHPSHUDWXUH�DQG�S+��
6WXGLHV�XVLQJ�&CRJPKC�RWNGZ�LQGLFDWH�WKDW�R�R	�
''7�ZDV�VLJQLILFDQWO\�PRUH�WR[LF�DW�����&�WKDQ
DW�����&��6PLWK�HW�DO����������/RZHU
WHPSHUDWXUHV�PD\�DOVR�LQFUHDVH�WR[LFLW\���''7�

ZDV�VHYHQ�WLPHV�PRUH�WR[LF�WR�WKH�VFXG�DQG
WZLFH�DV�WR[LF�WR�&CRJPKC�VS��DW����&�WKDQ�DW�
����&��(3$�������

6WXGLHV�DORQJ�WKH�<DNLPD�5LYHU�LQ�:DVKLQJWRQ
DQG�WKH�6W��/DZUHQFH�5LYHU�LQ�4XHEHF�HYDOXDWHG
WKH�SHUVLVWHQFH�RI�''7�DQG�LWV�GHULYDWLYHV�LQ
ZDWHU�DQG�LQ�RWKHU�PHGLD��DV�GHVFULEHG�LQ�WKH
´)LHOG�&DVHVµ�VHFWLRQ��DERYH�

6HGLPHQW

6HGLPHQWV�IXQFWLRQ�DV�WKH�SULPDU\�VLQN�IRU
''7�DQG�LWV�PHWDEROLWHV��(3$���������,Q
JHQHUDO��ZDWHUERUQH�''7�FRQFHQWUDWLRQV�LQ
H[FHVV�RI������J�/��ZDWHU�VROXELOLW\��ZLOO�HLWKHU
DGVRUE�WR�RU�SUHFLSLWDWH�RQWR�WKH�ERWWRP
VHGLPHQWV���7KH�''7�LQ�WKH�VHGLPHQWV�LV�WKHQ
DYDLODEOH�IRU�GLUHFW�FRQWDFW�RU�LQJHVWLRQ�E\
ERWWRP�GZHOOLQJ�RUJDQLVPV���7KH�''7�FDQ�DOVR
EH�UHGLVVROYHG�EDFN�LQWR�WKH�ZDWHU�FROXPQ
ZKHQHYHU�WKH�ZDWHU�FRQFHQWUDWLRQ�IDOOV�EHORZ
WKH�VDWXUDWLRQ�SRLQW���7KH�SHU�VLVWHQFH�DQG
GHJUDGDWLRQ�RI�''7�LQ�VHGLPHQW�FDQ�EH
DIIHFWHG�E\�VHYHUDO�IDFWRUV��LQFOXGLQJ��S+�
RUJDQLF�FDUERQ�FRQWHQW��WXUELGLW\��DQG�R[\JHQ
FRQWHQW�

6HGLPHQW�TXDOLW\�JXLGHOLQHV�GHYHORSHG�E\�/RQJ
HW�DO���������ZHUH�EDVHG�RQ�FRPSDULVRQV�RI
HIIHFWV�OHYHOV�IRU�YDULRXV�RUJDQLVPV�H[SRVHG�WR
''7�FRQWDPLQDWHG�VHGLPHQWV�DQG�VHGL�PHQW
FKDUDFWHULVWLFV���7KHVH�JXLGHOLQHV�ZHUH�GHYHORSHG
IRU�HVWXDULQH�DQG�PDULQH�VHGLPHQWV�EXW�DUH
FRQVLGHUHG�XVHIXO�DV�VFUHHQLQJ�OHYHOV�IRU
IUHVKZDWHU�VHGLPHQWV���7KH�GLVWULEXWLRQV�RI
HIIHFWV�GDWD�ZHUH�HYDOXDWHG�WR�GHYHORS�WZR
JXLGHOLQHV�������DQ�HIIHFWV�UDQJH�ORZ��(5/�
JXLGHOLQH��WKH�ORZHU���WK�SHUFHQWLOH�RI�WKH
HIIHFWV�GDWD�IRU�HDFK�FKHPLFDO��DQG�����DQ
HIIHFWV�UDQJH�PHGLDQ��(50��JXLGHOLQH��WKH���WK
SHUFHQWLOH�RI�WKH�HIIHFWV�GDWD���7KHVH�WZR
JXLGHOLQHV�FDQ�EH�XVHG�WR�SUHGLFW�WKUHH�OHYHOV�RI
SRWHQWLDO�WR[LFLW\�IRU�DTXDWLF�RUJDQLVPV�H[SRVHG
WR�FRQWDPLQDWHG�VHGLPHQWV���$GYHUVH�HIIHFWV
VKRXOG�EH�UDUH�DW�FRQFHQWUDWLRQV�EHORZ�WKH�(5/
EXW�PD\�RFFXU�EHWZHHQ�WKH�(5/�DQG�WKH�(50
DQG�DUH�YHU\�OLNHO\�DERYH�WKH�(50��
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&RQFHQWUDWLRQV�EHORZ�WKH�(5/�W\SLFDOO\
UHSUHVHQW�FRQGLWLRQV�ZKHUH�DGYHUVH�HIIHFWV
ZRXOG�UDUHO\�RFFXU���&RQFHQWUDWLRQV�EHWZHHQ�WKH
(5/�DQG�WKH�(50�UHSUHVHQW�FRQGLWLRQV�LQ
ZKLFK�DGYHUVH�HIIHFWV�PD\�RFFXU��DQG�FRQFHQ�
WUDWLRQV�DERYH�WKH�(50�UHSUHVHQW�FRQGLWLRQV�LQ
ZKLFK�DGYHUVH�HIIHFWV�DUH�OLNHO\�WR�RFFXU���7KH
(5/�DQG�(50�YDOXHV�IRU�''(�DQG�''7�DUH
DV�IROORZV�

Compound
ERL

(µg/kg dw)

ERM
(µg/kg

dw)
p,p’-DDE 
Total DDT

2.2
1.58

27
46.1

2DN�5LGJH�1DWLRQDO�/DERUDWRU\�LQ�7HQQHVVHH
GHYHORSHG�VHGLPHQW�VFUHHQLQJ�FULWHULD�EDVHG�RQ
LWV�RZQ�UHVHDUFK��251/���������,WV�VHGL�PHQW
TXDOLW\�EHQFKPDUNV�DUH�FDOFXODWHG�XVLQJ
HTXLOLEULXP�SDUWLWLRQLQJ�ZLWK�HLWKHU�VHFRQGDU\
FKURQLF�ZDWHU�TXDOLW\�FULWHULD�RU�WKH�ORZHVW
UHSRUWHG�FKURQLF�YDOXHV�IRU�ILVK�RU�GDSKQLGV�DQG
DVVXPHV���SHUFHQW�RUJDQLF�FDUERQ���7KH
DYDLODEOH�YDOXHV�DUH�DV�IROORZV�

Compound

Secondary
chronic
value

(µg/kg dw)

Lowest chronic
values

(µg/kg dw)

Fish Daphnids

p,p’-DDD 110 16,865 &

DDT 343 19,280 422

7KH�(3$·V�2IILFH�RI�6ROLG�:DVWH�DQG
(PHUJHQF\�5HVSRQVH�KDV�VHOHFWHG�EHQFKPDUN
YDOXHV�IRU�XVH�LQ�VFUHHQLQJ�FRQWDPLQDWHG
VHGLPHQWV�DW�VLWHV�EHLQJ�PDQDJHG�XQGHU�WKH
&RPSUHKHQVLYH�(QYLURQPHQWDO�5HVSRQVH�
&RPSHQVDWLRQ��DQG�/LDELOLW\�$FW��(3$��������
7KH�YDOXH�IRU�''7�LV������J�NJ�GZ��EDVHG�RQ
WKH�(5/�GHYHORSHG�E\�/RQJ�HW�DO�����������

6RLO

7KH�SHUVLVWHQFH�RI�''7�LQ�VRLO�FDQ�EH�DIIHFWHG
E\�VHYHUDO�IDFWRUV��LQFOXGLQJ�PHWKRG�RI
DSSOLFDWLRQ��VRLO�W\SH��VRLO�IHUWLOLW\��W\SH�RI
IRUPXODWLRQ��WRSRJUDSK\��FOLPDWLF�FRQGLWLRQV�

IDUPLQJ�SUDFWLFHV��VRLO�S+��DQG�RUJDQLF�FDUERQ
FRQWHQW��(3$���������7KH�DPRXQW�RI�WLPH�IRU
FRQFHQWUDWLRQV�RI�''7�WR�EH�UHGXFHG�E\�
���SHUFHQW�LQ�VRLOV�UDQJHG�IURP���WR����\HDUV�
ZLWK�DQ�DYHUDJH�WLPH�RI����\HDUV��(GZDUGV
�������

''7�DSSOLHG�WR�WKH�VXUIDFH�PD\�EH�VXEMHFW�WR
YRODWLOL]DWLRQ��EXW�DV�LW�EHFRPHV�ERXQG�WR�WKH
VRLO��LWV�YRODWLOLW\�GHFUHDVHV��%H\HU�DQG�*LVK
��������''7�PL[HG�ZLWK�WKH�VRLO�LV�HYHQ�OHVV
YRODWLOH���,Q�DGGLWLRQ��EHFDXVH�RI�WKH�ORZ�ZDWHU
VROXELOLW\�RI�''7��LW�GRHV�QRW�WHQG�WR�OHDFK
WKURXJK�WKH�VRLO�

'DYLV��������IRXQG�WKDW�WKH�DFFXPXODWLRQ�RI
''(�DQG�''7�LQ�HDUWKZRUPV�WHQGV�WR
GHFUHDVH�DV�WKH�RUJDQLF�FDUERQ�FRQWHQW�RI�
WKH�VRLO�LQFUHDVHV���7KH�HDUWKZRUP
#NNQNQDQRJQTC�ECNKIKPQUC�DFFXPXODWHG�WKH
KLJKHVW�FRQFHQWUDWLRQV�RI�''7�LQ�VRLOV�ZLWK�
��SHUFHQW�RUJDQLF�FDUERQ�DQG�VKRZHG�ORZ
DFFXPXODWLRQ�LQ�VRLOV�ZLWK����SHUFHQW�RUJDQLF
FDUERQ���7KH�DFFXPXODWLRQ�RI�''(��KRZHYHU�
LQFUHDVHG�DV�RUJDQLF�FDUERQ�LQFUHDVHG�XS�WR����
SHUFHQW�DQG�WKHQ�GHFUHDVHG�ZLWK�LQFUHDVLQJ
RUJDQLF�FDUERQ���7KH�FDXVH�RI�WKH�LQFUHDVHG
''(�DFFXPXODWLRQ�XS�WR�����SHUFHQW�RUJDQLF
FDUERQ�ZDV�QRW�GHWHUPLQHG��EXW�LW�PD\�KDYH
EHHQ�GXH�WR�RWKHU�IDFWRUV�VXFK�DV�S+��VRLO
GHQVLW\��DQG�VRLO�PRLVWXUH��ZKLFK�FDQ�LQIOXHQFH
WKH�IHHGLQJ�DFWLYLW\�RI�WKH�ZRUPV���7KH
GLIIHUHQFHV�LQ�DFFXPXODWLRQ�EHWZHHQ�VRLOV�ZLWK
ORZ�RUJDQLF�FDUERQ����SHUFHQW�WR�����SHU�FHQW�
DQG�WKRVH�ZLWK�KLJKHU�RUJDQLF�FDUERQ�
�����SHUFHQW�WR����SHUFHQW��ZHUH�VWDWLVWLFDOO\
VLJQLILFDQW�IRU�ERWK�''(�DQG�''7�

$����\HDU�VWXG\�DW�WKH�3DWX[HQW�:LOGOLIH
5HVHDUFK�&HQWHU�LQ�0DU\ODQG��GHVFULEHG�DERYH
LQ�WKH�´)LHOG�&DVHVµ�VHFWLRQ��H[DPLQHG�WKH
SHUVLVWHQFH�RI�''7�LQ�VRLO�DQG�HDUWKZRUPV�

%LRWLF�(IIHFWV

3ODQWV

$TXDWLF�3ODQWV�³/LWWOH�WR[LFLW\�LQIRUPDWLRQ�ZDV
IRXQG�FRQFHUQLQJ�WR[LFLW\�RI�''7�WR�DTXDWLF
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SODQWV���251/��������UHSRUWHG�D�ORZHVW�FKURQLF
YDOXH�RI������J�/�IRU�DTXDWLF�SODQWV�EXW�OLVWHG�QR
VSHFLILF�VSHFLHV���(3$��������EDVHG�RQ�WKH�ZRUN
RI�6RGHUJUHQ�������DOVR�UHSRUWHG�D�FKURQLF
YDOXH��IRU�UHGXFHG�JURZWK�DQG�XQXVXDO
PRUSKRORJ\��RI������J�/�LQ�WKH�JUHHQ�DOJD
%JNQTGNNC�VS���2WKHU�VXEDFXWH�HIIHFWV�RI�''7
UHSRUWHG�E\�(3$��������LQFOXGH�UHGXFHG�JURZWK
LQ�#PCE[UVKU�PKFWNCPU�DW�
�����J�/�DQG�LQ�5EGPGFGUOWU�SWCFTKECWFC�DW
�����J�/��DQG�LQKLELWHG�SKRWRV\QWKHVLV�LQ
5GNGPCUVTWO�ECRTKEQTPWVWO�DW������J�/�

7HUUHVWULDO�3ODQWV�³1R�WR[LFLW\�LQIRUPDWLRQ
ZDV�IRXQG�IRU�HIIHFWV�RI�'''��''(��RU�''7
RQ�WHUUHVWULDO�SODQWV�

$TXDWLF�,QYHUWHEUDWHV

''7�LV�WR[LF�WR�PRVW�DTXDWLF�RUJDQLVPV��DQG
DUWKURSRGV�KDYH�EHHQ�VKRZQ�WR�EH�YHU\�VHQVL�
WLYH�WR�ORZ�OHYHOV�RI�''7���6WXGLHV�XVLQJ�VWDWLF
DQG�IORZ�WKURXJK�WHVWV�KDYH�HVWDEOLVKHG�PHGLDQ
OHWKDO�FRQFHQWUDWLRQV�����K��IRU�
VHYHUDO�IUHVKZDWHU�DUWKURSRGV��DV�VKRZQ�LQ�WDEOH
���

6PLWK�HW�DO���������FRQGXFWHG����KRXU�VWDWLF
DFXWH�WR[LFLW\�WHVWV�IRU�VHYHUDO�FKHPLFDOV�IRXQG
LQ�WKH�*UHDW�/DNHV���&KHPLFDO�WR[LFLW\�ZDV
UDQNHG�LQ�FRPSDULVRQ�WR�WKDW�RI�R�R	�''7�
ZKLFK�KDG�EHHQ�IRXQG�LQ�ILVK�WLVVXHV�FROOHFWHG
IURP�WKH�*UHDW�/DNHV���7KH�HQGSRLQW�VHOHFWHG
ZDV�DQ�(&���RI�LPPRELOL]DWLRQ�RU�QR
PRYHPHQW�ZKHQ�SURGGHG���7KH�(&���IRU
&CRJPKC�RWNGZ�ZDV������J�/�

7KH�PDULQH�FUXVWDFHDQ�#TVGOKC�UCNKPC�KDV
JDLQHG�SRSXODULW\�IRU�XVH�LQ�VKRUW�WHUP�WR[LFLW\
WHVWLQJ���7KH�WR[LFLW\�RI�YDULRXV�FKHPLFDOV�WR�WKLV
VSHFLHV�KDV�EHHQ�XVHG�WR�SUHGLFW�WR[LFLW\�WR
&CRJPKC�OCIPC�DQG�PDULQH�FRSHSRGV��
6DQFKH]�)RUWXQ�HW�DO���������IRXQG�WKDW�WKH
UHODWLYH�RUGHU�RI�WR[LFLW\�RI�''(��''7��DQG
RWKHU�RUJDQRFKORULQH�SHVWLFLGHV��L�H���GLHOGULQ
DQG�OLQGDQH��ZDV�WKH�VDPH�IRU�

#��UCNKPC�DV�IRU�RWKHU�FUXVWDFHDQV��EXW�#��UCNKPC
ZDV�PXFK�PRUH�WROHUDQW�WR�''(�DQG�''7
WKDQ�PRVW�RWKHU�DTXDWLF�RUJDQLVPV���7KLV
WROHUDQFH�FDQ�UDQJH�IURP���WR����WLPHV�WKDW�RI
RWKHU�PDULQH�GHFDSRGV���6DQFKH]�)RUWXQ�HW�DO�
DOVR�IRXQG�WKDW�VHQVLWLYLW\�WR�''(�DQG�''7
LQFUHDVHG�ZLWK�LQFUHDVLQJ�DJH�RI�WKH�#��UCNKPC
ODUYDH���7KUHH�GD\�ROG�ODUYDH�ZHUH�WZLFH�DV
VHQVLWLYH�DV���GD\�ROG�ODUYDH��WDEOH�����

(3$·V�GDWD�EDVH�IRU�R�R	�''7�FRQWDLQV�PRUH
WKDQ����DFXWH�WR[LFLW\�YDOXHV�IRU�YDULRXV�DTXDWLF
RUJDQLVPV��(3$���������7KHVH�UDQJH�IURP�����
�J�/�IRU�&CRJPKC�RWNGZ�WR�
�������J�/�IRU�WKH�SODQDULDQ�2QN[EGNNKU�HGNKPC��
7KH�$48,5(�GDWD�EDVH�IRU�R�R	�'''�DQG�
R�R	�''(�KDV�VHYHUDO�DFXWH�DQG�RQH�FKURQLF
WR[LFLW\�YDOXH�IRU�DTXDWLF�RUJDQLVPV��(3$��������
)RU�R�R	�'''�WKH�DFXWH�WR[LFLW\�YDOXHV�UDQJH
IURP����J�/�IRU�$QUOKPC�NQPIKTQUVTKU�WR������
�J�/�IRU�D�IODWZRUP���7KH�FKURQLF�WR[LFLW\�YDOXH
UHSRUWHG�IRU�R�R	�'''�LV�
�����J�/�IRU�0KVQETC�URKPKRGU���)RU�R�R	�''(�
WKH�DFXWH�YDOXHV�UDQJH�IURP�������J�/�IRU�WKH
VFXG��)COOCTWU�VS���WR��������J�/�IRU�WKH
IDWKHDG�PLQQRZ��2KOGRJCNGU�RTQOGNCU��

6ZDUW]�HW�DO���������HYDOXDWHG�WKH�VHGLPHQW
WR[LFLW\�DQG�DEXQGDQFH�RI�DPSKLSRGV�DW�VHYHUDO
VLWHV�DORQJ�WKH�/DXULW]HQ�&KDQQHO�DQG�LQ�SDUWV�RI
5LFKPRQG�+DUERU�LQ�&DOLIRUQLD���
7KH�SURSHUW\�DGMDFHQW�WR�WKHVH�SRUWLRQV�RI�WKH
FKDQQHO�ZDV�KLVWRULFDOO\�XVHG�IRU�WKH�IRUPXOD�
WLRQ�DQG�JULQGLQJ�RI�''7���$OWKRXJK�PXFK�RI
WKH�FRQWDPLQDWHG�VHGLPHQW�ZDV�UHPRYHG��D
FRQFHQWUDWLRQ�JUDGLHQW�VWLOO�H[LVWV���6ZDUW]�
HW�DO��PHDVXUHG�WR[LFLW\�WR�WKH�DPSKLSRG
'QJCWUVQTKWU�GUVWCTKWU�DQG�WKH�ILHOG�DEXQGDQFH
RI�DPSKLSRGV�DW�VHYHUDO�VLWHV��DQG�WKHLU�UHVXOWV
DUH�VKRZQ�LQ�WDEOH������)RU�FRPSDULVRQ
SXUSRVHV��6ZDUW]�HW�DO��DOVR�WHVWHG�WKH�WR[LFLW\�RI
VHGLPHQWV�FROOHFWHG�DW�RWKHU�VLWHV�LQ�WKH�
8QLWHG�6WDWHV���7DEOH����LQFOXGHV�/&��V�IRU
*[CNGNNC�C\VGEC�H[SRVHG�WR�VHGLPHQWV�IURP�D
IUHVKZDWHU�VWUHDP�LQ�$ODEDPD�DQG�IRU
4JGRQZ[PKWU�CDTQPKWU�H[SRVHG�WR�VHGLPHQWV
IURP�WKH�3DORV�9HUGHV�6KHOI��&DOLIRUQLD�
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Table 15.&DDD, DDE, and DDT effects on aquatic organisms
[See Appendix II for explanation of abbreviations and technical terms]

Species Chemical

Concentration
(µg/L in surface water,

except as noted) Effects Reference

Aquatic plants

Mixed macrophytes DDT 0.3 Lowest chronic value ORNL 1996

Aquatic invertebrates

Daphnia pulex DDT 0.36 48-h LC50 EPA 1975

p,p’-DDT 1.1 48-h EC50 - immobilized Smith et. al. 1988

Daphnia magna DDT 4.4 48-h LC50 EPA 1975

DDT-tech 1.1 48-h LC50 Randall et al. 1979

Daphnia sp. DDT 0.016 Estimated lowest chronic value ORNL 1996

Bosmina longirostris p,p’-DDD 1 Acute LC50 EPA 1984

Marine crustacean
Artemia salina

p,p’-DDE 159,000 24-h LC50  (1-day-old larvae) Sanchez-Fortun
et al. 1995
(DDE and DDT
test solutions
prepared by
dissolving in
DMSO and diluting
in water)

116,000 24-h LC50  (2-day-old larvae)

  94,270 24-h LC50  (3-day-old larvae)

p,p’-DDT   43,010 24-h LC50  (1-day-old larvae)

  17,040 24-h LC50  (2-day-old larvae)

  16,400 24-h LC50  (3-day-old larvae)

Scud (Gammarus sp.) DDT 2.1 48-h LC50 EPA 1975

p,p’-DDE 0.68 Acute LC50 EPA 1984

Caddisfly DDT 3.4 48-h LC50 EPA 1975

Mayfly DDT 0.3 48-h LC50 EPA 1975

Oyster DDT 7 Reduced shell growth by 50% EPA 1975

Amphipod Hyalella azteca p,p’-DDD 0.19 10-d LC50 Phipps et al. 1995;
Hoke et al. 1994p,p’-DDE 1.66 10-d LC50

p,p’-DDT 0.07 10-d LC50

p,p’-DDD 1.08 in pore water 10-d LC50 Hoke et al. 1994

Total DDT 2,580 mg/kg C in sed.1 10-d LC50 Swartz et al. 1994

Amphipod Eohaustorius
estuarius

Total DDT 2,500 mg/kg C in sed.1

   300 mg/kg C in sed.1

   100 mg/kg C in sed.1

10-d LC50
Toxic threshold
Reduced abundance

Swartz et al. 1994

Amphipod Rhepoxynius
abronius

Total DDT 1,040 mg/kg C in sed.1 10-d LC50 Swartz et al. 1994

Midge Chironomus tentans p,p’-DDD 0.18 10-d LC50 Phipps et al. 1995

p,p’-DDE 3

p,p’-DDT 1.23

Oligochaete Lumbriculus
variegatus

p,p’-DDE >3.27 10-d LC50 Phipps et al. 1995

Planarian Polycellis felina p,p’-DDT 1,230 Acute LC50 EPA 1980

Flatworm p,p’-DDD 2,360 Acute LC50 EPA 1984

Nitocra spinipes p,p’-DDD 0.3 Chronic toxicity EPA 1984
1 Milligrams of DDT per kilogram of organic carbon in sediment.
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Table 15.&DDD, DDE, and DDT effects on aquatic organisms&Continued

Species Chemical

Concentration
(µg/L in surface water,

except as noted) Effects Reference

Fish

Mixed species DDD 1.69 Lowest chronic value ORNL 1996

3.99 Estimated EC20

0.61 Population EC20

DDT 0.73 Lowest chronic value

0.35 Estimated EC20

0.008 Sensitive species EC20

Bluegill sunfish
(Lepomis macrochirus)

DDT-tech 3.4 96-h LC50 Randall et al. 1979

DDT 0.2%1.0 96-h LC50 Ellgaard et al.
19770.008 Increased locomotor activity

DDT 5.8 96-h LC50 at 7EC Mayer and
Ellersieck 19881.6 96-h LC50 at 29EC

Carp (Catla catla) DDT 6,800 96-h LC50 Kulshrestha et al.
19863,000%3,500 MATC

Carp (Cirrhinus mrigala) DDT 6,300 96-h LC50 Kulshrestha et al.
19863,000%3,500 MATC

Carp (Labeo rohita) DDT 6,400 96-h LC50 Kulshrestha et al.
19863,000%3,500 MATC

Catfish
Heteropneustes fossilis

DDT-tech    500 Decrease in white blood cell count Mustafa and
Murad 1984
(DDT dissolved in
acetone and
diluted with water)

3,020 72-hr LC50

2,950 96-hr LC50

3,000 Erratic swimming, jerky movement

3,020 72-hr LC50

3,550 48-hr LC50

Cichlid - Tilapia
Oreodhromis spilurus

DDT   80 96-hr LC50, Parkinson and
Agius 1988190 72-hr LC50

250 48-hr LC50

Fathead minnow
(Pimephales promelas)

p,p’-DDE 4,400 Acute LC50 EPA 1984

Total DDT 1.5 (water only) Chronic exposure LC50 Jarvinen et al.
19770.9 (+46 µg/g in food) Chronic exposure LC50

0.9 MATC (DDT in water only)

0.4 MATC (DDT in water and food)

2 Reduced embryo hatchability

Flounder
(Platichthys flesus)

DDT 12.5 mg/kg bw in food Hyperactivity; 20-fold increase in
activity

Bengtsson and
Larsson 1981

1 mg/kg (in brain) Hyperactivity

Humpback salmon
(Oncorhynchus gorbuscha)

DDT 1.32 Increased enzymatic activity Andryushchenko
and Khokhryakov
1982

Loach (Misgurnus
anguillicaudatus)

DDT 350 24-hr LC50 Yang and Sun
1977

Sarotherodon
mossambicus

DDT 1 Change in thyroid follicle
organization and structure

Shukla and
Pandey 1986
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(IIOXHQW�GLVFKDUJHV�IURP�D�''7�PDQXIDF�
WXULQJ�FRPSDQ\�KDYH�DIIHFWHG�ERWK�VXUIDFH
ZDWHU�DQG�VHGLPHQW�LQ�WKH�+XQWVYLOOH�6SULQJ
%UDQFK�RI�WKH�,QGLDQ�&UHHN�VWUHDP�V\VWHP�LQ
$ODEDPD���+RNH�HW�DO���������PHDVXUHG�WKH
WR[LFLW\�RI�''7�DQG�LWV�PHWDEROLWHV�WR�*[CNGNNC
C\VGEC�H[SRVHG�WR�VXUIDFH�ZDWHU����

7HUUHVWULDO�,QYHUWHEUDWHV

+LVWRULFDO�VWXGLHV�RI�WHUUHVWULDO�LQYHUWHEUDWHV
KDYH�IRXQG�WKDW�HDUWKZRUPV�DUH�PXFK�PRUH
WROHUDQW�RI�RUJDQRFKORULQH�SHVWLFLGHV�WKDQ
DUWKURSRGV��'DYLV���������&DWKH\�������
HVWLPDWHG�DQ�HIIHFWLYH�WR[LF�VRLO�FRQFHQWUDWLRQ�RI
''(�WR�.WODTKEWU��DW��������J�NJ�

/DERUDWRU\�VWXGLHV�RQ�WKH�XSWDNH�DQG
DFFXPXODWLRQ�RI�''(�DQG�''7�ZHUH�FRQ�
GXFWHG�RQ�WZR�HDUWKZRUPV��.WODTKEWU
VGTTGUVTKU�DQG�#NNQNQDQRJQTC�ECNKIKPQUC��WKDW
KDYH�GLIIHUHQW�IHHGLQJ�SDWWHUQV��'DYLV���������
.��VGTTGUVTKU�IHHGV�RQ�WKH�VRLO�VXUIDFH�DQG�RQ
YHJHWDWLRQ��ZKHUHDV�#��ECNKIKPQUC�IHHGV�SULPDULO\
RQ�VRLOV�EHORZ�WKH�VXUIDFH���7KH�XSWDNH�RI�''7
IURP�VRLO�E\�.��VGTTGUVTKU�LQGLFDWHG�WKDW�''7
FRQFHQWUDWLRQV�LQ�ZRUPV�URVH�IURP������PJ�NJ
�DW���PJ�NJ�VRLO�UHVLGXH��WR����PJ�NJ��DW���
PJ�NJ�VRLO�UHVLGXH����7KH�DFFXPXODWLRQ�RI�''7
LQFUHDVHG�ZLWK�LQFUHDVLQJ�VRLO�FRQFHQWUDWLRQ��DQG
ELRFRQFHQWUDWLRQ�IDFWRUV�UDQJHG�IURP������WR
������''(�ZDV�WKH�SULPDU\�PHWDEROLWH�IRUPHG��
7KH�SURSRUWLRQ�RI�''(�WR�''7�ZDV�DSSUR[L�
PDWHO\����SHUFHQW���7KH�XSWDNH�DQG�DFFXPX�
ODWLRQ�RI�''7�ZHUH�DOVR�PHDVXUHG�XVLQJ�DSSOH
OHDYHV�WKDW�KDG�EHHQ�VSUD\HG�ZLWK�WHFKQLFDO
JUDGH�''7���5HVXOWV�LQGLFDWHG�WKDW�DFFXPX�
ODWLRQ�IURP�WUHDWHG�OHDYHV�ZDV�VLJQLILFDQWO\
KLJKHU�LQ�.��VGTTGUVTKU�WKDQ�LQ�#��ECNKIKPQUC��
$FFXPXODWLRQ�IURP�WUHDWHG�OHDYHV�ZDV�DOVR�OHVV
WKDQ�WKDW�IURP�WUHDWHG�VRLO�IRU�ERWK�VSHFLHV��
7KH�GLIIHUHQFHV�LQ�DFFXPXODWLRQ�EHWZHHQ�.�
VGTTGUVTKU�DQG�#��ECNKIKPQUC�IRU�GLIIHUHQW�W\SHV�RI
''7�DSSOLFDWLRQ�ZHUH�GXH�WR�WKH�GLIIHUHQFHV�LQ
IHHGLQJ�DFWLYLW\�DQG�LQWDNH�EHWZHHQ�WKH�WZR
VSHFLHV���:KHQ�''7�ZDV�DSSOLHG�WR�WKH�VRLO�DQG
FXOWLYDWHG�LQ��$��FDOLJLQRVD�DFFXPXODWHG�PXFK

KLJKHU�OHYHOV�WKDQ�.��VGTTGUVTKU�EHFDXVH�LW�LQJHVWV
UHODWLYHO\�PRUH�VRLO�DQG�LV�PRUH�DFWLYH�EHORZ�WKH
VXUIDFH��EXW��ZKHQ�''7�ZDV�DSSOLHG�WR�OHDYHV�DW
WKH�VRLO�VXUIDFH��WKHQ�.��VGTTGUVTKU�DFFXPXODWHG
KLJKHU�OHYHOV�EHFDXVH�LW�LV�PRUH�DFWLYH�DW�WKH
VXUIDFH�

7KH�DFFXPXODWLRQ�RI�''7�LQ�HDUWKZRUPV
H[SRVHG�WR�FRQWDPLQDWHG�VRLO�LQ�WKH�5KLQH�GHOWD
IORRG�SODLQV�LQGLFDWHG�WKDW�UDWLRV�RI
FRQFHQWUDWLRQV�LQ�HDUWKZRUP�IDW�DQG�GU\�RUJDQLF
PDWWHU�ZHUH�LQGHSHQGHQW�RI�RFWDQRO�ZDWHU
SDUWLWLRQ�FRHIILFLHQWV��-

QY
���+HQGULNV�HW�DO�

��������(DUWKZRUPV�FROOHFWHG�IURP�ORFD�WLRQV
DORQJ�WKH�5KLQH�GHOWD�DFFXPXODWHG�''7�DW����
WLPHV�DQG�''(�DW�����WLPHV�WKH�VRLO
FRQFHQWUDWLRQV�PHDVXUHG�DW�WKH�VDPH�ORFD�WLRQV��
3UHYLRXV�VWXGLHV�KDG�LQGLFDWHG�WKDW�GU\�ZHLJKW
FRQFHQWUDWLRQV�RI�''(�DQG�''7�LQ�ILHOG
HDUWKZRUPV�UDQJHG�IURP�����WR�����WLPHV�WKH
VRLO�FRQFHQWUDWLRQV��0D���������:KHQ�FRQYHUWHG
WR�D�IDW�ZHLJKW�EDVLV��WKLV�UDQJH�LQFUHDVHG�WR����
WR����WLPHV�WKH�VRLO�FRQFHQ�
WUDWLRQ���7KH�ORZHU�DFFXPXODWLRQ�IDFWRUV
REVHUYHG�LQ�WKH�5KLQH�GHOWD�PD\�KDYH�EHHQ�WKH
UHVXOW�RI�UHGXFHG�ELRDYDLODELOLW\��QRQ�HTXLOLEULXP
FRQGLWLRQV��RU�ELRWUDQVIRUPDWLRQ�LQ�ORFDO
SRSXODWLRQV��+HQGULNV�HW�DO��������

%H\HU�DQG�*LVK��������VWXGLHG�WKH�DFFXPXOD�
WLRQ�RI�''7�LQ�HDUWKZRUPV�H[SRVHG�WR�WUHDWHG
VRLOV�IRU����\HDUV���7KH�VWRUDJH�UDWLRV�RI�WRWDO
''7�LQ�HDUWKZRUPV�ZHUH�FDOFXODWHG�IRU�''(
�����'''���������R�R	�''7���������DQG�WRWDO
''7���������7KH�VWRUDJH�RI�WRWDO�''7�LQ
HDUWKZRUPV�FDQ�OHDG�WR�KDUPIXO�HIIHFWV�LQ�KLJKHU
WURSKLF�OHYHO�RUJDQLVPV��LQFOXGLQJ�ELUGV�DQG
PDPPDOV����6HH�´%LRDFFXPXODWLRQµ��

)LVK

7KH�WR[LFLW\�DQG�DFFXPXODWLRQ�RI�''7�LQ�ILVK
DUH�FRUUHODWHG�ZLWK�DJH��IDW�FRQWHQW��DQG�ERG\
OHQJWK���6LJQV�RI�WR[LFLW\�DUH�VLPLODU�WR�WKRVH
H[KLELWHG�E\�LQVHFWV��(OOJDDUG�HW�DO���������
([SRVXUH�WR�OHWKDO�FRQFHQWUDWLRQV�RI�''7
UHVXOWV�LQ�LQFUHDVLQJ�OHYHOV�RI�LUULWDELOLW\�RU�
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H[FLWDELOLW\�IROORZHG�E\�PXVFXODU�VSDVPV�
FRPSOHWH�ORVV�RI�HTXLOLEULXP��FRQYXOVLRQV��
DQG�HYHQWXDOO\�GHDWK���7R[LF�HIIHFW�OHYHOV�IRU
YDULRXV�VSHFLHV�RI�ILVK�DUH�SUHVHQWHG�LQ�
WDEOH����

6HYHUDO�VWXGLHV�KDYH�HYDOXDWHG�WKH�WR[LFLW\�DQG
VXEOHWKDO�HIIHFWV�RI�''7�DQG�LWV�PHWD�EROLWHV�WR
YDULRXV�ILVK�VSHFLHV��WDEOH�������(OOJDDUG�HW�DO�
�������IRXQG�WKDW�H[SRVXUH�WR�''7
FRQFHQWUDWLRQV�DV�ORZ�DV��������J�/�FDQ�DIIHFW
ORFRPRWRU�UDWHV�RI�EOXHJLOO�VXQILVK��.GRQOKU
OCETQEJKTWU����%HKDYLRUDO�FKDQJHV��LQFOXGLQJ
HUUDWLF�VZLPPLQJ��IDVW�MHUN\�PRYHPHQW��DQG
FRQYXOVLRQV��ZHUH�REVHUYHG�LQ�FDWILVK
�*GVGTQRPGWUVGU�HQUUKNKU��H[SRVHG�WR�WHFKQLFDO�
JUDGH�''7�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ������
�J�/��0XVWDID�DQG�0XUDG���������&KDQJHV�LQ
WK\URLG�IROOLFOH�RUJDQL]DWLRQ�DQG�VWUXFWXUH�ZHUH
REVHUYHG�DW�''7�FRQFHQWUD�WLRQV�DV�ORZ�DV����
�J�/�LQ�5CTQVJGTQFQP�OQUUCODKEWU��6KXNOD�DQG
3DQGH\�������

+\SHUDFWLYLW\�DQG�DEQRUPDO�GLXUQDO�DFWLYLW\�ZHUH
REVHUYHG�LQ�IORXQGHUV��2NCVKEJVJ[U�HNGUWU��WKDW
ZHUH�IRUFH�IHG�''7��%HQJWVVRQ�DQG�/DUVVRQ
��������'RVDJHV�RI�''7�DW������PJ�NJ�EZ
UHVXOWHG�LQ�D����SHUFHQW�LQFUHDVH�LQ�VZLPPLQJ
DFWLYLW\��DQG�H[WUDFWDEOH�IDW�UHVL�GXHV�LQ�WKH�EUDLQ
JUHDWHU�WKDQ���PJ�NJ�UHVXOWHG�LQ�K\SHUDFWLYLW\��
$QGU\XVKFKHQNR�DQG�.KRNKU\DNRY�������
HYDOXDWHG�HQ]\PDWLF�FKDQJHV�LQ�KXPSEDFN
�SLQN��VDOPRQ��1PEQTJ[PEJWU�IQTDWUEJC��DQG
IRXQG�WKDW�FRQFHQWUDWLRQV�RI�''7�DW�������J�/
UHVXOWHG�LQ�LQFUHDVHV�RI�F\WRFKURPH�3�����E\���
SHUFHQW�DQG�F\WRFKURPH�E��E\����SHUFHQW���,Q
DGGLWLRQ��EHQ]S\UHQK\GUR[\ODVH�DFWLYLW\�ZDV
LQFUHDVHG�WKUHHIROG�

0D\HU�DQG�(OOHUVLHFN��������IRXQG�D�QHJDWLYH
FRUUHODWLRQ�EHWZHHQ�WHPSHUDWXUH�DQG�WR[LFLW\�IRU
'''��''7��GLPHWKULQ��PHWKR[\FKORU�
S\UHWKULQV��DQG�S\UHWKURLGV���7KLV�LV�RSSRVLWH�RI
WKH�UHODWLRQVKLS�REVHUYHG�IRU�PRVW�RWKHU�RUJDQLF
FKHPLFDOV���7KH�GLIIHUHQFHV�LQ�WR[LFLW\�GXH�WR
WHPSHUDWXUH�KDYH�EHHQ�DWWULEXWHG�WR�FKDQJHV�LQ
UHVSLUDWLRQ�UDWHV�DQG�FKHPLFDO�DEVRUSWLRQ�
GHWR[LILFDWLRQ��DQG�H[FUHWLRQ�

<DQJ�DQG�6XQ��������VWXGLHG�WR[LFLW\�DQG�UDWHV
RI�DEVRUSWLRQ�RI�''7�LQ�OHDFKHV��/KUIWTPWU
CPIWKNNKECWFCVWU��DQG�IRXQG�WKDW������SHUFHQW
RI�D�SUHGHWHUPLQHG�FRQFHQWUDWLRQ�RI�''7
SUHVHQW�LQ�ZDWHU�ZDV�DEVRUEHG�ZLWKLQ����KRXUV��
7KH�KLJK�UDWH�RI�DEVRUSWLRQ�LV�SULPDULO\�GXH�WR
WKH�OLSRSKLOLFLW\�RI�''7�

-DUYLQHQ�HW�DO���������WHVWHG�WKH�SDUWLDO�FKURQLF
WR[LFLW\�RI�''7�WR�IDWKHDG�PLQQRZV
�2KOGRJCNGU�RTQOGNCU����,Q�VHSDUDWH�WHVWV��WKH\
DGPLQLVWHUHG�WKH�''7�LQ�GLHW�DORQH��LQ�ZDWHU
DORQH��DQG�LQ�ERWK�GLHW�DQG�ZDWHU���)LVK�IHG
''7�LQ�WKH�GLHW�KDG�ORZHU�VXUYLYDO�UDWHV�WKDQ
WKRVH�IHG�FOHDQ�IRRG��WDEOH�������+LJK�PRUWDOLW\
ZDV�REVHUYHG�DW�WZR�VWDJHV�������MXYHQLOHV����WR
���GD\V�ROG�DQG�����VSDZQLQJ�PDOH�ILVK���,Q
DGGLWLRQ��HPEU\R�UHVLGXH�OHYHOV�DQG�ODUYDO
PRUWDOLW\�UDWHV�IRU�RIIVSULQJ�RI�SDUHQW�ILVK�WKDW
ZHUH�H[SRVHG�WR�''7�LQ�ERWK�ZDWHU�DQG�IRRG
ZHUH�WZR�WLPHV�KLJKHU�WKDQ�WKRVH�IRU�RIIVSULQJ
RI�ILVK�WKDW�ZHUH�H[SRVHG�WR�''7�RQO\�LQ�WKH
ZDWHU���7LVVXH�UHVLGXHV�RI�''7�LQ�DGXOWV�ZHUH
DOVR�KLJKHU�IRU�ILVK�H[SRVHG�WR�''7�LQ�ZDWHU
DORQH�WKDQ�IRU�ILVK�H[SRVHG�WR�''7�LQ�GLHW
DORQH��EXW�UHVXOWV�IRU�ILVK�H[SRVHG�WR�''7�LQ
ERWK�GLHW�DQG�ZDWHU�LQGLFDWHG�WKDW�UHVLGXH�OHYHOV
ZHUH�DGGLWLYH�EDVHG�RQ�WKH�VLQJOH�H[SRVXUH
VWXGLHV���$Q�HTXLOLEULXP�EHWZHHQ�WLVVXH�UHVLGXHV
DQG�FRQFHQWUDWLRQV�LQ�IRRG�ZDV�UHDFKHG�ZLWKLQ
���GD\V���%LRFRQFHQWUDWLRQ�IDFWRUV�ZHUH
FDOFXODWHG�IRU�GLHW�������DQG�ZDWHU�����������

,Q�ODNH�WURXW��5CNXGNKPWU�PCOC[EWUJ��VWRFNHG�LQ
&D\XJD�/DNH��1HZ�<RUN��WLVVXH�UHVLGXHV�RI�R�R	�
''(�LQFUHDVHG�VLJQLILFDQWO\�ZLWK�ERWK�
WKH�DJH�RI�WKH�ILVK�DQG�WKH�IDW�FRQWHQW
�*XWHQPDQQ�HW�DO����������)LVK�FROOHFWHG�LQ�����
DYHUDJHG������PJ�NJ�GZ�IRU���\HDU�ROG�ILVK�DQG
���PJ�NJ�GZ�IRU����\HDU�ROG�ILVK���6LPLODUO\�
ILVK�FROOHFWHG�LQ������DYHUDJHG�
�����PJ�NJ�GZ�IRU���\HDU�ROG�ILVK�DQG�
����PJ�NJ�GZ�IRU����\HDU�ROG�ILVK���,Q�DGGLWLRQ��
WKH�''7�FRQFHQWUDWLRQV�LQ�ILVK�WLVVXH�VKRZHG�D
PDUNHG�GHFUHDVH�LQ�ERWK�WKH����DQG����\HDU�ROG
ILVK�LQ�WKH�LQWHUYHQLQJ�
���\HDUV�
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6LPLODU�VWXGLHV�DW�DQRWKHU�ODNH�LQ�1HZ�<RUN
IRXQG�WKDW�UHVLGXHV�RI�R�R	�''(�LQ�ODNH�WURXW
ZHUH�SRVLWLYHO\�FRUUHODWHG�WR�WKH�OHQJWK�RI�ILVK
�<RXQJ�HW�DO����������/HQJWK�DFFRXQWHG�IRU�
���SHUFHQW�RI�WKH�YDULDWLRQ�LQ�UHVLGXH�OHYHOV��
/HQJWK�FDQ�DOVR�EH�XVHG�DV�DQ�LQGLFDWRU�RI�DJH
DQG��KHQFH��WKHVH�UHVXOWV�DJUHH�ZLWK�WKRVH�RI
*XWHQPDQQ�HW�DO���������

&RQWUDU\�WR�WKH�UHVXOWV�RI�WKH�ODNH�WURXW�VWXGLHV�
/DUVVRQ�HW�DO���������IRXQG�WKDW�WRWDO�''7
UHVLGXH�OHYHOV�LQ�QRUWKHUQ�SLNH��'UQZ�NWEKWU�
WDNHQ�IURP�D�HXWURSKLF�ODNH�LQ�VRXWKHUQ
6FDQGLQDYLD�ZHUH�QHJDWLYHO\�FRUUHODWHG�ZLWK�DJH
DQG�ZLWK�PXVFOH�RU�IDW�FRQWHQW���7KH�GHFUHDVH
ZLWK�LQFUHDVLQJ�DJH�ZDV�PRVW�SUR�QRXQFHG�LQ
IHPDOH�SLNH��DQG�WKLV�UHVXOW�ZDV�DWWULEXWHG�WR�WKH
VHDVRQDO�XVH�DQG�HOLPLQDWLRQ�RI�OLSLGV�DQG�
KHQFH��RI�OLSRSKLOLF�SROOXWDQWV�GXULQJ
UHSURGXFWLRQ�DQG�UHOHDVH�RI�HJJV���,Q�HJJV�DQG
RYDULHV��URH���ERWK�WKH�IDW�FRQWHQW�DQG�WKH
FRQWDPLQDQW�OHYHOV�ZHUH����WLPHV�KLJKHU�WKDQ�LQ
PXVFOH���0DOH�SLNH�FRQWDLQHG�KLJKHU�OHYHOV�RI
FRQWDPLQDQWV�WKDQ�IHPDOHV
EXW�KDYH�ORZHU�HOLPLQDWLRQ�YLD�JRQDGDO�SURGXFWV��
*HUPLQDO�WLVVXH�FDQ�DFFRXQW�IRU�XS�WR���
SHUFHQW�RI�WKH�ERG\�ZHLJKW�LQ�IHPDOHV�EXW�RQO\
DFFRXQWV�IRU�DSSUR[LPDWHO\���SHUFHQW�LQ�PDOHV��
0DOH�JHUPLQDO�WLVVXH�DOVR�FRQWDLQV�OHVV�IDW�WKDQ
WKH�RYDULHV�LQ�IHPDOHV���,Q�DGGLWLRQ��WKH�ODUJHVW
IDW�GHSRVLWV�LQ�SLNH�DUH�IRXQG�LQ�WKH�JHUPLQDO
WLVVXHV��WKHLU�PXVFOH�WLVVXH�KDV�ORZHU�OHYHOV�RI�IDW
�����WR�����SHU�FHQW��WKDQ�PRVW�RWKHU�ILVK�
LQFOXGLQJ�VDOPRQLGV���7KHVH�UHVXOWV�GLIIHU�IURP
WKRVH�
RI�WKH�WURXW�VWXGLHV�SULPDULO\�EHFDXVH�WURXW�DQG
RWKHU�VDOPRQLGV�GHSRVLW�PRUH�IDW�WKDQ�SLNH�GR
LQ�WKH�PXVFOH��DGLSRVH��DQG�YLVFHUDO�WLVVXHV��DQG
WKHLU�IDW�FRQWHQW�LQFUHDVHV�ZLWK�DJH���2WKHU�ILVK
DOVR�WHQG�WR�XVH�IDW�GHSRVLWV�DV�DQ�HQHUJ\
UHVHUYH���3LNH�DUH�PRUH�OHDQ��WKHLU�SHUFHQW�IDW
FRQWHQW�LQ�PXVFOH�DQG�JHUPLQDO�WLVVXH�LV
UHODWLYHO\�FRQVWDQW�WKURXJKRXW�OLIH��DQG�WKH\�GR
QRW�XVH�IDW�GHSRVLWV�DV�HQHUJ\�UHVHUYHV���,QVWHDG�
WKH\�FDWDEROL]H�RUGLQDU\�WLVVXH�ZKHQ�IDVWLQJ��
2YHUDOO��WKH�XSWDNH�DQG�HOLPLQDWLRQ�RI�SHUVLVWHQW
SROOXWDQWV�VXFK�DV�''7�FDQ�YDU\�QRW�RQO\
ZLWKLQ�D�VSHFLHV�

EHFDXVH�RI�VH[��DJH��DQG�VL]H��EXW�DOVR�EHWZHHQ
VSHFLHV�EHFDXVH�RI�GLIIHUHQFHV�LQ�IDW�GHSRVLWLRQ�

&XOOHQ�DQG�&RQQHOO��������VWXGLHG�ZKROH�ERG\
UHVLGXHV�RI�WRWDO�''7�LQ�ILVK�FROOHFWHG�IURP
WKUHH�ULYHUV�LQ�1HZ�6RXWK�:DOHV��$XVWUDOLD���7KH
ULYHUV�VHOHFWHG�KDG�ODUJH�SODQWDWLRQV�DQG�D
KLVWRU\�RI�KHDY\�XVH�RI�FKORURK\GURFDUERQ
SHVWLFLGHV���)LVK�VSHFLHV�FROOHFWHG�LQFOXGHG
ZKLWLQJ��5KNNCIQ�EKNKCVC���EUHDP��#ECPVJQRCITWU
CWUVTCNKU���PXOOHW��/WIKN�EGRJCNWU���DQG�FDUS
�%[RTKPWU�ECTRQ����$W�VRPH�SRLQW�GXULQJ�WKHLU
OLIH�KLVWRU\��ZKLWLQJ��EUHDP��DQG�PXOOHW�PLJUDWH
IURP�XSVWUHDP�LPSDFWHG�DUHDV�WR�GRZQVWUHDP
HVWXDULQH�RU�RSHQ�VHD�DUHDV�ZLWK�ORZHU�OHYHOV�RI
FRQWDPLQDWLRQ���7KH�WLVVXH�OHYHOV�LQ�WKHVH�ILVK
LQFUHDVHG�ZLWK�DJH�LQ�XSVWUHDP�MXYHQLOHV�EXW
GHFUHDVHG�DIWHU�PDWXUDWLRQ�DQG�PLJUDWLRQ
GRZQVWUHDP���7KH�OHYHOV�RI�WRWDO�''7�LQFUHDVHG
OLQHDUO\�ZLWK�DJH�IRU�ILVK��FDUS��WKDW�GLG�QRW
PLJUDWH���7KH�HIIHFWV�RI�PLJUDWLRQ�LQFOXGHG�ERWK
H[SRVXUH�WR�ORZHU�HQYLURQPHQWDO�FRQFHQWUDWLRQV
DQG�WKH�PHWDEROLVP�RI�IDW�UHVHUYHV�GXULQJ
PLJUDWLRQ�DQG�VSDZQLQJ���,Q�DGGLWLRQ��&XOOHQ
DQG�&RQQHOO�IRXQG�WKDW�ILVK�ZLWK�KLJKHU�IDW
FRQWHQW��PXOOHW��FRQWDLQHG�VLJQLILFDQWO\�KLJKHU
WRWDO�''7�UHVLGXHV�WKDQ�ILVK�ZLWK�D�ORZHU�IDW�
FRQWHQW��EUHDP�DQG�ZKLWLQJ���EXW�YDULDWLRQV
RFFXUUHG�EDVHG�RQ�GLIIHUHQFHV�LQ�PRYHPHQW
SDWWHUQV�DQG�H[SRVXUH�KLVWRU\�

$ORQJ�WKH�<DNLPD�5LYHU�RI�:DVKLQJWRQ�
-RKQVRQ�HW�DO���������VWXGLHG�WKH�SHUVLVWHQFH�RI
''7�DQG�LWV�PHWDEROLWHV�LQ�ILVK�DQG�LQ�ZDWHU
DQG�VHGLPHQW��DV�GHVFULEHG�DERYH�LQ�WKH�´)LHOG
&DVHVµ�VHFWLRQ�

$PSKLELDQV�5HSWLOHV

)HZ�VWXGLHV�ZHUH�IRXQG�WKDW�GHVFULEH�''7·V
HIIHFWV�RQ�DPSKLELDQV�DQG�UHSWLOHV���7R[LF
HIIHFWV�FDQ�LQFOXGH�XQFRRUGLQDWHG�EHKDYLRU��ORVV
RI�HTXLOLEULXP��UHVWULFWHG�GHYHORSPHQW��ZHLJKW
ORVV��DQG�GHDWK��5XVVHOO�HW�DO����������6SULQJ
SHHSHUV��2UGWFCETKU�ETWEKHGT��FROOHFWHG�IURP�DQ
DUHD�RI�KLVWRULF�''7�DSSOLFDWLRQ�ZHUH�DQDO\]HG�
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IRU�'''��''(��DQG�''7���$OO�KDG�HOHYDWHG
WLVVXH�FRQFHQWUDWLRQV��PHDQ�FRQFHQ�WUDWLRQV�LQ
�J�NJ�ZZ���R�R �'''��������
R�R �''(���������R�R �''7���������7KH�KLJK
FRQFHQWUDWLRQV�LQGLFDWHG�WKDW�''7�DSSOLFDWLRQ
LQ�WKH�DUHD�PD\�KDYH�DFFRXQWHG�IRU�ORFDO
H[WLQFWLRQV�RI�WKUHH�RWKHU�VSHFLHV�RI��IURJV�
DQG�WRDGV��5XVVHOO�HW�DO��������

%LVKRS�HW�DO���������VWXGLHG�FRQFHQWUDWLRQV�RI
''(�LQ�WKH�HJJV�RI�WKH�FRPPRQ�VQDSSLQJ
WXUWOH��%JGN[FTC�UGTRGPVKPC�UGTRGPVKPC��WR
GHWHUPLQH�LI�KLJKHU�FRQFHQWUDWLRQV�RI�''(
ZHUH�IRXQG�LQ�HJJV�SURGXFHG�E\�ODUJHU��ROGHU
WXUWOHV�RU�WKRVH�ZLWK�WKH�ODUJHVW�FOXWFK�VL]H�RU
PDVV���7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZHG�QR
FRUUHODWLRQ�EHWZHHQ�WKH�DJH�RU�VL]H�RI�WKH�IHPDOH
WXUWOH�DQG�WKH�DPRXQW�RI�''(�IRXQG�LQ�WKH
HJJV���5HODWLRQVKLSV�ZHUH�SUHYLRXVO\�IRXQG
EHWZHHQ�ERG\�VL]H�RI�WXUWOHV�DQG�WKH
FRQFHQWUDWLRQV�RI�OLSRSKLOLF�FRPSRXQGV�LQ�IDW
RU�OLYHU���7KH�GLIIHUHQFHV�RI�''(�IRXQG�LQ
GLIIHUHQW�FOXWFKHV�PD\�VLPSO\�UHIOHFW�LQGLYLGXDO
SUHIHUHQFHV�LQ�IRRG�DQG�IHHGLQJ�ORFDWLRQV���,Q
DGGLWLRQ��WKH�OLSLGV�XVHG�IRU�HJJ�SURGXFWLRQ�PD\
EH�GHULYHG�IURP�GDLO\�GLHWDU\�LQWDNH�VKRUWO\
EHIRUH�HJJ�SURGXFWLRQ�UDWKHU�WKDQ�IURP�VWRUHG
OLSLGV�LQ�WKH�IHPDOH�

%LVKRS�HW�DO�������D��DOVR�IRXQG�WKDW
FRQFHQWUDWLRQV�RI�''(�YDULHG�ZLGHO\�LQ
FRPPRQ�VQDSSLQJ�WXUWOH�HJJV�FROOHFWHG�IURP�WKH
VDPH�FOXWFK���7KH�ILUVW�ILYH�HJJV�ODLG�LQ�WKH�QHVW
FRQWDLQHG�WKH�KLJKHVW�FRQFHQWUDWLRQV�RI�''(
RQ�ERWK�D�ZHW�ZHLJKW�DQG�D�OLSLG�ZHLJKW�EDVLV��
7KH�ILUVW�ODLG�HJJV�RI�WKH�VQDSSLQJ�WXUWOHV�WHQGHG
WR�KDYH�JUHDWHU�OLSLG�FRQWHQW�DQG�FRQVHTXHQWO\
JUHDWHU�RUJDQRFKORULQH�FRQWHQW�WKDQ�ODWHU�HJJV��
7KLV�WUHQG�LV�RSSRVLWH�IURP�ZKDW�KDV�EHHQ
REVHUYHG�LQ�VRPH�ELUGV��H�J���KHUULQJ�JXOOV���LQ
ZKLFK�HJJV�ZLWK�WKH�KLJKHVW�OLSLG�DQG
RUJDQRFKORULQH�FRQWHQW�ZHUH�WKRVH�ODLG�ODWHU���

%LUGV

7KH�WR[LFLW\�DQG�DFFXPXODWLRQ�RI�''7�DQG�LWV
PHWDEROLWHV�DUH�RI�SULPDU\�FRQFHUQ�LQ�ELUGV���

'XULQJ�WKH�HDUO\�����
V��''7�DQG�LWV
PHWDEROLWHV�ZHUH�SUREDEO\�SUHVHQW�LQ�WKH�WLVVXHV
RI�HVVHQWLDOO\�DOO�ZLOG�ELUGV�LQ�WKH�ZRUOG��)OHPLQJ
HW�DO����������6LQFH�WKHQ��KRZHYHU��PDQ\�VWXGLHV
KDYH�VKRZQ�WKDW�''(�UHVLGXH�OHYHOV�LQ�ELUGV
KDYH�EHHQ�GHFUHDVLQJ�LQ�PDQ\�SDUWV�RI�WKH
8QLWHG�6WDWHV��0RUD���������7KHVH�FKHPLFDOV�FDQ
DFFXPXODWH�LQ�IDW�DIWHU�HYHQ�EULHI��ORZ�OHYHO
H[SRVXUHV���,Q�JHQHUDO��ELUGV�WKDW�IHHG�RQ�ILVK�RU
RWKHU�ELUGV�KDYH�JUHDWHU�WLVVXH�UHVLGXHV�WKDQ
WKRVH�WKDW�IHHG�RQ�YHJHWDWLRQ�RU�VHHGV��DQG
''(�LV�PRUH�FRPPRQ�WKDQ�HLWKHU�''7�RU
'''�LQ�ELUG�WLVVXHV��6WLFNHO�������%OXV��������
2WKHU�DGYHUVH�HIIHFWV�DVVRFLDWHG�ZLWK�''7
SRLVRQLQJ�LQ�ELUGV�LQFOXGH�UHSURGXFWLYH
LPSDLUPHQW��UHGXFHG�IOHGJLQJ�VXFFHVV��DQG
HJJVKHOO�WKLQQLQJ���7R[LF�HIIHFW�OHYHOV�IRU�YDULRXV
W\SHV�RI�ELUGV�DUH�SUHVHQWHG�LQ�WDEOH����

7KH�VWRUDJH�RI�''7�LQ�YDULRXV�WLVVXHV�FDQ�EH�
D�IXQFWLRQ�RI�WKH�H[SRVXUH�FRQFHQWUDWLRQV
�6WLFNHO���������&RQWLQXRXV�H[SRVXUH�WR
VXEOHWKDO�FRQFHQWUDWLRQV�WHQGV�WR�UHVXOW�LQ�WLVVXH
UHVLGXHV�WKDW�DUH�GLUHFWO\�FRUUHODWHG�WR�HDFK
RWKHU���7KH�EDODQFH�RI�WLVVXH�UHVLGXHV�LV�EURNHQ
ZKHQ�WKH�H[SRVXUH�LV�WR�OHWKDO�FRQFHQWUDWLRQV�RU
ZKHQ�VWRUHG�WLVVXH�UHVLGXHV�DUH�PHWDEROL]HG�DQG
UHOHDVHG�EDFN�LQWR�WKH�V\VWHP�DW�OHWKDO
FRQFHQWUDWLRQV���7KH�UHVLGXH�OHYHO�LQ�WKH�EUDLQ
KDV�EHHQ�VKRZQ�WR�EH�WKH�EHVW�FULWHULRQ�IRU
HVWDEOLVKLQJ�WKDW�WRWDO�''7�ZDV�WKH�FDXVH�RI
GHDWK��DQG�OHWKDO�OHYHOV�RI�EUDLQ�UHVLGXHV�DUH
VLPLODU�IRU�PDQ\�GLIIHUHQW�VSHFLHV�RI�ELUGV��
5HVLGXH�OHYHOV�LQ�WKH�OLYHU�DUH�D�EHWWHU�LQGLFDWLRQ
RI�UHFHQW�H[SRVXUH�DQG�FDQ�EH�FRUUHODWHG�HLWKHU
WR�DQ�HQYLURQPHQWDO�GRVH�RU�WR�PHWDEROLVP�RI
VWRUHG�UHVLGXHV���:KROH�ERG\�UHVLGXH�OHYHOV
LQGLFDWH�WKH�VWRUDJH�UHVHUYH�DQG�FDQ�EH�XVHG�WR
HVWLPDWH�WKH�SRWHQWLDO�IRU�DGYHUVH�HIIHFWV�IURP
PHWDEROLVP�WR�OHWKDO�OHYHOV�RU�IURP�QRUPDO
PHWDEROLVP�DQG�H[FUHWLRQ��6WLFNHO�������

7KURXJK�WKHLU�UHYLHZ�RI�HDUOLHU�VWXGLHV��1REOH
DQG�(OOLRW��������GHULYHG�FULWLFDO�OHYHOV�RI�''(�
UHVXOWLQJ�LQ�DFXWH�WR[LFLW\��LQ�WKH�EUDLQV��OLYHUV�
DQG�HJJV�RI�VHYHUDO�UDSWRUV���&ULWLFDO�OHYHOV�LQ�WKH
EUDLQ�DQG�OLYHU�ZHUH�����DQG�����PJ�NJ
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Table 16.&DDD, DDE, and DDT impacts to birds
[See Appendix II for explanation of abbreviations and technical terms]

Species
Chemical
species

 Concentration
(mg/kg)1

Where
measured Effects Reference

Raptors

American kestrel DDE 10 ww Egg Minimum critical levels (lowest
levels at which productivity is
affected), determined by review of
available literature

Noble and Elliot
1990Bald eagle 6 ww

Golden eagle 10 ww

Falcons2 10 ww

Hawks3 10 ww

Merlin 5 ww

Northern harrier 10 ww

Owls4 10 ww

Osprey 4 ww

Prairie falcon 1.2 ww 

Mixed species 250 ww Brain

100 ww Liver

American kestrel DDE 3 dw Diet 13% eggshell thinning; reduced
pipping

Lincer 1992

Bald eagle (Haliaeetus
leucocephalus)

DDE 3.3 ww Egg 8.8% thinner than pre-1947 eggs
from Southern CA and Baja

Grubb et al.
1990

3%5 ww Depressed productivity Wiemeyer et al.
19845 ww 10% eggshell thinning

15 ww No productivity

3.6%6.3 ww 50% reduction in productivity Wiemeyer et al.
1993>6.3 ww 75% reduction in productivity

16 ww 15% eggshell thinning

Osprey
(Pandion haliaetus)

DDE 4 ww Egg 15% eggshell thinning Noble and Elliot
1990

2 ww 10% eggshell thinning Wiemeyer et al.
19884.2 ww 15% eggshell thinning

8.7 ww 20% eggshell thinning

Peregrine falcon
(Falco peregrinus)

DDE 15 ww Egg Depressed productivity Peakall et al.
1975

Terrestrial birds 

Bengalese finch
(Lonchrua striata)

DDE 4 ww Diet Reduced fledging success Jeffries 1971

DDT 8 dw

Bobwhite quai
(Colinus virginianus)

DDE 825 dw Diet 5-d LC50 Hill et al. 1975

DDT 611 dw 5-d LC50

Total DDT 25%200 dw Diet 3.1 mg/kg in brain; no effect Hill et al. 1971

400 dw Weight loss

800 dw 7.5 mg/kg in brain; tail tremors,
irregular head carriage

1,600 dw Stumbling gait, tail tremors, head
bobbing, loss of equilibrium, death

1,170-1,610 dw 5-d LC50
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Table 16.&DDD, DDE, and DDT impacts to birds&Continued

Species
Chemical
species

 Concentration
(mg/kg)1

Where
measured Effects Reference

Terrestrial birds&Continued 

Blue jay 
Cyanocitta cristata)

Total DDT 415 dw Diet 5-d LC50 Hill et al. 1971

DDT 611 dw Diet 5-d LC50 Heath et al.
1972

Brown-headed cowbird
(Molothrus ater)

DDE 1,500 dw Diet 300%400 mg/kg in brain residue;
increased likelihood of death

Stickel et al.
1984

California quail
(Callipepla californica)

DDT 595 bw Oral dose LD50 (single dose) Hudson et al.
1984

Cardinal
(Richmondena cardinalis)

Total DDT 535 dw Diet 5-d LC50 Hill et al. 1971

Common grackle
(Quiscalus quiscula)

DDE 1,500 dw Diet 300%400 mg/kg in brain residue;
increased likelihood of death

Stickel et al.
1984

Coturnix quail
(Coturnix japonica)

DDE 1,355 dw Diet 5-d LC50 Hill et al. 1975

DDT 416 dw 5-d LC50 Hill and 
Camardese
1986

568 dw 5-d LC50 Hill et al. 1975;
Heath et al.
1972

841 bw Oral dose LD50 (single dose) Hudson et al.
1984

House sparrow
(Passer domesticus)

Total DDT 415 dw Diet 5-d LC50 Hill et al. 1971

Red-winged blackbird
(Agelaius phoeniceus)

DDE 1,500 dw Diet 300%400 mg/kg in brain residue;
increased likelihood of death

Stickel et al.
1984

Ring-necked pheasant
(Phasianus colchicus)

DDE 829 dw Diet 5-d LC50 Hill et al. 1975

DDT 311 dw 5-d LC50

1,334 bw Oral dose LD50 (single dose) Hudson et al.
1984

Rock dove
(Columba livia)

DDT >4,000 bw Oral dose LD50 (single dose) Hudson et al.
1984

Starling (Sturnus vulgaris) DDE 1,500 dw Diet 300%400 mg/kg in brain residue;
increased likelihood of death

Stickel et al.
1984

White-throated sparrow
(Zonotrichia albicollis)

DDE 5%25 ww Diet(?) Delayed development of migratory
condition

Mahoney 1975

Waterfowl&Insectivores

Black duck
(Anas rubripes)

DDE 10 dw Diet Increased egg residues; 20%
eggshell thinning (over 2 years)

Longcore and
Stendell 1977

Egg residues 46.3 mg/kg; 
10% shell cracking

Longcore et al.
1971

30 dw Egg residues 144 mg/kg; 21% shell
cracking

46.3 ww  Egg Eggshell thinning of 18%29%

144 ww Eggshell thinning of 24%38%

Clapper rail
(Rallus longirostris)

p,p’-DDT 1,612 dw Diet 5-d LC50 (male) Van Velzen and
Kreitzer 19751,896 dw 5-d LC50 (female)

 30 ww Brain Lower lethal limit diagnostic of
DDT-related death
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Table 16.&DDD, DDE, and DDT impacts to birds&Continued

Species
Chemical
species

 Concentration
(mg/kg)1

Where
measured Effects Reference

Waterfowl&Insectivores&Continued 

Common goldeneye
(Bucephala clangula)

DDE 0.52 ww Egg Egg breakage; 15.4% eggshell
thinning

Zicus et al. 1988

Mallard
(Anas platyrhynchos)

DDT-tech 200 dw Diet 
(12-week
exposure)

95% lethality; 20% eggshell
thinning

Davison and Sell
1974

p,p’-DDT 200 dw 100% lethality after 343 d

p,p’-DDT 1,202 dw Diet 20-d LC50 (5-d-old ducklings) Friend and
Trainer 19711,622 dw 20-d LC50 (30-d-old ducklings)

1,419 dw 20-d LC50 (adults)

DDT >2,240 bw Oral dose LD50 (single dose) Hudson et al.
1984

DDT 1,869 dw Diet 5-d LC50 Hill et al. 1975

DDE 3,572 dw Diet 5-d LC50

Waterfowl&Omnivores

Black-crowned night-
heron (Nycticorax
nycticorax)

DDE <1 ww Egg 6.5% eggshell thinning Findholt and
Trost 19851.01%4 ww 5.1% eggshell thinning

4.01%8 ww 10.2% eggshell thinning

>8 ww 15.6% eggshell thinning

8 ww Reduced clutch size, decreased
productivity, egg breakage

Henny et al.
1984, 1985

8.62 ww  8%13% thinner than pre-1947 eggs Ohlendorf and
Marois 1990

11%12 ww 36%39% hatching success; 
14%17% eggshell thinning

Price 1977

  8%12 ww 27%58% decrease in nesting
success

Blus 1984

12 ww Critical level for reproductive
success based on field studies

25%50 ww Total reproductive failure

36 ww 18% thinning based on regression
analysis

54 ww 20% thinning; critical level for
reproductive success based on
regression analysis

Great egret
(Casmerodius aalbus)

DDE 24 ww Egg 8%13% thinner than pre-1947 eggs Ohlendorf and
Marois 1990

Green-backed heron
(Butorides striatus)

DDE 5%10 ww Egg Reduced hatching success White et al. 1988

Red-necked grebe
(Podiceps grisegena)

DDE 6.68 ww  Egg Low egg viability; 6.5% eggshell
thinning; reduced fledging success

De Smet 1987

Sandhill crane
(Grus canadensis)

DDT >1,200 bw Single oral
dose

LD50 Hudson et al.
1984

Snowy egret
(Egretta thula)

DDE 5 ww Egg Reduced clutch size, decreased
productivity, egg breakage

Henny et al.
1985
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Table 16.&DDD, DDE, and DDT impacts to birds&Continued

Species
Chemical
species

 Concentration
(mg/kg)1

Where
measured Effects Reference

Waterfowl&Omnivores&Continued 

Western grebe (Aech-
mophorus occidentalis)

DDE 1 ww Egg 1% thinning Boellstorff et al.
1985

5.4 ww  2.3% eggshell thinning; reduced
productivity

Lindvall and Low
1980

White-face ibis
(Plegadis chihi)

DDE 3 ww Egg Reduced clutch size, decreased
productivity, egg breakage

Henny et al.
1985

0.94 ww 3.2% eggshell thinning King et al. 1980

0.25 ww 4.5% eggshell thinning

4%8 ww 15% eggshell thinning

  8%16 ww 17.4% eggshell thinning Henny and
Herron 198916%20 ww 27.8% eggshell thinning

Waterfowl&Piscivores

American white pelican
(Pelicanus erythrorhyn-
chos)

DDE 2 ww Egg 10%15% thinning in eggs from CA Boellstorff et al.
1985

Black skimmer
(Rhyncops niger)

DDE 3.2 ww  Egg Decreased hatching and fledging
success

Custer and
Mitchell 1987

3.4 ww  5% thinning, but no adverse effect
on reproductive success

King et al. 1991

Brown pelican
(Pelicanus occidentalis)

DDE 1 ww Egg 5%10% shell thinning (FL, SC) Blus et al. 1974,
19792 ww 11% eggshell thinning (FL)

 3 ww 16% eggshell thinning (SC)

5 ww 17% eggshell thinning (SC)

3 ww Reduced productivity King et al. 1985

3.2 ww  11% thinner than normal King et al. 1977

2.6%3.0 ww 29%40% decrease in nesting
success

Blus 1984

3 ww Critical level for reproductive
success based on field studies

>3.7 ww  Total reproductive failure

5 ww 18% thinning based on regression
analysis

8 ww 20% eggshell thinning

3 ww 18% eggshell thinning (BC) Jehl 1973

8 ww 26% eggshell thinning (BC)

25 ww 47% eggshell thinning (BC)

66 ww 46% eggshell thinning (BC)

59 ww 44% eggshell thinning (CA) Risebrough 1972

Caspian tern
(Sterna caspia)

DDE 9.3 ww  Egg 22% hatching failure; 4.6% died in
hatching

Ohlendorf et al.
1985

Common tern
(Sterna hirundo)

DDE 6.67 ww Egg 17% thinning; hatching failure;
embryo mortality

Fox 1976

Double crested cormorant DDE 10 ww Egg 20% eggshell thinning Pearce et al.
1979
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Table 16.&DDD, DDE, and DDT impacts to birds&Continued

Species
Chemical
species

 Concentration
(mg/kg)1

Where
measured Effects Reference

Waterfowl&Piscivores&Continued 

Elegant tern
(Sterna elegans)

DDE 3.79 ww Egg Chick mortality during hatching Ohlendorf et al.
1985

Forster’s tern DDE 1.6 ww  Egg 7% thinning, but no adverse effect
on reproductive success

King et al. 1991

Hooded merganser
(Lophodytes cucullatus)

DDE 0.62 ww Egg 9.6% eggshell thinning; egg
breakage

Zicus et al. 1988

Leach’s storm petrel DDE 12 ww Egg 12% eggshell thinning Noble and Elliot
1990

Northern gannet
(Sula bassanus)

DDE 18.5 ww  Egg 17% eggshell thinning; low
reproductive success

Elliott et al. 1988

     1 Weight basis:  dw, dry weight; ww, wet weight; bw, dosage relative to body weight.
     2 Falcons include:  peregrine falcon and gyrfalcon.
     3 Hawks include:  Cooper’s hawk, ferruginous hawk, northern goshawk, red-shouldered hawk, red-tailed hawk, rough-legged
hawk, sharp-shinned hawk, and Swainson’s hawk.
     4 Owls include:  burrowing owl, great grey owl, great horned owl, long-eared owl, short-eared owl, and snowy owl.

ZZ��UHVSHFWLYHO\���&ULWLFDO�OHYHOV�RI�''(�LQ�HJJV
ZHUH�JHQHUDOO\����PJ�NJ��EXW�ORZHU
FRQFHQWUDWLRQV�ZHUH�IRXQG�IRU�SUDLULH�IDOFRQV
�����PJ�NJ���RVSUH\����PJ�NJ���PHUOLQ�
���PJ��NJ���DQG�EDOG�HDJOH����PJ�NJ��

7LVVXH�FRQFHQWUDWLRQV�LQ�WHUUHVWULDO�ELUGV�KDYH
UHVXOWHG�LQ�D�QXPEHU�RI�DGYHUVH�HIIHFWV���0DQ\
ZRUNHUV�KDYH�VWXGLHG�WKH�WR[LFLW\�RI�''7�WR
WHUUHVWULDO�ELUGV���7DEOH����VKRZV�D�ZLGH�UDQJH�RI
GLHWDU\�/&��V�DQG�GRVH�/'��V�IURP�+LOO�
HW�DO����������+LOO�DQG�&DPDUGHVH���������DQG
+XGVRQ�HW�DO����������DPRQJ�RWKHUV�

+LOO�HW�DO���������VWXGLHG�WKH�FRUUHODWLRQ�EHWZHHQ
GLHWDU\�H[SRVXUH�WR�''7��EUDLQ�UHVLGXHV�RI�WRWDO
''7��DQG�OHWKDOLW\�IRU�VHYHUDO�VSHFLHV�RI�ELUGV�
LQ�SDUWLFXODU��WKH\�FRUUHODWHG�EUDLQ�UHVLGXHV�LQ
EREZKLWH�TXDLO��%QNKPWU�XKTIKPKCPWU��WR�GLHWDU\
FRQFHQWUDWLRQV�RI�''7�DQG�WR�YDULRXV�WR[LF
HIIHFWV���'LHWDU\�FRQFHQWUDWLRQV�RI�����PJ�NJ
UHVXOWHG�LQ�ZHLJKW�ORVV�LQ�WKH�PDMRULW\�RI�WKH�WHVW
ELUGV�
EXW�QR�RWKHU�VLJQV�RI�WR[LFLW\���'LHWDU\
FRQFHQWUDWLRQV�RI�����PJ�NJ�UHVXOWHG�LQ�WDLO
WUHPRUV�DQG�LUUHJXODULWLHV�LQ�KHDG�FDUULDJH���7KH
EUDLQ�UHVLGXHV�RI�WRWDO�''7�DW�WKLV�GRVH�UDQJHG
IURP�����WR����PJ�NJ���%LUGV�IHG

������PJ�NJ�''7�KDG�WDLO�WUHPRUV��VWXPEOLQJ
JDLW��KHDG�EREELQJ��ORVV�RI�HTXLOLEULXP��DQG
GHDWK�ZLWKLQ�����KRXUV�RI�GRVLQJ���$OWKRXJK
RWKHU�UHVHDUFK�KDG�VXJJHVWHG�D�FULWLFDO�EUDLQ
UHVLGXH�OHYHO�RI����PJ�NJ�'''�''7�
LQGLFDWLYH�RI�VHULRXV�GDQJHU�RU�GHDWK��6WLFNHO�HW
DO���������WKH�UHVXOWV�RI�WKLV�VWXG\�LQGLFDWH�WKDW
���PJ�NJ�LQ�WKH�EUDLQ�ZRXOG�EH�D�PRUH
DSSURSULDWH�FULWLFDO�OHYHO��HVSHFLDOO\�DV�VLJQV�RI
LQWR[LFDWLRQ�ZHUH�REVHUYHG�DW�OHYHOV�DV�ORZ�DV����
PJ�NJ�

0DKRQH\��������FRQGXFWHG�VWXGLHV�RQ�WKH
HIIHFWV�RI�''7�RQ�PLJUDWRU\�EHKDYLRU���+H
IRXQG�WKDW�''7�WLVVXH�FRQFHQWUDWLRQV�RI���WR
���PJ�NJ�ZZ�GHOD\HG�WKH�GHYHORSPHQW�RI�WKH
PLJUDWRU\�FRQGLWLRQ�LQ�ZKLWH�WKURDWHG�VSDUURZV
�<QPQVTKEJKC�CNDKEQNNKU���

6WLFNHO�HW�DO���������PHDVXUHG�OHWKDO�EUDLQ
UHVLGXHV�LQ�IRXU�ZLOG�ELUGV�H[SRVHG�WR�''(�LQ
WKH�GLHW���,Q�DOO�VSHFLHV��EUDLQ�UHVLGXHV�RI�����WR
����PJ�NJ�UHVXOWHG�LQ�DQ�LQFUHDVHG�OLNHOLKRRG�RI
GHDWK���6WLFNHO�HW�DO���������DOVR�PHDVXUHG�WKH
ORVV�UDWH�RI�''(�LQ�JUDFNOHV��3WKUECNWU
SWKUEWNC����7HVW�DQLPDOV�ZHUH�IHG�������PJ�NJ
''(�LQ�WKH�GLHW�IRU���GD\V�WKHQ�JLYHQ�XQWUHDWHG
IRRG���$�ORVV�UDWH�RI�����SHUFHQW�SHU�
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GD\�ZDV�FDOFXODWHG�DW�WKH�HQG�RI�����GD\V���7KH
HVWLPDWHG�KDOI�OLIH�IRU�''(�ZDV�����GD\V�

0DOODUGV�UHOHDVHG�WR�WKUHH�H[SHULPHQWDO�VWDWLRQV
LQ�&DQDGD�ZHUH�HYDOXDWHG�IRU�XSWDNH�RI�''7�DV
FRPSDUHG�WR�FRQWUROV�WR�GHWHUPLQH�WKH
IHDVLELOLW\�RI�XVLQJ�WKH�PDOODUG�DV�D�VHQWLQHO
VSHFLHV��*HEDXHU�DQG�:HVHORK���������7ZR�RI
WKH�VLWHV³D�FRQILQHG�ZDVWH�GLVSRVDO�IDFLOLW\�DQG
D�VHZDJH�ODJRRQ³ZHUH�NQRZQ�WR�KDYH�VHGLPHQW
FRQWDPLQDQW�OHYHOV�WKDW�H[FHHGHG�JXLGHOLQHV�RI
WKH�2QWDULR�0LQLVWU\�
RI�(QYLURQPHQW��3HUVDXG�HW�DO����������7KH�WKLUG
ORFDWLRQ�ZDV�D�UHODWLYHO\�FOHDQ�QDWXUDO�PDUVK���$OO
WKUHH�VLWHV�ZHUH�LPSRUWDQW�UHVWLQJ�DQG�IHHGLQJ
DUHDV�IRU�PLJUDWRU\��DQG�UHVLGHQW�ZDWHUIRZO��
0DOODUGV�IURP�HDFK�ORFDWLRQ�ZHUH�FROOHFWHG�DW
VSHFLILHG�LQWHUYDOV�DQG�ZHUH�DQDO\]HG�IRU�''(
UHVLGXHV�LQ�EUHDVW�PXVFOH���&RQFHQWUDWLRQV�RI
''(�LQ�PXVFOH�WLVVXH�SULRU�WR�UHOHDVH�ZHUH����
�J�NJ�ZZ���)RU�WKH�ELUGV�UHOHDVHG�DW�WKH
FRQILQHG�ZDVWH�GLVSRVDO�IDFLOLW\��UHVLGXHV
DYHUDJHG������J�NJ�ZZ�DIWHU����GD\V�DQG�����
�J�NJ�ZZ�DIWHU�����GD\V���5HVLGXHV�LQ�ELUGV
UHOHDVHG�DW�WKH�VHZDJH�ODJRRQ�KDG�LQFUHDVHG�WR
������J�NJ�ZZ�DIWHU����GD\V�������DIWHU����GD\V�
DQG�������DIWHU�
����GD\V���7KH�WLVVXH�UHVLGXHV�LQ�ELUGV�FROOHFWHG
IURP�WKH�VHZDJH�ODJRRQ�ZHUH�VLJQLILFDQWO\
KLJKHU�WKDQ�WKH�OHYHOV�DW�WKH�WLPH�RI�UHOHDVH�DW
ERWK����DQG�����GD\V���,W�ZDV�HVWLPDWHG�IURP
WKHVH�UHVXOWV�WKDW�WKH�PHDQ�UDWH�RI�DFFXPXODWLRQ
RI�''(�DW����GD\V�UDQJHG�IURP�����
PLFURJUDPV�SHU�NLORJUDP�SHU�GD\���J�NJ�G��DW
WKH�ZDVWH�GLVSRVDO�IDFLOLW\�WR�������J�NJ�G�DW�WKH
VHZDJH�ODJRRQ���7KH�DFFXPXODWLRQ�UDWH�DW�WKH
VHZDJH�ODJRRQ�DIWHU�����GD\V�ZDV������J�NJ�G
DQG�KDG�QRW�UHDFKHG�HTXLOLEULXP�

)ULHQG�DQG�7UDLQHU��������IRXQG�WKH�WR[LFLW\�
RI�R�R	�''7�WR�EH�DJH�GHSHQGHQW�LQ�PDOODUGV
�#PCU�RNCV[TJ[PEJQU���ZLWK����GD\�ROG�GXFNOLQJV
KDYLQJ�D�KLJKHU�/&���WKDQ�HLWKHU�DGXOW�ELUGV�RU
\RXQJHU�GXFNOLQJV��WDEOH�������
,Q�DGGLWLRQ��WKH�RQVHW�RI�PRUWDOLW\�DQG�WKH�PHDQ
HODSVHG�WLPH�XQWLO�GHDWK�ZHUH�DJH�UHODWHG�DQG
ZHUH�HDUOLHU�IRU�\RXQJHU�ELUGV��LQGLFDWLQJ�D�GRVH�
GHSHQGHQW�PRUWDOLW\�UHODWLRQVKLS���0RUHRYHU��WKH�

ERG\�ZHLJKWV�RI�VXUYLYLQJ�ELUGV�ZHUH�OHVV�WKDQ
WKRVH�RI�FRQWUROV�IRU�ERWK�JURXSV�RI�GXFNOLQJV�
DOWKRXJK�WKH�GLIIHUHQFH�ZDV�QRW�VWDWLVWLFDOO\
VLJQLILFDQW���%UDLQ�UHVLGXHV�RI�''7�ZHUH�DOVR
PHDVXUHG�LQ�ELUGV�G\LQJ�ZLWKLQ�HDFK�WHVW�JURXS�
DQG�QR�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH
UHVLGXH�OHYHOV�DW�WLPH�RI�GHDWK�DQG�WKH�LQLWLDO
''7�GRVH���,Q�DGGLWLRQ��DGXOW�ELUGV�WKDW�GLHG�RI
''7�FRQWDLQHG�EUDLQ�UHVLGXHV�RI�'''��''(�
DQG�''7�WKDW�ZHUH���WR����WLPHV�JUHDWHU�WKDQ
WKRVH�LQ�DGXOW�ELUGV�WKDW�VXUYLYHG�WKH�WHVW���7KH
DYHUDJH�UDWLR�RI�''(��'''��DQG�''7�LQ�WKH
VXUYLYLQJ�ELUGV�ZDV��������''(��'''��''7��

9DQ�9HO]HQ�DQG�.UHLW]HU��������IRXQG�WKDW�WKH
WR[LFLW\�RI�R�R	�''7�WR�FODSSHU�UDLOV��4CNNWU
NQPIKTQUVTKU��YDULHV�E\�VH[���$V�VKRZQ�LQ�
WDEOH�����WKH���GD\�/&���ZDV�QRWDEO\�KLJKHU�IRU
IHPDOHV�WKDQ�IRU�PDOHV���,Q�DGGLWLRQ��EUDLQ
UHVLGXHV�RI�'''��''(��''7��DQG
'''�''7�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�ELUGV
WKDW�GLHG�WKDQ�LQ�WKRVH�WKDW�VXUYLYHG���9DQ
9HO]HQ�DQG�.UHLW]HU�HVWDEOLVKHG�D�ORZHU�OHWKDO
OLPLW�RI�
���PJ�NJ�RI�'''�''7�LQ�WKH�EUDLQ�IRU
GLDJQRVLQJ�''7�DV�WKH�FDXVH�RI�GHDWK��
5HVHDUFK�E\�6WLFNHO�HW�DO���������DQG�6WLFNHO�DQG
6WLFNHO��������KDV�VKRZQ�WKDW�WKH�ORZHU�OLPLW�RI
WKH�OHWKDO�UDQJH�IRU�''(�LV�����PJ�NJ�LQ�WKH
EUDLQ��EXW�IRU�WKH�FRPELQHG�UHVLGXHV�RI�''(
DQG�''7�����PJ�NJ�LQ�WKH�EUDLQ�LV�WKH�SUDFWLFDO
VHSDUDWLRQ�SRLQW�EHWZHHQ�ELUGV�WKDW�OLYH�DQG
WKRVH�WKDW�GLH�LQ�ODERUDWRU\�VWXGLHV���6LPLODUO\�
WKH�FRPELQHG�UHVLGXHV�RI�'''�DQG�''7�LQ
WKH�EUDLQ�DUH�OHWKDO�DW���²���PJ�NJ��%HUQDUG
������6WLFNHO�HW�DO��������+LOO�HW�DO���������

6HYHUDO�LQYHVWLJDWRUV�KDYH�VWXGLHG�''7�WR[LFLW\
DQG�DFFXPXODWLRQ�LQ�KHURQV��2KOHQGRUI�HW�DO�
������+HQQ\�HW�DO��������������)LQGKROW�DQG
7URVW�������+HQQ\�DQG�%OXV�������:KLWH�HW�DO�
������&XVWHU�DQG�&XVWHU�������+RWKHP�HW�DO�
��������7KHVH�VWXGLHV�LQGLFDWH�WKDW�KHURQV�DUH
VHQVLWLYH�WR�''7�DQG�WKDW�KLJK�''7�OHYHOV�FDQ
EH�IRXQG�LQ�WKH�WLVVXHV�RI�ELUGV�WKURXJKRXW�WKH
8QLWHG�6WDWHV���
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&XVWHU�DQG�&XVWHU��������IRXQG�WKDW�EODFN�
FURZQHG�QLJKW�KHURQ�FKLFNV�H[SRVHG�WR
HQYLURQPHQWDO�FRQFHQWUDWLRQV�RI�''7�KDYH
YDU\LQJ�DFFXPXODWLRQ�UDWHV�IRU�''7�DQG�LWV
PHWDEROLWHV���0HDQ�DFFXPXODWLRQ�UDWHV�RI�
S�S
�'''��R�R	�''(��DQG�R�R	�''7�ZHUH�
������������DQG�����PJ��NJ�G��UHVSHFWLYHO\��
2KOHQGRUI�HW�DO���������IRXQG�WKDW�WKH�OHYHO�RI
''(�UHVLGXHV�LQ�WKH�EUDLQ�RI�D�EODFN�FURZQHG
QLJKW�KHURQ�IURP�1HYDGD������PJ�NJ�ZZ��ZDV
KLJK�HQRXJK�WR�FDXVH�VHYHUH�LPSDLUPHQW��EXW
GHDWK�ZDV�SUREDEO\�QRW�GXH�WR�SRLVRQLQJ��
6LPLODUO\��&DOO�HW�DO���������IRXQG�EUDLQ�UHVLGXHV
RI�����PJ�NJ�DQG�OLYHU�UHVLGXHV�RI�����PJ�NJ
ZZ�RI�''(�LQ�D�JUHDW�EOXH�KHURQ�IRXQG�GHDG�LQ
6RXWK�'DNRWD���$�JUHDW�EOXH�KHURQ�IURP�1RUWK
&DUROLQD��ZKLFK�KDG�
���PJ�NJ�ZZ�RI�''7�LQ�LWV�EUDLQ��DOPRVW
FHUWDLQO\�GLHG�RI�''7�SRLVRQLQJ��2KOHQGRUI�
HW�DO�����������

$GYHUVH�UHSURGXFWLYH�HIIHFWV�UHVXOWLQJ�IURP
''7�SRLVRQLQJ�LQ�ELUGV�LQFOXGH�UHSURGXFWLYH
LPSDLUPHQW��UHGXFHG�IOHGJLQJ�VXFFHVV��DQG
HJJVKHOO�WKLQQLQJ���7KURXJK�UHYLHZ�RI�ODERUD�
WRU\�VWXGLHV�FRQGXFWHG�ZLWK�'''��''(��DQG
''7��6WLFNHO��������REVHUYHG�WKDW�'''�GLG
QRW�SURGXFH�VLJQLILFDQW�HJJVKHOO�WKLQQLQJ�LQ
PDOODUGV��EXW�''(�SURGXFHG�VLJQLILFDQW
HJJVKHOO�WKLQQLQJ�LQ�WKUHH�PDMRU�JURXSV�RI�ELUGV��
WKH�RUGHUV�6WULJLIRUPHV��VFUHHFK�RZOV��1VWU
CUKQ���)DOFRQLIRUPHV��$PHULFDQ�NHVWUHOV��(CNEQ
URCTXGTKWU���DQG�$QVHULIRUPHV��PDOODUGV�DQG
EODFN�GXFNV��#PCU�TWDTKRGU����''7�UHVXOWHG�LQ
HJJVKHOO�WKLQQLQJ�RQO\�DIWHU�ORQJHU�H[SR�VXUH
GXUDWLRQ��E\�ZKLFK�WLPH�VRPH�RI�WKH�''7�PD\
KDYH�EHHQ�PHWDEROL]HG�LQWR�''(�

6HYHUDO�UHVHDUFKHUV�KDYH�VKRZQ�WKDW�ZKLOH
HJJVKHOO�WKLQQLQJ�RI��²��SHUFHQW�LV�VWDWLVWLFDOO\
VLJQLILFDQW��LW�LV�SUREDEO\�QRW�ELRORJLFDOO\
VLJQLILFDQW��DQG�ILHOG�VWXGLHV�KDYH�VKRZQ�
WKDW�DQ�DYHUDJH�WKLQQLQJ�RI����SHUFHQW�LV�VHOGRP
DVVRFLDWHG�ZLWK�HJJ�EUHDNDJH�RU�SRSXODWLRQ
GHFOLQH��.LQJ�HW�DO��������������$QGHUVRQ�HW�DO�
������%OXV����������������,Q�DGGLWLRQ��WKH
DPRXQW�RI�WKLQQLQJ�UHVXOWLQJ�IURP�HDFK
LQFUHPHQWDO�LQFUHDVH�LQ�''(�LV�JUHDWHU�DW�ORZHU
UHVLGXH�OHYHOV��%OXV���������

)RU�H[DPSOH����PJ�''(�NJ�PD\�UHVXOW�LQ�
�²���SHUFHQW�WKLQQLQJ��ZKHUHDV����PJ�NJ
UHVXOWV�LQ����SHUFHQW�WKLQQLQJ�LQ�EURZQ�SHOLFDQV�

0RVW�VWXGLHV�UHSRUW�HJJVKHOO�WKLQQLQJ�DV�WKH
LQGLFDWRU�RI�UHSURGXFWLYH�SUREOHPV��EXW�RWKHU
IDFWRUV�DUH�DOVR�LPSRUWDQW�LQGLFDWRUV��VXFK�DV�HJJ
UHVLGXH�OHYHOV�FRPSDUHG�WR�WKH�SHUFHQWDJH�RI
FKLFN�VXUYLYDO��WKH�QXPEHU�RI�\RXQJ�SUR�GXFHG
SHU�QHVW��DQG�HJJVKHOO�VWUHQJWK��%OXV���������(JJ
UHVLGXH�OHYHOV�RI�'''��''(��DQG�''7�DQG
DVVRFLDWHG�WKLQQLQJ�RU�RWKHU�UHSUR�GXFWLYH
HIIHFWV�DUH�VXPPDUL]HG�LQ�WDEOH����

:LHPH\HU�HW�DO���������������VWXGLHG�UHSUR�
GXFWLYH�DFWLYLW\�LQ�EDOG�HDJOHV��*CNKCGGVWU
NGWEQEGRJCNWU��H[SRVHG�WR�''7���(JJVKHOOV�ZHUH
WKLQQHG�E\����SHUFHQW�DW�''7�OHYHOV�RI�
��PJ��NJ��:LHPH\HU�HW�DO��������DQG�E\�
���SHUFHQW�DW����PJ�NJ��:LHPH\HU�HW�DO���������
7KH�SURGXFWLRQ�RI�\RXQJ�ZDV�QRUPDO�ZKHQ�HJJV
FRQWDLQHG�OHVV�WKDQ�����PJ�NJ�''(�EXW�ZDV
UHGXFHG�E\�QHDUO\����SHUFHQW�ZKHQ
FRQFHQWUDWLRQV�UDQJHG�EHWZHHQ�����DQG�
����PJ�NJ���:KHQ�FRQFHQWUDWLRQV�H[FHHGHG�
����PJ�NJ��UHSURGXFWLRQ�ZDV�UHGXFHG�E\
DQRWKHU����SHUFHQW�

6LPLODU�UHVXOWV�ZHUH�REVHUYHG�E\�*UXEE�HW�DO�
�������IRU�EDOG�HDJOHV�LQ�$UL]RQD���6DPSOHV�RI
HJJVKHOOV�FROOHFWHG�IURP������WR������KDG�D
PHDQ�''(�FRQFHQWUDWLRQ�RI�����PJ�NJ�DQG
ZHUH�����SHUFHQW�WKLQQHU�WKDQ�SUH������HJJV
IURP�VRXWKHUQ�&DOLIRUQLD���+RZHYHU��SUR�
GXFWLYLW\�RYHU�WKH�VDPH�SHULRG�LQFUHDVHG�VOLJKWO\�
IURP�DQ�DYHUDJH�RI�����\RXQJ�SHU�RFFXSLHG
WHUULWRU\�LQ������WR������\RXQJ�SHU�RFFXSLHG
WHUULWRU\�IURP������WR��������7KH\�VSHFXODWHG
WKDW�DOWKRXJK�PDQ\�IDFWRUV�RWKHU�WKDQ
GHFUHDVLQJ�HQYLURQPHQWDO�FRQWDPLQDWLRQ�FRXOG
EH�FRQWULEXWLQJ�WR�WKH�LQFUHDVH�LQ�SRSXODWLRQ�
WKH�OHYHOV�RI�''(�DQG�HJJVKHOO�WKLQQLQJ�GLG�QRW
VHHP�WR�EH�DGYHUVHO\�DIIHFWLQJ�UHSURGXFWLYH
VXFFHVV�

1HVWLQJ�IDLOXUHV�IRU�EDOG�HDJOHV�LQ�2UHJRQ�ZHUH
DVVRFLDWHG�ZLWK�PDQ\�IDFWRUV��LQFOXGLQJ
H[SRVXUH�WR�''7���$QWKRQ\�HW�DO���������
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VXUYH\HG����IDLOHG�QHVWV�IURP������WR������WR
GHWHUPLQH�WKH�SUREDEOH�FDXVH�RI�IDLOXUH���1HVW
FRQGLWLRQ��WKH�SUHVHQFH�RI�QHZ�QHVWLQJ�PDWHULDO�
SUH\�UHPDLQV��XQKDWFKHG�HJJV��DQG�UHPDLQV�RI
GHDG�\RXQJ�ZHUH�HYDOXDWHG���%DVHG�RQ�UHVXOWV�E\
:LHPH\HU�HW�DO����������QHVWLQJ�IDLOXUHV�ZHUH
DWWULEXWHG�WR�''(�LI�HJJ�FRQFHQ�WUDWLRQV�ZHUH
!���PJ�NJ�ZZ�RU�LI�HJJVKHOO�WKLQQLQJ�ZDV�!��
SHUFHQW���''(�ZDV�DWWUL�EXWHG�DV�WKH�PDMRU
FDXVH�RI�QHVWLQJ�IDLOXUH�LQ����SHUFHQW�RI�WKH
QHVWV�

(JJVKHOOV�RI�$PHULFDQ�NHVWUHOV�H[SRVHG�WR�
��PJ�NJ�''(�LQ�WKH�GLHW�ZHUH����SHUFHQW
WKLQQHU�WKDQ�WKRVH�RI�FRQWUROV��EXW�QRQH�RI�WKH
HJJV�EURNH��/LQFHU���������2I�WKH�HJJV�WKDW�ZHUH
DUWLILFLDOO\�LQFXEDWHG��RQO\����SHUFHQW�SLSSHG�
EXW�WKRVH�WKDW�SLSSHG�JHQHUDOO\�KDWFKHG��

&ODUN�HW�DO���������FROOHFWHG�HJJV�RI�QRUWKHUQ
KDUULHUV��%KTEWU�E[CPGWU���JUHDW�WDLOHG�JUDFNOHV
�3WKUECNWU�OGZKECPWU���DQG�EODFN�QHFNHG�VWLOWV
�*KOCPVQRWU�OGZKECPWU��IURP�VHYHUDO�ORFDWLRQV
WKURXJKRXW�&DOLIRUQLD�DQG�7H[DV���(JJ�UHVLGXH
OHYHOV�RI�''7�DYHUDJHG�����PJ�NJ�ZZ�IRU�WKH
JUDFNOH�������IRU�WKH�VWLOW��DQG������IRU�WKH
KDUULHU���$OWKRXJK�WKHVH�FRQFHQWUDWLRQV�ZHUH�DV
KLJK�DV�WKH�FRQFHQWUDWLRQV�WKDW�KDG�EHHQ
UHSRUWHG�DV�UHVXOWLQJ�LQ�LPSDLUHG�UHSUR�GXFWLRQ
LQ�EDOG�HDJOHV��EODFN�FURZQHG�QLJKW�KHURQV��DQG
ZKLWH�IDFHG�LELVHV��WKH�UHVHDUFKHUV�GLG�QRW�UHSRUW
REVHUYLQJ�DQ\�DGYHUVH�HIIHFWV�LQ�WKH�ELUGV�IURP
ZKLFK�HJJV�ZHUH�FROOHFWHG�

)RU�WHUUHVWULDO�ELUGV��-HIIHULHV��������IRXQG�WKDW
WLVVXH�FRQFHQWUDWLRQV�RI���PJ�''(�NJ�ZZ�DQG
��PJ�''7�NJ�GZ�UHVXOWHG�LQ�UHGXFHG�IOHGJLQJ
VXFFHVV�RI�%HQJDOHVH�ILQFKHV��.QPEJWTC�UVTKCVC��

$PRQJ�WKH�ZDWHUIRZO��PDOODUGV�KDYH�EHHQ
VWXGLHG�H[WHQVLYHO\�EHFDXVH�HYHQ�ORZ
FRQFHQWUDWLRQV�RI�''7�FDQ�FDXVH�HJJVKHOO
WKLQQLQJ�LQ�WKLV�VSHFLHV���'DYLVRQ�DQG�6HOO�������
IRXQG�WKDW�PDOODUGV�WKDW�VXUYLYHG�KDYLQJ����
PJ�NJ�RI�WHFKQLFDO�JUDGH�''7�LQ�WKHLU�GLHW�IRU
���ZHHNV�SURGXFHG�HJJV�WKDW�KDG�

VKHOOV����SHUFHQW�WKLQQHU�WKDQ�QRUPDO�DQG
SURGXFHG�KDWFKOLQJV�ZLWK�WUHPRUV�

%ODFN�GXFNV�IHG�GLHWDU\�FRQFHQWUDWLRQV�RI�
���PJ�''(�NJ�GZ�IRU�WZR�EUHHGLQJ�VHDVRQV
�-XQH�WKURXJK�1RYHPEHU�LQ�WZR�VXFFHVVLYH
\HDUV��DQG�WKHQ�FOHDQ�IRRG�IRU���\HDUV�FRQWLQXHG
WR�H[KLELW�HJJVKHOO�WKLQQLQJ�DW�WKH�HQG�RI�WKH���
\HDU�FOHDQXS�SHULRG��/RQJFRUH�DQG�6WHQGHOO
��������(JJV�FROOHFWHG�GXULQJ�WKH�WZR�EUHHGLQJ
VHDVRQV�DQG�WKH�ILUVW�\HDU�RI�FOHDQ�GLHW�ZHUH
VLJQLILFDQWO\�WKLQQHU�WKDQ�FRQWUROV��DYHUDJH���
SHUFHQW�WKLQQHU����(JJV�FROOHFWHG�GXULQJ�WKH
VHFRQG�\HDU�RI�FOHDQ�GLHW�ZHUH����SHUFHQW
WKLQQHU�WKDQ�FRQWUROV���5HVLGXHV�LQ�HJJV
LQFUHDVHG�VLJQLILFDQWO\�GXULQJ�WKH�\HDUV�RI
WUHDWPHQW��XS�WR�
�����PJ�NJ�ZZ���WKHQ�GHFUHDVHG�GXULQJ�
\HDUV�RI�FOHDQ�IHHG��GRZQ�WR�����PJ�NJ��ZZ���
,Q�DGGLWLRQ��H[SRVHG�KHQV�FRQWLQXHG�WR�SURGXFH
VLJQLILFDQWO\�IHZHU�\RXQJ�WKDQ�GLG�FRQWUROV�DIWHU
WKH�VHFRQG�\HDU�RI�FOHDQ�GLHW�

:KLWH�HW�DO���������IRXQG�WKDW�JUHHQ�EDFNHG
KHURQV��$WVQTKFGU�UVTKCVWU��DQG�DQKLQJDV
�#PJKPIC�CPJKPIC��KDG�GHFUHDVHG�KDWFKLQJ
VXFFHVV�DQG�HJJVKHOO�WKLQQLQJ�LQ�DUHDV�WKDW�KDG
QRW�EHHQ�WUHDWHG�ZLWK�''7�IRU�PRUH�WKDQ���
\HDUV���&RQFHQWUDWLRQV�RI����²���PJ�NJ�
ZZ�LQ�HJJV�RI�JUHHQ�EDFNHG�KHURQV�ZHUH�WKH
WKUHVKROG�IRU�UHGXFHG�KDWFKLQJ�VXFFHVV�

6WXGLHV�RI�EODFN�FURZQHG�QLJKW�KHURQV�LQ�,GDKR
�)LQGKROW�DQG�7URVW�������LQGLFDWHG�WKDW
UHODWLYHO\�ORZ�FRQFHQWUDWLRQV�RI�''(�UHVXOWHG�LQ
HJJVKHOO�WKLQQLQJ��WDEOH�������+HQQ\�HW�DO��������
VWXGLHG�EODFN�FURZQHG�QLJKW�KHURQ�SRSXODWLRQV
LQ�:DVKLQJWRQ��2UHJRQ��DQG�1HYDGD�EHWZHHQ
�����DQG������WR�GHWHUPLQH�FRQWDPLQDQW
SDWWHUQV�DQG�HJJVKHOO�WKLQQLQJ���(JJV�ZLWK
UHVLGXHV�JUHDWHU�WKDQ���PJ�NJ�ZZ�FRUUHODWHG
ZLWK�GHFUHDVHG�FOXWFK�VL]H��ORZHU�SURGXFWLYLW\�
DQG�DQ�LQFUHDVHG�LQFLGHQFH�RI�FUDFNHG�HJJV��
+HQQ\�HW�DO���������������DOVR�IRXQG�WKDW��ZLWK
WKH�H[FHSWLRQ�RI�WZR�ORFDWLRQV�DORQJ�WKH
&ROXPELD�5LYHU��WKHUH�ZDV�D�VWURQJ�QRUWK�VRXWK
''(�FRQWDPLQDQW�JUDGLHQW���''(�UHVLGXHV�LQ
VRXWKHUQ�FRORQLHV�ZHUH�PXFK�
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KLJKHU�WKDQ�WKRVH�LQ�QRUWKHUQ�FRORQLHV���7KLV
WUHQG�PD\�FRQWULEXWH�WR�LQFUHDVHG�H[SRVXUH�DW
ZLQWHULQJ�JURXQGV�WR�PLJUDWLQJ�ZDWHUIRZO�

+HQQ\�DQG�%OXV��������IRXQG�VLPLODU�WUHQGV�LQ
''(�FRQWDPLQDWLRQ�IRU�EODFN�FURZQHG�QLJKW�
KHURQV�IURP�,GDKR�DQG�2UHJRQ�WKDW�ZLQWHUHG�LQ
FRDVWDO�0H[LFR��FRPSDUHG�WR�WKRVH�IURP
1HYDGD�WKDW�ZLQWHUHG�LQ�VRXWKHUQ�&DOLIRUQLD��
2Q�D�PRUH�ORFDO�EDVLV��+RWKHP�HW�DO��������
QRWHG�WKH�VDPH�W\SH�RI�WUHQG�ZKHQ�WKH\
FRPSDUHG�EODFN�FURZQHG�QLJKW�KHURQV�ZLWKLQ
6DQ�)UDQFLVFR�%D\�WR�WKRVH�LQ�WKH�6DQ�-RDTXLQ
9DOOH\�

0RUD�HW�DO���������HYDOXDWHG�WKH�SRWHQWLDO
LPSRUWDQFH�RI�WKH�XSWDNH�RI�''7�DQG�LWV
PHWDEROLWHV�IURP�ZLQWHULQJ�JURXQGV�IRU
QRUWKHUQ�SLQWDLO�DQG�JDGZDOO��ZKLFK�PLJUDWH
IURP�QRUWKHUQ�&DOLIRUQLD�WR�VRXWKHUQ�&DOLIRUQLD
RU�0H[LFR���7KHVH�UHVXOWV�FRQILUPHG�WKRVH�IRU
RWKHU�SLQWDLOV�DQG�PDOODUGV�PLJUDWLQJ�WKURXJK
&DOLIRUQLD�DQG�IRU�EODFN�GXFNV�WKDW�PLJUDWH�WR
7H[DV���3LQWDLOV�VDPSOHG�IURP�WKH�6DOWRQ�6HD�
&DOLIRUQLD��KDG�KLJKHU�ZKROH�ERG\�''(
UHVLGXHV�WKDQ�WKRVH�IURP�WKH�/RZHU�.ODPDWK
1DWLRQDO�:LOGOLIH�5HIXJH��&DOLIRUQLD��DJDLQ
VXJJHVWLQJ�D�QRUWK�VRXWK�RUJDQRFKORULQH
SHVWLFLGH�JUDGLHQW�LQ�&DOLIRUQLD���+RZHYHU�
UHVLGXHV�GHFUHDVHG�LQ�UHVLGHQW�ZDWHUIRZO��EODFN�
EHOOLHG�DQG�IXOYRXV�ZKLVWOLQJ�GXFNV��FROOHFWHG
IDUWKHU�VRXWK�LQ�0H[LFR���7KH�UHVHDUFKHUV
K\SRWKHVL]HG�WKDW�WKH�LQFUHDVHG�OHYHOV�IRXQG�DW
WKH�6DOWRQ�6HD�PD\�KDYH�UHVXOWHG�IURP�SDVW
KHDY\�XVH�RI�''7��IURP�FXUUHQW�LOOHJDO�XVH�RI
''7��RU�IURP�''(�DQG�''7�LPSXULWLHV�LQ
GLFRIRO���7KH\�IXUWKHU�VSHFXODWHG�WKDW�WKH�ORZHU
UHVLGXHV�IRXQG�LQ�ZDWHUIRZO�IURP�0H[LFR�PD\
KDYH�EHHQ�GXH�WR�YDULDELOLW\�LQ�XSWDNH�EHWZHHQ
WKH�VSHFLHV�VDPSOHG�DQG�GR�QRW�QHFHVVDULO\
LQGLFDWH�ORZHU�OHYHOV�RI�RUJDQRFKORULQH
SHVWLFLGHV�LQ�WKH�0H[LFDQ�ZLQWHULQJ�JURXQGV�

(JJVKHOO�WKLQQLQJ�LQ�YDULRXV�VSHFLHV�RI�JUHEHV
DQG�QRUWKHUQ�JDQQHWV�KDV�DOVR�EHHQ�UHSRUWHG�IRU
''(���(JJVKHOO�WKLQQLQJ�RI�����SHUFHQW�DQG�

UHGXFHG�SURGXFWLYLW\�ZDV�UHSRUWHG�LQ�ZHVWHUQ
JUHEHV��#GEJOQRJQTWU�QEEKFGPVCNKU��IURP�8WDK
ZLWK�HJJ�''(�FRQFHQWUDWLRQV�RI�����PJ�NJ�ZZ
�/LQGYDOO�DQG�/RZ���������5HG�QHFNHG�JUHEHV
�2QFKEGRU�ITKUGIGPC��FROOHFWHG�IURP�0DQLWRED
H[KLELWHG�ORZ�HJJ�YLDELOLW\��HJJ�VKHOO�WKLQQLQJ�RI
����SHUFHQW��DQG�UHGXFHG�IOHGJLQJ�VXFFHVV�DW�HJJ
''(�FRQFHQWUDWLRQV�RI�
�����PJ�NJ�ZZ��'H�6PHW���������5HSUR�GXFWLYH
LPSDLUPHQW��ORZ�UHSURGXFWLYH�VXFFHVV��DQG
HJJVKHOO�WKLQQLQJ�����SHUFHQW��LQ�QRUWKHUQ
JDQQHWV��5WNC�DCUUCPWU��ZHUH�DVVRFLDWHG�ZLWK�HJJ
''(�FRQFHQWUDWLRQV�RI������PJ�NJ�ZZ��(OOLRW
HW�DO�������DV�FLWHG�LQ�)RUV\WK�HW�DO����������

=LFXV�HW�DO���������FROOHFWHG�HJJV�IURP�QHVWV�RI
KRRGHG�PHUJDQVHU��.QRJQF[VGU�EWEWNNCVWU��DQG
FRPPRQ�JROGHQH\H��$WEGRJCNC�ENCPIWNC��ZKHUH
WKH�KHQV�KDG�EHHQ�IRXQG�GHDG�RQ�WKH�QHVW��
7KHLU�DQDO\VHV�LQGLFDWHG�WKDW�ZKLOH�RUJDQR�
FKORULQH�SHVWLFLGHV�SUREDEO\�GLG�QRW�FRQ�WULEXWH
WR�WKH�GHDWK�RI�WKH�KHQV��HJJVKHOO�WKLQQLQJ�DQG
HJJ�EUHDNDJH�ZHUH�SUREDEO\�WKH�UHVXOW�RI�''(��
7KH�PHDQ�HJJ�FRQFHQWUDWLRQ�RI�''(�IRU
PHUJDQVHUV�ZDV������PJ�NJ�ZZ�ZLWK�DQ
DVVRFLDWHG�����SHUFHQW�WKLQQLQJ�RI�HJJVKHOOV��
7KH�PHDQ�HJJ�FRQFHQWUDWLRQ�RI�''(�IRU
JROGHQH\H�ZDV������PJ�NJ�ZZ��DQG�WKH
DVVRFLDWHG�HJJVKHOO�WKLQQLQJ�ZDV������SHU�FHQW��
%UHDNDJH�RI�HJJV�LQ�VXFFHVVIXO�QHVWV�
ZDV�DOVR�JUHDWHU�IRU�JROGHQH\H�WKDQ�IRU
PHUJDQVHUV�

0DPPDOV

6WXGLHV�RI�''7�WR[LFLW\�WR�PDPPDOV�KDYH�EHHQ
JHQHUDOO\�OLPLWHG�WR�ODERUDWRU\�PDPPDOV���/LYHU�
QHXURORJLFDO��GHYHORS�PHQWDO��UHSURGXFWLYH��DQG
FDUFLQRJHQLF�HIIHFWV�DIWHU�H[SRVXUH�WR�''7
KDYH�DOVR�EHHQ�QRWHG�IRU�PLFH��UDWV��VKUHZV�
KDPVWHUV��PRQNH\V��GRJV��DQG�EDWV��WDEOH������
/DERUDWRU\�VWXGLHV�ZLWK�ZLOG�PDPPDOV�KDYH
LQGLFDWHG�WKDW�ELJ�EURZQ�EDWV��'RVGUKEWU�HWUEWU�
DUH�PXFK�PRUH�VHQVLWLYH�WR�''7�WKDQ�RWKHU
PDPPDOV��6WLFNHO�������
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Table 17.&DDD, DDE, and DDT effects on mammals
[See Appendix II for explanation of abbreviations and technical terms]

Species
Chemical
species

Concentration
(mg/kg bw)1

Exposure
duration Effects Reference

Bat (Eptesicus sp) DDT 40 LD50 (oral dose) Clark and Stafford
1981

Bat (Myotis sp.) DDE 600 (in tissue) LC50

Dog DDT 16 160 weeks NOAEL Lehman 1965

80 LOAEL, liver alterations

DDT-tech 1 2 generations NOAEL Ottoboni et al.
1977

5 LOAEL, premature puberty

p,p’-DDT 12 14 months LOAEL, maternal and fetal
death

Deichmann et al
1971

Hamster DDT-tech 40 Lifetime NOAEL Cabral et al. 1982

41.5 128 weeks LOAEL, necrosis Rossi et al. 1983

83 LOAEL, tremors

Mouse p,p’-DDD 107 78 weeks NOAEL NCI 1978

p,p’-DDT 0.26 Lifetime LOAEL, liver tumors Tomatis et al.
1972

6 78 weeks NOAEL NCI 1978

DDT-tech 6.5 Lifetime + 5
generations

NOAEL Turusov et al.
1973

32.5 LOAEL, increase in
preweening death

Rat DDT 0.5 2 years LOAEL, liver lesions Fitzhugh and
Nelson 1948

0.8 2 years NOAEL ORNL 1996

1 mg/kg diet & NOAEL Worthing 1987

p,p’-DDT 1 mg/kg diet 27 weeks NOAEL Laug et al. 1950

5 mg/kg diet LOAEL, hepatocellular
hypertrophy

DDT-tech 1 2 generations NOAEL Ottoboni 1969

10 LOAEL, increased constricting
rings of the tail

DDT-tech 12.5 Lifetime LOAEL, liver tumors Cabral et al. 1982

DDT 260 LD50 (oral dose) Gaines and Linder
1986

Rhesus monkey
(Macaca mulatta)

DDT 8 7.5 years NOAEL Durham et al.
1963

Shrew (Blarina sp.) total DDT 910 LC50 Blus 1978

210 (in tissue) LC50

     1 Concentration is the daily dose, as milligrams per kilogram of body weight, unless stated otherwise.
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/DERUDWRU\�UDWV�H[SRVHG�WR�''7�LQ�WKHLU�IHHG
IRU����ZHHNV�VKRZHG�QR�HIIHFWV�RQ�JURZWK�DW
GLHWDU\�FRQFHQWUDWLRQV�XS�WR����PJ�NJ��/DXJ�HW
DO����������+RZHYHU��DW�GLHWDU\�FRQFHQWUD�WLRQV
RI���PJ�NJ�DQG�DERYH��WKH\�VKRZHG�SDWKRORJLF
FKDQJHV��LQFOXGLQJ�LQFUHDVHG�KHSDWRFHOOXODU
K\SHUWURSK\�DQG�F\WRSODVPLF�R[\SKLOLD��DV�ZHOO
DV�SHULSKHUDO�EDVRSKLOLF�F\WRSODVPLF�JUDQXOHV��
7KLV�VWXG\�HVWDEOLVKHG�WKH���PJ�NJ�GLHWDU\�OHYHO
DV�WKH�/2$(/�DQG�
��PJ�NJ�DV�WKH�12$(/���)LW]KXJK�DQG�1HOVRQ
�������VWXGLHG�WKH�ORQJ�WHUP�HIIHFWV�RI�UHODWLYHO\
KLJK�''7�FRQFHQWUDWLRQV�RQ�UDWV���7KH\
REVHUYHG�OLYHU�OHVLRQV�LQ�UDWV�H[SRVHG�WR���²���
PJ�''7�NJ�LQ�WKH�GLHW�IRU���\HDUV�DQG
HVWDEOLVKHG�DQ�/2$(/�RI�����PJ�NJ�GZ�GD\�

$OWKRXJK�OHVV�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�RQ
ZLOG�PDPPDOV�WKDQ�RQ�ELUGV��WKH�GLVWULEXWLRQ�RI
WLVVXH�UHVLGXHV�LQ�PDPPDOV�VHHPV�WR�EH�VLPLODU��
%UDLQ�UHVLGXH�OHYHOV�WHQG�WR�SURYLGH�WKH�EHVW
LQGLFDWLRQ�RI�WR[LFLW\��DQG�''(�LV�WKH
SUHGRPLQDQW�PHWDEROLWH�IRXQG��6WLFNHO�������

3UHGDWRU\�DQG�DTXDWLF�PDPPDOV�WHQG�WR
DFFXPXODWH�WKH�KLJKHVW�UHVLGXHV��6WLFNHO���������
0LQN�DFFXPXODWH�KLJKHU�OHYHOV�WKDQ�KDUHV�OLYLQJ
LQ�WKH�VDPH�DUHD���6LPLODUO\��VKUHZV�DQG�RWKHU
VSHFLHV�LQ�WKH�RUGHU�,QVHFWLYRUD�DFFXPX�ODWH
KLJKHU�OHYHOV�RI�WRWDO�''7�WKDQ�GR�PLFH�DQG
YROHV���0DQ\�VPDOO�VHHG�HDWLQJ�PDPPDOV�
DFFXPXODWH�RQO\�ORZ�OHYHOV�RI�WRWDO�''7�HYHQ�LQ
DUHDV�ZLWK�KLJK�HQYLURQPHQWDO�OHYHOV��6WLFNHO
������

$FFXPXODWLRQ�GLIIHUHQFHV�EHWZHHQ�VKUHZV��PLFH�
YROHV��PLQN��DQG�KDUHV�ZHUH�REVHUYHG�LQ
VSHFLPHQV�FROOHFWHG�RYHU�D���\HDU�SHULRG�IURP�D
IRUHVW�WKDW�KDG�EHHQ�WUHDWHG�ZLWK������NJ�''7
SHU�KHFWDUH��'LPRQG�DQG�6KHUEXUQH���������7KH
IROORZLQJ�UHVLGXHV�ZHUH�PHDVXUHG�GXULQJ�WKH
ILUVW�DQG�ODVW�\HDUV�RI�WKH�VWXG\�

Species

Total DDT, whole body
(mg/kg)

Year of
application

Nine
years
later

Shrews
Mice and voles
Mink
Hares

15.6
1.06
&
&

1.18
0.03
1.6
0.02

7KURXJKRXW�WKH�VWXG\��UHVLGXHV�LQ�VKUHZV�ZHUH
��²���WLPHV�WKRVH�LQ�PLFH�DQG�YROHV���6LPLODUO\�
PLQN�FROOHFWHG�IURP�WKH�VDPH�DUHD�FRQWDLQHG
UHVLGXHV���²���WLPHV�WKRVH�IRXQG�LQ�KDUHV�

$QDO\VHV�RI�VPDOO�KHUELYRURXV�DQG�RPQLY�RURXV
PDPPDOV�FROOHFWHG�IURP�DJULFXOWXUDO�DUHDV�RI
$ODEDPD��$UNDQVDV��DQG�0LVVLVVLSSL�IURP�����
WR�������8�6��'HSDUWPHQW�RI�$JULFXOWXUH������
LQGLFDWHG�WKDW�UDEELWV��ULFH�UDWV��DQG�PXVNUDWV
FRQWDLQHG�ZKROH�ERG\�UHVLGXHV�RI�WRWDO�''7
OHVV�WKDQ�WKH�GHWHFWDEOH�OLPLW��IR[�VTXLUUHOV�DQG
FKLSPXQNV�FRQWDLQHG�OHVV�WKDQ�����PJ�NJ��DQG
ZKLWH�IRRWHG�PLFH��FRWWRQ�UDWV��DQG�ZRRG�UDWV
JHQHUDOO\�FRQWDLQHG�OHVV�WKDQ�����PJ�NJ���
+RZHYHU��KDUYHVW�PLFH�DQG�KRXVH�PLFH
FRQWDLQHG�XS�WR������PJ�NJ��
DQG�RSRVVXPV�FRQWDLQHG�XS�WR������PJ�NJ�

5DQJHV�RI�WRWDO�''7�UHVLGXHV�LQ�IDW�IURP
DTXDWLF�PDPPDOV�DQG�ELJ�JDPH�PDPPDOV
FROOHFWHG�IURP�VHYHUDO�:HVWHUQ�6WDWHV�DUH
SUHVHQWHG�LQ�6WLFNHO����������5HVLGXH�OHYHOV�LQ�ELJ
JDPH�PDPPDOV�LQFOXGH�

Species
Residue levels

(mg/kg)

Bear
Elk
Moose
Mountain goats
Mule deer
Pronghorn antelope
White-tailed deer

0.34
<0.06%29

0.17
<0.09%0.9
<1.35%43

<0.17%0.23
<0.4%3
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%LRDFFXPXODWLRQ

%LUGV�DQG�RWKHU�ZLOGOLIH�PD\�EHFRPH�H[SRVHG�WR
''7�WKURXJK�LQJHVWLRQ�RI�FRQWDPLQDWHG�SUH\
VSHFLHV���%LRDFFXPXODWLRQ�IDFWRUV�IRU�VHYHUDO
VSHFLHV�H[SRVHG�WR�YDULRXV�HQYLURQ�PHQWDO
PHGLD�DUH�SUHVHQWHG�LQ�WDEOH����

-DUYLQHQ�HW�DO���������WHVWHG�IDWKHDG�PLQQRZV
IRU�DFFXPXODWLRQ�RI�''7�SUHVHQW�LQ�GLHW��ZDWHU�
DQG�ERWK�GLHW�DQG�ZDWHU���7LVVXH�

UHVLGXHV�ZHUH�JUHDWHU�LQ�ILVK�H[SRVHG�WR�''7�LQ
ZDWHU�WKDQ�LQ�WKH�GLHW��DQG�DFFXPXODWLRQ�IURP
ERWK�ZDWHU�DQG�GLHW�ZDV�DGGLWLYH���
0HDQ�ELRFRQFHQWUDWLRQ�IDFWRUV�DUH�VKRZQ�LQ
WDEOH������,Q�DGGLWLRQ��UHVLGXH�OHYHOV�DQG
PRUWDOLW\�UDWHV�IRU�HPEU\RV�ZKRVH�SDUHQWV�ZHUH
H[SRVHG�WR�''7�LQ�ERWK�ZDWHU�DQG�GLHW�ZHUH
DSSUR[LPDWHO\�WZLFH�WKRVH�RI�HPEU\RV�ZKRVH
SDUHQWV�ZHUH�H[SRVHG�WR�''7�RQO\�LQ�ZDWHU�

Table 18.&Bioconcentration factors for biota exposed to DDD, DDE, and DDT

Species
Uptake
from: Compound

Bioconcen-
tration factor Study time Reference

Aquatic

Brook trout Diet DDT 0.6 120 days Macek and Korn 1970

Brown bullhead Water DDD 125,000 Not stated Hunt and Bischoff 1960

Fathead minnow
(Pimephales promelas)

Water Total DDT 100,000 266 days Jarvinen et al. 1977

Diet 1.2

Golden shiner (Notemigonus
crysoleucas)

Water DDT 100,000 15 days Courtney and Reed 1972

Goldfish (Carassius auratus) Diet DDT 0.8 Grzenda et al. 1970

Rainbow trout
(Oncorhynchus mykiss)

Water DDT 34,900%91,000
(depending on

conditions)

96 hours Muir et al. 1994

Terrestrial

Black duck (Anas rubripes) Diet DDE  4.63%4.8 Reproductive
cycle

Longcore et al. 1971

Earthworm (Lumbricus
terrestris)

Soil DDT 0.71 4 weeks Davis 1971

Mixed earthworms Soil DDD 0.27 11 years Beyer and Gish 1980

DDE 6

p,p’-DDT 0.56

Total DDT 5.1

1.8%9.2 Not stated Ma 1985

Red-winged blackbird
(Agelaius phoeniceus) eggs

Sediment DDE 12.9%582.4 Not stated Bishop et al. 1995b

Short-tailed shrew
(Blarina brevicauda)

Prey DDT 1%2.5 Not stated Blus 1978

Tree swallow (Tachycineta
bicolor) eggs

Sediment DDE 16.2%868.6 Not stated Bishop et al. 1995b

Tree swallow (Tachycineta
bicolor) nestlings

Sediment DDE 5%48.9 Not stated Bishop et al. 1995b
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(DUWKZRUPV�FRPSRVH�D�ODUJH�SRUWLRQ�RI�WKH
GLHWV�RI�VRPH�ELUGV�DQG�UHSWLOHV��LQFOXGLQJ
ZRRGFRFN��2JKNQJGNC�OKPQT���URELQ��6WTFWU
OKITCVQTKWU���UHG�EHOOLHG�VQDNH��5VQTGTKC
QEEKRKVQOCEWNCVC���DQG�HDVWHUQ�JDUWHU�VQDNH
�6JCOPQRJKU�UKTVCNKU����(DUWKZRUPV�DUH�DOVR
HDWHQ�RFFDVLRQDOO\�E\�PDPPDOV�VXFK�DV
LQVHFWLYRUHV��VKUHZV�DQG�PROHV���URGHQWV��DQG
FDUQLYRUHV��0XVWHOLGDH���DQG�E\�RWKHU�FOXVWHU
IOLHV��%H\HU�DQG�*LVK���������%DVHG�RQ�WR[LFLW\
VWXGLHV�IRU�ELUGV�H[SRVHG�WR�''7��%H\HU�DQG
*LVK��������HVWLPDWHG�WKDW�WRWDO�''7�UHVLGXHV
RI���PJ�NJ�ZZ�RU����PJ�NJ�GZ�LQ�HDUWK�ZRUPV
ZRXOG�FRQVWLWXWH�WKH�PLQLPXP�KD]DUGRXV�OHYHO
IRU�ELUGV�

%LVKRS�HW�DO�������E��PHDVXUHG�WKH�ELRFRQFHQ�
WUDWLRQ�RI�R�R	�''(�LQ�UHG�ZLQJHG�EODFNELUG
HJJV�DQG�LQ�WUHH�VZDOORZ��6CEJ[EKPGVC�DKEQNQT�
HJJV�DQG�QHVWOLQJV�DV�D�IXQFWLRQ�RI�OLSLG�
QRUPDOL]HG�FRQFHQWUDWLRQV�LQ�ELRWD�DQG�RUJDQLF�
FDUERQ�QRUPDOL]HG�FRQFHQWUDWLRQV�
LQ�VHGLPHQW���,Q�HDFK�FDVH��WKH\�UHSRUWHG�
ZLGH�UDQJHV�RI�ELRFRQFHQWUDWLRQ�IDFWRUV�
�WDEOH�����

,QWHUDFWLRQV

,QWHUDFWLRQV�EHWZHHQ�RUJDQRFKORULQH�SHVWLFLGHV
ZHUH�VWXGLHG�LQ�WKH�HDUWKZRUP�.WODTKEWU
VGTTGUVTKU�E\�'DYLV����������0HDVXUHPHQWV�RI�WKH
XSWDNH�RI�''7�DQG�GLHOGULQ�LQGLFDWHG�WKDW�ZKLOH
GLHOGULQ�
DFFXPXODWHG�PRUH�WKDQ�''7��WKH�DFFXPXOD�
WLRQ�RI�HLWKHU�FKHPLFDO�GLG�QRW�DIIHFW�WKH
DFFXPXODWLRQ�RI�WKH�RWKHU��

/LQFHU��������H[DPLQHG�WKH�UHSURGXFWLYH
VXFFHVV�RI�$PHULFDQ�NHVWUHOV�H[SRVHG�WR�''(
DQG�$URFORU������LQ�WKH�GLHW���%LUGV�IHG�''(
DORQH�DQG�WKRVH�IHG�ERWK�''(����PJ�NJ��DQG
$URFORU����������PJ�NJ��KDG�HJJV�ZLWK�VKHOOV
WKDW�ZHUH�VLJQLILFDQWO\�WKLQQHU�WKDQ�FRQWUROV��
7KH�WKLQQLQJ�ZDV����SHUFHQW�IRU�ELUGV�IHG�''(
DORQH�DQG����SHUFHQW�IRU�ELUGV�IHG�ERWK�''(
DQG�$URFORU��������8QH[SHFWHGO\��ELUGV�IHG
$URFORU������DORQH�H[KLELWHG�VKHOOV�WKDW�

ZHUH�VLJQLILFDQWO\�WKLFNHU����SHUFHQW��WKDQ
FRQWUROV���,Q�DGGLWLRQ��WKHUH�ZDV�QR�HJJ�EUHDNDJH
LQ�WKH�QHVWV�RI�ELUGV�IHG�HLWKHU�''(�RU�$URFORU
������EXW�WKRVH�WKDW�ZHUH�IHG�D�FRPELQDWLRQ�RI
''(�DQG�$URFORU������H[SHULHQFHG�VRPH�HJJ
EUHDNDJH�LQ�WKH�DOO�RI�WKH�QHVWV��DQG�QRQH�RI�WKHLU
HJJV�SLSSHG���7KLV�VWXG\�LQGLFDWHV�WKDW�HIIHFWV�RI
''(�DQG�$URFORU������DUH�V\QHUJLVWLF�

5HJXODWRU\�6WDQGDUGV

)HGHUDO

$PELHQW�:DWHU�4XDOLW\�³(3$�DPELHQW�ZDWHU
TXDOLW\�FULWHULD��$:4&��IRU�''7�DQG�LWV
PHWDEROLWHV�KDYH�EHHQ�GHYHORSHG�IRU�ERWK�
IUHVKZDWHU�DQG�VDOWZDWHU�SODQWV�DQG�DQLPDOV
�(GFGTCN�4GIKUVGT���������������7KHVH�FULWHULD�DUH
EDVHG�RQ�OHYHOV�RI�''7�WKDW�ZRXOG�H[FHHG�)RRG
DQG�'UXJ�$GPLQLVWUDWLRQ�DFWLRQ�OHYHOV�IRU
KXPDQ�FRQVXPSWLRQ�RI�ILVK����PJ�NJ��
(3$���������,Q�DGGLWLRQ��VFUHHQLQJ�HFRWR[LFLW\
WKUHVKROGV��EDVHG�VWULFWO\�RQ�WR[LFLW\�WR�
HFRORJLFDO�VSHFLHV��KDYH�EHHQ�GHYHORSHG�XVLQJ
PHWKRGRORJ\�SUHVHQWHG�LQ�WKH�*UHDW�/DNHV
:DWHU�4XDOLW\�,QLWLDWLYH³7LHU�,,�����&)5�������
HWF�����������7KHVH�VFUHHQLQJ�YDOXHV�UHSUHVHQW
FRQFHQWUDWLRQV�DERYH�ZKLFK�DGYHUVH�HFRORJLFDO
HIIHFWV�FRXOG�RFFXU���7KH�$:4&V�DQG�WKH�*UHDW
/DNHV�VFUHHQLQJ�HFRWR[LFLW\�WKUHVKROGV�DUH�OLVWHG
LQ�WDEOH����

6WDWH

)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�

,QWHUQDWLRQDO

4XDOLW\�VWDQGDUGV�IRU�''7�KDYH�EHHQ
HVWDEOLVKHG�LQ�WKH�1HWKHUODQGV�DQG�LQ�2QWDULR�
&DQDGD���7KH�'XWFK�TXDOLW\�VWDQGDUGV�IRU�WRWDO�
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Table 19.&U.S. Environmental Protection Agency standards and
criteria

for DDT, DDD, and DDE
[See Appendix II for explanation of terms.  Sources:  EPA 1986, 1996; Federal Register

1980, 1982]

Status Known carcinogen; EPA priority pollutant

Drinking water MCL None established

Freshwater AWQC (DDT) 1.1 µg/L for acute exposure
0.001 µg/L for chronic exposure

Saltwater AWQC (DDT) 0.13   µg/L for acute exposure
0.001 µg/L for chronic exposure

Great Lakes Water Quality Initiative (DDT) 0.013 µg/L for acute exposure

Freshwater LOAEL (DDD) 0.6   µg/L for acute exposure

Freshwater LOAEL (DDE) 1,050 µg/L for acute exposure

1/1,000,000 cancer risk (water and organisms
or organisms only)

DDT:  0.59 ng/L
DDD:  0.83 ng/L
DDE:  0.59 ng/L

''7�LQFOXGH�OLPLWV�RI�����J�NJ�GZ�LQ�VHGL�
PHQW�����J�NJ�GZ�LQ�VRLO��DQG������J�NJ�ZZ��LQ
ZLOGOLIH�IRRG��+HQGULNV�HW�DO����������7KH
2QWDULR�VHGLPHQW�TXDOLW\�JXLGHOLQHV��3HUVDXG�HW
DO��������DUH�DV�IROORZV�

Compound

Lowest effect
level

(mg/kg dw)

Severe effect
level

(mg/kg organic
carbon)1

p,p’-DDD
p,p’-DDE
o,p’+p,p’-DDT
Total DDT

0.008
0.005
0.008
0.007

6
19
71
12

     1 Multiply times the total organic carbon content of
a sample to find the bulk-sediment severe effect level
for that sample.

5HIHUHQFHV

���&)5�������������������DQG��������������)LQDO�ZDWHU
TXDOLW\�JXLGDQFH�IRU�WKH�*UHDW�/DNHV�V\VWHP��ILQDO
UXOH���7XHVGD\��0DUFK����

$QGHUVRQ��'�:���-�-��+LFNH\��5�:��5LVHEURXJK��
'�)��+XJKHV��DQG�5�(��&KULVWHQVHQ���������
6LJQLILFDQFH�RI�FKORULQDWHG�K\GURFDUERQ�UHVLGXHV
WR�EUHHGLQJ�SHOLFDQV�DQG�FRUPRUDQWV���%CP�
(KGNF�0CV�������²����

$QGU\XVKFKHQNR��9�9���DQG�.�%��.KRNKU\DNRY��
�������(IIHFW�RI�''7�DQG�NHSRQH�RQ�FRQWHQW�DQG
DFWLYLW\�RI�VRPH�FRPSRQHQWV�RI�WKH�HQ]\PDWLF
GHWR[LI\LQJ�V\VWHP�LQ�KXPSEDFN�VDOPRQ�OLYHU��
#SWCVKE�6QZKEQNQI[�CPF�4CFKQGEQNQI[���S����²���

$QWKRQ\��5�*���5�:��)UHQ]HO��)�%��,VDDFV��DQG�
0�*��*DUUHWW����������3UREDEOH�FDXVHV�RI�QHVWLQJ
IDLOXUHV�LQ�2UHJRQ·V�EDOG�HDJOH�SRSXODWLRQ���9KNFN�
5QE��$WNN��������²����

%HQJWVVRQ��%�(���DQG�$��/DUVVRQ����������+\SHU�
DFWLYLW\�DQG�FKDQJHG�GLXUQDO�DFWLYLW\�LQ�IORXQGHUV�
2NCVKEJVJ[U�HNGUWU��H[SRVHG�WR�''7���/CTKPG�2QNN�
$WNN�����������²����

%HUQDUG��5�)����������5VWFKGU�QP�VJG�GHHGEVU�QH�&&6
QP�DKTFU���0LFKLJDQ�6WDWH�8QLY���(DVW�/DQVLQJ�
0LFKLJDQ���3XEOLFDWLRQV�RI�WKH�0XVHXP��%LRO�
6HU����������²����

%H\HU��:�1���DQG�&�'��*LVK����������3HUVLVWHQFH�LQ
HDUWKZRUPV�DQG�SRWHQWLDO�KD]DUGV�WR�ELUGV�RI�VRLO
DSSOLHG�''7��GLHOGULQ��DQG�KHSWDFKORU�
,��#RRN��'EQN��������²����

%H\HU��:�1���DQG�$�-��.U\QLWVN\����������/RQJ�WHUP
SHUVLVWHQFH�RI�GLHOGULQ��''7��DQG�KHSWDFKORU
HSR[LGH�LQ�HDUWKZRUPV���#ODKQ�������²����
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%LVKRS��&�$���*�3��%URZQ��5�-��%URRNV��'�5�6��/HDQ�
DQG�-�+��&DUH\���������2UJDQRFKORULQH
FRQWDPLQDQW�FRQFHQWUDWLRQV�LQ�HJJV�DQG�WKHLU
UHODWLRQVKLS�WR�ERG\�VL]H�DQG�FOXWFK
FKDUDFWHULVWLFV�RI�WKH�IHPDOH�FRPPRQ�VQDSSLQJ
WXUWOH��%JGN[FTC�UGTRGPVKPC�UGTRGPVKPC��LQ�/DNH
2QWDULR��&DQDGD���#TEJ��'PXKTQP��%QPVCO�
6QZKEQN�������²���

%LVKRS��&�$���'�5�6��/HDQ��5�-��%URRNV��-�+��&DUH\�
DQG�3��1J�������D���&KORULQDWHG�K\GURFDUERQV�LQ
HDUO\�OLIH�VWDJHV�RI�WKH�FRPPRQ�VQDSSLQJ�WXUWOH
�%JGN[FTC�UGTRGPVKPC�UGTRGPVKPC��IURP�D�FRDVWDO
ZHWODQG�RQ�/DNH�2QWDULR��&DQDGD���'PXKTQP�
6QZKEQN��%JGO��������²����

%LVKRS��&�$���0�'��.RVWHU��$�$��&KHN��
'�-�7��+XVVHOO��DQG�.��-RFN�������E���&KORULQDWHG
K\GURFDUERQV�DQG�PHUFXU\�LQ�VHGLPHQWV��UHG�
ZLQJHG�EODFNELUGV��#IGNCKWU�RJQGPKEGWU��DQG�WUHH
VZDOORZV��6CEJ[EKPGVC�DKEQNQT��IURP�ZHWODQGV�LQ
WKH�*UHDW�/DNHV²6W��/DZUHQFH�5LYHU�%DVLQ��
'PXKTQP��6QZKEQN��%JGO��������²����

%OXV��/�-����������0HDVXUHPHQWV�RI�EURZQ�SHOLFDQ
HJJVKHOOV�IURP�)ORULGD�DQG�6RXWK�&DUROLQD��
$KQ5EKGPEG�������²����

%OXV��/�-����������6KRUW�WDLOHG�VKUHZV���WR[LFLW\�DQG
UHVLGXH�UHODWLRQVKLSV�RI�''7��GLHOGULQ��DQG
HQGULQ���#TEJ��'PXKTQP��%QPVCO��6QZKEQN�
����²���

%OXV��/�-����������)XUWKHU�LQWHUSUHWDWLRQ�RI�WKH
UHODWLRQ�RI�RUJDQRFKORULQH�UHVLGXHV�LQ�EURZQ
SHOLFDQ�HJJV�WR�UHSURGXFWLYH�VXFFHVV���'PXKTQP�
2QNNWV�������²���

%OXV��/�-���������''(�LQ�ELUGV·�HJJV���&RPSDULVRQ
RI�WZR�PHWKRGV�IRU�HVWLPDWLQJ�FULWLFDO�OHYHOV��
9KNUQP�$WNN��������²����

%OXV��/�-����������''7��'''��DQG�''(�LQ�ELUGV��
,Q��:�1��%H\HU��*�+��+HLQ]��DQG�$�:��5HGPRQ�
1RUZRRG��HGV���'PXKTQPOGPVCN�EQPVCOKPCPVU�KP
YKNFNKHG���+PVGTRTGVKPI�VKUUWG�EQPEGPVTCVKQPU��
/HZLV�3XEOLVKHUV��1HZ�<RUN���S����²���

%OXV��/�-���$�$��%HOLVOH��DQG�5�0��3URXW\���������
5HODWLRQV�RI�WKH�EURZQ�SHOLFDQ�WR�FHUWDLQ
HQYLURQPHQWDO�SROOXWDQWV���2GUVKE��/QPKV�
,�������²����

%OXV��/�-���7�*��/DPRQW��DQG�%�6��1HHO\��-U���������
(IIHFWV�RI�RUJDQRFKORULQH�UHVLGXHV�RQ�HJJVKHOO
WKLFNQHVV��UHSURGXFWLRQ��DQG�SRSXODWLRQ�VWDWXV�RI
EURZQ�SHOLFDQV��2GNGECPWU�QEEKFGPVCNKU��LQ�6RXWK
&DUROLQD�DQG�)ORULGD������²�������2GUVKE��/QPKV�
,��������²������

%RHOOVWRUII��'�(���+�0��2KOHQGRUI��'�:��$QGHUVRQ�
(�-��2·1HLOO��-�2��.HLWK��DQG�5�0��3URXW\���������
2UJDQRFKORULQH�FKHPLFDO�UHVLGXHV�LQ�ZKLWH
SHOLFDQV�DQG�ZHVWHUQ�JUHEHV�IURP�WKH�.ODPDWK
%DVLQ��&DOLIRUQLD���#TEJ��'PXKTQP��%QPVCO�
6QZKEQN��������²����

&DEUDO�-���5��+DOO��DQG�/��5RVVL����������(IIHFWV�RI
ORQJ�WHUP�LQWDNH�RI�''7�RQ�UDWV���6WOQTK
�����²���

&DOO��-�'���+�-��6KDYH��+�&��%LQJHU��0�(��%HUJHODQG�
%�'��$PPDQQ��DQG�-�-��:RUPDQ����������''(
SRLVRQLQJ�LQ�ZLOG�JUHDW�EOXH�KHURQ���$WNN�
'PXKTQP��%QPVCO��6QZKEQN��������²����

&DWKH\��%����������&RPSDUDWLYH�WR[LFLWLHV�RI�ILYH
LQVHFWLFLGHV�WR�WKH�HDUWKZRUP�.WODTKEWU
VGTTGUVTKU���#ITKEWNV��'PXKTQP������²���

&ODUN��'�5���-U���������'LFRIRO��.HOWKDQH��DV�DQ
HQYLURQPHQWDO�FRQWDPLQDQW���$�UHYLHZ���)LVK�DQG
:LOGOLIH�7HFK��5HSW�������8�6��)LVK�DQG�:LOGOLIH
6HUYLFH��:DVKLQJWRQ�

&ODUN��'�5���DQG�&�-��6WDIIRUG����������(IIHFWV�RI
''(�DQG�3&%��$URFORU�������RQ�H[SHULPHQWDOO\
SRLVRQHG�IHPDOH�OLWWOH�EURZQ�EDWV��/[QVKU
NWEKHWIWU����OHWKDO�EUDLQ�FRQFHQWUDWLRQV�
,��6QZKEQN��'PXKTQP��*GCNVJ������²����

&ODUN��'�5���-U���(�/��)OLFNLQJHU��'�+��:KLWH��
5�/��+RWKHP��DQG�$�$��%HOLVOH����������'LFRIRO
DQG�''7�UHVLGXHV�LQ�OL]DUG�FDUFDVVHV�DQG�ELUG
HJJV�IURP�7H[DV��)ORULGD��DQG�&DOLIRUQLD���$WNN�
'PXKTQP��%QPVCO��6QZKEQN��������²����

&RXUWQH\��&�+���DQG�-�.��5HHG����������$FFXPXODWLRQ
RI�''7�IURP�IRRG�DQG�IURP�ZDWHU�E\�JROGHQ
VKLQHU�PLQQRZV��0QVGOKIQPWU�ET[UQNGWECU���2TQE�
��VJ�#PP��%QPH��5QWVJGCUVGTP�#UUQE��)COG�(KUJ
%QOO���S�����²����
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&XOOHQ��0�&���DQG�'�:��&RQQHOO����������%LRDFFXPX�
ODWLRQ�RI�FKORURK\GURFDUERQ�SHVWLFLGHV�E\�ILVK�LQ
WKH�QDWXUDO�HQYLURQPHQW���%JGOQURJGTG
�����������²�����

&XVWHU��7�:���DQG�&�0�&XVWHU����������7UDQVIHU�DQG
DFFXPXODWLRQ�RI�RUJDQRFKORULQHV�IURP�EODFN�
FURZQHG�QLJKW�KHURQ�HJJV�WR�FKLFNV���'PXKTQP�
6QZKEQN��%JGO��������²����

&XVWHU��7�:���DQG�&�$��0LWFKHOO����������2UJDQR�
FKORULQH�FRQWDPLQDQWV�DQG�UHSURGXFWLYH�VXFFHVV
RI�EODFN�VNLPPHUV�LQ�VRXWK�7H[DV���������,��(KGNF
1TPKVJQN��������²����

'DYLV��%�1�.����������/DERUDWRU\�VWXGLHV�RQ�WKH
XSWDNH�RI�GLHOGULQ�DQG�''7�E\�HDUWKZRUPV���5QKN
$KQN��$KQEJGO�������²����

'DYLVRQ��.�/���DQG�-�/��6HOO����������''7�WKLQV�VKHOOV
RI�HJJV�IURP�PDOODUG�GXFNV�PDLQWDLQHG�RQ
#F�NKDKVWO�RI�FRQWUROOHG�IHHGLQJ�UHJLPHQV��
#TEJ��'PXKTQP��%QPVCO��6QZKEQN�������²����

'H�6PHW��.�'����������2UJDQRFKORULQHV��SUHGDWRUV�
DQG�UHSURGXFWLYH�VXFFHVV�RI�WKH�UHG�QHFNHG�JUHEH
LQ�VRXWKHUQ�0DQLWRED���%QPFQT�������²����

'HLFKPDQQ��:���:��0DF'RQDOG��DQG�$��%HDVOH\��
�������6XEQRUPDO�UHSURGXFWLRQ�LQ�EHDJOH�GRJV
LQGXFHG�E\�''7�DQG�DOGULQ���+PF��/GF�
�����²���

'LPRQG��-�%���DQG�-�$��6KHUEXUQH����������3HUVLVWHQFH
RI�''7�LQ�ZLOG�SRSXODWLRQV�RI�VPDOO�PDPPDOV��
0CVWTG��/RQG����������������²����

'XUKDP��:���3��2UWHJD��DQG�:��+D\HV����������7KH
HIIHFW�RI�YDULRXV�GLHWDU\�OHYHOV�RI�''7�RQ�OLYHU
IXQFWLRQ��FHOO�PRUSKRORJ\��DQG�''7�VWRUDJH�LQ
WKH�UKHVXV�PRQNH\���#TEJ��+PV��2JCTOCEQF[P�
6JGT��������²����

(GZDUGV��&�$����������,QVHFWLFLGH�UHVLGXHV�LQ�VRLOV��
4GUKFWG�4GX���������²����

(OOJDDUG��(�*���-�&��2FKVQHU��DQG�-�.��&R[���������
/RFRPRWRU�K\SHUDFWLYLW\�LQGXFHG�LQ�WKH�EOXHJLOO
VXQILVK��.GRQOKU�OCETQEJKTWU��E\�VXEOHWKDO
FRQFHQWUDWLRQV�RI�''7��%CP��,��<QQN��
�������²�����

(OOLRW��-�(���5�-��1RUVWURP��DQG�-�$��.HLWK���������
2UJDQRFKORULQHV�DQG�HJJVKHOO�WKLQQLQJ�LQ
QRUWKHUQ�JDQQHWV��5WNC�DCUUCPWU��IURP�HDVWHUQ
&DQDGD������²�������'PXKTQP��2QNNWV�������²����

(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������
''7���$�UHYLHZ�RI�VFLHQWLILF�DQG�HFRQRPLF
DVSHFWV�RI�WKH�GHFLVLRQ�WR�EDQ�LWV�XVH�DV�D
SHVWLFLGH���(3$²�����²��²������:DVKLQJWRQ�

(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������
$PELHQW�ZDWHU�TXDOLW\�FULWHULD�IRU�''7��
(3$������²��²�����17,6��6SULQJILHOG��9LUJLQLD�

(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������
$48,5(���$TXDWLF�LQIRUPDWLRQ�UHWULHYDO�WR[LFLW\
GDWD�EDVH���(3$������²��²������17,6�
6SULQJILHOG��9LUJLQLD�

(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��9LUJLQLD��������

(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������
(FRWR[�WKUHVKROGV���2IILFH�RI�6ROLG�:DVWH�DQG
(PHUJHQF\�5HVSRQVH���(&2�XSGDWH��
YRO�����1R������-DQXDU\���(3$²����)²�������

(GFGTCN�4GIKUVGT����������:DWHU�TXDOLW\�FULWHULD
GRFXPHQWV��DYDLODELOLW\³QRWLFHV���(GFGTCN
4GI������������)ULGD\��1RYHPEHU����

(GFGTCN�4GIKUVGT����������5XOHV�DQG�UHJXODWLRQV��
(GFGTCN�4GI������������7XHVGD\��'HFHPEHU����

)LQGKROW��6�/���DQG�&�+��7URVW���������
2UJDQRFKORULQH�SROOXWDQWV��HJJVKHOO�WKLFNQHVV��DQG
UHSURGXFWLYH�VXFFHVV�RI�EODFN�FURZQHG�QLJKW�
KHURQV�LQ�,GDKR���������%QNQPKCN�9CVGTDKTFU
��������

)LW]KXJK��2�*���DQG�$�$��1HOVRQ����������7KH
FKURQLF�RUDO�WR[LFLW\�RI�''7���,��2JCTOCEQN�
�����²����
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)OHPLQJ��:�-���'�5��&ODUN��-U���DQG�&�-��+HQQ\���������
2UJDQRFKORULQH�SHVWLFLGHV�DQG�3&%V���$
FRQWLQXLQJ�SUREOHP�IRU�WKH�����V���,Q��
6TCPUCEVKQPU����VJ�0QTVJ�#OGTKECP�9KNFNKHG
CPF�0CVWTCN�4GUQWTEGU�%QPH���:LOGOLIH
0DQDJHPHQW�,QVWLWXWH��:DVKLQJWRQ�

)RUV\WK��'�-���3�$��0DUWLQ��.�'��'H�6PHW��DQG�
0�(��5LVNH����������2UJDQRFKORULQH�FRQWDPLQDQWV
DQG�HJJVKHOO�WKLQQLQJ�LQ�JUHEHV�IURP�3UDLULH�
&DQDGD���'PXKTQP��2QNN�����������

)R[��*�$����������(JJVKHOO�TXDOLW\���,WV�HFRORJLFDO�DQG
SK\VLRORJLFDO�VLJQLILFDQFH�LQ�D�''(�
FRQWDPLQDWHG�FRPPRQ�WHUQ�SRSXODWLRQ��9KNUQP
$WNN��������²����

)ULHQG��0���DQG�'�2��7UDLQHU����������5HVSRQVH�RI
GLIIHUHQW�DJH�PDOODUGV�WR�''7���$WNN��'PXKTQP�
%QPVCO��6QZKEQN��������²���

*DLQHV��7�%���DQG�5�(��/LQGHU����������$FXWH�WR[LFLW\
RI�SHVWLFLGHV�LQ�DGXOW�DQG�ZHDQOLQJ�UDWV��
(WPFCO��#RRN��6QZKEQN�������²����

*HEDXHU��0�%���DQG�'�9��:HVHORK���������
$FFXPXODWLRQ�RI�RUJDQLF�FRQWDPLQDQWV�LQ
VHQWLQHO�PDOODUGV�XWLOL]LQJ�FRQILQHG�GLVSRVDO
IDFLOLWLHV�DW�+DPLOWRQ�+DUERXU��/DNH�2QWDULR��
#TEJ���'PXKTQP��%QPVCO��6QZKEQN��������²����

*UXEE��7�*���6�1��:LHPH\HU��DQG�/�)��.LII���������
(JJVKHOO�WKLQQLQJ�DQG�FRQWDPLQDQW�OHYHOV�LQ�EDOG
HDJOH�HJJV�IURP�$UL]RQD������²�������5QWVJYGUV�
0CV��������²����

*XWHQPDQQ��:�+���-�*��(EHO��+�7��.XQW]��
.�6��<RXUVWRQH��DQG�'�-��/LVN����������5HVLGXHV�
RI�R�R	�''(�DQG�PHUFXU\�LQ�ODNH�WURXW�DV�D
IXQFWLRQ�RI�DJH���#TEJ��'PXKTQP��%QPVCO�
6QZKEQN��������²����

*U]HQGD��$�5���'�)��3DULV��DQG�:�-��7D\ORU���������
7KH�XSWDNH��PHWDEROLVP��DQG�HOLPLQDWLRQ�RI
FKORULQDWHG�UHVLGXHV�E\�JROGILVK��%CTCUUKWU
CWTCVWU��IHG�D�&��²''7�FRQWDPLQDWHG�GLHW��
6TCPU��#O��(KUJ��5QE��������²����

+HDWK��5�*���-�:��6SDQQ��(�)��+LOO��DQG�-�)��.UHLW]HU��
�������%QORCTCVKXG�FKGVCT[�VQZKEKVKGU�QH
RGUVKEKFGU�VQ�DKTFU���8�6��)LVK�:LOGOLIH�6HUY��6SHF�
6FL��5HS��:LOGO����������S�

+HQGULNV��$�-���:�&��0D��-�-��%URXQV��
(�0��GH�5XLWHU�'LMNPDQ��DQG�5��*DVW���������
0RGHOOLQJ�DQG�PRQLWRULQJ�RUJDQRFKORULQH�DQG
KHDY\�PHWDO�DFFXPXODWLRQ�LQ�VRLOV��HDUWKZRUPV�
DQG�VKUHZV�LQ�5KLQH�GHOWD�IORRGSODLQV���#TEJ�
'PXKTQP��%QPVCO��6QZKEQN��������²����

+HQQ\��&�-���DQG�/�-��%OXV����������5DGLRWHOHPHWU\
ORFDWHV�ZLQWHULQJ�JURXQG�RI�''(�FRQWDPLQDWHG
EODFN�FURZQHG�QLJKW�KHURQV���9KNFN��5QE��$WNN�
������²����

+HQQ\��&�-���DQG�*�%��+HUURQ����������''(�
VHOHQLXP��PHUFXU\��DQG�ZKLWH�IDFH�LELV
UHSURGXFWLRQ�DW�&DUVRQ�/DNH��1HYDGD�
,��9KNFN��/CPCIG���������²�����

+HQQ\��&�-���/�-��%OXV��$�-��.U\QLWVN\��DQG�
&�0��%XQFN����������&XUUHQW�LPSDFW�RI�''(�RQ
EODFN�FURZQHG�QLJKW�KHURQV�LQ�WKH�,QWHU�
PRXQWDLQ�:HVW���,��9KNFN��/CPCIG������²���

+HQQ\��&�-���/�-��%OXV��DQG�5�0��3URXW\���������
2UJDQRFKORULQH�UHVLGXHV�DQG�VKHOO�WKLQQLQJ�LQ
2UHJRQ�VHDELUG�HJJV���6JG�/WTTGNGV������²���

+HQQ\��&�-���/�-��%OXV��DQG�&�6��+XOVH����������7UHQGV
DQG�HIIHFWV�RI�RUJDQRFKORULQH�UHVLGXHV�RQ�2UHJRQ
DQG�1HYDGD�ZDGLQJ�ELUGV������²�����%QNQPKCN
9CVGTDKTFU������²����

+LOO��(�)���DQG�0�%��&DPDUGHVH����������.GVJCN
FKGVCT[�VQZKEKVKGU�QH�GPXKTQPOGPVCN�EQPVCOKPCPVU
CPF�RGUVKEKFGU�VQ�&RWXUQL[���8�6��)LVK�DQG�:LOGOLIH
6HUYLFH��7HFKQLFDO�5HSRUW����:DVKLQJWRQ�

+LOO��(�)���:�(��'DOH��DQG�-�:��0LOOV����������''7
LQWR[LFDWLRQ�LQ�ELUGV���6XEFKURQLF�HIIHFWV�DQG
EUDLQ�UHVLGXHV���6QZKEQN��#RRN��2JCTOCEQN�
������²����

+LOO��(�)���5�*��+HDWK��-�:��6SDQQ��DQG��
-�'��:LOOLDPV����������.GVJCN�FKGVCT[�VQZKEKVKGU
QH�GPXKTQPOGPVCN�RQNNWVCPVU�VQ�DKTFU���8�6��)LVK�
DQG�:LOGOLIH�6HUYLFH��6SHFLDO�6FLHQWLILF
5HSRUW³:LOGOLIH��1R������
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+RNH��5�$���*�7��$QNHO\��$�0��&RWWHU��
7��*ROGHQVWHLQ��3�$��.RVLDQ��*�/��3KLSSV��DQG
)�0��9DQGHU0HLGHQ����������(YDOXDWLRQ�RI
HTXLOLEULXP�SDUWLWLRQLQJ�WKHRU\�IRU�SUHGLFWLQJ
DFXWH�WR[LFLW\�RI�ILHOG�FROOHFWHG�VHGLPHQWV
FRQWDPLQDWHG�ZLWK�''7��''(��DQG�'''�WR
WKH�DPSKLSRG�*[CNGNNC�C\VGEC���'PXKTQP�
6QZKEQN��%JGO��������²����

+RWKHP��5�/���'�/��5RVWHU��.�$��.LQJ��7�-��.HOGVHQ�
.�&��0DURLV��DQG�6�(��:DLQZULJKW����������6SDWLDO
DQG�WHPSRUDO�WUHQGV�RI�FRQWDPLQDQWV�LQ�HJJV�RI
ZDGLQJ�ELUGV�IURP�6DQ�)UDQFLVFR�%D\��&DOLIRUQLD��
'PXKTQP��6QZKEQN��%JGO���������²�����+XGVRQ�
5�+���5�.��7XFNHU��DQG�0�$��+DHJHOH���������
*CPFDQQM�QH�VQZKEKV[�QH�RGUVKEKFGU�VQ�YKNFNKHG���G
HG���8�6��)LVK�DQG�:LOGOLIH�6HUYLFH��5HVRXUFH
3XEOLFDWLRQ�����

+XQW��(�*���DQG�$�,��%LVFKRII����������,QLPLFDO
HIIHFWV�RQ�ZLOGOLIH�RI�SHULRGLF�'''�DSSOLFDWLRQV
WR�&OHDU�/DNH���%CNKH��(KUJ�)COG������²����

-DUYLQHQ��$�:���0�-��+RIIPDQ��DQG�7�:��7KRUVOXQG��
�������/RQJ�WHUP�WR[LF�HIIHFWV�RI�''7�IRRG�DQG
ZDWHU�H[SRVXUH�RQ�IDWKHDG�PLQQRZV��2KOGRJCNGU
RTQOGNCU����,��(KUJ��4GU��$QCTF�%CP��
�������²�����

-HIIHULHV��'�-����������6RPH�VXEOHWKDO�HIIHFWV�RI
R�R	�''7�DQG�LWV�PHWDEROLWH�R�R	�''(�RQ
EUHHGLQJ�SDVVHULQH�ELUGV���1XGTFTWM�7KV
/GFGFGNKPIGP�(CMWNVGKV�.CPFDQWY
9GVGPUEJCRRGP�)GPV�������²���

-HKO��-�5���-U����������6WXGLHV�RI�D�GHFOLQLQJ�SRSX�
ODWLRQ�RI�EURZQ�SHOLFDQV�LQ�QRUWKZHVWHUQ�%DMD
&DOLIRUQLD���%QPFQT������²���

-RKQVRQ��$���'��1RUWRQ��DQG�%��<DNH���������
3HUVLVWHQFH�RI�''7�LQ�WKH�<DNLPD�5LYHU
GUDLQDJH��:DVKLQJWRQ���#TEJ��'PXKTQP��%QPVCO�
6QZKEQN��������²����

.LQJ��.�$���(�/��)OLFNLQJHU��DQG�+�+��+LOGHEUDQG��
�������7KH�GHFOLQH�RI�EURZQ�SHOLFDQV�RQ�WKH
/RXLVLDQD�DQG�7H[DV�*XOI�&RDVW���5QWVJYGUV�
0CV��������²����

.LQJ��.�$���'�/��0HHNHU��DQG�'�0��6ZLQHIRUG��
�������:KLWH�IDFH�LELV�SRSXODWLRQV�DQG�SROOXWDQWV
LQ�7H[DV������²�������5QWVJYGUV�
0CV��������²����

.LQJ��.�$���'�5��%ODQNLQVKLS��(��3D\QH��
$�-��.U\QLWVN\��DQG�*�/��+HQVOHU����������%URZQ
SHOLFDQ�SRSXODWLRQV�DQG�SROOXWDQWV�LQ�7H[DV
����²�������9KNUQP�$WNN��������²����

.LQJ��.�$���7�:��&XVWHU��DQG�-�6��4XLQQ���������
(IIHFWV�RI�PHUFXU\��VHOHQLXP��DQG�RUJDQR�
FKORULQH�FRQWDPLQDQWV�RQ�UHSURGXFWLRQ�RI
)RUVWHU·V�WHUQV�DQG�EODFN�VNLPPHUV�QHVWLQJ�LQ�D
FRQWDPLQDWHG�7H[DV�ED\���#TEJ��'PXKTQP�
%QPVCO��6QZKEQN�������²���

.ODDVVHQ��&�'���0�2��$PGXU��DQG�-��'RXOO��HGV��
�������%CUCTGVV�CPF�&QWNN U�VQZKEQNQI[���6JG�DCUKE
UEKGPEG�QH�RQKUQPU���G�HG���0DFPLOODQ�3XEOLVKLQJ
&RPSDQ\��1HZ�<RUN�������S�

.XOVKUHVWKD��6�.���1��$URUD��DQG�6��6KDUPD���������
7R[LFLW\�RI�IRXU�SHVWLFLGHV�RQ�WKH�ILQJHUOLQJV�RI
,QGLDQ�PDMRU�FDUSV�.CDGQ�TQJKVC��%CVNC�ECVNC��DQG
%KTTJKPWU�OTKICNC���'EQVQZ��'PXKTQP��5CHGV[
������²����

/DUVVRQ��3���/��2NOD��DQG�/��&ROOYLQ���������
5HSURGXFWLYH�VWDWXV�DQG�OLSLG�FRQWHQW�DV�IDFWRUV�LQ
3&%��''7��DQG�+&+�FRQWDPLQDWLRQ�RI�D
SRSXODWLRQ�RI�SLNH��'UQZ�NWEKWU�/�����'PXKTQP�
6QZKEQN��%JGO��������²����

/DXJ��(�3���$�$��1HOVRQ��2�*��)LW]KXJK��DQG�
)�0��.XQ]H����������/LYHU�FHOO�DOWHUDWLRQ�DQG�''7
VWRUDJH�LQ�WKH�IDW�RI�WKH�UDW�LQGXFHG�E\�GLHWDU\
OHYHOV�RI��²����J�J�''7���-��3KDUPDFRO��([S�
7KHU��������²����

/HKPDQ��$����������5WOOCTKGU�QH�RGUVKEKFG�VQZKEKV[�
7RSHND��.6��$VVRFLDWLRQ�RI�)RRG�DQG�'UXJ
2IILFLDOV�RI�WKH�8QLWHG�6WDWHV�

/LQFHU��-�/����������6\QHUJLVWLF�HIIHFWV�RI�''(�DQG
$URFORU������RQ�UHSURGXFWLRQ�LQ�WKH�$PHULFDQ
NHVWUHO��(CNEQ�URCTXGTKWU����,Q���%�8��0H\EXUJ�DQG
5�'��&KDQFHOORU��HGV���4CRVQT�EQPUGTXCVKQP�VQFC[�
2TQEGGFKPIU�QH�VJG�+8�9QTNF�%QPHGTGPEG�QP�$KTFU
QH�2TG[�CPF�1YNU��$GTNKP��)GTOCP[���� ���/C[
�������:RUOG�:RUNLQJ�*URXS�RQ�%LUGV�RI�3UH\
DQG�2ZOV��/RQGRQ�

/LQGYDOO��0�/���DQG�-�%��/RZ����������(IIHFWV�RI
''(��7'(��DQG�3&%V�RQ�VKHOO�WKLFNQHVV�RI
ZHVWHUQ�JUHEH�HJJV��%HDU�5LYHU�0LJUDWRU\�%LUG
5HIXJH��8WDK������²�����2GUVKE��/QPKV��,�
������²����
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/RQJ��(�5���'�'��0DF'RQDOG��6�/��6PLWK��DQG�
)�'��&DOGHU����������,QFLGHQFH�RI�DGYHUVH
ELRORJLFDO�HIIHFWV�ZLWKLQ�UDQJHV�RI�FKHPLFDO
FRQFHQWUDWLRQV�LQ�PDULQH�DQG�HVWXDULQH
VHGLPHQWV���'PXKTQP��/CPCIG�������²���

/RQJFRUH��-�5���)�%��6DPVRQ��DQG�7�:��:KLWWHQGDOH�
-U����������''(�WKLQV�HJJVKHOOV�DQG�ORZHUV
UHSURGXFWLYH�VXFFHVV�RI�FDSWLYH�EODFN�GXFNV��
$WNN��'PXKTQP��%QPVCO��6QZKEQN�������²����

/RQJFRUH��-�5���DQG�5�&��6WHQGHOO����������6KHOO
WKLQQLQJ�DQG�UHSURGXFWLYH�LPSDLUPHQW�LQ�EODFN
GXFNV�DIWHU�FHVVDWLRQ�RI�''(�GRVDJH���#TEJ�
'PXKTQP��%QPVCO��6QZKEQN��������²����

0D��:�&����������$QQXDO�UHSRUW��������5HVHDUFK
,QVWLWXWH�IRU�1DWXUH�0DQDJHPHQW��:DJHQLQJHQ�
7KH�1HWKHUODQGV���S����²���

0DFHN��.�-���DQG�6��.RUQ����������6LJQLILFDQFH�RI�WKH
IRRG�FKDLQ�LQ�''7�DFFXPXODWLRQ�E\�ILVK��
,��(KUJ��4GU��$QCTF�%CP���������²�����

0DKRQH\��-�-����������''7�DQG�''(�HIIHFWV�RQ
PLJUDWRU\�FRQGLWLRQ�LQ�ZKLWH�WKURDWHG�VSDUURZV��
,��9KNFN��/CPCIG��������²����

0D\HU�-U���)�/���DQG�0�5��(OOHUVLHFN���������
([SHULHQFHV�ZLWK�VLQJOH�VSHFLHV�WHVWV�IRU�DFXWH
WR[LF�HIIHFWV�RQ�IUHVKZDWHU�DQLPDOV���#ODKQ
������²����

0RUD��0�$����������4GUKFWGU�CPF�VTGPFU�QH
QTICPQEJNQTKPG�RGUVKEKFG�CPF�RQN[EJNQTKPCVGF
DKRJGP[NU�KP�DKTFU�HTQO�6GZCU������ ������
:DVKLQJWRQ���8�6��1DWLRQDO�%LRORJLFDO�6HUYLFH�
)LVK�DQG�:LOGOLIH�5HVHDUFK�3XE�����

0RUD��0�$���'�:��$QGHUVRQ��DQG�0�(��0RXQW��
�������6HDVRQDO�YDULDWLRQ�RI�ERG\�FRQGLWLRQ�DQG
RUJDQRFKORULQHV�LQ�ZLOG�GXFNV�IURP�&DOLIRUQLD
DQG�0H[LFR���,��9KNFN��/CPCIG�������������

0XLU��'�&�*���%�5��+REGHQ��DQG�0�5��6HUYRV���������
%LRFRQFHQWUDWLRQ�RI�S\UHWKURLG�LQVHFWLFLGHV�DQG
''7�E\�UDLQERZ�WURXW���8SWDNH��GHSXUDWLRQ��DQG
HIIHFW�RI�GLVVROYHG�RUJDQLF�FDUERQ���#SWCV�
6QZKEQN��������²����

0XVWDID��6���DQG�$��0XUDG����������6XUYLYDO�
EHKDYLRUDO�UHVSRQVH�DQG�KHPDWRORJLFDO�SURILOH�RI
FDWILVK�*GVGTQRPGWUVGU�HQUUKNKU�H[SRVHG�WR�''7��
,RP��,��+EJVJ[QN�������²���

1&,��1DWLRQDO�&DQFHU�,QVWLWXWH�����������%LRDVVD\V�RI
''7��7'(��DQG�R�R	�''(�IRU�SRVVLEOH�FDUFLQR�
JHQLFLW\���%HWKHVGD��0'��8�6��1DWO��,QVWV��+HDOWK�
1DWO��&DQFHU�,QVW���&DUFLQRJHQHVLV�7HFK��5HSW�
�����8�6��'HSW��+HDOWK��(GXF���:HOIDUH�3XE�
�1,+����²������

1REOH��'�*���DQG�-�(��(OOLRWW����������/HYHOV�RI
FRQWDPLQDQWV�LQ�&DQDGLDQ�UDSWRUV�������WR������
HIIHFWV�DQG�WHPSRUDO�WUHQGV���%CP��(KGNF�0CV�
�������²����

2KOHQGRUI��+�0���'�0��6ZLQHIRUG��DQG�/�1��/RFNH��
�������2UJDQRFKORULQH�UHVLGXHV�DQG�PRUWDOLW\�RI
KHURQV���2GUVKE��/QPKV��,�����������²����

2KOHQGRUI��+�0���)�&��6FKDIIQHU��7�:��&XVWHU��DQG
&�-��6WDIIRUG����������5HSURGXFWLRQ�DQG
RUJDQRFKORULQH�FRQWDPLQDQWV�LQ�WHUQV�DW�
6DQ�'LHJR�%D\���%QNQPKCN�9CVGTDKTFU�����²���

2KOHQGRUI��+�0���DQG�.�&��0DURLV���������
2UJDQRFKORULQHV�DQG�VHOHQLXP�LQ�&DOLIRUQLD�QLJKW�
KHURQ�DQG�HJUHW�HJJV����'PXKTQP��/QPKV��#UUGUU�
�����²����

251/��2DN�5LGJH�1DWLRQDO�/DERUDWRU\����������
5ETGGPKPI�DGPEJOCTMU�HQT�GEQNQIKECN�TKUM
CUUGUUOGPV��XGTUKQP�������(OHFWURQLF�GDWD�EDVH
SUHSDUHG�E\�(QYLURQPHQWDO�6FLHQFHV�DQG�+HDOWK
6FLHQFHV�5HVHDUFK�'LYLVLRQV��2DN�5LGJH�1DWLRQDO
/DERUDWRU\��2DN�5LGJH��7HQQHVVHH��IRU�
8�6��'HSDUWPHQW�RI�(QHUJ\��:DVKLQJWRQ��
>$YDLODEOH�YLD�,QWHUQHW�DW�ZZZ�KVUG�RUQO�JRY�
HFRULVN�EHQFKRPH�KWPO�@

2WWRERQL��$����������(IIHFW�RI�''7�RQ�UHSURGXFWLRQ
LQ�WKH�UDW���6QZKEQN��#RRN��2JCTOCEQN�����������

2WWRERQL��$���*��%LVVHOO��DQG�$��+H[WHU���������
(IIHFWV�RI�''7�RQ�UHSURGXFWLRQ�LQ�PXOWLSOH
JHQHUDWLRQV�RI�EHDJOH�GRJV���#TEJ��'PXKTQP�
%QPVCO��6QZKEQN������²����

3DUNLQVRQ��&���DQG�&��$JLXV����������$FXWH�WR[LFLW\�RI
''7�WR�WLODSLD��1TGQEJTQOKU�URKNWTWU�*XQWKHU�
LQ�YLYR�DQG�LQ�YLWUR���#6.#�������²����

3HDNDOO��'�%���7�-��&DGH��&�0��:KLWH��DQG�
-�5��+DXJK����������2UJDQRFKORULQH�UHVLGXHV�LQ
$ODVNDQ�SHUHJULQHV���%CP��(KGNF�0CV���������²����

3HDUFH��3�$���'�%��3HDNDOO��DQG�/�0��5H\QROGV���������
6KHOO�WKLQQLQJ�DQG�UHVLGXHV�RI�RUJDQRFKORULQHV
DQG�PHUFXU\�LQ�VHDELUG�HJJV��HDVWHUQ�&DQDGD�
����²�����2GUVKE��/QPKV�
,�������²���



''7

��

3HUVDXG��'���5��-DDJXPDJL��DQG�$��+D\WRQ���������
*XLGHOLQHV�IRU�WKH�SURWHFWLRQ�DQG�PDQDJHPHQW
RI�DTXDWLF�VHGLPHQW�TXDOLW\�LQ�2QWDULR��2QWDULR
0LQLVWU\�RI�WKH�(QYLURQPHQW�DQG�(QHUJ\�
7RURQWR��&DQDGD�

3KDP��7���.��/XP��DQG�&��/HPLHX[����������7KH
RFFXUUHQFH��GLVWULEXWLRQ��DQG�VRXUFHV�RI�''7�LQ
WKH�6W��/DZUHQFH�5LYHU��4XHEHF��&DQDGD���
%JGOQURJGTG��������²�����

3KLSSV��*�/���9�5��0DWWVRQ��DQG�*�7��$QNOH\���������
5HODWLYH�VHQVLWLYLW\�RI�WKUHH�IUHVKZDWHU�EHQWKLF
PDFURLQYHUWHEUDWHV�WR�WHQ�FRQWDPLQDQWV���#TEJ�
'PXKTQP��%QPVCO��6QZKEQN��������²����

3ULFH��,�0����������(QYLURQPHQWDO�FRQWDPLQDQWV�LQ
UHODWLRQ�WR�&DQDGLDQ�ZLOGOLIH���6TCPU��0��#O�
9KNFN��0CV��4GUQWT��%QPH��������²����

5DQGDOO��:�)���:�+��'HQQLV��DQG�0�&��:DUQHU��
�������$FXWH�WR[LFLW\�RI�GHFKORULQDWHG�''7�
FKORUGDQH��DQG�OLQGDQH�WR�EOXHJLOO��.GRQOKU
OCETQEJKTWU��DQG�&CRJPKC�OCIPC���$WNN�
'PXKTQP��%QPVCO��6QZKEQN���������²����

5LVHEURXJK��5�:����������(IIHFWV�RI�HQYLURQPHQWDO
SROOXWDQWV�XSRQ�DQLPDOV�RWKHU�WKDQ�PDQ���,Q��
/H&DP��-�1���DQG�6FRWW��(�/���HGV���2TQEGGFKPIU�QH
VJG�5KZVJ�$GTMGNG[�5[ORQUKWO�QP�/CVJGOCVKECN
5VCVKUVKEU�CPF�2TQDCDKNKV[���8QLYHUVLW\�RI
&DOLIRUQLD�3UHVV��%HUNHOH\��&DOLIRUQLD��
S����������

5RVVL�/���2��%DUELHUL��DQG�0��6DQJXLQHWL���������
&DUFLQRJHQLFLW\�VWXG\�ZLWK�WHFKQLFDO�JUDGH
GLFKORURSKHQ\OWULFKORURHWKDQH�DQG�
����GLFKORUR�����DKU�R�FKORURSKHQ\O��HWK\OHQH�
LQ�KDPVWHUV���%CPEGT�4GU��������²����

5XVVHOO��5�:���6�-��+HFQDU��DQG�*�'��+DIIQHU���������
2UJDQRFKORULQH�SHVWLFLGH�UHVLGXHV�LQ�VRXWKHUQ
2QWDULR�VSULQJ�SHHSHUV���'PXKTQP��6QZKEQN�
%JGO��������²����

6DQFKH]�)RUWXQ��6���)��6DQ]�%DUUHUD��DQG�
0�9��%DUDKRQD�*RPDUL]����������$FXWH�
WR[LFLWLHV�RI�VHOHFWHG�LQVHFWLFLGHV�WR�WKH�DTXDWLF
DUWKURSRG�#TVGOKC�UCNKPC���$WNN��'PXKTQP�
%QPVCO��6QZKEQN�������²���

6KXNOD��/���DQG�$�.��3DQGH\����������,PSDLUPHQW�RI
V\URLG�DFWLYLW\�LQ�5CTQVJGTQFQP�OQUUCODKEWU�GXH
WR�''7�7UHDWPHQW���$WNN��'PXKTQP��%QPVCO�

6QZKEQN��������²����

6PLWK��6�%���-�)��6DYLQR��DQG�0�$��%ORXLQ���������
$FXWH�WR[LFLW\�WR�&CRJPKC�RWNGZ�RI�VL[�FODVVHV�RI
FKHPLFDO�FRPSRXQGV�SRWHQWLDOO\�KD]DUGRXV�WR
*UHDW�/DNHV�DTXDWLF�ELRWD���,��)TGCV�.CMGU
4GU��������²����

6RGHUJUHQ��$����������8SWDNH�DQG�DFFXPXODWLRQ�RI
&��²''7�E\�%JNQTGNNC�VS���&KORURSK\FHDH���
1KMQU��������

6WLFNHO��/�)����������3HVWLFLGH�UHVLGXHV�LQ�ELUGV�
DQG�PDPPDOV���,Q���&�$��(GZDUGV��HG��
'PXKTQPOGPVCN�RQNNWVKQP�D[�RGUVKEKFGU���3OHQXP
3UHVV��1HZ�<RUN���S�����²����

6WLFNHO��/�)���DQG�:�+��6WLFNHO����������'LVWULEXWLRQ�RI
''7�UHVLGXHV�LQ�WLVVXHV�RI�ELUGV�LQ�UHODWLRQ�WR
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