
�

�
� (3$�����5�������)�
� 0D\������
� �
�
�

�
�
�
�
�
�
�
�
�
�

An Exposure Assessment of 
Polybrominated Diphenyl Ethers 

�
�
�
�
�

 
 
 
 
 
�
�
�
�
�
�
 
 

1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�$VVHVVPHQW�
2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW�
8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�

:DVKLQJWRQ��'&�
�



 ii

DISCLAIMER 
 
 This document has been reviewed in accordance with U.S. Environmental Protection 
Agency policy and approved for publication.  Mention of trade names or commercial products 
does not constitute endorsement or recommendation for use. 
 
 

ABSTRACT 
 
 Polybrominated diphenyl ethers, PBDEs, are a class of brominated flame retardants that, 
like other persistent organic pollutants (POPs), have been found in humans, wildlife, and biota 
worldwide.  Unlike other POPs, however, the key routes of human exposure are thought to be 
from their use in household consumer products, and their presence in house dust, and not from 
dietary routes.  The exposure of Americans to PBDEs was systematically evaluated in this study.  
The production and lifecycle of the formulated PBDE products were examined.  Literature on 
their fate and presence in the environment was reviewed.  Exposure media data on brominated 
diphenyl ether (BDE) congeners were combined with estimates of adult, childhood, and infant 
intake factors to estimate a total intake of PBDEs for these receptors.  The exposure pathways 
evaluated included food and water ingestion, inhalation, and ingestion of and dermal contact 
with house dust.  For the adult intakes, a body burden of PBDEs was simulated using a simple 
pharmacokinetic model.  The predicted body burdens were com- pared with representative adult 
profiles of PBDEs in blood and milk.  The adult intake dose of total PBDEs was estimated to be 
7.1 ng/kg body weight-day.  Comparable published values for total PBDE exposure average 3 to 
16 ng/kg-day.  The estimated adult intake dose of 7.1 ng/kg-day was predicted to result in a body 
burden of 31.0 ng/g lipid weight (lwt).  This compared to body burdens of 36.3 ng/g lwt found in 
blood and 44.1 ng/g lwt found in mother’s milk.  Adult food intake contributes about 10% to 
total exposure and was estimated in this analysis to be about 0.6 ng/kg-day.  Comparable 
published values for food intake were about 0.5 to 2.0 ng/kg-day.  The largest source 
contributing to U.S. PBDE exposure was found to be house dust, estimated as 6.4 ng/kg-day, and 
contributing 90% of the overall estimated intakes.  These adult intakes and body burdens were 
derived as central tendency estimates for the US general population.   Intakes from housedust 
exposures (ingestion plus dermal contact) could range up to an order of magnitude higher than 
calculated for this central tendency considering the highest PBDE concentrations found in dust.  
The 95th percentile adult body burden of total PBDEs found in the 2003/2004 National Health 
and Nutritional Evaluation Survey (NHANES) was 291 ng/g lwt, about an order of magnitude 
higher than the central tendencies of 36.3 ng/g lwt in blood.  Children’s estimated intakes were 
higher at 47.2 ng/kg/day for ages 1–5, 13.0 ng/kg/day for 6–11, and 8.3 ng/kg/day for 12–19.  
Infant intakes due to ingestion of mother’s milk were the highest at 141 ng/kg/day.  Other 
exposures of interest examined in this report include fetal exposures, occupational exposures, 
and unusually high exposures in the general population.  
  
Preferred Citation: 
U.S. Environmental Protection Agency (EPA). (2010) An exposure assessment of polybrominated diphenyl ethers.  
National Center for Environmental Assessment, Washington, DC; EPA/600/R-08/086F.  Available from the 
National Technical Information Service, Springfield, VA, and online at http://www.epa.gov/ncea.   
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EXECUTIVE SUMMARY 
 
 
Polybrominated diphenyl ethers, PBDEs, are a class of brominated flame retardants 

intentionally manufactured to retard the combustibility of treated materials. When fire occurs, the 

PBDE formulations utilize vapor phase chemical reactions that interfere with the combustion 

process, thus delaying ignition and inhibiting the spread of fire. These characteristics have 

promoted the widespread use of PBDEs in textiles, flexible polyurethane foams used in 

upholstery stuffing for furniture and car seats, electronic components, electrical components, and 

plastics used in the casings of televisions, personal computers, and other electronic equipment.   

PBDEs have a common structure of a brominated diphenyl ether molecule that may have 

anywhere from 1 to 10 bromine atoms attached.  Depending on the location and number of 

bromine atoms, there are 209 possible PBDE compounds; each are termed congener and are 

assigned a specific brominated diphenyl ether (BDE) number.  PBDEs have been marketed in 

three primary formulations: (1) the “penta” formulation, commercially known as DE-71 and 

Bromkal 70-5DE; (2) the “octa” formulation, DE-79; and (3) the “deca” formulation, DE-83R or 

Saytex 102E.  The formulations differ in their composition of BDE congeners.  The dominant 

congeners in pentaBDE (percent weight basis in parenthesis) are BDE 99 (35í50%), BDE 47 

(25í37%), BDE 100 (6í10%), BDE 153 (3í5%), and BDE 154 (2í4%).  The octa formulation 

is composed of BDE 183 (40%), BDE 197 (21%), BDE 203 (5í35%), BDE 196 (8%), BDE 208 

(10%), BDE 207 (7%), BDE 153 (5í10%), and BDE 154 (1í5%).  The deca formulation is 

dominated by BDE 209 (97.5%), with the remainder being BDE 206 (2.2%), BDE 207 (0.24%), 

and BDE 208 (0.06%).   

Studies have been conducted in laboratory animals to gain a better understanding of the 

potential health risks of PBDEs.  These studies have suggested potential concerns about liver 

toxicity, thyroid toxicity, developmental and reproductive toxicity, and developmental 

neurotoxicity.  These findings raise particular concerns about the potential risks to children.  The 

carcinogenic potential of some PBDEs have been studied.  In a review of toxicological studies as 

part of a toxicological review for EPA’s Integrated Risk Information System (2008), EPA has 

found that the data for decabromodiphenyl ether (the commercial formulation composed mostly 

of BDE 209) support a finding of “suggestive evidence of carcinogenic potential” according to 

EPA’s Guidelines for Carcinogen Risk Assessment.  For BDE congeners BDE 99, BDE 153, and 
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%'(�����(3$�KDV�IRXQG�WKDW�WKH�GDWD�VXSSRUW�D�ILQGLQJ�RI�³LQDGHTXDWH�LQIRUPDWLRQ�WR�DVVHVV�

FDUFLQRJHQLF�SRWHQWLDO�´

 

Production, Use and Release��

$SSUR[LPDWHO\��������PHWULF�WRQV��07��RI�3%'(V�ZHUH�SURGXFHG�ZRUOGZLGH�LQ�������

WKH�ODWHVW�UHSRUWLQJ�\HDU��ZLWK�EHWZHHQ��������DQG��������07�\HDU�SURGXFHG�EHWZHHQ������DQG�

�������,Q�������GHFD%'(�DFFRXQWHG�IRU�����RI�WRWDO�ZRUOGZLGH�SURGXFWLRQ��IROORZHG�E\�

SHQWD%'(��������DQG�RFWD%'(��������$SSUR[LPDWHO\�����RI�WKH�JOREDO�SURGXFWLRQ�RI�

SHQWD%'(������RI�RFWD%'(��DQG�����RI�GHFD%'(�ZHUH�FRQVXPHG�LQ�WKH�$PHULFDV��1RUWK��

6RXWK��DQG�&HQWUDO�$PHULFD����7KH�SHQWD�DQG�RFWD�IRUPXODWLRQV�ZHUH�YROXQWDULO\�ZLWKGUDZQ�IURP�

WKH�8�6��PDUNHWSODFH�E\�WKHLU�PDQXIDFWXUHUV�DW�WKH�HQG�RI�������OHDYLQJ�RQO\�WKH�GHFD�

IRUPXODWLRQ�FXUUHQWO\�EHLQJ�PDUNHWHG�IRU�XVH�LQ�FRPPHUFLDO�SURGXFWV�LQ�WKH�8QLWHG�6WDWHV���7KH�

SHQWD�DQG�RFWD�IRUPXODWLRQV�ZHUH�EDQQHG�LQ�(XURSH��WKXV�OHDYLQJ�WKH�GHFD�IRUPXODWLRQ�DV�WKH�

RQO\�FXUUHQWO\�XVHG�IRUPXODWLRQ�LQ�(XURSH��WRR���+RZHYHU��LQ�'HFHPEHU�RI�������WKH�(3$�

DQQRXQFHG�WKH�SKDVH�RXW�RI�GHFD%'(��ZLWK�SURGXFWLRQ��LPSRUWDWLRQ��DQG�VDOHV�RI�GHFD%'(�IRU�

PRVW�XVHV�LQ�WKH�8QLWHG�6WDWHV�WR�HQG�E\�������������DQG�DOO�XVHV�WR�HQG�E\���������������

� $�OLPLWHG�OLIH�F\FOH�DQDO\VLV�SURYLGHV�VRPH�LQGLFDWLRQ�RI�WKH�PDJQLWXGH�RI�UHOHDVHV�RI�

3%'(V�WR�WKH�RXWVLGH�DQG�LQVLGH�HQYLURQPHQWV��EDVHG�RQ�HVWLPDWHV�RI�UHOHDVHV�IURP�3%'(�

SURGXFWLRQ�SURFHVVHV��IURP�YRODWLOL]DWLRQ�RI�3%'(V�LQ�SURGXFWV�ZKLOH�LQ�XVH��DQG�IURP�GLVSRVDO�

RI�SURGXFWV�FRQWDLQLQJ�3%'(V���)LJXUH�(���LV�D�VXPPDU\�RI�D�JHQHUDOL]HG�DQQXDO�OLIH�F\FOH�RI�

3%'(�LQ�WKH�8QLWHG�6WDWHV��SURGXFWLRQ��XVH��GLVSRVDO��UHF\FOLQJ��DQG�VHZDJH�WUHDWPHQW���7KH�

7R[LFV�5HOHDVH�,QYHQWRU\��75,��UHSRUWV�D�WRWDO�UHOHDVH�RI������07�RI�GHFD%'(�WR�WKH�DLU��ODQG��

DQG�ZDWHU�LQ��������$FFRUGLQJ�WR�75,��WRWDO�HQYLURQPHQWDO�UHOHDVHV�SHDNHG�LQ�������ZLWK�D�

UHOHDVH�RI������07��DQG�VWD\HG�DW�VLPLODU�OHYHOV�WKURXJK��������7KHUH�ZDV�D�GURS�LQ�UHOHDVHV�LQ�

�����WR������07��IROORZHG�E\�DQ�LQFUHDVH�LQ������WR������07��DQG�WKHQ�GHFOLQHV�LQ�������������

DQG���������

� 0XFK�RI�WKH�PDQXIDFWXUHG�3%'(V�KDYH�EHHQ�XVHG�WR�PDNH�SODVWLF�FRQVXPHU�SURGXFWV�

IODPH�UHWDUGDQW���$�PDWKHPDWLFDO�PRGHO�ZDV�XVHG�WR�HVWLPDWH�WKH�DPRXQW�RI�3%'(V�WKDW�PD\�

YRODWLOL]H�IURP�WKH�WUHDWHG�SURGXFW�WR�WKH�DLU��PRVWO\�LQGRRU�DLU��GXULQJ�SURGXFW�XVH�LQ�WKH�8QLWHG�

6WDWHV���,W�ZDV�HVWLPDWHG�WKDW�������NJ�\HDU�RI�%'(����������NJ�\HDU�RI�%'(���������NJ�\HDU�RI�

%'(����������NJ�\HDU�RI�%'(�����DQG���NJ�\HDU�HDFK�RI�%'(�����%'(������DQG�%'(������
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�
Figure E-1.  Summary of a generalized annual life cycle of PBDE in the 
United States: production, use, disposal, recycling, and sewage treatment. 

 
�
PD\�YRODWLOL]H�WR�WKH�DLU�XVLQJ�WKLV�PRGHO���7KHVH�HVWLPDWHV�FDQ��DW�EHVW��EH�FRQVLGHUHG�LQLWLDO�

HVWLPDWHV�WKDW�DUH�XQYHULILDEOH���+RZHYHU��WKH\�DUH�FRQVLVWHQW�ZLWK�FKDPEHU�VWXGLHV�LQ�WKDW�WKH�

JUHDWHU�WKH�YDSRU�SUHVVXUH��DQG�WKH�ORZHU�WKH�RFWDQRO�DLU�SDUWLWLRQ�FRHIILFLHQW��WKH�PRUH�OLNHO\�WKH�

%'(�FRQJHQHU�ZLOO�YRODWLOL]H�IURP�WKH�SODVWLF�SURGXFW�LQWR�WKH�DLU���,Q�WKLV�UHJDUG��%'(����KDV�WKH�

JUHDWHVW�WHQGHQF\�WR�YRODWLOL]H�IURP�SODVWLF���$OWKRXJK�XQFHUWDLQ��WKH�HVWLPDWHV�DUH�MXGJHG�WR�KDYH�

SURYLGHG�DQ�RUGHU�RI�PDJQLWXGH�HVWLPDWH�RI�WKH�YRODWLOH�UHOHDVH�RI�WKHVH�IODPH�UHWDUGDQWV�IURP��

SODVWLF�SURGXFWV�LQ�XVH���$QRWKHU�UHOHDVH�PHFKDQLVP�QRWHG�LV�WKH�IODNLQJ�RII��FUXPEOLQJ��DQG�RU�

JHQHUDO�SK\VLFDO�UHPRYDO�RI�3%'(V�IURP�WUHDWHG�IRDP�SURGXFWV���$OWKRXJK�VXFK�D�ORVV�

PHFKDQLVP�PD\�EH�VLJQLILFDQW��WKHUH�LV�QR�ZD\�WR�TXDQWLI\�WKLV�DYHQXH�RI�ORVV��RU�HYHQ�

TXDOLWDWLYHO\�FRPSDUH�LW�WR�RWKHU�ORVV�PHFKDQLVPV���

5HOHDVHV�FDQ�RFFXU�IURP�WKH�GLVSRVDO�RI�HOHFWURQLF�DQG�HOHFWULFDO�HTXLSPHQW��(((��ZDVWH���

,Q�WKH�8QLWHG�6WDWHV��DQ�HVWLPDWHG�����PLOOLRQ�PHWULF�WRQV��007��RI�(((�ZDVWH�ZDV�JHQHUDWHG�LQ�

�������2I�WKLV�DPRXQW������007�ZDV�UHFRYHUHG�IRU�UHF\FOLQJ�������007�ZDV�LQFLQHUDWHG�LQ�
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PXQLFLSDO�ZDVWH�FRPEXVWRUV��DQG������007�ZDV�EXULHG�LQ�PXQLFLSDO�VROLG�ZDVWH��06:��

ODQGILOOV���([WUDSRODWLQJ�WR�8�6��IURP�OLPLWHG�(XURSHDQ�VWXGLHV�VXJJHVWV�WKDW�WKH�(((�ZDVWH�

FRQWDLQV�DERXW�������07�GHFD%'(�DQG�������07�RI�RFWD%'(���+RZHYHU��8�6��(((�ZDVWH�KDV�

\HW�WR�EH�DGHTXDWHO\�FKDUDFWHUL]HG�IRU�3%'(�FRQWHQW���/RVVHV�RI�3%'(V�LQ�UHF\FOHG�SURGXFWV�

ZHUH�QRW�HVWLPDWHG�LQ�WKH�OLIH�F\FOH�DQDO\VLV���7KH�ODQGILOOLQJ�RI�(((�ZDVWH�ZDV�DVVXPHG�QRW�WR�

UHVXOW�LQ�HQYLURQPHQWDO�UHOHDVHV�RI�3%'(V��EHFDXVH�RI�WKH�FDUHIXO�FRQGLWLRQV��OLQHUV��WUHDWHG�

OHDFKDWH��UHTXLUHG�E\�ODZ�IRU�06:�ODQGILOOV�LQ�WKH�8QLWHG�6WDWHV���+RZHYHU��WKH�OLIH�F\FOH�

DQDO\VLV�VXJJHVWV�WKDW�06:�ODQGILOOV�DUH�VLJQLILFDQW�HQYLURQPHQWDO�UHVHUYRLUV�IRU�3%'(V���,W�LV�

SRVVLEOH�WKDW�������07�3%'(V�ZHUH�GLVSRVHG�RI�LQ�8�6��ODQGILOOV�LQ������DORQH���%DVHG�RQ�

PHDVXUHG�FRQFHQWUDWLRQV�RI�GHFD%'(�LQ�(((�SURGXFWV�DQG�WKH�GHVWUXFWLRQ�HIILFLHQF\�IURP�06:�

LQFLQHUDWRUV�ZLWK�D�KLJK�GHJUHH�RI�SROOXWLRQ�FRQWURO��UHOHDVHV�RI�%'(�����WRWDOHG������NJ�\HDU����

6HZDJH�WUHDWPHQW�SODQW�RSHUDWLRQV�DOVR�UHVXOW�LQ�HQYLURQPHQWDO�UHOHDVHV�RI�3%'(V���7KH�

XQWUHDWHG�VHZDJH�HQWHULQJ�WKH�WUHDWPHQW�SODQW�FRQWDLQV�VLJQLILFDQW�DPRXQWV�RI�3%'(V���%RWK�

VHZDJH�VOXGJH�IURP�WKH�WUHDWPHQW�SODQW�SURFHVVHV�DV�ZHOO�DV�WKH�WUHDWHG�VHZDJH�WUHDWPHQW�SODQW�

HIIOXHQW�FRQWDLQ�DSSUHFLDEOH�DPRXQWV�RI�3%'(V���7KH�DQQXDO�ODQG�DSSOLFDWLRQ�RI�VHZDJH�VOXGJH�

DV�D�VRLO�DPHQGPHQW�SUDFWLFH�UHVXOWV�LQ�������������������DQG������07�\HDU�RI�%'(������%'(�����

%'(������DQG�%'(������UHVSHFWLYHO\��EHLQJ�DSSOLHG�WR�ODQG�LQ�WKH�8QLWHG�6WDWHV���7KH�OLIH�F\FOH�

DQDO\VLV�HVWLPDWHV�WKDW����������������������DQG�����NJ�\HDU�RI�%'(������%'(������%'(������

%'(�����DQG�%'(�����UHVSHFWLYHO\��DUH�GLVFKDUJHG�DQQXDOO\�LQWR�VXUIDFH�ZDWHUV�LQ�WKH�8QLWHG�

6WDWHV�IURP�VHZDJH�WUHDWPHQW�SODQW�HIIOXHQW��

�

Environmental Fate  

3%'(V�DUH�XELTXLWRXV�HQYLURQPHQWDO�FRQWDPLQDQWV���:LGHVSUHDG�GLVSHUVLRQ�RI�%'(�

FRQJHQHUV�LQ�WKH�HQYLURQPHQW�LV�JRYHUQHG�E\�WKHLU�UHVSHFWLYH�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV���

7KH�DWPRVSKHUH�LV�WKH�SULPDU\�WUDQVSRUW�PHGLD��DQG�VRLOV�DQG�VHGLPHQWV�DUH�HQYLURQPHQWDO�VLQNV���

7UDQVSRUW�FDQ�RFFXU�RYHU�UHODWLYHO\�ORQJ�GLVWDQFHV��!������NP���(YLGHQFH�IRU�WKLV�FRPHV�IURP�WKH�

SUHVHQFH�RI�3%'(V�LQ�WKH�SRODU�HQYLURQPHQWV��DQG�LQ�WKH�WLVVXHV�RI�GHHS�RFHDQ�GZHOOLQJ�ZKDOHV�

DQG�RWKHU�PDULQH�PDPPDOV�ZKR�VSHQG�D�VLJQLILFDQW�SRUWLRQ�RI�WKHLU�OLYHV�IDU�IURP�DQWKURSRJHQLF�

VRXUFHV���3%'(V�DUH�OLSRSKLOLF�DQG�K\GURSKRELF�FRPSRXQGV�DQG�UHDGLO\�ELRDFFXPXODWH�LQWR�

WHUUHVWULDO�DQG�DTXDWLF�IRRG�ZHEV���7KLV�WHQGHQF\�KDV�UHVXOWHG�LQ�H[WHQVLYH�DFFXPXODWLRQ�RI�

3%'(V�LQ�D�ZLGH�YDULHW\�RI�ELUGV��ILVK��LQVHFWV��DQG�DTXDWLF�DQG�WHUUHVWULDO�PDPPDOV�UHIOHFWLYH�RI�
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GLHWDU\�H[SRVXUHV�WKURXJK�WKH�IRRG�FKDLQ���,Q�PRVW�ILVK��RFHDQ�DQG�IUHVKZDWHU��DQG�PDULQH�

PDPPDOV��%'(����LV�WKH�PDMRU�FRQJHQHU�FRQWULEXWLQJ�!����WR�WRWDO�ERG\�EXUGHQ�RI�3%'(V���

7KH�FRQJHQHU�GLVWULEXWLRQ�LQ�WLVVXHV�RI�ILVK�XVXDOO\�IROORZV�WKH�RUGHU�%'(����!�%'(����

!�%'(�����!�%'(�����!�%'(�����!�%'(����!�%'(������,Q�WKH�IHZ�VWXGLHV�ZKHUH�%'(�����

ZDV�PHDVXUHG�LQ�ILVK�WLVVXH��%'(�����KDV�UDQJHG�IURP����XS�WR�����RI�WRWDO�3%'(�ERG\�

EXUGHQ��GHSHQGLQJ�RQ�WKH�GLHWDU\�VRXUFH�RI�%'(�������7KH�3%'(�ERG\�EXUGHQ�RI�ELUGV�LV�KLJKO\�

LQIOXHQFHG�E\�GLHW���)RU�H[DPSOH��LQ�D�VWXG\�RI�3HUHJULQH�)DOFRQ�HJJV��WKH�UDQN�RUGHU�E\�3%'(�

FRQFHQWUDWLRQ�LQ�HJJV��KLJK�WR�ORZ��ZDV��%'(�����!�%'(����!�%'(�����!�%'(�����!�%'(�����

!�%'(�����!�%'(�����!�%'(����!�%'(�������%'(����ZDV�D�PLQRU�FRQVWLWXHQW�LQ�3HUHJULQH�

)DOFRQ�HJJV��RQ�DYHUDJH�RQO\���������7KH�3HUHJULQH�)DOFRQ�FRQVXPHV�D�GLHW�FRQVLVWLQJ�RI�

PHGLXP�VL]HG�ELUGV�VXFK�DV�GRYHV��ZDWHUIRZO��VRQJELUGV��ZDGHUV��DQG�SLJHRQV���7KH�&RUPRUDQW�

QHVWV�LQ�VZDPS\�DUHDV�RU�QHDU�ODUJH�ERGLHV�RI�ZDWHU�VXFK�DV�ULYHUV�DQG�ODNHV��DQG�LWV�GLHW�FRQVLVWV�

PDLQO\�RI�ILVK���%'(����FRQWULEXWHG�DSSUR[LPDWHO\�����RI�WKH�WRWDO�ERG\�EXUGHQ�RI�3%'(V�LQ�

WKH�&RUPRUDQW���,Q�WKH�&RPPRQ�%X]]DUG��WKH�PRVW�SUHYDOHQW�FRQJHQHUV�GHWHFWHG�ZHUH�%'(�����

�����RI�WRWDO���%'(�����������DQG�%'(������������7KH�&RPPRQ�%X]]DUG�SUH\V�PDLQO\�RQ�

VPDOO�PDPPDOV��PLFH��YROHV��UDEELWV��VTXLUUHOV��UDWV��DQG�PROHV����7KH�EODFNELUG��RQ�WKH�RWKHU�

KDQG��IHHGV�SULQFLSDOO\�RQ�VHHGV�DQG�LQVHFWV��DQG�%'(����ZDV�WKH�RQO\�FRQJHQHU�GHWHFWHG�LQ�WKH�

DGLSRVH�WLVVXH�RI�WKLV�VSHFLHV���7HUUHVWULDO�PDPPDOV�DOVR�WHQG�WR�DFFXPXODWH�EURPLQDWHG�3%'(V�

LQ�UHODWLRQ�WR�WKHLU�GLHW���)RU�H[DPSOH��WKH�UHG�IR[�LV�D�WRS�WHUUHVWULDO�SUHGDWRU�WKDW�PDLQO\�

FRQVXPHV�YROHV��UDEELWV��VTXLUUHOV��DQG�PLFH�DV�SUH\��DQG�%'(�����GRPLQDWHG�WKH�WRWDO�ERG\�

EXUGHQ���0DULWLPH�ILVK�HDWLQJ�EHDUV�GLVSOD\HG�D�%'(�FRQJHQHU�SDWWHUQ�GRPLQDWHG�E\�%'(����

IROORZHG�E\�%'(�����!�%'(����!�%'(�����!�%'(�������,Q�WKH�LQWHULRU�PHDW�HDWLQJ�EHDUV��WKH�

WLVVXHV�ZHUH�GRPLQDWHG�E\�%'(�����IROORZHG�E\�%'(�����!�%'(����!�%'(�����!�%'(��������

2QFH�UHOHDVHG�LQWR�WKH�DLU��3%'(V�SDUWLWLRQ�EHWZHHQ�WKH�YDSRU�DQG�SDUWLFOH�SKDVHV�LQ�WKH�

DWPRVSKHUH�LQ�DFFRUGDQFH�ZLWK�WKHLU�UHVSHFWLYH�YDSRU�SUHVVXUHV���/RZHU�EURPLQDWHG�3%'(V�

SULPDULO\�H[LVW�LQ�WKH�YDSRU�SKDVH��ZKLOH�KLJKHU�EURPLQDWHG�FRQJHQHUV�DUH�SULPDULO\�DGVRUEHG�WR�

DWPRVSKHULF�SDUWLFOHV���3KRWRO\VLV��GHJUDGDWLRQ�E\�VXQOLJKW��LQ�DLU�LV�DQ�LPSRUWDQW�DWPRVSKHULF�

UHPRYDO�SURFHVV�IRU�%'(����DQG�%'(������,Q�FRQWUDVW��WKH�SKRWRO\VLV�RI�%'(�����LQ�DLU�LV�D�

PLQRU�DWPRVSKHULF�UHPRYDO�SURFHVV���$WPRVSKHULF�ZHW�DQG�GU\�VXUIDFH�GHSRVLWLRQ�RI�%'(�����LV�

WKH�PRVW�LPSRUWDQW�DWPRVSKHULF�UHPRYDO�SDWKZD\���7KLV�LV�EHFDXVH�%'(�����SUHGRPLQDQWO\�

H[LVWV�ERXQG�WR�SDUWLFOHV�LQ�DLU���(YLGHQFH�VXJJHVWV�WKDW�%'(�����FDQ�EH�GHJUDGHG�E\�XOWUDYLROHW�
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OLJKW��L�H���SKRWRO\VLV��WR�IRUP�ORZHU�EURPLQDWHG�%'(V��DQG�WKLV�PD\�EH�DQ�LPSRUWDQW�GHJUDGDWLRQ�

SDWKZD\�LQ�WKH�HQYLURQPHQW����

6HYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�KLJKHU�EURPLQDWHG�%'(�FRQJHQHUV�FDQ�XQGHUJR�

ELRWLF�GHEURPLQDWLRQ���6HYHUDO�UHFHQW�VWXGLHV�KDYH�SURYLGHG�HYLGHQFH�RI�PLFURELDO�PHGLDWHG�

UHGXFWLYH�GHEURPLQDWLRQ�RI�GHFD%'(�DQG�RFWD%'(�XQGHU�ODERUDWRU\�FRQGLWLRQV���)RU�H[DPSOH��LQ�

RQH�VWXG\��6XOIXURVSLULOOXP�PXOWLYRUDQV�EDFWHULXP�LQFXEDWHG�ZLWK�GHFD%'(�KDV�LQGXFHG�

UHGXFWLYH�GHEURPLQDWLRQ�RI�GHFD%'(�LQ�YLWUR�WR�\LHOG�RFWD��DQG�KHSWD%'(�DIWHU�D�FRQWDFW�WLPH�RI�

��PRQWKV���7KH�RFWD��DQG�KHSWD%'(�GLG�QRW�IXUWKHU�GHEURPLQDWH�LQ�WKH�SUHVHQFH�RI�WKH�

PLFUREHʊHYHQ�DIWHU���\HDU���7KH�UHVHDUFKHU�RI�WKLV�VWXG\�FRQFOXGHG�WKDW�WKH�PLFURRUJDQLVP�ZDV�

VSHFLILF�WR�WKH�GHJUDGDWLRQ�RI�GHFD%'(�DQG�LV�LQFDSDEOH�RI�GHEURPLQDWLQJ�ORZHU�EURPLQDWHG�

3%'(�FRPSRXQGV���,Q�DQRWKHU�VWXG\��%'(�����ZDV�GHEURPLQDWHG�LQ�YLWUR�WR�\LHOG�%'(������

%'(������DQG�%'(�����E\�FRQWDFW�ZLWK�DQDHURELF�PHVRSKLOLF�PLFURRUJDQLVPV�LQGLJHQRXV�WR�UDZ�

VHZDJH�VOXGJH��PLFURELDO�VSHFLHV�QRW�LGHQWLILHG����0HWKDQH�ZDV�IRUPHG�DV�D�SURGXFW�RI�PLFURELDO�

UHVSLUDWLRQ��DQG�WKH�DPRXQW�RI�%'(�����GHFUHDVHG�E\�����ZLWKLQ�����GD\V���

6HYHUDO�VWXGLHV�SURYLGH�HYLGHQFH�WKDW�LQ�YLYR�PHWDEROLF�GHEURPLQDWLRQ�RFFXUV�LQ�ILVK��

ELUGV��DQG�PDPPDOV���/DERUDWRU\�VWXGLHV�RI�UDLQERZ�WURXW��ODNH�WURXW��DQG�FDUS��LQYROYLQJ�ILVK�

IRRG�VSLNHG�ZLWK�SXUH�%'(������KDYH�FOHDUO\�VKRZQ�DFFXPXODWLRQ�RI�ORZHU�EURPLQDWHG�%'(�

FRQJHQHUV�QRW�LQLWLDOO\�SUHVHQW�LQ�WKH�IHHG���7KLV�HYLGHQFH�LV�VXJJHVWLYH�RI�PHWDEROLF�V\QWKHVLV�RI�

ORZHU�EURPLQDWHG�FRQJHQHUV�WKURXJK�GHEURPLQDWLRQ�RI�%'(�������'HEURPLQDWLRQ�LQ�ILVK�KDV�

DOVR�EHHQ�REVHUYHG�LQ�WKH�ZLOG���,Q�D�VWXG\�DW�WKH�RXWIDOO�WR�D�VHZDJH�WUHDWPHQW�SODQW��VXQILVK�

ELRDFFXPXODWHG�%'(�������,W�ZDV�REVHUYHG�WKDW�WKH�VXQILVK�WLVVXHV�FRQWDLQHG�%'(�FRQJHQHUV�QRW�

SUHVHQW�LQ�WKH�VHZDJH�WUHDWPHQW�SODQW�HIIOXHQW�RU�LQ�WKH�VXUURXQGLQJ�DTXDWLF�HQYLURQPHQW���7KHVH�

ZHUH�WZR�RFWD���%'(�����DQG�%'(������DQG�WKUHH�KHSWD���%'(������%'(������DQG�%'(������

FRQJHQHUV���7KH�LQYHVWLJDWLQJ�VFLHQWLVWV�SURSRVHG�WKDW�WKH�SUHVHQFH�RI�WKHVH�FRQJHQHUV�LQ�WKH�

VXQILVK�ZDV�VXSSRUWLYH�RI�LQ�YLYR�V\QWKHVLV�IURP�WKH�PHWDEROLF�GHEURPLQDWLRQ�IURP�%'(��������

,Q�DQRWKHU�VWXG\��6SUDJXH�'DZOH\�UDWV�ZHUH�IHG�D�FRPPHUFLDO�IRUPXODWLRQ�RI�GHFD%'(���

(YLGHQFH�RI�PHWDEROLF�GHEURPLQDWLRQ�RI�%'(�����WR�ORZHU�FRQJHQHUV�ZDV�REVHUYHG�IURP�DQ�

DSSDUHQW������LQFUHDVH�LQ�WKH�WLVVXH�FRQFHQWUDWLRQ�RI�%'(������%'(������DQG�%'(�����LQ�WKH�

VDFULILFHG�UDWV�DV�FRPSDUHG�WR�OHYHOV�LQ�WKH�IHHG���$GGLWLRQDO�HYLGHQFH�IRU�LQ�YLYR�PHWDEROLF�

GHEURPLQDWLRQ�ZDV�IRXQG�IRU�FKLFNHQV��VWDUOLQJV��DQG�HYHQ�KRXVH�FDWV����
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7KH�VWXG\�RQ�KRXVH�FDWV�LQYROYHG�PHDVXULQJ�WKH�3%'(�FRQJHQHU�SURILOH�LQ�FDW�IDW�DQG�

WKHQ�DOVR�LQ�WKH�VHUXP�RI�KRXVH�FDWV�FRQVXPLQJ�GU\�IRRG�RQO\��FDQQHG�ZHW�IRRG�RQO\��DQG�D�

FRPELQDWLRQ�RI�GU\�DQG�ZHW�FDW�IRRG���7KH�FRQWDPLQDWLRQ�RI�3%'(V�LQ�GU\�FDW�IRRG�UHIOHFWHG�WKH�

FRQJHQHU�SURILOH�RI�GHFD%'(��ZLWK�%'(�����UHSUHVHQWLQJ���í����RI�WRWDO�3%'(�SUHVHQW�LQ�WKH�

IRRG���%HFDXVH�RI�WKH�KLJK�FRQWHQW�RI�%'(�����LQ�GU\�FDW�IRRG��%'(�����GRPLQDWHG�VHUXP�LQ�

FDWV�RQO\�FRQVXPLQJ�WKH�GU\�IRRG���%'(�����DFFRXQWHG�IRU������������DQG�����RI�VHUXP�3%'(�

OHYHOV�LQ�KRXVH�FDWV�FRQVXPLQJ�FDQQHG��PL[HG��DQG�GU\�IRRG��UHVSHFWLYHO\���%'(�����ZDV�

FRQVLVWHQWO\�SUHVHQW�LQ�VHUXP�LQ�VLJQLILFDQW�FRQFHQWUDWLRQV�RI�WKH�GU\�IRRG�HDWHUV�DV�FRPSDUHG�WR�

WKH�FRQVXPHUV�RI�WKH�RWKHU�IRRG�W\SHV���%'(�����DFFRXQWHG�IRU�������������DQG�����RI�WKH�

3%'(�OHYHOV�GHWHFWHG�LQ�FDWV�FRQVXPLQJ�FDQQHG��PL[HG��DQG�GU\�IRRG��UHVSHFWLYHO\���%'(�����

ZDV�SUHVHQW�LQ�WKH�GU\�IRRG�HDWHUV�DW�DSSUR[LPDWHO\�����RI�WKH�WRWDO�FRQFHQWUDWLRQ�RI�%'(������

ZKLFK�LV�XQFKDUDFWHULVWLF�RI�WKH�GHFD%'(�FRQJHQHU�SURILOH��%'(�����LV�DSSUR[LPDWHO\����RI�

%'(�FRQJHQHUV�SUHVHQW�LQ�GHFD%'(���DQG�ZDV�QRW�WKH�SDWWHUQ�REVHUYHG�LQ�WKH�ZHW�IRRG�HDWHUV���

0RUHRYHU��WKH�UDWLR�RI�%'(�����WR�%'(�����LQ�FDW�VHUXP�ZDV�UHODWLYHO\�FRQVWDQW�LQ�DOO�GU\�

IRRG�HDWHUV���7KH�DXWKRUV�UHJDUGHG�WKHVH�GDWD�DV�SRVVLEOH�HYLGHQFH�IRU�WKH�PHWDEROLF�

GHEURPLQDWLRQ�RI�%'(�����WR�IRUP�%'(�������

� �

Human Exposure and Biomonitoring 

3%'(V�KDYH�FDSWXUHG�WKH�DWWHQWLRQ�RI�VFLHQWLVWV�DQG�SROLF\PDNHUV�EHFDXVH�OHYHOV�LQ�WKH�

HQYLURQPHQW�DQG�KXPDQV�KDYH�LQFUHDVHG�UDSLGO\�VLQFH�WKHVH�FKHPLFDOV�FDPH�LQWR�XVH�LQ�WKH�

����V�DQG�����V���(QYLURQPHQWDO�WLPH�WUHQGV�FDQ�EH�REVHUYHG�IURP�ODNH�VHGLPHQW�FRUH�VWXGLHV�

DQG�DUFKLYHG�DQLPDO�WLVVXH�VDPSOHV���7KH�VHGLPHQW�FRUHV�VKRZ�SUHGRPLQDQFH�IRU��DQG�D�VWDUN�ULVH�

LQ��%'(������ZKLOH�WKH�DQLPDO�WLVVXH�VDPSOHV�LQ�JHQHUDO�VKRZ�D�SUHGRPLQDQFH�DQG�ULVH�LQ�

%'(������7KH�ULVH�LQ�3%'(�FRQFHQWUDWLRQV�LQ�KXPDQ�EORRG�DQG�EUHDVW�PLON�LQ�1RUWK�$PHULFDQV�

�ERWK�IURP�WKH�8QLWHG�6WDWHV�DQG�&DQDGD��WKURXJKRXW�WKH�����V�LQWR�WKH�����V��FRXSOHG�ZLWK�WKH�

IDFW�WKDW�1RUWK�$PHULFDQ�ERG\�EXUGHQV�H[FHHG�WKRVH�RI�(XURSHDQV�DQG�RWKHUV�E\�IDFWRUV�RI����RU�

PRUH��KDV�VHUYHG�WR�IRFXV�DWWHQWLRQ�RQ�1RUWK�$PHULFDQ�H[SRVXUHV�WR�3%'(V���7KH�SHQWD%'(�

IRUPXODWLRQ�KDV�JDUQHUHG�WKH�PRVW�FRQFHUQ�EHFDXVH�LW�DSSHDUV�WR�EH�WKH�PDMRU�FRQWULEXWRU�WR�

FXUUHQW�HQYLURQPHQWDO��ELRWDO��DQG�KXPDQ�ERG\�OHYHOV���(YHQ�ZLWK�ERWK�WKH�SHQWD�DQG�RFWD�

IRUPXODWLRQV�KDYLQJ�EHHQ�ZLWKGUDZQ�IURP�WKH�8�6��PDUNHW��SDVW�XVH�DQG�SRVVLEOH�GHEURPLQDWLRQ�

RI�KLJKHU�EURPLQDWHG�FRQJHQHUV��H�J���%'(������E\�SKRWRO\WLF�RU�ELRORJLFDO�PHFKDQLVPV�WR�IRUP�
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ORZHU�EURPLQDWHG�FRQJHQHUV�PLJKW�UHVXOW�LQ�WKH�FRQWLQXHG�SUHVHQFH�RI�ORZHU�EURPLQDWHG�

FRQJHQHUV�LQ�KXPDQV�DQG�WKH�HQYLURQPHQW����

 6WXGLHV�PHDVXULQJ�WKH�FRQFHQWUDWLRQV�RI�WKH�%'(�FRQJHQHUV�LQ�HQYLURQPHQWDO�DQG�

H[SRVXUH�PHGLD�FRQFHQWUDWLRQV�ZHUH�FRPSLOHG�DQG�VXPPDUL]HG�ZLWK�WKH�XOWLPDWH�JRDO�RI�

VHOHFWLQJ�UHSUHVHQWDWLYH�%'(�FRQJHQHU�FRQFHQWUDWLRQV�LQ�H[SRVXUH�PHGLD��DLU��GXVW��IRRG��HWF���WR�

ZKLFK�$PHULFDQV�DUH�H[SRVHG���:KLOH�WKH�GDWD�ZHUH�LQVXIILFLHQW�WR�GHULYH�FRQFHQWUDWLRQV�WKDW�

FRXOG�EH�FRQVLGHUHG�VWDWLVWLFDOO\�UHSUHVHQWDWLYH�RI�WKH�JHQHUDO�8�6��SRSXODWLRQ��WKH\�ZHUH�GHHPHG�

DGHTXDWH�IRU�FRQGXFWLQJ�WKH�H[SRVXUH�PRGHOLQJ�GRQH�LQ�WKLV�UHSRUW���7KHVH�H[SRVXUH�PHGLD�

FRQFHQWUDWLRQV�ZHUH�FRPELQHG�ZLWK�H[SRVXUH�FRQWDFW�UDWHV��DLU�EUHDWKHG��IRRG�HDWHQ��HWF���LQ�

RUGHU�WR�HVWLPDWH�DQ�RYHUDOO�LQWDNH�GRVH���&RQFHQWUDWLRQV�DQG�FRQWDFW�UDWHV�ZHUH�XVHG�WR�

FKDUDFWHUL]H�EDFNJURXQG�FHQWUDO�WHQGHQF\�H[SRVXUHV���([SRVXUH�PHGLD�FRQFHQWUDWLRQV�ZHUH�HLWKHU�

WKH�VWUDLJKW�DYHUDJH�RU�JHRPHWULF�PHDQ�RI�WKH�FRQFHQWUDWLRQV�IRXQG�LQ�WKH�VWXG\�VHOHFWHG�WR�

UHSUHVHQW�QDWLRQDO�EDFNJURXQG�FRQGLWLRQV���&RQWDFW�UDWHV�ZHUH�DULWKPHWLF�DYHUDJHV�IRU�DGXOW�

SRSXODWLRQV�DV�SURYLGHG�LQ�(3$¶V�([SRVXUH�)DFWRUV�+DQGERRN����

$V�OLSRSKLOLF�FRQWDPLQDQWV��3%'(V�ELRDFFXPXODWH�LQ�WKH�OLSLGV�RI�RUJDQLVPV���7KLV�

JHQHUDOL]DWLRQ�LV�OHVV�WUXH�IRU�%'(������LW�LV�QRW�DV�OLSRSKLOLF�DV�RWKHU�%'(V�GHVSLWH�LW�EHLQJ�

IRXQG�DQG�TXDQWLILHG�LQ�OLSLGV�RI�DQLPDOV�DQG�KXPDQV���:KLOH�WKH�WHUP�³ELRDFFXPXODWLRQ´�PD\�

DOVR�EH�TXHVWLRQDEOH�IRU�%'(������WKHUH�LV�OLWWOH�GRXEW�WKDW�LW�RFFXUV�LQ�KXPDQ�DQG�DQLPDO�WLVVXHV�

�VHH�GLVFXVVLRQ�DERYH�RQ�FRQFHQWUDWLRQV�LQ�DQLPDO�WLVVXHV����,Q�KXPDQV��OLSLG�FRQFHQWUDWLRQV�DUH�

W\SLFDOO\�PHDVXUHG�LQ�EORRG�DQG�EUHDVW�PLON��DOWKRXJK�DGLSRVH�WLVVXH�FRQFHQWUDWLRQV�KDYH�DOVR�

EHHQ�PHDVXUHG���6WXGLHV�PHDVXULQJ�%'(�����LQ�ERWK�EORRG�DQG�PRWKHU¶V�PLON�VKRZ�ORZHU�

FRQFHQWUDWLRQV�LQ�PRWKHU¶V�PLON��VXJJHVWLQJ�OLPLWHG�WUDQVSRUW�IRU�WKLV�FRQJHQHU�ZLWKLQ�WKH�ERG\���

0HDVXUHG�KXPDQ�FRQFHQWUDWLRQV�RI�%'(�FRQJHQHUV�ZHUH�FRPSLOHG��DQG�UHSUHVHQWDWLYH�

EDFNJURXQG�FRQFHQWUDWLRQV�RI�%'(�FRQJHQHUV�LQ�KXPDQ�EORRG�DQG�PLON�RI�$PHULFDQV�ZHUH�

VHOHFWHG���7KHQ��D�VLPSOH�SKDUPDFRNLQHWLF�PRGHO�ZDV�XVHG�WR�SUHGLFW�WKH�EDFNJURXQG�OLSLG�

FRQFHQWUDWLRQV�RI�WKH�%'(�FRQJHQHUV�LQ�KXPDQV�XVLQJ�WKH�EDFNJURXQG�LQWDNH�HVWLPDWHV���7KHVH�

SUHGLFWLRQV�ZHUH�FRPSDUHG�WR�WKH�VHOHFWHG�UHSUHVHQWDWLYH�ERG\�EXUGHQ�FRQFHQWUDWLRQV���7KH�

PRGHO�SUHGLFWLRQV�PDWFKHG�WKH�PHDVXUHPHQWV�IDLUO\�ZHOO��DV�GLVFXVVHG�EHORZ���VXJJHVWLQJ�

FRQILGHQFH�LQ�WKH�H[SRVXUH�FKDUDFWHUL]DWLRQ���)LJXUH�(���GLVSOD\V�WKLV�VWXG\�DSSURDFK��

� 7KLV�H[SRVXUH�H[HUFLVH�IRFXVHG�RQ�WKH�FRQJHQHUV�PRVW�RIWHQ�VWXGLHG�DQG�IRXQG�LQ�WKH�

HQYLURQPHQW���,W�LV�QRWHG��KRZHYHU��WKDW�WKHUH�LV�QRW�D�ILQDO�VHOHFWLRQ�RI�WR[LF�RU�RWKHUZLVH�PRVW�
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critical, congeners as there is, for example, with dioxin-like compounds.  Some studies focus on 

as few as 4 congeners while others measure over 15 congeners.  The total concentrations found 

in the individual studies (including for discussions below) can mean the sum of different 

congeners.  Many studies have focused on the penta formulation congeners and not measured the 

critical deca congener, BDE 209.  Reasons cited for not including this congener include the 

historical predominance of the other congeners and the analytical difficulties associated with 

measuring BDE 209.  The congeners selected for final modeling in this exercise include BDE 28, 

BDE 47, BDE 99, BDE 100, BDE 138, BDE 153, BDE 154, BDE 183, and BDE 209.  

Tables E-1 and E-2 provide the results of this exposure exercise. 

 
 

 
Figure E-2.  Approach for characterizing exposure to polybrominated 
diphenyl ethers in this report.  
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Table E-1.��Representative exposure media concentrations*  
�
Exposure Media Congener Number 

28 47 99 100 138 153 154 183 209 Total 

:DWHU��SJ�/� ���� ����� ����� ���� ���� ���� ���� ���� ����� ������

6XUIDFH�VRLO��QJ�J�GZW� ���� ���� ���� ���� ���� ���� ���� ����� ����� �����

,QGRRU�GXVW��QJ�J� 1'� ������ ������ ���� ���� ���� ���� ��� ������ ������

2XWGRRU�DLU��SJ�P�� �� ��� ��� ��� ���� �� �� �� ��� ����

,QGRRU�DLU��SJ�P�� ��� ���� ��� ��� ���� �� �� ���� ���� ����

6KHOOILVK��QJ�J�ZZW� 1'� ���� ���� ���� 1'� 1'� 1'� 1'� 1'� ����

)LQILVK��QJ�J�ZZW� ����� ����� ����� ����� ������� ������ ������ ������ ������ �����

%HHI��QJ�J�ZZW� ������� ������ ����� ������ 1'� ������ ������� ������� ������ ������

3RUN��QJ�J�ZZW� ������� ������ ������ ������ ������� ������ ������ ����� ������ �����

3RXOWU\��QJ�J�ZZW� ������� ������ ������ ������ 1'� ������ ������ ������ ������ ������

'DLU\��QJ�J�ZZW� ������ ����� ������ ������ 1'� ������ ������ ������ ������ �����

(JJV��QJ�J�ZZW� 1'� ������ ������ ������ 1'� ������ ������ 1'� ������ ������

�
7RWDOV�PD\�LQFOXGH�FRQJHQHUV�RWKHU�WKDQ�WKRVH�OLVWHG�DQG�DUH�JUHDWHU�WKDQ�WKH�VXP�RI�WKH�VWXGLHG�FRQJHQHUV��VHH�
&KDSWHU���IRU�PRUH�GHWDLO��
�
����0HDQV�QR�GDWD�DYDLODEOH��1'� �GDWD�DYDLODEOH�EXW�QRW�GHWHFWHG��DQG�ZZW� �ZHW�ZHLJKW�
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Table E-2.  Predicted adult doses and lipid-based concentrations of BDEs, 
with predicted concentrations compared with lipid-based measurements in 
blood and milk 

 
Exposure Doses 
Pharmacokinetic 
Results 

Congener Number TOTAL 

28 47 99 100 138 153 154 183 209  

I.  Exposure Doses 

Soil ingestion, ng/d 0.00 81.25 102.92 39.86 7.92 10.67 6.86 2.86 104.83 357.17 

Soil dermal 
contact, ng/d 0.00 19.50 24.70 9.57 1.90 2.56 1.65 0.69 25.16 85.73 

Inhalation, ng/d 0.32 2.15 1.00 0.21 0.00 0.06 0.09 0.00 1.45 5.28 

Food & water 
ingestion, ng/d 0.22 18.98 7.98 4.39 0.03 0.70 0.46 0.66 10.75 44.17 

II.  Pharmacokinetic Results 

Predicted conc., 
ng/g lwt 0.1 8.6 12.5 3.9 1.3 3.9 0.6 <0.1 <0.1 31.0 

Observed blood, 
ng/g lwt 1.2 20.5 5.0 3.9 NA 5.7 NA NA NA 36.3 

Observed milk, 
ng/g lwt 1.7 26.0 5.4 5.2 NA 4.8 0.4 0.2 0.4 44.1 
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� 7DEOH�(���GLVSOD\V�WKH�ILQDO�VHOHFWLRQ�RI�FRQJHQHU�FRQFHQWUDWLRQV�LQ�H[SRVXUH�PHGLD���

9HU\�IHZ�VWXGLHV�ZHUH�IRXQG�WKDW�FKDUDFWHUL]HG�VXUIDFH�ZDWHU�DQG�VXUIDFH�VRLO���6XUIDFH�ZDWHU�

FRQFHQWUDWLRQV��XVHG�DV�D�VXUURJDWH�IRU�GULQNLQJ�ZDWHU��ZHUH�PHDVXUHG�LQ�WKH�6DQ�)UDQFLVFR�

HVWXDU\���7KH�WRWDO�ZDWHU�FRQFHQWUDWLRQ�ZDV�����SJ�/���$�WRWDO�RI����VXUIDFH�VRLO�PHDVXUHPHQWV�

ZHUH�WDNHQ�LQ����VWDWHV�DQG�PHDVXUHG�IRU����%'(�FRQJHQHUV�LQ�WKH�VLQJOH�VWXG\�IRXQG�IRU�WKH�

8QLWHG�6WDWHV���&RQFHQWUDWLRQV�RI�WRWDO�%'(V�DYHUDJHG����QJ�J�GU\�ZHLJKW��GZW���ZLWK�D�

JHRPHWULF�PHDQ�FRQFHQWUDWLRQ�RI�����QJ�J�GZW���$YHUDJH�VRLO�FRQFHQWUDWLRQV�ZHUH�XVHG�LQ�WKLV�

H[HUFLVH���2XWGRRU�DLU�ZDV�FKDUDFWHUL]HG�E\�D�VWXG\�E\�WKH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG�

�&$5%����7KH�&$5%�GDWD�RI����VDPSOHV�ZHUH�WDNHQ�LQ������IURP���PRQLWRUV�RQ����GDWHV�IURP�

ORFDWLRQV�LQ�WKH�%D\�$UHD�DQG�WKH�6RXWK�&RDVW���:KLOH�WKH�SURILOH�ZLWK�D�����SJ�P��DYHUDJH�

PLJKW�EH�KLJKHU�WKDQ�RWKHU�RXWGRRU�SURILOHV��LW�LV�VWLOO�D�UHDVRQDEOH�UHSUHVHQWDWLRQ�RI�XUEDQ�RU�

VXEXUEDQ�FRQGLWLRQV���7KH�LQGRRU�HQYLURQPHQW�KDV�EHHQ�D�IRFXV�RI�VWXG\�EHFDXVH�RI�WKH�XVH�RI�

3%'(V�LQ�FRQVXPHU�SURGXFWV�IRXQG�LQ�WKH�KRPH��D�QXPEHU�RI�VWXGLHV�PHDVXULQJ�3%'(V�LQ�

LQGRRU�DLU�DQG�KRXVH�GXVW�ZHUH�IRXQG���7KH�SURILOH�LQ�LQGRRU�KRXVH�GXVW�RULJLQDWHG�IURP�D�VWXG\�

IURP�GXVW�WDNHQ�LQ����KRPHV�LQ���GLIIHUHQW�VWDWHV�LQ�WKH�ZHVWHUQ�SDUW�RI�WKH�FRXQWU\���7KH�WRWDO�RI�

������QJ�J�GZW�LQ�WKDW�UHSUHVHQWDWLYH�SURILOH�FRPSDUHV�ZLWK�������QJ�J�GZW�IURP�D�VWXG\�RI�

���KRPHV�LQ�:DVKLQJWRQ��'&�DUHD��DQG�������QJ�J�GZW�IURP���VDPSOHV�IURP�D�FRPSXWHU�ODE�LQ�

&DOLIRUQLD���7KH�JHRPHWULF�PHDQV�RI�WKUHH�ORFDWLRQV��EHGURRP��OLYLQJ�URRP��DQG�IURP�D�

KRXVHKROG�YDFXXP��ZLWKLQ����KRPHV�LQ�%RVWRQ�RI�������QJ�J���������QJ�J��DQG�������QJ�J��

UHVSHFWLYHO\�DOVR�FRPSDUH�ZHOO�WR�WKH�������QJ�J�GZW�HVWLPDWH���%DVHG�XSRQ�DOO�WKHVH�VWXGLHV��D�

UDQJH�RI�DYHUDJH�FRQFHQWUDWLRQV�LQ�GXVW�PD\�EH�DERXW������WR��������QJ�J�GZW���%'(�����

GRPLQDWHV�WKH�GXVW�SURILOH��DQG�UHFHQW�VWXGLHV�KDYH�IRXQG�XQXVXDOO\�KLJK�OHYHOV�RI�%'(������

LQFOXGLQJ�FRQFHQWUDWLRQV�LQ�WKH�KXQGUHGV�RI�WKRXVDQGV�WR�RYHU�WZR�PLOOLRQ�RI�QJ�J�GZW�LQ�WKH�

8QLWHG�.LQJGRP��DQG�LQ�WKH�KXQGUHGV�RI�WKRXVDQGV�LQ�RQH�VWXG\�LQ�WKH�8QLWHG�6WDWHV���7KH�LQGRRU�

DLU�SURILOH�FDPH�IURP�WKLV�VWXG\�RI�%RVWRQ�KRPHV�LQ�ZKLFK�WKH�DXWKRUV�GHWHUPLQHG�JHRPHWULF�

PHDQ�FRQFHQWUDWLRQV�IRU�WKUHH�ORFDWLRQV��SHUVRQDO��EHGURRP��OLYLQJ�URRP����7KH�DYHUDJH�RI�WKH�

WKUHH�JHRPHWULF�PHDQV������SJ�WRWDO�%'(V�P���ZDV�XVHG�DV�WKH�LQGRRU�DLU�FRQFHQWUDWLRQ����

1XPHURXV�VWXGLHV�RQ�FRQFHQWUDWLRQV�LQ�IRRG�ZHUH�VXPPDUL]HG���$�ZHDOWK�RI�VWXGLHV�RQ�

ILVK�LQ�WKH�ZLOG��UDLVHG�LQ�DTXDFXOWXUH��DQG�SXUFKDVHG�LQ�WKH�PDUNHW�SODFH�VKRZHG�D�ZLGH�UDQJH�LQ�

FRQFHQWUDWLRQV���*HQHUDOO\��FRQFHQWUDWLRQV�LQ�WKH�ZLOG�ZHUH�IRXQG�WR�EH�KLJKHU��DQG��LQ�VRPH�

VWXGLHV��VXEVWDQWLDOO\�KLJKHU�WKDQ�IDUP�UDLVHG�RU�VWRUH�ERXJKW�ILVK���(VVHQWLDOO\�DOO�RI�WKH�
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UHSUHVHQWDWLYH�IRRG�SURILOHV��LQFOXGLQJ�WKH�ILVK�SURILOHV��RULJLQDWHG�IURP�D�VLQJOH�VWXG\�VDPSOLQJ�

IRRG�IURP�WKH�UHWDLO�PDUNHW�SODFH�LQ�7H[DV���:KLOH�OLPLWHG�JHRJUDSKLFDOO\��WKH�PDUNHW�EDVNHW�

VXUYH\�LQFOXGHV�PHDVXUHPHQW�RI����VDPSOHV��HDFK�D�FRPSRVLWH�RI����VDPSOHV�RI�WKH�VDPH�IRRG�

W\SH�WDNHQ�IURP�PDUNHWV�LQ�'DOODV��7H[DV�IRU�D�WRWDO�RI�����VDPSOHV�FROOHFWHG���)RRG�W\SHV�

VDPSOHG�LQFOXGH�PHDW��GDLU\��ILVK��DQG�HJJV���7KLUWHHQ�FRQJHQHUV��LQFOXGLQJ�%'(������ZHUH�

PHDVXUHG���7KH�DYHUDJH�WRWDO�FRQFHQWUDWLRQV��RQ�D�ZHW�ZHLJKW��QRW�OLSLG�ZHLJKW��EDVLV��XVHG�IURP�

WKLV�VWXG\�LQFOXGH�WKH�IROORZLQJ�������QJ�J�LQ�ILQILVK��������QJ�J�LQ�EHHI�������QJ�J�LQ�SRUN��

������QJ�J�LQ�SRXOWU\�������QJ�J�LQ�GDLU\��DQG�������QJ�J�LQ�HJJV���$�WRWDO�FRQFHQWUDWLRQ�RI�

����QJ�J�LQ�VKHOOILVK�RULJLQDWHG�IURP�WKH�VWXG\�LQ�WKH�6DQ�)UDQFLVFR�HVWXDU\��ZKLFK�DOVR�PHDVXUHG�

VXUIDFH�ZDWHU�FRQFHQWUDWLRQV������

%RG\�EXUGHQ�VWXGLHV�ZHUH�FRPSLOHG�DQG�UHYLHZHG���1HDUO\�DOO�ERG\�EXUGHQ�GDWD�DUH�IURP�

KXPDQ�EORRG�DQG�EUHDVW�PLON���7DEOH�(���VKRZV�WKH�ILQDO�VHOHFWHG�SURILOHV�RI�%'(�FRQJHQHUV�LQ�

EORRG�DQG�KXPDQ�EUHDVW�PLON�RI�$PHULFDQV���%RG\�EXUGHQV�RI�$PHULFDQV�DUH�KLJKHU�WKDQ�ERG\�

EXUGHQV�RI�LQGLYLGXDOV�LQ�RWKHU�FRXQWULHV��WKHVH�GDWD�VXJJHVW�WRWDO�3%'(�ERG\�EXUGHQV�LQ�WKH�

UDQJH�RI����WR�����QJ�J�OLSLG�ZHLJKW��OZW��IRU�$PHULFDQV��ZKLOH�ERG\�EXUGHQV�RI�OHVV�WKDQ�

���QJ�J�OZW�KDYH�EHHQ�IRXQG�IRU�SHRSOH�LQ�RWKHU�FRXQWULHV���0RVW�RI�WKH�GDWD�RXWVLGH�RI�WKH�8QLWHG�

6WDWHV�DUH�IURP�(XURSH���7KH�VWXG\�VHOHFWHG�DV�WKH�UHSUHVHQWDWLYH�EORRG�SURILOH�FDPH�IURP�WKH�

1DWLRQDO�+HDOWK�DQG�1XWULWLRQDO�([DPLQDWLRQ�6WXG\��1+$1(6��IURP�������������7KH�JHRPHWULF�

PHDQ�WRWDO�3%'(�FRQFHQWUDWLRQ�RI�DOO�DGXOWV�IURP�WKLV�VWXG\�ZDV����QJ�J�OZW��WKH���WK�SHUFHQWLOH�

ZDV�����QJ�J�OZW��%'(�����ZDV�QRW�TXDQWLILHG�LQ�LQGLYLGXDO�VDPSOHV�RI�1+$1(6��KHQFH��

7DEOH�(���OLVWV�LW�DV�1$���+RZHYHU��LQ�WKH�OLWHUDWXUH�SXEOLFDWLRQ�RQ�WKLV�GDWD�VHW��LW�ZDV�VWDWHG�WKDW�

%'(�����FRQFHQWUDWLRQV�LQ�SRROHG�VDPSOHV�IURP�WKLV�VHW�RI�1+$1(6�VDPSOHV�KDG�D�

FRQFHQWUDWLRQ�RI���QJ�J�OZW���7KH�SUHGRPLQDQW�FRQJHQHU�IRXQG�LQ�ERG\�EXUGHQ�VWXGLHV�LV�%'(�����

H[SODLQLQJ�DERXW�����RI�WKH�WRWDO�FRQFHQWUDWLRQ���7KH�QH[W�PRVW�DEXQGDQW�FRQJHQHUV�DUH�%'(����

DQG�%'(������ERWK�H[SODLQLQJ�WKH�UDQJH�RI���í����RI�WRWDO�FRQFHQWUDWLRQV���0RVW�RI�WKH�VWXGLHV�

KDYH�QRW�PHDVXUHG�%'(������LQFOXGLQJ�WKH�1+$1(6�VWXG\��EXW��ZKHQ�PHDVXUHG��LW�ZDV�IRXQG�LQ�

DERXW�KDOI�WKH�VDPSOHV�DW�ORZ�OHYHOV�QHDU���QJ�J�OZW��ZLWK�WKH�H[FHSWLRQ�RI�RQH�FDVH���,Q�WKLV�FDVH�

VWXG\��ZKLFK�HQWDLOHG�WDNLQJ�PHDVXUHPHQWV�IURP�D�IDPLO\�RI�IRXU��LQFOXGLQJ�WZR�SDUHQWV�DQG�WZR�

\RXQJ�FKLOGUHQ��FRQFHQWUDWLRQV�RI�%'(�����ZHUH�DERYH�����QJ�J�OZW�LQ�WKH�FKLOGUHQ���/RZ�OHYHOV�

RI�%'(�����KDYH�EHHQ�DWWULEXWHG�WR�WKH�UDSLG�KDOI�OLIH�RI����GD\V�LQ�KXPDQV��DQG�WKH�KLJKHU�

OHYHOV�LQ�FKLOGUHQ�IURP�WKLV�VWXG\�ZHUH�DWWULEXWHG�WR�GXVW�H[SRVXUHV�LQ�WKH�KRXVH����
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8QOLNH�KXPDQ�EORRG�GDWD��WKHUH�ZDV�QR�QDWLRQDOO\�UHSUHVHQWDWLYH�EUHDVW�PLON�VWXG\�WKDW�

FRXOG�EH�XVHG�WR�FKDUDFWHUL]H�FRQFHQWUDWLRQV�RI�3%'(V���2I�WKH�VHYHUDO�VWXGLHV�HYDOXDWHG��

SHUKDSV�WKUHH�VWXGLHV�FRXOG�EH�XVHG�WR�UHSUHVHQW�EDFNJURXQG�FRQGLWLRQV���7KHVH�LQFOXGH�RQH�E\�

WKH�(QYLURQPHQWDO�:RUNLQJ�*URXS��ZKLFK�VDPSOHG����ZRPHQ�IURP�DURXQG�WKH�8QLWHG�6WDWHV��

WKH�1RUWKZHVW�(QYLURQPHQW�:DWFK��1(:��VWXG\��ZKLFK�KDG�D�VDPSOH�VL]H�RI����LQFOXGLQJ�

ZRPHQ�UHVLGLQJ�LQ�VHYHUDO�VWDWHV�LQ�WKH�1RUWKZHVW��DQG�SHUKDSV�D�WKLUG�VWXG\�RI����VDPSOHV�WDNHQ�

LQ�7H[DV���7KH�1(:�VWXG\��ZKLFK�LQFOXGHG�PHDVXUHPHQWV�RI�%'(������ZDV�XVHG���7KH�PHGLDQ�

WRWDO�%'(�FRQFHQWUDWLRQ�RI�WKH����VDPSOHV�ZDV������QJ�J�OZW��

7KH�ILUVW�RUGHU��VLQJOH�FRPSDUWPHQW�SKDUPDFRNLQHWLF�PRGHO�XVHG�LQ�WKLV�H[HUFLVH�WR�

FRQYHUW�LQWDNHV�WR�ERG\�OLSLG�FRQFHQWUDWLRQV�UHTXLUHV�WKH�KDOI�OLIH�HOLPLQDWLRQ�UDWHV�RI�WKH�%'(�

FRQJHQHUV�DQG�%'(�DEVRUSWLRQ�IUDFWLRQV��L�H���IUDFWLRQV�RI�%'(�LQWDNHV�IURP�LQJHVWLRQ�RI�GXVW��

ZDWHU��DQG�IRRGV��DV�ZHOO�DV�LQKDOHG�%'(V��WKDW�DUH�DEVRUEHG�LQ�WKH�VWRPDFK�RU�WKH�OXQJV�WR�

DFFXPXODWH�LQ�ERG\�OLSLGV��DV�LQSXWV���2QO\�WZR�VWXGLHV�ZHUH�IRXQG�WKDW�SURYLGHG�KXPDQ�

KDOI�OLYHV��ZLWK�RQH�GHULYLQJ�KDOI�OLYHV�UDQJLQJ�IURP�����WR������\HDUV�IRU�FRQJHQHUV�%'(�����

%'(�����%'(������%'(������%'(������DQG�%'(�������7KH�VHFRQG�UHIHUHQFH�GHULYHG�

VLJQLILFDQWO\�VPDOOHU�KDOI�OLYHV�IRU�WKH�KLJKHU�EURPLQDWHG�FRQJHQHUV�%'(�����DQG�

%'(����ʊKDOI�OLYHV�RI������\HDU�DQG�������\HDU��UHVSHFWLYHO\���7KH�DEVRUSWLRQ�IUDFWLRQ�IRU�

%'(V�LQ�GXVW�UDQJHG�IURP�������%'(������WR�������%'(��������7KHVH�ZHUH�GHULYHG�IURP�D�VWXG\�

RI�WKH�ELRDYDLODELOLW\�RI�%'(V�LQ�GXVW�ZKHQ�IHG�WR�UDWV���7KH�DEVRUSWLRQ�IUDFWLRQV�IRU�IRRG�DQG�

ZDWHU�ZHUH�QHDU������IRU�DOO�RI�WKH�FRQJHQHUV���7KH�VRLO�GHUPDO�FRQWDFW�SDWKZD\�UHTXLUHG�D�

IUDFWLRQ�RI�3%'(�DEVRUEHG�WKURXJK�WKH�VNLQ��VHW�DW������IRU�DOO�FRQJHQHUV��DV�ZHOO�DV�SDUDPHWHUV�

UHIOHFWLQJ�DGKHUHQFH�RI�VRLO�FRQWDFWHG�E\�WKH�VNLQ��FRQWDFW�HYHQWV��DQG�FRQWDFW�VXUIDFH�DUHDV����

7DEOH�(���SURYLGHV�WKH�ILQDO�UHVXOWV�IURP�WKLV�H[SRVXUH�DVVHVVPHQW���7KH�H[SRVXUH�

SDWKZD\V�RI�GXVW�LQJHVWLRQ�DQG�GXVW�GHUPDO�FRQWDFW�GRPLQDWHG�WRWDO�DGXOW�H[SRVXUH��H[SODLQLQJ�

����RI�WKH�����QJ�GD\�WRWDO��HTXLYDOHQW�WR���QJ�NJ�GD\�IRU�WKH����NJ�DGXOW����7KH�FRQJHQHUV�

%'(�����%'(�����DQG�%'(�����GRPLQDWHG�WKH�H[SRVXUH�LQWDNH��HDFK�H[SODLQHG�EHWZHHQ����DQG�

����RI�WRWDO�LQWDNHV��ZLWK�RWKHU�FRQJHQHUV�H[SODLQLQJ�WKH�UHPDLQLQJ�LQWDNHV���8VLQJ�WKH�HVWLPDWHG�

DGXOW�GRVH�RI�����QJ�GD\��D�EORRG�VHUXP�FRQFHQWUDWLRQ�RI�%'(�ZDV�SUHGLFDWHG���7KH�SUHGLFWHG�

FRQFHQWUDWLRQ�RI�WRWDO�%'(V�RI������QJ�J�OZW�ZDV�VLPLODU�WR�WKH�1+$1(6�KXPDQ�EORRG�

PHDVXUHPHQW�RI������QJ�J�OZW�DQG�WKH�EUHDVW�PLON�FRQFHQWUDWLRQ�RI������QJ�J�OZW���3UHGLFWLRQV�

DSSHDU�UHDVRQDEO\�FORVH�WR�PHDVXUHPHQWV�IRU�VL[�RI�QLQH�FRQJHQHUV���+RZHYHU��SUHGLFWHG�
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FRQFHQWUDWLRQV�RI�%'(����DQG�����ZHUH�OHVV�WKDQ�1+$1(6�PHDVXUHPHQWV�DQG�WKH�SUHGLFWHG�

FRQFHQWUDWLRQ�RI�%'(����ZDV�PRUH�WKDQ�1+$1(6�PHDVXUHPHQWV���7KH�FDXVH�RI�WKH�GLIIHUHQFHV�

EHWZHHQ�SUHGLFWHG�DQG�PHDVXUHG�YDOXHV�IRU�WKHVH�FRQJHQHUV�ZDV�XQNQRZQ��EXW�FRXOG�SRLQW�WR�WKH�

LQDSSURSULDWH�DVVLJQPHQW�RI�HOLPLQDWLRQ�KDOI�OLIH��RU�LQ�WKH�FDVH�RI�%'(�����PHWDEROLF�

GHEURPLQDWLRQ����

:KLOH�SUHGLFWLRQV�RI�DGXOW�ERG\�EXUGHQV�ZHUH�FORVH�WR�REVHUYDWLRQV��XQFHUWDLQWLHV�H[LVW�LQ�

WKH�LQWDNH�GRVH�HVWLPDWHV�DQG�WKH�SKDUPDFRNLQHWLF�PRGHOLQJ��VWDUWLQJ�IURP�GHYHORSPHQW�RI�GRVH�

HVWLPDWHV�EDVHG�RQ�OLPLWHG�HQYLURQPHQWDO�PHDVXUHPHQWV��WR�LQGRRU�FRQWDFW�UDWHV�ZLWK�KRXVH�GXVW��

WR�WKH�SKDUPDFRNLQHWLF�SDUDPHWHUV�RI�DEVRUSWLRQ�DQG�HOLPLQDWLRQ�KDOI�OLIH���&RQWDFW�UDWHV�IRU�

IRRG�ZDWHU�LQJHVWLRQ�DQG�LQKDODWLRQ�DUH�IDLUO\�ZHOO�HVWDEOLVKHG��DQG�WKH�H[SRVXUH�PHGLD�

FRQFHQWUDWLRQ�VXPPDULHV�VXJJHVW�VLPLODULWLHV�DPRQJ�GLIIHUHQW�VWXGLHV���&RQVHTXHQWO\��WKH�GRVH�

YLD�IRRG�ZDWHU�LQJHVWLRQ�DQG�LQKDODWLRQ�PLJKW�EH�FRQVLGHUHG�UHDVRQDEO\�FHUWDLQ��IRU�SXUSRVHV�RI�

WKLV�GLVFXVVLRQ���+RZHYHU��IRRG�ZDWHU�LQJHVWLRQ�DQG�LQKDODWLRQ�H[SODLQHG�OHVV�WKDQ�����RI�WKH�

ERG\�EXUGHQ��EDVHG�XSRQ�WKH�HVWLPDWH�RI�WRWDO�H[SRVXUH�GHULYHG�XVLQJ�WKH�SKDUPDFRNLQHWLF�

PRGHO���7KH�UHPDLQGHU�RI�WKH�HVWLPDWHG�H[SRVXUH�OLNHO\�FDPH�IURP�KRXVH�GXVW�WKURXJK�WKH�

SDWKZD\V�RI�LQJHVWLRQ�DQG�GHUPDO�FRQWDFW��RU�VRPH�RWKHU��XQNQRZQ�VRXUFH���$VVLJQPHQW�RI�GXVW�

FRQWDFW�UDWHV�LQ�FRPELQDWLRQ�ZLWK�FRQFHQWUDWLRQV�IRXQG�LQ�KRXVH�GXVW�OHDG�WR�H[SRVXUHV�WKDW�

UHVXOWHG�LQ�UHDVRQDEO\�DFFXUDWH�SUHGLFWLRQV�RI�PHDVXUHG�ERG\�EXUGHQV���7KH�DVVHUWLRQ�WKDW�GXVW�LV�

D�PDMRU�VRXUFH�RI�3%'(�H[SRVXUH�LV�VXSSRUWHG�E\�WKH�FLUFXPVWDQWLDO�HYLGHQFH�WKDW�3%'(�

FRQFHQWUDWLRQV�LQ�8�6��KRXVH�GXVW�DUH�JHQHUDOO\�WHQ�WLPHV�KLJKHU�WKDQ�FRQFHQWUDWLRQV�UHSRUWHG�LQ�

(XURSHDQ�VWXGLHV�DQG�WKDW�(XURSHDQ�ERG\�EXUGHQV��FD����QJ�J�OZW��DUH�DV�PXFK�DV�WHQ�WLPHV�

ORZHU�WKDQ�8�6��ERG\�EXUGHQV�����±�����QJ�J�OZW���

,Q�DGGLWLRQ�WR�DGXOW�ERG\�EXUGHQ�PHDVXUHPHQWV�DQG�LQWDNH�GRVH�HVWLPDWHV��H[SRVXUHV�IRU�

RWKHU�SRSXODWLRQV�ZHUH�DOVR�H[DPLQHG���7KHVH�XQLTXH�H[SRVXUHV�LQFOXGHG�IHWDO�H[SRVXUHV��LQIDQW�

H[SRVXUHV�YLD�EUHDVW�PLON��FKLOGKRRG�H[SRVXUHV��RFFXSDWLRQDO��DQG�XQXVXDOO\�KLJK�H[SRVXUHV�DW�

WKH�KLJK�HQG�RI�WKH�JHQHUDO�SRSXODWLRQ���.H\�ILQGLQJV�IURP�WKHVH�H[DPLQDWLRQV�DUH�VXPPDUL]HG�

EHORZ����

PBDE Body Burdens in U.S. Children���%RG\�EXUGHQ�GDWD��DV�ZHOO�DV�LQWDNH�DQG�ERG\�

EXUGHQ�LPSDFW�PRGHOLQJ��VXJJHVW�WKDW�LQIDQWV�DQG�WRGGOHUV�KDYH�KLJKHU�H[SRVXUHV�WKDQ�ROGHU�

FKLOGUHQ�RU�DGXOWV���,Q�SDLUHG�VDPSOLQJ�VWXGLHV��LQFOXGLQJ�PRWKHU�DQG�FKLOG��WKH�FKLOG¶V�ERG\�

EXUGHQ�KDV�H[FHHGHG�E\�WKH�PRWKHU¶V�E\�DERXW�D�IDFWRU�RI����H[FHHGLQJ�����QJ�J�OZW�WRWDO�3%'(V�
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LQ�VRPH�FDVHV���+LJKHU�OHYHOV�LQ�WRGGOHUV�ZHUH�DWWULEXWHG�WR�LQJHVWLRQ�RI�PRWKHU¶V�PLON�DQG�KLJK�

H[SRVXUHV�WR�KRXVH�GXVW���

PBDE Fetal Body Burdens���/LPLWHG�GDWD�IURP�IHWDO�WLVVXH�DQG�QXPHURXV�VWXGLHV�

LQFOXGLQJ�PHDVXUHPHQWV�RI�%'(�FRQJHQHUV�IURP�XPELOLFDO�FRUG�EORRG�VXSSRUW�WKH�FRQFOXVLRQ�

WKDW�WKH�IHWXV�LV�H[SRVHG�WR�3%'(V�WKURXJK�WKH�PRWKHU���,Q�VRPH�SDLUHG�VWXGLHV�LQFOXGLQJ�ERWK�

PDWHUQDO�DQG�XPELOLFDO�FRUG�VHUXP��WKHUH�LV�D�VXJJHVWLRQ�WKDW�WKH�IHWXV�PD\�EH�OHVV�H[SRVHG�WKDQ�

WKH�PRWKHU�DV�ORZHU�FRQFHQWUDWLRQV�RI�%'(�FRQJHQHUV�LQ�XPELOLFDO�FRUG�DV�FRPSDUHG�WR�PDWHUQDO�

VHUXP�ZHUH�IRXQG���7KLV�WUHQG�RI�ORZHU�FRQFHQWUDWLRQV�ZHUH�VHHQ�PRVWO\�IRU�KLJKHU�EURPLQDWHG�

FRQJHQHUV�LQ�WZR�RI�WKHVH�VWXGLHV��ZKHUH�WKLV�JHQHUDO�REVHUYDWLRQ�FRXOG�EH�PDGH��EXW�LQ�IRXU�

RWKHU�VWXGLHV�UHYLHZHG��VLPLODU��LI�QRW�VOLJKWO\�KLJKHU��FRQFHQWUDWLRQV�RI�DOO�FRQJHQHUV�ZHUH�VHHQ�

LQ�XPELOLFDO�FRUG�VHUXP��

Intake Rates for Infants and Children���,QWDNH�PRGHOLQJ�IRU�WKH�EUHDVW�PLON�SDWKZD\�

FRPELQLQJ�PHDVXUHG�PLON�FRQFHQWUDWLRQV�DQG�LQIDQW�LQJHVWLRQ�RI�KXPDQ�PLON�OHG�WR�DQ�LQWDNH�RI�

������QJ�GD\�LQ�WKLV�VWXG\���$VVXPLQJ�DQ�DYHUDJH�ERG\�ZHLJKW�RI����NJ�IRU�DQ�LQIDQW�GXULQJ�WKH�

PRQWKV�RI�EUHDVW�IHHGLQJ��D�GRVH�LV�FDOFXODWHG�DV�����QJ�NJ�GD\���,W�LV�ORZHU�WKDQ�LQWDNH�HVWLPDWHV�

IRU�FKLOGUHQ�GHULYHG�LQ�WKLV�VWXG\��ZKLFK�ZHUH������QJ�NJ�GD\�IRU�DJHV��í���DVVXPLQJ����NJ�EZ���

�����QJ�NJ�GD\�IRU�DJHV��í����DVVXPLQJ����NJ�EZ���DQG�����QJ�NJ�GD\�IRU�DJHV���í����DVVXPLQJ�

���NJ�EZ����7KH�HVWLPDWHG�DGXOW�LQWDNH�UDWH�ZDV�����QJ�NJ�GD\���

Occupational Exposure���/LPLWHG�RFFXSDWLRQDO�GDWD�VXSSRUW�WKH�REVHUYDWLRQ�WKDW�

LQGLYLGXDOV�LQ�RFFXSDWLRQV�WKDW�ZRXOG�OHDG�WR�KLJKHU�H[SRVXUHV�WR�VSHFLILF�FRQJHQHUV�KDYH�KLJKHU�

FRQFHQWUDWLRQV�RI�3%'(�FRQJHQHUV�LQ�WKHLU�EORRG�WKDQ�WKH�JHQHUDO�SRSXODWLRQ����

High-End Exposures in U.S. Population���(YHQ�LQ�EDFNJURXQG�DGXOW�SRSXODWLRQV��WKHUH�

DUH�LQGLYLGXDOV�H[SHULHQFLQJ�YHU\�KLJK�H[SRVXUHV���$V�QRWHG�HDUOLHU��D�UDQJH�RI�ERG\�EXUGHQV�RI�

WRWDO�3%'(V�IRXQG�LQ�WKH�OLWHUDWXUH�ZDV��������QJ�J�OZW��DQG�WKH���WK�SHUFHQWLOH�IRXQG�LQ�

1+$1(6�ZDV�����QJ�J�OZW���0RGHOLQJ�H[HUFLVHV�XQGHUWDNHQ�WR�H[DPLQH�WKLV�K\SRWKHVLV�VXJJHVW�

WKDW�HYHQ�WKH�KLJKHVW�GXVW�FRQFHQWUDWLRQV�PLJKW�QRW�EH�DEOH�WR�H[SODLQ�WKH�KLJKHVW�ERG\�EXUGHQV�

IRXQG��

� 7KLV�UHSRUW�KDV�TXDQWLILHG�FHQWUDO�WHQGHQF\�LQWDNH�HVWLPDWHV�DQG�ERG\�EXUGHQV�RI�3%'(V��

DQG�IRXQG�WKDW�GXVW�UHODWHG�H[SRVXUHV�EHVW�H[SODLQ�ERG\�EXUGHQV���+RZHYHU��WKLV�H[DPLQDWLRQ�RI�

XQXVXDOO\�KLJK�H[SRVXUHV�LQ�WKH�JHQHUDO�SRSXODWLRQ�VXJJHVWV�WKH�SRVVLELOLW\�WKDW�WKHUH�DUH�RWKHU�

H[SRVXUHV�QRW�LGHQWLILHG�LQ�WKLV�DVVHVVPHQW��RU�H[SRVXUHV�WKDW�ZHUH�LGHQWLILHG�EXW�QRW�TXDQWLILHG�



� [[[LLL�

SURSHUO\�IRU�DOO�LQGLYLGXDOV�RI�WKH�SRSXODWLRQ����7KHVH�H[SRVXUHV�QRW�LGHQWLILHG�RU�LPSURSHUO\�

TXDQWLILHG�DUH�DIIHFWLQJ�D�VPDOO�SHUFHQWDJH�RI�LQGLYLGXDOV�DW�WKH�KLJK�HQG��XSSHU�����SHUKDSV��RI�

WKH�8�6��SRSXODWLRQ���7KLV�PLJKW�EH�WKH�PRVW�LPSRUWDQW�XQFHUWDLQW\�LGHQWLILHG�LQ�WKLV�UHSRUW����

�

�
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�� INTRODUCTION 
�
�
� 3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��DUH�D�FODVV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�WKDW�

DUH�DGGHG�WR�SODVWLFV��SRO\XUHWKDQH�IRDP��WH[WLOHV��DQG�HOHFWURQLF�HTXLSPHQW�WR�UHGXFH�WKH�

OLNHOLKRRG�RI�LJQLWLRQ�DQG�WR�VORZ�WKH�EXUQ�UDWH�LI�WKH�SURGXFWV�GR�FDWFK�ILUH���3%'(V�KDYH�D�

FRPPRQ�VWUXFWXUH�RI�D�EURPLQDWHG�GLSKHQ\O�HWKHU�PROHFXOH�WKDW�PD\�KDYH�DQ\ZKHUH�IURP���WR�

���EURPLQH��%U��DWRPV�DWWDFKHG���'HSHQGLQJ�RQ�WKH�ORFDWLRQ�DQG�QXPEHU�RI�%U�DWRPV��WKHUH�DUH�

����SRVVLEOH�3%'(�FRPSRXQGV��HDFK�WHUPHG�FRQJHQHUV���(DFK�LV�DVVLJQHG�D�VSHFLILF�EURPLQDWHG�

GLSKHQ\O�HWKHU��%'(��QXPEHU��QRWH��LQ�WKLV�GRFXPHQW��WKH�DEEUHYLDWLRQ�3%'(�ZDV�XVHG�WR�

GHQRWH�WKH�FODVV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV��ZKLOH�%'(�ZDV�XVHG�LQ�WKH�FRQWH[W�RI�3%'(�

FRQJHQHUV����)RU�H[DPSOH��WKHUH�DUH����WHWUDEURPRGLSKHQ\O�HWKHU�FRQJHQHUV��WKRVH�ZLWK�IRXU�

EURPLQH�DWRPV���EXW�RQO\�D�IHZ�RI�WKHP��VSHFLILFDOO\�%'(����DQG�RFFDVLRQDOO\�%'(�����DUH�

IRXQG�LQ�WKH�SURGXFW�IRUPXODWLRQV�DQG�LQ�HQYLURQPHQWDO�RU�H[SRVXUH�PHGLD��/D�*XDUGLD�HW�DO���

��������7DEOH�����VKRZV�WKH�%'(�FRQJHQHU�QXPEHU�DQG�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�PRVW�

FRPPRQO\�VWXGLHG�%'(�FRQJHQHUV��

� 3%'(V�KDYH�EHHQ�PDUNHWHG�LQ�WKUHH�SULPDU\�IRUPXODWLRQV��WKH�SHQWD%'(�IRUPXODWLRQ��

FRPPHUFLDOO\�NQRZQ�DV�'(����DQG�%URPNDO�����'(��WKH�RFWD%'(�IRUPXODWLRQ��'(�����DQG�WKH�

GHFD%'(�IRUPXODWLRQ��'(���5�RU�6D\WH[����(���7KH�IRUPXODWLRQV�GLIIHU�LQ�WKHLU�FRPSRVLWLRQ�RI�

%'(�FRQJHQHUV���7KH�SHQWD�IRUPXODWLRQ�LV�GRPLQDWHG��E\�ZHLJKW��E\�SHQWD�FRQJHQHUV����í�����

ZLWK�VHFRQGDU\�FRQWULEXWLRQV�E\�WHWUD����í�����DQG�KH[D�FRQJHQHUV���í�������7KH�RFWD�

IRUPXODWLRQ�LV�GRPLQDWHG�E\�KHSWD�������DQG�RFWD�FRQJHQHUV��������ZLWK�VHFRQGDU\�

FRQWULEXWLRQV�E\�KH[D�������DQG�QRQD�������FRQJHQHUV���7KH�GHFD�IRUPXODWLRQ�LV�FRPSRVHG�RI�

HVVHQWLDOO\�DOO�%'(��������í�����ZLWK��í���RWKHU��PDLQO\�QRQD��FRQJHQHUV���ZKLFK�LV�WKH�

FRQJHQHU�ZLWK�DOO����%U�SRVLWLRQV�RFFXSLHG���7KH�SHQWD�DQG�RFWD�IRUPXODWLRQV�ZHUH�YROXQWDULO\�

ZLWKGUDZQ�IURP�WKH�8�6��PDUNHWSODFH�E\�WKHLU�PDQXIDFWXUHUV�DW�WKH�HQG�RI�������OHDYLQJ�RQO\�WKH�

GHFD�IRUPXODWLRQ�IRU�XVH�LQ�FRPPHUFLDO�SURGXFWV���7KH�GHFD�IRUPXOD�LV�DOVR�WKH�RQO\�FXUUHQWO\�

XVHG�IRUPXODWLRQ�LQ�(XURSH�EHFDXVH�WKH�SHQWD�DQG�RFWD�IRUPXODWLRQV�ZHUH�EDQQHG���+RZHYHU��

6ZHGHQ�EDQQHG�WKH�XVH�RI�WKH�GHFD�IRUPXODWLRQ�LQ�$XJXVW�RI�������WKH�EDQ�WR�WDNH�HIIHFW�

����������

�������������������������������������������������
�6HH�KWWS���ZZZ�HPIDFWV�FRP�ZHEORJ�LQGH[�SKS"S �����

�
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Table 1-1�  BDE congener numbers and chemical composition of the most 
commonly studied BDE congeners 

�

BDE congener number� Chemical formula BDE congener number� Chemical formula 

I.  MonoBDE %'(����� ���
����
���%'(�

%'(��� ��%'(� %'(����� ���¶����¶��%'(�

II.  DiBDE %'(����� ���¶����¶���%'(�

%'(��� ����%'(� %'(����� ���¶������¶��¶�%'(�

%'(��� ���¶�%'(� %'(����� ���¶������¶���%'(�

%'(���� ���¶�%'(� VI.  HexaBDE�

%'(���� ����%'(� %'(������ ���¶����¶����¶�%'(�

%'(���� ���¶�%'(� %'(������ ���¶����¶����¶�%'(�

%'(���� ���¶�%'(� %'(������ ���¶����¶����¶�%'(�

III.  TriBDE %'(����� �������
�����%'(�

%'(����� ���¶���%'(� VII.  HeptaBDE�

%'(����� ���¶���%'(��� %'(������ ���¶������¶�����%'(�

%'(����� �����¶�%'(� %'(������ ���¶������¶��¶���%'(�

%'(���� ������%'(� %'(������ �����¶����¶�����%'(�

%'(���� ���¶���%'(� VIII.  OctaBDE�

%'(���� �¶�����%'(� %'(����� ���¶����¶����¶��¶���%'(�

%'(����� ���¶���%'(� %'(����� ���¶����¶����¶����¶�%'(�

%'(���� �����¶�%'(� %'(����� ���¶������¶����¶���%'(�

IV.  TetraBDE� IX.  NonaBDE�

%'(����� ���¶����¶�%'(� %'(������ ���¶����¶����¶����¶���%'(�

%'(����� ���¶����¶�%'(� %'(������ ���¶����¶����¶������¶�%'(�

%'(���� ���¶����¶�%'(�� %'(������ ���¶����¶������¶����¶�%'(�

%'(����� ���¶��¶���%'(� X.  DecaBDE�

%'(����� �����¶���%'(� %'(������ ���¶����¶����¶����¶����¶�%'(�

%'(���� ���¶����¶�%'(� � �

V.  PentaBDE � �

%'(���� ���¶������¶�%'(� � �

%'(����� ���¶����¶���%'(� � �

%'(����� ���¶����¶���%'(� �

%'(������ �����¶����¶�%'(� � �

%'(������ ����������%'(� � �
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� 3%'(V�KDYH�FDSWXUHG�WKH�DWWHQWLRQ�RI�VFLHQWLVWV�DQG�SROLF\PDNHUV�EHFDXVH�OHYHOV�LQ�WKH�

HQYLURQPHQW�DQG�KXPDQV�KDYH�LQFUHDVHG�UDSLGO\�VLQFH�WKHVH�FKHPLFDOV�FDPH�LQWR�XVH���7KH�ULVH�LQ�

3%'(�FRQFHQWUDWLRQV�LQ�EORRG�DQG�EUHDVW�PLON�VDPSOHV�ERWK�IURP�WKH�8QLWHG�6WDWHV�DQG�&DQDGD�

WKURXJKRXW�WKH�����V�LQWR�WKH�����V��FRXSOHG�ZLWK�WKH�IDFW�WKDW�1RUWK�$PHULFDQ�ERG\�EXUGHQV�

H[FHHG�WKRVH�RI�(XURSHDQV�DQG�RWKHUV�E\�IDFWRUV�RI����RU�PRUH��KDV�VHUYHG�WR�IRFXV�DWWHQWLRQ�RQ�

1RUWK�$PHULFDQ�H[SRVXUHV�WR�3%'(V���7KH�SHQWD%'(�IRUPXODWLRQ�KDV�JDUQHUHG�WKH�PRVW�

FRQFHUQ�EHFDXVH�LW�DSSHDUV�WR�EH�WKH�PDMRU�FRQWULEXWRU�WR�FXUUHQW�HQYLURQPHQWDO�DQG�KXPDQ�ERG\�

OHYHOV���(YHQ�ZLWK�ERWK�WKH�SHQWD�DQG�RFWD�IRUPXODWLRQV�KDYLQJ�EHHQ�ZLWKGUDZQ�IURP�WKH�

8�6��PDUNHW��SDVW�XVH�DQG�WKH�SRVVLELOLW\�RI�GHEURPLQDWLRQ��ORVV�RI�EURPLQH�DWRPV��RI�%'(�����

DQG�RWKHU�KLJKHU�EURPLQDWHG�FRQJHQHUV�E\�SKRWRO\WLF�RU�ELRORJLFDO�PHFKDQLVPV�WR�IRUP�

ORZHU�EURPLQDWHG�FRQJHQHUV�FRXOG�UHVXOW�LQ�WKH�FRQWLQXHG�SUHVHQFH�RI�ORZHU�EURPLQDWHG�

FRQJHQHUV�LQ�WKH�HQYLURQPHQW���

� 6WXGLHV�KDYH�EHHQ�FRQGXFWHG�LQ�ODERUDWRU\�DQLPDOV�WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�

SRWHQWLDO�KHDOWK�ULVNV�RI�3%'(V���7KHVH�VWXGLHV�KDYH�VXJJHVWHG�SRWHQWLDO�FRQFHUQV�DERXW�OLYHU�

WR[LFLW\��WK\URLG�WR[LFLW\��GHYHORSPHQWDO�WR[LFLW\��DQG�GHYHORSPHQWDO�QHXURWR[LFLW\ʊHVSHFLDOO\�

DERXW�SRWHQWLDO�ULVNV�LQ�FKLOGUHQ���7KH�FDUFLQRJHQLF�SRWHQWLDO�RI�VRPH�3%'(V�KDYH�EHHQ�VWXGLHG���

,Q�D�UHYLHZ�RI�WR[LFRORJLFDO�VWXGLHV�DV�SDUW�RI�D�WR[LFRORJLFDO�UHYLHZ�IRU�(3$¶V�,QWHJUDWHG�5LVN�

,QIRUPDWLRQ�6\VWHP��8�6��(3$���������(3$�KDV�IRXQG�WKDW�WKH�GDWD�IRU�GHFDEURPRGLSKHQ\O�HWKHU�

�WKH�FRPPHUFLDO�IRUPXODWLRQ�FRPSRVHG�PRVWO\�RI�%'(������VXSSRUW�D�ILQGLQJ�RI�³VXJJHVWLYH�

HYLGHQFH�RI�FDUFLQRJHQLF�SRWHQWLDO´�DFFRUGLQJ�WR�(3$¶V�*XLGHOLQHV�IRU�&DUFLQRJHQ�5LVN�

$VVHVVPHQW��8�6��(3$����������)RU�%'(�FRQJHQHUV�%'(�����%'(������DQG�%'(�����(3$�KDV�

IRXQG�WKDW�WKH�GDWD�VXSSRUW�D�ILQGLQJ�RI�³LQDGHTXDWH�LQIRUPDWLRQ�WR�DVVHVV�FDUFLQRJHQLF�SRWHQWLDO´�

�8�6��(3$���������

� (3$�KDV�IRUPHG�D�ZRUNLQJ�JURXS�FRPSRVHG�RI�LQGLYLGXDOV�IURP�VHYHUDO�SURJUDP�RIILFHV�

LQFOXGLQJ�WKH�2IILFHV�RI�3HVWLFLGHV��3UHYHQWLRQ��DQG�7R[LF�6XEVWDQFHV��WKH�2IILFH�RI�:DWHU��DQG�

RI�WKH�2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW��WR�VWXG\�LVVXHV�VXUURXQGLQJ�3%'(V��

�������������������������������������������������
�6HH�KWWS���ZZZ�HSD�JRY�RSSW�SEGH��

��7KH\�LVVXHG�D�

SURMHFW�SODQ�LQ������WKDW�RXWOLQHG�SURMHFWV�WR�IXUWKHU�VWXG\�WKH�WR[LFLW\��HQYLURQPHQWDO�IDWH��DQG�

H[SRVXUH�WR�3%'(�FRPSRXQGV���7KLV�GRFXPHQW�DGGUHVVHV�WKH�H[SRVXUH�DVVHVVPHQW�QHHGV�

LGHQWLILHG�LQ�WKDW�SURMHFW�SODQ�DQG�SURYLGHV�D�FRPSUHKHQVLYH�DVVHVVPHQW�RI�WKH�H[SRVXUH�RI�



� ����

$PHULFDQV�WR�WKLV�FODVV�RI�SHUVLVWHQW�RUJDQLF�SROOXWDQWV���7KDW�GRFXPHQW�ZDV�XSGDWHG�LQ�

'HFHPEHU�RI������DQG�D�IXUWKHU�XSGDWH�LV�SODQQHG�IRU�������

� 6XEVHTXHQW�FKDSWHUV�GHVFULEH�WKH�KLVWRULFDO�XVH�DQG�FRPSRVLWLRQ�RI�FRPPHUFLDO�PL[WXUHV�

RI�3%'(V��VHH�&KDSWHU�����WKH�HQYLURQPHQWDO�IDWH�RI�3%'(V��VHH�&KDSWHU�����DQG�HQYLURQPHQWDO�

DQG�H[SRVXUH�PHGLD�FRQFHQWUDWLRQV�RI�3%'(V��VHH�&KDSWHU������7KH�GRFXPHQW�FRQFOXGHV�ZLWK�D�

FRPSUHKHQVLYH�H[SRVXUH�DVVHVVPHQW�DGGUHVVLQJ�IHWDO��LQIDQW��FKLOGUHQ��DQG�DGXOW�H[SRVXUHV�WR�

3%'(V��VHH�&KDSWHU�������

 
5()(5(1&(6�)25�&+$37(5���
/D�*XDUGLD��0-��+DOH��5&��+DUYH\��(���������'HWDLOHG�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��FRQJHQHU�
FRPSRVLWLRQ�RI�WKH�ZLGHO\�XVHG�SHQWD���RFWD���DQG�GHFD�3%'(�WHFKQLFDO�IODPH�UHWDUGDQW�PL[WXUHV���(QYLURQ�6FL�
7HFKQRO��������í������

8�6��(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������*XLGHOLQHV�IRU�FDUFLQRJHQ�ULVN�DVVHVVPHQW���)HG�5HJ�
������������í�������$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�HSD�JRY�FDQFHUJXLGHOLQHV��

8�6��(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������7R[LFRORJLFDO�UHYLHZ�RI�GHFDEURPRGLSKHQ\O�HWKHU��%'(������
�&$651������������LQ�VXSSRUW�RI�VXPPDU\�LQIRUPDWLRQ�RQ�WKH�,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP��,5,6���
'HFHPEHU��������$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�HSD�JRY�LULV���
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�� PRODUCTION, USE, AND LIFE CYCLE OF POLYBROMINATED 
DIPHENYL ETHERS 

 
 

���� ,1752'8&7,21�
3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��DUH�LQ�ZLGHVSUHDG�XVH�DQG�DUH�QRZ�GHWHFWHG�LQ�

WKH�WLVVXHV�RI�KXPDQV�DQG�ZLOGOLIH��LQ�VRLOV��LQ�VHGLPHQWV��DQG�LQ�DLU���7KH�XELTXLWRXV�SUHVHQFH�RI�

EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�WKH�HQYLURQPHQW�KDV�KHLJKWHQHG�FRQFHUQV�IRU�DGYHUVH�HFRORJLFDO�

DQG�KXPDQ�KHDOWK�ULVNV���3%'(V�DUH�D�FODVV�RI�DURPDWLF�FRPSRXQGV�LQWHQWLRQDOO\�PDQXIDFWXUHG�

WR�UHWDUG�WKH�FRPEXVWLELOLW\�RI�WUHDWHG�PDWHULDOV���:KHQ�ILUH�RFFXUV��WKH�3%'(�IRUPXODWLRQV�

XWLOL]H�YDSRU�SKDVH�FKHPLFDO�UHDFWLRQV�WKDW�LQWHUIHUH�ZLWK�WKH�FRPEXVWLRQ�SURFHVV��WKXV�GHOD\LQJ�

LJQLWLRQ�DQG�LQKLELWLQJ�WKH�VSUHDG�RI�ILUH��'¶6LOYD����������7KHVH�FKDUDFWHULVWLFV�KDYH�SURPRWHG�

WKH�ZLGHVSUHDG�XVH�RI�3%'(V�LQ�WH[WLOHV��IOH[LEOH�SRO\XUHWKDQH�IRDPV��)38)V��XVHG�LQ�

XSKROVWHU\�VWXIILQJ�IRU�IXUQLWXUH�DQG�FDU�VHDWV��HOHFWURQLF�FRPSRQHQWV��HOHFWULFDO�FRPSRQHQWV��DQG�

SODVWLFV�XVHG�LQ�WKH�FDVLQJV�RI�WHOHYLVLRQV��79V���SHUVRQDO�FRPSXWHUV��3&V���DQG�RWKHU�HOHFWURQLF�

HTXLSPHQW��

7KH�SXUSRVH�RI�WKLV�FKDSWHU�LV�WR�GHVFULEH�WKH�SURGXFWLRQ�DQG�XVHV�RI�3%'(V��DQG�WR�

SUHVHQW�D�EDVLF�OLIH�F\FOH�DQDO\VLV�RI�3%'(V�LQYROYLQJ�HVWLPDWHV�RI�HQYLURQPHQWDO�UHOHDVH�IURP�

SURGXFWLRQ��SURGXFW�XVH��ZDVWH�GLVSRVDO��UHF\FOLQJ�RI�HOHFWURQLFV�DQG�HOHFWULFDO�HTXLSPHQW��(((��

PDWHULDOV��DQG�VHZDJH�WUHDWPHQW���6HFWLRQ�����UHYLHZV�WKH�SURGXFWLRQ�RI�FRPPHUFLDO�3%'(�

IRUPXODWLRQV���6HFWLRQ�����VXUYH\V�WKH�VSHFLILF�XVHV�RI�3%'(V�DV�IODPH�UHWDUGDQWV�LQ�D�QXPEHU�RI�

SODVWLF�UHVLQV�DQG�ILQLVKHG�SURGXFWV���6HFWLRQ�����SUHVHQWV�D�JHQHUDOL]HG�OLIH�F\FOH�DQDO\VLV�IRU�WKH�

8QLWHG�6WDWHV�WKDW�GHULYHV�HVWLPDWHV�RI�HQYLURQPHQWDO�UHOHDVHV�RI�VSHFLILF�EURPLQDWHG�GLSKHQ\O�

HWKHU��%'(��FRQJHQHUV�EDVHG�RQ�SURGXFWLRQ��WKH�XVHV�RI�3%'(�WUHDWHG�SURGXFWV��DQG�HVWLPDWHV�

WKH�DPRXQWV�WKDW�PD\�EH�UHF\FOHG�RU�GLVSRVHG�RI�LQ�ODQGILOOV�DQG�LQFLQHUDWRUV�RQFH�3%'(�WUHDWHG�

SURGXFWV�EHFRPH�IXQFWLRQDOO\�REVROHWH���6HFWLRQ�����SUHVHQWV�D�VXPPDU\�DQG�WKH�NH\�ILQGLQJV�

IURP�WKLV�OLIH�F\FOH�DQDO\VLV���%HFDXVH�RI�VLJQLILFDQW�OLPLWDWLRQV�DQG�JDSV�LQ�H[LVWLQJ�GDWD��WKH�OLIH�

F\FOH�DQDO\VLV�SUHVHQWHG�LQ�WKLV�FKDSWHU�VKRXOG�EH�UHJDUGHG�DV�DQ�DSSUR[LPDWH�DVVHVVPHQW���

+RZHYHU��WKH�OLIH�F\FOH�DQDO\VLV�GRHV�SURYLGH�D�SODWIRUP�IURP�ZKLFK�GLVWLQFW�REVHUYDWLRQV�FDQ�EH�

PDGH�UHJDUGLQJ�WKH�SRWHQWLDO�SDWKZD\V�RI�HQYLURQPHQWDO�UHOHDVHV�RI�3%'(�IRUPXODWLRQV�DQG�

WKHLU�%'(�FRQJHQHUV�LQWR�WKH�ODQG��DLU��DQG�ZDWHU�RI�WKH�8QLWHG�6WDWHV�IURP�SURGXFWLRQ�WKURXJK�

GLVSRVDO�RI�3%'(�WUHDWHG�PDWHULDOV� 
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���� 352'8&7,21�
&RPPHUFLDO�SURGXFWLRQ�RI�3%'(V�EHJDQ�LQ�������,3&6����������3%'(V�KDYH�EHHQ�VROG�

XQGHU�YDULRXV�WUDGH�QDPHV�EXW�PDLQO\�FRQVLVW�RI�WKUHH�FRPPHUFLDO�PL[WXUH�IRUPXODWLRQV�NQRZQ�

DV�SHQWD���RFWD���DQG�GHFD%'(���(DFK�FRPPHUFLDO�IRUPXODWLRQ�LV�PDQXIDFWXUHG�WKURXJK�WKH�

FKHPLFDO�UHDFWLRQ�RI�EURPLQH�ZLWK�GLSKHQ\O�R[LGH���DOVR�NQRZQ�DV�GLSKHQ\O�HWKHU��LQ�WKH�

SUHVHQFH�RI�DQ�LQRUJDQLF�FDWDO\VW��H�J���$O&O����$76'5����������7KH�EURPLQH�DPRXQW�DQG�WKH�

WLPH�DOORWWHG�IRU�WKH�FKHPLFDO�UHDFWLRQ�FRQWURO�WKH�H[WHQW�RI�EURPLQDWLRQ�RQ�WKH�GLSKHQ\O�HWKHU�

PROHFXOH���7KH�VWHSZLVH�DGGLWLRQ�RI�EURPLQH�FDXVHV�WKH�IRUPDWLRQ�RI�ORZHU�WR�KLJKHU�EURPLQDWHG�

3%'(�FRQJHQHUV�XQWLO�WKH�WRWDO�GHVLUHG�DPRXQW�RI�EURPLQDWLRQ�LV�REWDLQHG���)LJXUH�����GLVSOD\V�

WKH�JHQHUDO�VWUXFWXUH�RI�WKH�3%'(�FRPSRXQG���7KH�PROHFXODU�EDFNERQH�FRQVLVWV�RI�WZR�SKHQ\O�

ULQJV�LQWHUFRQQHFWHG�E\�DQ�R[\JHQ�DWRP���7KHUH�DUH����SRVLWLRQV�ZKHUHE\�D�EURPLQH�DWRP�FDQ�

VXEVWLWXWH�D�K\GURJHQ�DWRP�RQ�WKH�PROHFXOH�ZLWK�WKH�SRVVLELOLW\�RI����KRPRORJXH�JURXSV�

LGHQWLILHG�E\�WKH�SUHIDFH�PRQR���GL���WUL���WHWUD���SHQWD���KH[D���KHSWD���RFWD���QRQD���DQG�GHFD'%(���

(DFK�FRQJHQHU�LV�LQGLFDWHG�E\�WKH�SRVLWLRQDO�QXPEHULQJ�RI�WKH�EURPLQH�DWRP�RQ�WKH�ELSKHQ\O�

ULQJV���7KH�FRQJHQHUV�DUH�DVVLJQHG�D�QXPEHU�DFFRUGLQJ�WR�WKH�QRPHQFODWXUH�RI�WKH�,QWHUQDWLRQDO�

8QLRQ�RI�3XUH�DQG�$SSOLHG�&KHPLVWU\����

�
�

�
Figure 2-1.  General structure of polybrominated diphenyl ethers. 
�
�
&RPPHUFLDO�IRUPXODWLRQV�DUH�PL[WXUHV�RI�3%'(�FRQJHQHUV�ZLWK�SHQWD���RFWD���DQG�

GHFD%'(�KDYLQJ�D�EURPLQH�FRQWHQW�RI�DERXW�������������DQG������UHVSHFWLYHO\��(8��������

��������������$OWKRXJK�����3%'(�FRQJHQHUV�DUH�WKHRUHWLFDOO\�SRVVLEOH��RQO\�D�OLPLWHG�QXPEHU�

KDYH�EHHQ�GHWHFWHG�LQ�FRPPHUFLDO�IODPH�UHWDUGDQW�SURGXFWV���7DEOH�����LV�D�FRPSLODWLRQ�RI�WKH��



�

� ����

Table 2-1���Approximate BDE homologue- and congener-specific content of 
PBDE commercial formulations 

�

Congener identity  
Commercial formulations of PBDE fame retardants 

PentaBDE  
(mass % composition) 

OctaBDE 
(mass % composition) 

DecaBDE 
(mass % composition) 

%'(���� ����� � �

%'(���� ���� � �

7RWDO�7UL%'(� �í�� � ��������

%'(���� ��í��� � ��������

%'(���� ��� � �

7RWDO�7HWUD%'(� ��í��� � ��������

%'(���� �� � �

%'(���� ��í��� � ������

%'(����� �í��� � �

7RWDO�3HQWD%'(� ��í��� � ������

%'(����� ���� � �

%'(����� �í�� �í��� ������

%'(����� �í�� �í�� �

7RWDO�+H[D%'(� �í��� ��í��� ������

%'(����� � ��� �

%'(����� � �� �

7RWDO�+HSWD%'(� � ��í��� ������

%'(����� � �� �

%'(����� � ��� �

%'(����� � �í��� �

7RWDO�2FWD%'(� � ��í��� �

%'(����� � � ����

%'(����� � �� �����

%'(����� � ��� �����

7RWDO�1RQD%'(� � �í��� í����

%'(����� � �í�� �����

�
6RXUFHV��(8���������������������.HPPOHLQ�HW�DO����������3HHOH���������3DOP�HW�DO����������,3&6���������

/D�*XDUGLD�HW�DO����������
�
�
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DSSUR[LPDWH�%'(�FRQJHQHU�FRPSRVLWLRQV�RI�WKH�WKUHH�FRPPHUFLDO�IRUPXODWLRQV���7KH�

FRPSRVLWLRQ�RI�WKH�WKUHH�FRPPHUFLDO�IRUPXODWLRQV�FKDQJH�ZLWK�WLPH�DQG�PDQXIDFWXUHU��DQG�

7DEOH�����VKRZV�JHQHUDO�FRQJHQHU�FRPSRVLWLRQ���7KH�GRPLQDQW�FRQJHQHUV�LQ�SHQWD%'(��SHUFHQW�

ZHLJKW�EDVLV�LQ�SDUHQWKHVLV��DUH�%'(�������í������%'(�������í������%'(�������í������

%'(�������í�����DQG�%'(�������í������2Q�D�KRPRORJXH�EDVLV��WKH�SHQWD%'(�IRUPXODWLRQ�LV�

GRPLQDWHG�E\�SHQWD%'(����í�����DQG�WHWUD%'(����í�����KRPRORJXHV��ZLWK�KH[D%'(�

DPRXQWLQJ�WR�RQO\��í����RI�WRWDO�PDVV���

7KH�%'(�FRQJHQHUV�SUHVHQW�LQ�RFWD%'(�IRUPXODWLRQV�DUH�%'(������������%'(�����

�������%'(�������í������%'(�����������%'(������������%'(�����������%'(�������í������

%'(�������í�����%'(������QRW�GHWHFWHG�XS�WR������DQG�%'(������������+H[D���KHSWD���RFWD���

DQG�QRQD%'(�KRPRORJXHV�GRPLQDWH�WKH�RFWD%'(�FRPPHUFLDO�IRUPXODWLRQV�FRPSULVLQJ�

��í�������í�������í�����DQG��í����RI�WRWDO�%'(�FRQWHQW��UHVSHFWLYHO\���:LWK�UHVSHFW�WR�

GHFD%'(��������RI�WKH�IRUPXODWLRQ�LV�FRPSRVHG�RI�%'(������ZLWK�WKH�UHPDLQGHU�EHLQJ�

%'(�������������%'(��������������DQG�%'(���������������%'(�����LV�WKH�GRPLQDQW�

FRQJHQHU��DQG�LV�D�VLJQDWXUH�RI�WKLV�IRUPXODWLRQ�  7KH�FRQJHQHU�FRPSRVLWLRQ�RI�WKH�FRPPHUFLDO�
GHFD%'(�SURGXFW�KDV�EHFRPH�SURJUHVVLYHO\�GRPLQDWHG�E\�WKH�%'(�����FRQJHQHU�RYHU�WLPH���

)RU�H[DPSOH��LQ�D������WR[LFLW\�HYDOXDWLRQ��WKH�1DWLRQDO�7R[LFRORJ\�3URJUDP�QRWHG�WKDW�

%'(�����ZDV�DSSUR[LPDWHO\������RU�JUHDWHU��LQ�WKH�FRPPHUFLDO�GHFD%'(�SURGXFW��173���������

� %HFDXVH�RI�PHUJHUV�DQG�DFTXLVLWLRQV��3%'(�IODPH�UHWDUGDQW�IRUPXODWLRQV�DUH�SURGXFHG�

ZRUOGZLGH�E\�WKUHH�FKHPLFDO�PDQXIDFWXUHUV��$OEHPDUOH��&KHPWXUD��DQG�,&/�,QGXVWULDO�3URGXFWV���

,Q�WKH�8QLWHG�6WDWHV��DOO�3%'(�IODPH�UHWDUGDQW�SURGXFWV�VROG�DUH�FXUUHQWO\�GHFD%'(�

IRUPXODWLRQV���3ULRU�WR�������WKH�LQGXVWU\�ZDV�PRUH�GLYHUVH���7KH�'HDG�6HD�%URPLQH�*URXS�

�'6%*���EDVHG�LQ�,VUDHO��ZDV�D�OHDGLQJ�PDQXIDFWXUHU�RI�3%'(�IODPH�UHWDUGDQWV���,&/�,QGXVWULDO�

3URGXFWV�DFTXLUHG�WKH�'6%*�LQ��������7KH�PDMRU�SURGXFHU�RI�3%'(�SURGXFWV�LQ�WKH�8QLWHG�

6WDWHV�ZDV�WKH�*UHDW�/DNHV�&KHPLFDO�&RUSRUDWLRQ��ZKLFK�VROG�IODPH�UHWDUGDQWV�XQGHU�WKH�

)LUHPDVWHU�EUDQG�QDPH���7KH�*UHDW�/DNHV�&KHPLFDO�&RUSRUDWLRQ�PHUJHG�ZLWK�&URPSWRQ�

&KHPLFDO�WR�IRUP�&KHPWXUD���&KHPWXUD�SURGXFHV�IODPH�UHWDUGDQW�SURGXFWV�FRPSRVHG�RI�

GHFD%'(�XQGHU�WKH�EUDQG�QDPHV�$=8%�'%�����$=8%�'%�����$=8%��'$�����DQG�

$=8%��'$������3ULRU�WR�������WKH�*UHDW�/DNHV�&KHPLFDO�&RUSRUDWLRQ�SURGXFHG�D�

SHQWD%'(�EDVHG�SURGXFW�XQGHU�WKH�EUDQG�QDPH�'(���)���'(���)�ZDV�UHSODFHG�ZLWK�

)LUHPDVWHU������D�SKRVSKRURXV�EURPLQH�EDVHG�IODPH�UHWDUGDQW���)LUHPDVWHU�����LV�WHFKQLFDOO\�QRW�
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HQULFKHG�ZLWK�3%'(��EXW�WKH�H[DFW�DFWLYH�FKHPLFDO�LQJUHGLHQWV�UHPDLQ�SURSULHWDU\���+RZHYHU��

6WDSOHWRQ�HW�DO���������DQDO\]HG�GXVW�VDPSOHV�LQ�KRPHV�LQ�WKH�%RVWRQ�DUHD�DQG�LGHQWLILHG�WKHVH�

EURPLQDWHG�FRPSRQHQWV�RI�)LUHPDVWHU��������HWK\OKH[\O���������WHWUDEURPREHQ]RDWH��7%%��DQG�

���HWK\OKH[\O�WHWUDEURPRSKWKDODWH��7%3+���WKH�ODWWHU�FRPSRXQG�EHLQJ�D�EURPLQDWHG�DQDORJXH�

RI�GL���HWK\OKH[\O�SKWKDODWH��'(+3����$OEHPDUOH�SURGXFHV�D�GHFD%'(�IRUPXODWHG�IODPH�

UHWDUGDQW�XQGHU�WKH�EUDQG�QDPH�6$<7(;����(�)ODPH�5HWDUGDQW���%HFDXVH�RI�LQFUHDVHG�

LQWHUQDWLRQDO�UHJXODWRU\�FRQFHUQ�UHJDUGLQJ�WKH�SRWHQWLDO�IRU�KXPDQ�KHDOWK�DQG�HQYLURQPHQWDO�

HIIHFWV��WKH�3%'(�LQGXVWU\�YROXQWDU\�FHDVHG�SURGXFWLRQ�RI�SHQWD��DQG�RFWD%'(�RQ������������

�%LUQEDXP�DQG�+XEDO����������7KH�(3$�DQQRXQFHG�WKH�SKDVH�RXW�RI�GHFD%'(�LQ�'HFHPEHU�RI�

������8�6��(3$������F����7KH�WKUHH�FRPSDQLHV�SURGXFLQJ�3%'(V��QRWHG�DERYH��KDYH�FRPPLWWHG�

WR�HQG�SURGXFWLRQ��LPSRUWDWLRQ��DQG�VDOHV�RI�GHFD%'(�IRU�PRVW�XVHV�LQ�WKH�8QLWHG�6WDWHV�E\�

������������DQG�WR�HQG�DOO�XVHV�E\�WKH�HQG�RI��������

� 3URGXFWLRQ�ILJXUHV�IRU�3%'(�PDQXIDFWXUH�DUH�QRW�UHDGLO\�DYDLODEOH���7KH�3%'(�LQGXVWU\�

XVXDOO\�UHSRUWV�RQO\�RQ�PDUNHW�GHPDQG�IRU�3%'(�FRPPHUFLDO�IRUPXODWLRQV��ZKLFK�OLNHO\�

WUDQVODWHV�LQWR�VDOHV�YROXPH���7KH�ODWHVW�UHSRUWLQJ�\HDU�IRU�PDUNHW�GHPDQG�LV�������+LWHV����������

7KH�PDUNHW�GHPDQG�IRU�GHFD%'(�LQ������ZLWKLQ�WKH�$PHULFDV�ZDV�DSSUR[LPDWHO\��������PHWULF�

WRQV���7KH�$PHULFDV�LQFOXGHV�1RUWK��&HQWUDO��DQG�6RXWK�$PHULFD��FRPELQHG���7KHUH�DUH�QR�

IXUWKHU�EUHDNGRZQV�DYDLODEOH�E\�FRXQWU\���,Q�����������RI�DOO�3%'(�FRQVXPHG�ZRUOGZLGH�ZDV�

GHFD%'(��IROORZHG�E\�SHQWD%'(��������DQG�RFWD%'(��������:LWKLQ�WKH�$PHULFDV��WKH�

EUHDNGRZQ�RI�WKH�PDUNHW�GHPDQG�IRU�GHFD���SHQWD���DQG�RFWD%'(�LQ������ZDV�������������DQG�

������UHVSHFWLYHO\��DQDO\VLV�RI�GDWD�LQ�+LWHV����������7ZR�WKLUGV�RI�DOO�GHFD%'(�SURGXFHG�

JOREDOO\�DUH�FRQVXPHG�LQ�1RUWK�$PHULFD�DQG�$VLD��DQDO\VLV�RI�GDWD�LQ�+LWHV���������

&RQFHUQV�IRU�HQYLURQPHQWDO�SHUVLVWHQFH��WKH�SRWHQWLDO�IRU�ELRDFFXPXODWLRQ�LQWR�HFRORJLFDO�

DQG�KXPDQ�IRRG�FKDLQV��DQG�WKH�ZLGHVSUHDG�RFFXUUHQFH�RI�3%'(V�LQ�WKH�HQYLURQPHQW�KDYH�

SUHFLSLWDWHG�UHJXODWRU\�DQG�YROXQWDU\�DFWLRQV�WR�IXUWKHU�UHGXFH�WKH�XVH�RI�3%'(V���7KH�VROH�

8�6��PDQXIDFWXUHU�RI�SHQWD��DQG�RFWD%'(�SKDVHG�RXW�SURGXFWLRQ�RI�WKHVH�SURGXFWV�DW�WKH�HQG�RI�

�������$GGLWLRQDOO\��VHYHUDO�VWDWHV�HQDFWHG�LQGLYLGXDO�OHJLVODWLRQ�EDQQLQJ�WKH�XVH�RI�SHQWD���RFWD��

DQG�GHFD%'(�IRUPXODWLRQV�DV�VXPPDUL]HG�EHORZ���

�

x $V�RI�����������&DOLIRUQLD�DQG�0DLQH�SURKLELWHG�WKH�PDQXIDFWXUH��GLVWULEXWLRQ��DQG�
SURFHVVLQJ�RI�SURGXFWV�FRQWDLQLQJ�SHQWD��DQG�RFWD%'(�IODPH�UHWDUGDQWV��&DO(3$��������
1&(/�����������
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x $V�RI�����������+DZDLL��,OOLQRLV��DQG�0LFKLJDQ�SURKLELWHG�WKH�PDQXIDFWXUH��SURFHVVLQJ��
DQG�GLVWULEXWLRQ�RI�SURGXFWV�FRQWDLQLQJ�PRUH�WKDQ������RI�WKH�3%'(�IRUPXODWLRQV�SHQWD��
DQG�RFWD%'(��,OOLQRLV�(3$��������1&(/����������

x 0LQQHVRWD�VLPLODUO\�SURKLELWHG�WKH�PDQXIDFWXUH�DQG�XVHV�RI�SHQWD��DQG�RFWD%'(�HIIHFWLYH�
����������1&(/�����������

x :DVKLQJWRQ�6WDWH�EDQQHG�WKH�XVHV�RI�SHQWD���RFWD���DQG�RI�GHFD%'(�LQ�PDWWUHVVHV�
HIIHFWLYH�����������:DVKLQJWRQ�6WDWH����������+RZHYHU��WKH�:DVKLQJWRQ�6WDWH�UHJXODWLRQ�
GRHV�QRW�SURKLELW�WKH�XVH�RI�GHFD%'(�LQ�UHVLGHQWLDO�XSKROVWHUHG�IXUQLWXUH��WHOHYLVLRQV��RU�
FRPSXWHUV�ZLWK�HOHFWURQLF�HQFORVXUHV�XQWLO�������������

x %HJLQQLQJ������������0DU\ODQG�ZLOO�SURKLELW�WKH�PDQXIDFWXUH��SURFHVVLQJ��DQG�
GLVWULEXWLRQ�RI�SURGXFWV�FRQWDLQLQJ�PRUH�WKDQ������RI�WKH�3%'(�IRUPXODWLRQV�RI�SHQWD��
DQG�RFWD%'(��1&(/�����������

x $V�RI�$XJXVW�������1HZ�<RUN�SURKLELWHG�WKH�PDQXIDFWXUH�DQG�SURFHVVLQJ��EXW�QRW�WKH�
VDOH�RU�XVH��RI�SHQWD��DQG�RFWD%'(��1&(/����������

�

,QWHUQDWLRQDOO\��RWKHU�FRXQWULHV�DQG�JRYHUQPHQWDO�HQWLWLHV�KDYH�EDQQHG�WKH�XVH�RI�SHQWD���

RFWD���DQG�GHFD%'(���7KH�(XURSHDQ�8QLRQ��(8��EDQQHG�WKH�PDUNHWLQJ�DQG�XVH�RI�SHQWD��DQG�

RFWD%'(�HIIHFWLYH�����������ZLWK�'LUHFWLYH���������(&�RI�WKH�(XURSHDQ�3DUOLDPHQW�DQG�&RXQVHO�

�(XURSHDQ�3DUOLDPHQW����������$W�WKH�WLPH��WKH�(8�H[HPSWHG�GHFD%'(�IURP�WKH�EDQ���+RZHYHU��

RQ�����������WKH�(XURSHDQ�&RXUW�RI�-XVWLFH��WKH�(8¶V�KLJKHVW�FRXUW��UXOHG�WKDW�WKLV�GHFLVLRQ�WR�

H[HPSW�GHFD%'(�ZDV�IODZHG�DQG�RUGHUHG�WKH�(8�WR�EDQ�WKH�XVH�RI�WKH�GHFD%'(�LQ�HOHFWULFDO�DQG�

HOHFWURQLF�HTXLSPHQW��(XURSHDQ�&RXUW�RI�-XVWLFH����������%DVHG�RQ�WKH�GLUHFWLYH�RI�WKH�FRXUW��WKH�

EDQ�EHFDPH�HIIHFWLYH�RQ������������7KH�EDQ�DSSOLHV�WR�DOO�(8�PHPEHU�FRXQWULHV���$XVWUDOLD�

EDQQHG�WKH�XVH�DQG�LPSRUW�RI�SHQWD%'(�HIIHFWLYH�����������$XVWUDOLDQ�*RYHUQPHQW����������

+RZHYHU��LW�LV�H[SHFWHG�WKDW�WKH�XVH�RI�UHF\FOHG�SODVWLFV�FRQWDLQLQJ�3%'(�IRUPXODWLRQV�PD\�

FRQWLQXH�WR�LQFRUSRUDWH�WKHVH�FKHPLFDOV�LQ�WKH�PDQXIDFWXUH�RI�QHZ�HOHFWURQLFV�DQG�LQIRUPDWLRQ�

WHFKQRORJ\��,7��XQLWV��0RUI�HW�DO����������

�  
���� 86(6�2)�3%'(V�

'XH�WR�WKH�SKDVH�RXW�E\�WKH�PDQXIDFWXUHU��DV�ZHOO�DV�WKH�VWDWH�VSHFLILF�EDQV�QRWHG�DERYH��

SHQWD��DQG�RFWD%'(�DUH�QR�ORQJHU�XVHG�LQ�SURGXFWV�WR�LQKLELW�IODPPDELOLW\���)RU�WKH�PRVW�SDUW��

GHFD%'(�LV�QRW�SURKLELWHG�IURP�SURGXFWLRQ�DQG�FRQWLQXHV�WR�EH�XVHG���7KLV�VHFWLRQ�UHYLHZV�WKH�

SDVW�XVHV�RI�SHQWD��DQG�RFWD%'(��DQG�WKH�FXUUHQW�XVHV�RI�GHFD%'(�   
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3ULRU�WR�WKH�HQG�RI�SURGXFWLRQ�LQ�������DSSUR[LPDWHO\�����RI�SHQWD%'(�ZDV�XVHG�DV�DQ�

DGGLWLYH�IODPH�UHWDUGDQW�LQ�)38)�PDWHULDOV��(8����������7KH�WUHDWHG�)38)�ZDV�XVHG�DV�VHDW�

FXVKLRQLQJ�DQG�EDFNLQJ�PDWHULDO�IRU�GRPHVWLF�IXUQLWXUH��LQ�EHGGLQJ�PDWWUHVVHV��DQG�LQ�FXVKLRQLQJ�

IRU�DXWRPRELOH�VHDWV�DQG�ODPLQDWHG�DXWRPRELOH�VHDW�KHDGUHVWV��$76'5����������7KH�UHPDLQLQJ�

���XVH�RI�SHQWD%'(�ZDV�LQ�WKH�WUHDWPHQW�RI�IRDP�EDVHG�SDFNDJLQJ�PDWHULDOV�DQG�FDUSHW�

SDGGLQJ���2QO\������RI�WKH�DSSUR[LPDWH���������PHWULF�WRQV��07��RI�)38)�SURGXFHG�DQQXDOO\�

LQ�WKH�8QLWHG�6WDWHV�ZDV�WUHDWHG�ZLWK�SHQWD%'(��$76'5����������7\SLFDOO\��WKH�SHQWD%'(�ZDV�

PL[HG�ZLWK�DURPDWLF�SKRVSKDWH�HVWHUV�LQ�D�UDWLR�RI�����SULRU�WR�DSSOLFDWLRQ�WR�)38)���2WKHU�SDVW�

XVHV�RI�SHQWD%'(�ZHUH�LQ�WH[WLOH�IDEULFV�XVHG�LQ�XSKROVWHU\�IRU�IXUQLWXUH�DQG�DXWRPRELOH�VHDW�

FRYHUV��HSR[\�UHVLQV��(3V��XVHG�DV�SURWHFWLYH�FRDWLQJV�RQ�FLUFXLW�ERDUGV��XQVDWXUDWHG�SRO\HVWHUV��

SDSHU�ODPLQDWHV��IOH[LEOH�SRO\YLQ\O�FKORULGH�XVHG�DV�HOHFWULFDO�ZLUH�FRDWLQJV��UXEEHU��SDLQWV�DQG�

ODFTXHUV��ULJLG�SRO\XUHWKDQH�IRDP��DQG�DGKHVLYHV���+RZHYHU��SHQWD%'(�ZDV�QRW�DGGHG�WR�

DFU\ORQLWULOH�EXWDGLHQH�VW\UHQH��$%6��EDVHG�SODVWLFV�XVHG�LQ�WKH�PDQXIDFWXUH�RI�FDVLQJV�WR�

WHOHYLVLRQ�VHWV��FRPSXWHUV��KDLUGU\HUV��DQG�DXWRPRWLYH�SDUWV��,3&6��������$76'5��������

5DKPDQ�HW�DO����������

� 0L[HG�ZLWK�DQWLPRQ\�WULR[LGH��RFWD%'(�ZDV�SULPDULO\�XVHG�DV�DQ�DGGLWLYH�IODPH�

UHWDUGDQW�IRU�FHUWDLQ�SODVWLFV���$SSUR[LPDWHO\�����RI�WKH�XVH�RI�RFWD%'(�ZDV�DV�DQ�DGGLWLYH�

IODPH�UHWDUGDQW�LQ�WKH�SURGXFWLRQ�RI�$%6�EDVHG�SODVWLFV��ZLWK�WKH�UHPDLQLQJ����XVHG�DV�DQ�

DGGLWLYH�WR�KLJK�LPSDFW�SRO\VW\UHQH��+,36���SRO\EXW\OHQH�WHUHSKWKDODWH��3%7���SRO\DPLGH�

SRO\PHUV��SRO\FDUERQDWH��Q\ORQ��SRO\ROHILQ��DQG�SKHQRO�IRUPDOGHK\GH�UHVLQV��$76'5��������

(8��������,3&6����������2FWD%'(�ZDV�W\SLFDOO\�DGGHG�WR�$%6�DW�D�ORDGLQJ�RI���í����ZHLJKW�

RI�WKH�ILQDO�SURGXFW��(8����������0DWHULDOV�WKDW�ZHUH�WUHDWHG�ZLWK�RFWD%'(�LQFOXGHG�WKH�KRXVLQJV�

RI�RIILFH�HTXLSPHQW�DQG�EXVLQHVV�PDFKLQHV��DQG�3&�FDVLQJV��(8�������� 
'HFD%'(�LV�XVHG�DV�D�JHQHUDO�SXUSRVH�DGGLWLYH�IODPH�UHWDUGDQW�WR�D�ZLGH�DUUD\�RI�SODVWLFV�

KDYLQJ�PDQ\�SURGXFW�DSSOLFDWLRQV���+,36��SRO\HWK\OHQH��3(���SRO\SURS\OHQH��33���3%7��DQG�

XQVDWXUDWHG�SRO\HVWHUV��83(V��DUH�FRPPRQ�SODVWLFV�WUHDWHG�ZLWK�GHFD%'(��$ODHH�HW�DO���������

%6()����������$�PDMRU�XVH�RI�GHFD%'(�LQ�WKH�8QLWHG�6WDWHV�LV�DV�DQ�DGGLWLYH�IODPH�UHWDUGDQW�WR�

+,36���+,36�EDVHG�SODVWLFV�DUH�XVHG�LQ�WKH�PDQXIDFWXUH�RI�KRXVLQJV�DQG�EDFN�SDQHOV�WR�

WHOHYLVLRQV��LQ�FDVLQJV�RI�DXGLR�DQG�YLGHR�HTXLSPHQW��PRELOH�SKRQHV��UHPRWH�FRQWUROV��3&V��DQG�

3&�PRQLWRUV���7KH�3(�EDVHG�SODVWLFV�DUH�XVHG�LQ�WKH�LQVXODWLRQ�RI�ZLUH�DQG�FDEOHV�RI�HOHFWULFDO�

HTXLSPHQW���7KH�33�EDVHG�SODVWLFV�DUH�XVHG�LQ�FRPPXQLFDWLRQ�FDEOHV��FDSDFLWRU�ILOPV��EXLOGLQJ�
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FDEOHV��SLSHV��VWDGLXP�VHDWV��ODPS�VRFNHWV�DQG�KROGHUV��DQG�NLWFKHQ�KRRGV���7KH�3%7�EDVHG�

SODVWLFV�DUH�XVHG�DV�FRQQHFWRUV�LQ�HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW���83(�LV�XVHG�LQ�EXLOGLQJ�

DQG�FRQVWUXFWLRQ�PDWHULDOV�DV�UHLQIRUFHG�SODVWLF�SDQHOV���'HFD%'(�LV�DOVR�DGGHG�DV�D�IODPH�

UHWDUGDQW�WR�Q\ORQ��DQG�WR�WKH�EDFN�FRDWLQJ�RI�XSKROVWHU\�WH[WLOHV�XVHG�LQ�VRIDV��FKDLUV��DQG�RIILFH�

IXUQLWXUH���7KH�GHFD%'(�WUHDWHG�Q\ORQ�LV�XVHG�IRU�FRQQHFWRUV�LQ�HOHFWULFDO�DQG�HOHFWURQLF�

HTXLSPHQW��FLUFXLW�EUHDNHUV��DQG�FRLOV���'HFD%'(�LV�DGGHG�WR�SRO\PHUV�LQ�FRQFHQWUDWLRQV�RI�

��í�����E\�ZHLJKW��DQG�LQ�FRQMXQFWLRQ�ZLWK�DQWLPRQ\�WULR[LGH��'LUHFWRUDWH�*HQHUDO�

(QYLURQPHQW����������$�VLJQLILFDQW�XVH�RI�GHFD%'(�LQ�WKH�8QLWHG�6WDWHV�LV�IRU�WKH�IODPH�

UHWDUGDWLRQ�RI�WKH�EDFN�SDQHOV�DQG�WKH�+,36�EDVHG�SODVWLF�FDVLQJV�RI�WHOHYLVLRQ�VHWV���7KH�/RZHOO�

&HQWHU�IRU�6XVWDLQDEOH�3URGXFWLRQ�DW�WKH�8QLYHUVLW\�RI�0DVVDFKXVHWWV�HVWLPDWHG�WKDW�

DSSUR[LPDWHO\��������07�RI�GHFD%'(�ZDV�XVHG�LQ����PLOOLRQ�WHOHYLVLRQ�VHWV�VROG�LQ�WKH�8QLWHG�

6WDWHV�LQ�������3XUH�6WUDWHJLHV��,QF������������

�

������ 3%'(�&RQWHQW�RI�&RQVXPHU �3URGXFWV�
$Q�DVVHVVPHQW�RI�WKH�SHQWD��DQG�RFWD%'(�FRQWHQW�RI�YDULRXV�SRO\PHUV�ZDV�FRQGXFWHG�E\�

WKH�*HUPDQ�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��.HPPOHLQ�HW�DO�����������$�WRWDO�RI����VDPSOHV��

��HDFK�RI�$%6�FRSRO\PHU�$%6�UHVLQ��+,36��SRO\XUHWKDQH�KDUG�IRDP��385�+���DQG�HSR[\�UHVLQ�

ZHUH�HYDOXDWHG�XVLQJ�VLQJOH�LRQ�PRQLWRULQJ�DQG�D�JDV�FKURPDWRJUDSKLF�PDVV�VSHFWURPHWHU�

V\VWHP���7KH�SRO\PHUV�ZHUH�REWDLQHG�IURP�WKH�PDQXIDFWXUHUV�DORQJ�ZLWK�WKH�SHUFHQW�DGGLWLRQ�RI�

SHQWD��DQG�RFWD%'(�DV�IODPH�UHWDUGDQWV���$%6�VDPSOHV�KDG�EHHQ�WUHDWHG�ZLWK����SHQWD%'(�DQG�

������RFWD%'(��+,36�VDPSOHV�ZLWK�������RFWD%'(��DQG�385�+�DQG�(3�ZLWK����SHQWD%'(���

7DEOH�����VKRZV�WKH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�RI�WKH�FRQFHQWUDWLRQ�RI�SHQWD��DQG�RFWD%'(�

GHWHFWHG�LQ�HLJKW�VDPSOHV�RI�HDFK�SRO\PHU��

� $�6ZLVV�VWXG\�SXEOLVKHG�LQ������SURYLGHV�D�TXDQWLWDWLYH�EDVLV�IRU�DVVLJQLQJ�D�SODXVLEOH�

3%'(�FRQWHQW�RI�ILQDO�SURGXFWV�PDGH�IURP�IODPH�UHWDUGHG�SODVWLF�UHVLQV��0RUI�HW�DO�����������,Q�

WKLV�VWXG\��ZDVWH�HOHFWURQLF�SURGXFWV�DQG�FRPSRQHQWV�ZHUH�VDPSOHG�DW�DQ�HOHFWURQLFV�UHF\FOLQJ�

IDFLOLW\�LQ�%HUQ���7KH�VDPSOHG�HQG�SURGXFWV�LQFOXGHG�79V��YLGHR�FDPFRUGHUV��UDGLRV��KLJK�ILGHOLW\�

�+L�)L��VWHUHR�V\VWHPV��SRUWDEOH�FRPSDFW�GLVF�SOD\HUV��PRELOH�SKRQHV��VWDQGDUG�WHOHSKRQHV��

WRDVWHUV��DQG�YDFXXP�FOHDQHUV���7RJHWKHU��WKHVH�SURGXFW�OLQHV�UHSUHVHQWHG�DERXW�����RI�WKH�WRWDO�

XVH�RI�SHQWD���RFWD���DQG�GHFD%'(�HPSOR\HG�DV�IODPH�UHWDUGDQWV�LQ�(((��0RUI�HW�DO������������
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Table 2-2.��Mean concentration (mg/g) of penta- and octaBDE in various 
flame retarded polymers 

�

Polymer PentaBDE OctaBDE 

$%6� ��������������� ���������������

+,36� �� ���������������

385�+� ��������������� ��

(3� ��������������� ��
�
$%6�D�DFU\ORQLWULOH�EXWDGLHQH�VW\UHQH�FRSRO\PHU��+,36� �KLJK�LPSDFW�
SRO\VW\UHQH��385�+� �SRO\XUHWKDQH�KDUG�IRDP��(3� �HSR[\�UHVLQ��
�
6RXUFH��.HPPOHLQ�HW�DO������������

�
�

6HYHUDO�VDPSOHV�RI�GLVFDUGHG�PDWHULDO�ZHUH�WDNHQ�IURP�SLOHV�RI�FRSSHU�FDEOH��SULQWHG�FLUFXLW�

ERDUGV��79�KRXVLQJV�DQG�UHDU�FRYHUV��DQG�3&�KRXVLQJV���7KH�VDPSOHV�IURP�HDFK�SURGXFW�ZHUH�

FRPSRVLWHG�DQG�WKHQ�DQDO\]HG�XVLQJ�HLWKHU�JDV�FKURPDWRJUDSK\�RU�HOHFWURQ�FDSWXUH�GHWHFWLRQ�

ZLWK�PDVV�VSHFWURPHWU\���7KH�PHDQ�FRQFHQWUDWLRQV��PJ�NJ��RI�WKH�3%'(V�IRXQG�LQ�HDFK�SURGXFW�

DUH�VKRZQ�LQ�7DEOH������

�
�

Table 2-3.��Mean concentrations of PBDEs (mg/kg) found in EEE waste 
material at a recycling plant in Switzerland 

 
Product PentaBDE OctaBDE DecaBDE 

&RSSHU�FDEOH� ��������� ����������� �����������

3ULQWHG�FLUFXLW�ERDUGV� �������� �������� ��������

79�KRXVLQJV��ZRRG�� �������� �������� ���������

79�3&�KRXVLQJV��SODVWLF�� �������� ������������� �������������

79�KRXVLQJ�UHDU�FRYHUV� ��������� ��������������� ����������������
�

6RXUFH��0RUI�HW�DO����������
�
�
� ,Q�DGGLWLRQ�WR�WKH�PHDQ�FRQFHQWUDWLRQV�LQ�(((�ZDVWH��0RUI�HW�DO���������GHWHUPLQHG�WKH�

DEXQGDQFH�RI�VHOHFW�3%'(�FRQJHQHUV�LQ�WKH�(((�PDWHULDOV���2QH�VDPSOH�RI�HDFK�RI�WKH�IROORZLQJ�
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LWHPV�ZHUH�WDNHQ�IURP�WKH�RXWSXW�SLOHV�RI�VRUWHG�PDWHULDOV�DW�WKH�UHF\FOLQJ�SODQW��D�SODVWLF�3&�

VFUHHQ�KRXVLQJ��D�SODVWLF�79�KRXVLQJ�UHDU�FRYHU��D�ILQH�JUDLQHG�SODVWLF�ZLWK�SDUWLFOH�VL]H��í��DQG�

�í���PP��JHQHUDO�(((�ZDVWH���D�ILQH�JUDLQHG�PHWDO��D�ILQH�SDUWLFXODWH��DQG�D�SULQWHG�FLUFXLW�

ERDUG���6DPSOHV�ZHUH�6R[KOHW�H[WUDFWHG�DQG�DQDO\]HG�ZLWK�KLJK�UHVROXWLRQ�JDV�FKURPDWRJUDSK\�

�+5*&��KLJK�UHVROXWLRQ�PDVV�VSHFWURPHWU\��+506����7DEOH�����VXPPDUL]HV�WKH�UHVXOWV�RI�WKH�

DQDO\VLV�RI�WKHVH�VLQJOH�(((�ZDVWH�PDWHULDO�VDPSOHV���%HFDXVH�WKHVH�ZHUH�HVVHQWLDOO\�JUDE�

VDPSOHV��WKH�UHVXOWV�LQ�7DEOH�����RQO\�VHUYH�DV�D�JHQHUDO�LQGLFDWLRQ�RI�WKH�SRWHQWLDO�FRQJHQHU�

GLVWULEXWLRQ�LQ�WKH�(((�ZDVWH����

�
 
Table 2-4.��BDE congener concentrations (mg/kg) present in EEE waste 
components sampled at a recycling facility in 2002 

�

BDE 
congener 

PC screen 
housings 
(mg/kg)�

Television 
housings 

rear covers 
(mg/kg)�

Fine 
particulates 

(dust) 
(mg/kg)�

Fine-grained 
plastics 

(5í���PP� 
(mg/kg)�

Printed 
circuit 
boards 
(mg/kg)�

%'(����� ����� ����� ���� ����� ����

%'(����� ���� ���� ��� ���� ����

%'(����� ���� ���� ��� ���� ���

%'(������ ����� ����� ���� ����� �����

%'(������ ���� ���� ��� ���� ����

%'(������ ��� ��� ���� ��� ����

%'(������ ������ ������ ���� ���� ���

%'(������ ������ ������� ���� ������ ���

3HQWD%'(� ��� ���� ���� ��� ���

2FWD%'(� ������� ������� ���� ������ ���

'HFD%'(� ������ ������� ���� ������ ���

�
6RXUFH��0RUI�HW�DO�����������7KH�FRQFHQWUDWLRQV�RI�WHFKQLFDO�%'(�PL[WXUHV�ZHUH�FDOFXODWHG�E\�0RUI�HW�DO���������DV�

IROORZV��SHQWD%'(��Ȉ��%'(������%'(������%'(������î������RFWD%'(��%'(�����î������
GHFD%'(� �%'(������

�
�
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� 7KH�&RQVXPHU�3URGXFWV�6DIHW\�&RPPLVVLRQ�UHSRUWHG�RQ�WKH�FKHPLFDO�IODPH�UHWDUGDQW�

FRQWHQW�RI�SRO\XUHWKDQH�IRDPV��38)V��XVHG�LQ�IXUQLWXUH�LQ�WKH�PLG�����V��&REE����������6HYHQ�

38)�W\SHV�ZHUH�HYDOXDWHG���7KUHH�VDPSOHV�RI�HDFK�RI�WKH�IRDP�W\SHV�ZHUH�FROOHFWHG�DQG�DQDO\]HG�

E\�+5*&�+506���2QO\�RQH�38)�PDWHULDO�FRQWDLQHG�3%'(��3%'(�VSHFLHV�QRW�LGHQWLILHG����

7\SLFDOO\��38)�ZDV�PDGH�IODPH�UHWDUGDQW�ZLWK�SHQWD%'(�XS�XQWLO�LWV�GLVFRQWLQXHG�XVH�LQ������

�(8����������$Q�DYHUDJH�RI�����UDQJH����í������3%'(�ZDV�IRXQG�LQ�WKLV�SDUWLFXODU�38)���7KH�

RWKHU�VDPSOHV�FRQWDLQHG�PHODPLQH�DQG�RU�7'&3�DV�IODPH�UHWDUGDQWV���+DOH�HW�DO���������QRWHG�LQ�

D�VHSDUDWH�VWXG\�WKDW�WKH�SHQWD%'(�FRQWHQW�LQ�38)�FDQ�EH�DV�KLJK�DV�����E\�ZHLJKW��

�

���� *(1(5$/,=('�/,)(�&<&/(�2)�3%'(V�
7KLV�VHFWLRQ�SUHVHQWV�D�JHQHUDO�DQDO\VLV�RI�WKH�OLIH�F\FOH�RI�3%'(�DV�LW�UHODWHV�WR�

SURGXFWLRQ��XVH��UHF\FOLQJ��DQG�GLVSRVDO�LQ�WKH�8QLWHG�6WDWHV���,Q�JHQHUDO��WKH�OLIH�F\FOH�RI�3%'(��

IURP�SURGXFWLRQ�WR�HYHQWXDO�GLVSRVDO��LQFOXGHV�DFWLYLWLHV�WKDW�FDQ�FDXVH�HQYLURQPHQWDO�UHOHDVHV�RI�

WKH�FKHPLFDO���,W�EHJLQV�ZLWK�WKH�SURGXFWLRQ�RI�3%'(�FRPPHUFLDO�IRUPXODWLRQV��WKHQ�SURFHHGV�WR�

DSSOLFDWLRQV�WR�WH[WLOHV�DQG�SRO\PHUV��WR�SRO\PHU�DSSOLFDWLRQV�LQ�FRQVXPHU�JRRGV��WR�WKH�XVH�RI�

FRQVXPHU�JRRGV�WUHDWHG�ZLWK�3%'(�IODPH�UHWDUGDQWV��DQG�WR�WKH�ILQDO�GLVSRVDO�DQG�UHF\FOLQJ�RI�

3%'(�WUHDWHG�FRQVXPHU�JRRGV�DV�SURGXFWV�UHDFK�REVROHVFHQFH���)LJXUH�����SRUWUD\V�WKH�LGHDOL]HG�

OLIH�F\FOH�RI�3%'(���(DFK�HOHPHQW�RI�WKH�OLIH�F\FOH�FDQ�SRWHQWLDOO\�UHOHDVH�3%'(�WR�WKH�RSHQ�DQG�

FLUFXODWLQJ�HQYLURQPHQW���,I�DOO�GDWD�ZHUH�DYDLODEOH�WR�DGGUHVV�HDFK�IDFHW�RI�WKH�OLIH�F\FOH��WKHQ�WKH�

OLIH�F\FOH�ZRXOG�EH�FRQVLGHUHG�FRPSOHWH���+RZHYHU��ZLWK�UHJDUG�WR�DOO�RSSRUWXQLWLHV�IRU�

HQYLURQPHQWDO�UHOHDVHV��WKH�VFDUFLW\�RI�LQIRUPDWLRQ�UHVWULFWV�WKH�OLIH�F\FOH�DQDO\VLV�SUHVHQWHG�LQ�

WKLV�FKDSWHU��OLPLWLQJ�ZKDW�FDQ�EH�VDLG�DERXW�SRWHQWLDO�UHOHDVHV�GXULQJ�SURGXFWLRQ��WKH�FRQVXPHU�

XVH�RI�3%'(�WUHDWHG�SURGXFWV��DQG�WKH�GLVSRVDO�DQG�UHF\FOLQJ�RI�3%'(�WUHDWHG�SURGXFWV���,Q�

DGGLWLRQ��UHOHDVHV�RI�3%'(�IURP�VHZDJH�WUHDWPHQW�SODQWV��673V��LQ�WHUPV�RI�ZDVWHZDWHU�

GLVFKDUJHV�WR�VXUIDFH�ZDWHUV�DQG�WKH�ODQG�DSSOLFDWLRQ�RI�VHZDJH�VOXGJH�DUH�DGGUHVVHG�LQ�WKH�OLIH�

F\FOH�DQDO\VLV����

�
������ 3URGXFWLRQ�5HOHDVHV�

7KH�(3$¶V�7R[LF�5HOHDVH�,QYHQWRU\��75,��SURYLGHV�GDWD�RQ�HQYLURQPHQWDO�UHOHDVHV�IURP�

WKH�SURGXFWLRQ�RI�GHFD%'(�DQG�LWV�XVH�DV�D�IODPH�UHWDUGDQW�LQ�WKH�SURGXFWLRQ�RI�RWKHU�PDWHULDOV�

IRU�������8�6��(3$������D��WKH�ODWHVW�UHSRUWLQJ�\HDU����$�WRWDO�RI�������07�RI�GHFD%'(�ZHUH�

UHOHDVHG�WR�WKH�DLU��ODQG��DQG�ZDWHU�LQ��������*UHDW�/DNHV�&KHPLFDO��(O�'RUDGR��$UNDQVDV���WKH��
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Figure 2-2.  Idealized life cycle of polybrominated diphenyl ethers if all 
information is available to complete the analysis. 
�
�

PDMRU�8�6��SURGXFHU�RI�GHFD%'(��UHSRUWHG�D�WRWDO�RI�������07�UHOHDVHG�WR�WKH�HQYLURQPHQW���

)LJXUH�����GLVSOD\V�D�VXPPDU\�RI�IXJLWLYH��VWDFN��VXUIDFH�ZDWHU��DQG�ODQG�DSSOLFDWLRQ�DQG�

WUHDWPHQW�UHOHDVHV�IRU�������WRS�FKDUW�RQ�ILJXUH����'HFD%'(�SURGXFWLRQ�DQG�PDQXIDFWXULQJ�ZDVWH�

ZDV�DOVR�WUDQVIHUUHG�WR�FKHPLFDO�ZDVWH�ODQGILOOV��EULQJLQJ�WKH�WRWDO�75,�UHSRUWHG�GDWD�WR������07�

LQ��������+RZHYHU��WKH�GLVSRVDO�RI�WKH�GHFD%'(�ZDVWH�LQ�SHUPLWWHG�KD]DUGRXV�ZDVWH�ODQGILOOV�LV�

QRW�FRQVLGHUHG�DV�DQ�HQYLURQPHQWDO�UHOHDVH��DQG��WKHUHIRUH��WKLV�SURGXFWLRQ�ZDVWH�ZDV�QRW�DGGHG�

WR�)LJXUH�������'LVSRVDO�LQ�D�SHUPLWWHG�KD]DUGRXV�ZDVWH�ODQGILOO�LV�QRW�FRQVLGHUHG�WR�EH�DQ�

³HQYLURQPHQWDO�UHOHDVH�´�EHFDXVH�RI�WKH�FRQWUROV�LQ�SODFH�LQ�WKH�5HVRXUFH�&RQVHUYDWLRQ�DQG�

5HFRYHU\�$FW��5&5$��SHUPLWWHG�ODQGILOOV�DUH�GHVLJQHG�WR�SUHYHQW�RII�VLWH�PLJUDWLRQ�DQG�

FRQWDPLQDWLRQ�RI�JURXQGZDWHU�VRXUFHV���5HOHDVHV�RI�GHFD%'(�WR�WKH�DLU�IURP�IXJLWLYH�DQG�VWDFN�

HPLVVLRQV�DFFRXQWHG�IRU�WKH�SUHSRQGHUDQFH�RI�HQYLURQPHQWDO�UHOHDVH��a����RI�WRWDO�UHOHDVHV��

IURP�WKH�FKHPLFDO�PDQXIDFWXUH�RI�GHFD%'(�DQG�LWV�XVH�LQ�WKH�SURGXFWLRQ�RI�RWKHU�PDWHULDOV���7KH� 
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Figure 2-3.  TRI data showing environmental releases (kg) of decaBDE from 
production and manufacturing facilities in 2007, and total environmental 
releasesa from 1998 to 2007 (U.S. EPA, 2009a). 

�
6RXUFH��8�6��(3$������D��
�
D7RWDO�HQYLURQPHQWDO�UHOHDVHV��NJ�\HDU�� �IXJLWLYH�DLU�UHOHDVHV���VWDFN�UHOHDVHV���VXUIDFH�ZDWHU�UHOHDVHV�
��ODQG�DSSOLFDWLRQ�GLVSRVDO�DQG�WUHDWPHQW�UHOHDVHV��
�
�

GLVFKDUJHV�WR�VXUIDFH�ZDWHU�DQG�WKH�RII�VLWH�ODQG�WUHDWPHQW�RI�WKH�ZDVWH�DFFRXQWHG�IRU������DQG�

������UHVSHFWLYHO\���7KH�ERWWRP�FKDUW�LQ�)LJXUH�����GLVSOD\V�WRWDO�HQYLURQPHQWDO�UHOHDVHV�RI�

GHFD%'(�IURP�SURGXFWLRQ�IDFLOLWLHV�IURP������WR��������)URP�WKH�FKDUW��LW�DSSHDUV�WKDW�WRWDO�

HQYLURQPHQWDO�UHOHDVHV�SHDNHG�LQ�������DW������07��DQG�UHPDLQHG�HVVHQWLDOO\�WKH�VDPH�WKURXJK�

1,275.12

18,545.10

766.76
1,173.44

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

20,000

Fugitvie Air Emissions Stack Air Emissions Surface Water Releases Land application disposal
Type of Environmental Release

ki
lo

gr
am

s 
de

ca
BD

E 
re

le
as

ed

0.00E+00

1.00E+04

2.00E+04

3.00E+04

4.00E+04

5.00E+04

6.00E+04

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

ki
lo

gr
am

s p
er

 y
ea

r

5HOHDVHV�IURP�SURGXFWLRQ��
DQG�PDQXIDFWXULQJ�LQ������

7RWDO�UHOHDVHV�IURP�SURGXFWLRQ��
DQG�PDQXIDFWXULQJ������í������



�

� �����

�������7KHUH�ZDV�D�GURS�LQ�HQYLURQPHQWDO�UHOHDVHV�LQ�������WR������07���IROORZHG�E\�DQ�LQFUHDVH�

WR������07�LQ��������7KH�GHFD%'(�UHOHDVHV�LQ������KDYH�GHFUHDVHG�WR������OHYHOV�������07�LQ� 
�����DQG������07�LQ���������,W�LV�XQNQRZQ�LI�WKLV�VLJQDOV�D�FRQWLQXHG�GHFUHDVH�LQ�VXEVHTXHQW�

\HDUV�RI�75,�UHSRUWLQJ���7KH�%'(�FRQJHQHU�GLVWULEXWLRQ�LQ�GHFD%'(�SURYLGHV�D�EDVLV�IRU�

DVVXPLQJ�WKH�HQYLURQPHQWDO�ORDGLQJ�RI�%'(������%'(������DQG�%'(�����WKDW�PD\�EH�

DVVRFLDWHG�ZLWK�8�6��SURGXFWLRQ�LQ��������7DEOH�����GLVSOD\V�WKH�DVVXPHG�%'(�FRQJHQHU�

GLVWULEXWLRQ�LQ�WKH�HQYLURQPHQWDO�UHOHDVHV�DVVRFLDWHG�ZLWK�SURGXFWLRQ�RI�GHFD%'(�LQ��������75,�

GDWD�GR�QRW�UHSUHVHQW�DOO�UHOHDVHV�RI�GHFD%'(�IURP�DOO�VRXUFHV�DQG�XVH�DFWLYLWLHV��DOWKRXJK�

VXEVWDQWLDO�UHOHDVHV�DVVRFLDWHG�ZLWK�LQGXVWULDO�XVH�DUH�FDSWXUHG�E\�WKH�SURJUDP���7KHUHIRUH��WKH�

HPLVVLRQV�RI�GHFD%'(�WR�DLU��ZDWHU��DQG�ODQG�DUH�OLNHO\�XQGHUHVWLPDWHG��

�
�
Table 2-5.� Estimated environmental releases (kg) of BDE congeners from 
U.S. decaBDE production and manufacturing facilities in 2007a 

 

Congener Stack emissions Fugitive 
emissions 

Land 
application 

Surface 
water 

%'(����� ������� ������ ������ ������

%'(����� ������ ����� ����� �����

%'(����� ������ ����� ����� �����

%'(����� ���������� ��������� ��������� �������

7RWDO�GHFD%'(� ���������� ��������� ��������� �������
�
D&DOFXODWLRQV�EDVHG�RQ�%'(�FRQJHQHU�GLVWULEXWLRQ�LQ�GHFD%'(�IURP�7DEOH�������5HOHDVHV�RI�GHFD%'(�DUH�IURP�
75,�GDWD�DV�UHSRUWHG�LQ�8�6��(3$������D���

�
� �
������ (VWLPDWHV�RI�3%'(�5HOHDVHV�WR�,QGRRU �$LU �%DVHG�RQ�&KDPEHU �7HVWLQJ�

3%'(V�DUH�EDVLFDOO\�IODPH�UHWDUGDQW�DGGLWLYHV�WR�PDWHULDOV�DQG�QRW�ERQGHG�FKHPLFDOO\�WR�

WKH�PDWUL[���7KLV�PHDQV�WKDW�WKHUH�H[LVWV�D�SRWHQWLDO�IRU�WKH�3%'(V�WR�HVFDSH�WKH�PDWUL[�WKURXJK�

WKH�SURFHVV�RI�YRODWLOL]DWLRQ�WR�WKH�DLU���7KXV��WKH�SURGXFWV�WUHDWHG�ZLWK�3%'(V�PD\�RII�JDV�

3%'(�ZLWKLQ�LQGRRU�DLU�PLFURHQYLURQPHQWV�ZKLOH�WKH�SURGXFW�LV�VWLOO�LQ�XVH���9RODWLOL]DWLRQ�LV�RQH�

RI�WKH�PHFKDQLVPV�RI�UHOHDVH�IURP�WKH�SURGXFW�LQWR�WKH�VXUURXQGLQJ�LQGRRU�DLU����
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7ZR�VWXGLHV�ZHUH�IRXQG�WKDW�DWWHPSWHG�WR�PHDVXUH�WKH�SRVVLELOLW\�RI�UHOHDVH�XQGHU�

ODERUDWRU\�FRQGLWLRQV��.HPPOHLQ�HW�DO�����������.HPPOHLQ�HW�DO���������GHWHUPLQHG�3%'(�

HPLVVLRQ�UDWHV�E\�SODFLQJ�YDULRXV�SURGXFWV�LQWR�DQ�HQFORVHG�FKDPEHU��SDVVLQJ�DQ�DLU�VWUHDP�RYHU�

WKH�SURGXFWV��DQG�V\VWHPDWLFDOO\�VDPSOLQJ�WKH�FKDPEHU�DLU�RYHU�WKH�GXUDWLRQ�RI�WKH�H[SHULPHQW���

7HVW�FKDPEHUV�FRQVLVWHG�RI�YROXPHV�RI�HLWKHU������Pñ�RU���Pñ��DQG�D�WHPSHUDWXUH�RI����&�ZDV�

NHSW�FRQVWDQW�RYHU�WKH�H[SHULPHQWV���7KH�SURGXFWV�WHVWHG�UHSUHVHQWHG�D�FURVV�VHFWLRQ�RI�PDWHULDOV�

FRPPRQO\�XVHG�LQ�LQWHULRU�VSDFHV��LQVXODWLRQ�DQG�DVVHPEO\�IRDPV��,7�GHYLFHV��XSKROVWHUHG�

IXUQLWXUH��XSKROVWHU\�SRO\XUHWKDQH�IRDPV��PDWWUHVVHV��DQG�FLUFXLW�ERDUGV���$OO�PDWHULDOV�KDG�EHHQ�

WUHDWHG�ZLWK�3%'(�DV�DGGLWLYH�IODPH�UHWDUGDQWV���7KH�WUHDWHG�PDWHULDOV�ZHUH�NHSW�LQ�WKH�HQFORVHG�

FKDPEHUV�IRU�D�SHULRG�RI�����GD\V�RU�ORQJHU�LQ�RUGHU�WR�LQVXUH�WKDW�VWHDG\�VWDWH�FRQGLWLRQV�ZHUH�

UHDFKHG�SULRU�WR�VDPSOLQJ���3RO\XUHWKDQH�IRDP�ZDV�XVHG�WR�SDVVLYHO\�FROOHFW�3%'(�YDSRUV�WKDW�

KDG�HVFDSHG�WKH�PDWHULDO�PDWUL[���$GGLWLRQDOO\�FKDPEHU�ZDOOV�ZHUH�ULQVHG�ZLWK�KH[DQH�WR�FROOHFW�

3%'(V�WKDW�KDG�PLJUDWHG�WR�WKH�ZDOOV�IRU�D�FRPSOHWH�PDVV�EDODQFH�RI�3%'(V�HPLWWHG�IURP�WKH�

WHVW�PDWHULDO����

$V�SDUW�RI�WKLV�FKDPEHU�H[SHULPHQW��WZR�3&�ZRUNVWDWLRQV��$�DQG�%��ZHUH�WHVWHG�LQ���P��

HPLVVLRQ�WHVW�FKDPEHUV�XQGHU�RSHUDWLRQDO�FRQGLWLRQV��.HPPOHLQ�HW�DO�����������:RUNVWDWLRQ�$�

FRQVLVWHG�RI�D�3&�PRQLWRU��D�GHVNWRS�FRPSXWHU��D�NH\ERDUG��D�PRXVH��DQG�D�SULQWHU�REWDLQHG�IURP�

GLIIHUHQW�PDQXIDFWXUHUV���:RUNVWDWLRQ�%�FRQVLVWHG�RI�WKH�VDPH�DUUD\�RI�FRPSXWLQJ�GHYLFHV��EXW�

WKH�FRPSRQHQWV�ZHUH�REWDLQHG�IURP�D�VLQJOH�PDQXIDFWXUHU���:RUNVWDWLRQV�$�DQG�%�ZHUH�WHVWHG�LQ�

WKH�DLU�FKDPEHU�IRU����DQG�����GD\V��UHVSHFWLYHO\���,Q�3&�:RUNVWDWLRQ�$��%'(�����%'(������

%'(�����DQG�%'(����ZHUH�GHWHFWHG�LQ�WKH�DLU�DW�FRQFHQWUDWLRQV�RI�OHVV�WKDQ�����QJ�P����%'(�����

%'(������DQG�%'(����ZHUH�GHWHFWHG�LQ�WKH�FKDPEHU�DLU�RI�3&�:RUNVWDWLRQ�%�DW�FRQFHQWUDWLRQV�

RI����������DQG����QJ�P���UHVSHFWLYHO\���$GGLWLRQDOO\��WUDFH�DPRXQWV�RI�%'(�����ZHUH�GHWHFWHG�

LQ�ERWK�H[SHULPHQWV���7HVWLQJ�FRPSXWHU�FLUFXLW�ERDUGV�LQ�WKH�WHVW�FKDPEHU�\LHOGHG�WKH�IROORZLQJ�

UHVXOWV��H[SUHVVHG�DV�DQ�HPLVVLRQ�UDWH�LQ�XQLWV�RI�QJ�XQLW�KRXU���%'(���� ������%'(���� ������

%'(���� �������%'(���� ������%'(����� ������%'(���� ������%'(���� ������%'(����� ������

DQG�%'(����� �������

� 7KH�3&�HTXLSPHQW�XVHG�LQ�WKHVH�WHVWV�ZDV�PDQXIDFWXUHG�DIWHU��������7R�WHVW�WKH�

K\SRWKHVLV�WKDW�ROGHU�SODVWLF�FDVLQJV�PD\�KDYH�HPLWWHG�VLJQLILFDQWO\�PRUH�3%'(V��.HPPOHLQ�HW�

DO���������WHVWHG�WKH�EDFN�SDQHO�RI�D�WHOHYLVLRQ�FDVLQJ�PDQXIDFWXUHG�EHIRUH��������7KH�EDFN�SDQHO�

KDG�EHHQ�WUHDWHG�ZLWK�RFWD%'(���%'(�����PD[LPXP�FRQFHQWUDWLRQ�����QJ�P����%'(����
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�PD[LPXP�FRQFHQWUDWLRQ���QJ�P����%'(�����PD[LPXP�FRQFHQWUDWLRQ������QJ�P����%'(�����

�PD[LPXP�FRQFHQWUDWLRQ������QJ�P����DQG�%'(�����PD[LPXP�FRQFHQWUDWLRQ������QJ�P���ZHUH�

GHWHFWHG�LQ�WKH�DLU�WR�WKH�WHVW�FKDPEHU���7KH�FKDPEHU�ZDOOV�ZHUH�ULQVHG�ZLWK�VROYHQW��DQG�WKH�

UHVXOWLQJ�VROXWLRQ�ZDV�DQDO\]HG�IRU�WKH�SUHVHQFH�RI�3%'(�FRQJHQHUV���%'(����DQG�%'(����ZHUH�

GHWHFWHG�LQ�WKH�ULQVH��FRUUHVSRQGLQJ�WR�D�VXUIDFH�FRQFHQWUDWLRQ�RI�����QJ�P��DQG�����QJ�P��RI�

%'(����DQG�%'(�����UHVSHFWLYHO\���,W�ZDV�FRQFOXGHG�WKDW�D�VLJQLILFDQW�SRUWLRQ�RI�%'(����DQG�

%'(����ZDV�DGVRUEHG�WR�WKH�FKDPEHU�ZDOO��WKHUHIRUH��WKH�UHSRUWHG�DLU�FRQFHQWUDWLRQV�RI�WKHVH�

FRQJHQHUV�ZHUH�OLNHO\�XQGHUHVWLPDWHG���)URP�WKH�DQDO\VLV�RI�WKH�ROGHU�SODVWLF�EDFN�SDQHO��DQ�

REVHUYDWLRQ�FDQ�EH�PDGH�WKDW�ROGHU�WUHDWHG�SURGXFWV�PD\�FRQWLQXH�WR�HPLW�%'(V�LQWR�WKH�DLU�DIWHU�

ORQJ�SHULRGV�RI�WLPH��L�H������\HDUV�RU�PRUH����

� $�VHFRQG�ODERUDWRU\�VWXG\�HYDOXDWHG�WKH�SRWHQWLDO�IRU�YRODWLOL]DWLRQ�RI�3%'(V�IURP�79V�

LQ�-DSDQ��+LUDL�HW�DO�����������7KUHH�ZDVWH�79�VHWV��REWDLQHG�IURP�D�UHF\FOLQJ�IDFLOLW\��ZHUH�

RSHQHG��DQG�WKH�FRPSRQHQWV�ZHUH�FOHDQHG�RI�GXVW�DQG�ULQVHG�ZLWK�KH[DQH���,Q�WKH�H[SHULPHQWDO�

GHVLJQ��WZR�79V�ZHUH�WXUQHG�RQ��DQG�WKH�WKLUG�ZDV�OHIW�RII���6HSDUDWH�H[SHULPHQWV�ZHUH�

FRQGXFWHG�IRU�HDFK�79��ZLWK�79����DQG�79����NHSW�RQ�IRU�D�GXUDWLRQ�RI����DQG�����KRXUV��

UHVSHFWLYHO\��DQG�79����NHSW�LQ�WKH�RII�SRVLWLRQ���7KH�79V�ZHUH�SODFHG�LQ�D�����P��Z��î�����P��K��

î������P��G��WHVW�FKDPEHU���$���P��KRXU�DLU�IORZ�ZDV�LQWURGXFHG�LQWR�WKH�FKDPEHU��DQG�WKH�

FKDPEHU�ZDV�NHSW�DW�D�FRQVWDQW����&�GXULQJ�WKH�WHVW�SHULRG���$LU�VDPSOHV�ZHUH�WDNHQ�DW�WKH�RXWOHW�

RI�WKH�FKDPEHU�GXULQJ�WKH�GXUDWLRQ�RI�WKH�H[SHULPHQWV���$IWHU�WKH�WHVWLQJ��VDPSOHV�ZHUH�WDNHQ�RI�

WKH�79�FDVLQJ�RI�79������7KH�DLU�VDPSOHV�ZHUH�6R[KOHW�H[WUDFWHG�DQG�WKHQ�DQDO\]HG�E\�KLJK�

UHVROXWLRQ�JDV�FKURPDWRJUDSK\�FRXSOHG�ZLWK�KLJK�UHVROXWLRQ�PDVV�VSHFWURPHWU\���+LUDL�HW�DO��

�������GHWHFWHG�WRWDO�3%'(V�ZHUH�DV�IROORZV��������QJ��79����NHSW�RQ�IRU����KRXUV���������QJ�

�79����NHSW�RQ�IRU�����KRXUV���DQG�����QJ��79���ʊQRW�WXUQHG�RQ�DW�DOO����$SSUR[LPDWHO\�

�������PJ�NJ�WRWDO�3%'(V�ZHUH�GHWHFWHG�LQ�WKH�79�FDVLQJ���(PLVVLRQ�IDFWRUV�ZHUH�FDOFXODWHG�IRU�

79V����DQG����E\�GLYLGLQJ�WKH�WRWDO�HPLVVLRQ�E\�3%'(�FRQWHQW�LQ�79�FDVLQJV�DQG�WKH�OHQJWK�RI�

WHVW�SHULRGV���)URP�WKLV�VWXG\��HPLVVLRQ�IDFWRUV��ZHLJKW�WR�ZHLJKW�HPLVVLRQV�SHU�\HDU��RI�

����î���í��DQG�����î���í��ZHUH�HVWLPDWHG�IRU�79V����DQG�����UHVSHFWLYHO\���,W�VKRXOG�EH�QRWHG�WKDW�

DOPRVW�DOO�RI�WKH�3%'(V�GHWHFWHG�ZHUH�QRQD��DQG�GHFD%'(��

+D]UDWLDQ�DQG�+DUUDG��������REVHUYHG�DQ�DSSDUHQW�DVVRFLDWLRQ�EHWZHHQ�WKH�DJHV�RI�3&V�

XVHG�LQ�DQ�RIILFH�DQG�WKH�LQGRRU�DLU�FRQFHQWUDWLRQV�RI�3%'(V���7KH\�PHDVXUHG�3%'(�OHYHOV�LQ�

WKH�LQGRRU�DLU�RI�DQ�RIILFH�ZKHQ�DQ�ROGHU�DQG�QHZHU�3&�ZHUH�XVHG���7KHUH�ZHUH�WKUHH�
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H[SHULPHQWDOO\�FRQGLWLRQV������2QO\�D�3&�EXLOW�LQ������ZDV�XVHG������$�3&�EXLOW�LQ������DQG�D�

3&�EXLOW�LQ������ZHUH�HTXDOO\�XVHG��DQG�����2QO\�WKH�3&�EXLOW�LQ������ZDV�XVHG�E\�RIILFH�

HPSOR\HHV���,Q�&RQGLWLRQ����WKH�WRWDO�3%'(�FRQFHQWUDWLRQ�LQ�LQGRRU�RIILFH�DLU�ZDV�DSSUR[LPDWHO\�

����SJ�P����,Q�&RQGLWLRQ����WKH�LQGRRU�WRWDO�3%'(�FRQFHQWUDWLRQ�GHFUHDVHG�WR�����SJ�P����:KHQ�

RQO\�WKH�QHZHU�3&�ZDV�XVHG��WKH�WRWDO�3%'(�LQGRRU�DLU�FRQFHQWUDWLRQV�GHFUHDVHG�IXUWKHU�WR�

���SJ�P�����

$�VWXG\�RI�RIILFH�EXLOGLQJV�FRQILUPHG�D�TXDOLWDWLYH�DVVRFLDWLRQ�EHWZHHQ�WKH�SUHVHQFH�RI�

3%'(�WUHDWHG�SURGXFWV�DQG�VXEVHTXHQW�OHYHOV�RI�3%'(V�LQ�LQGRRU�DLU��+DUUDG�HW�DO�����������

,QGRRU�DLU�ZLWK�WKH�KLJKHVW�3%'(�OHYHOV�ZDV�LQ�URRPV�LQ�RIILFH�EXLOGLQJV�HTXLSSHG�ZLWK�

QXPHURXV�GHVNWRS�3&V����í���SHU�URRP���DQG�QXPHURXV�38)�FRQWDLQLQJ�FKDLUV����í���SHU�

URRP����%\�FRPSDULVRQ��WKH�ORZHVW�LQGRRU�DLU�3%'(�FRQFHQWUDWLRQV�RFFXUUHG�LQ�GRPHVWLF�

HQYLURQPHQWV�WKDW�KDG�QR�38)�FRQWDLQLQJ�IXUQLWXUH��+DUUDG�HW�DO�����������

38)�IURP�XSKROVWHUHG�IXUQLWXUH�WUHDWHG�ZLWK�GHFD%'(�VKRZHG�QR�HPLVVLRQ�RI�3%'(�

FRQJHQHUV�DIWHU�����GD\�UHVLGHQFH�WLPH�LQ�D�WHVW�FKDPEHU��.HPPOHLQ�HW�DO�����������7KH�IOH[LEOH�

SRO\XUHWKDQH�ZDV�PDQXIDFWXUHG�IRU�IXUQLWXUH�XSKROVWHU\�VWXIILQJ���7KXV��WKH�LQYHVWLJDWRUV�

UHSRUWHG�QR�GHWHFWDEOH�EURPLQDWHG�RUJDQLF�FRPSRXQGV�ZLWKLQ�WKH�WHVW�FKDPEHU���'LUHFW�DQDO\VLV�

RI�WKH�PDWHULDO�VKRZHG�GHWHFWDEOH�FRQJHQHUV�RI�GHFD��DQG�QRQD%'(�LQ�WKH�SURGXFW��

�

������ (VWLPDWHV�RI�3%'(�5HOHDVHV�WR�$LU �IURP�3ODVWLF�&RQVXPHU �3URGXFWV�
$WWHPSWV�KDYH�EHHQ�PDGH�WR�HVWLPDWH�WKH�DQQXDO�DPRXQW�RI�3%'(�WKDW�PD\�EH�YRODWLOL]HG�

WR�WKH�DLU�GXULQJ�WKH�JHQHUDO�VHUYLFH�OLIH�RI�D�WUHDWHG�SURGXFW���7KLV�LV�FRPSOLFDWHG�E\�WKH�IDFW�WKDW�

3%'(V�DUH�DGGLWLYH�IODPH�UHWDUGDQWV�UDWKHU�WKDQ�ERQGHG�ZLWK�WKH�SODVWLF�PDWUL[���7ZR�VHSDUDWH�

PHWKRGV�KDYH�EHHQ�SURSRVHG�IRU�FDOFXODWLQJ�WKH�DPRXQWV�RI�3%'(V�YRODWLOL]HG�IURP�WKH�SURGXFW��

DQ�DSSURDFK�WKDW�XWLOL]HV�WKH�YDSRU�SUHVVXUHV�RI�WKH�3%'(V��DQG�DQ�DSSURDFK�WKDW�FDOFXODWHV�

YRODWLOL]DWLRQ�UDWHV�IURP�WKH�RFWDQRO�WR�DLU�SDUWLWLRQLQJ�FRHIILFLHQW���7KH�YDSRU�SUHVVXUH�DSSURDFK�

ZDV�XVHG�E\�WKH�(8�WR�FDOFXODWH�WKH�WKHRUHWLFDO�DPRXQW�RI�GHFD���RFWD���DQG�SHQWD%'(�

IRUPXODWLRQ�WKDW�FRXOG�KDYH�YRODWLOL]HG�LQWR�WKH�DWPRVSKHUH�RYHU�WKH�HQWLUH�(XURSHDQ�FRQWLQHQW�

GXULQJ�WKH�XVDJH�DQG�SURGXFW�OLIH�RI�IODPH�UHWDUGDQW�SODVWLF�SURGXFWV��(8����������������������

(TXDWLRQ�����ZDV�XVHG�E\�WKH�(8�DQG�JLYHV�DQ�DSSUR[LPDWH�HVWLPDWH�RI�WKH�SHUFHQWDJH�RI�3%'(�

WKDW�PD\�YRODWLOL]H�RYHU�WKH�SURGXFW�OLIH��

���
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� � � � ��� � �� u u uS3HUFHQWDJH ORVV GXH WR YRODWLOL]DWLRQ � 9 1 � � ������

�
ZKHUH��

�
9S�  � YDSRU�SUHVVXUH�RI�WKH�3%'(�IODPH�UHWDUGDQW��PP+J�DW����&�

1�  � VHUYLFH�OLIH�RI�WKH�IODPH�UHWDUGHG�SURGXFW�LQ�\HDUV��DVVXPHG�WR�EH����\HDUV�E\�WKH�
(8���

�

(TXDWLRQ�����ZDV�LQLWLDOO\�GHULYHG�WR�DSSUR[LPDWH�WKH�YRODWLOL]DWLRQ�UDWH�RI�FKHPLFDO�

SODVWLFL]HUV�DGGHG�WR�SODVWLF�ILOPV�GXULQJ�WKHLU�SURGXFW�XVH��(8����������7KH�(8�FRQFOXGHG�WKDW�

WKH�HTXDWLRQ�VKRXOG�EH�DSSOLFDEOH�WR�WKH�HVWLPDWLRQ�RI�3%'(�ORVV�E\�YRODWLOL]DWLRQ�IURP�D�VROLG�

PDWUL[�EHFDXVH�WKH�HTXDWLRQ�HPSKDVL]HV�WKH�YDSRU�SUHVVXUH�RI�WKH�FRPSRXQG�DV�WKH�FRQWUROOLQJ�

IDFWRU���0XOWLSOLFDWLRQ�RI�WKH�DQQXDO�WRQQDJH�RI�3%'(�WUHDWHG�PDWHULDOV�E\�WKH�DQQXDO�SHUFHQW�

ORVV�UDWH�\LHOGV�D�URXJK�EXW�SODXVLEOH�HVWLPDWH�RI�3%'(�UHOHDVHV�WR�WKH�DLU��NJ�\HDU��IURP�WKH�

WUHDWHG�SURGXFWV�����

$VVXPLQJ�D�YDSRU�SUHVVXUH�RI������î��í��PP+J��DW����&��DQG�D�SURGXFW�OLIH�RI����\HDUV��

D�YRODWLOL]DWLRQ�ORVV�UDWH�RI�GHFD%'(�IURP�WKH�SURGXFW�ZDV�FDOFXODWHG�E\�WKH�(8��XVLQJ�HT������WR�

EH�������RYHU����\HDUV��RU��������SHU�\HDU����$SSUR[LPDWHO\�������07�\HDU�RI�GHFD%'(�ZDV�

XVHG�LQ�SODVWLFV�IRU�DOO�(8�FRXQWULHV�FRPELQHG���%DVHG�RQ�WKLV�TXDQWLW\��WKH�(8�HVWLPDWHG�WKH�

WRWDO�ORVVHV�RI�GHFD%'(�WR�WKH�DLU�GXULQJ�WKH�VHUYLFH�OLIH�RI�WKH�WUHDWHG�SODVWLF�SURGXFWV�WR�EH�

�����07�\HDU�LQ�(XURSH��������î����������(8����������8VLQJ�D�YDSRU�SUHVVXUH�RI�

����î��í��PP+J�IRU�RFWD%'(��WKH�(8�HVWLPDWHG�D�YRODWLOL]DWLRQ�UDWH�RI�������RYHU����\HDUV��RU�

�������SHU�\HDU���(8����������$VVXPLQJ�D������FRQVXPSWLRQ�ILJXUH�RI�������07�\HDU��WKH�(8�

HVWLPDWHG�WKDW�DSSUR[LPDWHO\������07�\HDU�RI�RFWD%'(�YRODWLOL]HG�IURP�SURGXFW�XVDJH�

WKURXJKRXW�(XURSH��(8����������3HQWD%'(�ZDV�DVVXPHG�WR�KDYH�D�YDSRU�SUHVVXUH�RI�

����î��í��PP+J��DQG�WKLV�\LHOGHG�DQ�HVWLPDWHG�DQQXDO�ORVV�UDWH�RI������RYHU�D����\HDU�SURGXFW�

OLIH��RU�������SHU�\HDU���(8����������7KH�(8�XVHG�D�YDOXH�RI�������07�\HDU�SHQWD%'(�LQ�

SRO\XUHWKDQH�IRDP�SURGXFWV�WR�FDOFXODWH�DQ�DQQXDO�UHOHDVH�UDWH�RI�����07�\HDU�SHQWD%'(�IRU�

(XURSH�DV�D�ZKROH��(8����������,W�VKRXOG�EH�QRWHG�WKDW�WKH�SURGXFW�VHUYLFH�OLIH�RI����\HDUV�ZDV�D�

VXEMHFWLYH�DVVXPSWLRQ�E\�WKH�(8��EXW��ZKHQ�FRPELQHG�ZLWK�WKH�DYHUDJH�DPRXQW�RI�3%'(�WUHDWHG�

PDWHULDOV�LQ�XVH�HDFK�\HDU��LV�WKRXJKW�WR�JLYH�D�UHDVRQDEOH��EXW�XQYHULILDEOH��UHVXOW��3UHYHGRXRUR�

HW�DO�����������



�

� �����

3UHYHGRXRUR�HW�DO���������HVWLPDWHG�WKH�YRODWLOL]DWLRQ�IOX[�RI�%'(����IURP�SURGXFWV�

WUHDWHG�ZLWK�SHQWD%'(�DQG�FRQVXPHG�LQ�WKH�8QLWHG�.LQJGRP���8VLQJ�HT�����DQG�DSSO\LQJ�D�KLJK�

DQG�ORZ�%'(����FRQVXPSWLRQ�UDWH�����DQG����07�LQ�WKH�\HDU�������UHVSHFWLYHO\���3UHYHGRXRUR�

HW�DO���������FDOFXODWHG�WKH�DQQXDO�PDVV�IOX[�RI�%'(����WR�DLU�IURP�WKH�XVH�RI�WUHDWHG�FRQVXPHU�

SURGXFWV�WR�EH����í����NJ�LQ��������%\�DVVXPLQJ�D�FRQVXPSWLRQ�UDWH�IRU�HDFK�\HDU��3UHYHGRXRUR�

HW�DO���������WKHQ�HVWLPDWHG�WKH�DQQXDO�PDVV�IOX[�IURP�����í�������)LJXUH�����VKRZV�WKHVH�

UHVXOWV���7KH�SHDN�LQ�WKH�DLU�HPLVVLRQV�RI�%'(����RFFXUUHG�LQ������IRU�ERWK�WKH�KLJK�DQG�ORZ�

FRQVXPSWLRQ�YDOXHV���%'(����HPLVVLRQV�LQ������ZHUH�FDOFXODWHG�WR�EH����DQG������07�IRU�WKH�

KLJK�DQG�ORZ�FRQVXPSWLRQ�UDWHV��UHVSHFWLYHO\��

�

�
Figure 2-4�  Volatilization of BDE 47 from PBDE-treated consumer products 
in the U.K. 
�
6RXUFH��3UHYHGRXRUR�HW�DO�����������$VVXPHV�DQ�DYHUDJH�SURGXFW�OLIH�RI����\HDUV���+LJK�DQG�ORZ�HVWLPDWHV�

FRUUHVSRQG�WR�UDQJH�RI�SUHGLFWHG�FRQVXPSWLRQ�UDWHV�IRU�WKH�\HDU����������DQG����07��
UHVSHFWLYHO\���

�
�
$�VHFRQG�DSSURDFK��WHUPHG�WKH�.RD�DSSURDFK��ZDV�XVHG�E\�3UHYHGRXRUR�HW�DO���������WR�

HVWLPDWH�WKH�DPRXQW�RI�3%'(�WKDW�PD\�YRODWLOL]H�IURP�WKH�SODVWLF�PDWUL[���7KH�MXVWLILFDWLRQ�IRU�

XVH�RI�WKLV�DSSURDFK�ZDV�WKDW�WKH�ORJDULWKP��EDVH�����RI�WKH�RFWDQRO�DLU�SDUWLWLRQ�FRHIILFLHQW��ORJ�

.RD��RI�WKH�3%'(�PD\�EHVW�GHVFULEH�WKH�YRODWLOL]DWLRQ�EHKDYLRU��VHH�&KDSWHU����6HFWLRQ����������

.QRZLQJ�WKH�ORJ�.RD�RI�WKH�%'(�FRQJHQHU��3UHYHGRXRUR�HW�DO���������XVHG�DQ�HTXDWLRQ��VHH�

HT������GHYHORSHG�E\�%UHLYLN�HW�DO���������WR�HVWLPDWH�DLU�UHOHDVH�HPLVVLRQ�IDFWRUV�IRU�3%'(�
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UHOHDVHV�IURP�WUHDWHG�SODVWLFV��%UHLYLN�HW�DO���������GHULYHG�HT���IURP�UHJUHVVLQJ�UHVXOWV�IURP�

FKDPEHU�H[SHULPHQWV�LQYROYLQJ�WKH�YRODWLOL]DWLRQ�RI�SRO\FKORULQDWHG�ELSKHQ\OV��3&%V��IURP�

FRPPHUFLDO�VHDODQWV�FRQWDLQLQJ�3&%V���

�
� ��������ORJ�����ORJ �qu� &.() 2$ � ������
�
ZKHUH�
�

ORJ�()� �HPLVVLRQ�IDFWRU��PDVV�3%'(�HPLWWHG�PDVV�3%'(�XVHG�SHU�\HDU��XQLWOHVV��
�

$VVXPLQJ�D�ORJ�.RD�RI��������DW����&��IRU�%'(�����3UHYHGRXRUR�HW�DO���������FDOFXODWHG�

DQ�HPLVVLRQ�IDFWRU�RI������î��í����0XOWLSO\LQJ�WKLV�HPLVVLRQ�IDFWRU�E\�WKH�FRQVXPSWLRQ�UDWH�RI�

%'(����LQ����������07��JDYH�DQ�HVWLPDWH�RI�����î��í��07��RU�����NJ��%'(����HPLWWHG�WR�WKH�

DLU�IURP�SODVWLF�WUHDWHG�PDWHULDOV���7KH�ORJ�.RD�DSSURDFK�SURGXFHG�DQ�HPLVVLRQ�HVWLPDWH�WKDW�ZDV�

����WLPHV�ORZHU�WKDQ�WKH�YDSRU�SUHVVXUH�DSSURDFK��VHH�HT�������3UHYHGRXRUR�HW�DO�����������

6LPLODU�WR�HT������WKLV�.RD�DSSURDFK�PXVW�EH�FRQVLGHUHG�XQFHUWDLQ�DQG�SUHOLPLQDU\���3%'(V�DUH�

DGGHG�WR�WKH�SODVWLF��DGGLWLYH�IODPH�UHWDUGDQWV��DQG�QRW�FRYDOHQWO\�ERQGHG�ZLWK�WKH�SODVWLF��

ZKHUHDV�WKH�WHVWHG�VHDODQW�PDWHULDO�XVHG�LQ�WKH�GHYHORSPHQW�RI�HT�����OLNHO\�FRQWDLQHG�3&%V�WKDW�

ZHUH�ERQGHG�WR�WKH�VHDODQW�PDWHULDO����

7KHVH�PHWKRGV�ZLOO�EH�XVHG�WR�HVWLPDWH�WKH�SRVVLEOH�WRWDO�YRODWLOL]DWLRQ�RI�3%'(�IURP�

WUHDWHG�SODVWLF�SURGXFWV�LQ�WKH�8QLWHG�6WDWHV���7KH�IROORZLQJ�DVVXPSWLRQV�DUH�XVHG�LQ�WKH�

FDOFXODWLRQ��

�
�� 7KH�PDUNHW�GHPDQG�RI�WKH�SHQWD���RFWD���DQG�GHFD%'(�IRUPXODWLRQV�IRU�������WKH�ODWHVW�

\HDU�IRU�ZKLFK�VWDWLVWLFV�DUH�DYDLODEOH��LV�XVHG�DV�D�VXUURJDWH�IRU�LQIHUULQJ�WKH�DPRXQW�XVHG�
DV�IODPH�UHWDUGDQW�IRU�SODVWLF�SURGXFWV�LQ�WKH�8QLWHG�6WDWHV����

�� 7KH�SURGXFW�OLIH�LV����\HDUV��

�� 7ZR�VHSDUDWH�PHWKRGV�DUH�XVHG�WR�FDOFXODWH�SRVVLEOH�DPRXQWV�RI�GHFD%'(�YRODWLOL]HG�
IURP�SODVWLF��HT������WKH�YDSRU�SUHVVXUH��9S��PHWKRG�DGYRFDWHG�E\�WKH�(8��DQG�HT�����
EDVHG�RQ�WKH�RFWDQRO�DLU�SDUWLWLRQ�FRHIILFLHQW��ORJ�.RD���

��
(VWLPDWHV�RI�UHOHDVHV�WR�DLU�XVLQJ�WKH�(8�PHWKRG���,Q�������WKH�PDUNHW�GHPDQG�IRU�

GHFD%'(�ZDV�DSSUR[LPDWHO\��������07�LQ�WKH�$PHULFDV��+LWHV����������7KH�$PHULFDV�LQFOXGHV�

DOO�FRXQWULHV�LQ�1RUWK��&HQWUDO��DQG�6RXWK�$PHULFD���5RXJKO\�����RI�GHFD%'(�LV�XVHG�IRU�IODPH�

UHWDUGDQW�KDUG�SODVWLFV��3XUH�6WUDWHJLHV��,QF����������ZLWK�WKH�UHPDLQLQJ�����XVHG�LQ�WH[WLOHV���
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7KHUHIRUH��ZLWK�D�WRWDO�GHPDQG�RI��������07��LW�LV�HVWLPDWHG�WKDW�WKH�DPRXQW�RI�GHFD%'(�

LQFRUSRUDWHG�LQWR�QHZ�SODVWLF�SURGXFWV�LQ�WKH�$PHULFDV��LQ�������LV��������07���,I�LW�LV�DVVXPHG�

WKDW�WKH�8QLWHG�6WDWHV�DFFRXQWV�IRU�����RI�WKH�WRWDO�XVH�RI�GHFD%'(�SURGXFHG�LQ�������WKHQ�

�������07�PD\�KDYH�EHHQ�XVHG�LQ�WKH�8QLWHG�6WDWHV���$V�GLVFXVVHG�DERYH��HT�����SURGXFHV�DQ�

HVWLPDWHG�YRODWLOL]DWLRQ�ORVV�UDWH�RI��������\HDUʊRU�������RYHU����\HDUV���$SSO\LQJ�WKHVH�ORVV�

UDWHV�ZRXOG�UHVXOW�LQ�DSSUR[LPDWHO\������07�GHFD%'(�\HDU�YRODWLOL]HG�IURP�WKHVH�QHZ�SURGXFWV�

PDGH�IURP�WKH�IODPH�UHWDUGDQW�SODVWLFV���$VVXPLQJ�QR�DGGLWLRQDO�SURGXFWV�ZHUH�SXW�LQWR�WKH�

PDUNHW�GXULQJ�WKDW�SHULRG��WKLV�PHDQV�WKDW�DSSUR[LPDWHO\������07�RI�GHFD%'(�ZRXOG�KDYH�

YRODWLOL]HG�IURP�SODVWLF�SURGXFWV�RYHU�D����\HDU�WLPH�IUDPH�LQ�WKH�8QLWHG�6WDWHV����

7KH�PDUNHW�GHPDQG�IRU�RFWD%'(�ZDV�������07�LQ�WKH�$PHULFDV��+LWHV���������RU�

������07�LQ�WKH�8QLWHG�6WDWHV��WKH�8QLWHG�6WDWHV�UHSUHVHQWV�����RI�WKH�WRWDO�GHPDQG�LQ�1RUWK��

6RXWK��DQG�&HQWUDO�$PHULFD����8VLQJ�D�YDSRU�SUHVVXUH�RI�����î��í��PP+J�IRU�RFWD%'(��(8��

������UHVXOWV�LQ�DQ�DQQXDO�HVWLPDWHG�YRODWLOL]DWLRQ�UDWH�RI�RFWD%'(�RI�������RYHU����\HDUV��RU�

�������SHU�\HDU����$SSUR[LPDWHO\�������07�\HDU�RFWD%'(�PD\�YRODWL]H�IURP�SODVWLF�SURGXFWV�

��������î�������07����

7RWDO�PDUNHW�GHPDQG�IRU�SHQWD%'(�LQ�WKH�$PHULFDV�ZDV�HVWLPDWHG�DW�������07��+LWHV��

�������RI�ZKLFK������������07��ZDV�XVHG�DV�DQ�DGGLWLYH�IODPH�UHWDUGDQW�LQ�)38)�PDWHULDOV�

�(8����������$VVXPLQJ�WKDW�PDUNHW�GHPDQG�LQ�WKH�8QLWHG�6WDWHV�DFFRXQWHG�IRU�����RI�WRWDO�

PDUNHW�GHPDQG�LQ�WKH�$PHULFDV�JLYHV�DQ�HVWLPDWH�RI�������07�SHQWD%'(�XVHG�LQ�)38)�LQ�WKH�

8QLWHG�6WDWHV���8VLQJ�HT�����DQG�D�YDSRU�SUHVVXUH�RI�����î��í��PP+J��(8��������JLYHV�DQ�

HVWLPDWHG�YRODWLOL]DWLRQ�UDWH�RI������RYHU�D����\HDU�SURGXFW�OLIH��RU�������SHU�\HDU����

0XOWLSO\LQJ�WKH�DQQXDO�ORVV�UDWH��������\HDU��E\�WKH�DQQXDO�SHQWD%'(�XVHG�LQ�WKH�8QLWHG�6WDWHV�

�������07��SURGXFHV�DQ�HVWLPDWHG�DQQXDO�YRODWLOL]DWLRQ�RI�SHQWD%'(�IURP�)38)�RI����07�\HDU���

7DEOH�����VXPPDUL]HV�WKHVH�FDOFXODWLRQV�XVLQJ�WKH�YDSRU�SUHVVXUH�DSSURDFK��VHH�HT��������

(VWLPDWHV�RI�YRODWLOL]DWLRQ�IOX[�RI�WKH�LQGLYLGXDO�%'(�FRQJHQHUV�FRQWDLQHG�ZLWKLQ�WKH�

FRPPHUFLDO�IRUPXODWLRQV�ZHUH�PDGH�EDVHG�RQ�WKHLU�UHVSHFWLYH�YDSRU�SUHVVXUHV���7KLV�DQDO\VLV�

UHSUHVHQWV�D�SLFWXUH�RI�SRVVLEOH�DQQXDO�HPLVVLRQV�IURP�WKH�YRODWLOL]DWLRQ�RI�3%'(�FRPPHUFLDO�

IRUPXODWLRQV�DQG�%'(�FRQJHQHUV�IURP�WUHDWHG�SURGXFWV�EDVHG�RQ�D����\HDU�SURGXFW�OLIH���7KH�

DQDO\VLV�GRHV�QRW�WDNH�LQWR�DFFRXQW�WKH�LQWURGXFWLRQ�RI�QHZ�SURGXFWV�WUHDWHG�ZLWK�3%'(V�GXULQJ�

WKLV�WLPHIUDPH��EXW�LW�LV�FRQVLVWHQW�ZLWK�WKH�DSSURDFK�WDNHQ�E\�WKH�(8�LQ�HYDOXDWLQJ�SRWHQWLDO�

KXPDQ�KHDOWK�ULVNV�DVVRFLDWHG�ZLWK�H[SRVXUHV�WR�FRPPHUFLDO�3%'(�IRUPXODWLRQV��(8����������,Q�
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Table 2-6.  Calculated PBDE emission factors and estimated PBDE emissions from plastic products in the 
United States for 2001, derived using two approaches: vapor pressure approach; log Koa approach 

�

Chemical 
2001a,b 
market 
demand 

(kg) 

BDEc 
content 

(kg) 

Vapor Pressure (VS) Approach (see 
eq 2-1) 

Log Koa Approach 
(see eq 2-2) 

Total BDE Congener Emissions 
Summed Across FormulationsM 

VS
d 

at 20°C 
(mmHg) 

VS-based 
emission 

factor 
(%/yr)e 

VS-based 
emissions 
(kg/yr)f 

Logg 
Koa 
at 

20°C 

Koa-based 
Emission 

factor 
(kg/kg)h 

Log 
Koa-based 
emissions 
(kg/yr)i 

Ratio 
(VS/ 
Koa)  

BDE 
congener 

Total VS 
method 

(kg) 

Total Koa 
method 

(kg) 

'HFD%'(� �����î����� � �����î���í�� ������ �����î����� ������ �����î���í�� �����î����� ���� %'(���� �����î����� �����î�����

%'(����� ������ �����î����� 1$� 1$� 1$� 1$� 1$� 1$� 1$� %'(���� �����î����� �����î�����

%'(����� ������ �����î����� 1$� 1$� 1$� 1$� 1$� 1$� 1$� %'(���� 1$� �����î�����

%'(����� ������ �����î����� 1$� 1$� 1$� 1$� 1$� 1$� 1$� %'(���� �����î����� �����î�����

%'(����� ������� �����î����� �����î���í�� ������ �����î����� ������ �����î���í�� �����î����� ���� %'(���� �����î����� �����î�����

2FWD%'(� �����î����� � �����î���í�� ������ �����î����� ������ �����î���í�� �����î����� ���� %'(����� �����î����� �����î�����

%'(����� ��� �����î����� �����î���í�� ������ �����î����� ������ �����î���í�� �����î���í�� ��� %'(����� 1$� �����î���í��

%'(����� ��� �����î����� �����î���í�� ������ �����î���í�� ������ �����î���í�� �����î���í�� �� %'(����� �����î����� �����î�����

%'(����� ���� �����î����� 1$� 1$� 1$� ������ �����î���í�� �����î����� 1$� %'(����� �����î����� �����î���í��

%'(����� ��� �����î����� �����î���í��� �������� �����î���í�� 1$� 1$� 1$� 1$� %'(����� 1$� �����î�����

%'(����� ��� �����î����� 1$� 1$� 1$� 1$� 1$� 1$� 1$� %'(����� �����î���í�� 1$�

%'(����� ���� �����î����� 1$� 1$� 1$� 1$� 1$� 1$� 1$� %'(����� 1$� 1$�

%'(����� ��� �����î����� 1$� 1$� 1$� 1$� 1$� 1$� 1$� %'(����� 1$� 1$�

%'(����� ��� �����î����� 1$� 1$� 1$� 1$� 1$� 1$� 1$� %'(����� 1$� 1$�

%'(����� ���� �����î����� 1$� 1$� 1$� 1$� 1$� 1$� 1$� %'(����� 1$� 1$�
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Table 2-6.  Calculated PBDE emission factors and estimated PBDE emissions from plastic products in the 
United States for 2001, derived using two approaches: vapor pressure approach; log Koa approach (continued) 
 

Chemical 
2001a,b 
market 
demand 

(kg) 

BDEc 
content 

(kg) 

Vapor Pressure (VS) Approach (see 
eq 2-1) 

Log Koa Approach 
(see eq 2-2) 

Total BDE Congener Emissions 
Summed Across FormulationsM 

VS
d 

at 20°C 
(mmHg) 

VS-based 
emission 

factor 
(%/yr)e 

VS-based 
emissions 
(kg/yr)f 

Logg 
Koa 
at 

20°C 

Koa-based 
emission 

factor 
(kg/kg)h 

Log 
Koa-based 
emissions 
(kg/yr)i 

Ratio 
(VS/ 
Koa)  

BDE 
congener 

Total VS 
method 

(kg) 

Total Koa 
method 

(kg) 

3HQWD%'(� �����î����� � �����î���í�� ������ �����î����� ������ �����î���í�� �����î����� ���� %'(����� 1$� 1$�

%'(���� ����� �����î����� �����î���í�� ������ �����î����� ����� �����î���í�� �����î����� ���� %'(����� �����î����� �����î�����

%'(���� ���� �����î����� �����î���í�� ������ �����î����� ������ �����î���í�� �����î����� ��� � � �

%'(���� ��� �����î����� 1$� 1$� 1$� ������ �����î���í�� �����î����� 1$� � � �

%'(���� ��� �����î����� �����î���í�� ������ �����î����� ������ �����î���í�� �����î����� �� � � �

%'(���� ���� �����î����� �����î���í�� ������ �����î����� ������ �����î���í�� �����î����� ��� � � �

%'(����� ��� �����î����� �����î���í�� ������ �����î����� ������ �����î���í�� �����î����� ��� � � �

%'(����� ����� �����î����� 1$� 1$� 1$� ������ �����î���í�� �����î���í�� 1$� � � �

%'(����� ��� �����î����� �����î���í�� ������ �����î����� ������ �����î���í�� �����î����� ��� � � �

%'(����� ��� �����î����� �����î���í�� ������ �����î����� ������ �����î���í�� �����î���í�� �� � � �
�

D0DUNHW�GHPDQG��NJ��IRU�WKH�8QLWHG�6WDWHV�DVVXPLQJ�����RI�WRWDO�PDUNHW�GHPDQG�IRU�WKH�$PHULFDV��
E3HUFHQW�����LV�WKH�SHUFHQW�GLVWULEXWLRQ�RI�LQGLYLGXDO�%'(�FRQJHQHUV�LQ�WKH�3%'(�FRPPHUFLDO�IRUPXODWLRQ�DQG�LV�IURP�7DEOH������
F&DOFXODWHG�NJ�RI�%'(�FRQJHQHU�LQ�WKH�8�6��PDUNHW�GHPDQG�IRU�HDFK�3%'(�FRPPHUFLDO�IRUPXODWLRQ��
G7DNHQ�IURP�7DEOH�����LQ�&KDSWHU����(QYLURQPHQWDO�)DWH�RI�3RO\EURPLQDWHG�'LSKHQ\O�(WKHUV��9S�LQ�3DVFDOV��3D��FRQYHUWHG�WR�PP+J�XVLQJ�
��3D� ��������PP�+J��

H(PLVVLRQ�IDFWRU�LV�SHUFHQW�UHOHDVHG�WR�DLU�SHU�\HDU�IURP�WRWDO�NJ�XVHG�LQ�WUHDWPHQW�RI�SODVWLF�SURGXFWV�DQG�LV�FDOFXODWHG�XVLQJ�HT������
I'HULYHG�E\�PXOWLSO\LQJ�WKH�9S�EDVHG�HPLVVLRQ�IDFWRU�E\�WKH�PDUNHW�GHPDQG��NJ��IRU�WKH�3%'(�FRPPHUFLDO�IRUPXODWLRQ���QG�FROXPQ��RU�E\�LQGLYLGXDO�%'(�
FRQJHQHUV�FRQWDLQHG�LQ�FRPPHUFLDO�IRUPXODWLRQ���UG�FROXPQ���NJ���

J7DNHQ�IURP�7DEOH�����LQ�&KDSWHU����(QYLURQPHQWDO�)DWH�RI�3RO\EURPLQDWHG�'LSKHQ\O�(WKHUV��
K(PLVVLRQ�IDFWRU�LV�XQLWOHVV�EDVHG�RQ�ZHLJKW�ZHLJKW��NJ�UHOHDVHG�WR�DLU�IURP�WRWDO�NJ�XVHG�LQ�WUHDWPHQW�RI�SODVWLF�SURGXFWV��DQG�LV�FDOFXODWHG�XVLQJ�HT������



�

�

�
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Table 2-6.  Calculated PBDE emission factors and estimated PBDE emissions from plastic products in the 
United States for 2001, derived using two approaches: vapor pressure approach; log Koa approach (continued)�

�
L'HULYHG�E\�PXOWLSO\LQJ�WKH�.RD�EDVHG�HPLVVLRQ�IDFWRU�E\�WKH�PDUNHW�GHPDQG��NJ��IRU�WKH�3%'(�FRPPHUFLDO�IRUPXODWLRQ���QG�FROXPQ��RU�E\�LQGLYLGXDO�%'(�
FRQJHQHUV�FRQWDLQHG�LQ�FRPPHUFLDO�IRUPXODWLRQ���UG�FROXPQ���NJ���

M7RWDOV��NJ��DUH�EDVHG�RQ�VXPPLQJ�WKH�DPRXQWV�FDOFXODWHG�IRU�HDFK�FRQJHQHU�FRQWDLQHG�LQ�HDFK�3%'(�FRPPHUFLDO�IRUPXODWLRQ��L�H���SHQWD���RFWD���DQG�GHFD%'(��
�

1$� �'DWD�QRW�DYDLODEOH��
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WKLV�FRQWH[W��WKH�(8�KDV�VXJJHVWHG�WKDW�WKH�HVWLPDWH�RI�DPRXQW�YRODWLOL]HG�IURP�SURGXFWV�LV�OLNHO\�

DQ�XQGHUHVWLPDWH�EHFDXVH�WKH�HVWLPDWHV�DUH�EDVHG�RQ�D�VLQJOH�\HDU¶V�SURGXFW�XVH�LQIRUPDWLRQ���

7KHUHIRUH��WKH�(8�KDV�LQGLFDWHG�WKDW�WKH�DFWXDO�DPRXQWV�UHOHDVHG�WR�DLU�FRXOG�EH�RQH�RUGHU�RI�

PDJQLWXGH�KLJKHU�WKDQ�ZKDW�LV�SUHGLFWHG�E\�HT������(8����������������������,Q�RUGHU�WR�

FRPSHQVDWH�IRU�WKLV�SRWHQWLDO�XQGHUHVWLPDWLRQ�GXH�WR�FRQVLGHULQJ�RQO\���\HDU�RI�XVH��WKH�(8�

LQFUHDVHG�WKHLU�FDOFXODWLRQ�RI�DLU�UHOHDVHV�RI�3%'(V�IURP�SURGXFWV�LQ�(XURSHDQ�FRXQWULHV�E\�D�

IDFWRU�RI������$�VLPLODU�IDFWRU�RI����FRXOG�EH�DSSOLHG�WR�HVWLPDWHV�PDGH�KHUH�IRU�WKH�$PHULFDV��

EXW�JLYHQ�WKH�XQFHUWDLQWLHV�LQ�WKH�SURFHGXUH��WKH�YDOLGLW\�RI�WKH�HPSLULFDO�HTXDWLRQ��WKH�

DYDLODELOLW\�RI�XVH�LQIRUPDWLRQ�EHIRUH�������HWF���DV�ZHOO�DV�WKH�IDFW�WKDW�SHQWD��DQG�RFWD%'(�

ZHUH�WDNHQ�RII�WKH�PDUNHW�LQ�������ZKLOH�RWKHU�QHZ�SURGXFWV�FRXOG�FRPH�LQWR�WKH�PDUNHW�LQ�

IXWXUH�\HDUV��QR�DGMXVWPHQWV�DUH�PDGH�KHUH���,Q�RWKHU�ZRUGV��DQ�DQQXDO�HVWLPDWHG�ORVV��ZKLFK�LV�

UHDOO\������WKH�ORVV�RYHU����IXOO�\HDUV�RI�ORVV�IURP�D�VLQJOH�\HDU�RI�XVH�������WR�EH�SUHFLVH���ZLOO�

EH�DVVXPHG�WR�JHQHUDOO\�UHSUHVHQW�DQ\�\HDUʊQR�DGGLWLRQDO�ORVVHV�DUH�DVVXPHG�EDVHG�RQ�

LQWURGXFWLRQ�RI�QHZ�SURGXFW�HDFK�\HDU���

(VWLPDWHV�RI�UHOHDVHV�WR�DLU�XVLQJ�WKH�ORJ�.RD�PHWKRG

�

���)URP�7DEOH������LW�LV�HYLGHQW�WKDW�

GHFD%'(�LV��������E\�ZHLJKW��%'(�������7KHUHIRUH��DSSUR[LPDWHO\������î�����NJ�RI�%'(�����

ZDV�XVHG�WR�WUHDW�SURGXFWV�LQ�WKH�8QLWHG�6WDWHV�LQ��������7KH�ORJ�.RD�IRU�%'(�����KDV�EHHQ�

FDOFXODWHG�E\�:HEVWHU�HW�DO���������DV��������DW����&����7KHQ�XVLQJ�HT������

��������������ORJ �u� () �

�������ORJ � () �

������ � (() ��

�

0XOWLSOLFDWLRQ�RI�WKLV�HPLVVLRQ�IDFWRU�������î���í���E\������î�����NJ�%'(�����FRQWDLQHG�LQ�

GHFD%'(�\LHOGV�DW�HVWLPDWHG�YRODWLOL]DWLRQ�RI������NJ�SHU�\HDU�IURP�SODVWLF�WUHDWHG�SURGXFWV�LQ�

WKH�8QLWHG�6WDWHV���(TXDWLRQ�����SUHGLFWHG�D�YRODWLOL]DWLRQ�UDWH�RI������07�\HDU�������î�����NJ����

7KLV�VDPH�SURFHGXUH�ZDV�UHSHDWHG�IRU�D�QXPEHU�RI�%'(�FRQJHQHUV�SUHVHQW�LQ�WKH�3%'(�

IRUPXODWLRQV��DQG�WKH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH��������

� 7DEOH�����FRPSDUHV�WKH�%'(�HPLVVLRQV�GHULYHG�IURP�ERWK�WKH�(8�DQG�WKH�ORJ�.RD�

DSSURDFKHV��VKRZQ�DV�WKH�UDWLR�RI�9S�.RD����,Q�HYHU\�FDVH��WKH�(8�DSSURDFK�JDYH�D�UHVXOW�WKDW�ZDV�

FRQVLGHUDEO\�JUHDWHU�WKDQ�WKDW�SURGXFHG�E\�WKH�.RD�DSSURDFK���,Q�JHQHUDO��%'(�HPLVVLRQV�
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FDOFXODWHG�ZLWK�WKH�9S�DSSURDFK�DUH�JUHDWHU�WKDQ�WKH�RQHV�GHULYHG�XVLQJ�WKH�.RD�DSSURDFK��E\�

XSZDUGV�RI���RUGHUV�RI�PDJQLWXGH���)RU�H[DPSOH��WKH�(8�DSSURDFK��VHH�HT������SURGXFHG�D�

YRODWLOL]HG�DPRXQW�RI�%'(�����WKDW�LV�����WLPHV�JUHDWHU�WKDQ�ZLWK�WKH�.RD�DSSURDFK�RI�HT�������

3UHYHGRXRUR�HW�DO���������WKRXJKW�WKDW�WKH�.RD�DSSURDFK�JDYH�D�UHVXOW�WKDW�ZDV�PRUH�FRQVLVWHQW�

ZLWK�DWPRVSKHULF�PHDVXUHPHQWV�RI�3%'(V���+DUUDG�HW�DO���������PDLQWDLQV�WKDW�D�UDWLR�RI�

%'(����WR�%'(����LQ�DLU�RI�DERXW��í����LV�LQGLFDWLYH�RI�YRODWLOL]DWLRQ�ORVVHV�IURP�SURGXFWV���7KH�

.RD�DSSURDFK�SURGXFHG�D�UDWLR�RI������ZKHUHDV�WKH�(8��9S��DSSURDFK�UHVXOWHG�LQ�D�

%'(����%'(����UDWLR�RI�DERXW������+LUDL�HW�DO���������GHULYHG�GHFD%'(�HPLVVLRQ�IDFWRUV�IURP�

PHDVXUHG�HPLVVLRQV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�IURP�WHOHYLVLRQ�VHWV���7KH�WHOHYLVLRQV�ZHUH�

SODFHG�LQ�D�FKDPEHU��DQG�WKH�DLU�VDPSOHG�IRU����RU�����KRXUV�RU�D�ZLSH�VDPSOH�ZDV�FROOHFWHG���

+LUDL�HW�DO���������FDOFXODWHG�HPLVVLRQ�IDFWRUV�IRU�%'(�����RI�����î���í��WY�\HDU��EDVHG�RQ�

���KRXU�RSHUDWLRQ��RU�����î���í��WY�\HDU������KRXU�RSHUDWLRQ����7KH�FDOFXODWHG�%'(�����HPLVVLRQ�

IDFWRU�IURP�SODVWLFV�GHULYHG�XVLQJ�WKH�.RD�DSSURDFK�LQ�7DEOH�����LV������î���í���DQG�WKLV�IDOOV�

ZLWKLQ�WKH�UDQJH�RI�HPLVVLRQ�IDFWRUV�GHYHORSHG�E\�+LUDL�HW�DO���������LQ�D�FKDPEHU�VWXG\���,Q�

FRQVLGHUDWLRQ�RI�WKHVH�FRPSDULVRQV��WKH�HVWLPDWHV�GHULYHG�IURP�WKH�.RD�DSSURDFK��VHH�HT������DUH�

UHOLHG�RQ�LQ�WKH�OLIH�F\FOH�DQDO\VLV�LQ�WKLV�UHSRUW�WR�JLYH�SODXVLEOH�HVWLPDWHV�RI�WKH�DPRXQWV�RI�

%'(�FRQJHQHUV�YRODWLOL]HG�IURP�SODVWLF�SURGXFWV���7DEOH�����VKRZV�WKDW�WKH�YRODWLOL]DWLRQ�UDWHV�

IURP�SODVWLF�SURGXFWV��ZLWK�WKH�.RD�DSSURDFK��DUH������NJ�\HDU�������NJ�\HDU��DQG��������NJ�\HDU�

IRU�GHFD���RFWD���DQG�SHQWD%'(��UHVSHFWLYHO\���)URP�WKH�SHUVSHFWLYH�RI�YRODWLOL]DWLRQ�IURP�

SURGXFWV��SHQWD%'(�DFFRXQWV�IRU�����RI�HPLVVLRQV�RI�WRWDO�3%'(�FRPPHUFLDO�IRUPXODWLRQV��

IROORZHG�E\�GHFD�������DQG�RFWD%'(�������

� ,W�VKRXOG�EH�QRWHG�WKDW�+DOH�HW�DO���������SURSRVHG�WKH�WKHRU\�WKDW�WKH�EXON�GHJUDGDWLRQ�

DQG�FUXPEOLQJ�RI�SHQWD%'(�WUHDWHG�SRO\XUHWKDQH�IRDP�GXH�WR�WKH�DJLQJ�RI�PDWHULDOV�PD\�JLYH�

ULVH�WR�LQGRRU�DLU�FRQFHQWUDWLRQV�RI�%'(�����%'(������%'(�����%'(������DQG�%'(�������:KLOH�

WKLV�LV�D�SRVVLEOH�PHFKDQLVP�IRU�WUDQVIHUULQJ�%'(�FRQJHQHU�FRQFHQWUDWLRQV�WR�LQGRRU�GXVW��WKH�

DXWKRUV�GLG�QRW�SUHVHQW�D�TXDQWLWDWLYH�PHWKRG�IRU�HVWLPDWLQJ�WKH�DPRXQWV�RI�%'(�FRQJHQHUV�WKDW�

PD\�UHVXOW�LQ�LQGRRU�DLU�IURP�WKH�EXON�GHJUDGDWLRQ�RI�38)���$Q�DOJRULWKP�IRU�HVWLPDWLQJ�WKH�

UHOHDVH�RI�3%'(V�IURP�GHJUDGDWLRQ�DQG�FUXPEOLQJ�RI�IRDP�FRXOG�QRW�RWKHUZLVH�EH�IRXQG�LQ�WKH�

OLWHUDWXUH��DQG�IRU�WKDW�UHDVRQ��HVWLPDWHV�DUH�QRW�SURYLGHG�LQ�WKLV�UHSRUW�IRU�WKLV�LPSRUWDQW�UHOHDVH�

PHFKDQLVP����

�



�

� �����

������ (VWLPDWHV�RI�WKH�0DVV�)ORZ�RI�3%'(V�&RQWDLQHG�LQ�(OHFWURQLF�DQG�(OHFWU LFDO�
(TXLSPHQW��(((��:DVWH�LQ�WKH�8QLWHG�6WDWHV�
2QFH�3%'(�WUHDWHG�HOHFWURQLF�DQG�HOHFWULFDO�HTXLSPHQW��(((��PDWHULDOV�KDYH�UHDFKHG�

WKHLU�IXQFWLRQDO�OLIH��WKH\�DUH�GLVFDUGHG�LQ�ODQGILOOV��LQ�LQFLQHUDWRUV��RU�WKH\�DUH�UHF\FOHG���7KLV�

VHFWLRQ�GHVFULEHV�WKH�PDVV�IORZ�DQDO\VLV�RI�HQYLURQPHQWDO�UHOHDVHV�RI�3%'(V�DVVRFLDWHG�ZLWK�WKH�

GLVSRVDO�RI�3%'(�WUHDWHG�(((�ZDVWH�FRPSRVHG�RI�SURGXFWV�WKDW�KDYH�UHDFKHG�WKHLU�HQG�OLIH���7KH�

ILQDO�UHVXOWV�RI�WKH�DQDO\VLV�GHVFULEHG�KHUH�DUH�VKRZQ�LQ�7DEOH�������

�

Table 2-7�  Estimated BDE congener emissions (kg/year) to air in the United 
States from incineration of EEE waste and estimated BDE congeners in EEE 
waste that is landfilled and recycled 
�

  

Incineration air 
emissions 

(kg/yr) 
Landfilled 

(kg/yr) 
Recycled 
(kg/yr) 

'HFD%'(�� 'LVWULEXWLRQ� ���� �������� ��������

%'(����� ������ ������ ������� ��������

%'(����� ������� ������� ������ ������

%'(����� ������� ������� ���� �����

%'(����� ������ ������ �������� ��������

2FWD%'(� 'LVWULEXWLRQ� ���� �������� ��������

%'(����� ����� ���� ������� ������

%'(����� ����� ����� ������ ������

%'(����� ���� ����� �������� �������

%'(����� ����� ����� ������ ������

%'(����� ����� ����� ������� �������

%'(����� ����� ������ �������� �������

%'(����� ����� ���� ������� ������

%'(����� ����� ����� ������� �������

%'(����� ���� ���� ������� �������
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7KHUH�LV�D�SDXFLW\�RI�LQIRUPDWLRQ�RQ�WKH�DPRXQW�RI�3%'(�WUHDWHG�SURGXFWV�WKDW�PD\�EH�

GLVFDUGHG�LQ�DQ\�JLYHQ�\HDU���7KHUH�H[LVWV�VRPH�LQIRUPDWLRQ�RQ�WKH�DPRXQW�RI�HOHFWURQLF�DQG�

HOHFWULFDO�HTXLSPHQW�ZDVWH�FRQWDLQHG�LQ�PXQLFLSDO�VROLG�ZDVWH��06:��LQ�WKH�8QLWHG�6WDWHV��8�6��

(3$���������,Q�WKH�8QLWHG�6WDWHV��DQ�HVWLPDWHG�����PLOOLRQ�PHWULF�WRQV��007��RI�(((�ZDVWH�

ZHUH�JHQHUDWHG�LQ�������8�6��(3$��������DQG�LQFRUSRUDWHG�LQWR�PXQLFLSDO�VROLG�ZDVWH���2I�WKLV�

DPRXQW��DSSUR[LPDWHO\���������07��RU��������RI�VHOHFWHG�FRQVXPHU�HOHFWURQLFV�ZHUH�UHFRYHUHG�

IRU�UHF\FOLQJ���6HOHFWHG�FRQVXPHU�HOHFWURQLFV�VXEMHFW�WR�UHF\FOLQJ�LQ�WKH�8QLWHG�6WDWHV�LQFOXGH�

SURGXFWV�VXFK�DV�WHOHYLVLRQV��YLGHR�FDVVHWWH�UHFRUGHU��9&5V���GLJLWDO�YLGHR�GLVF��'9'��SOD\HUV��

YLGHR�FDPHUDV��VWHUHR�V\VWHPV��WHOHSKRQHV��FHOO�SKRQHV��KDQG�KHOG�HOHFWURQLF�GHYLFHV��SHUVRQDO�

FRPSXWHUV��ODSWRS�FRPSXWHUV��SULQWHUV��DQG�ID[�DQG�FRS\�PDFKLQHV��8�6��(3$����������0RVW��EXW�

QRW�DOO��RI�WKHVH�SURGXFWV�FRQWDLQ�3%'(�DV�D�IODPH�UHWDUGDQW��,3&6����������0RUI�HW�DO���������

DQDO\]HG�WKH�(((�ZDVWH�DW�DQ�(((�ZDVWH�UHF\FOLQJ�IDFLOLW\�LQ�6ZLW]HUODQG�DQG�IRXQG�DQ�DYHUDJH�

FRQFHQWUDWLRQ�RI���������PJ�NJ�DQG���������PJ�NJ�RI�GHFD��DQG�RFWD%'(��UHVSHFWLYHO\���,Q�

GHULYLQJ�WKHVH�PHDQ�FRQFHQWUDWLRQV�LQ�WKH�(((�ZDVWH��0RUI�HW�DO���������VSHFLILFDOO\�VWXGLHG�

ZKDW�WKH\�WHUPHG�³VPDOO´�HOHFWURQLF�ZDVWH��LQFOXGLQJ��³VPDOO�KRXVHKROG�DSSOLDQFHV��H�J���WRDVWHUV�

DQG�YDFXXP�FOHDQHUV���RIILFH�DQG�FRPPXQLFDWLRQ�DSSOLDQFHV��H�J���SHUVRQDO�FRPSXWHUV�DQG�

PRQLWRUV��SULQWHUV��SKRQHV��DQG�ID[�DQG�SKRWRFRS\�PDFKLQHV���HQWHUWDLQPHQW�HOHFWURQLFV��H�J���79�

VHWV��YLGHRV��FDPFRUGHUV��UDGLRV��+L�)L�VWHUHR�V\VWHPV��DQG�SRUWDEOH�FRPSDFW�GLVN��&'�SOD\HUV���

DQG�VPDOO�VL]H�(	(�>VLF@�HTXLSPHQW��H�J���SOXJV�DQG�PRELOH�SKRQHV��´��7KH\�MXVWLILHG�WKLV�

VHOHFWLRQ�RI�ZDVWH�DV�WKH�(((�WKDW�FRQWDLQHG�WKH�EXON�RI�EURPLQDWHG�IODPH�UHWDUGDQW�XVH��DQG�

DQDO\]HG�WKH�SRUWLRQV�RI�WKHVH�SURGXFWV�PRVW�OLNHO\�WR�FRQWDLQ�3%'(V��VXFK�DV�HOHFWULF�FLUFXLW�

ERDUGV�DQG�79�KRXVLQJV���7KH�UHVXOWV�IURP�WKHLU�WHVWV�DUH�VKRZQ�LQ�7DEOHV�����DQG�����DQG�ZHUH�

GLVFXVVHG�HDUOLHU���%DVHG�RQ�D�PDVV�EDODQFH�RI�WKH�WRWDO�PDWHULDO�LQSXW��LQFOXGLQJ�SDUWV�PHDVXUHG�

IRU�3%'(V�DQG�SDUWV�QRW�PHDVXUHG�IRU�3%'(V��WKH\�FDOFXODWHG�WRWDO�SURGXFW�FRQFHQWUDWLRQV��DQG�

WKH�DYHUDJHV�RI�WKHVH�WRWDO�SURGXFW�FRQFHQWUDWLRQV�DUH�JLYHQ�DV�����DQG�����PJ�NJ�IRU�GHFD��DQG�

RFWD%'(��UHVSHFWLYHO\���)RU�SXUSRVHV�RI�FDOFXODWLQJ�GHFD��DQG�RFWD%'(�FRQWHQW�LQ�(((�ZDVWH�LQ�

WKH�8QLWHG�6WDWHV��WKH�WRWDO�SURGXFW�FRQFHQWUDWLRQV�RI�GHFD��DQG�RFWD%'(�IRXQG�LQ�WKH�0RUI�HW�DO��

�������VWXG\�DUH�DVVXPHG�WR�EH�UHSUHVHQWDWLYH�RI�(((�ZDVWH�LQ�WKH�8QLWHG�6WDWHV��DV�GHILQHG�E\�

8�6��(3$����������$OWKRXJK�LPSHUIHFW��WKH�FRPSRVLWLRQ�RI�(((�ZDVWH�GHVFULEHG�DQG�DQDO\]HG�E\�

0RUI�HW�DO���������LV�VLPLODU�HQRXJK�WR�WKH�FRPSRVLWLRQ�RI�(((�ZDVWH�LQ�WKH�8QLWHG�6WDWHV�

�8�6��(3$��������WR�SHUPLW�D�URXJK�HVWLPDWH�RI�WKH�DPRXQWV�RI�GHFD��DQG�RFWD%'(�WKDW�PD\�LQ�
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SUHVHQW�LQ�(((�ZDVWH�LQ�WKH�8QLWHG�6WDWHV���8VLQJ�WKHVH�GDWD��LW�LV�HVWLPDWHG�WKDW�������07�

GHFD%'(�DQG�������07�RFWD%'(�DUH�FRQWDLQHG�LQ�����007�RI�(((�ZDVWH�JHQHUDWHG�LQ������

�����PJ�NJ�GHFD�î�����007�DQG�����PJ�NJ�RFWD�î�����007����7KH�UHF\FOHG�SRUWLRQ�RI�WKH�(((�

ZDVWH�LV�HVWLPDWHG�WR�FRQWDLQ�DERXW�����07�GHFD%'(�DQG�����07�RFWD%'(����î�����07�

UHF\FOHG�(((�ZDVWH�î�����DQG�����PJ�NJ�IRU�GHFD��DQG�RFWD%'(��UHVSHFWLYHO\����7KH�DPRXQW�RI�

%'(�FRQJHQHUV�LQ�WKH�(((�ZDVWH�LQ�WKH�8QLWHG�6WDWHV�HDFK�\HDU�LV�HVWLPDWHG�DVVXPLQJ�WKH�ORZ�

HQG�RI�WKH�UDQJH�RI�GLVWULEXWLRQV�RI�%'(�FRQJHQHUV�SUHVHQW�LQ�WKH�3%'(�FRPPHUFLDO�IRUPXODWLRQ�

�VHH�7DEOH��������7KH�DPRXQWV�RI�%'(�FRQJHQHUV�WKDW�PD\�EH�SUHVHQW�LQ�WKH�GHFD��DQG�

RFWD%'(�WUHDWHG�(((�ZDVWH�WKDW�LV�UHF\FOHG�LQ�WKH�8QLWHG�6WDWHV�LQ������DUH�VKRZQ�LQ�7DEOH������

1RW�DOO�RI�WKH�(((�ZDVWH�LV�UHF\FOHG�LQ�WKH�8QLWHG�6WDWHV���7KH�UHPDLQLQJ�����007�RI�

(((�PDWHULDO�LQ�06:�LV�GLVSRVHG�RI�HLWKHU�LQ�ODQGILOOV�RU�PXQLFLSDO�ZDVWH�LQFLQHUDWRUV���2I�WKH�

DPRXQW�RI�WRWDO�(((�ZDVWH�WKDW�LV�QRW�UHF\FOHG��URXJKO\�����LV�FRPEXVWHG�LQ�06:�LQFLQHUDWRUV��

DQG�����LV�ODQGILOOHG��8�6��(3$����������7KLV�ZRXOG�PHDQ�WKDW������007�RI�(((�ZDVWH�LV�

LQFLQHUDWHG�DQG������007�LV�VHQW�WR�ODQGILOOV���8VLQJ�WKH�PHDQ�FRQFHQWUDWLRQ�RI�GHFD��DQG�

RFWD%'(�LQ�(((�ZDVWH��0RUI�HW�DO���������WKDW�PD\�KDYH�EHHQ�LQFLQHUDWHG�RU�ODQGILOOHG�LQ������

\LHOGV�WKH�IROORZLQJ�HVWLPDWHV���

�

x ����07�GHFD%'(�LQ�(((�ZDVWH�LQFLQHUDWHG�LQ�������

x ����07�RFWD%'(�LQ�(((�ZDVWH�LQFLQHUDWHG�LQ�������

x ����07�GHFD%'(�LQ�(((�ZDVWH�ODQGILOOHG�LQ�������

x ����07�RFWD%'(�LQ�(((�ZDVWH�ODQGILOOHG�LQ�������

�

%'(�FRQJHQHUV�VHQW�WR�ODQGILOOV��7KH�DPRXQW�RI�%'(�FRQJHQHUV�VHQW�WR�ODQGILOOV�LQ�WKH�

8QLWHG�6WDWHV�HDFK�\HDU�LV�HVWLPDWHG�DVVXPLQJ�WKH�ORZ�HQG�RI�WKH�UDQJH�RI�GLVWULEXWLRQV�RI�%'(�

FRQJHQHUV�SUHVHQW�LQ�WKH�3%'(�FRPPHUFLDO�IRUPXODWLRQ��VHH�7DEOH��������7KH�DPRXQWV�RI�%'(�

FRQJHQHUV�PD\�EH�SUHVHQW�LQ�WKH�GHFD��DQG�RFWD%'(�WUHDWHG�(((�ZDVWH�WKDW�LV�ODQGILOOHG�LQ�WKH�

8QLWHG�6WDWHV�LQ������DUH�VKRZQ�LQ�7DEOH������

3%'(�LQ�ODQGILOO�OHDFKDWH��:KLOH�LW�LV�UHDVRQDEOH�WR�DVVXPH�WKDW�VRPH�OHDFKLQJ�RI�%'(�

FRQJHQHUV�IURP�ODQGILOOLQJ�RI�WUHDWHG�SURGXFWV�PD\�RFFXU��RQO\�OLPLWHG�LQIRUPDWLRQ�FRXOG�EH�

IRXQG�LQ�WKH�OLWHUDWXUH�WR�VXSSRUW�DQ\�HVWLPDWLRQ�RI�WKLV�DV�DQ�HQYLURQPHQWDO�UHOHDVH���)RU�

H[DPSOH��2VDNR�HW�DO���������HYDOXDWHG�WKH�XQWUHDWHG�DQG�WUHDWHG�OHDFKDWH�DW�VHYHQ�ODQGILOOV�LQ�
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-DSDQ�IRU�WKH�SUHVHQFH�RI�%'(�FRQJHQHUV���%'(V�LQ�WKH�UDZ�OHDFKDWH�ZHUH�GHWHFWHG�LQ�WKH�

IROORZLQJ�UDQJHV�RI�FRQFHQWUDWLRQ��SJ�/��DFURVV�WKH�VHYHQ�ODQGILOOV��%'(�����QRW�GHWHFWHG�>1'@��

��������%'(�����1'��������%'(�����1'����������%'(�����1'����������%'(������1'�������DQG�

%'(������1'�����������,Q�WKH�WUHDWHG�ODQGILOO�OHDFKDWH��QR�3%'(�FRQJHQHUV�ZHUH�GHWHFWHG��

LQGLFDWLQJ�WKH�HIIHFWLYHQHVV�RI�WKH�OHDFKDWH�WUHDWPHQW�SURFHVV���2GXVDQ\D�HW�DO���������UHSRUWHG�RQ�

WKH�3%'(�GLVWULEXWLRQ�LQ�WKH�OHDFKDWH�IURP�ILYH�ODQGILOOV�LQ�6RXWK�$IULFD���%'(�����%'(�����

%'(�����%'(�����%'(�����DQG�%'(����ZHUH�UHJXODUO\�GHWHFWHG�LQ�UDZ�ODQGILOO�OHDFKDWH�VDPSOHV�

FROOHFWHG�IURP�DOO�WKH�ODQGILOO�VLWHV���1R�%'(�����FRXOG�EH�GHWHFWHG�LQ�DQ\�RI�WKH�UDZ�OHDFKDWH�

VDPSOHV���7KH�UDQJH�RI�FRQFHQWUDWLRQV�RI�WRWDO�3%'(V��SJ�/��GHWHFWHG�LQ�HDFK�ODQGILOO�ZDV�DV�

IROORZV��/DQGILOO����1'����������/DQGILOO����1'����������/DQGILOO����1'����������/DQGILOO����1'��

��í��������DQG�/DQGILOO����1'����í���������,QGLYLGXDO�FRQJHQHUV�DFURVV�DOO�ILYH�ODQGILOOV�UDQJHG�

LQ�WKH�IROORZLQJ�FRQFHQWUDWLRQV��SJ�/���%'(�����1'�����í��������%'(�����1'�������í��������

%'(�����1'����������%'(�����1'�������í��������%'(�����1'�����í��������%'(�����1'��

��������%'(�����1'����������%'(�����1'����������%'(������1'����������%'(������1'��

��������%'(������1'��������%'(������1'����������DQG�%'(������1'���������

.LP�HW�DO���������LQYHVWLJDWHG�WKH�OHDFKLQJ�SRWHQWLDO�RI�3%'(V�IURP�SODVWLFV�XQGHU�

VLPXODWHG�ODQGILOO�FRQGLWLRQV���,Q�WKH�ODE�WHVWV��IRXU�VDPSOHV�UHSUHVHQWLQJ�KLJK�LPSDFW�79�KRXVLQJ�

SODVWLFV�ZHUH�WHVWHG�IRU�OHDFKLQJ�SRWHQWLDO���7KH�SODVWLF�VDPSOHV�ZHUH�DV�IROORZV��6DPSOH���

FRQVLVWHG�RI�+,36�FRQWDLQLQJ�QR�GHFD%'(��6DPSOH���ZDV�+,36�79�KRXVLQJ�ZLWK�GHFD%'(��

6DPSOH����5&�79��ZDV�D�PL[WXUH�RI�URXJKO\�FXW�DFWXDO�79�KRXVLQJV��DQG�6DPSOH����:&�79��

ZDV�ZHOO�FUXVKHG�79�KRXVLQJV��FRQWDLQLQJ�GHFD%'(����7KH�OHDFKLQJ�SRWHQWLDO�ZDV�GHWHUPLQHG�

XVLQJ�GLVWLOOHG�ZDWHU������PHWKDQRO�VROXWLRQ��DQG�GLVVROYHG�KXPLF�VROXWLRQ�RI�������PJ�/��EDVHG�

RQ�RUJDQLF�FDUERQ��DV�OHDFKDQWV���7KH�OHDFKLQJ�WHVW�FRQGLWLRQV�ZHUH�D�OLTXLG�WR�VROLG�UDWLR�RI�

�������DQG�D�FRQWDFW�SHULRG�RI���GD\V��ZLWK�WZLFH�GDLO\�DJLWDWLRQ�LQ�D�WHPSHUDWXUH�FRQWUROOHG�

URRP�RI���ƕ&�ZLWKRXW�S+�RU�LRQLF�VWUHQJWK�FRQWURO���&RQFHQWUDWLRQV�LQ�VLPXODWHG�OHDFKDWH�VDPSOHV�

ZHUH�REWDLQHG�XVLQJ�+5*&�FRXSOHG�ZLWK�+506��ZLWK�WKH�SUHSDUDWLRQ�RI�VDPSOHV�GHVFULEHG�E\�

.LP�HW�DO�����������5HVXOWV�VKRZHG�WKDW�3%'(�FRQFHQWUDWLRQV�ZHUH�KLJKHVW�ZLWK�WKH�ZHOO�FUXVKHG�

+,36�79�KRXVLQJ��ZLWK�WRWDO�3%'(�OHDFKDWH�FRQFHQWUDWLRQV�RI��������������DQG�������QJ�/��

XVLQJ�WKH�OHDFKDQWV�RI�GLVWLOOHG�ZDWHU��PHWKDQRO��DQG�GLVVROYHG�KXPLF�DFLG��UHVSHFWLYHO\���,Q�DOO�

FRQGLWLRQV��WKH�QRQD%'(�KRPRORJXH�GRPLQDWHG�DOO�RWKHU�KRPRORJXH�JURXSV�GHWHFWHG�LQ�WKH�

OHDFKDWH�VDPSOHV���'HFD%'(�ZDV�GHWHFWHG�LQ�DOO�OHDFKDWH�VDPSOHV�IURP�WKH�ODERUDWRU\�WHVWV�LQ�WKH�
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IROORZLQJ�UDQJHV�DQG�WHVW�FRQGLWLRQV��GLVWLOOHG�ZDWHU������í���QJ�/������PHWKDQRO��

���í������QJ�/��GLVVROYHG�KXPLF�VROXWLRQ����í����QJ�/��

� 2GXVDQ\D�HW�DO����������2VDNR�HW�DO����������DQG�.LP�HW�DO���������JLYH�DQ�LQGLFDWLRQ�RI�

WKH�UDQJHV�LQ�FRQFHQWUDWLRQ�RI�%'(�FRQJHQHUV�WKDW�PD\�EH�SUHVHQW�LQ�XQWUHDWHG�ODQGILOO�OHDFKDWH���

+RZHYHU��WKHVH�VWXGLHV�VXJJHVW�WKDW�3%'(�FRQJHQHUV�DUH�QRW�H[SHFWHG�WR�EH�GHWHFWHG�LQ�WUHDWHG�

ODQGILOO�OHDFKDWH���,Q�WKH�8QLWHG�6WDWHV��E\�IHGHUDO�UHJXODWLRQ��06:�ODQGILOOV�DUH�UHTXLUHG�WR�

FROOHFW�DQG�WUHDW�ODQGILOO�OHDFKDWH��DQG�WR�FRQWLQXRXVO\�PRQLWRU�JURXQGZDWHU�IRU�DQ�LQGLFDWLRQ�RI�

OHDFKDWH�PLJUDWLRQ�IURP�WKH�ODQGILOO��&RGH�RI�)HGHUDO�5HJXODWLRQV����������%'(�FRQFHQWUDWLRQV�LQ�

WUHDWHG�ODQGILOO�OHDFKDWH�DUH�OLNHO\�WR�EH�VPDOO���'XH�WR�WKH�ODFN�RI�GDWD��QR�DWWHPSW�ZDV�PDGH�KHUH�

WR�HVWLPDWH�WKH�DPRXQW�RI�3%'(�SRWHQWLDOO\�UHOHDVHG�LQWR�WKH�8�6��HQYLURQPHQW�IURP�WKH�

PLJUDWLRQ�RI�ODQGILOO�OHDFKDWH���

3%'(�LQ�LQFLQHUDWLRQ�HPLVVLRQV��06:�LQFLQHUDWRUV�LQ�WKH�8QLWHG�6WDWHV�KDYH�QRW�EHHQ�

FKDUDFWHUL]HG�IRU�WKHLU�SRWHQWLDO�VWDFN�HPLVVLRQV�RI�3%'(V���3%'(�FRQJHQHUV�GHWHFWHG�LQ�WKH�

VWDFN�HPLVVLRQV�WR�06:�LQFLQHUDWRUV�DUH�XVXDOO\�D�FRQVHTXHQFH�RI�QRW�FRPSOHWHO\�GHVWUR\LQJ�

3%'(V�SUHVHQW�LQ�WKH�ZDVWH�GXULQJ�FRPEXVWLRQ��6DNDL�HW�DO�����������06:�LQFLQHUDWRUV�W\SLFDOO\�

RSHUDWH�ZLWK�D�FRPEXVWLRQ�HIILFLHQF\�RI�DERXW������<DQJ�HW�DO����������ZKLFK�PHDQV�WKDW�����RI�

WKH�3%'(�FRQWHQW�RI�WKH�ZDVWH�LV�H[SHFWHG�WR�EH�GHVWUR\HG�GXULQJ�FRPEXVWLRQ���3UHYLRXVO\��LW�

ZDV�HVWLPDWHG�WKDW�DSSUR[LPDWHO\�����DQG�����07�RI�GHFD��DQG�RFWD%'(��UHVSHFWLYHO\��PD\�EH�

FRQWDLQHG�LQ�WKH�(((�ZDVWH�VXEMHFW�WR�LQFLQHUDWLRQ���7KHVH�DPRXQWV�RI�GHFD��DQG�RFWD%'(�

SUHVHQW�LQ�WKH�(((�ZDVWH�VKRXOG�EH�GHVWUR\HG�E\�DERXW������OHDYLQJ�RQO\�����DQG�����07�RI�

GHFD��DQG�RFWD%'(��UHVSHFWLYHO\��VXEMHFW�WR�VWDFN�HPLVVLRQV���7KURXJK�WKH�XVH�RI�VWULFW�

UHJXODWLRQV��WKH�8QLWHG�6WDWHV�KDV�LPSRVHG�KLJKO\�HIIHFWLYH�DLU�SROOXWLRQ�FRQWURO�GHYLFHV�RQ�06:�

LQFLQHUDWRUV��)HGHUDO�5HJLVWHU����������7KH�DSSOLFDWLRQ�RI�GU\�VFUXEEHUV�FRPELQHG�ZLWK�IDEULF�

ILOWHUV�RQ�ODUJH�06:�LQFLQHUDWRUV�KDV�JHQHUDOO\�UHGXFHG�WKH�FRQFHQWUDWLRQV�RI�VHPLYRODWLOH�

RUJDQLFV�SUHVHQW�LQ�WKH�FRPEXVWLRQ�JDVHV�OHDYLQJ�WKH�IXUQDFH�E\�DQ�DGGLWLRQDO�����SULRU�WR�

HPLVVLRQV�IURP�WKH�VWDFN��)HGHUDO�5HJLVWHU����������7KH�SUHYLRXVO\�FDOFXODWHG�XQFRQWUROOHG�

HPLVVLRQV�RI�GHFD��DQG�RFWD%'(�ZRXOG�EH�IXUWKHU�UHGXFHG�E\�����ZLWK�WKHVH�DLU�SROOXWLRQ�

FRQWURO�GHYLFHV��OHDYLQJ�RQO\�������DQG�������07�RI�GHFD%'(�DQG�RFWD%'(��UHVSHFWLYHO\��LQ�WKH�

VWDFN�HPLVVLRQV�IURP�06:�LQFLQHUDWRUV�LQ�WKH�8QLWHG�6WDWHV������07�GHFD%'(�î�>��í�����@�DQG�

����07�RFWD%'(�î�>��í�����@����7DEOH�����GLVSOD\V�WKH�DPRXQWV�RI�%'(�FRQJHQHUV�WKDW�PD\�EH�

HPLWWHG�HDFK�\HDU�IURP�LQFLQHUDWLRQ�RI�(((�ZDVWH�LQ�WKH�8QLWHG�6WDWHV��DVVXPLQJ�WKDW�WKH�%'(�
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FRQJHQHU�GLVWULEXWLRQ�LQ�7DEOH�����LV�QRW�DOWHUHG�HLWKHU�E\�WKH�KHDWV�RI�FRPEXVWLRQ�RU�E\�WKH�DLU�

SROOXWLRQ�FRQWURO�GHYLFH���

� ,QFLQHUDWLRQ�RI�06:�FRQWDPLQDWHG�ZLWK�3%'(�DOVR�IRUPV�SRO\EURPLQDWHG�

GLEHQ]RGLR[LQV�DQG�GLEHQ]RIXUDQV��3%''�DQG�3%')��LQ�WKH�FRPEXVWLRQ�JDVHV���3%'(�LV�D�

GLUHFW�SUHFXUVRU�WR�3%''�3%')�IRUPDWLRQ�ZLWKLQ�WKHUPDO�V\VWHPV��:HEHU�DQG�.XFK����������

7KH�PHFKDQLVP�IRU�WKLV�LV�WKRXJKW�WR�FRQVLVW�RI�WKH�LQWUDPROHFXODU�HOLPLQDWLRQ�RI�EURPLQH��%U���

DQG�RU�K\GURJHQ�EURPLGH��+%U���:HEHU�DQG�.XFK����������7KHVH�GHEURPLQDWLRQ�UHDFWLRQV�DUH�

HQKDQFHG�DW�WHPSHUDWXUHV�DERYH�����&��:HEHU�DQG�.XFK���������DQG�WKH�FOHDYDJH�RI�WKH�%U��RU�

+%U�IURP�WKH�PROHFXOH�OHDGV�WR�ULQJ�FORVXUH�WR�IRUP�3%''�DQG�3%')��(EHUW�DQG�%DKDGLU��

��������7KH�NLQHWLFV�RI�WKH�FRQYHUVLRQ�RI�3%'(�WR�3%''�DQG�3%')�DSSHDUV�WR�EH�PRUH�

IDYRUDEOH�IRU�WKH�ORZHU�EURPLQDWHG�GLSKHQ\O�HWKHUV��H�J���SHQWD%'(��DQG�OHVV�IDYRUDEOH�IRU�WKH�

GHFD%'(��:HEHU�DQG�.XFK����������7KH�GHVWUXFWLRQ�HIILFLHQF\�RI�WKH�3%'(�FRQWDLQHG�LQ�WKH�

06:�E\�FRQWUROOHG�LQFLQHUDWLRQ�UDQJHV�IURP����WR��������OHDYLQJ�HQRXJK�3%'(�IRU�WKH�

HPLVVLRQ�RI�3%'(�IURP�WKH�VWDFN�DQG�IRU�WKH�IRUPDWLRQ�RI�3%''�DQG�3%')��:HEHU�DQG�.XFK��

��������:HEHU�DQG�.XFK��������DQG�(EHUW�DQG�%DKDGLU��������GR�QRW�SURYLGH�LQIRUPDWLRQ�RQ�WKH�

HIILFLHQF\�RI�WKHUPRO\WLFDOO\�FRQYHUWLQJ�WKH�PDVV�FRQFHQWUDWLRQV�RI�3%'(V�LQ�WKH�ZDVWH�

FRPEXVWHG�WR�WKH�PDVV�FRQFHQWUDWLRQV�RI�3%''�DQG�3%'(�IRUPHG�LQ�LQFLQHUDWRU�VWDFN�

HPLVVLRQV���7KHUHIRUH��QR�DWWHPSW�LV�PDGH�KHUH�WR�HVWLPDWH�VWDFN�DLU�UHOHDVHV�RI�3%''V�DQG�

3%')V�GXULQJ�WKH�LQFLQHUDWLRQ�RI�06:��

�

������ (VWLPDWHV�RI�WKH�0DVV�/RDGLQJ�RI�3%'(V�3UHVHQW�LQ�6HZDJH�7UHDWPHQW�3ODQW�
6HZDJH�6OXGJH�DQG�(IIOXHQW�WR�/DQG�DQG�:DWHU �LQ�WKH�8QLWHG�6WDWHV�
7KHUH�DUH�DSSUR[LPDWHO\��������673V�RSHUDWLQJ�ZLWKLQ�WKH�8QLWHG�6WDWHV��8�6��(3$��

��������7KHVH�673V�KDYH�D�FRPELQHG�GDLO\�VHZDJH�IORZ�UDWH�RI�DSSUR[LPDWHO\�����î������/�GD\�

�1$6����������$SSUR[LPDWHO\�����RI�WRWDO�GDLO\�VHZDJH�IORZ�XQGHUJRHV�VHFRQGDU\�DQG�RU�

WHUWLDU\�WUHDWPHQW�EHIRUH�WKH�ZDVWHZDWHU�LV�GLVFKDUJHG�LQWR�VXUIDFH�ZDWHU��8�6��(3$����������

$SSO\LQJ�WKH�IDFWRU�RI�����WR�WKH�WRWDO�GDLO\�VHZDJH�IORZ�IURP�DOO�673V�FRPELQHG�JLYHV�DQ�

HVWLPDWHG�IORZ�UDWH�RI�����î������/�GD\�IRU�673V�ZLWK�VHFRQGDU\�DQG�WHUWLDU\�WUHDWPHQW���7KH�

VHFRQGDU\�DQG�WHUWLDU\�WUHDWPHQW�SURFHVVHV�UHPRYH�VROLGV�IURP�WKH�ZDVWHZDWHU��FRQFHQWUDWHV�WKH�

VROLGV��DQG�JHQHUDWHV�VHZDJH�VOXGJH���$SSUR[LPDWHO\�����î�����07�GZW��PHWULF�WRQV��GU\�ZHLJKW��

RI�VHZDJH�VOXGJH�DUH�XVHG�RU�GLVSRVHG�RI�DQQXDOO\�LQ�WKH�8QLWHG�6WDWHV��RI�ZKLFK�����î�����07�

GZW�������LV�ODQG�DSSOLHG�RU�FRPPHUFLDOO\�GLVWULEXWHG�DV�IHUWLOL]HU��1$6��������8�6��(3$��
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��������7KH�UHPDLQLQJ�VOXGJH�LV�GLVSRVHG�RI�LQ�WKH�IROORZLQJ�PDQQHU������î����07�GZW�DUH�

ODQGILOOHG������������î�����07�GZW�DUH�LQFLQHUDWHG��������DQG�����î�����07�GZW������KDYH�

PLVFHOODQHRXV�XVHV�VXFK�DV�GDLO\�ODQGILOO�FRYHU��1$6��������8�6��(3$�����������

(3$�UHFHQWO\�FRQGXFWHG�DQ�XSGDWHG�QDWLRQDO�VHZDJH�VOXGJH�VXUYH\��1666��RI�3%'(V�

DQG�RWKHU�FRQWDPLQDQWV�SUHVHQW�LQ�VHZDJH�VOXGJHV�LQ�WKH�8QLWHG�6WDWHV��8�6��(3$������E����7KLV�

LQIRUPDWLRQ�ZDV�XVHG�WR�HVWLPDWH�WKH�DPRXQW�RI�3%'(�FRQWDPLQDWLRQ�LQ�WKH�VHZDJH�VOXGJH�WKDW�

LV�DSSOLHG�WR�ODQG�DV�D�VRLO�DPHQGPHQW�DQG�IHUWLOL]HU���7KH�1666�ZDV�D�VWDWLVWLFDOO\�EDVHG�VXUYH\�

LQ�ZKLFK�VHZDJH�VOXGJHV�ZHUH�UDQGRPO\�VHOHFWHG�IURP����673V�LQ����VWDWHV�WR�UHSUHVHQW�WKH�

8QLWHG�6WDWHV�DV�D�ZKROH���6DPSOHV�ZHUH�FROOHFWHG�EHWZHHQ�$XJXVW������DQG�0DUFK��������7KH�

PHDQ�FRQFHQWUDWLRQV���J�NJ�GZW��RI�3%'(�FRQJHQHUV�LQ�VHZDJH�VOXGJH�ZHUH�%'(���� ���������

%'(���� ���������%'(����� ��������DQG�%'(����� ������������2Q�D�QDWLRQDO�EDVLV��WKH�

GRPLQDQW�FRQJHQHU�ZDV�%'(������

$�VWXG\�E\�1RUWK��������ZDV�FKRVHQ�WR�UHSUHVHQW�WKH�3%'(�FRQWHQW�RI�673�HIIOXHQW�

GLVFKDUJHV�WR�VXUIDFH�ZDWHUV�LQ�WKH�8QLWHG�6WDWHV���7KLV�LV�EHFDXVH�LW�ZDV�D�FDUHIXO�PDVV�EDODQFH�

VWXG\�RI�WKH�GLVWULEXWLRQ�RI�3%'(V�LQ�VHZDJH�VOXGJH�DQG�WKH�HIIOXHQW�DW�D�ODUJH�WHUWLDU\�673�LQ�

3DOR�$OWR��&DOLIRUQLD���1RUWK��������IRXQG�WKDW�MXVW�ILYH�%'(�FRQJHQHUV�DFFRXQWHG�IRU�

DSSUR[LPDWHO\���í����RI�WRWDO�3%'(V�GHWHFWHG�LQ�HIIOXHQW�DQG�VHZDJH�VOXGJH��UHVSHFWLYHO\���

7KHVH�ILYH�FRQJHQHUV�DUH�%'(�����%'(�����%'(������%'(������DQG�%'(�������,Q�WKH�

ZDVWHZDWHU�HIIOXHQW�GLVFKDUJHG�LQWR�VXUIDFH�ZDWHU�DIWHU�VHFRQGDU\�DQG�WHUWLDU\�WUHDWPHQW��WKH�

PHDQ�FRQFHQWUDWLRQV�RI�WKH�FRQJHQHUV�ZHUH�������������������������DQG������QJ�/�IRU�%'(�����

%'(�����%'(������%'(������DQG�%'(������UHVSHFWLYHO\���7KH�VXP�RI����%'(�FRQJHQHUV�

GHWHFWHG�LQ�673�HIIOXHQW�DW�WKH�3DOR�$OWR�673�ZDV�������QJ�/��1RUWK����������%'(�����

GRPLQDWHG�3%'(�FRQFHQWUDWLRQ�LQ�VHZDJH�VOXGJH��DW�DSSUR[LPDWHO\�����RI�WKH�WRWDO�

FRQFHQWUDWLRQ���KRZHYHU��%'(����DQG�%'(����DFFRXQWHG�IRU�DERXW�����DQG�����RI�WKH�WRWDO�

FRQFHQWUDWLRQ�RI�WKH�ILYH�PDLQ�FRQJHQHUV�SUHVHQW�LQ�WUHDWHG�ZDVWHZDWHU�HIIOXHQW���%'(�����

UHSUHVHQWHG�RQO\����RI�WKH�VXP�RI�WKH�ILYH�FRQJHQHUV�SUHVHQW�LQ�WKH�673�HIIOXHQW���7KHVH�

DQDO\VHV�VXJJHVW�WKDW�VHZDJH�VOXGJH�LV�D�PDMRU�VLQN�IRU�%'(������VLQFH�LWV�FRQFHQWUDWLRQ�ZDV�

KLJK�LQ�VOXGJH�EXW�QRW�LQ�HIIOXHQW���

6HZDJH�VOXGJH�LV�DOVR�LQFLQHUDWHG�DW�673V���1R�LQYHQWRULHV�RI�3%'(�HPLVVLRQV�LQ�WKH�

VWDFN�JDVHV�RI�VHZDJH�VOXGJH�LQFLQHUDWRUV�FRXOG�EH�IRXQG�LQ�WKH�OLWHUDWXUH���1RUWK��������GLG�QRW�

VWDFN�WHVW�WKH�LQFLQHUDWRU�IRU�3%'(V�DW�WKH�PXOWLSOH�KHDUWK�VHZDJH�VOXGJH�LQFLQHUDWRU�DW�WKH�3DOR�
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$OWR�673�XQGHU�WKH�DVVXPSWLRQ�WKDW�3%'(V�LQ�WKH�LQFRPLQJ�VOXGJH�ZRXOG�EH�GHVWUR\HG�ZLWKLQ�

WKH�LQFLQHUDWLRQ�V\VWHP�E\�!�����OHDYLQJ�DOO�3%'(�FRQJHQHUV�EHORZ�WKH�OLPLW�RI�GHWHFWLRQ���

+RZHYHU��3%''V�DQG�3%')V�ZHUH�VDPSOHG�LQ�WKH�LQFLQHUDWRU�HPLVVLRQV�ZLWK�WKH�DVVXPSWLRQ�

WKDW�3%'(V�HQWUDLQHG�LQ�WKH�FRPEXVWLRQ�JDV�ZRXOG�EH�WKHUPRO\WLFDOO\�FRQYHUWHG�WR�

3%''V�3%')V���2QO\�RQH�KRPRORJXH�JURXS�RI�3%')V�ZDV�GHWHFWHG�LQ�WKH�HPLVVLRQV�WR�WKH�

LQFLQHUDWRUʊWUL%')��ZLWK�D�PHDQ�FRQFHQWUDWLRQ�RI����ȝJ�P����1RUWK��������FDOFXODWHG�WKH�PDVV�

ORDGLQJ�RI�WRWDO�%''�%')�RQ�WKH�EDVLV�RI�DVVXPLQJ�KDOI�WKH�GHWHFWLRQ�OLPLW�IRU�WKH�QRQGHWHFWHG�

KRPRORJXHV��KHSWDíRFWD%''�DQG�%')����7KLV�HVWLPDWH�ZDV�����î���í��NJ�\HDU�EDVHG�RQ�WRWDO�

%''�%')�LQ�WKH�VWDFN�HPLVVLRQV��DVVXPLQJ�����GHWHFWLRQ�OLPLW�IRU�QRQGHWHFWV���

7KH�IROORZLQJ�PDVV�ORDGLQJ�FDOFXODWLRQV�RI�%'(�FRQJHQHUV�IURP�673V�WR�WKH�

8�6��HQYLURQPHQW�DUH�PDGH�EDVHG�RQ�PHDQ�FRQFHQWUDWLRQV�RI�%'(�FRQJHQHUV�GHWHFWHG�LQ�WKH�

VOXGJH�DQG�HIIOXHQW�DW�WKH�3DOR�$OWR�673��

�

x Estimated annual loading of BDE congeners to the land from the land application of 
sewage sludge in the United States (mean concentrations from USEPA 2009b): 

�
*HQHUDO�HTXDWLRQ���
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x Estimated annual loading of BDE congeners to surface waters from STP effluent in 
the United States (Mean concentrations from North, 2004): 

�
*HQHUDO�HTXDWLRQ���
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7+(�81,7('�67$7(6�
� 7KLV�VHFWLRQ�SUHVHQWV�D�VXPPDU\�RI�D�VLPSOLILHG�DQG�JHQHUDOL]HG�OLIH�F\FOH�DQDO\VLV�RI�

3%'(V�XVHG�LQ�SODVWLFV��DQG�(((�LQ�WKH�8QLWHG�6WDWHV���7KLV�OLIH�F\FOH�DQDO\VLV�LV�IRFXVHG�RQ�WKH�



�

� �����

SURGXFWLRQ��XVH��DQG�GLVSRVDO�RI�SODVWLFV�DQG�(((�WUHDWHG�ZLWK�GHFD��DQG�RFWD%'(���,QFOXGHG�LQ�

WKH�OLIH�F\FOH�LV�DQ�DQDO\VLV�RI�WKH�HQYLURQPHQWDO�ORDGLQJV�RI�3%'(�FRQJHQHUV�WKDW�PD\�EH�

RFFXUULQJ�IURP�VHZDJH�WUHDWPHQW�SODQW�RSHUDWLRQV�LQ�WKH�8QLWHG�6WDWHV���,W�LV�QRWHG�WKDW�DOO�

TXDQWLWLHV�JHQHUDWHG�LQ�WKLV�H[DPSOH�DUH�KLJKO\�XQFHUWDLQ���)RU�WKLV�DQDO\VLV��GDWD�DQG�SURFHGXUHV�

GHVFULEHG�DQG�VXPPDUL]HG�LQ�SUHYLRXV�VHFWLRQV�DUH�XVHG���7R�WKH�H[WHQW�SUDFWLFDO��WKLV�DQDO\VLV�LV�

FRQJHQHU�VSHFLILF���)LJXUH�����SUHVHQWV�D�VXPPDU\�RI�D�JHQHUDOL]HG�DQQXDO�OLIH�F\FOH�RI�3%'(�LQ�

WKH�8QLWHG�6WDWHV�WR�LQFOXGH�SURGXFWLRQ��XVH��GLVSRVDO��UHF\FOLQJ��DQG�VHZDJH�WUHDWPHQW���$OO�

HVWLPDWHV�RI�3%'(�FRQWHQW�RI�PDWHULDOV��(((�ZDVWH��DQG�FRQJHQHU�VSHFLILF�HPLVVLRQV�DQG�

UHOHDVHV�DUH�GLVFXVVHG�DQG�GRFXPHQWHG�LQ�6HFWLRQ������DERYH�����

�
�

�
Figure 2-5.  Summary of a generalized annual life cycle of PBDE in the 
United States: production, use, disposal, recycling, and sewage treatment. 

�
�
� 7KH�IROORZLQJ�REVHUYDWLRQV�DUH�PDGH��IURP�)LJXUH������ZLWKLQ�WKH�FRQWH[W�DQG�OLPLWDWLRQV�

RI�WKLV�OLIH�F\FOH�DQDO\VLV��
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�� %'(�����LV�WKH�GRPLQDQW�FRQJHQHU�LQ�HYHU\�DVSHFW�RI�WKH�OLIH�F\FOH�DQDO\VLV��ZLWK�WKH�
H[FHSWLRQ�RI�ZDVWHZDWHU�GLVFKDUJHV�IURP�VHZDJH�WUHDWPHQW�SODQW�RSHUDWLRQV��LQ�ZKLFK�
FDVH��%'(����LV�WKH�PRVW�DEXQGDQW�FRQJHQHU��

�� 0DMRU�UHVHUYRLUV�IRU�%'(�����LQFOXGH�PXQLFLSDO�VROLG�ZDVWH�ODQGILOOV����������NJ�\HDU�
ODQGILOOHG��DQG�UHF\FOHG�(((�ZDVWH����������NJ�\HDU����7KH�DQQXDO�DPRXQW�RI�%'(�����
WKDW�PD\�EH�UHOHDVHG�LQWR�WKH�HQYLURQPHQW�IURP�WKHVH�UHVHUYRLUV�LV�XQNQRZQ�DQG�LV�D�
PDMRU�DUHD�RI�XQFHUWDLQW\��

�� 7KH�SURGXFWLRQ�DQG�PDQXIDFWXULQJ�RI�GHFD%'(�FDXVHV�WKH�KLJKHVW�DPRXQWV�RI�%'(�����
UHOHDVHV�WR�DLU���������NJ�\HDU��ZKHQ�FRPSDUHG�WR�RWKHU�VRXUFHV�DQDO\]HG��IROORZHG�E\�
WKH�LQFLQHUDWLRQ�RI�(((�ZDVWH�����NJ�\HDU���DQG�YRODWLOL]DWLRQ�IURP�SODVWLF�SURGXFWV�
�����NJ�\HDU���

�� $SSUR[LPDWHO\�������NJ�\HDU�RI�%'(�����DUH�DSSOLHG�WR�ODQG�WKURXJK�WKH�DSSOLFDWLRQ�RI�
LQGXVWULDO��������NJ�\HDU��DQG�VHZDJH��������NJ�\HDU��VOXGJHV��

�� 3URGXFWLRQ�PDQXIDFWXULQJ�IDFLOLWLHV�DQG�VHZDJH�WUHDWPHQW�SODQWV�GLVFKDUJH�DSSUR[LPDWHO\�
����DQG����NJ�\HDU�%'(������UHVSHFWLYHO\��WR�VXUIDFH�ZDWHU��

�� :LWK�UHJDUG�WR�%'(�����LQIRUPDWLRQ�ZDV�VXIILFLHQW�WR�HVWLPDWH�DLU�UHOHDVHV�IURP�SURGXFWV�
�����NJ�\HDU���ZDVWHZDWHU�GLVFKDUJHV�WR�VXUIDFH�ZDWHU�IURP�VHZDJH�WUHDWPHQW�SODQWV�
�����NJ�\HDU���DQG�WKH�ODQG�DSSOLFDWLRQ�RI�VHZDJH�VOXGJH��������NJ�\HDU���

�� (VWLPDWLRQ�RI�WKH�%'(�DQQXDO�YRODWLOL]DWLRQ�UDWHV�IURP�SODVWLF�SURGXFWV�JDYH�WKH�
IROORZLQJ�UDQN�RUGHU�E\�DPRXQWV�YRODWLOL]HG��KLJK�WR�ORZ���%'(����!�%'(����
!�%'(�����!�%'(����!�%'(�����!�%'(��������!�%'(�����!�%'(����!�%'(����������

�� :LWK�UHJDUG�WR�ODQG�DSSOLHG�VHZDJH�VOXGJH��WKH�UDQN�RUGHU�RI�%'(�FRQJHQHUV�E\�NJ�\HDU�
�KLJK�WR�ORZ��LV��%'(�����!�%'(����!�%'(����!�%'(������

�� :LWK�UHJDUG�WR�ZDVWHZDWHU�GLVFKDUJHV�IURP�VHZDJH�WUHDWPHQW�SODQW�RSHUDWLRQV��WKH�UDQN�
RUGHU�RI�%'(�FRQJHQHUV�E\�NJ�\HDU��KLJK�WR�ORZ��LV�%'(����!�%'(����!�%'(�����
!�%'(�����!�%'(������

�

� 1RW�DOO�SRWHQWLDO�VRXUFHV�RI�3%'(�UHOHDVHV�WR�WKH�HQYLURQPHQW�ZHUH�DGGUHVVHG�LQ�WKH�

JHQHUDOL]HG�OLIH�F\FOH�DQDO\VLV���)RU�H[DPSOH��&KRL�HW�DO���������IRXQG�3%'(�HPLVVLRQV�

HPDQDWLQJ�IURP�D�VWHHO�PLOO�LQ�6RXWK�.RUHD�XVLQJ�DQ�DUUD\�RI�DLU�VDPSOHUV�QHDU�WKH�FRPSOH[���$Q�

DYHUDJH�FRQFHQWUDWLRQ�RI������SJ�RI�WRWDO�3%'(V�P��RI�DLU�ZDV�GHWHFWHG��UDQJH�����í�����SJ�P���

QHDU�WKH�IDFLOLW\��DQG�DLU�GLVSHUVLRQ�PRGHOLQJ�UHODWHG�WKHVH�UHVXOWV�WR�PLOO�RSHUDWLRQV���$OWKRXJK�

LQGLFDWLYH�RI�VWHHO�PLOOV�DV�D�SRVVLEOH�VRXUFH�RI�3%'(�DLU�HPLVVLRQV��WKLV�VWXG\�GLG�QRW�JLYH�D�

VXIILFLHQW�EDVLV�IRU�HVWLPDWLQJ�HPLVVLRQV�IURP�8�6��VWHHO�PLOOV���5DWKHU�WKDQ�GLUHFWO\�PHDVXULQJ�
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HPLVVLRQ�UDWHV�RI�3%'(V�IURP�WKH�PLOO��WKH�VWXG\�UHOLHG�RQ�WKH�LQGLUHFW�PHWKRG�RI�HQYLURQPHQWDO�

PRQLWRULQJ�DQG�LQIHUULQJ�LPSDFWV�IURP�WKHVH�UHVXOWV�ZLWK�DLU�GLVSHUVLRQ�DQDO\VLV���&HWLQ�DQG�

2GDEDVL��������DOVR�REVHUYHG�KLJKHU�DLU�FRQFHQWUDWLRQV�RI�3%'(�FRPSRXQGV�LQ�DPELHQW�DLU�

VDPSOHV�WDNHQ�LQ�XUEDQ�DUHDV�RI�7XUNH\�ZKHUH�VWHHO�PLOO�RSHUDWLRQV�ZHUH�ORFDWHG���+RZHYHU��WKLV�

VWXG\�DOVR�GLG�QRW�GLUHFWO\�PHDVXUH�3%'(�HPLVVLRQV�IURP�D�VWHHO�SODQW��DQG�RQO\�SURYLGHG�

LQGLUHFW�HYLGHQFH�WKDW�VWHHO�PLOOV�GR�HPLW�3%'(V�WR�WKH�DWPRVSKHUH����

� 2WKHU�VWXGLHV�KDYH�LPSOLFDWHG�GXVW�LQ�WKH�FDELQ�VSDFHV�RI�DXWRPRELOHV�DV�DQRWKHU�VRXUFH�

RI�3%'(�UHOHDVHV�WR�WKH�HQYLURQPHQW���/DJDODQWH�HW�DO���������VDPSOHG�GXVW�IURP�WKH�LQWHULRUV�RI�

���DXWRPRELOHV�WKDW�ZHUH�DYDLODEOH�IRU�UHVDOH�DW�8�6��GHDOHUVKLSV���/DJDODQWH�HW�DO���������

GHWHFWHG�%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������DQG�%'(�����LQ�

WKH�GXVW���%'(�����ZDV�WKH�GRPLQDQW�FRQJHQHU�GHWHFWHG��ZLWK�D�PHDQ�FRQFHQWUDWLRQ�RI������ȝJ�J���

7KLV�VWXG\�ZDV�LQ�DJUHHPHQW�ZLWK�D�SUHYLRXV�VWXG\�RI�GXVW�REWDLQHG�IURP����XVHG�DXWRPRELOHV�LQ�

WKH�8QLWHG�.LQJGRP��+DUUDG�HW�DO�����������+RZHYHU��+DUUDG�HW�DO���������IRXQG�D�KLJKHU�PHDQ�

FRQFHQWUDWLRQ�RI�%'(�����RI�����ȝJ�J���$OWKRXJK�WKHVH�VWXGLHV�KDYH�LPSOLFDWLRQV�IRU�KXPDQ�

H[SRVXUHV�WR�3%'(V�IRU�WLPH�VSHQW�ZLWKLQ�WKH�DXWRPRELOH��WKLV�LQIRUPDWLRQ�ZDV�MXGJHG�WR�EH�

LQVXIILFLHQW�LQ�HVWLPDWLQJ�PDVV�IORZV�RI�3%'(V�WR�WKH�HQYLURQPHQW�DQG�LQFRUSRUDWLRQ�LQWR�WKH�OLIH�

F\FOH�DQDO\VLV���

� )LQDOO\��WKH�SRWHQWLDO�IRU�3%'(V�WR�HQWHU�WKH�LQGRRU��RU�FDU��HQYLURQPHQW�WKURXJK�WKH�

IODNLQJ�DQG�FUXPEOLQJ�RI�WUHDWHG�IRDP�SURGXFWV�FDQQRW�EH�FKDUDFWHUL]HG�TXDQWLWDWLYHO\��RU�HYHQ�

TXDOLWDWLYHO\���,W�LV�WKHRUL]HG�WR�EH�D�PDMRU�VRXUFH�WR�WKH�LQGRRU�HQYLURQPHQW��EXW�SURFHGXUHV�WR�

HVWLPDWH�WKLV�NLQG�RI�UHOHDVH�IURP�IRDPV�LV�QRW�DYDLODEOH��

� 0DMRU�XQFHUWDLQWLHV�DUH�DVVRFLDWHG�ZLWK�WKLV�JHQHUDOL]HG�OLIH�F\FOH�DQDO\VLV���7KHVH�LQFOXGH�

WKH�IROORZLQJ��

�

x 1R�DFFXUDWH�RU�FXUUHQW�SURGXFWLRQ�ILJXUHV�DUH�UHDGLO\�DYDLODEOH�RQ�WKH�DPRXQW�RI�3%'(�
SURGXFHG�DQQXDOO\�LQ�WKH�8QLWHG�6WDWHV���+HQFH��WKLV�DQDO\VLV�SUHVXPHG�WKDW�WKH�DPRXQWV�
FRUUHVSRQGLQJ�WR�PDUNHW�GHPDQG�DUH�HTXDO�WR�WKH�DPRXQWV�SURGXFHG���0RUHRYHU��LW�ZDV�
DVVXPHG�WKDW�����RI�WKH�WRWDO�PDUNHW�GHPDQG�RI�1RUWK��&HQWUDO��DQG�6RXWK�$PHULFD�
�FRPELQHG��LV�WKH�PDUNHW�GHPDQG�RI�WKH�8QLWHG�6WDWHV���$OWKRXJK�WKLV�LV�D�UHDVRQDEOH�
DVVXPSWLRQ�ZKHQ�8�6��FRQVXPSWLRQ�SDWWHUQV�DUH�FRQVLGHUHG��WKHUH�LV�QR�SXEOLVKHG�
LQIRUPDWLRQ�WR�YDOLGDWH�WKLV�DVVXPSWLRQ��

x 7KH�HQYLURQPHQWDO�UHOHDVHV�DVVRFLDWHG�ZLWK�SURGXFWLRQ�DQG�PDQXIDFWXULQJ�ZHUH�GHULYHG�
IURP�75,�GDWD�UHSRUWHG�IRU�WKH�\HDU��������7KHVH�GDWD�DUH�VHOI�UHSRUWHG�E\�LQGXVWU\�DQG�
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DUH�RIWHQ�EDVHG�RQ�HQJLQHHULQJ�FDOFXODWLRQV�UDWKHU�WKDQ�RQ�DFWXDO�PHDVXUHPHQWV���7KH�
DFFXUDF\�RI�VXFK�QXPEHUV�LV�ODUJHO\�XQNQRZQ��

x 7KH�HVWLPDWHV�RI�DLU�HPLVVLRQV�RI�3%'(V�GXH�WR�YRODWLOL]DWLRQ�IURP�SODVWLF�SURGXFWV�DUH�
YHU\�XQFHUWDLQ���5DWHV�RI�YRODWLOL]DWLRQ�ZHUH�HVWLPDWHG�E\�XVLQJ�DQ�HTXDWLRQ��VHH�HT������
WKDW�UHOLHV�RQ�WKH�XVH�RI�WKH�FKHPLFDO¶V�RFWDQRO�DLU�SDUWLWLRQ�FRHIILFLHQW�WR�DSSUR[LPDWH�WKH�
YRODWLOL]DWLRQ�SURFHVV���$OWKRXJK�3UHYHGRXRUR�HW�DO���������KDYH�GHWHUPLQHG�WKDW�
HVWLPDWHV�IURP�WKLV�PHWKRG�DSSHDU�WR�EH�UHDVRQDEOH��DGGLWLRQDO�UHVHDUFK�RQ�YRODWLOL]DWLRQ�
ORVVHV�LV�QHFHVVDU\�WR�UHGXFH�XQFHUWDLQW\��

x 'XH�WR�OLPLWDWLRQV�LQ�H[LVWLQJ�LQIRUPDWLRQ��WKLV�DQDO\VLV�UHOLHG�RQ�WKH�XVH�RI�LQIRUPDWLRQ�
FROOHFWHG�RYHU�GLIIHUHQW�\HDUV��L�H���QRW�DOO�LQIRUPDWLRQ�FRUUHVSRQGHG�WR�WKH�VDPH�\HDU���)RU�
H[DPSOH��PDUNHW�GHPDQG�ILJXUHV�ZHUH�IURP�������WKH�ODWHVW�DYDLODEOH�LQIRUPDWLRQ���
HVWLPDWHV�RI�HQYLURQPHQWDO�UHOHDVHV�IURP�SURGXFWLRQ�DQG�PDQXIDFWXULQJ�IDFLOLWLHV�ZHUH�
IRU�������HVWLPDWHV�RI�(((�ZDVWH�JHQHUDWLRQ�DPRXQWV�DQG�DPRXQWV�UHF\FOHG��ODQGILOOHG��
DQG�LQFLQHUDWHG�ZHUH�IRU�������DQG�UHOHDVHV�IURP�VHZDJH�WUHDWPHQW�SODQW�RSHUDWLRQV�ZHUH�
IURP��������&RPELQLQJ�WKHVH�\HDUV�LQWR�D�VLQJOH�DQQXDO�HVWLPDWH��DOWKRXJK�XQFHUWDLQ��
OLNHO\�PHDQV�WKDW�WKH�OLIH�F\FOH�LV�IDLUO\�UHSUHVHQWDWLYH�RI�DQQXDO�UHOHDVHV�EHWZHHQ������
DQG��������

x $OWKRXJK�SURGXFWLRQ�RI�RFWD��DQG�SHQWD%'(�FHDVHG�E\�WKH�HQG�RI�������HVWLPDWHV�RI�
3%'(�YRODWLOL]DWLRQ�IURP�SODVWLF�PDWHULDOV�DVVXPHG�WKH�SUHVHQFH�RI�GHFD���RFWD���DQG�
SHQWD%'(�LQ�WKH�SURGXFWV���7KH�DQDO\VLV�SUHVXPHG�WKDW�SODVWLF�SURGXFWV�ZHUH�PDGH�IODPH�
UHWDUGDQW�LQ�������FRUUHVSRQGLQJ�WR�WKH�PDUNHW�GHPDQG�RI�3%'(V���DQG�WKLV�SUHGDWHG�WKH�
WLPH�ZKHQ�RFWD��DQG�SHQWD%'(�ZHUH�QR�ORQJHU�XVHG���%HFDXVH�WKH�DQDO\VLV�DVVXPHG�D�
IXQFWLRQDO�OLIH�RI����\HDUV�IRU�WKH�SODVWLF�SURGXFWV��LW�LV�ORJLFDO�WR�SUHVXPH�WKDW�WKH�
SURGXFWV�ZRXOG�FRQWDLQ�RFWD��DQG�SHQWD%'(��

x 7KH�DQDO\VLV�DVVXPHG�WKDW�RQFH�(((�PDWHULDOV�ZHUH�SODFHG�LQWR�ODQGILOOV��WKHUH�ZRXOG�EH�
QR�IXUWKHU�HQYLURQPHQWDO�UHOHDVHV���7KHUH�LV�WKH�SRWHQWLDO�WKDW�3%'(V�PD\�EH�UHOHDVHG�
ZKHQ�LQFRUSRUDWHG�LQWR�ODQGILOO�OHDFKDWH�DQG�WKH�OHDFKDWH�OHDYHV�WKH�ODQGILOO�VLWH�WR�
FRQWDPLQDWH�JURXQGZDWHU�RU�VXUIDFH�ZDWHU���+RZHYHU��VWULFW�)HGHUDO�UHJXODWLRQV�DUH�
LQWHQGHG�WR�UHVWULFW�ERWK�WKH�IRUPDWLRQ�RI�ODQGILOO�OHDFKDWH�DQG�PLJUDWLRQ�RI�OHDFKDWH�IURP�
WKH�VLWH���1R�LQIRUPDWLRQ�LV�FXUUHQWO\�DYDLODEOH�WKDW�GLUHFWO\�GHPRQVWUDWHV�WKDW�3%'(�
FRQWDPLQDWHG�OHDFKDWH�KDV�PLJUDWHG�IURP�ODQGILOOV�LQ�WKH�8QLWHG�6WDWHV�DQG�VXEVHTXHQWO\�
FRQWDPLQDWHG�VXUIDFH�ZDWHUV�RU�JURXQGZDWHU���1R�LQIRUPDWLRQ�LV�UHDGLO\�DYDLODEOH�RQ�WKH�
DPRXQWV�RI�OHDFKDWH�FXUUHQWO\�JHQHUDWHG�E\�8�6��ODQGILOOV���

� ��

���� 6800$5<�
� 7KLV�FKDSWHU�KDV�SUHVHQWHG�LQIRUPDWLRQ�RQ�WKH�SURGXFWLRQ��XVHV��DQG�OLIH�F\FOH�RI�3%'(�

FRPPHUFLDO�IRUPXODWLRQV�DQG�WKHLU�UHVSHFWLYH�%'(�FRQJHQHUV���,W�VKRXOG�EH�QRWHG�WKDW�WKH�

SURGXFWLRQ�ILJXUHV�DUH�KLJKO\�XQFHUWDLQ��DQG�QR�DFWXDO�DPRXQWV�RI�3%'(V�XVHG�LQ�WKH�8QLWHG�

6WDWHV�IRU�WKH�WUHDWPHQW�RI�SODVWLFV��WH[WLOHV��DQG�IOH[LEOH�SRO\HWK\OHQH�IRDP�FRXOG�EH�IRXQG���7KH�

LQGXVWU\�XVXDOO\�DJJUHJDWHV�GDWD�RQ�D�JOREDO�VFDOH��DQG�VWDWLVWLFV�DUH�DYDLODEOH�IRU�WKH�$PHULFDV��



�

� �����

$VLD��DQG�(XURSH��WR�LQFOXGH�WKH�FRXQWULHV�RI�WKH�(8����7KH�LQGXVWU\�EUHDNGRZQ�LQGLFDWHV�WKDW�

DSSUR[LPDWHO\��������07�RI�3%'(V�ZHUH�FRQVXPHG�ZRUOGZLGH�LQ�������WKH�ODWHVW�UHSRUWLQJ�

\HDU��RI�ZKLFK�����ZDV�GHFD%'(���7KH�LQGXVWU\�YROXQWDULO\�FHDVHG�SURGXFWLRQ�RI�SHQWD��DQG�

RFWD%'(�LQ�'HFHPEHU��������7RGD\��RQO\�GHFD%'(�LV�EHLQJ�SURGXFHG�LQ�WKH�8QLWHG�6WDWHV��DQG�

WKH�(8�FRXQWULHV�KDYH�EDQQHG�WKH�XVH�RI�GHFD%'(�HIIHFWLYH������������,W�LV�HVWLPDWHG�WKDW�

�������07�GHFD%'(�LV�FXUUHQWO\�FRQVXPHG�LQ�WKH�8QLWHG�6WDWHV���(LJKW\�SHUFHQW�RI�WKH�

GHFD%'(�SURGXFHG�LQ�WKH�8QLWHG�6WDWHV�LV�XVHG�DV�DQ�DGGLWLYH�IODPH�UHWDUGDQW�WR�ULJLG�SODVWLFV�

XVHG�LQ�FDVLQJV�WR�79V��3&V��OLTXLG�FU\VWDO�GLVSOD\��/&'��VFUHHQV��DQG�RWKHU�(((���7KH�

UHPDLQLQJ�����DUH�XVHG�LQ�WH[WLOHV�VXFK�DV�IDEULFV�XVHG�LQ�FDU�VHDWV�DQG�RWKHU�XSKROVWHU\�IDEULFV�

EXW�QRW�LQ�FORWKLQJ��

� 7KH�FXUUHQW�DQG�SDVW�XVH�RI�3%'(�WUHDWHG�SURGXFWV�FDQ�UHVXOW�LQ�HQYLURQPHQWDO�UHOHDVHV�

RI�3%'(V���7KH�DLP�RI�WKLV�FKDSWHU�KDV�EHHQ�WR�HYDOXDWH�WKH�DPRXQW�RI�3%'(V�WKDW�FRXOG�

SRWHQWLDOO\�EH�UHOHDVHG�IURP�WKH�OLIH�F\FOH�RI�3%'(V��LQFOXGLQJ�WKH�UHOHDVH�GXULQJ�SURGXFWLRQ��WKH�

UHOHDVH�IURP�SURGXFWV�LQ�XVH��WKH�UHOHDVH�IURP�GLVSRVDO�DQG�UHF\FOLQJ�RI�SURGXFWV�FRQWDLQLQJ�

3%'(V��DQG�WKH�UHOHDVHV�IURP�WKH�ODQG�DSSOLFDWLRQ�RI�VHZDJH�VOXGJH�DQG�WKH�HIIOXHQW�VXUIDFH�

ZDWHU�GLVFKDUJHV�IURP�VHZDJH�WUHDWPHQW�SODQWV�WKDW�PDQDJH�LQGXVWULDO�DQG�GRPHVWLF�VHZDJH���

:KLOH�WKHUH�DUH�QXPHURXV�GDWD�JDSV�LQ�GHWHUPLQLQJ�WKHVH�TXDQWLWLHV�IRU�DOO�3%'(V��WKLV�FKDSWHU�

KDV�UHYLHZHG�DYDLODEOH�LQIRUPDWLRQ�RQ�WKHVH�SDWKZD\V�DQG�KLJKOLJKWHG�ZKHUH�NH\�LQIRUPDWLRQ�LV�

ODFNLQJ�LQ�DQ�HIIRUW�WR�FRPSUHKHQVLYHO\�HYDOXDWH�WKH�OLIH�F\FOH�RI�UHOHDVHV�IURP�SURGXFWLRQ�WR�XVH�

WR�HQG�GLVSRVDO��

�

5()(5(1&(6�)25�&+$37(5���
$ODHH��0��$ULDV��3��6MRGLQ��$��HW�DO���������$Q�RYHUYLHZ�RI�FRPPHUFLDOO\�XVHG�EURPLQDWHG�IODPH�UHWDUGDQWV��WKHLU�
DSSOLFDWLRQV��WKHLU�XVH�SDWWHUQV�LQ�GLIIHUHQW�FRXQWULHV�UHJLRQV�DQG�SRVVLEOH�PRGHV�RI�UHOHDVH���(QYLURQ�,QW�
������í�����

$76'5��$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\����������7R[LFRORJLFDO�SURILOH�IRU�SRO\EURPLQDWHG�
ELSKHQ\OV�DQG�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV���3XEOLF�+HDOWK�6HUYLFH��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�
6HUYLFHV��$WODQWD��*$���$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�DWVGU�FGF�JRY�WR[SUR��KWPO��

$XVWUDOLDQ�*RYHUQPHQW���������3URKLELWLRQ�RQ�LQWURGXFWLRQ�RI�SHQWDEURPRGLSKHQ\O�HWKHU��1HZVOHWWHU��0DUFK���������
$YDLODEOH�RQOLQH�DW�KWWS���QLFQDV�H�QHZVOHWWHU�FRP�DX�OLQN�LG��I�I�G��G�I��������F�SDJH�KWPO��

%UHLYLN��.��6ZHHWPDQ��$��3DF\QD��-��HW�DO���������7RZDUGV�D�JOREDO�KLVWRULFDO�HPLVVLRQ�LQYHQWRU\�IRU�VHOHFWHG�3&%�
FRQJHQHUVʊD�PDVV�EDODQFH�DSSURDFK�����(PLVVLRQV���6FL�7RWDO�(QYLURQ��������í�����

%LUQEDXP��/6��&RKHQ�+XEDO��($���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��$�FDVH�VWXG\�IRU�XVLQJ�ELRPRQLWRULQJ�
GDWD�WR�DGGUHVV�ULVN�DVVHVVPHQW�TXHVWLRQV��(QYLURQ�+HDOWK�3HUVSHFW��������������±������
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%6()��%URPLQH�6FLHQFH�DQG�(QYLURQPHQWDO�)RUXP����������$SSOLFDWLRQV�RI�GHFD�%'(�IDFW�VKHHW��%URPLQH�6FLHQFH�
DQG�(QYLURQPHQWDO�)RUXP��%UXVVHOV���$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�EVHI�FRP�XSORDGV�OLEUDU\�'HFD�
%'(���$SSOLFDWLRQV��������SGI��

&DO(3$��&DOLIRUQLD�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��UHFRPPHQGDWLRQV�
WR�UHGXFH�H[SRVXUH�LQ�&DOLIRUQLD��&DO(3$�3%'(�:RUNJURXS��6DFUDPHQWR��&$��)HEUXDU\���

&HWLQ��%��2GDEDVL��0���������$WPRVSKHULF�FRQFHQWUDWLRQV�DQG�SKDVH�SDUWLWLRQLQJ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�
�3%'(V��LQ�,]PLU��7XUNH\���&KHPRVSKHUH��������í������

&KRL��6�'��%DHN��6�<��&KDQJ��<�6���������$WPRVSKHULF�OHYHOV�DQG�GLVWULEXWLRQ�RI�GLR[LQ�OLNH�SRO\FKORULQDWHG�
ELSKHQ\OV��3&%V��DQG�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�WKH�YLFLQLW\�RI�DQ�LURQ�DQG�VWHHO�PDNLQJ�SODQW���
$WPRV�(QYLURQ��������í������

&REE��'���������$QDO\VLV�RI�)5�FKHPLFDOV�DGGHG�WR�IRDPV��IDEULF��EDWWLQJ��ORRVH�ILOO�DQG�EDUULHUV���0HPRUDQGXP�WR�
'DOH�5��5D\��3URMHFW�0DQDJHU��8SKROVWHUHG�)XUQLWXUH��&RQVXPHU�3URGXFWV�6DIHW\�&RPPLVVLRQ����

&RGH�RI�)HGHUDO�5HJXODWLRQV��������3DUW����±6XEWLWOH�'�RI�5&5$��&ULWHULD�IRU�PXQLFLSDO�VROLG�ZDVWH�ODQGILOOV�
�06:/)V���&)5������

'¶6LOYD��.���������%URPLQDWHG�RUJDQLF�PLFURSROOXWDQWVʊLJQLWLQJ�WKH�IODPH�UHWDUGDQW�LVVXH���&ULW�5HY�(QYLURQ�6FL�
7HF������í�����

'LUHFWRUDWH�*HQHUDO�(QYLURQPHQW���������5R+6�VXEVWDQFHV��+J��3E��&U�9,���&G��3%%��DQG�3%'(��LQ�HOHFWULFDO�DQG�
HOHFWURQLF�HTXLSPHQW�LQ�%HOJLXP� )HGHUDO�3XEOLF�6HUYLFH�+HDOWK��)RRG�&KDLQ�6DIHW\�DQG�(QYLURQPHQW��%UXVVHOV��
%HOJLXP��

(EHUW��-��%DKDGLU��0���������)RUPDWLRQ�RI�3%''�)�IURP�IODPH�UHWDUGHG�SODVWLF�PDWHULDOV�XQGHU�WKHUPDO�VWUHVV���
(QYLURQ�,QW�������í������

(XURSHDQ�&RXUW�RI�-XVWLFH���������&DVH�&��������'HQPDUN�YV��(XURSHDQ�8QLRQ�WR�H[HPSW�GHFD%'(�IURP�UHJXODWLRQ���
$YDLODEOH�RQOLQH�DW�KWWS���FXULD�HXURSD�HX�MXULVS�FJL�
ELQ�IRUP�SO"ODQJ HQ	QHZIRUP QHZIRUP	MXUFGM MXUFGM	GRFM GRFM	GRFDY GRFDY	GRFVRP GRFVRP	W\SHRUG $
//7<3	QXPDII 	GGDWHIV 	PGDWHIV 	\GDWHIV 	GGDWHIH 	PGDWHIH 	\GDWHIH 	QRPXVXHO 	GRPDLQH 	PRWV 
GHFDEGH	UHVPD[ ���	6XEPLW 6XEPLW��

(XURSHDQ�3DUOLDPHQW��������'LUHFWLYH���������(&�RI�WKH�(XURSHDQ�3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI���)HEUXDU\�
�����DPHQGLQJ�IRU�WKH���WK�WLPH�&RXQFLO�'LUHFWLYH��������((&�UHODWLQJ�WR�UHVWULFWLRQV�RQ�WKH�PDUNHWLQJ�DQG�XVH�RI�
FHUWDLQ�GDQJHURXV�VXEVWDQFHV�DQG�SUHSDUDWLRQV��SHQWDEURPRGLSKHQ\O�HWKHU��RFWDEURPRGLSKHQ\O�HWKHU���2-(8������±
������

(8��(XURSHDQ�8QLRQ����������5LVN�DVVHVVPHQW�UHSRUW��GLSKHQ\O�HWKHU��SHQWDEURPR�GHULYDWLYH��SHQWDEURPRGLSKHQ\O�
HWKHU���(XURSHDQ�&KHPLFDOV�%XUHDX��/X[HPERXUJ��,6%1����������������

(8��(XURSHDQ�8QLRQ����������5LVN�DVVHVVPHQW�UHSRUW��ELV�SHQWDEURPRGLSKHQ\O��HWKHU���(XURSHDQ�&KHPLFDOV�
%XUHDX��/X[HPERXUJ��%HOJLXP���

(8��(XURSHDQ�8QLRQ����������5LVN�DVVHVVPHQW�UHSRUW��GLSKHQ\O�HWKHU��RFWDEURPR�GHULYDWLYH��RFWDEURPRGLSKHQ\O�
HWKHU���(XURSHDQ�&KHPLFDOV�%XUHDX��/X[HPERXUJ���

)HGHUDO�5HJLVWHU���������6WDQGDUGV�RI�SHUIRUPDQFH�IRU�QHZ�VWDWLRQDU\�VRXUFHV�DQG�HPLVVLRQ�JXLGHOLQHV�IRU�H[LVWLQJ�
VRXUFHV��PXQLFLSDO�ZDVWH�FRPEXVWRUV���)HGHUDO�5HJLVWHU��������������í���������

+DOH��5&��/D�*XDUGLD��0-��+DUYH\��(��HW�DO���������3RWHQWLDO�UROH�RI�ILUH�UHWDUGDQW�WUHDWHG�SRO\XUHWKDQH�IRDP�DV�D�
VRXUFH�RI�EURPLQDWHG�GLSKHQ\O�HWKHUV�WR�WKH�8�6��HQYLURQPHQW���&KHPRVSKHUH�������í�����
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+DUUDG��6��:LMHVHNHUD��5��+XQWHU��6��HW�DO���������3UHOLPLQDU\�DVVHVVPHQW�RI�8�.��KXPDQ�GLHWDU\�DQG�LQKDODWLRQ�
H[SRVXUH�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV���(QYLURQ�6FL�7HFKQRO��������í������

+DUUDG��6��,EDUUD��&��$EGDOODK��0$��HW�DO���������&RQFHQWUDWLRQV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�GXVW�IURP�8QLWHG�
.LQJGRP�FDUV��KRPHV��DQG�RIILFHV��FDXVHV�RI�YDULDELOLW\�DQG�LPSOLFDWLRQV�IRU�KXPDQ�H[SRVXUH���(QYLURQ�,QW�
�������í������

+D]UDWLDQ��6���+DUUDG��6���������&DXVHV�RI�YDULDELOLW\�LQ�FRQFHQWUDWLRQV�RI�SRO\FKORULQDWHG�ELSKHQ\OV�DQG�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�LQGRRU�DLU���(QYLURQ�6FL�7HFKQRO��������í������

+LUDL��<��6DNDL��6��6DWR��.��HW�DO���������(PLVVLRQ�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�IURP�79�VHWV���2UJDQRKDORJHQ�
&RPSG��������í������

+LWHV��5$���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WKH�HQYLURQPHQW�DQG�LQ�SHRSOH��$�PHWD�DQDO\VLV�RI�
FRQFHQWUDWLRQV��(QYLURQ�6FL�7HFKQRO����������±�����

,OOLQRLV�(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���������'HFD%'(�VWXG\��$�UHYLHZ�RI�DYDLODEOH�VFLHQWLILF�UHVHDUFK��
$�UHSRUW�WR�WKH�JHQHUDO�DVVHPEO\�DQG�WKH�JRYHUQRU�LQ�UHVSRQVH�WR�3XEOLF�$FW���������,OOLQRLV�(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\��-DQXDU\��

,3&6��,QWHUQDWLRQDO�3URJUDP�RQ�&KHPLFDO�6DIHW\����������(QYLURQPHQWDO�KHDOWK�FULWHULD������EURPLQDWHG�GLSKHQ\O�
HWKHUV��:RUOG�+HDOWK�2UJDQL]DWLRQ��*HQHYD��6ZLW]HUODQG���

.HPPOHLQ��6��%HUJPDQQ��0��-DQQ��2����������(PLVVLRQ�RI�IODPH�UHWDUGDQWV�IURP�FRQVXPHU�SURGXFWV�DQG�EXLOGLQJ�
PDWHULDOV��%\�WKH�)HGHUDO�,QVWLWXWH�IRU�0DWHULDOV�5HVHDUFK�DQG�7HVWLQJ��%$0��IRU�WKH�)HGHUDO�0LQLVWU\�RI�
(QYLURQPHQW��%HUOLQ��)HGHUDO�5HSXEOLF�RI�*HUPDQ\��5HSRUW�1R��8%$�)%���

.HPPOHLQ��6��%HUJPDQQ��0��-DQQ��2���������6WDQGDUG�PHDVXUHPHQW�PHWKRG�IRU�WKH�GHWHUPLQDWLRQ�RI�
SRO\EURPLQDWHG�IODPH�UHWDUGDQWV��SHQWDEURPRGLSKHQ\OHWKHU��RFWDEURPRGLSKHQ\OHWKHU��LQ�SURGXFWV��)HGHUDO�,QVWLWXWH�
IRU�0DWHULDOV�5HVHDUFK�DQG�7HVWLQJ��%$0���)HGHUDO�0LQLVWU\�RI�(QYLURQPHQW��%HUOLQ��)HGHUDO�5HSXEOLF�RI�*HUPDQ\��
5HVHDUFK�5HSRUW��8%$�)%��������H��

.LP��<�-��2VDNR��0��6DNDL��6���������/HDFKLQJ�FKDUDFWHULVWLFV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��IURP�
IODPH�UHWDUGDQW�SODVWLFV���&KHPRVSKHUH�������í�����

/D�*XDUGLD��0,��+DOH��5&��+DUYH\��(���������'HWDLOHG�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��FRQJHQHU�
FRPSRVLWLRQ�RI�ZLGHO\�XVHG�SHQWD���RFWD��DQG�GHFD�3%'(�WHFKQLFDO�IODPH�UHWDUGDQW�PL[WXUHV���(QYLURQ�6FL�7HFKQRO�
�������í������

/DJDODQWH�$)��2VZDOG��7'��&DOYRVD��)&���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��OHYHOV�LQ�GXVW�IURP�
SUHYLRXVO\�RZQHG�DXWRPRELOHV�DW�8QLWHG�6WDWHV�GHDOHUVKLSV���(QYLURQ�,QW����������í������

0RUI��/6��7UHPS��-��*ORRU��5��HW�DO���������%URPLQDWHG�IODPH�UHWDUGDQWV�LQ�ZDVWH�HOHFWULFDO�DQG�HOHFWURQLFV�
HTXLSPHQW��VXEVWDQFH�IORZV�LQ�D�UHF\FOLQJ�SODQW��(QYLURQ�6FL�7HFKQRO��������í������

1$6��1DWLRQDO�$FDGHP\�RI�6FLHQFH����������%LRVROLGV�DSSOLHG�WR�ODQG��DGYDQFLQJ�VWDQGDUGV�DQG�SUDFWLFHV��%RDUG�RQ�
(QYLURQPHQWDO�6WXGLHV�DQG�7R[LFRORJ\��1DWLRQDO�5HVHDUFK�&RXQFLO��1DWLRQDO�$FDGHP\�RI�6FLHQFH���:DVKLQJWRQ��
'&��1DWLRQDO�$FDGHPLHV�3UHVV��

1&(/��1DWLRQDO�&DXFXV�RI�(QYLURQPHQWDO�/HJLVODWRUV����������(QDFWHG�DQG�LQWURGXFHG�3%'(�OHJLVODWLRQ��������
%HWKHVGD��0'���$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�QFHO�QHW���

1&(/��1DWLRQDO�&DXFXV�RI�(QYLURQPHQWDO�/HJLVODWRUV����������(QDFWHG�DQG�LQWURGXFHG�3%'(�OHJLVODWLRQ���
%HWKHVGD��0'���$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�QFHO�QHW���
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1RUWK��.'���������7UDFNLQJ�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�UHOHDVHV�LQ�D�ZDVWHZDWHU�WUHDWPHQW�SODQW�HIIOXHQW��3DOR�
$OWR��&DOLIRUQLD���(QYLURQ�6FL�7HFKQRO������������í������

173��1DWLRQDO�7R[LFRORJ\�3URJUDP����������7R[LFRORJ\�DQG�FDUFLQRJHQHVLV�RI�GHFDEURPRGLSKHQ\O�R[LGH��&$6�1R��
�����������LQ�)����1�UDWV�DQG�%�&�)��PLFH��IHHG�VWXGLHG�����3XEOLF�+HDOWK�6HUYLFH��8�6��'HSDUWPHQW�RI�+HDOWK�
DQG�+XPDQ�6HUYLFHV��5HVHDUFK�7ULDQJOH�3DUN��1&���7HFKQLFDO�5HSRUW�6HULHV�1R�������

2GXVDQ\D��'2��2NRQNZR��-2��%RWKD��%���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�OHDFKDWHV�IURP�VHOHFWHG�
ODQGILOO�VLWHV�LQ�6RXWK�$IULFD���&KHPRVSKHUH��,Q�3UHVV��GRL���������M�ZDVPDQ����������������

2VDNR��0��.LP��<��6DNDL��6���������/HDFKLQJ�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�OHDFKDWH�IURP�ODQGILOOV�LQ�-DSDQ���
&KHPRVSKHUH��������í������

3DOP��$��%URUVWURP�/XQQGHQ��(��%UHLYLN��.���������7UDQVSRUW�DQG�IDWH�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WKH�
%DOWLF�DQG�$UFWLF�UHJLRQV��-RLQWO\�SUHSDUHG�E\�WKH�6ZHGLVK�(QYLURQPHQWDO�5HVHDUFK�,QVWLWXWH�DQG�WKH�1RUZHJLDQ�
,QVWLWXWH�IRU�$LU�5HVHDUFK�IRU�WKH�1RUGLF�&RXQFLO�RI�0LQLVWHUV��&RSHQKDJHQ��'HQPDUN��7HPD�1RUG�����������

3HHOH��&���������:DVKLQJWRQ�6WDWH�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��FKHPLFDO�DFWLRQ�SODQ��,QWHULP�3ODQ��
3UHSDUHG�E\�WKH�:DVKLQJWRQ�6WDWH�'HSW��RI�+HDOWK�DQG�WKH�:DVKLQJWRQ�6WDWH�'HSW��RI�(FRORJ\��2O\PSLD��:$��
3XEOLFDWLRQ�1R�������������

3UHYHGRXRUR��.��-RQHV��.&��6ZHHWPDQ��$-���������(VWLPDWLRQ�RI�WKH�SURGXFWLRQ��FRQVXPSWLRQ��DQG�DWPRVSKHULF�
HPLVVLRQV�RI�SHQWDEURPLQDWHG�GLSKHQ\O�HWKHU�LQ�(XURSH�EHWZHHQ������DQG��������(QYLURQ�6FL�7HFKQRO�
�����������í������

3XUH�6WUDWHJLHV��,QF���������'HFDEURPRGLSKHQ\OHWKHU��DQ�LQYHVWLJDWLRQ�RI�QRQ�KDORJHQ�VXEVWLWXWHV�LQ�HOHFWURQLF�
HQFORVXUH�DQG�WH[WLOH�DSSOLFDWLRQV��3UHSDUHG�IRU�WKH�/RZHOO�&HQWHU�IRU�6XVWDLQDEOH�3URGXFWLRQ��8QLYHUVLW\�RI�
0DVVDFKXVHWWV��/RZHOO��0$��

5DKPDQ��)��/DQJIRUG��.+��6FULPVKDU��0'��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��IODPH�UHWDUGDQWV���
6FL�7RWDO�(QYLURQ������í����

6DNDL��6��+LUDL��<��$L]DZD��+��HW�DO���������(PLVVLRQ�LQYHQWRU\�RI�GHFD�EURPLQDWHG�GLSKHQ\O�HWKHU��'%'(��LQ�
-DSDQ���-�0DWHU�&\FOHV�:DVWH�0DQDJH�����í����

6WDSOHWRQ��+��$OOHQ��-��.HOO\��6��HW�DO���������$OWHUQDWH�DQG�QHZ�EURPLQDWHG�IODPH�UHWDUGDQWV�GHWHFWHG�LQ�8�6��KRXVH�
GXVW���(QYLURQ�6FL�7HFKQRO��������±������

8�6��(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������%LRVROLGV�JHQHUDWLRQ��XVH��DQG�GLVSRVDO�LQ�WKH�8QLWHG�6WDWHV���
0XQLFLSDO�DQG�,QGXVWULDO�6ROLG�:DVWH�'LYLVLRQ�2IILFH�RI�6ROLG�:DVWH��:DVKLQJWRQ��'&��(3$����5���������

8�6��(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������0XQLFLSDO�VROLG�ZDVWH�JHQHUDWLRQ��UHF\FOLQJ��DQG�GLVSRVDO�LQ�
WKH�8QLWHG�6WDWHV��IDFWV�DQG�ILJXUHV�IRU��������2IILFH�RI�6ROLG�:DVWH��:DVKLQJWRQ��'&��(3$����5���������

8�6��(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������&OHDQ�ZDWHUVKHGV�QHHGV�VXUYH\������UHSRUW�WR�&RQJUHVV��
2IILFH�RI�:DWHU��:DVKLQJWRQ��'&��-DQXDU\��

8�6��(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������D��75,������SXEOLF�GDWD�UHOHDVH�H�UHSRUW���$YDLODEOH�RQOLQH�DW�
KWWS���ZZZ�HSD�JRY�WUL�WULGDWD�WUL���EURFKXUH�EURFKXUH�KWP��

8�6��(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������E��7DUJHWHG�QDWLRQDO�VHZDJH�VOXGJH�VXUYH\�VWDWLVWLFDO�DQDO\VLV�
UHSRUW��2IILFH�RI�:DWHU��:DVKLQJWRQ��'&��(3$�����5���������-DQXDU\���

8�6��(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�������F���'HFD%'(�SKDVH�RXW�LQLWLDWLYH���$YDLODEOH�RQOLQH�DW�
KWWS���ZZZ�HSD�JRY�RSSW�H[LVWLQJFKHPLFDOV�SXEV�DFWLRQSODQV�GHFFDGEH�KWPO��



�
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:DVKLQJWRQ�6WDWH���������+RXVH�%LOO�����ʊ3KDVLQJ�RXW�WKH�XVH�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV���$YDLODEOH�
RQOLQH�DW�KWWS���DSSV�OHJ�ZD�JRY�ELOOLQIR�VXPPDU\�DVS["ELOO ����	\HDU �����GRFXPHQWV��

:HEHU��5��.XFK��%���������5HOHYDQFH�RI�%)5V�DQG�WKHUPDO�FRQGLWLRQV�RQ�WKH�IRUPDWLRQ�SDWKZD\V�RI�EURPLQDWHG�
DQG�EURPLQDWHG�FKORULQDWHG�GLEHQ]RGLR[LQV�DQG�GLEHQ]RIXUDQV���(QYLURQ�,QW�������í�����

:HEVWHU��(��+XJKHV��/��0DFND\��'���������3%'(�ORDGLQJV�LQ�DJULFXOWXUDO�VRLOV�LQ�2QWDULR��PRGHOOLQJ�FKHPLFDO�IDWH�
LQ�ELRVROLGV�DPHQGHG�VRLOV��5HSRUW�WR�WKH�2QWDULR�0LQLVWU\�RI�WKH�(QYLURQPHQW��&DQDGLDQ�(QYLURQPHQWDO�0RGHOOLQJ�
&HQWUH��7UHQW�8QLYHUVLW\��3HWHUERURXJK��2QWDULR��&DQDGD��

<DQJ��<%��6KDULIL��91��6ZLWKHQEDQN��-���������1XPHULFDO�VLPXODWLRQ�RI�PXQLFLSDO�VROLG�ZDVWH�LQFLQHUDWLRQ�LQ�D�
PRYLQJ�JUDWH�IXUQDFH�DQG�WKH�HIIHFW�RI�ZDVWH�PRLVWXUH�FRQWHQW���3URJ�&RPSXW�)OXLG�'\���������í�����

�
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�� ENVIRONMENTAL FATE OF POLYBROMINATED DIPHENYL ETHERS 
 
 

���� ,1752'8&7,21�
7KLV�FKDSWHU�UHYLHZV�WKH�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�LPSRUWDQW�WR�XQGHUVWDQGLQJ�WKH�

HQYLURQPHQWDO�IDWH�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(V����7KLV�FKDSWHU�LQFOXGHV�EULHI�

GHVFULSWLRQV�RQ�KRZ�WKH�FKHPLFDOV�PRYH�DQG�SDUWLWLRQ�DPRQJ�WKH�HQYLURQPHQWDO�PHGLD�RQFH�

UHOHDVHG�LQWR�WKH�RSHQ�HQYLURQPHQW���7KH�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�FRQWURO�WHQGHQFLHV�IRU�

3%'(V�WR�PRYH�LQWR�DLU��VRLO��ZDWHU��DQG�VHGLPHQWV��DQG�WR�H[FKDQJH�DPRQJ�HQYLURQPHQWDO�

FRPSDUWPHQWV���7KH\�DOVR�LQGLFDWH�WKH�SK\VLFDO�IRUP�DQG�SKDVH�RI�WKH�FKHPLFDO�SUHVHQW�LQ�DLU�DQG�

ZDWHU���7KH�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�LQIOXHQFH�WKH�H[WHQW�WR�ZKLFK�ELRWLF�DQG�DELRWLF�

SURFHVVHV�PD\�WUDQVIRUP�RU�GHJUDGH�3%'(V�LQ�WKH�HQYLURQPHQW���%LRFRQFHQWUDWLRQ�SURSHUWLHV�

LQGLFDWH�WKH�UHODWLYH�SURSHQVLWLHV�RI�EURPLQDWHG�GLSKHQ\O�HWKHU��%'(��FRQJHQHUV�WR�

ELRDFFXPXODWH�DQG�ELRPDJQLI\�LQ�HFRORJLFDO�IRRG�FKDLQV���2YHUDOO��WKH�SURSHUWLHV�PRVW�LPSRUWDQW�

IRU�XQGHUVWDQGLQJ�WKH�HQYLURQPHQWDO�EHKDYLRU�RI�3%'(V�DUH�ZDWHU�VROXELOLW\��:6���RFWDQRO�ZDWHU�

SDUWLWLRQ�FRHIILFLHQW��.RZ���RFWDQRO�DLU�SDUWLWLRQ�FRHIILFLHQW��.RD���WKH�+HQU\
V�/DZ�FRQVWDQW��+���

DQG�YDSRU�SUHVVXUH��9S���

�

���� 3+<6,&$/�&+(0,&$/�3523(57,(6�
7KH�IROORZLQJ�VHFWLRQ�LV�D�JHQHUDO�RYHUYLHZ�RI�WKH�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�

WKH�YDULRXV�3%'(�FRQJHQHUV���$OWKRXJK�WKHUH�LV�WKH�SRVVLELOLW\�RI�����%'(�FRQJHQHUV��WKLV�

VHFWLRQ�IRFXVHV�RQ�PRVW�RI�WKH�FRQJHQHUV�WKDW�FRPSULVH�WKH�GHFD���RFWD���DQG�SHQWD%'(�

FRPPHUFLDO�IRUPXODWLRQV�DV�IODPH�UHWDUGDQWV��

�

������ :DWHU �6ROXELOLW\��:6��
� 7KH�FKHPLFDO�SDUDPHWHU�RI�:6�GHVFULEHV�KRZ�UHDGLO\�D�FKHPLFDO�FRPSRXQG��UHIHUUHG�WR�

DV�WKH�VROXWH��GLVVROYHV�LQ�ZDWHU�DW�D�JLYHQ�WHPSHUDWXUH���7KLV�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�

SDUDPHWHUV�LQ�HQYLURQPHQWDO�FKHPLVWU\���+LJKO\�VROXEOH�FKHPLFDOV�DUH�HDVLO\�DQG�TXLFNO\�

GLVWULEXWHG�ZLWKLQ�VXUIDFH�ZDWHU�DQG�JURXQGZDWHU���$�W\SLFDO�PHWKRG�RI�HVWLPDWLQJ�DTXHRXV�

VROXELOLW\�LV�WR�DGG�DQ�H[FHVV�DPRXQW�RI�D�SXUH�FKHPLFDO�WR�ZDWHU�XQWLO�HTXLOLEULXP�LV�DFKLHYHG�

DQG�WKH�PD[LPXP�FRQFHQWUDWLRQ�LQ�ZDWHU�LV�UHDFKHG���:DWHU�VROXELOLW\�LV�W\SLFDOO\�PHDVXUHG�LQ�

XQLWV�RI�PLOOLJUDP�VROXWH�SHU�OLWHU�RI�ZDWHU��PJ�/���DQG�DW�D�VWDQGDUG�UHIHUHQFH�WHPSHUDWXUH�
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���í���&����7KH�KLJKHU�WKH�YDOXH��WKH�PRUH�VROXEOH�WKH�FKHPLFDO�LV�LQ�ZDWHU���*HQHUDOO\��

FKHPLFDOV�DUH�FRQVLGHUHG�WR�KDYH�D�ORZ��PHGLXP��RU�KLJK�DTXHRXV�VROXELOLW\�LI�WKHLU�:6�LV�������

���í����DQG�!���PJ�/��PHDVXUHG�DW����&���UHVSHFWLYHO\��1$6����������7DEOH�����VXPPDUL]HV�WKH�

:6�RI�FRPPHUFLDO�3%'(�IRUPXODWLRQV�DQG�VRPH�VSHFLILF�3%'(�FRQJHQHUV���3%'(V�KDYH�ORZ�

ZDWHU�VROXELOLW\���2UJDQLF�FRQWDPLQDQWV�ZLWK�ORZ�VROXELOLW\�GR�QRW�UHDGLO\�GLVVROYH�LQ�VXUIDFH�

ZDWHU��UHODWLYHO\�K\GURSKRELF��DQG�W\SLFDOO\�KDYH�KLJK�ORJ�RFWDQRO�ZDWHU�SDUWLWLRQ�FRHIILFLHQWV��

ZKLFK�VXJJHVW�D�KLJK�DEVRUSWLRQ�FDSDFLW\�IRU�RUJDQLF�FDUERQ�LQ�VRLOV�DQG�VHGLPHQWV���

�

������ 2FWDQRO�:DWHU �3DU WLWLRQ�&RHIILFLHQW��.RZ��
$QRWKHU�XVHIXO�FKHPLFDO�SURSHUW\�IRU�LQGLFDWLQJ�KRZ�D�FKHPLFDO�PRYHV�EHWZHHQ�WKH�

DTXHRXV�SKDVHV�DQG�LQWR�VHGLPHQWV�DQG�ELRWD�LV�WKH�RFWDQRO�ZDWHU�SDUWLWLRQ�FRHIILFLHQW��RU�.RZ���

7KH�.RZ�YDOXH�KDV�EHFRPH�DQ�LPSRUWDQW�SDUDPHWHU�LQ�WKH�SUHGLFWLRQ�DQG�XQGHUVWDQGLQJ�RI�WKH�IDWH�

RI�RUJDQLF�FKHPLFDOV�LQ�WKH�DTXDWLF�DQG�WHUUHVWULDO�HQYLURQPHQWV���7KLV�SURSHUW\�LV�GHULYHG�

WKURXJK�ODERUDWRU\�H[SHULPHQW�DQG�TXDQWLWDWLYH�VWUXFWXUH�DFWLYLW\�UHODWLRQVKLSV�WR�UHODWHG�

FKHPLFDOV��DQG�LW�LV�GHILQHG�DV�WKH�UDWLR�RI�WKH�FRQFHQWUDWLRQ�RI�D�FRQWDPLQDQW�LQ�Q�RFWDQRO�

�QRUPDO�RFWDQRO��RYHU�WKH�FRQFHQWUDWLRQ�RI�WKH�VDPH�FRQWDPLQDQW�LQ�ZDWHU���7KH�Q�RFWDQRO�LV�

LQWHQGHG�WR�JHQHUDOO\�UHSUHVHQW�DOO�RUJDQLF�VXEVWDQFHV���$V�QRWHG�SUHYLRXVO\��LW�LV�UHODWHG�WR�ZDWHU�

VROXELOLW\�LQ�WKDW�WKH�KLJKHU�WKH�FKHPLFDO�ZDWHU�VROXELOLW\��WKH�ORZHU�WKH�SURSHQVLW\�IRU�

ELRDFFXPXODWLRQ��WKH�ORZHU�WKH�YDOXH�IRU�.RZ����,W�LV�H[SUHVVHG�DV�D�XQLWOHVV�YDOXH���,Q�WKH�

H[SHULPHQWDO�GHULYDWLRQ�RI�WKH�.RZ��RFWDQRO�LV�DQ�RUJDQLF�VROYHQW�XVHG�DV�D�VXUURJDWH�IRU�RUJDQLF�

PDWWHU���$OWKRXJK�GLPHQVLRQOHVV��WKH�.RZ�FRHIILFLHQW�LV�XVXDOO\�H[SUHVVHG�DV�WKH�ORJDULWKP��

EDVH�����RI�WKH�UDWLR�YDOXH��L�H���ORJ�.RZ����,Q�JHQHUDO��RUJDQLF�FKHPLFDOV�ZLWK�DQ�H[SHULPHQWDO�ORJ�

.RZ�FRHIILFLHQW�HTXDO�WR�RU�JUHDWHU�WKDQ�����KDYH�WKH�SURSHUW\�RI�EHLQJ�YHU\�K\GURSKRELF��EHLQJ�

WLJKWO\�DEVRUEHG�WR�RUJDQLF�PDWWHU��DQG�SRVVHVVLQJ�D�WHQGHQF\�WR�ELRDFFXPXODWH���7DEOH�����

VXPPDUL]HV�ORJ�.RZ�YDOXHV�IRU�EURPLQDWHG�GLSKHQ\O�HWKHUV���$OO�3%'(V�WHVWHG�KDYH�KLJK�ORJ�.RZ�

FRHIILFLHQWV��ZKLFK�LQGLFDWH�WKDW�WKH\�KDYH�D�WHQGHQF\�IRU�ELRDFFXPXODWLRQ����

�

������ +HQU\¶V�/DZ�&RQVWDQW��+��
� 2UJDQLF�FRQWDPLQDQWV�FDQ�WUDQVIHU�IURP�ZDWHU�ERGLHV�LQWR�WKH�DLU�DQG�IURP�DLU�EDFN�LQWR�

ZDWHU�ERGLHV���+HQU\¶V�/DZ�FRQVWDQW��+��LV�DQ�DLU�ZDWHU�SDUWLWLRQ�FRHIILFLHQW��DQG�LW�LV�D�PHDVXUH�

RI�WKH�FKHPLFDO¶V�HTXLOLEULXP�GLVWULEXWLRQ�EHWZHHQ�DLU�DQG�ZDWHU�DW�D�VSHFLILHG�WHPSHUDWXUH���,Q�
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Table 3-1.  Estimated water solubility values for PBDEs 
 

Brominated 
diphenyl ether 

Aqueous solubility 
(mg/L @ 25º C) Reference Solubility scorea 

'HFD%'(�
�&RPPHUFLDO��

������� (8�������� /RZ�

2FWD%'(��
�&RPPHUFLDO��

������
������

(8��������
$76'5��������

/RZ�

3HQWD%'(�
�&RPPHUFLDO��

������ (8�������� /RZ�

%'(����� ������ 3DOPD�HW�DO��������� /RZ�

%'(����� ����� $76'5�������� /RZ�0HGLXP�
%RUGHUOLQH�

%'(����� ������ 3DOPD�HW�DO��������� /RZ�

%'(����� ������ 3DOPD�HW�DO��������� /RZ�

%'(����� ����� $76'5�������� /RZ�

%'(����� ������ 3DOPD�HW�DO��������� /RZ�

%'(����� ������ 3DOPD�HW�DO��������� /RZ�

%'(����� ������ 3DOPD�HW�DO��������� /RZ�

%'(����� ������ 3DOPD�HW�DO��������� /RZ�

%'(����� �����í������ 3DOPD�HW�DO���������
$76'5��������

/RZ�

%'(����� ������ $76'5�������� /RZ�

%'(����� ������ $76'5�������� /RZ�

%'(����� ��î���í�í��î���í��
������

3DOPD�HW�DO���������
$76'5��������

/RZ�

%'(����� ��î���í�í����î���í��
������

3DOPD�HW�DO���������
$76'5��������

/RZ�

%'(������ ����� $76'5�������� /RZ�

%'(������ ��î���í�í��î���í�� 3DOPD�HW�DO��������� /RZ�

%'(������ ��î���í�í��î���í�� 3DOPD�HW�DO��������� /RZ�



�

� � �����

��
Table 3-1.  Estimated water solubility values for PBDEs (continued) 

 

Brominated 
diphenyl ether 

Aqueous solubility 
(mg/L @ 25º C) Reference Solubility scorea 

%'(������ �����î���í�� 3DOPD�HW�DO��������� /RZ�

%'(������ ������ $76'5�������� /RZ�

%'(������ ������
�������

$76'5��������
7LWWOHPLHU�HW�DO���������

/RZ�

%'(������ ������
�������

$76'5��������
7LWWOHPLHU�HW�DO���������

/RZ�

%'(������ �����î���í�� 3DOPD�HW�DO��������� /RZ�

%'(������ �����î���í�� 3DOPD�HW�DO��������� /RZ�

%'(������ �����î���í�� 3DOPD�HW�DO��������� /RZ�

%'(������ ������
�������

$76'5��������
7LWWOHPLHU�HW�DO���������

/RZ�

%'(������ �����î���í�� 3DOPD�HW�DO��������� /RZ�

%'(������ �����î���í�� 3DOPD�HW�DO��������� /RZ�

%'(����E� ������� (8�������� /RZ�
�
D6ROXELOLW\�VFRUH�LV�DV�IROORZV��ORZ� �UHODWLYHO\�LQVROXEOH��PHGLXP� �VRPHZKDW�VROXEOH��KLJK� �YHU\�VROXEOH��
E1R�HVWLPDWHV�RU�PHDVXUHPHQWV�RI�%'(�����FRXOG�EH�IRXQG�LQ�WKH�OLWHUDWXUH���%HFDXVH�WKH�GHFD%'(�FRPPHUFLDO�
IRUPXODWLRQ�LV�����%'(������WKH�YDOXH�IRU�GHFD%'(�LV�DVVXPHG�WR�UHSUHVHQW�%'(������

��
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Table 3-2.  Estimated octanol water partition coefficients (log Kow) values for 
PBDEs 

�

Polybrominated diphenyl 
ether Log Kow coefficient Reference 

'HFD%'(��&RPPHUFLDO�� �����
�����

$76'5��������
(8��������

2FWD%'(���&RPPHUFLDO�� �����
�����

$76'5��������
(8��������

3HQWD%'(��&RPPHUFLDO�� ����í�����
�����

$76'5���������
(8��������

%'(����� ����� 3DOPD�HW�DO���������

%'(����� �����
�����
�����

.XUDPRFKL�HW�DO���������
$76'5��������
7LWWOHPLHU�HW�DO���������

%'(����� ����í����� 3DOPD�HW�DO���������

%'(����� ����í�����
�����

3DOPD�HW�DO���������
$76'5��������

%'(����� �����
�����

$76'5��������
7LWWOHPLHU�HW�DO���������

%'(����� ����í����� 3DOPD�HW�DO���������

%'(����� ����í����� 3DOPD�HW�DO���������

%'(����� ����í����� 3DOPD�HW�DO���������

%'(����� ����í����� 3DOPD�HW�DO���������

%'(����� ����í�����
�����
�����
�����
�����

3DOPD�HW�DO���������
$76'5��������
.XUDPRFKL�HW�DO���������
7LWWOHPLHU�HW�DO���������
+DUG\��������

%'(����� ����� 7LWWOHPLHU�HW�DO���������

%'(����� ����� 7LWWOHPLHU�HW�DO���������

%'(����� ����í�����
�����

3DOPD�HW�DO���������
7LWWOHPLHU�HW�DO���������



�
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Table 3-2.  Estimated octanol water partition coefficients (log Kow) 
values for PBDEs (continued) 

 

Polybrominated diphenyl 
ether Log Kow coefficient Reference 

%'(����� ����í�����
�����
�����
�����
�����

3DOPD�HW�DO���������
$76'5��������
.XUDPRFKL�HW�DO���������
7LWWOHPLHU�HW�DO���������
+DUG\��������

%'(������ �����
�����

$76'5��������
7LWWOHPLHU�HW�DO���������

%'(������ ����í����� 3DOPD�HW�DO���������

%'(������ ����í����� 3DOPD�HW�DO���������

%'(������ ����í����� 3DOPD�HW�DO���������

%'(������ ����� 7LWWOHPLHU�HW�DO���������

%'(������ ����
�����
�����

$76'5�������
.XUDPRFKL�HW�DO���������
7LWWOHPLHU�HW�DO���������

%'(������ �����
�����

$76'5��������
7LWWOHPLHU�HW�DO���������

%'(������ ����� 3DOPD�HW�DO���������

%'(������ ����� 3DOPD�HW�DO���������

%'(������ ����� 3DOPD�HW�DO���������

%'(������ ����� 3DOPD�HW�DO���������

%'(������ ����� $76'5��������

%'(������ ����� 3DOPD�HW�DO���������

%'(������ �����
�����

3DOPD�HW�DO���������
7LWWOHPLHU�HW�DO���������

%'(����D� �����
�����

$76'5��������
(8��������

�
D1R�HVWLPDWHV�RU�PHDVXUHPHQWV�RI�%'(�����FRXOG�EH�IRXQG�LQ�WKH�OLWHUDWXUH���%HFDXVH�WKH�GHFD%'(�FRPPHUFLDO�
IRUPXODWLRQ�LV�����%'(������WKH�YDOXH�IRU�GHFD%'(�LV�DVVXPHG�WR�UHSUHVHQW�%'(������



�
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JHQHUDO��+�LV�GHULYHG�IURP�WKH�UDWLR�RI�YDSRU�SUHVVXUH�WR�WKH�FKHPLFDO¶V�DTXHRXV�VROXELOLW\���

.QRZOHGJH�RI�+�LV�HVVHQWLDO�WR�XQGHUVWDQGLQJ�WKH�GLUHFWLRQ�DQG�PDVV�IOX[�RI�FRQWDPLQDQWV�

WUDQVIHUULQJ�IURP�ZDWHU�WR�DLU���7KH�UDWH�RI�YRODWLOL]DWLRQ�IURP�ZDWHU�WR�DLU�DQG�WKH�VFDYHQJLQJ�RI�

WKH�YDSRU�SKDVH�RI�WKH�FRQWDPLQDQW�LQ�DLU�E\�SUHFLSLWDWLRQ��L�H���ZHW�GHSRVLWLRQ��DUH�JRYHUQHG�E\�

+���8VXDOO\��+�LV�H[SUHVVHG�DV�DWP�P��PRO���9RODWLOL]DWLRQ�EHFRPHV�DQ�LPSRUWDQW�WUDQVIHU�

PHFKDQLVP�ZKHQ�WKH�FRPSXWHG�+�LV�EHWZHHQ���í��DQG���í��DWP�P��PRO��5LWWHU�HW�DO�����������

&KHPLFDOV�ZLWK�+�YDOXHV�JUHDWHU�WKDQ���í��DWP�P��PRO�UDSLGO\�YRODWLOL]H�LQWR�DLU���3%'(V�DUH�

ORZ�YRODWLOH�RUJDQLF�FKHPLFDOV�ZLWK�+�DW���í��DWP�P��PRO�RU�OHVV��ZLWK�ORZHU�+�DW�KLJKHU�GHJUHHV�

RI�EURPLQDWLRQ���7DEOH�����VXPPDUL]HV�HVWLPDWHG�+�IRU�3%'(V��

�

������ 9DSRU �3UHVVXUH��9S��
 9RODWLOL]DWLRQ�RI�D�FKHPLFDO�DQG�LWV�SUHVHQFH�LQ�DLU�LV�GULYHQ�E\�WKH�9S�RI�WKH�FKHPLFDO���

9S�DOVR�FRQWUROV�WKH�SKDVH�GLVWULEXWLRQ�RI�D�FKHPLFDO�LQ�DLU��H�J���WKH�SURSRUWLRQ�WKDW�H[LVWV�LQ�WKH�

YDSRU�DQG�SDUWLFOH�SKDVHV����7KH�9S�LV�D�PHDVXUH�RI�WKH�IRUFH�SHU�XQLW�DUHD��L�H���SUHVVXUH��H[HUWHG�

E\�D�FKHPLFDO�LQ�YDSRU�SKDVH�ZKLOH�LQ�HTXLOLEULXP�ZLWK�LWV�OLTXLG�RU�VROLG�SKDVH�DW�D�VSHFLILHG�

WHPSHUDWXUH���9S�LV�XVXDOO\�H[SUHVVHG�LQ�XQLWV�RI�3DVFDOV��3D��RU�PLOOLPHWHU�RI�+J��PP+J����,Q�

JHQHUDO��YRODWLOH�RUJDQLF�FRPSRXQGV�KDYH�D�VROLG�SKDVH�YDSRU�SUHVVXUH�����3D�DW�DQ�DWPRVSKHULF�

WHPSHUDWXUH�RI����&��2OVHQ�DQG�1LHOVHQ����������7KH�VHPLYRODWLOH�RUJDQLF�FRPSRXQGV�WHQG�WR�

KDYH�VROLG�SKDVH�YDSRU�SUHVVXUHV����3D�DW����&���3%'(V�DUH�VHPLYRODWLOH�RUJDQLF�FRPSRXQGV���

9DSRU�SUHVVXUHV�RI�3%'(�GHFUHDVH�ZLWK�LQFUHDVLQJ�PROHFXODU�ZHLJKW�DQG�GHJUHH�RI�EURPLQDWLRQ���

,Q�D�WKHRUHWLFDO�FRQWH[W��WKH�VXEFRROHG�OLTXLG�9SV�RI�3%'(�FRPSRXQGV�EHVW�UHSUHVHQWV�WKHLU�

WHQGHQF\�WR�SDUWLWLRQ�EHWZHHQ�WKH�YDSRU�DQG�SDUWLFOH�SKDVHV�LQ�DLU���%HFDXVH�RI�WKLV��WKH�VFLHQWLILF�

OLWHUDWXUH�RQ�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV�KDV�SULPDULO\�UHSRUWHG�YDOXHV�IRU�3/�DQG�QRW�IRU�36���

+RZHYHU��36�RI�WKH�%'(�FRQJHQHUV�FDQ�EH�FDOFXODWHG�IURP�WKH�3/�XVLQJ�HT������3DDVLYLUWD�HW�DO���

�������

�
� � � � � � �ORJ ORJ � � � � ������6 / )3 3 6 5 7P 7 � ' u � � ������
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Table 3-3���Estimated Henry’s Law constants (H) for PBDEs 
 

Brominated diphenyl ether (H) 
(atm-m3/mol @ 25ºC) Reference 

'HFD%'(��&RPPHUFLDO�� �����î���í��
�����î���í��

$76'5��������
&HWLQ�HW�DO���������

2FWD%'(��&RPPHUFLDO�� ����î���í�í����î���í�� $76'5��������

3HQWD%'(��&RPPHUFLDO�� ����î���í�í����î���í�� $76'5��������

%'(����� �����î���í��
�����î���í��

$76'5��������
7LWWOHPLHU�HW�DO���������

%'(����� �����î���í��
�����î���í��
�����î���í��

$76'5��������
&HWLQ�HW�DO���������
7LWWOHPLHU�HW�DO���������

%'(����� �����î���í��
�����î���í��

$76'5��������
&HWLQ�HW�DO���������

%'(����� �����î���í�� $76'5��������

%'(����� �����î���í�� $76'5��������

%'(����� �����î���í�� $76'5��������

%'(����� �����î���í��
�����î���í��

$76'5��������
&HWLQ�HW�DO���������

%'(������ �����î���í��
�����î���í��

$76'5��������
&HWLQ�HW�DO���������

%'(������ �����î���í��
�����î���í��

$76'5��������
&HWLQ�HW�DO���������

%'(������ �����î���í��
�����î���í��

$76'5��������
&HWLQ�HW�DO���������

%'(������ ����î���í�� $76'5��������

%'(������ �����î���í�� &HWLQ�HW�DO���������

�
�



�
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ZKHUH�

�
36�  � VROLG�SKDVH�YDSRU�SUHVVXUH��3D�
3/�  � VXEFRROHG�OLTXLG�YDSRU�SUHVVXUH��3D�

)6' �  � HQWURS\�RI�IXVLRQ��§���-�Ní��PROí���:DQLD�DQG�'XJDQL��������

5�  � LGHDO�JDV�FRQVWDQW���������-�.í��PROí��

7P�  � PHOWLQJ�SRLQW�WHPSHUDWXUH��.�

7�  � UHIHUHQFH�WHPSHUDWXUH��.�

�

7DEOH�����VXPPDUL]HV�WKH�FDOFXODWHG�VROLG�SKDVH��36��DQG�VXEFRROHG�OLTXLG�YDSRU�SUHVVXUHV��3/��

RI�VRPH�%'(�FRQJHQHUV��

�

������ 2FWDQRO�$LU �3DU WLWLRQ�&RHIILFLHQW��.RD��
� 7KH�RFWDQRO�DLU�SDUWLWLRQ�FRHIILFLHQW��ORJ�.RD��LV�WKH�UDWLR�RI�WKH�FRQFHQWUDWLRQ�RI�WKH�

FKHPLFDO�LQ�DLU�YHUVXV�WKH�FRQFHQWUDWLRQ�RI�WKH�FKHPLFDO�LQ�RFWDQRO�ZKHQ�WKH�RFWDQRO�DLU�V\VWHP�LV�

DW�HTXLOLEULXP��+DUQHU�DQG�6KRHLE����������7KH�YDOXH�RI�.RD�LV�GLPHQVLRQOHVV���$V�ZLWK�9S��ORJ�

.RD�LV�WHPSHUDWXUH�GHSHQGHQW���)RU�HYHU\����&�GHFUHDVH�LQ�DWPRVSKHULF�WHPSHUDWXUH��WKHUH�LV�D�

FRUUHVSRQGLQJ�WZR��WR�WKUHHIROG�LQFUHDVH�LQ�SDUWLWLRQLQJ�RI�VHPLYRODWLOH�RUJDQLFV�WR�WKH�RUJDQLF�

SKDVH��+DUQHU�DQG�6KRHLE����������,Q�EURDG�WHUPV��WKH�ORJ�.RD�LV�VXJJHVWLYH�RI�WKH�HQYLURQPHQWDO�

F\FOLQJ�RI�VHPLYRODWLOH�FRPSRXQGV�EHWZHHQ�WKH�DLU�DQG�RUJDQLF�SKDVHV�VXFK�DV�VRLO�SDUWLFOHV��DLU�

SDUWLFOHV��DQG�YHJHWDWLRQ���7KH�XQGHUO\LQJ�DVVXPSWLRQ�RI�WKH�ORJ�.RD�LV�WKDW�Q�RFWDQRO�LV�D�JRRG�

VXUURJDWH�IRU�DEVRUSWLRQ�RI�DOO�RUJDQLF�FDUERQ���7KH�JUHDWHU�WKH�/RJ�.RD��H�J���§����LV��WKH�VWURQJHU�

WKH�SURSHQVLW\�RI�WKH�DWPRVSKHULF�%'(�FRQJHQHU�WR�DEVRUE�WR�WKH�RUJDQLF�FRQWHQW�RI�VRLOV�DQG�

YHJHWDWLRQ��:DQLD�HW�DO�����������,W�LV��WKHUHIRUH��D�UHODWLYH�LQGLFDWRU�RI�FKHPLFDO�PRELOLW\��DQG�WKH�

WHQGHQF\�WR�H[FKDQJH�IURP�WKH�DWPRVSKHUH�WR�WKH�VXUIDFH���/RJ�.RD�YDOXHV�IURP��í���LQGLFDWH�

WKDW�DWPRVSKHULF�3%'(V�VWURQJO\�DEVRUE�LQWR�IRUHVW�FDQRSLHV�DQG�RWKHU�YHJHWDWLYH�ELRPDVV�

�6X�HW�DO�����������7DEOH�����VXPPDUL]HV�WKH�RFWDQRO�DLU�SDUWLWLRQ�FRHIILFLHQWV��ORJ�.RD��RI�3%'(�

FRPSRXQGV����

�
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Table 3-4.  Estimated solid phase vapor pressures (PS) and subcooled liquid vapor pressures (PL) of some PBDEs 
(Pascals at 25°C) 

 

Brominated diphenyl ether 
T

m 
(K) 

T
m 

Reference PS
a PL PL 

Reference 

'HFD%'(��&RPPHUFLDO�� ������� (8�������� �����î���í�� �����î���í�� (8��������

2FWD%'(��&RPPHUFLDO�� ������� (8�������� �����î���í�� �����î���í�� (8��������

3HQWD%'(��&RPPHUFLDO�� ������� (8�������� �����î���í�� �����î���í�� (8��������

%'(���� 1$� � � ������ :RQJ�HW�DO���������

%'(���� 1$� � � ������ :RQJ�HW�DO���������

%'(��� 1$� � � �����î���í�� 7LWWOHPLHU�HW�DO���������

%'(��� 1$� � � �����î���í�� :RQJ�HW�DO���������

%'(���� 1$� � � �����î���í��� :RQJ�HW�DO���������

%'(����� 1$� � � �����î���í�� :RQJ�HW�DO���������

%'(����� 1$� � � �����î���í�� :RQJ�HW�DO���������

%'(����� ������� 0DUVK�HW�DO��������� �����î���í���
�����î���í��

�����î���í��
�����î���í��
�����î���í��

7LWWOHPLHU�HW�DO���������
:RQJ�HW�DO���������
:DQLD�HW�DO���������

%'(����� ������� 0DUVK�HW�DO��������� �����î���í��
�����î���í��

�����î���í��
�����î���í��

7LWWOHPLHU�HW�DO���������
:DQLD�HW�DO���������

%'(����� ������� 0DUVK�HW�DO��������� �����î���í�� �����î���í�� :RQJ�HW�DO���������

%'(����� ������� 3DOPD�HW�DO��������� �����î���í�� �����î���í�� :RQJ�HW�DO���������



�

�
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��
Table 3-4.  Estimated solid phase vapor pressures (P6) and subcooled liquid vapor pressures (P/) of some 
PBDEs (Pascals at 25°C) (continued) 

 

Brominated diphenyl ether 
T

m 
(K) 

T
m 

Reference PS
a PL PL 

Reference 

%'(����� 1$� � �����î���í�� �����î���í�� :RQJ�HW�DO���������

%'(����� ������� 3DOPD�HW�DO��������� �����î���í�� �����î���í�� :RQJ�HW�DO���������

%'(����� ������� 3DOPD�HW�DO��������� �����î���í�� �����î���í�� :RQJ�HW�DO���������

%'(����� ������� 3DOPD�HW�DO��������� �����î���í���
�����î���í��

�����î���í��
�����î���í��
�����î���í��

:RQJ�HW�DO���������
7LWWOHPLHU�HW�DO���������
:DQLD�HW�DO���������

%'(����� 1$� � � �����î���í��
�����î���í��

:RQJ�HW�DO���������
7LWWOHPLHU�HW�DO���������

%'(����� 1$� � � �����î���í�� :RQJ�HW�DO���������

%'(����� ������� 0DUVK�HW�DO��������� �����î���í�� �����î���í�� :RQJ�HW�DO���������

%'(����� ������� 0DUVK�HW�DO��������� �����î���í��
�����î���í��

�����î���í��
�����î���í��

:RQJ�HW�DO���������
7LWWOHPLHU�HW�DO���������

%'(����� 1$� � �����î���í�� �����î���í�� :RQJ�HW�DO���������

%'(����� ������� 3DOPD�HW�DO��������� �����î���í�� �����î���í�� 7LWWOHPLHU�HW�DO���������

%'(����� ������� 3DOPD�HW�DO��������� �����î���í���
�����î���í��
�����î���í��

�����î���í��
�����î���í��
�����î���í��

:RQJ�HW�DO���������
7LWWOHPLHU�HW�DO���������
:DQLD�HW�DO���������
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Table 3-4.  Estimated solid phase vapor pressures (P6) and subcooled liquid vapor pressures (P/) of some 
PBDEs (Pascals at 25°C) (continued) 

 

Brominated diphenyl ether 
T

m 
(K) 

T
m 

Reference PS
a PL PL 

Reference 

%'(������ ������� 0DUVK�HW�DO��������� �����î���í��
�����î���í��

�����î���í��
�����î���í��

7LWWOHPLHU�HW�DO���������
:DQLD�HW�DO���������

%'(������ 1$� � � �����î���í�� :RQJ�HW�DO���������

%'(������ 1$� � � �����î���í�� 7LWWOHPLHU�HW�DO���������

%'(������ ������� 3DOPD�HW�DO��������� �����î���í���
�����î���í��

�����î���í��
�����î���í��
�����î���í��

:RQJ�HW�DO���������
7LWWOHPLHU�HW�DO���������
:DQLD�HW�DO���������

%'(������ ������� 0DUVK�HW�DO��������� �����î���í�� �����î���í�� 7LWWOHPLHU�HW�DO���������

%'(������ 1$� � � �����î���í�� 7LWWOHPLHU�HW�DO���������

%'(������ ������ 3DOPD�HW�DO��������� �����î���í���
�����î���í��

�����î���í��
�����î���í��

:RQJ�HW�DO���������
7LWWOHPLHU�HW�DO���������

%'(����E� ������� (8�������� �����î���í�� ����î���í�� (8��������
�

D36�ZDV�FDOFXODWHG�IURP�3/�XVLQJ�HT�����DQG�DVVXPLQJ�WKH�PHOWLQJ�SRLQW�WHPSHUDWXUH��7P��LQ�WKH�WDEOH���1$� �QRW�DYDLODEOH�LQ�WKH�OLWHUDWXUH��
E1R�HVWLPDWHV�RU�PHDVXUHPHQWV�RI�%'(�����FRXOG�EH�IRXQG�LQ�WKH�OLWHUDWXUH���%HFDXVH�WKH�GHFD%'(�FRPPHUFLDO�IRUPXODWLRQ�LV�����%'(������WKH�YDOXH�IRU�
GHFD%'(�LV�DVVXPHG�WR�UHSUHVHQW�%'(������

�
�
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Table 3-5.  Estimated octanol air partition coefficients (log Koa) of PBDEs 
�

Brominated diphenyl ether Log Koa 
(@ 25ºC) Reference 

%'(���� ����� :DQLD�HW�DO���������

%'(���� ����� :DQLD�HW�DO���������

%'(���� ����� :DQLD�HW�DO���������

%'(���� ����� :DQLD�HW�DO���������

%'(����� ����� :DQLD�HW�DO���������

%'(����� ����� :DQLD�HW�DO���������

%'(����� ����� :DQLD�HW�DO���������

%'(����� ����� :DQLD�HW�DO���������

%'(����� ����� +DUQHU�DQG�6KRHLE��������

%'(����� ����� :DQLD�HW�DO���������

%'(����� ����� +DUQHU�DQG�6KRHLE��������

%'(����� ����� :DQLD�HW�DO���������

%'(����� ����� :DQLD�HW�DO���������

%'(����� ����� :DQLD�HW�DO���������

%'(����� ����� :DQLD�HW�DO���������

%'(����� ������
������

+DUQHU�DQG�6KRHLE��������
:DQLD�HW�DO���������

%'(����� ������
������

+DUQHU�DQG�6KRHLE��������
:DQLD�HW�DO���������

%'(����� ������ :DQLD�HW�DO���������

%'(����� ������ :DQLD�HW�DO���������

%'(����� ������
������

+DUQHU�DQG�6KRHLE��������
:DQLD�HW�DO���������

%'(����� ������ :DQLD�HW�DO���������

%'(����� ������ :DQLD�HW�DO���������

%'(����� ������ +DUQHU�DQG�6KRHLE��������

%'(����� ������
������

+DUQHU�DQG�6KRHLE��������
:DQLD�HW�DO���������

%'(������ ������ +DUQHU�DQG�6KRHLE��������

%'(������ ������ +DUQHU�DQG�6KRHLE��������

%'(������ ������
������

+DUQHU�DQG�6KRHLE��������
:DQLD�HW�DO���������

%'(������ ������ +DUQHU�DQG�6KRHLE��������

%'(������ ������ +DUQHU�DQG�6KRHLE��������

%'(������ ������ +DUQHU�DQG�6KRHLE��������

%'(����� ������ :HEVWHU�HW�DO���������
�
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������ 9DSRU �3DU WLFOH�3DU WLWLRQLQJ�LQ�$LU �
6HPLYRODWLOH�RUJDQLF�FRPSRXQGV�DUH�SUHVHQW�LQ�WKH�DPELHQW�DLU�SDUWLWLRQ�EHWZHHQ�WKH�

YDSRU�SKDVH�DQG�WKH�SDUWLFOH�SKDVH���7KH�SK\VLFV�RI�WKLV�EHKDYLRU�LV�FRQWUROOHG�E\�WKH�9S�RI�WKH�

FKHPLFDO��WKH�WHPSHUDWXUH�RI�WKH�VXUURXQGLQJ�DLU��DQG�WKH�DYDLODELOLW\�RI�DLUERUQH�SDUWLFXODWH�

PDWWHU���,Q�WHUPV�RI�HQYLURQPHQWDO�IDWH��WKH�LPSRUWDQFH�RI�WKLV�SKHQRPHQRQ�LV�WKDW�WKH�

DHURVRO�ERXQG�SRUWLRQ�RI�WKH�FRQWDPLQDQW�LV�VXEMHFW�WR�WUDQVSRUW�WKURXJK�WKH�DWPRVSKHUH�RYHU�

ODUJH�JHRJUDSKLFDO�GLVWDQFHV���7KH�ZHW�DQG�GU\�GHSRVLWLRQ�RI�WKH�FRQWDPLQDWHG�SDUWLFOHV�LV�WKH�

PRVW�VLJQLILFDQW�PHFKDQLVP�IRU�UHPRYDO�RI�WKH�SDUWLFOH�SKDVH�RI�3%'(V�IURP�WKH�DLU���7KH�YDSRU�

SKDVH�LV�D�JRRG�SUHGLFWRU�RI�WKH�DLU�WR�OHDI�WUDQVIHU�RI�WKH�VHPLYRODWLOH�RUJDQLF�FRPSRXQG�DQG�RI�

WKH�SRVVLELOLW\�IRU�GHSRVLWLRQ�LQWR�OHDI\�YHJHWDWLRQ��ZKLFK�LV�LQWHJUDO�WR�WKH�WHUUHVWULDO�IRRG�FKDLQ���

7KXV��WKH�YDSRU�SKDVH�SRUWLRQ�RI�WKH�FRQWDPLQDQW�PD\�EH�PRUH�VLJQLILFDQW�LQ�WHUPV�RI�KXPDQ�

H[SRVXUHV�E\�ZD\�RI�WKH�GLHWDU\�SDWKZD\���

� 7KH�IUDFWLRQ�RI�WKH�VHPLYRODWLOH�FRPSRXQG�WKDW�LV�SDUWLFOH�ERXQG��Ɏ��FDQ�EH�FDOFXODWHG�

IURP�WKH�VXEFRROHG�OLTXLG�9S�XVLQJ�WKH�-XQJH�3DQNRZ�PRGHO�DV�LQGLFDWHG�LQ�HT������6X�HW�DO���

���������

�

� � � � �� �� /F 3 F)  4 � 4 � ������

�

ZKHUH�

�
Ɏ�  � IUDFWLRQ�RI�WKH�FRPSRXQG�DGVRUEHG�WR�DHURVRO�SDUWLFOHV� �

3/�  � VDWXUDWLRQ�VXEFRROHG�OLTXLG�SKDVH�9S��3D��

Ĭ�  � WKH�SDUWLFOH�VXUIDFH�DUHD�SHU�XQLW�YROXPH�RI�DLU��FP��DHURVRO�FP��RI�DLU��

F�  � D�FRQVWDQW�������3D�FP��

�

7DEOH�����SURYLGHV�WKH�SDUWLFOH�DQG�YDSRU�SKDVHV�RI�WKH�3%'(�FRPPHUFLDO�IRUPXODWLRQV�DQG�

%'(�FRQJHQHUV�FDOFXODWHG�IURP�HT�����DQG�DVVXPLQJ�WKH�VXEFRROHG�OLTXLG�9S�LQ�7DEOH�����DQG�DQ�

DPELHQW�DLU�WHPSHUDWXUH�RI����&���7KH�YDOXH�IRU�Ĭ�LQ�WKH�HTXDWLRQ�DVVXPHV�WKH�SDUWLFOH�VXUIDFH�

DUHD�SHU�XQLW�YROXPH�DLU�RI�����î���í��FP��FP��W\SLFDO�RI�DHURVROV�LQ�EDFNJURXQG�XUEDQ�DLU�

�:KLWE\����������7KH�SUHGLFWHG�SDUWLFOH�SKDVH�RI�WKH�3%'(�LQFUHDVHV�ZLWK�GHFUHDVLQJ�9S�DQG�

LQFUHDVLQJ�QXPEHU�RI�EURPLQH�DWRPV�RQ�WKH�PROHFXOH����



�
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Table 3-6�� Calculated theoretical vapor particle partitioning of PBDE 
congeners in ambient air at 25°C (calculated using eq 3-2)�

 
Brominated diphenyl 

ether congener 
Brominated diphenyl 

homologue Vapor phase, % Particle phase, % 

%'(��� PRQR%'(� ���� ��
%'(��� PRQR%'(� ���� ��
%'(��� PRQR%'(� ���� ��
%'(��� GL%'(� ���� ��
%'(��� GL%'(� ���� ��
%'(���� GL%'(� ���� ��
%'(���� GL%'(� ���� ��
%'(���� GL%'(� ���� ��
%'(���� WUL%'(� ��� ��
%'(���� WUL%'(� ��� ��
%'(���� WUL%'(� ��� ��
%'(���� WUL%'(� ��� ��
%'(���� WUL%'(� ��� ��
%'(���� WUL%'(� ��� ��
%'(���� WHWUD%'(� ��� ���
%'(���� WHWUD%'(� ��� ���
%'(���� WHWUD%'(� ��� ��
%'(���� WHWUD%'(� ��� ��
%'(���� WHWUD%'(� ��� ���
%'(���� SHQWD%'(� ��� ���
%'(���� SHQWD%'(� ��� ���
%'(���� SHQWD%'(� ��� ���
%'(����� SHQWD%'(� ��� ���
%'(����� SHQWD%'(� ��� ���
%'(����� KH[D%'(� �� ���
%'(����� KH[D%'(� �� ���
%'(����� KH[D%'(� ��� ���
%'(����� KHSWD%'(� �� ���
%'(����� KHSWD%'(� �� ���
%'(����� GHFD%'(� �� ���

�
��
� %\�WKHVH�FDOFXODWLRQV��DQG�DW�WKH�DLU�WHPSHUDWXUH�RI����&��JUHDWHU�WKDQ�����WR������RI�

WKH�PRQR���GL���WUL%'(�FRQJHQHUV�PD\�EH�SUHVHQW�LQ�WKH�YDSRU�SKDVH�LQ�DPELHQW�DLU���$V�WKH�

GHJUHH�RI�EURPLQDWLRQ�LQFUHDVHV��WKH�%'(�FRQJHQHUV�LQFUHDVLQJO\�SDUWLWLRQ�WR�WKH�SDUWLFOH�SKDVH���



�
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)RU�H[DPSOH��WKH�YDULRXV�WHWUD��DQG�SHQWD%'(�FRQJHQHUV�EHJLQ�WR�GLVWULEXWH�PRUH�WR�DWPRVSKHULF�

SDUWLFOHV�WKDQ�WKH�OHVVHU�EURPLQDWHG�FRPSRXQGV���7KH�KH[D��DQG�KHSWD�FRQJHQHUV�PD\�EH�SUHVHQW�

LQ�WKH�SDUWLFOH�SKDVH�IURP����WR�����DW�DQ�DPELHQW�DLU�WHPSHUDWXUH�RI����&���$SSUR[LPDWHO\�����

RI�%'(�����LV�H[SHFWHG�WR�EH�DVVRFLDWHG�ZLWK�DLUERUQH�SDUWLFOHV���$V�VHHQ�LQ�7DEOH����������RI�

%'(����LV�SDUWLFOH�ERXQG��DQG�WKLV�DSSHDUV�WR�EH�DQ�DQRPDORXV�FDOFXODWLRQ�GXH�WR�WKH�IDFW�WKDW�

7LWWOHPLHU�HW�DO���������PD\�KDYH�RYHUHVWLPDWHG�WKH�VXEFRROHG�OLTXLG�YDSRU�SUHVVXUH�DW����&���

$ERXW���í����RI�SHQWD%'(�FRQJHQHUV�DUH�SUHGLFWHG�EH�SUHVHQW�LQ�WKH�YDSRU�SKDVH���7KHVH�

SUHGLFWHG�%'(�SKDVH�GLVWULEXWLRQV�LQ�DPELHQW�DLU�DJUHH�ZLWK�WKH�REVHUYDWLRQV�RI�6WUDQGEHUJ�HW�DO��

�������IRU�GLVWULEXWLRQV�LQ�DLU�RYHU�WKH�*UHDW�/DNHV���6WUDQGEHUJ�HW�DO���������IRXQG�WKDW�DW����&��

DERXW�����RI�WKH�WHWUDEURPR�KRPRORJXHV�DUH�LQ�WKH�YDSRU�SKDVH�DQG�DERXW�����RI�WKH�

KH[DEURPR�KRPRORJXHV�DUH�DVVRFLDWHG�ZLWK�WKH�SDUWLFOH�SKDVH���,Q�D�VWXG\�E\�&KHQ�HW�DO����������

WKH�HVWLPDWHG�SKDVH�GLVWULEXWLRQ�RI�3%'(�FRQJHQHUV�PHDVXUHG�LQ�XUEDQ�DLU�RI�VRXWKHUQ�&KLQD�

ZDV�DV�IROORZV��%'(���������YDSRU�SKDVH���%'(���������YDSRU�SKDVH���%'(���������YDSRU�

SKDVH���DQG�%'(����WKURXJK�%'(������UDQJHG�IURP���í����LQ�WKH�SDUWLFOH�SKDVH����1R�DPELHQW�

DLU�WHPSHUDWXUH�ZDV�UHSRUWHG���

�

���� %,2$&&808/$7,21��%,2&21&(175$7,21��$1'�%,20$*1,),&$7,21�
2)�3%'(V�,1�7+(�$48$7,&�(19,5210(17�

� %LRDFFXPXODWLRQ�GHVFULEHV�D�SURFHVV�ZKHUHE\�DQ�RUJDQLVP�DFTXLUHV�D�ERG\�EXUGHQ�RI�D�

FKHPLFDO�LQ�UHODWLRQ�WR�FRQWDFW�WKURXJK�DOO�SRVVLEOH�SDWKZD\V�RI�H[SRVXUH��L�H���GLHWDU\�

DEVRUSWLRQ��WUDQVSRUW�DFURVV�WKH�UHVSLUDWRU\�VXUIDFH��GHUPDO�DEVRUSWLRQ��DQG�LQKDODWLRQ��*REDV�DQG�

0RUULVRQ����������%LRDFFXPXODWLRQ�IRU�DQ�DTXDWLF�RUJDQLVP�RFFXUV�IURP�FRQWDFW�RI�WKH�RUJDQLVP�

ZLWK�D�FKHPLFDO�FRQWDPLQDQW�LQ�WKH�ZDWHU�FROXPQ��WKH�VHGLPHQWV��DQG�WKURXJK�WKH�RUJDQLVP¶V�

IRRG�FKDLQ���7KH�SDUDPHWHU�WKDW�LV�RIWHQ�XVHG�WR�PRGHO�WKLV�HQWLUH�SURFHVV�LV�WKH�ELRDFFXPXODWLRQ�

IDFWRU��ORJ�%$)����7KLV�FRQWUDVWV�WKH�ELRFRQFHQWUDWLRQ�IDFWRU��%&)���ZKLFK�KDV�EHHQ�XVHG�WR�

PHDVXUH�WKH�DFFXPXODWLRQ�IURP�WKH�ZDWHU�FROXPQ�RQO\���,Q�WKH�FDVH�RI�OLSRSKLOLF�DQG�

K\GURSKRELF�FKHPLFDOV��ELRDFFXPXODWLRQ�LQWR�ILVK�EHFRPHV�LPSRUWDQW�LQ�WHUPV�RI�KXPDQ�ILVK�

FRQVXPSWLRQ���7KH�ORJ�%$)�LV�GHULYHG�DV�D�ORJDULWKP�RI�WKH�UDWLR�RI�WKH�FRQFHQWUDWLRQ�RI�D�

FKHPLFDO�LQ�WKH�WLVVXH�RI�DQ�DTXDWLF�RUJDQLVP�RYHU�WKH�FRQFHQWUDWLRQ�RI�WKH�FKHPLFDO�LQ�ZDWHU��LQ�

D�UHDO�DTXDWLF�VHWWLQJ���$�ODERUDWRU\�GHULYHG�%&)�HQWDLOV�DQ�H[SHULPHQWDO�VHWXS�ZKHUH�WKH�

DFFXPXODWLRQ�IURP�WKH�ZDWHU�FROXPQ�RQO\�LV�GHWHUPLQHG�IURP�WKH�FRQFHQWUDWLRQ�RI�WKH�

FRQWDPLQDQW�LQ�WKH�ILVK�WLVVXH�GLYLGHG�E\�WKH�FRQFHQWUDWLRQ�LQ�WKH�ZDWHU���7KH�ORJ�%$)�LV�



�
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H[SUHVVHG�LQ�XQLWV�RI�OLWHUV�SHU�NLORJUDP�RI�WLVVXH�DQG�FDQ�EH�QRUPDOL]HG�WR�DSSO\�WR�ZHW�ZHLJKW�

�ZZW���GU\�ZHLJKW��GZW���RU�SHUFHQW�OLSLG�RI�WKH�RUJDQLVP���7KH�ELRPDJQLILFDWLRQ�IDFWRU��%0)��LV�

WKH�UDWLR�RI�WKH�FRQFHQWUDWLRQ�RI�WKH�FKHPLFDO�LQ�DQ�RUJDQLVP�WR�WKH�FRQFHQWUDWLRQ�RI�WKH�FKHPLFDO�

LQ�WKH�GLHW�RI�WKH�RUJDQLVP���7KH�%0)�LV�DQ�LQGLFDWLRQ�RI�LQFUHDVHV�LQ�FRQFHQWUDWLRQ�RI�WKH�

FKHPLFDO�DV�LW�PRYHV�XS�WURSKLF�OHYHOV�LQ�WKH�DTXDWLF�HFRV\VWHP���

2QO\�D�IHZ�VWXGLHV�FRXOG�EH�ORFDWHG�LQ�WKH�VFLHQWLILF�OLWHUDWXUH�WKDW�KDYH�HVWLPDWHG�%$)V�

IRU�3%'(�FRQJHQHUV���7DEOH�����VXPPDUL]HV�%$)�DQG�%0)�IRU�YDULRXV�DTXDWLF�VSHFLHV��

� 7KH�8QLWHG�1DWLRQV�(QYLURQPHQWDO�3URJUDP��81(3��HVWDEOLVKHG�D�VFUHHQLQJ�OHYHO�IRU�

DVVXPLQJ�KLJK�SRWHQWLDO�IRU�ELRDFFXPXODWLRQ�RI�WKH�FRQWDPLQDQWV�LQWR�DTXDWLF�VSHFLHV��::)��

��������7KH�FULWHULRQ�IRU�D�KLJK�SRWHQWLDO�IRU�ELRDFFXPXODWLRQ�LV�WKDW�WKH�%&)�RU�%$)�LQ�DTXDWLF�

VSHFLHV�IRU�WKH�FKHPLFDO�LV�JUHDWHU�WKDQ��������ORJ�%$)� ��������:LWK�WKH�H[FHSWLRQ�RI�%'(�����LW�

DSSHDUV�WKDW�WKH�WUL���WHWUD���DQG�SHQWD%'(�FRQJHQHUV�H[FHHG�WKHVH�FULWHULD��DQG��WKHUHIRUH��KDYH�D�

SRWHQWLDO�IRU�ELRDFFXPXODWLQJ�LQ�DTXDWLF�RUJDQLVPV���%'(�����KDV�D�YHU\�ORZ�SRWHQWLDO�IRU�

ELRDFFXPXODWLQJ�ZLWKLQ�WKH�DTXDWLF�IRRG�ZHE����

�

���� %,27,&�$1'�$%,27,&�'(%520,1$7,21�$1'�75$16)250$7,21�2)�
3%'(V�
&HUWDLQ�ELRWLF�DQG�DELRWLF�SURFHVVHV�FDQ�WUDQVIRUP�3%'(V�LQ�WKH�HQYLURQPHQW���7KH�

SURFHVVHV�PRVW�LPSRUWDQW�WR�WKH�EUHDNGRZQ�RI�3%'(V�LQFOXGH�ELRGHJUDGDWLRQ��ELRWUDQVIRUPDWLRQ��

DQG�SKRWRO\VLV���%LRGHJUDGDWLRQ�LQYROYHV�WKH�EUHDNGRZQ�RI�3%'(V�E\�DHURELF�DQG�DQDHURELF�

PLFURRUJDQLVPV�LQWR�VPDOOHU�FRPSRXQGV���7KH�PLFURELDO�RUJDQLVPV�WUDQVIRUP�WKH�FRQWDPLQDQWV�

WKURXJK�PHWDEROLF�RU�HQ]\PDWLF�SURFHVVHV���%LRWUDQVIRUPDWLRQ�LV�WKH�FRQYHUVLRQ�RI�WKH�FKHPLFDO�

VWUXFWXUH�RI�WKH�3%'(V�WKURXJK�PHWDEROLF�SDWKZD\V���6LPLODU�WR�ELRGHJUDGDWLRQ��WKH�UHDFWLRQ�LV�

FDWDO\]HG�E\�HQ]\PHV��EXW�WKH�SURFHVV�RFFXUV�LQ�YLYR�LQ�DQLPDOV���3KRWRO\VLV�LQYROYHV�WKH�

EUHDNGRZQ�RI�3%'(V�E\�WKH�DFWLRQ�DQG�WKH�HQHUJ\�RI�VXQOLJKW���$OO�RI�WKHVH�HQYLURQPHQWDO�IDWH�

SURFHVVHV�FDQ�LQYROYH�WKH�VWULSSLQJ�RI�EURPLQH�DWRPV�IURP�WKH�PROHFXOH��D�SURFHVV�UHIHUUHG�WR�DV�

µGHEURPLQDWLRQ¶���:LWK�GHEURPLQDWLRQ��WKH�KLJKHU�EURPLQDWHG�%'(�FRQJHQHUV�FDQ�EUHDNGRZQ�WR�

IRUP�ORZHU�EURPLQDWHG�VSHFLHV���7KLV�VHFWLRQ�ZLOO�IRFXV�RQ�HDFK�RI�WKHVH�GHJUDGDWLRQ�SDWKZD\V���

,W�VKRXOG�EH�VWUHVVHG�WKDW�WKHUH�LV�RQO\�OLPLWHG�VFLHQWLILF�LQIRUPDWLRQ�VXSSRUWLQJ�WKH�DFWLRQ�RI�

WKHVH�SDWKZD\V�LQ�GHJUDGLQJ��WUDQVIRUPLQJ��DQG�GHEURPLQDWLQJ�3%'(V��

�

�
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Table 3-7���Estimated BAF and BMF values for various aquatic species 
 

Brominated 
diphenyl ether Species Factor Reference 

Bioaccumulation factors (BAFs) 
%'(����� /DNH�WURXW� ���� 7RP\�HW�DO���������

%'(����� /DNH�WURXW�
%OXH�PXVVHOV�

����
����

6WUHHWV�HW�DO���������
*XVWDIVVRQ�HW�DO���������

%'(����� /DNH�WURXW� ���� 6WUHHWV�HW�DO���������

%'(����� /DNH�WURXW� ���� 7RP\�HW�DO���������

%'(����� /DNH�WURXW�
%OXH�PXVVHOV�

����
����

6WUHHWV�HW�DO���������
*XVWDIVVRQ�HW�DO���������

%'(���� /DNH�WURXW� ���� 6WUHHWV�HW�DO���������

Biomagnification factors (BMFs) 
%'(���� 3RUSRLVH� ���í���� 5DPX�HW�DO���������

%'(���� /DNH�WURXW�
3RUSRLVH�

����
���í����

7RP\�HW�DO���������
5DPX�HW�DO���������

%'(���� /DNH�WURXW�
&RKR�VDOPRQ�
3RUSRLVH�

�����
����
����

7RP\�HW�DO���������
6WDSOHWRQ�DQG�%DNHU��������
5DPX�HW�DO���������

%'(���� /DNH�WURXW� ���� 7RP\�HW�DO���������

%'(���� /DNH�WURXW�
3RUSRLVH�

�����
���í����

7RP\�HW�DO���������
5DPX�HW�DO���������

%'(����� /DNH�WURXW�
3RUSRLVH�

�����
���í����

7RP\�HW�DO���������
5DPX�HW�DO���������

%'(����� /DNH�WURXW� ���í���� 7RP\�HW�DO���������

%'(����� /DNH�WURXW�
&RKR�VDOPRQ�
3RUSRLVH�

�����
����

���í����

7RP\�HW�DO���������
6WDSOHWRQ�DQG�%DNHU��������
5DPX�HW�DO���������

%'(����� /DNH�WURXW�
3RUSRLVH�

������
���í����

7RP\�HW�DO���������
5DPX�HW�DO���������

%'(������ /DNH�WURXW�
3RUSRLVH�

�����
���í����

7RP\�HW�DO���������
5DPX�HW�DO���������

%'(������ /DNH�WURXW� ���í���� 7RP\�HW�DO���������

%'(������ /DNH�WURXW� ���� 7RP\�HW�DO���������
��

�
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������ 0LFURELDO�'HJUDGDWLRQ�RI�3%'(V�
,Q�WKHRU\��PLFURELDO�FRPPXQLWLHV�FDQ�GHJUDGH�DQG�WUDQVIRUP�RUJDQLF�FRQWDPLQDQWV�

SUHVHQW�LQ�VRLOV�DQG�VHGLPHQWV���7KLV�RFFXUV�EHFDXVH�WKH�PLFURRUJDQLVPV�XVH�WKH�FRQWDPLQDQWV�DV�

D�VRXUFH�RI�FDUERQ��1$6����������&DUERQ�LV�D�EXLOGLQJ�EORFN�LQ�WKH�GHYHORSPHQW�RI�QHZ�FHOOV�

GXULQJ�UHSURGXFWLRQ�DQG�JURZWK���,Q�DGGLWLRQ��WKH�PLFUREHV�FDQ�H[WUDFW�HOHFWURQV�IURP�WKH�RUJDQLF�

FRQWDPLQDQW�WR�REWDLQ�HQHUJ\.  7KH PLFURRUJDQLVP�JDLQV�HQHUJ\�E\�EUHDNLQJ�FKHPLFDO�ERQGV�DQG�
WUDQVIHUULQJ�HOHFWURQV�DZD\�IURP�WKH�FRQWDPLQDQW��1$6�������� �

2QH�YDULDWLRQ�RI�PLFURELDO�GHJUDGDWLRQ�RI�RUJDQLF�FRPSRXQGV�LV�UHGXFWLYH�

GHKDORJHQDWLRQ���,Q�WKLV�SURFHVV��WKH�PLFUREHV�FDWDO\]H�UHDFWLRQV�WKDW�SURPRWH�WKH�UHSODFHPHQW�RI�

D�KDORJHQ�DWRP�ZLWK�D�K\GURJHQ�DWRP�RQ�WKH�RUJDQLF�FRPSRXQG���7KLV�LV�WKH�SULPDU\�PLFURELDO�

GHJUDGDWLRQ�SDWKZD\�IRU�KLJKHU�PROHFXODU�ZHLJKW�3%'(V���$OWKRXJK�WKH�KLJKHU�EURPLQDWHG�

FRQJHQHUV�DUH�GHEURPLQDWHG�DHURELFDOO\��WKH�ORZHU�PROHFXODU�ZHLJKW�FRQJHQHUV�WKDW�DUH�SURGXFWV�

RI�WKLV�SURFHVV�PD\�EH�IXUWKHU�GHEURPLQDWHG�E\�DHURELF�EDFWHULDO�GHJUDGDWLRQ�YLD�R[LGDWLYH�

GHKDORJHQDWLRQ��.LP�HW�DO������������

6HYHUDO�UHFHQW�VWXGLHV�KDYH�SURYLGHG�HYLGHQFH�RI�PLFURELDO�PHGLDWHG�UHGXFWLYH�

GHEURPLQDWLRQ�RI�GHFD%'(�DQG�RFWD%'(�XQGHU�ODERUDWRU\�FRQGLWLRQV���5HVHDUFK�LV�FXUUHQWO\�

IRFXVHG�RQ�DQDHURELF�PLFURELDO�VWUDLQV�WKDW�KDYH�GHPRQVWUDWHG�WKH�DELOLW\�WR�GHKDORJHQDWH�

RUJDQLF�FRPSRXQGV�LQ�YLWUR���,Q�SDUWLFXODU��'HKDORFRFFRLGHV�HWKHQRJHQHV������'HKDORFRFFRLGHV�

VS��VWUDLQ�%$9���DQG�6XOIXURVSLULOOXP�PXOWLYRUDQV�FDQ�GHFKORULQDWH�D�EURDG�UDQJH�RI�FKORULQDWHG�

FRPSRXQGV�LQFOXGLQJ�WULFKORURHWK\OHQH��7&(���SHUFKORURHWK\OHQH��FKORUREHQ]HQHV��

SRO\FKORULQDWHG�ELSKHQ\OV��3&%V���DQG�SRO\FKORULQDWHG�GLEHQ]R�S�GLR[LQV��)HQQHOO�HW�DO���������

:X�HW�DO����������DQG��WKHUHIRUH��DUH�EHLQJ�LQYHVWLJDWHG�IRU�WKHLU�SRWHQWLDO�WR�GHEURPLQDWH�3%'(V�

�+H�HW�DO������������

6XOIXURVSLULOOXP�PXOWLYRUDQV�EDFWHULXP�LQFXEDWHG�ZLWK�GHFD%'(�KDV�LQGXFHG�UHGXFWLYH�

GHEURPLQDWLRQ�RI�GHFD%'(�LQ�YLWUR�WR�\LHOG�RFWD%'(�DQG�KHSWD%'(�DIWHU�D�FRQWDFW�WLPH�RI�

��PRQWKV��+H�HW�DO�����������7KH�RFWD��DQG�KHSWD%'(�GLG�QRW�IXUWKHU�GHEURPLQDWH�LQ�WKH�SUHVHQFH�

RI�WKH�PLFUREHʊHYHQ�DIWHU���\HDU���7KXV��WKH�PLFURRUJDQLVP�ZDV�VSHFLILF�WR�WKH�GHJUDGDWLRQ�RI�

GHFD%'(�DQG�LV�LQFDSDEOH�RI�GHEURPLQDWLQJ�ORZHU�EURPLQDWHG�3%'(�FRPSRXQGV���7KH�

RUJDQLVP�QRUPDOO\�KDV�DQ�DIILQLW\�IRU�7&(��EXW�ZKHQ�GHFD%'(�ZDV�GLVVROYHG�LQ�7&(�DQG�

H[SRVHG�WR�6��PXOWLYDRUQDV��UHGXFWLYH�GHEURPLQDWLRQ�GLG�QRW�RFFXU���+RZHYHU��7&(�ZDV�

FRPSOHWHO\�GHFKORULQDWHG�WR�FLV�'&(����
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'HKDORFRFFRLGHV�HWKHQRJHQHV�����EDFWHULXP�ZDV�H[SHULPHQWDOO\�WULHG�LQ�DQ�DWWHPSW�WR�

GHEURPLQDWH�RFWD%'(��+H�HW�DO�����������'��HWKHQRJHQHV�RI�WKH�����VWUDLQ�FRQWDLQV�UHGXFWLYH�

GHKDORJHQDVH�JHQHV�DQG�LV�WKH�RQO\�EDFWHULXP�NQRZQ�WR�UHGXFWLYHO\�GHFKORULQDWH�

WHWUDFKORURHWKHQH�DQG�WULFKORURHWKDQH�WR�HWKDQH��6HVKDGUL�HW�DO�����������'��HWKHQRJHQHV�

VWUDLQ�����ZDV�LQLWLDOO\�LVRODWHG�IURP�DQ�DQDHURELF�VHZDJH�WUHDWPHQW�SODQW��673��GLJHVWHU�

FRQWDLQLQJ�VHZDJH�VOXGJH��6HVKDGUL�HW�DO�����������:KHQ�LQFXEDWHG�IRU���PRQWKV�ZLWK�RFWD%'(�

GLVVROYHG�LQ�7&(��WKH�EDFWHULXP�VKRZHG�PDUNHG�GHEURPLQDWLRQ�RI�RFWD%'(�WR�\LHOG�SHQWD��KH[D��

DQG�KHSWD%'(�FRQJHQHUV��+H�HW�DO�����������+RZHYHU��ZKHQ�LQFXEDWHG�ZLWK�RFWD%'(�ZLWKRXW�WKH�

7&(�VROYHQW��QR�GHEURPLQDWLRQ�RFFXUUHG���7KH�DXWKRUV�FRPELQHG�D�QXPEHU�RI�'HKDORFRFFRLGHV�

VSHFLHV�LQ�D�SURGXFW�WKH\�FDOOHG�$1$6����DQG�LQFXEDWHG�LW�ZLWK�RFWD%'(�GLVVROYHG�LQ�7&(�IRU�

���PRQWKV���2QH�KXQGUHG�WKLUW\�QPROHV�RFWD%'(�FRPSRVHG�RI�%'(������%'(������%'(������

%'(������%'(������DQG�%'(�����DGGHG�WR�WKH�FXOWXUH�\LHOGHG������QPROHV�RI�FRPELQHG�

%'(�����%'(�����%'(�����DQG�%'(��������

:KHQ�QRUPDOL]HG�RQ�D�FHOO�FRXQW�EDVLV��WKH�$1$6����FXOWXUH�KDG�D�UDWH�RI�

GHEURPLQDWLRQ�RI�RFWD%'(�WKDW�ZDV�WZLFH�WKH�UDWH�RI�'��HWKHQRJHQHV�������$Q�DGGLWLRQDO�VWUDLQ�

RI�'HKDORFRFFRLGHV�VSHFLHV��'HKDORFRFFRLGHV�VS��VWUDLQ�%$9���LV�WKH�RQO\�NQRZQ�

PLFURRUJDQLVP�WKDW�GHFKORULQDWHV�WKH�ORZHU�FKORULQDWHG�RUJDQLF�FRPSRXQGV��H�J���

GLFKORURHWKDQH��WR�HWKDQH��.UDMPDOQLN�%URZQ�HW�DO����������DQG��WKHUHIRUH��+H�HW�DO���������

LQYHVWLJDWHG�WKLV�VSHFLHV�IRU�WKH�SRWHQWLDO�WR�IXUWKHU�GHEURPLQDWH�WHWUD��DQG�SHQWD%'(�FRQJHQHUV���

7KH�H[SHULPHQW�VKRZHG�WKDW�EURPLQHV�LQ�WKH����RUWKR��DQG����SDUD��SRVLWLRQV�RQ�WKH�3%'(�

PROHFXOH��H�J���%'(����DQG�%'(�����ZHUH�WKH�PRVW�UHVLVWDQW�WR�PLFURELDO�UHGXFWLYH�

GHEURPLQDWLRQ��

,Q�DQRWKHU�VWXG\��*HUHFNH�HW�DO���������GHEURPLQDWHG�%'(�����LQ�YLWUR�WR�\LHOG�%'(������

%'(������DQG�%'(�����E\�FRQWDFW�ZLWK�DQDHURELF�PHVRSKLOLF�PLFURRUJDQLVPV�LQGLJHQRXV�WR�UDZ�

VHZDJH�VOXGJH��PLFURELDO�VSHFLHV�QRW�LGHQWLILHG����0HWKDQH�ZDV�IRUPHG�DV�D�SURGXFW�RI�PLFURELDO�

UHVSLUDWLRQ��DQG�WKH�DPRXQW�RI�%'(�����GHFUHDVHG�E\�����ZLWKLQ�����GD\V���7KLV�GLVDSSHDUDQFH�

UDWH�RI�%'(�����ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��S� ���������DQG�LW�FRUUHVSRQGHG�WR�D�SVHXGR�

ILUVW�RUGHU�GHJUDGDWLRQ�UDWH�FRQVWDQW�RI���î���í��SHU�GD\��ZKLFK�LV�HTXLYDOHQW�WR�D�KDOI�OLIH�RI�

DSSUR[LPDWHO\�����GD\V���'HEURPLQDWLRQ�RI�%'(�����ZDV�HYLGHQW�LQ�WKH�VXEVHTXHQW�IRUPDWLRQ�RI�

QRQD%'(�DQG�D�QXPEHU�RI�XQUHVROYHG�RFWD%'(�FRQJHQHUV���7KH�UHPRYDO�RI�EURPLQH�DWRPV�LQ�

WKH�SDUD�DQG�PHWD�SRVLWLRQV�RQ�WKH�%'(�����PROHFXOH�UHVXOWHG�LQ�WKH�IRUPDWLRQ�RI�%'(�����DQG�
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%'(������UHVSHFWLYHO\���7KHVH�SURGXFWV�ZHUH�IRUPHG�DW�FRQFHQWUDWLRQV�WKDW�ZHUH����RI�WKH�LQLWLDO�

FRQFHQWUDWLRQ�RI�%'(�������$OWKRXJK�%'(�����ZDV�REVHUYHG�LQ�WKH�H[SHULPHQW��LW�FRXOG�QRW�EH�

FRQFOXGHG�XQDPELJXRXVO\�WKDW�LW�ZDV�D�SURGXFW�RI�PLFURELDO�GHJUDGDWLRQ�RI�%'(������

7RNDU]�HW�DO���������REVHUYHG�UHGXFWLYH�GHEURPLQDWLRQ�RI�%'(�����IURP�ODERUDWRU\�

H[SHULPHQWV�VLPXODWLQJ�DQDHURELF�FRQGLWLRQV�RI�VHGLPHQW���3UHFOHDQHG�SRQG�VHGLPHQWV�ZHUH�

PL[HG�ZLWK�%'(������%'(�����DQG�%'(����WR�\LHOG�D�ILQDO�FRQFHQWUDWLRQ�RI�����ȝJ�J�RI�WKH�%'(�

FRQJHQHUV�LQ�VHGLPHQW���7KH�VHGLPHQW�ZDV�WUDQVIHUUHG�WR�����P/�VHUXP�ERWWOHV��DQG�GH[WURVH�DQG�

PHWKDQRO�ZHUH�DGGHG�WR�SURPRWH�WKH�UDSLG�RQVHW�RI�DQDHURELF�DQG�PHWKDQRJHQLF�FRQGLWLRQV���7KH�

VHGLPHQWV�ZHUH�SODFHG�LQWR�FRQWDFW�ZLWK�DQDHURELF�PLFURRUJDQLVPV��VSHFLHV�QRW�VSHFLILHG��DQG�

DOORZHG�WR�LQFXEDWH���([WUDFWV�ZHUH�SUHSDUHG�DQG�DQDO\]HG�ZLWK�JDV�FKURPDWRJUDSK\�FRXSOHG�

ZLWK�DQ�HOHFWURQ�FDSWXUH�GHWHFWRU�DQG�JDV�FKURPDWRJUDSK\�FRXSOHG�ZLWK�D�PDVV�VSHFWURPHWHU���,Q�

D�VHFRQG�H[SHULPHQW��WHUPHG�D�µELRPLPHWLF¶�H[SHULPHQW�������PLOOLPROHV�%'(������%'(�����RU�

%'(����ZHUH�PL[HG�ZLWK�����PLOOLPROHV�WLWDQLXP�FLWUDWH�DQG�����PLOOLPROHV�9LWDPLQ�%���LQ�

�����PROHV�EXIIHU�VROXWLRQ���7KH�ILQDO�WRWDO�YROXPH�ZDV����P/���7KH�DXWKRUV�QRWHG�WKDW�WLWDQLXP�

FLWUDWH�LV�DQ�HOHFWURQ�GRQDWLQJ�UHGXFLQJ�DJHQW���5HGXFWLYH�GHEURPLQDWLRQ�ZDV�HQKDQFHG�LQ�WKH�

ELRPLPHWLF�H[SHULPHQW��%'(�����FRPSOHWHO\�GHEURPLQDWHG�ZLWKLQ����KRXUV��IRUPLQJ�

ORZHU�EURPLQDWHG�FRQJHQHUV�%'(�����%'(�����%'(�����DQG�%'(�������,Q�WKH�DQDHURELF�

VHGLPHQW�PLFURFRVP�H[SHULPHQWV��%'(�����PRUH�VORZO\�GHEURPLQDWHG�WKURXJK�UHGXFWLYH�

GHEURPLQDWLRQ���7KH�DXWKRUV�FDOFXODWHG�WKDW�WKH�GHJUDGDWLRQ�KDOI�OLIH�RI�%'(�����LQ�WKH�OLYH�

PLFURFRVPV�UDQJHG�IURP���WR����\HDUV��ZLWK�DQ�DYHUDJH�RI�MXVW�RYHU����\HDUV����

5D\QH�HW�DO�������D��GHPRQVWUDWHG�WKH�LQ�YLWUR�DQDHURELF�PLFURELDO�UHGXFWLYH�

GHEURPLQDWLRQ�RI�%'(������$�QRQGLIIHUHQWLDWHG�DQDHURELF�EDFWHULXP�IURP�WKH�LQ�VLWX�UHPHGLDWLRQ�

RI�FRQWDPLQDQWV�LQ�D�SROOXWHG�ULYHU�V\VWHP�ZDV�FRORQL]HG�E\�SDVVLQJ�FRQWDPLQDWHG�ZDWHU�WKURXJK�

D�ELRUHDFWRU���5HGXFWLYH�GHEURPLQDWLRQ�RI�%'(����RFFXUUHG�LQ�YLWUR�DW�K\GUDXOLF�UHWHQWLRQ�WLPHV�

RI�����DQG�����KRXUV�LQ�D�IL[HG�ILOP��SOXJ�IORZ�ELRORJLFDO�UHDFWRU���7KH�SURGXFWV�IRUPHG�ZHUH�

%'(������PRQR%'(��DQG�QRQVXEVWLWXWHG�GLSKHQ\O�HWKHU��

�

������ ,Q�9LYR�0HWDEROLF�'HEURPLQDWLRQ�LQ�$QLPDOV�
2QFH�DEVRUEHG�LQWR�DQ�RUJDQLVP��PHWDEROLF�SURFHVVHV�FDQ�EUHDN�GRZQ�3%'(V���7KHUH�LV�D�

JURZLQJ�ERG\�RI�VFLHQWLILF�HYLGHQFH�WR�VXJJHVW�WKDW�FHUWDLQ�IUHVKZDWHU�DQG�PDULQH�ILVK�VSHFLHV�
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DQG�PDULQH�PDPPDOV�DUH�FDSDEOH�RI�PHWDEROLFDOO\�GHEURPLQDWLQJ�3%'(�FRQJHQHUV�LQ�YLYR���7KLV�

VHFWLRQ�LV�DQ�RYHUYLHZ�RI�DYDLODEOH�LQIRUPDWLRQ�RQ�GHEURPLQDWLRQ�LQ�ZLOGOLIH���

 
�������� (YLGHQFH�IRU �'HEURPLQDWLRQ�LQ�)LVK�

&HUWDLQ�ILVK�VSHFLHV�KDYH�WKH�FDSDFLW\�WR�GHEURPLQDWH�3%'(�FRQJHQHUV�LQ�YLYR���7KLV�

LQYROYHV�WKH�UHPRYDO�RI�EURPLQH�DWRPV�LQ�WKH�SDUD�DQG�PHWD�SRVLWLRQV�RI�D�KLJKHU�PROHFXODU�

ZHLJKW�3%'(�FRQJHQHU�WR�IRUP�ORZHU�EURPLQDWHG�3%'(�FRPSRXQGV���'HEURPLQDWLRQ�DSSHDUV�WR�

PDLQO\�WUDQVSLUH�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW�DQG�OLYHU��DQG�E\�RQH�RI�WKUHH�SRVVLEOH�SDWKZD\V��WKH�

GHLRGLQDVH�WK\URLG�KRUPRQH�UHJXODWLQJ�HQ]\PHV��6WDSOHWRQ�HW�DO�������D��7RP\�HW�DO����������

HQGRJHQRXV�PLFURELDO�DFWLYLW\�LQ�WKH�JXW��6WDSOHWRQ�HW�DO����������RU�WKH�HQ]\PHV�RI�WKH�

PLFURVRPDO�PRQR�R[\JHQDVH�V\VWHP��6WDSOHWRQ�HW�DO�����������,W�LV�QRW�NQRZQ�ZKHWKHU�DOO�ILVK�

KDYH�WKH�PHWDEROLF�FDSDFLW\�WR�ELRWUDQVIRUP�3%'(V��QRU�LV�LW�NQRZQ�ZKHWKHU�WKH�UDWH�RI�

GHEURPLQDWLRQ�RI�3%'(V�YDULHV�DPRQJ�ILVK�VSHFLHV��

/DERUDWRU\�VWXGLHV�RI�UDLQERZ�WURXW��ODNH�WURXW��DQG�FDUS��LQYROYLQJ�ILVK�IRRG�VSLNHG�ZLWK�

SXUH�%'(������KDYH�FOHDUO\�VKRZQ�DFFXPXODWLRQ�RI�ORZHU�EURPLQDWHG�%'(�FRQJHQHUV�QRW�

LQLWLDOO\�SUHVHQW�LQ�WKH�IHHG���7KLV�HYLGHQFH�LV�VXJJHVWLYH�RI�PHWDEROLF�V\QWKHVLV�RI�

ORZHU�EURPLQDWHG�FRQJHQHUV�WKURXJK�GHEURPLQDWLRQ�RI�%'(������6WDSOHWRQ�HW�DO���������

����D��E��7RP\�HW�DO���������.LHUNHJDDUG�HW�DO������������

7KH�SRVVLELOLW\�WKDW�PHWDEROLF�GHEURPLQDWLRQ�RI�GHFD%'(�PD\�EH�RFFXUULQJ�LQ�ILVK�ZDV�

LQLWLDOO\�REVHUYHG�LQ�WKH�ODWH�����V�LQ�DQ�LQ�YLYR�UDLQERZ�WURXW�VWXG\��.LHUNHJDDUG�HW�DO�����������

,Q�WKLV�VWXG\��UDLQERZ�WURXW�ZHUH�IHG�ILVK�IRRG�VSLNHG�ZLWK����í���PJ�RI�GHFD%'(�NJ�RI�ERG\�

ZHLJKW�GD\�IRU���������RU�����GD\V���0XVFOH�WLVVXHV�DQG�OLYHUV�IURP�H[SRVHG�ILVK�DQG�FRQWUROV�

ZHUH�DQDO\]HG�VHSDUDWHO\�IRU�3%'(���3UHIHUHQWLDO�DFFXPXODWLRQ�RI�3%'(�LQ�WKH�OLYHU�ZDV�

REVHUYHG�RYHU�WKH�����GD\�VWXG\�SHULRG���'XH�WR�D�ODFN�RI�SXUH�DQDO\WLFDO�VWDQGDUGV�IRU�WKH�%'(�

FRQJHQHUV��LW�ZDV�QRW�SRVVLEOH�WR�LGHQWLI\�VSHFLILF�%'(�FRQJHQHU�SUHVHQW�LQ�WKH�ILVK��RQO\�

DQDO\VLV�RI�KRPRORJXH�JURXSV�ZDV�SRVVLEOH���+RZHYHU��KH[D%'(�DQG�WKH�ILUVW�HOXWLQJ�RFWD%'(�

FRQJHQHUV�ZHUH�LGHQWLILHG�DV�SRVVLEOH�SURGXFWV�RI�PHWDEROLF�GHEURPLQDWLRQ�RI�GHFD%'(��EHFDXVH�

WKHVH�FRQJHQHUV�ZHUH�DEVHQW�LQ�ERWK�WKH�VSLNHG�ILVK�IRRG�DQG�WKH�FRQWURO�ILVK���(DUO\�VXJJHVWLRQ�

RI�WKH�SRWHQWLDO�IRU�GHEURPLQDWLRQ�RI�3%'(V�WR�RFFXU�LQ�ILVK�SURPSWHG�IXUWKHU�LQ�YLYR�VWXGLHV��

7RP\�HW�DO���������LQYHVWLJDWHG�WKH�FDSDFLW\�RI�MXYHQLOH�ODNH�WURXW�WR�GHEURPLQDWH�D�EURDG�

UDQJH�RI�%'(�FRQJHQHUV���7KH�ILVK�ZHUH�H[SRVHG�LQ�DTXDULD�WR�NQRZQ�DPRXQWV�RI����%'(�
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FRQJHQHUV�VSLNHG�RQWR�ILVK�IRRG���7KH�%'(�FRQJHQHUV�LQFOXGHG�%'(�����%'(�����%'(�����

%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������%'(������%'(������DQG�

%'(�������7KH�GXUDWLRQ�RI�GLHWDU\�H[SRVXUH�WR�WKH�VSLNHG�IRRG�ZDV�IRU����GD\V��IROORZHG�E\�

����GD\V�RI�GHSXUDWLRQ���)LYH�ILVK�ZHUH�VDFULILFHG��DQG�WLVVXHV�ZHUH�VDPSOHG�RQ�'D\V���������������

DQG����RI�WKH�SHULRG�RI�IHHGLQJ�DQG�RQ�'D\V����������������DQG�����RI�WKH�GHSXUDWLRQ�SHULRG���7KH�

VWURQJHVW�HYLGHQFH�IURP�WKLV�VWXG\�IRU�WKH�GHEURPLQDWLRQ�RI�KLJKHU�PROHFXODU�ZHLJKW�%'(�

FRQJHQHUV�LQ�ODNH�WURXW�FRPHV�IURP�WKH�FRPSDULVRQ�RI�SDWWHUQV�RI�%'(�FRQJHQHUV�SUHVHQW�LQ�

XQWUHDWHG�ILVK�WLVVXHV�WR�FRQJHQHUV�SUHVHQW�LQ�WKH�VSLNHG�ILVK�IRRG���7KH�SUHVHQFH�RI�RQH�SHQWD��DQ�

XQLGHQWLILHG�FRQJHQHU��DQG�WZR�KH[D%'(V��%'(�����DQG�DQ�XQLGHQWLILHG�KH[D%'(��LQ�WKH�ILVK�

WLVVXHV�VHUYHG�DV�DQ�LQGLFDWRU�RI�WKH�RFFXUUHQFH�RI�LQ�YLYR�GHEURPLQDWLRQ��EHFDXVH�WKHVH�%'(�

FRQJHQHUV�ZHUH�DEVHQW�LQ�ERWK�WKH�ILVK�IRRG�DQG�LQ�WKH�WLVVXHV�IURP�WKH�FRQWURO�JURXS���,W�ZDV�

SURSRVHG�WKDW�%'(�����ZDV�GLUHFWO\�IRUPHG�IURP�WKH�PHWDEROLF�GHEURPLQDWLRQ�RI�%'(�������

(YLGHQFH�IRU�WKLV�LV�WKDW�WKH�EURPLQH�VXEVWLWXWLRQ�SDWWHUQ�RI�%'(�����FRXOG�QRW�KDYH�EHHQ�

GHULYHG�IURP�WKH�VXEVWLWXWLRQ�SDWWHUQ�RI�WKH�RWKHU�WZR�KLJKHU�EURPLQDWHG�FRQJHQHUV�WHVWHG��H�J���

%'(�����RU�%'(���������

� &RPPRQ�FDUS�WKDW�ZHUH�IHG�D�GLHW�VSLNHG�ZLWK�HLWKHU�%'(����RU�%'(�����IRU����GD\V�

VKRZHG�VLJQLILFDQW�LQ�YLYR�GHEURPLQDWLRQ�RI�ERWK�%'(�FRQJHQHUV��6WDSOHWRQ�HW�DO�����������

6L[�H[SHULPHQWDO�DQG�WZR�FRQWURO�JURXSV�����ILVK�WR�D�JURXS��ZHUH�IHG�VSLNHG�RU�FOHDQ�ILVK�

SHOOHWV��UHVSHFWLYHO\���2QH�ILVK�IURP�HDFK�WDQN�ZDV�VDPSOHG�RQ�'D\V���������������������������DQG�

GXULQJ����GD\V�RI�GHSXUDWLRQ�IROORZLQJ�GLHWDU\�H[SRVXUH�WR�%'(V���7KH�JDVWURLQWHVWLQDO�WLVVXHV�

DQG�OLYHU�ZHUH�GLVVHFWHG�IURP�WKH�ILVK�DQG�DQDO\]HG�IRU�%'(V�DV�ZDV�WKH�UHPDLQLQJ�KRPRJHQL]HG�

ILVK�VDPSOH���%'(����ZDV�GHEURPLQDWHG�ZLWKLQ�FDUS�WLVVXHV��JDVWURLQWHVWLQDO�WUDFW�DQG�OLYHU��WR�

%'(����DW�D�UDWH�RI������������RI�WKH�%'(����GLHWDU\�FRQFHQWUDWLRQV���%'(����ZDV�GHWHFWHG�LQ�

ORZ�FRQFHQWUDWLRQV�LQ�FDUS�WLVVXHV�IURP�H[SRVXUH�'D\V����WR�����VXJJHVWLQJ�WKDW�%'(����ZDV�

IXUWKHU�GHEURPLQDWHG��DOWKRXJK�WKLV�ZDV�QRW�SURYHQ���%'(�����ZDV�GHEURPLQDWHG�WR�%'(�����

DQG�DQRWKHU�XQLGHQWLILHG�KH[D%'(�FRQJHQHU���7KH�UDWH�RI�ELRWUDQVIRUPDWLRQ�WR�KH[D%'(�

FRQJHQHUV�ZDV�HVWLPDWHG�WR�EH�����������RI�WKH�%'(�����GLHWDU\�FRQFHQWUDWLRQV���7KH�VLWH�RI�

GHEURPLQDWLRQ�ZDV�WKH�LQWHVWLQDO�WUDFW���7KH�DXWKRUV�SRVWXODWHG�WKDW�WKH�PHWDEROLF�GHEURPLQDWLRQ�

RI�%'(����DQG�%'(�����FRXOG�EH�PHGLDWHG�E\�HLWKHU�LQWHVWLQDO�PLFURIORUD��DQG�RU�E\�

HQGRJHQRXV�HQ]\PH�V\VWHPV�VXFK�DV�WKH�KHSDWLF�PRQR�R[\JHQDVH�HQ]\PHV��
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6WDSOHWRQ�HW�DO�������D��SURYLGHG�DGGLWLRQDO�FRQILUPDWLRQDO�HYLGHQFH�RI�PHWDEROLF�

GHEURPLQDWLRQ�RI�%'(�����LQ�ILVK���6L[W\�MXYHQLOH�UDLQERZ�WURXW�ZHUH�UDQGRPO\�SODFHG�LQ�

DTXDULD�KROGLQJ����ILVK�HDFK��ZLWK�RQH�DTXDULXP�FRQWDLQLQJ�D�FRQWURO�JURXS����7KH�H[SRVHG�ILVK�

ZHUH�IHG�ILVKPHDO�VSLNHG�ZLWK���������QJ�%'(�����J�ZZW�IRU�D�SHULRG�RI���PRQWKV��ZKLFK�LV�

HTXLYDOHQW�WR�D�GRVH�RI������J�%'(�����NJ�ERG\�ZHLJKW�GD\���$IWHU���PRQWKV�RI�H[SRVXUH��WKH�

ILVK�ZHUH�VDFULILFHG��DQG�IUHVK�EORRG�ZDV�GUDZQ�IURP�WKH�GRUVDO�DRUWD���/LYHUV�ZHUH�UHPRYHG�DQG�

DQDO\]HG�IRU�3%'(�FRQJHQHUV�DQG�DVVD\HG�IRU�PLFURVRPDO�DFWLYLW\���$SSUR[LPDWHO\���������QJ�

%'(�����J�ZZW�3%'(V�DFFXPXODWHG�LQ�WKH�ILVK�OLYHU�GXULQJ�WKH�H[SHULPHQW��LQGLFDWLQJ�WKDW�WKH�

OLYHU�ZDV�WKH�SULPDU\�DFFXPXODWLQJ�WLVVXH���,Q�WKH�SRROHG�VHUXP��FROOHFWHG�SULRU�WR�WKH�

H[SHULPHQW��LW�ZDV�GHWHUPLQHG�WKDW�%'(�����DYHUDJHG������QJ�J�VHUXP��ZKHUHDV�GXULQJ�WKH�

H[SHULPHQW��WKH�FRQFHQWUDWLRQ�LQ�SRROHG�EORRG�UDQJHG�IURP���í���QJ�J�VHUXP���6WHDG\�VWDWH�

VHUXP�FRQFHQWUDWLRQV�ZHUH�DFKLHYHG�LQ�WKH�ODVW���PRQWKV�RI�WKH�H[SHULPHQW���'HEURPLQDWLRQ�ZDV�

REVHUYHG�ZLWK�WKH�DSSHDUDQFH�RI�ORZHU�EURPLQDWHG�FRQJHQHUV�WKDW�LQFUHDVHG�LQ�FRQFHQWUDWLRQ�LQ�

WKH�ILVK�WLVVXHV�WKURXJKRXW�WKH�H[SRVXUH�SHULRG���7KUHH�QRQD%'(��VL[�RFWD%'(��DQG�IRXU�

KHSWD%'(�FRQJHQHUV�ZHUH�SUHVHQW�LQ�WKH�H[SRVHG�ILVK�WLVVXHV�WKDW�ZHUH�QRW�SUHVHQW�LQ�WKH�VSLNHG�

IRRG�PL[WXUH���+LJK�UHVROXWLRQ�*&�06�FRQILUPHG�WKH�LGHQWLILFDWLRQ�RI�WKH�IROORZLQJ�%'(�

FRQJHQHUV�LQ�WKH�ILVK�WLVVXH��%'(������%'(������%'(������%'(������DQG�%'(�������:KLOH�

%'(�����DQG�%'(�����LQLWLDOO\�LQFUHDVHG�LQ�WLVVXH�FRQFHQWUDWLRQ��FRQFHQWUDWLRQV�GHFUHDVHG�RYHU�

WKH�ODVW���PRQWKV�RI�WKH�H[SRVXUH�SHULRG���7KH�DXWKRUV�VSHFXODWHG�WKDW�WKH�%'(�����DQG�%'(�����

FRQWLQXHG�WR�EH�PHWDEROL]HG��DOEHLW��WKH�VWXG\�GLG�QRW�LGHQWLI\�VSHFLILF�PHWDEROLWHV���$�PDVV�

EDODQFH�E\�6WDSOHWRQ�HW�DO�������D��LQGLFDWHG�WKDW�GHEURPLQDWLRQ�RI�%'(�����WR�OHVV�EURPLQDWHG�

FRQJHQHUV�RFFXUUHG�LQ�ILVK�OLYHU�DQG�WKH�PHWDEROLWHV�ZHUH�VXEVHTXHQWO\�WUDQVSRUWHG�WKURXJKRXW�

WKH�ERG\�E\�PHDQV�RI�WKH�FLUFXODWRU\�V\VWHP��

� ,Q�VXPPDU\��IRXU�PDMRU�ILVK�IHHGLQJ�VWXGLHV�KDYH�GHPRQVWUDWHG�WKH�SRWHQWLDO�IRU�LQ�YLYR�

GHEURPLQDWLRQ�RI�3%'(V���7KH�KLJKHU�EURPLQDWHG�%'(�����DQG�WKH�GHFD%'(�FRPPHUFLDO�

IRUPXODWLRQ�KDYH�EHHQ�VXFFHVVIXOO\�GHEURPLQDWHG�WKURXJK�D�PHWDEROLF�SDWKZD\�LQ�ILVK���7KH�

H[DFW�PHFKDQLVP�UHPDLQV�XQNQRZQ���&XUUHQW�WKHRU\�VXJJHVWV�WKDW�HQ]\PHV�LQYROYHG�LQ�WK\URLG�

KRUPRQH�FDWDEROLVP��DV�ZHOO�DV�KHSDWLF�HQ]\PHV��PD\�SOD\�D�UROH�LQ�WKH�ELRWUDQVIRUPDWLRQ�RI�WKH�

KLJKHU�EURPLQDWHG�VSHFLHV�WR�ORZHU�EURPLQDWHG�FRQJHQHUV���,W�LV�QRW�FOHDU�ZKHWKHU�DOO�ILVK�

VSHFLHV��ERWK�PDULQH�DQG�IUHVKZDWHU��KDYH�WKH�LQQDWH�SURSHQVLW\�IRU�ELRWUDQVIRUPLQJ�3%'(��EXW�

GHEURPLQDWLRQ�RI�3%'(V�KDV�EHHQ�REVHUYHG�LQ�MXYHQLOH�UDLQERZ�WURXW��MXYHQLOH�ODNH�WURXW��DQG�
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FRPPRQ�FDUS��DOO�RI�ZKLFK�DUH�IUHVKZDWHU�VSHFLHV����,W�VHHPV�WKDW�EURPLQH�DWRPV�LQ�WKH�PHWD�

SRVLWLRQV��SRVLWLRQV���DQG��¶��RQ�WKH�%'(�PROHFXOH�DUH�PRVW�HDVLO\�UHPRYHG���/D�*XDUGLD�HW�DO��

�������SURYLGH�HYLGHQFH�WKDW�GHEURPLQDWLRQ�LQ�ILVK�DQG�FUXVWDFHDQV�RFFXUV�LQ�WKH�QDWXUDO�

HQYLURQPHQW�RXWVLGH�RI�ODERUDWRU\�FRQGLWLRQV���/D�*XDUGLD�HW�DO���������FRPSDUHG�WKH�3%'(�

FRQJHQHU�SURILOHV�LQ�WKH�VHGLPHQWV�QHDU�WKH�RXWIDOO�RI�D�VHZDJH�WUHDWPHQW�SODQW�ZLWK�WKH�3%'(�

SURILOHV�IRXQG�LQ�WKH�WLVVXHV�RI�VXQILVK��/HSRPLV�JLEERVXV���FUHHN�FKXE��6HPRWLOXV�

DWURPDFXODWXV���DQG�FUD\ILVK��&DPEDUXV�SXQFWLFDPEDUXV����6LPLODU�%'(�FRQJHQHU�SURILOHV�ZHUH�

REVHUYHG�LQ�WKH�VHZDJH�WUHDWPHQW�SODQW�VOXGJH��WKH�VXUILFLDO�VHGLPHQWV�DW�WKH�RXWIDOO�RI�WKH�

ZDVWHZDWHU�GLVFKDUJH��DQG�GRZQVWUHDP�IURP�WKH�VHZDJH�WUHDWPHQW�SODQW���7UL�WKURXJK�GHFD%'(�

FRQJHQHUV�ZHUH�GHWHFWHG�LQ�WKH�VDPSOHV��ZLWK�%'(�����GRPLQDWLQJ�WKH�VHGLPHQWV���7KH�UHVLGHQW�

VXQILVK�WLVVXHV�FRQWDLQHG�%'(�����DQG�DOVR�FRQJHQHUV�QRW�SUHVHQW�LQ�WKH�VHZDJH�VOXGJH�DQG�

VHGLPHQWV���7KHVH�ZHUH�WZR�RFWD��%'(������%'(������DQG�WKUHH�KHSWD��%'(������%'(������DQG�

%'(������FRQJHQHUV���/D�*XDUGLD�HW�DO���������SURSRVHG�WKDW�WKH�SUHVHQFH�RI�WKHVH�FRQJHQHUV�LQ�

WKH�6XQILVK�ZDV�VXJJHVWLYH�RI�LQ�YLYR�V\QWKHVLV�IURP�WKH�PHWDEROLF�GHEURPLQDWLRQ�IURP�

%'(��������

�

�������� (YLGHQFH�IRU �'HEURPLQDWLRQ�LQ�5DWV�
,Q�YLYR�GHEURPLQDWLRQ�RI�3%'(V�KDV�EHHQ�REVHUYHG�LQ�D�UDW�IHHGLQJ�VWXG\���+XZH�DQG�

6PLWK��������IRXQG�HYLGHQFH�RI�WKH�PHWDEROLF�GHEURPLQDWLRQ�RI�%'(�����LQ�PDOH�

6SUDJXH�'DZOH\�UDWV�IHG�D�FRPPHUFLDO�IRUPXODWLRQ�RI�GHFD%'(��������%'(��������2WKHU�

FRQJHQHUV�GHWHFWHG�LQ�WKH�IRUPXODWLRQ�LQFOXGHG�QRQD%'(V��RFWD%'(V��DQG�D�WUDFH�RI�%'(�������

'HFD%'(�ZDV�PL[HG�LQ�FRUQ�RLO�WR�D�FRQFHQWUDWLRQ�RI�������J�RI�%'(�����P/�RI�RLO���(LJKWHHQ�

UDWV�ZHUH�IHG�DQ�RUDO��GDLO\�GRVH�RI������J�LQ������/�RI�RLO�UDW��HTXLYDOHQW�WR������J�J�GD\�RI�WKH�

WRWDO�GLHW��IRU�D�SHULRG�RI����GD\V���$�FRQWURO�JURXS�ZDV�IHG�WKH�VWDQGDUG�UDW�GLHW�RYHU�WKH�VDPH�

SHULRG���([SHULPHQWDO�UDWV�ZHUH�VDFULILFHG�LQ�JURXSV�RI�WKUHH�RQ�'D\V������������������DQG�����

IROORZLQJ�WKH�FHVVDWLRQ�RI�GRVLQJ�ZLWK�%'(�������3ULRU�WR�VDFULILFH��GDLO\�VDPSOHV�RI�XULQH�DQG�

IHFHV�ZHUH�FROOHFWHG�IURP�DOO�UDWV���$IWHU�VDFULILFH��VDPSOHV�RI�WKH�EORRG��SODVPD���WKH�OLYHU��WKH�

JDVWURLQWHVWLQDO�WUDFW��DQG�WKH�UHPDLQLQJ�FDUFDVV�ZHUH�FROOHFWHG�IURP�HDFK�UDW�DQG�KRPRJHQL]HG�

SULRU�WR�VDPSOH�DQDO\VLV�E\�DQ�LVRWRSH�GLOXWLRQ�*&�06�PHWKRG���%'(������QRQD%'(��DQG�

RFWD%'(�FRQJHQHUV�ZHUH�IRXQG�WR�DFFXPXODWH�LQ�WKH�UDW�OLYHU�RI�WKH�GRVHG�DQLPDOV�DW�DPRXQWV�

WKDW�ZHUH��í��WLPHV�KLJKHU�WKDQ�LQ�RWKHU�WLVVXHV���(YLGHQFH�RI�PHWDEROLF�GHEURPLQDWLRQ�RI�
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%'(�����WR�ORZHU�FRQJHQHUV�ZDV�REVHUYHG�IURP�DQ�DSSDUHQW������LQFUHDVH�LQ�WKH�WLVVXH�

FRQFHQWUDWLRQ�RI�%'(������%'(������DQG�%'(�����DV�FRPSDUHG�WR�OHYHOV�LQ�WKH�IHHG���+XZH�DQG�

6PLWK��������SRVWXODWHG�WKDW�WKH�SRVVLEOH�IRUPDWLRQ�RI�%'(�����DQG�%'(�����UHVXOWHG�IURP�

UHPRYDO�RI�EURPLQH�DWRPV�IURP�WKH�PHWD�SRVLWLRQV�RQ�WKH�%'(�����PROHFXOH���7KH�IRUPDWLRQ�RI�

%'(�����ZDV�SRVWXODWHG�WR�RFFXU�IURP�WKH�GHEURPLQDWLRQ�DORQJ�SDUD�DQG�PHWD�SRVLWLRQV�RI�WKH�

%'(�����PROHFXOH��

7KH�UDW�PD\�VHUYH�DV�DQ�LQGLFDWLRQ�RI�WKH�SRVVLELOLW\�WKDW�PHWDEROLF�GHEURPLQDWLRQ�RI�

%'(�FRQJHQHUV�RFFXUV�JHQHUDOO\�LQ�PDPPDOV��LQFOXGLQJ�KXPDQV���+RZHYHU��WKLV�UHPDLQV�WR�EH�

SURYHQ��

�

�������� (YLGHQFH�IRU �'HEURPLQDWLRQ�LQ�%LUGV�
7KHUH�LV�HYLGHQFH�IRU�WKH�PHWDEROLF�GHEURPLQDWLRQ�RI�3%'(V�LQ�FKLFNHQV��3LUDUG�DQG�

3DXZ��������DQG�VWDUOLQJV��9DQ�GHQ�6WHHQ�HW�DO�����������3LUDUG�DQG�3DXZ��������IHG�VHYHQ 

6H[DOLQH�KHQV�D�GLHW�FRQWDLQLQJ�����PJ�NJ�SHQWD%'(�IRUPXODWLRQ��'H�����*UHDW�/DNHV�

&KHPLFDOV��IRU����ZHHNV���(JJ�VDPSOHV�DQG�GDLO\�H[FUHWD�VDPSOHV�ZHUH�FROOHFWHG�GXULQJ�WKH�

H[SHULPHQW���$W�WKH�HQG�RI����ZHHNV��WKH�KHQV�ZHUH�VDFULILFHG��DQG�VDPSOHV�RI�IDW�DQG�OLYHU�ZHUH�

WDNHQ�IRU�FKHPLFDO�DQDO\VLV���:LWK�UHJDUG�WR�WLVVXH�DQG�HJJ�GLVWULEXWLRQV����������������DQG�

������QJ�J�OLSLG�DGMXVWHG�WRWDO�3%'(V�ZHUH�GHWHFWHG�LQ�WKH�OLYHU��DGLSRVH�WLVVXH��DQG�HJJV��

UHVSHFWLYHO\���3LUDUG�DQG�3DXZ��������GHULYHG�%&)V�IRU�VHOHFW�%'(�FRQJHQHUV�E\�GLYLGLQJ�WKH�

FRQJHQHU�FRQFHQWUDWLRQV�GHWHFWHG�LQ�DEGRPLQDO�FKLFNHQ�IDW�WR�WKH�FRQJHQHU�FRQFHQWUDWLRQV�LQ�WKH�

FKLFNHQ�IHHG���7KH�HVWLPDWHG�%&)V�ZHUH�DV�IROORZV��%'(���� ������%'(����� ������

%'(���� ������%'(����� ������%'(����� ������DQG�%'(����� �������7KH�DXWKRUV�LQYHVWLJDWHG�

DEVRUSWLRQ�H[FUHWLRQ�SHUFHQWDJHV�RI�%'(�FRQJHQHUV�H[FUHWHG�E\�WKH�VHFRQG�ZHHN�RI�GRVLQJ���

+LJKHU�SURSRUWLRQV�RI�ORZHU�EURPLQDWHG�FRPSRXQGV��L�H���%'(�����%'(������DQG�%'(������ZHUH�

IRXQG�LQ�FKLFNHQ�H[FUHWD�FRPSDUHG�WR�KH[D��DQG�KHSWD%'(V���3LUDUG�DQG�3DXZ��������SRVWXODWHG�

WKDW�EHFDXVH�LW�ZDV�XQOLNHO\�WKDW�WKH�KLJK�DPRXQW�RI�%'(����IRXQG�LQ�H[FUHWD�FDPH�IURP�WKH�

IUDFWLRQ�XQDEVRUEHG�LQ�WKH�LQWHVWLQDO�WUDFW��WKH�H[FHVV�%'(����LQ�FKLFNHQ�H[FUHWD�ZDV�HYLGHQFH�RI�

IRUPDWLRQ�IURP�WKH�UHGXFWLYH�PHWDEROLF�GHEURPLQDWLRQ�RI�FRQJHQHUV�%'(����DQG�%'(�������7KH�

DXWKRUV�IXUWKHU�VSHFXODWHG�WKDW�%'(�����FRXOG�EH�GHEURPLQDWHG�WR�IRUP�%'(����DQG�%'(�����

FRXOG�EH�GHEURPLQDWHG�WR�IRUP�%'(����DQG�%'(����� 
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9DQ�GHQ�6WHHQ�HW�DO���������VWXGLHG�VWDUOLQJV�IRU�WKH�ELRDFFXPXODWLRQ�DQG�WLVVXH�

GLVWULEXWLRQ�RI�%'(�������)RXU�DGXOW�PDOH�VWDUOLQJV�ZHUH�KRXVHG�LQ�D�ODUJH�RXWGRRU�DYLDU\�DQG�

H[SRVHG�WR�D�VROXWLRQ�RI�%'(�����LQ�SHDQXW�RLO�WKURXJK�D�VLODVWLF�WXEH�LPSODQW���7KH�H[SRVHG�

JURXS�UHFHLYHG�DQ�LPSODQWDWLRQ�GRVH�RI�������J�%'(�����GD\�IRU����GD\V��DQG�D�FRQWURO�JURXS�

�Q� ����UHFHLYHG�DQ�LPSODQW�ILOOHG�ZLWK�XQIRUWLILHG�SHDQXW�RLO�RYHU�WKH�VDPH�WLPH�IUDPH���'XULQJ�

WKH�H[SRVXUH�SHULRG�������/�RI�EORRG�ZDV�WDNHQ�IURP�HDFK�ELUG�HYHU\��í��GD\V���)ROORZLQJ�WKH�

H[SRVXUH�SHULRG��WKH�H[SHULPHQWDO�ELUGV�ZHUH�HXWKDQL]HG��DQG�WKH�SHFWRUDO�PXVFOH�DQG�ELUG�OLYHU�

ZHUH�H[FLVHG�IRU�DQDO\VLV�RI�%'(�������,W�ZDV�IRXQG�IURP�DQDO\]LQJ�WKH�VLODVWLF�WXEHV�WKDW�RQO\�

����RI�WKH�WRWDO�GRVH�RI�%'(�����GLIIXVHG�IURP�WKH�VLODVWLF�WXEH�LPSODQW�LQWR�WKH�ELUG���7KH�

KDOI�OLIH�RI�%'(�����LQ�WKH�EORRG�RI�WKH�VWDUOLQJV�ZDV�HVWLPDWHG�WR�EH����GD\V������FRQILGHQFH�

LQWHUYDO�����WR����GD\V����%'(�����DFFXPXODWHG�LQ�PXVFOH�WLVVXH�DW�D�UDWH�WZRIROG�KLJKHU�WKDQ�LQ�

OLYHU�H[SODLQHG�E\�WKH�KLJKHU�PHWDEROLF�DFWLYLW\�RI�WKH�OLYHU���,Q�DGGLWLRQ�WR�%'(������RWKHU�%'(�

FRQJHQHUV�ZHUH�GHWHFWHG�LQ�ELUG�WLVVXHV���7KH�GHWHFWLRQ�RI�VXEVWDQWLDO�DPRXQWV�RI�%'(�FRQJHQHUV�

%'(������%'(������%'(������%'(������%'(������DQG�%'(�����LQ�OLYHU�DQG�PXVFOH�ZDV�

HYLGHQFH�RI�PHWDEROLF�GHEURPLQDWLRQ�RI�GHFD%'(�LQ�DYLDQ�WLVVXHV��9DQ�GHQ�6WHHQ�HW�DO������������

�

�������� (YLGHQFH�IRU �'HEURPLQDWLRQ�LQ�+RXVH�&DWV�
� '\H�HW�DO���������UHSRUWHG�RQ�WKH�SRVVLEOH�PHWDEROLF�GHEURPLQDWLRQ�RI�3%'(�LQ�KRXVH�

FDWV���7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�LQFLGHQFH�RI�

IHOLQH�K\SHUWK\URLGLVP�LQ�FDWV�DQG�WKH�GLHWDU\�LQJHVWLRQ�RI�GU\�FDW�IRRG�FRQWDPLQDWHG�ZLWK�3%'(�

LQ�DGGLWLRQ�WR�LQJHVWLRQ�RI�3%'(�FRQWDPLQDWHG�KRXVH�GXVW���7KH�FRQJHQHUV�%'(�����%'(�����

%'(������DQG�%'(�����ZHUH�PRVW�IUHTXHQWO\�GHWHFWHG�LQ�EORRG�VHUXP�RI����H[SRVHG�FDWV�DQG�

ZHUH�UHODWHG�WR�WKHLU�GLHWDU\�LQWDNH���7KH�FDWV�FRQVXPLQJ�RQO\�FDQQHG�ZHW�FDW�IRRG��PRVWO\�

FRPSRVHG�RI�ILVK���Q� ����KDG�UHODWLYHO\�OLWWOH�%'(�����RU�%'(�����SUHVHQW�LQ�VHUXP���%'(����

DQG�%'(����ZHUH�SUHVHQW�LQ�WKH�KLJKHVW�FRQFHQWUDWLRQV�LQ�WKH�VHUXP�RI�FDQQHG�IRRG�HDWHUV���

&RQYHUVHO\��LQ�FDWV�FRQVXPLQJ�RQO\�GU\�IRRG��Q� �����%'(�����GRPLQDWHG��DQG�WKH�GHWHFWHG�

FRQJHQHUV�KDG�WKH�IROORZLQJ�GLVWULEXWLRQ��%'(�����!�%'(�����!�%'(����!�%'(������7KH�

UHPDLQLQJ�FDWV�WKDW�FRQVXPHG�ERWK�IRRG�W\SHV��Q� �����H[KLELWHG�D�PL[�RI�%'(�FRQJHQHUV�LQ�

VHUXP�ZLWK�QR�RQH�FRQJHQHU�GRPLQDWLQJ�WKH�RWKHUV����

7KH�HYLGHQFH�IRU�SRVVLEOH�PHWDEROLF�GHEURPLQDWLRQ�RI�%'(�����LQ�KRXVH�FDWV�VWHPPHG�

IURP�D�FRPSDULVRQ�RI�WKH�%'(�FRQJHQHU�GLVWULEXWLRQV�SUHVHQW�LQ�VHUXP�WR�WKH�%'(�FRQJHQHUV�
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SURILOHV�LQ�WKH�GU\�DQG�ZHW�FDW�IRRG���7KH�FRQWDPLQDWLRQ�RI�3%'(V�LQ�GU\�FDW�IRRG�UHIOHFWHG�WKH�

FRQJHQHU�SURILOH�RI�GHFD%'(��ZLWK�%'(�����UHSUHVHQWLQJ���í����RI�WRWDO�3%'(�SUHVHQW�LQ�WKH�

IHHG���%HFDXVH�RI�WKH�KLJK�FRQWHQW�RI�%'(�����LQ�GU\�FDW�IRRG��%'(�����GRPLQDWHG�VHUXP�LQ�

FDWV�RQO\�FRQVXPLQJ�WKH�GU\�IRRG���%'(�����DFFRXQWLQJ�IRU������������DQG�����RI�VHUXP�

3%'(�OHYHOV�LQ�KRXVH�FDWV�FRQVXPLQJ�FDQQHG��PL[HG��DQG�GU\�IRRG��UHVSHFWLYHO\���,W�ZDV�QRWHG�

WKDW�%'(�����ZDV�FRQVLVWHQWO\�SUHVHQW�LQ�VHUXP�LQ�VLJQLILFDQW�FRQFHQWUDWLRQV�RI�WKH�GU\�IRRG�

HDWHUV�DV�FRPSDUHG�WR�WKH�FRQVXPHUV�RI�WKH�RWKHU�IRRG�W\SHV���%'(�����DFFRXQWHG�IRU�������

������DQG�����RI�WKH�3%'(�OHYHOV�GHWHFWHG�LQ�FDWV�FRQVXPLQJ�FDQQHG��PL[HG��DQG�GU\�

IRRG�HDWHUV��UHVSHFWLYHO\���%'(�����ZDV�SUHVHQW�LQ�WKH�GU\�IRRG�HDWHUV�DW�DSSUR[LPDWHO\�����RI�

WKH�WRWDO�FRQFHQWUDWLRQ�RI�%'(������ZKLFK�LV�XQFKDUDFWHULVWLF�RI�WKH�GHFD%'(�FRQJHQHU�SURILOH�

�%'(�����LV�DSSUR[LPDWHO\����RI�%'(�FRQJHQHUV�SUHVHQW�LQ�GHFD%'(���DQG�ZDV�QRW�WKH�SDWWHUQ�

REVHUYHG�LQ�WKH�ZHW�IRRG�HDWHUV���0RUHRYHU��WKH�UDWLR�RI�%'(�����WR�%'(�����LQ�FDW�VHUXP�ZDV�

UHODWLYHO\�FRQVWDQW�LQ�DOO�GU\�FDW�IRRG�HDWHUV���7KH�DXWKRUV�UHJDUGHG�WKHVH�GDWD�DV�SRVVLEOH�

HYLGHQFH�IRU�WKH�PHWDEROLF�GHEURPLQDWLRQ�RI�%'(�����WR�IRUP�%'(�������7KHVH�GDWD�DUH�RQO\�

VXJJHVWLYH�RI�WKH�LQ�YLYR�GHEURPLQDWLRQ�LQ�KRXVH�FDWV��EXW�LI�FRQILUPHG�WKURXJK�UHSOLFDWH�VWXGLHV��

ZRXOG�JHQHUDOO\�LPSO\�WKH�SRVVLELOLW\�IRU�PHWDEROLF�GHEURPLQDWLRQ�RI�%'(V�LQ�KXPDQV��

 
������ $ELRWLF�'HJUDGDWLRQ�RI�3%'(V�
 $ELRWLF�GHJUDGDWLRQ�SUHGRPLQDQWO\�RFFXUV�LQ�WKH�DWPRVSKHUH�DQG�RQ�VRLO�VXUIDFHV���7KH�

HQHUJ\�RI�VXQOLJKW�FDQ�GHJUDGH�3%'(V�LQ�DLU�DQG�VRLOV�YLD�SKRWRO\VLV��DQG�WKH�SUHVHQFH�RI�WKH�

K\GUR[\O�UDGLFDO�LQ�DLU�FDQ�GHSOHWH�VRPH�3%'(V�SUHVHQW�LQ�WKH�DWPRVSKHUH���7KH�IROORZLQJ�LV�D�

EULHI�UHYLHZ�RI�WKHVH�SURFHVVHV��

�

�������� 3KRWRGHJUDGDWLRQ�RI�3%'(V�
6HYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�KLJKHU�EURPLQDWHG�%'(�FRQJHQHUV�FDQ�SKRWRGHJUDGH�WR�

IRUP�ORZHU�EURPLQDWHG�FRQJHQHUV�DV�SKRWRFKHPLFDO�E\SURGXFWV���7KH�SKRWRGHJUDGDWLRQ�LV�

GHILQHG�DV�WKH�SKRWRFKHPLFDO�WUDQVIRUPDWLRQ�RI�D�PROHFXOH�LQWR�ORZHU�PROHFXODU�ZHLJKW�

IUDJPHQWV��XVXDOO\�LQ�DQ�R[LGDWLRQ�SURFHVV��,83$&����������7KLV�WHUP�LV�ZLGHO\�XVHG�LQ�WKH�

GHVWUXFWLRQ��R[LGDWLRQ��RI�SROOXWDQWV�E\�XOWUDYLROHW��89��EDVHG�SURFHVVHV��H�J���WKH�DEVRUSWLRQ�RI�

SKRWRQV�SUHVHQW�LQ�ZDYHOHQJWKV�IRXQG�LQ�VXQOLJKW��L�H���89�UDGLDWLRQ���3KRWRGHJUDGDWLRQ�RI�3%'(�
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RFFXUV�IURP�WKH�UHPRYDO�RI�D�EURPLQH�DWRP�RQ�WKH�3%'(�PROHFXOH��WKXV�WUDQVIRUPLQJ�WKH�KLJKHU�

PROHFXODU�ZHLJKW�%'(�WR�ORZHU�EURPLQDWHG�FRQJHQHUV����

)DQJ�HW�DO���������UHSRUWHG�RQ�WKH�H[SHULPHQWDO�SKRWRGHJUDGDWLRQ�RI�%'(�����%'(�����

%'(�����%'(������%'(������DQG�%'(�����GLVVROYHG�LQ�KH[DQH���.QRZQ�FRQFHQWUDWLRQV�RI�WKH�

%'(�FRQJHQHUV��DSSUR[LPDWHO\�����QJ�P/��SUHVHQW�LQ�VROYHQW�ZHUH�H[SRVHG�WR�!����QP�89�

ZDYHOHQJWKV�LQ�D�SKRWR�UHDFWRU�FRQVLVWLQJ�RI�D�����:�PHUFXU\�ODPS��TXDUW]�WXEHV��3\UH[�JODVV�

WXEHV��DQG�D�ZDWHU�FRROLQJ�V\VWHP����7KH�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�WULSOLFDWH��DQG�D�FRQWURO�

ZDV�XVHG�WKDW�FRQVLVWHG�RI�%'(�FRQJHQHU�VROXWLRQV�SODFHG�LQ�WRWDO�GDUNQHVV���3KRWRGHJUDGDWLRQ�

RFFXUUHG�IRU�DOO�VWXGLHG�FRQJHQHUV��DQG�JHQHUDOO\�IROORZHG�SVHXGR�ILUVW�RUGHU�NLQHWLFV���7KH�

SKRWRGHJUDGDWLRQ�KDOI�OLYHV�RI�WKH�%'(�FRQJHQHUV�GLVFHUQHG�IURP�WKLV�VWXG\�ZHUH�

%'(���� ������KRXUV��%'(���� ������KRXUV��%'(���� ������KRXUV��%'(����� ������KRXUV��

%'(����� ������KRXUV��DQG�%'(����� ������KRXUV���*HQHUDOO\��WKH�KLJKHU�EURPLQDWHG�%'(�

FRQJHQHUV�GHJUDGHG�DW�D�IDVWHU�UDWH�WKDQ�WKH�ORZHU�EURPLQDWHG�FRQJHQHUV���,W�ZDV�FRQFOXGHG�WKDW�

WKH�PDLQ�GHFRPSRVLWLRQ�PHFKDQLVP�LQGXFHG�E\�SKRWRO\VLV�ZDV�UHGXFWLYH�GHEURPLQDWLRQ�WR�IRUP�

ORZHU�EURPLQDWHG�%'(�FRQJHQHUV���)DQJ�HW�DO���������REVHUYHG�WKH�IROORZLQJ�SKRWRGHJUDGDWLRQ�

SURGXFWV���

��

x %'(�����WUL%'(��SKRWRGHJUDGHG�WR�IRUP�%'(���DQG�%'(�����ERWK�GL%'(V���WKH�GL%'(V�
IXUWKHU�GHJUDGHG�WR�IRUP�WKH�PRQR%'(�FRQJHQHUV�%'(���DQG�%'(���

x %'(�����WHWUD%'(��SKRWRGHJUDGHG�WR�IRUP�WZR�WULEURPLQDWHG�VSHFLHV��%'(����DQG�
%'(������ZKLFK�LQ�WXUQ��IXUWKHU�GHEURPLQDWHG�WR�IRUP�GLEURPLQDWHG�%'(�FRQJHQHUV�

x %'(����%'(����DQG�%'(����GHEURPLQDWHG�WR�IRUP�PRQR%'(�FRQJHQHUV�%'(���DQG�
%'(�����

x %'(�����SHQWD%'(��SKRWRGHJUDGHG�WR�IRUP�WKH�WHWUD%'(�FRQJHQHUV�%'(�����%'(�����
DQG�%'(�����WHWUD%'(���ZKLFK�VXEVHTXHQWO\�XQGHUZHQW�IXUWKHU�SKRWRO\VLV��

x %'(������SHQWD%'(��SKRWRGHJUDGHG�WR�IRUP�%'(����DQG�%'(�����ERWK�WHWUD%'(V�����

x %'(������KH[D%'(��SKRWRGHJUDGHG�WR�IRUP�%'(�����%'(������DQG�%'(�����
�SHQWD%'(V��

���

.DMLZDUD�HW�DO���������UHSRUWHG�RQ�H[SHULPHQWDOO\�SKRWRGHJUDGLQJ�%'(�����FRQWDLQHG�LQ�

IODPH�UHWDUGHG�SODVWLF���7KH�SXUSRVH�RI�WKHLU�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�SRWHQWLDO�IRU�WKH�

SKRWRO\WLF�GHEURPLQDWLRQ�RI�WKH�EURPLQDWHG�IODPH�UHWDUGDQWV��%)5V��GHFD%'(�DQG�
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GHFDEURPRGLSKHQ\O�HWKDQH��'%'3(��LQ�WUHDWHG�SODVWLFV���)RXU�GLIIHUHQW�IODPH�UHWDUGHG�SODVWLF�

VDPSOHV�ZHUH�HYDOXDWHG��LQFOXGLQJ�SXUH�KLJK�LPSDFW�SRO\VW\UHQH��+,36��QRW�WUHDWHG�ZLWK�%)5��

+,36�WUHDWHG�ZLWK�GHFD%'(��������E\�ZHLJKW��+,36�WUHDWHG�ZLWK�'%'3(��DERXW�������E\�

ZHLJKW���DQG�XVHG�79�FDVLQJ�PDGH�IURP�+,36���,W�ZDV�QRWHG�WKDW�'%'3(�LV�D�FKHPLFDO�VXEVWLWXWH�

IRU�GHFD%'(�DQG�KDV�D�FKHPLFDO�VWUXFWXUH�VLPLODU�WR�%'(�������7KH�SODVWLF�VDPSOHV�ZHUH�

GLVVROYHG�LQ�WROXHQH�DQG�VKDNHQ�RYHUQLJKW�WR�EH�FRPSOHWHO\�PL[HG���7KH�WROXHQH�ZDV�HYDSRUDWHG�

E\�DLU�GU\LQJ�LQ�D�GDUN�URRP���$IWHU�GU\LQJ��VROLG�PDWHULDOV��LQFOXGLQJ�79�FDVLQJ��ZHUH�SXOYHUL]HG�

LQ�D�OLTXLG�QLWURJHQ�FKDPEHU���7KH�SXOYHUL]HG�SODVWLF�VDPSOHV�ZHUH�LQLWLDOO\�SDVVHG�WKURXJK�D�

�����P�VLHYH�DQG�WKHQ�D�����P�VLHYH���7KH�SODVWLF�SRZGHU�FROOHFWHG�EHWZHHQ�WZR�VLHYHV�

����í�����P��ZDV�XVHG�LQ�WKH�89�LUUDGLDWLRQ�H[SHULPHQW���$OLTXRWV�RI�WKH�SODVWLF�SRZGHU������J��

ZHUH�SODFHG�LQ�VHDOHG�TXDUW]�WXEHV�DQG�VXEVHTXHQWO\�H[SRVHG�WR�QDWXUDO�VXQOLJKW�DW�WLPH�LQWHUYDOV�

RI�������������������DQG�����GD\V���&RQWUROV��WXEHV�RI�WKH�VDPH�SRZGHUHG�SODVWLF�VDPSOHV��ZHUH�

SODFHG�LQ�D�WHPSHUDWXUH�FRQWUROOHG�GDUN�URRP���)ROORZLQJ�HDFK�WHVW�SHULRG��VDPSOHV�ZHUH�

H[WUDFWHG�DQG�WKHQ�DQDO\]HG�XVLQJ�KLJK�UHVROXWLRQ�JDV�FKURPDWRJUDSK\��+5*&��FRXSOHG�ZLWK�

KLJK�UHVROXWLRQ�PDVV�VSHFWURPHWU\��+506��LQ�WKH�VHOHFWLYH�LRQ�PRQLWRULQJ�PRGH���3KRWRO\VLV�RI�

%'(�����LQ�WKH�GHFD%'(�WUHDWHG�+,36�VDPSOHV�ZDV�REVHUYHG�DIWHU���ZHHN�RI�H[SRVXUH�WR�

VXQOLJKW���7KH�%'(�����FRQFHQWUDWLRQ�LQ�WKH�SODVWLF�GHFUHDVHG��DQG�KHSWD���RFWD���DQG�QRQD%'(�

FRQJHQHUV�ZHUH�IRUPHG�DV�SURGXFWV�RI�SKRWRO\VLV���7KH�PHFKDQLVP�RI�WKH�SKRWRGHJUDGDWLRQ�RI�

%'(�����ZDV�SRVWXODWHG�WR�EH�E\�WKH�SURFHVV�RI�HOLPLQDWLQJ�EURPLQH�DWRPV�RQ�WKH�PROHFXOH���

$SSUR[LPDWHO\�����RI�WKH�%'(�����KDG�GHJUDGHG�DIWHU�����GD\V�RI�H[SRVXUH�WR�VXQOLJKW��EXW�

RQO\����RI�WKH�%'(�����PDVV�ZDV�FRQYHUWHG�WR�ORZHU�EURPLQDWHG�%'(�FRQJHQHUV��VXJJHVWLQJ�

WKH�IRUPDWLRQ�RI�XQNQRZQ�SURGXFWV�RI�SKRWRO\VLV���7UL��WKURXJK�RFWD�SRO\EURPLQDWHG�

GLEHQ]RIXUDQV��3%')V��DSSHDUHG�LQ�WKH�LUUDGLDWHG�VDPSOHV��VXJJHVWLQJ�WKDW�WKH�SKRWRO\VLV�RI�

%'(�����IRUPHG�3%')V��EXW�QRW�LQ�VXIILFLHQW�TXDQWLWLHV�WR�FORVH�WKH�PDVV�EDODQFH�RI�WKH�

SURGXFWV�IRUPHG���1R�FOHDU�SDWWHUQ�RI�SKRWRGHJUDGDWLRQ�ZDV�REVHUYHG�ZLWK�WKH�RWKHU�SODVWLF�

VDPSOHV���1R�ORVV�RI�%'(�����ZDV�REVHUYHG�LQ�WKH�FRQWURO�VDPSOHV���7KLV�VWXG\�GHPRQVWUDWHG�WKH�

SKRWRGHJUDGDWLRQ�RI�%'(�����LQ�WUHDWHG�+,36�E\�QDWXUDO�VXQOLJKW��

6WDSOHWRQ�DQG�'RGGHU��������H[SHULPHQWDOO\�SKRWRGHJUDGHG�GHFD%'(�SUHVHQW�LQ�KRXVH�

GXVW�E\�H[SRVXUH�WR�QDWXUDO�VXQOLJKW���7ZR�GLIIHUHQW�KRXVH�GXVW�PDWHULDOV�ZHUH�REWDLQHG�IURP�WKH�

1DWLRQDO�,QVWLWXWH�RI�6WDQGDUGV�DQG�7HFKQRORJ\�LQ�0DU\ODQG���7KH�ILUVW�PDWHULDO�ZDV�W\SLFDO�

LQGRRU�KRXVH�GXVW�NQRZQ�DV�6WDQGDUG�5HIHUHQFH�0DWHULDO��650���������'XULQJ�FKHPLFDO�
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DQDO\VLV��LW�ZDV�IRXQG�WR�EH�FRQWDPLQDWHG�ZLWK�D�YDULHW\�RI�%'(�FRQJHQHUV��UDQJLQJ�IURP�WUL��WR�

GHFDEURPR�VXEVWLWXWHG�FRQJHQHUV���7KH�VHFRQG�GXVW�VDPSOH�ZDV�LGHQWLILHG�DV�650������DQG�ZDV�

D�VWDQGDUG�UHIHUHQFH�PDWHULDO�XVHG�LQ�WKH�DQDO\VLV�RI�PHWDOV�DQG�RUJDQLFV�LQ�GXVW���7KH�650������

GXVW�VDPSOH�ZDV�SUHFOHDQHG�WR�EH�IUHH�RI�3%'(�FRQWDPLQDWLRQ�DQG�WKHQ�VSLNHG�ZLWK�������J�RI�D�

VROXWLRQ�RI�%'(�����GLVVROYHG�LQ�WROXHQH���7KH�VDPSOH�ZDV�DLU�GULHG�WR�HYDSRUDWH�WKH�WROXHQH��

UHVXOWLQJ�LQ�D�FRQFHQWUDWLRQ�RI�������QJ�%'(�����J�GZW�LQ�WKH�650������GXVW�VDPSOH���7KH�

650������GXVW�VDPSOH�ZDV�QRW�SUHFOHDQHG�QRU�VSLNHG�ZLWK�%'(�������$OLTXRWV�RI�ERWK�650�

GXVW�VDPSOHV�ZHUH�SODFHG�LQWR�WZR�����P/�PHWK\ODFU\ODWH�FKDPEHUV��UHIHUUHG�WR�DV�89�FXYHWWHV���

ZKLFK�DUH�URXWLQHO\�XVHG�IRU�PHDVXULQJ�89�DEVRUEDQFH�RI�WHVW�PDWHULDOV���7KH�89�FXYHWWHV�

FRQWDLQLQJ�WKH�GXVW�VDPSOHV�ZHUH�H[SRVHG�WR�QDWXUDO�VXQOLJKW�RXWGRRUV�LQ�D�WUD\�OLQHG�ZLWK�

DOXPLQXP�IRLO���([FHSW�GXULQJ�SHULRGV�RI�SUHFLSLWDWLRQ��WKH�FXYHWWHV�ZHUH�SODFHG�RXWVLGH�GDLO\��

0RQGD\�WKURXJK�)ULGD\��IURP�DSSUR[LPDWHO\������DP�WR������SP�XQWLO�����KRXU�FXPXODWLYH�

H[SRVXUH�WR�VXQOLJKW�ZDV�DFKLHYHG���6DPSOHV�ZHUH�WUDQVIHUUHG�WR�D�ODERUDWRU\�ZKHUH�WKH\�ZHUH�

H[WUDFWHG�DQG�DQDO\]HG�IRU�3%'(�XVLQJ�KLJK�UHVROXWLRQ�JDV�FKURPDWRJUDSK\�FRXSOHG�ZLWK�KLJK�

UHVROXWLRQ�PDVV�VSHFWURPHWU\�RSHUDWHG�LQ�WKH�HOHFWURQ�FDSWXUH�FKHPLFDO�LRQL]DWLRQ�PRGH���7KH�

DYHUDJH�LQWHQVLW\�RI�VXQOLJKW�RYHU�WKH�GXUDWLRQ�RI�WKH�H[SHULPHQW�ZDV�����ZDWWV�SHU�VTXDUH�PHWHU�

�:�P����ZLWK�D�UDQJH�RI����WR�����:�P����7KH�DYHUDJH�RXWGRRU�WHPSHUDWXUH�ZDV������&�DQG�

UDQJHG�IURP������WR����&���3KRWRGHJUDGDWLRQ�RI�%'(�����ZDV�REVHUYHG�LQ�ERWK�650�GXVW�

VDPSOHV�DIWHU�����KRXU�H[SRVXUH�WR�QDWXUDO�VXQOLJKW���7KH�ILUVW�RUGHU�%'(�����SKRWRGHJUDGDWLRQ�

UDWHV�ZHUH�FDOFXODWHG�DV�����î���í��DQG�����î���í��SHU�KRXU�LQ�WKH�VSLNHG��650�������DQG�QDWXUDO�

�650�������GXVW�VDPSOHV��UHVSHFWLYHO\���7KH�RFWDEURPLQDWHG�FRQJHQHUV��%'(�����DQG�

%'(������ZHUH�REVHUYHG�LQ�ERWK�UHIHUHQFH�GXVW�VDPSOHV�WR�EH�SURGXFWV�IRUPHG�IURP�WKH�

GHEURPLQDWLRQ�RI�%'(�����LQGXFHG�E\�SKRWRGHJUDGDWLRQ���,Q�WKH�650�������VSLNHG��VDPSOH��

DGGLWLRQDO�FRQJHQHUV�ZHUH�IRUPHG�%'(������%'(������%'(������%'(������%'(������

%'(������DQG�%'(�������)URP�WKHVH�GDWD��WKH�DXWKRUV�FDOFXODWHG�D�PDVV�EDODQFH�EDVHG�RQ�WKH�

SKRWRGHJUDGDWLRQ�RI�%'(�����LQ�WKH�VSLNHG�GXVW�VDPSOHV���$IWHU�����KRXU�H[SRVXUH�WR�QDWXUDO�

VXQOLJKW��WKH�LQLWLDO�FRQFHQWUDWLRQ�RI�%'(�����ZDV�REVHUYHG�WR�KDYH�GHFUHDVHG�E\�DSSUR[LPDWHO\�

������7KH�DXWKRUV�FRQFOXGHG�WKDW�����RI�WKH�GHFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�%'(�����ZDV�GXH�

WR�GHEURPLQDWLRQ�DQG�WKH�VXEVHTXHQW�IRUPDWLRQ�RI�ORZHU�EURPLQDWHG�%'(�FRQJHQHUV��DQG����RI�

WKH�GHFUHDVH�LQ�FRQFHQWUDWLRQ�ZDV�SRVWXODWHG�WR�KDYH�EHHQ�FDXVHG�E\�WKH�YRODWLOL]DWLRQ�RI�

%'(������
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5D\QH�HW�DO���������SKRWRGHJUDGHG�%'(�����LQ�DFHWRQLWULOH��GLVWLOOHG�ZDWHU��DQG�VHDZDWHU�

DW�XOWUDYLROHW�UDGLDWLRQ�ZDYHOHQJWKV��89�UDGLDWLRQ��RI�����QP���%'(�����GLVVROYHG�LQ�DFHWRQLWULOH�

DQG�LUUDGLDWHG�IRU���PLQXWHV�IRUPHG�WKUHH�SULPDU\�SKRWRGHJUDGDWLRQ�SURGXFWV������SHQWD%'(�

LVRPHUV�%'(�����%'(������DQG�%'(����������\LHOG�������EURPLQDWHG�GLEHQ]RIXUDQ�FRQJHQHU�

����������3H%')������\LHOG���DQG�����WKUHH�QRQVSHFLDWHG�WHWUDEURPLQDWHG���K\GUR[\ELSKHQ\OV�

�����\LHOG����&RQWLQXHG�LUUDGLDWLRQ�XS�WR���KRXU�FDXVHG�WKH�SKRWRGHJUDGDWLRQ�RI�WKH�SHQWD%'(�

FRQJHQHUV�WR�IRUP�WKH�WHWUD%'(�LVRPHUV�%'(�����%'(�����%'(�����DQG�%'(������7KH�

LUUDGLDWLRQ�RI�%'(�����LQ�GLVWLOOHG�DQG�RU�VHDZDWHU�SURGXFHG�WKH�VDPH�WHWUD%'(�LVRPHU�

E\SURGXFWV��DOEHLW��OHVV�HIILFLHQWO\�WKDQ�DFHWRQLWULOH���5D\QH�HW�DO���������ZHUH�XQDEOH�WR�FRQFOXGH�

ILUPO\�ZKHWKHU�RU�QRW�WKH�SKRWRGHJUDGDWLRQ�RI�3%'(V�LQ�DTXDWLF�V\VWHPV�XQGHU�QDWXUDO�

FRQGLWLRQV�LV�D�YLDEOH�SURFHVV����

%H]DUHV�&UX]�HW�DO���������GHFRPSRVHG�%'(�����WR�IRUP�ORZHU�EURPLQDWHG�%'(�

FRQJHQHUV�WKURXJK�QDWXUDO�VXQOLJKW�DW�ZDYHOHQJWKV�RI�����������������������������������������DQG�

����QP���'HFD%'(�IRUPXODWLRQ��DSSUR[LPDWHO\�����%'(������ZDV�GLVVROYHG�LQ�KH[DQH�WR�

FUHDWH�WKUHH�VROXWLRQV�RI�%'(������UDQJLQJ�LQ�FRQFHQWUDWLRQV�IURP������î���í��WR������î���í���0���

&RQWURO�VDPSOHV�ZHUH�SUHSDUHG�LQ�WKH�VDPH�PDQQHU�EXW�NHSW�LQ�GDUNQHVV���6DPSOHV�ZHUH�H[SRVHG�

WR�VXQOLJKW�RQ�FOHDU�GD\V�LQ�WKH�VXPPHU�DQG�IDOO�RI��������%'(�����GLVVROYHG�LQ�KH[DQH�DQG�

H[SRVHG�WR�VXQOLJKW�SKRWRGHJUDGHG�ZLWKLQ�PLQXWHV���$IWHU���í���PLQXWHV�RI�H[SRVXUH�WR�

PLG�DIWHUQRRQ�VXQOLJKW�RQ����������DQG�������������WKH�%'(�����FRQFHQWUDWLRQ�ZDV�UHGXFHG�WR�

DSSUR[LPDWHO\����DQG����RI�WKH�LQLWLDO�FRQFHQWUDWLRQ��UHVSHFWLYHO\��FRUUHVSRQGLQJ�WR�D�

SVHXGR�ILUVW�RUGHU�UHDFWLRQ�UDWH�RI������î���í��V�DQG������î���í��V���7KH�KLJKHU�UHDFWLRQ�UDWH�LQ�

-XO\�ZDV�GXH�WR�WKH�LQFUHDVHG�LQWHQVLW\�RI�VRODU�IOX[�DV�FRPSDUHG�ZLWK�2FWREHU���7KHUH�ZDV�QR�

HYLGHQFH�RI�GHJUDGDWLRQ�RI�%'(�����LQ�WKH�FRQWURO�VROXWLRQV�QRW�H[SRVHG�WR�VXQOLJKW���7KH�VRODU�

LUUDGLDWLRQ�RI�%'(�����GLVVROYHG�LQ�KH[DQH�FDWDO\]HG�WKH�UHGXFWLYH�GHEURPLQDWLRQ�RI�WKH�

FRQJHQHU���)RUW\�WKUHH�3%'(�FRQJHQHUV�RI�YDULRXV�EURPLQH�VXEVWLWXWLRQV�ZHUH�IRUPHG�GXULQJ�

GLIIHUHQW�WLPHV�RI�H[SRVXUHV�WR�VXQOLJKW���$IWHU���PLQXWHV�RI�VRODU�LUUDGLDWLRQ��WKH�GLVDSSHDUDQFH�

RI�%'(�����ZDV�PDWFKHG�E\�WKH�LQLWLDOO\�UDSLG�IRUPDWLRQ�RI�QRQD%'(�FRQJHQHUV���7KH�RWKHU�

FRQJHQHUV��RFWD%'(V��KHSWD%'(V��DQG�KH[D%'(V��DFFXPXODWHG�VXFFHVVLYHO\�RYHU�WKH����PLQXWH�

H[SRVXUH�SHULRG���2FWD%'(V�ZHUH�WUDQVIRUPHG�WR�KHSWD%'(V�WKDW�ZHUH�WKHQ�WUDQVIRUPHG�WR�

KH[D%'(V���:LWK�UHVSHFW�WR�WKH�SRVVLELOLW\�RI�WKH�SKRWRGHJUDGDWLRQ�RI�%'(�����LQ�QDWXUDO�

ZDWHUV��%H]DUHV�&UX]�HW�DO���������SRVWXODWHG�WKDW�WKH�SKRWRFKHPLFDO�UHDFWLRQ�ZRXOG�EH�H[SHFWHG�
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WR�EH�VRPHZKDW�DWWHQXDWHG�E\�VRUSWLRQ�RI�%'(�����RQWR�FROORLGDO�SDUWLFOHV�LQ�WKH�ZDWHU�FROXPQ��

DQG�E\�WKH�OLJKW�DWWHQXDWLRQ�SURSHUWLHV�RI�KXPLF�PDWHULDOV�LQ�DTXDWLF�V\VWHPV���)XUWKHUPRUH��WKH�

SUHVHQFH�RI�K\GURJHQ�GRQRUV�QHFHVVDU\�WR�LQYRNH�WKH�UHDFWLRQ�ZRXOG�OLNHO\�EH�DW�ORZHU�

FRQFHQWUDWLRQV�LQ�QDWXUDO�ZDWHUV�DV�FRPSDUHG�WR�KH[DQH��

6|GHUVWU|P�HW�DO���������UHSRUWHG�RQ�WKH�H[SHULPHQWDO�SKRWRGHJUDGDWLRQ�RI�%'(�����LQ�

YDULRXV�PDWULFHV��LQFOXGLQJ�WROXHQH��VLOLFD�JHO��VDQG��VRLO��DQG�VHGLPHQW���89�H[SRVXUH�

H[SHULPHQWV�ZHUH�FRQGXFWHG�ERWK�LQ�WKH�ODERUDWRU\�ZLWK�DUWLILFLDO�89�OLJKW��DOO�PDWULFHV��DQG�

XQGHU�QDWXUDO�FRQGLWLRQV�ZLWK�RXWGRRU�VXQOLJKW��VDQG��VRLO��VHGLPHQW����7R�EHJLQ�WKH�H[SHULPHQW��D�

����J�VDPSOH�RI�HDFK�RI�WKH�PDWULFHV�ZDV�SODFHG�LQWR�3\UH[�WXEHV�DQG�IRUWLILHG�ZLWK�D�VROXWLRQ�RI�

�����QJ��/�GHFD%'(�GLVVROYHG�LQ�WROXHQH���7KH�WROXHQH�ZDV�WKHQ�DOORZHG�WR�HYDSRUDWH�ZKLOH�WKH�

VDPSOHV�ZHUH�NHSW�LQ�WKH�GDUN���)RU�WKH�H[SRVXUH�WR�DUWLILFLDO�OLJKW��WKH�VDPSOHV�ZHUH�SODFHG�LQ�DQ�

DSSDUDWXV�FRQVLVWLQJ�RI�IRXU�PHUFXU\�89�ODPSV�HTXLSSHG�ZLWK�ILOWHUV�WR�PLPLF�WKH�VXQOLJKW�

VSHFWUD�LQ�WKH�89�UDQJH�RI����í����QP���7KH�LUUDGLDQFH�LQWHQVLW\�IURP�WKH�89�ODPSV�ZDV�

HVWLPDWHG�WR�KDYH�EHHQ�����P:�FP����7KH�H[SRVXUH�RI�VRLO�DQG�VHGLPHQW�ZDV�H[WHQGHG�WR�DQ�

DGGLWLRQDO�����DQG�����KRXUV���)RU�WKH�FRQGLWLRQV�RI�QDWXUDO�VXQOLJKW��WKH�3\UH[�WXEHV�FRQWDLQLQJ�

IRUWLILHG�VDPSOHV�RI�HDFK�PDWUL[�ZHUH�SODFHG�LQ�D�WUD\�DQG�SXW�RQ�WKH�URRI�RI�WKH�ODERUDWRU\�GXULQJ�

WKH�PRQWK�RI�-XO\��������0D[LPXP�89�LUUDGLDQFH�IURP�WKH�VXQ�DW�PLG�GD\�ZDV�PHDVXUHG�WR�

KDYH�EHHQ�����P:�FP����([SRVXUH�GXUDWLRQV�RI�WKH�VDPSOHV�UDQJHG�IURP���WR����KRXUV���$OO�

VDPSOHV�ZHUH�WUDQVIHUUHG�WR�D�ODERUDWRU\��H[WUDFWHG��DQG�DQDO\]HG�XVLQJ�+5*&�+506���

6|GHUVWU|P�HW�DO���������IRXQG�WKDW�%'(�����SKRWRO\WLFDOO\�GHJUDGHG�IURP�H[SRVXUH�WR�ERWK�

DUWLILFLDO�DQG�QDWXUDO�VXQOLJKW���:LWK�H[SRVXUH�WR�DUWLILFLDO�OLJKW��SKRWRGHJUDGDWLRQ�ZDV�PRUH�UDSLG�

DQG�FRPSOHWH�ZKHQ�%'(�����ZDV�DVVRFLDWHG�ZLWK�WROXHQH�RU�VLOLFD�JHO�WKDQ�ZLWK�VDQG�RU�

VHGLPHQW���%'(�����LQ�WROXHQH�RU�VLOLFD�JHO�GHJUDGHG�WR����RI�WKH�LQLWLDO�%'(�����FRQFHQWUDWLRQ�

RYHU���KRXUV�ZKHQ�H[SRVHG�WR�DUWLILFLDO�OLJKW��EXW�GHJUDGHG�WR�DERXW�����DQG�����RYHU����KRXUV�

ZKHQ�DVVRFLDWHG�ZLWK�VDQG�DQG�VHGLPHQW���%\�FRPSDULVRQ��QDWXUDO�VXQOLJKW�GHJUDGHG�%'(�����LQ�

VDQG�DQG�VHGLPHQW�WR�DERXW�����DQG�����RYHU�D����KRXU�H[SRVXUH���7KH�KDOI�OLIH�RI�%'(�����

YDULHG�E\�PDWUL[�DQG�DUWLILFLDO�RU�QDWXUDO�VXQOLJKW���7KH�KDOI�OLIH�RI�%'(�����LQ�WROXHQH�RU�VLOLFD�

H[SRVHG�WR�DUWLILFLDO�OLJKW�ZDV�OHVV�WKDQ������KRXUV���%\�FRPSDULVRQ��%'(�����LQ�VDQG��VHGLPHQW��

DQG�VRLO�KDG�HVWLPDWHG�KDOI�OLYHV�RI����KRXUV����í���KRXUV��DQG����í����KRXUV��UHVSHFWLYHO\��

ZKHQ�H[SRVHG�WR�DUWLILFLDO�OLJKW���)RU�H[SRVXUH�WR�QDWXUDO�VXQOLJKW��WKH�KDOI�OLYHV�RI�%'(�����LQ�

VDQG�DQG�VHGLPHQWV�ZHUH����KRXUV�DQG����KRXUV��UHVSHFWLYHO\���6|GHUVWU|P�HW�DO���������UHSRUWHG�
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WKDW�WKH�SKRWRO\WLF�GHEURPLQDWLRQ�RI�%'(�����IRUPHG�ORZHU�EURPLQDWHG�%'(V�LQ�ERWK�DUWLILFLDO�

DQG�QDWXUDO�VXQOLJKW�FRQGLWLRQV���7KHVH�LQFOXGHG�%'(�����VLOLFD�JHO�RQO\���%'(������WROXHQH�

RQO\���%'(������WROXHQH��VDQG��VHGLPHQWV��DQG�VRLO���%'(�����WROXHQH�DQG�VLOLFD�JHO���%'(�����

�DOO�PDWULFHV���%'(������WROXHQH��VDQG��VHGLPHQWV�DQG�VRLO���%'(������DOO�PDWULFHV�H[FHSW�VRLO���

%'(������DOO�PDWULFHV���%'(������DOO�PDWULFHV���DQG�%'(������%'(������DQG�%'(������DOO�

PDWULFHV���

6iQFKH]�3UDGR�HW�DO���������LQYHVWLJDWHG�WKH�SKRWRGHJUDGDWLRQ�RI�SHQWD3%'(�DW�WZR�89�

LUUDGLDWLRQ�LQWHQVLWLHV���7KH�SHQWD%'(�WHFKQLFDO�IRUPXODWLRQ�ZDV�GLVVROYHG�LQ�F\FORKH[DQH�WR�D�

FRQFHQWUDWLRQ�RI�����J�P/���7KH�SHQWD%'(�PL[WXUH�ZDV�FRPSRVHG�RI�WKH�%'(�FRQJHQHUV�

%'(����������J�P/���%'(����������J�P/���%'(����������J�P/���%'(�����������J�P/���

%'(������������J�P/���DQG�%'(������������J�P/����$���P/�DOLTXRW�RI�WKH�VROXWLRQ�ZDV�

DGVRUEHG�WR������P�SRO\GLPHWK\OVLOR[DQH�ILEHUV�DQG�SODFHG�LQ�D�ODERUDWRU\�SKRWR�UHDFWRU�

HTXLSSHG�ZLWK�WZR�ORZ�SUHVVXUH�PHUFXU\�ODPSV���í���:������QP��IRU�XS�WR���KRXU���(TXDO�

FRQWURO�VDPSOHV�ZHUH�VWRUHG�LQ�FRPSOHWH�GDUNQHVV���&KHPLFDO�DQDO\VHV�VKRZHG�QR�GHJUDGDWLRQ�RI�

WKH�%'(�PL[WXUH�KDG�RFFXUUHG�LQ�WKH�FRQWUROV�  'HEURPLQDWLRQ�RI�WKH�%'(�FRQJHQHUV�RFFXUUHG�

RYHU�ERWK�LQWHQVLWLHV�RI�89�LUUDGLDWLRQ���7KH�UHDFWLRQ�UDWH�ZDV�REVHUYHG�WR�EH�GHSHQGHQW�RQ�WKH�

GHJUHH�RI�EURPLQDWLRQ��H�J���LQFUHDVLQJ�UDWH�RI�SKRWRGHJUDGDWLRQ�ZLWK�LQFUHDVLQJ�QXPEHU�RI�

EURPLQH�DWRPV�RQ�WKH�PROHFXOH����7KH�UHDFWLRQ�UDWH�ZDV�REVHUYHG�WR�EH�LQGHSHQGHQW�RI�WKH�

LUUDGLDWLRQ�LQWHQVLW\���$SSUR[LPDWHO\����%'(�FRQJHQHUV�ZHUH�REVHUYHG�DV�WKH�GHJUDGDWLRQ�

SURGXFWV�IURP�WKH�LUUDGLDWLRQ�RI�WKH�PL[WXUH�RI�%'(�����%'(�����%'(�����%'(������%'(������

DQG�%'(�������%DVHG�RQ�VHTXHQWLDO�IRUPDWLRQ�RI�WKHVH�SURGXFWV��6iQFKH]�3UDGR�HW�DO���������

SRVWXODWHG�WKDW�WKH�SULQFLSOH�SKRWRGHJUDGDWLRQ�SDWKZD\�ZDV�UHGXFWLYH�GHEURPLQDWLRQ��

7KH�:LOIRUG�HW�DO���������VWXG\�SURYLGHV�LQGLUHFW��EXW�ZHDN�HYLGHQFH�WKDW�

SKRWRGHJUDGDWLRQ�RI�KLJKHU�EURPLQDWHG�%'(�FRQJHQHUV�PD\�RFFXU�RQ�DWPRVSKHULF�SDUWLFOHV�

XQGHU�QDWXUDO�VXQOLJKW�FRQGLWLRQV���$LU�SDUWLFXODWHV�ZHUH�VDPSOHG�RYHU�D���PRQWK�SHULRG�

�$SULO���í0D\�����LQ������DW�D�VHPLUXUDO�DUHD�RI�WKH�8QLWHG�.LQJGRP���7KH�DUHD�ZDV�D�

JRYHUQPHQW�PHWHRURORJLFDO�ZRUNVWDWLRQ�ORFDWHG�LQ�JUDVVODQGV���NP�IURP�WKH�FLW\�RI�/DQFDVWHU���

3%'(V�LQ�WKH�SDUWLFOH�SKDVH�ZHUH�FROOHFWHG�RQ�JODVV�ILEHU�ILOWHUV�FRQWLQXRXVO\�����KRXU�GD\���

%'(V�LQ�WKH�YDSRU�SKDVH�ZHUH�FROOHFWHG�RQ�SRO\XUHWKDQH�IRDP�SOXJV��38)V���EXW�RQO\�RYHU�D�

��GD\�SHULRG���7KH�SXUSRVH�RI�38)�VDPSOLQJ�ZDV�WR�FRQILUP�WKH�GRPLQDQFH�RI�SDUWLFOH�ERXQG�

%'(�����GXULQJ�WKH�FRRO�PRQWK�RI�VSULQJ���0HDQ�DLU�VDPSOLQJ�YROXPHV�ZHUH�����DQG�����P��IRU�
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SDUWLFOH�SKDVH�RQO\�VDPSOHV��DQG�IRU�SDUWLFOH�DQG�YDSRU�SKDVH�VDPSOHV��UHVSHFWLYHO\���$Q�

DGGLWLRQDO���GD\�TXDOLW\�FRQWURO�VDPSOH�ZDV�WDNHQ�WR�FRQILUP�WKDW�WKH�LQWHQGHG�LQWHUQDO�DQG�

UHFRYHU\�VWDQGDUGV��%'(�����DQG�%'(������ZHUH�QRW�SUHVHQW�LQ�WKH�DWPRVSKHUH���6DPSOHV�ZHUH�

FROOHFWHG�GDLO\�DQG�VWRUHG�LQ�DPEHU�JODVV�FRQWDLQHUV�DW�í���&�XQWLO�DQDO\VLV���6DPSOHV�ZHUH�

DQDO\]HG�E\�JDV�FKURPDWRJUDSK\�FRXSOHG�ZLWK�DQ�HOHFWURQ�FDSWXUH�GHWHFWRU�IRU�WKH�KLJKHU�

EURPLQDWHG�FRPSRXQGV�%'(������%'(������%'(������%'(������%'(������DQG�%'(�������

%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����

%'(�����%'(������%'(������%'(�����%'(�����%'(������%'(������%'(������%'(������

%'(������%'(������DQG�%'(�����ZHUH�DQDO\]HG�XVLQJ�JDV�FKURPDWRJUDSK\�FRXSOHG�ZLWK�PDVV�

VSHFWURPHWU\�LQ�QHJDWLYH�LRQ�FKHPLFDO�LRQL]DWLRQ��PRGH���)URP�WKH�SDUWLFOH�SKDVH�RI�VDPSOLQJ��

PHDQ�DLU�FRQFHQWUDWLRQ�RI�%'(�����ZDV�IRXQG�LQ�D�UDQJH�IURP�1'�WR�����SJ�Pí����7KH�PHDQ�RI�

WRWDO�3%'(V�UDQJHG�IURP�1'�WR�����SJ�Pí����7KH�LQYHVWLJDWRUV�KDG�H[SHFWHG�%'(�����WR�

GRPLQDWH�DOO�KLJKHU�EURPLQDWHG�FRQJHQHUV�SUHVHQW�LQ�WKH�SDUWLFOH�SKDVH���+RZHYHU��LQ�WKLV�VWXG\��

WKH�QRQD%'(�FRQJHQHUV��>%'(����@�!�>%'(����@���>%'(����@��ZHUH�IRXQG�WR�EH�DW�PXFK�

KLJKHU�FRQFHQWUDWLRQV�WKDQ�%'(�������:LOIRUG�HW�DO���������VXJJHVWHG�D�SRVVLEOH�H[SODQDWLRQ�IRU�

QRQD%'(�FRQJHQHUV�GRPLQDWLQJ�RYHU�%'(�������,W�LV�SRVVLEOH�WKDW�GHEURPLQDWLRQ�RU�GHJUDGDWLRQ�

RI�%'(������L�H���DFWXDO�RU�UHODWLYH�HQULFKPHQW�RI�QRQD%'(V��LV�RFFXUULQJ�LQ�WKH�DWPRVSKHULF�

HQYLURQPHQW��H�J���SKRWRGHJUDGDWLRQ���

5DII�DQG�+LWHV��������UHSRUWHG�RQ�WKH�UHODWLYH�LPSRUWDQFH�RI�SKRWRO\VLV�LQ�WKH�UHPRYDO�RI�

3%'(V�IURP�WKH�DWPRVSKHUH�E\�FRPSDULQJ�SKRWRO\WLF�GHJUDGDWLRQ�ZLWK�WKH�DWPRVSKHULF�UHPRYDO�

SURFHVVHV�RI�ZHW�DQG�GU\�GHSRVLWLRQ���7KH�SODWIRUP�IRU�WKLV�FRPSDULVRQ�ZDV�WKH�VWXG\�RI�WKH�

WHPSRUDO�FRQFHQWUDWLRQ�SURILOH�RI�3%'(V�LQ�WKH�VHGLPHQWV�RI�6LVNLZLW�/DNH�RQ�DQ�LVODQG�LQ�/DNH�

6XSHULRU���7KURXJK�WKH�WHPSRUDO�VWXG\�RI�6LVNLZLW�/DNH��WKH�LQYHVWLJDWRUV�FRQFOXGHG�WKDW�WKH�

3%'(V�GHWHFWHG�LQ�WKH�ODNH�VHGLPHQWV�ZHUH�HQWLUHO\�WKH�UHVXOW�RI�DWPRVSKHULF�GHSRVLWLRQ���7KLV�

FRQFOXVLRQ�ZDV�UHLQIRUFHG�E\�WKH�IDFW�WKDW�WKHUH�ZHUH�QR�VLJQLILFDQW�DQWKURSRJHQLF�VRXUFHV�ZLWKLQ�

6LVNLZLW�/DNH¶V�GUDLQDJH�EDVLQ��5DII�DQG�+LWHV����������7KH�PHDQ�FRQFHQWUDWLRQ�RI�%'(�����LQ�

WKH�VHGLPHQW�ZDV�������SJ�J���7KLV�DPRXQW�DFFRXQWHG�IRU�DSSUR[LPDWHO\�����RI�WKH�WRWDO�PDVV�RI�

3%'(V�LQ�WKH�PRVW�UHFHQW�ODNH�VHGLPHQW�OD\HU��ZKLFK�FRUUHVSRQGV�URXJKO\�WR�WKH�WLPH�IUDPH�RI�

����í�������7KH�UHPDLQLQJ�%'(�FRQJHQHUV�ZHUH�%'(�����%'(�����%'(������%'(������DQG�

%'(�����DW�PHDQ�FRQFHQWUDWLRQV�RI����������������DQG���SJ�J��UHVSHFWLYHO\���7KH�LQYHVWLJDWRUV�

H[DPLQHG�WKH�LPSRUWDQFH�RI�SKRWRO\VLV�LQ�H[SODLQLQJ�WKH�%'(�FRQJHQHU�SURILOH�LQ�WKH�ODNH�
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VHGLPHQWV�E\�FRPSDULQJ�SKRWRO\WLF�KDOI�OLYHV�RI�%'(�FRQJHQHUV�WR�WKH�ILUVW�RUGHU�UHPRYDO�UDWH�

FRQVWDQWV�IRU�R[LGDQW�UHDFWLRQV�DQG�GU\�DQG�ZHW�GHSRVLWLRQ���3KRWRO\WLF�GHJUDGDWLRQ�UDWHV�RI�

���%'(�FRQJHQHUV�ZHUH�HVWLPDWHG�IURP�LQ�KRXVH�H[SHULPHQWV�LQ�D�FRQYHQWLRQDO�SKRWR�UHDFWRU�

H[SRVLQJ�3%'(V�WR�89�UDGLDWLRQ�LQ�ZDYHOHQJWKV�RI����í����QP���'HSRVLWLRQ�IOX[HV�RI�WKH�%'(�

FRQJHQHUV�ZHUH�FDOFXODWHG�IURP�WKH�VHGLPHQW�FRQFHQWUDWLRQV�DQG�WKH�VHGLPHQWDWLRQ�UDWH�RI�WKH�

ODNH���7KH�SKDVH�GLVWULEXWLRQ�RI�%'(�LQ�DPELHQW�DLU��DORQJ�ZLWK�WKH�PHDVXUHG�VL]H�GLVWULEXWLRQ�

FKDUDFWHULVWLFV�RI�DWPRVSKHULF�SDUWLFOHV�RYHU�/DNH�6XSHULRU��ZHUH�XVHG�LQ�WKH�FRPSXWDWLRQ�RI�

DWPRVSKHULF�GHSRVLWLRQ���5DII�DQG�+LWHV��������DVVXPHG�D�PHDQ�GU\�SDUWLFOH�GHSRVLWLRQ�YHORFLW\�

RI�����FP�V���:HW�GHSRVLWLRQ�ZDV�FDOFXODWHG�IURP�HVWLPDWHV�RI�DWPRVSKHULF�ZDVKRXW�UDWLRV�RI�

%'(�FRQJHQHUV�DQG�WKH�IUHTXHQF\�DQG�LQWHQVLW\�RI�DQQXDO�UDLQIDOO�HYHQWV���'U\�YDSRU�GHSRVLWLRQ�

RI�%'(�FRQJHQHUV�ZDV�HVWLPDWHG�IURP�WKHLU�UHVSHFWLYH�+HQU\¶V�ODZ�FRQVWDQWV��UHIHU�WR�5DII�DQG�

+LWHV�>����@�IRU�WKH�FDOFXODWLRQ�PHWKRG����7KH�DWPRVSKHULF�GHSOHWLRQ�UDWH�FRQVWDQWV�RI�WKH�YDSRU�

SKDVH�%'(�FRQJHQHUV��IURP�UHDFWLRQ�ZLWK�WKH�DWPRVSKHULF�K\GUR[\O�UDGLFDO��ZHUH�FDOFXODWHG�

IURP�SXEOLVKHG�H[SHULPHQWV�DQG�DSSOLFDWLRQ�RI�VWUXFWXUH�DFWLYLW\�UHODWLRQ�WHFKQLTXHV��DQG�

DVVXPLQJ�DQ�DYHUDJH�K\GUR[\O�UDGLFDO�FRQFHQWUDWLRQ�RI�����î�����PROHFXOHV�FP����,W�ZDV�IRXQG�

WKDW�WKH�GRPLQDQFH�RI�%'(�����LQ�WKH�ODNH�VHGLPHQWV�LV�H[SODLQHG�E\�WKH�DWPRVSKHULF�UHPRYDO�

SURFHVV�RI�WKH�ZHW�GHSRVLWLRQ�RI�WKH�SDUWLFOH�ERXQG�%'(�������7KH�ILUVW�RUGHU�DWPRVSKHULF�

UHPRYDO�UDWH�FRQVWDQW��N��IRU�WKH�ZHW�GHSRVLWLRQ�RI�%'(�����ZDV�FDOFXODWHG�WR�EH����î���í��V��

FRUUHVSRQGLQJ�WR�DQ�DWPRVSKHULF�OLIHWLPH�RI������GD\V���%\�FRPSDULVRQ��WKH�DWPRVSKHULF�UHPRYDO�

UDWH�FRQVWDQWV�IRU�GU\�GHSRVLWLRQ��SKRWRO\VLV��DQG�GHSOHWLRQ�E\�WKH�K\GUR[\O�UDGLFDO�ZHUH�

�����î���í��V��������î���í��V��DQG�DSSUR[LPDWHO\����UHVSHFWLYHO\��FRUUHVSRQGLQJ�WR�DWPRVSKHULF�

OLIHWLPHV�RI����GD\V�DQG�!����GD\V�IRU�GU\�GHSRVLWLRQ�DQG�SKRWRO\VLV���5DII�DQG�+LWHV��������

GHWHUPLQHG�WKDW�SKRWRO\VLV�LV�D�PLQRU�DWPRVSKHULF�UHPRYDO�SURFHVV�IRU�%'(������DQG�DOPRVW�DOO�

RI�WKH�%'(�����LQ�WKH�VHGLPHQWV�RI�6LVNLZLW�/DNH�LV�GXH�WR�WKH�DWPRVSKHULF�ZHW�DQG�GU\�

GHSRVLWLRQ��GRPLQDWHG�E\�ZHW�GHSRVLWLRQ��RI�SDUWLFOH�ERXQG�%'(�������2Q�WKH�RWKHU�KDQG��5DII�

DQG�+LWHV��������GHWHUPLQHG�WKDW�SKRWRO\VLV�LV�WKH�PDMRU�DWPRVSKHULF�UHPRYDO�SDWKZD\�IRU�

%'(����DQG�%'(�����KDYLQJ�HVWLPDWHG�DWPRVSKHULF�UHPRYDO�UDWH�FRQVWDQWV�RI����î���í��V�DQG�

���î���í��V��FRUUHVSRQGLQJ�WR�DWPRVSKHULF�OLIHWLPHV�RI������DQG������GD\V��UHVSHFWLYHO\���

�
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�������� 5HDFWLRQ�ZLWK�WKH�+\GUR[\O�5DGLFDO�
7URSRVSKHULF�UHDFWLRQV�ZLWK�WKH�K\GUR[\O�UDGLFDO�KDYH�EHHQ�REVHUYHG�WR�EH�DQ�LPSRUWDQW�

DWPRVSKHULF�GHJUDGDWLRQ�SDWKZD\�IRU�KDORJHQDWHG�K\GURFDUERQV���7KH�K\GUR[\O�UDGLFDO�LV�

JHQHUDOO\�IRUPHG�IURP�WKH�SKRWRO\VLV�RI�R]RQH��2���WR�IRUP�D�VLQJOH�R[\JHQ�DWRP�WKDW�

VXEVHTXHQWO\�FRPELQHV�ZLWK�K\GURJHQ���1R�GLUHFW�PHDVXUHPHQWV�RI�DWPRVSKHULF�GHJUDGDWLRQ�

UDWHV�RI�3%'(V�IURP�LQWHUDFWLRQ�ZLWK�WKH�K\GUR[\O�UDGLFDO�FRXOG�EH�ORFDWHG�LQ�WKH�OLWHUDWXUH���

+RZHYHU��DWPRVSKHULF�KDOI�OLYHV�KDYH�EHHQ�HVWLPDWHG�IURP�TXDQWLWDWLYH�VWUXFWXUH�DFWLYLW\�

UHODWLRQVKLSV���$VVXPLQJ�DQ�K\GUR[\O�UDGLFDO�FRQFHQWUDWLRQ�RI���î�����K\GUR[\O�UDGLFDOV�SHU�FP���

WKH�DWPRVSKHULF�KDOI�OLYHV�RI�SHQWD���RFWD���DQG�GHFD�EURPRGLSKHQ\O�HWKHU�KRPRORJXHV�KDYH�EHHQ�

HVWLPDWHG�WR�EH����������DQG�����GD\V��UHVSHFWLYHO\��$76'5����������$�GHJUDGDWLRQ�UDWH�FRQVWDQW�

IRU�%'(����KDV�EHHQ�HVWLPDWHG�WR�EH������î���í���FP��PROHFXOH�V�XVLQJ�WKH�VDPH�DVVXPSWLRQ�RI�

K\GUR[\O�UDGLFDO�FRQFHQWUDWLRQ��(8����������7KH�$76'5�FRQFOXGHG�WKDW�DWPRVSKHULF�

GHJUDGDWLRQ�IURP�UHDFWLRQ�ZLWK�WKH�K\GUR[\O�UDGLFDO�LV�OLNHO\�WR�EH�DQ�LQVLJQLILFDQW�DWPRVSKHULF�

ORVV�PHFKDQLVP��$76'5���������

   
���� 7+(50$/�'(&20326,7,21�2)�3%'(�

3%'(V�DUH�DGGHG�WR�SODVWLFV��WH[WLOHV��DQG�RWKHU�PDWHULDOV�WR�LQKLELW�FRPEXVWLELOLW\�DQG�

GHOD\�WKH�VSUHDG�RI�ILUH��VHH�&KDSWHU���IRU�PRUH�GHWDLO����%DVLFDOO\��WKH�3%'(�DGGLWLYHV�LQWHUIHUH�

ZLWK�WKH�FRPEXVWLRQ�SURFHVV�E\�IRUPLQJ�EURPLQH�JDV��ZKLFK��LQ�WXUQ��GLVSODFHV�WKH�2��QHFHVVDU\�

WR�VXVWDLQ�WKH�R[LGDWLRQ�UHDFWLRQV���,Q�DGGLWLRQ��EURPLQH�UDGLFDOV�DUH�IRUPHG�WKDW�LQWHUIHUH�ZLWK�WKH�

FKDLQ�UHDFWLRQV�RI�K\GURJHQ�DQG�K\GUR[\O�UDGLFDOV�LQ�WKH�ILUH���7KH�GXDOLW\�RI�WKHVH�SURFHVVHV�

VHYHUHO\�UHWDUGV�DQG�FRQVWUDLQV�WKHUPDO�R[LGDWLRQ��

7KH�FRPEXVWLRQ�RI�3%'(�WUHDWHG�PDWHULDOV�FDQ�OHDG�WR�WKH�IRUPDWLRQ�DQG�HPLVVLRQ�RI�

3%')V�LQ�WKH�VPRNH��:HEHU�DQG�.XFK����������,W�LV�EHOLHYHG�WKDW�WKH�PROHFXODU�VWUXFWXUH�LV�

VXLWDEOH�IRU�3%'(V�WR�EH�SUHFXUVRU�FRPSRXQGV�WR�3%')V�IRUPDWLRQ���'HEURPLQDWLRQ�RI�

%'(�����RFFXUV�DW�WHPSHUDWXUHV�RI�DERXW�����&��OHDGLQJ�WR�WKH�IRUPDWLRQ�RI�EURPLQDWHG�

ELSKHQ\OV���)XUWKHU�FRPEXVWLRQ�RI�EURPLQDWHG�ELSKHQ\OV�FDXVHV�3%')V�WR�EH�IRUPHG�ZLWKLQ�WKH�

FRPEXVWLRQ�JDVHV��:HEEHU�DQG�.XFK����������5XSS�DQG�0HW]JHU��������IRUPHG�ERWK�3%')V�DQG�

SRO\EURPLQDWHG�GLEHQ]R�S�GLR[LQV��3%''V��DV�E\SURGXFWV�IURP�WKH�WKHUPRO\VLV�RI�%'(����DQG�

%'(�����LQ�TXDUW]�DPSRXOHV�KHDWHG�WR�WHPSHUDWXUHV�YDU\LQJ�IURP����í����&�IRU��í���PLQXWHV���

2FWD%')��RFWDEURPLQDWHG�GLEHQ]RIXUDQ��DQG�KHSWD%')�FRQJHQHUV�FDQ�EH�IRUPHG�DQG�HPLWWHG�
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GXULQJ�WKH�H[WUXVLRQ�RI�+,36�SODVWLF�WUHDWHG�ZLWK�GHFDEURPRGLSKHQ\O�HWKHU�DQWLPRQ\�

�DQWLPRQ\�>,,,@�R[LGH�DW�����&�>/XOMN�HW�DO�������@����7KH�\LHOGV�RI�3%')V�VKRZHG�D�VLJQLILFDQW�

LQFUHDVH�DV�D�IXQFWLRQ�RI�WKH�QXPEHU�RI�H[WUXVLRQ�F\FOHV���/RZHU�EURPLQDWHG�GLSKHQ\O�HWKHUV�

ZHUH�SUHVHQW�LQ�WKH�HPLVVLRQV�IURP�WKH�H[WUXVLRQ�SURFHVV�FRQILUPLQJ�WKDW�WKH�GHEURPLQDWLRQ�RI�

GHFD%'(�DQG�VXEVHTXHQW�H[FKDQJH�RI�EURPLQH�DWRPV�ZLWK�K\GURJHQ�LV�D�QHFHVVDU\�VWHS�WR�WKH�

WKHUPRO\WLF�IRUPDWLRQ�RI�3%')V���,Q�D�VHULHV�RI�H[SHULPHQWV�RI�FRPEXVWLQJ�GHFD���SHQWD���DQG�

RFWD%'(V�LQ�TXDUW]�DPSRXOHV�DW����í����&��%XVHU��������IRUPHG�3%')V�DQG�3%''V�IURP�WKH�

LQWUDPROHFXODU�F\FOL]DWLRQ�UHDFWLRQV�LQYROYLQJ�WKH�DWWDFN�RI�DQ�R[\JHQ�DWRP�RQ�WKH�GLSKHQ\O�HWKHU�

PROHFXOH���7KH�LQLWLDO�VWHSV�WR�WKHVH�UHDFWLRQV�ZHUH�WKH�GHEURPLQDWLRQ�RI�WKH�SDUHQW�FRPSRXQG�

IROORZHG�E\�K\GURJHQ�VXEVWLWXWLRQ���3RO\EURPLQDWHG�EHQ]HQHV�DQG�SRO\EURPLQDWHG�SKHQROV�ZHUH�

DOVR�IRUPHG�DV�FRPEXVWLRQ�E\SURGXFWV��

�

���� 3$77(516�2)�(19,5210(17$/�)$7(�2)�3%'(�
&RPPHUFLDO�RFWD�DQG�SHQWD%'(�FRQVLVW�RI�PL[WXUHV�RI�%'(�FRQJHQHUV���3HQWD%'(�

SUHGRPLQDWHO\�FRQWDLQV�%'(�����%'(�����%'(������%'(������DQG�%'(������DQG�FRPPHUFLDO�

RFWD%'(�PDLQO\�FRQWDLQV�KHSWD���RFWD���DQG�KH[D%'(�FRQJHQHUV���&RPPHUFLDO�GHFD%'(V�DUH�

DOPRVW�HQWLUHO\�%'(�����ZLWK�D�VPDOO�DPRXQW�RI�QRQD%'(���7KH�%'(�FRQJHQHUV�DUH�GLVSHUVHG�

LQWR�WKH�RSHQ�HQYLURQPHQW�ZKHQHYHU�WKH�FRPPHUFLDO�IRUPXODWLRQV�DUH�UHOHDVHG�IURP�WKHLU�

PDQXIDFWXUH��XVH��DQG�GLVSRVDO���7KH�HQYLURQPHQWDO�IDWH�RI�3%'(�FRQJHQHUV�LV�GLFWDWHG�E\�WKHLU�

SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�DQG�WKHLU�SURSHQVLW\�IRU�ELRWLF�DQG�DELRWLF�WUDQVIRUPDWLRQ���

7KHVH�FKDUDFWHULVWLFV�ZHUH�UHYLHZHG�LQ�SUHYLRXV�VHFWLRQV�WR�WKLV�FKDSWHU��VHH�6HFWLRQ��������

&KDSWHU���UHYLHZHG�WKH�XVH�DQG�OLIH�F\FOH�RI�3%'(�IRUPXODWLRQV�DQG�SUHVHQWHG�HVWLPDWHV�RI�

HQYLURQPHQWDO�UHOHDVHV���7KH�SXUSRVH�RI�WKLV�VHFWLRQ�LV�WR�GHVFULEH��LQ�JHQHUDO�WHUPV��WKH�IDWH�RI�

3%'(V�RQFH�WKH\�DUH�UHOHDVHG�LQWR�WKH�HQYLURQPHQW��

3%'(V�DUH�PDLQO\�GLVFKDUJHG�LQWR�WKH�DLU�IURP�SURGXFWLRQ��XVH��DQG�UHF\FOLQJ�RI�

3%'(�WUHDWHG�SODVWLFV��HOHFWURQLFV��FRPSXWHUV��WH[WLOHV��DQG�SRO\XUHWKDQH�IRDP���3%'(V�DUH�

GLVFKDUJHG�LQWR�VXUIDFH�ZDWHUV�IURP�LQGXVWULDO�DFWLYLW\�DQG�673V���7KH�ODQG�GLVSRVDO�RI�VHZDJH�

VOXGJH�DQG�LQGXVWULDO�VOXGJHV�DOVR�FRQWULEXWHV�WR�HQYLURQPHQWDO�ORDGLQJV��

'LVSHUVLRQ�RI�%'(�FRQJHQHUV�LQ�WKH�HQYLURQPHQW�LV�JRYHUQHG�E\�WKHLU�UHVSHFWLYH�SK\VLFDO�

DQG�FKHPLFDO�SURSHUWLHV���$LU�DQG�ZDWHU�DUH�SULPDU\�WUDQVSRUW�PHGLD��ZKLOH�VRLOV�DQG�VHGLPHQWV�

DUH�HQYLURQPHQWDO�VLQNV���7UDQVSRUW�RI�%'(V�RFFXUV�RYHU�UHODWLYHO\�ORQJ�GLVWDQFHV��!������NP���
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(YLGHQFH�IRU�WKLV�FRPHV�IURP�WKH�SUHVHQFH�RI�3%'(V�LQ�VHGLPHQWV�DQG�WKH�WLVVXHV�RI�GHHS�

RFHDQ�GZHOOLQJ�ZKDOHV�DQG�RWKHU�PDULQH�PDPPDOV���,Q�JHQHUDO��%'(�FRQJHQHUV�DUH�UHODWLYHO\�

K\GURSKRELF�DQG�OLSRSKLOLF�FRPSRXQGV�WKDW�KDYH�ORZ�ZDWHU�VROXELOLW\�DQG�ORZ�YDSRU�SUHVVXUHV���

%'(�FRQJHQHUV�ELRDFFXPXODWH�LQWR�WHUUHVWULDO�DQG�DTXDWLF�IRRG�ZHEV���7KH�ERG\�EXUGHQV�RI�%'(�

FRQJHQHUV�LQ�D�ZLGH�YDULHW\�RI�DYLDQ�VSHFLHV��ILVK��LQVHFWV��DQG�DTXDWLF�DQG�WHUUHVWULDO�PDPPDOV�

LQGLJHQRXV�WR�JHRJUDSKLFDO�DUHDV�UDQJLQJ�IURP�WKH�HTXDWRU�WR�WKH�SROHV�DOVR�VXEVWDQWLDWH�%'(¶V�

SURSHQVLW\�IRU�ORQJ�UDQJH�WUDQVSRUW���7KH�IROORZLQJ�VHFWLRQV�GLVFXVV�WKH�IDWH�RI�3%'(V�LQ�DLU��

ZDWHU��DQG�VRLO��

 
������ )DWH�RI�3%'(V�LQ�2XWGRRU �DQG�,QGRRU �$LU ��
�������� )DWH�RI�3%'(V�LQ�RXWGRRU �DLU �
� 7KH�DLU�FRPSDUWPHQW�LV�WKH�SULPDU\�PHGLXP�RI�GLVSHUVLQJ�3%'(V�RYHU�ODUJH�

JHRJUDSKLFDO�DUHDV���3%'(�EHKDYLRU�LQ�DLU�LV�WKDW�RI�RWKHU�VHPLYRODWLOH�FRPSRXQGV��L�H���%'(�

FRQJHQHUV�SDUWLWLRQ�EHWZHHQ�WKH�YDSRU�SKDVH�DQG�SDUWLFOH�SKDVH�LQ�DFFRUGDQFH�ZLWK�WKHLU�

UHVSHFWLYH�YDSRU�SUHVVXUHV�>VHH�7DEOH����@����$W�VWDQGDUG�WHPSHUDWXUH�DQG�SUHVVXUH��WKH�PRQR�

WKURXJK�WUL�EURPLQDWHG�FRPSRXQGV�DUH�SULPDULO\�LQ�YDSRU�SKDVH��WKH�WHWUD�DQG�SHQWD�FRQJHQHUV�

VSOLW�EHWZHHQ�YDSRU�DQG�SDUWLFOH�SKDVHV�EXW�SUHGRPLQDWH�LQ�WKH�YDSRU�SKDVH���7KH�KH[D��DQG�

RFWD�EURPLQDWHG�%'(V�DUH�PRVWO\�DWWDFKHG�WR�DWPRVSKHULF�SDUWLFOHV��DQG�%'(�����LV�H[FOXVLYHO\�

DGVRUEHG�WR�DWPRVSKHULF�SDUWLFOHV���([SHULPHQWDO�HYLGHQFH�VXJJHVWV�WKDW�WKH�ORZHU�EURPLQDWHG�

%'(V��WKRVH�WKDW�SUHGRPLQDWH�LQ�WKH�YDSRU�SKDVH��FDQ�EH�GHJUDGHG�LQ�WKH�DWPRVSKHUH�WKURXJK�D�

UHDFWLRQ�ZLWK�WKH�K\GUR[\O�UDGLFDO��DV�ZHOO�DV�WKURXJK�SKRWRO\WLF�FKHPLVWU\���:DQLD�DQG�'XJDQL�

�������LQYHVWLJDWHG�WKH�SURSHQVLW\�IRU�ORQJ�UDQJH�DWPRVSKHULF�WUDQVSRUW�WKURXJK�WKH�DWPRVSKHUH�

ZLWK�WKH�DSSOLFDWLRQ�RI�IRXU�ORQJ�UDQJH�DWPRVSKHULF�WUDQVSRUW�PRGHOV���:DQLD�DQG�'XJDQL��������

FRQFOXGHG�WKDW�WKH�WHWUD��DQG�SHQWD%'(�FRQJHQHUV�KDYH�D�JUHDWHU�WHQGHQF\�WR�EH�WUDQVSRUWHG�ORQJ�

GLVWDQFHV�WKDQ�ORZHU�DQG�KLJKHU�EURPLQDWHG�VSHFLHV���7KH�FKDUDFWHULVWLF�WUDYHO�GLVWDQFHV�RI�

GLIIHUHQW�3%'(V�ZHUH�FDOFXODWHG�IURP�WKH�DLU�PRGHOV���7KH�FKDUDFWHULVWLF�WUDYHO�GLVWDQFH�LV�

GHILQHG�DV�WKH�KRUL]RQWDO�GLVWDQFH�WUDYHOHG�E\�D�SDUFHO�RI�DLU�ZKHUHE\�����RI�WKH�LQLWLDO�DLU�

FRQFHQWUDWLRQ�RI�3%'(�LV�GHSOHWHG��:DQLD�DQG�'XJDQL����������7KH�PRGHOV�VKRZHG�WKDW�WKH�

FKDUDFWHULVWLF�WUDYHO�GLVWDQFH�UDQJHG�IURP����í������NP�IRU�WHWUD%'(�����í������NP�IRU�

SHQWD%'(��DQG����í����NP�IRU�GHFD%'(��:DQLD�DQG�'XJDQL����������,Q�WKHRU\���

�
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x 9DSRU�SKDVH�PRQR��GL��DQG�WUL�EURPLQDWHG�FRPSRXQGV�KDYH�WKH�KLJKHVW�WHQGHQF\�IRU�
ORQJ�UDQJH�WUDQVSRUW�LQ�WKH�DWPRVSKHUH�EHFDXVH�WKH\�DUH�XQVXVFHSWLEOH�WR�SDUWLFOH�VXUIDFH�
GHSRVLWLRQ����

x 7KH�WHWUD�DQG�SHQWD�EURPLQDWHG�FRQJHQHUV�PRUH�HTXDOO\�SDUWLWLRQ�EHWZHHQ�YDSRU�DQG�
SDUWLFOH�SKDVHV�DQG�KDYH�FKDUDFWHULVWLF�WUDYHO�GLVWDQFHV�WKDW�DUH�VRPHZKDW�OHVV�WKDQ�WKH�
YDSRU�SKDVH�FRPSRXQGV����

x 7KLV�EL�SKDVHG�GLVWULEXWLRQ�LQ�DLU�LQFUHDVHV�WKH�DWPRVSKHULF�UHPRYDO�RI�WKH�PRGHUDWHO\�
EURPLQDWHG�FRPSRXQGV�EHFDXVH�RI�WKH�SDUWLDO�DGVRUSWLRQ�WR�DWPRVSKHULF�SDUWLFOHV�DQG�
VXEVHTXHQW�ZHW�DQG�GU\�GHSRVLWLRQ�WR�WKH�VXUIDFH����

�

%'(�����LV�DOPRVW�HQWLUHO\�DVVRFLDWHG�ZLWK�DWPRVSKHULF�SDUWLFOHV�DQG��WKHUHIRUH��LWV�ORQJ�UDQJH�

WUDQVSRUW�SRWHQWLDO�LV�WKHRUHWLFDOO\�GLPLQLVKHG�E\�WKH�GHSRVLWLRQ�SURFHVVHV���+RZHYHU��DGVRUSWLRQ�

RI�%'(�����WR�DWPRVSKHULF�DHURVRO�SDUWLFOHV�OHDYHV�WKH�SRVVLELOLW\�WKDW�D�VPDOO�IUDFWLRQ�RI�WKH�

%'(�����FRQWDPLQDWHG�DHURVRO�FDQ�EH�WUDQVSRUWHG�RYHU�ORQJ�GLVWDQFHV��ZKLFK�LV�GHSHQGHQW�RQO\�

RQ�WKH�IDWH�RI�WKH�DHURVRO��:DQLD�DQG�'XJDQL��������*RXLQ�HW�DO�����������7KHUH�H[LVW�VLJQLILFDQW�

JDSV�LQ�WKH�XQGHUVWDQGLQJ�RI�KRZ�DHURVROV�DUH�GLVSHUVHG�UHJLRQDOO\�DQG�JOREDOO\���7KLV�KLQGHUV�

WKH�SRVVLELOLW\�RI�PDNLQJ�GHILQLWLYH�FRQFOXVLRQV�RQ�WKH�ORQJ�UDQJH�WUDQVSRUW�SRWHQWLDO�RI�

%'(�������$HURVRO�SDUWLFOHV�PD\�PLPLF�WKH�EHKDYLRU�RI�JDVHV��PDNLQJ�WKHP�OHVV�SURQH�WR�VXUIDFH�

GHSRVLWLRQ��WKLV�PD\�H[SODLQ�WKH�PHDVXUHPHQW�RI�ORZ�DLU�FRQFHQWUDWLRQV�RI�%'(�����LQ�WKH�$UFWLF�

ZKHQHYHU�WKH�SUHYDLOLQJ�ZLQGV�HPDQDWH�IURP�XUEDQ�DUHDV�LQ�$ODVND�DQG�&DQDGD��:DQJ�HW�DO���

��������2WKHUV�KDYH�REVHUYHG�WKH�URXWLQH�SUHVHQFH�RI�WKH�OLJKWHU��PRUH�YRODWLOH�3%'(�FRQJHQHUV�

�L�H���%'(�����%'(�����DQG�%'(�����LQ�DLU�RYHU�UHPRWH�RFHDQLF�UHJLRQV��%'(�����KDV�RQO\�EHHQ�

RFFDVLRQDOO\�GHWHFWHG��:XUO�HW�DO�������D����,W�KDV�EHHQ�QRWHG��VHH�6HFWLRQ����������WKDW�%'(�����

LV�ODELOH�WR�SKRWRGHJUDGDWLRQ�E\�QDWXUDO�VXQOLJKW���3KRWRGHJUDGDWLRQ�UHVXOWV�LQ�WKH�ORVV�RI�EURPLQH�

DWRPV�RQ�WKH�%'(�����PROHFXOH�WR�IRUP�ORZHU�EURPLQDWHG�%'(�FRQJHQHUV�DV�SURGXFWV�RI�

SKRWRO\VLV��DQG�WKLV�PD\�IXUWKHU�H[SODLQ�WKH�ORZ�SRWHQWLDO�IRU�ORQJ�UDQJH�WUDQVSRUW�RI�%'(�������

3KRWRGHJUDGDWLRQ�LV�OLNHO\�D�PDMRU�DWPRVSKHULF�SURFHVV�IRU�GHJUDGLQJ�DQG�WUDQVIRUPLQJ�

KLJKHU�EURPLQDWHG�3%'(V�WR�OHVV�EURPLQDWHG�%'(�FRQJHQHUV��DQG�H[SHULPHQWV�KDYH�FOHDUO\�

VKRZQ�WKDW�SKRWRGHJUDWLRQ�RI�3%'(V�LV�LQGXFHG�E\�WKH�VSHFWUD�RI�89�UDGLDWLRQ�XQGHU�QDWXUDO�

FRQGLWLRQV��

*HQHUDOO\��%'(�����%'(�����DQG�%'(�����GRPLQDWH�WKH�FRQJHQHU�SDWWHUQ�ZKHQ�GHWHFWHG�

LQ�XUEDQ�DLU���7KH�GHQVHO\�VHWWOHG�XUEDQ�DUHDV�DUH�JHRJUDSKLFDOO\�GLVSHUVHG�VRXUFHV�RI�WKH�%'(�DLU�

EXUGHQ��DQG�D�VWURQJ�QHJDWLYH�DWPRVSKHULF�FRQFHQWUDWLRQ�JUDGLHQW�IURP�WKH�XUEDQ�FHQWHU�RXW�WR�
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UXUDO�DQG�UHPRWH�DUHDV�LV�RIWHQ�REVHUYHG�LQ�DLU�PRQLWRULQJ�VWXGLHV��*RXLQ�HW�DO�����������7KLV�

LPSOLHV�WKDW�XUEDQ�DUHDV�FRQWULEXWH�WR�EDFNJURXQG�DLU�FRQFHQWUDWLRQV�RI�3%'(�LQ�UXUDO�DQG�UHPRWH�

VHWWLQJV�DQG�VKRXOG�EH�FRQVLGHUHG�DV�PDMRU�DUHD�ZLGH�VRXUFHV�RI�3%'(V�SUHVHQW�LQ�DPELHQW�DLU���

6HFWLRQ�����GLVFXVVHV�FRQFHQWUDWLRQV�RI�LQGLYLGXDO�FRQJHQHUV�DQG�WRWDO�%'(V�LQ�LQGRRU�DQG�

RXWGRRU�DLU�LQ�WKH�8QLWHG�6WDWHV�DQG�DEURDG����

,Q�DGGLWLRQ�WR�WKH�SK\VLFDO�SURFHVVHV�RI�ZHW�DQG�GU\�VXUIDFH�GHSRVLWLRQ��DQG�

SKRWRFKHPLFDO�UHDFWLRQV�DQG�GHJUDGDWLRQ�GHEURPLQDWLRQ��WKH�OHDI\�VXUIDFHV�RI�GHFLGXRXV�IRUHVW�

FDQRSLHV�FDQ�VLJQLILFDQWO\�GHSOHWH�3%'(V�LQ�WKH�DWPRVSKHUH�YLD�DLU�WR�OHDI�WUDQVIHU��6X�HW�DO���

��������7KH�XSWDNH�LQWR�OHDYHV�WUDQVIHUV�WKH�%'(�FRQJHQHUV�IURP�WKH�DLU�WR�WKH�WHUUHVWULDO�

HFRV\VWHP�ZKHQ�WKH�OHDYHV�GURS�WR�WKH�VXUIDFH���7KLV�SURFHVV�LV�VHHQ�DV�EHLQJ�ERWK�YDSRU�SKDVH�

DQG�SDUWLFOH�ERXQG�LQWHUFHSWLRQ�E\�WKH�OHDI�GXULQJ�WKH�JURZLQJ�VHDVRQʊZLWK�WKH�YDSRU�SKDVH�

PRUH�HDVLO\�DEVRUEHG���7KH�PRUH�YRODWLOH��ORZ�PROHFXODU�ZHLJKW�3%'(�FRPSRXQGV�DUH�GHSRVLWHG�

SULPDULO\�WKURXJK�JDVHRXV�GLIIXVLRQ�DQG�DFKLHYH�D�SDUWLWLRQLQJ�HTXLOLEULXP�EHWZHHQ�WKH�DLU�DQG�

WKH�OHDI���7KH�OHVV�YRODWLOH��KHDYLHU�3%'(�FRPSRXQGV�DUH�VFDYHQJHG�E\�WKH�OHDI�YLD�GU\�SDUWLFOH�

GHSRVLWLRQ�FDXVHG�E\�SDUWLFOH�LPSDFWLRQ�DQG�GLIIXVLRQ��+RUVWPDQQ�DQG�0F/DFKODQ����������7KHVH�

SURFHVVHV�RI�YHJHWDWLYH�DWPRVSKHULF�GHSOHWLRQ�RI�VHPLYRODWLOH�FRPSRXQGV�DUH�DOVR�REVHUYHG�ZLWK�

FRQLIHURXV�IRUHVWV��JUDVVHV��DQG�JUHHQ�OHDI\�FURSV��+RUVWPDQQ�DQG�0F/DFKODQ����������7KHUHIRUH��

GHQVH�IRUHVWV��RSHQ�JUDVVODQGV��DQG�SURGXFWLYH�IDUPODQGV�IXQFWLRQDOO\�UHGXFH�WKH�DLU�

FRQFHQWUDWLRQ�RI�%'(V�DV�FRQWDPLQDWHG�DLU�PDVVHV�PRYH�RYHU�WKHVH�DUHDV���7KH�RFWDQRO�DLU�

SDUWLWLRQ�FRHIILFLHQW��ORJ�.RD��RI�%'(�FRQJHQHUV��VHH�7DEOH������LV�DQ�LPSRUWDQW�LQGLFDWRU�RI�WKLV�

SURSHQVLW\�IRU�XSWDNH�LQWR�OHDI\�ELRPDVV�ZLWK�DOO�FRQJHQHUV�KDYLQJ�D�ORJ�.RD�!�����7KH�

DWPRVSKHULF�VFDYHQJLQJ�E\�IRUHVW�FDQRSLHV��JUDVVHV��DQG�RWKHU�OHDI\�ELRPDVV�FDQ�SDUWLDOO\�H[SODLQ�

WKH�VHDVRQDO�YDULDELOLW\�RI�DWPRVSKHULF�%'(V���/RQJ�WHUP�PRQLWRULQJ�VWXGLHV�LQGLFDWH�KLJKHU�

FRQFHQWUDWLRQV�RI�%'(V�LQ�DLU�GXULQJ�WKH�FRROHU�ZLQWHU�PRQWKV��DQG�ORZHU�FRQFHQWUDWLRQV�RYHU�

WKH�VSULQJ�DQG�VXPPHU��*RXLQ�HW�DO�����������$Q�HDUO\�VSULQJWLPH�³EXG�EXUVW´�HIIHFW�RI�UHGXFLQJ�

WKH�DLU�FRQFHQWUDWLRQV�RI�%'(V�DW�WKH�RQVHW�RI�VSULQJ�KDV�EHHQ�GRFXPHQWHG�WR�RFFXU��*RXLQ�HW�DO���

��������,Q�WKH�VSULQJ�DQG�VXPPHU��JUHDWHU�GLXUQDO�YDULDELOLW\�LQ�DLU�FRQFHQWUDWLRQV�RI�%'(V�LV�

REVHUYHG�GXULQJ�WKH�ZDUPHU�PRQWKV��DQG��FRQYHUVHO\��VWDEOH�DLU�FRQFHQWUDWLRQV�RI�%'(V�DUH�

REVHUYHG�GXULQJ�WKH�FRROHU�ZLQWHU�PRQWKV���7KH�UHODWLYH�VWDELOLW\�RI�%'(V�RYHU�UXUDO�DQG�UHPRWH�

DUHDV�GXULQJ�WKH�ZLQWHU�FDQ�EH�H[SODLQHG�E\�GLIIXVLRQ�RI�%'(V�IURP�XUEDQ�FHQWHUV�LQGXFHG�E\�D�
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QHJDWLYH�FRQFHQWUDWLRQ�JUDGLHQW��ZKHUHDV�WKH�YDULDELOLW\�LQ�WKH�VSULQJ�DQG�VXPPHU�UHIOHFWV�

YHJHWDWLYH�LQIOXHQFHV�RQ�WKH�DWPRVSKHULF�FRQFHQWUDWLRQV��*RXLQ�HW�DO����������

/DUJH�ERGLHV�RI�ZDWHU�DOVR�KDYH�WKH�FDSDFLW\�WR�LQIOXHQFH�WKH�DWPRVSKHULF�FRQFHQWUDWLRQV�

RI�%'(V�E\�PHDQV�RI�WKH�DLU�ZDWHU�H[FKDQJH�RI�WKH�FRQWDPLQDQW���7KH�UDWH�RI�H[FKDQJH�RI�%'(V�

LV�GHSHQGHQW�RQ�WKH�VWDWH�RI�HTXLOLEULXP�EHWZHHQ�DLU�DQG�ZDWHU�FRQFHQWUDWLRQV���,I�WKH�UDWLR�RI�WKH�

%'(�IXJDFLW\�LQ�ZDWHU�LV�JUHDWHU�WKDQ�WKH�%'(�IXJDFLW\�LQ�DLU��LQ�WKH�YDSRU�SKDVH���WKHQ�WKHUH�LV�D�

WHQGHQF\�IRU�WKH�%'(�WR�YRODWLOL]H�IURP�WKH�ZDWHU�LQWR�WKH�DLU���/LNHZLVH��LI�WKH�%'(�YDSRU�SKDVH�

IXJDFLW\�LQ�DLU�LV�JUHDWHU�WKDQ�WKH�GLVVROYHG�SKDVH�LQ�ZDWHU��WKHQ�WKHUH�LV�D�WHQGHQF\�IRU�WKH�

WUDQVIHU�RI�%'(�IURP�DLU�LQWR�ZDWHU���(TXLOLEULXP�LV�DFKLHYHG�ZKHQ�WKH�DLU�ZDWHU�IXJDFLW\�UDWLR�

§���LQ�ZKLFK�FDVH��WKHUH�LV�QR�DLU�ZDWHU�H[FKDQJH�RI�%'(V���3K\WRSODQNWRQ�ELRPDVV�RQ�WKH�

VXUIDFH�RI�RFHDQV�SOD\V�D�UROH�LQ�LQIOXHQFLQJ�WKH�IXJDFLW\�JUDGLHQW��-DZDUG�HW�DO�����������7KH�

%'(V�LQ�WKH�GLVVROYHG�SKDVH�LQ�WKH�ZDWHU�FROXPQ�ZLOO�EH�GUDZQ�WR�SDUWLWLRQ�WR�WKH�FDUERQDFHRXV�

ELRPDVV�GXH�WR�WKHLU�KLJK�.RZ��VHH�7DEOH��������7KH�GLVVROYHG�SKDVH�FRQFHQWUDWLRQ�LV�GHFUHDVHG��

ZKLFK�LQ�WXUQ��PD\�LQGXFH�GLIIXVLRQ�IURP�DLU�WR�IRUFH�WKH�DLU�WR�ZDWHU�H[FKDQJH���,Q�WKLV�FDVH��WKH�

FDSDFLW\�RI�DQ�RFHDQ�WR�DEVRUE�%'(V�IURP�WKH�DWPRVSKHUH�LV�LQGLUHFWO\�FRQWUROOHG�E\�WKH�GHQVLW\�

RI�VXUIDFH�ELRPDVV���%'(V�KDYH�EHHQ�PHDVXUHG�LQ�WKH�GLVVROYHG�SKDVH�DQG�LQ�VXVSHQGHG�

SDUWLFXODWHV�WR�VHDZDWHU��:XUO�HW�DO�������E����,Q�FRDVWDO�ZDWHUV�RII�&KLQD��FRQFHQWUDWLRQV�RI�WRWDO�

3%'(�LQ�WKH�GLVVROYHG�SKDVH�UDQJHG�EHWZHHQ������DQG�������SJ�/��DQG�EHWZHHQ�����DQG�

�����SJ�/�LQ�WKH�VXVSHQGHG�SDUWLFXODWH�PDWWHU��:XUO�HW�DO�������E����,Q�WKH�6DQ�)UDQFLVFR�HVWXDU\��

%'(�����%'(�����DQG�%'(�����ZHUH�IRXQG�WR�EH�WKH�PRVW�DEXQGDQW�FRQJHQHUV�GHWHFWHG�LQ�WKH�

GLVVROYHG�SKDVH��2URV�HW�DO����������ZKHUHDV�:XUO�HW�DO�������E��IRXQG�%'(�����%'(�����DQG�

%'(�����GRPLQDWHG�WRWDO�3%'(V�LQ�WKH�RSHQ�RFHDQ�ZLWK�%'(�����GHWHFWHG�RQO\�DW�WUDFH�OHYHOV���

,Q�WKH�IUHVKZDWHU�RI�/DNH�2QWDULR��DSSUR[LPDWHO\�����RI�WKH�WRWDO�3%'(�ZDV�FRPSRVHG�RI�

%'(����DQG�%'(�����ZLWK�FRQJHQHUV�%'(������%'(������DQG�%'(�����HDFK�FRQWULEXWLQJ�

DSSUR[LPDWHO\���WR����RI�WKH�WRWDO��(QYLURQPHQW�&DQDGD����������6HFWLRQ�����SURYLGHV�IXUWKHU�

GLVFXVVLRQV�RQ�VHGLPHQW�FRQFHQWUDWLRQV�RI�3%'(V���
�

�������� )DWH�RI�3%'(V�LQ�,QGRRU �$LU �
� 7KH�SUHYLRXV�GLVFXVVLRQ�KDV�IRFXVHG�RQ�WKH�IDWH�RI�3%'(V�LQ�RXWGRRU�DLU���3%'(V�DUH�

DOVR�GHWHFWHG�LQ�LQGRRU�DLU��HVSHFLDOO\�VRUEHG�WR�DHULDOO\�VXVSHQGHG�GXVW�LQVLGH�KRPHV�DQG�RIILFH�

EXLOGLQJV���+XPDQ�FRQWDFW�ZLWK�3%'(�FRQWDPLQDWHG�GXVW�LQ�LQGRRU�PLFURHQYLURQPHQWV�LV�WKH�
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SULPDU\�ZD\�LQ�ZKLFK�KXPDQV�EHFRPH�H[SRVHG��VHH�&KDSWHU������7KLV�EULQJV�LQWR�TXHVWLRQ�WKH�

IDWH�RI�3%'(V�LQ�LQGRRU�DLU�PLFURHQYLURQPHQWV���$V�ZDV�GLVFXVVHG�LQ�&KDSWHU����PDQ\�SURGXFWV�

LQ�WKH�KRPH�DQG�RIILFH�KDYH�EHHQ�PDGH�IODPH�UHWDUGDQW�ZLWK�3%'(V��H�J���WKH�EDFN�FDVLQJV�RI�

WHOHYLVLRQ�VHWV��WKH�FDVLQJV�WR�SHUVRQDO�FRPSXWHUV��3&���IDFVLPLOH�PDFKLQHV��DQG�SULQWHUV��WR�QDPH�

D�IHZ���&KDSWHU���KDV�VKRZQ�WKDW�3%'(V�PD\�YRODWLOL]H�IURP�WKHVH�SURGXFWV�DQG�FRQWDPLQDWH�

LQGRRU�DLU�WKURXJK�SURGXFW�XVH���)RU�H[DPSOH��ODERUDWRU\�H[SHULPHQWV�KDYH�REVHUYHG�

YRODWLOL]DWLRQ�RI�%'(�����%'(������%'(�����DQG�%'(����IURP�D�FRPSXWHU�ZRUNVWDWLRQ�

FRQVLVWLQJ�RI�3&�FDVLQJV��PRXVH��NH\ERDUG��DQG�SULQWHU��.HPPOHLQ�HW�DO�����������6WXGLHV�KDYH�

DOVR�OLQNHG�3%'(�WUHDWHG�79V�DQG�IXUQLWXUH�WR�LQGRRU�GXVW�FRQFHQWUDWLRQV�RI�3%'(V��+LUDL�HW�DO���

������$OOHQ�HW�DO�����������$�VWXG\�RI�RIILFH�EXLOGLQJV�FRQILUPHG�D�TXDOLWDWLYH�DVVRFLDWLRQ�

EHWZHHQ�WKH�SUHVHQFH�RI�3%'(�WUHDWHG�SURGXFWV�DQG�VXEVHTXHQW�OHYHOV�RI�3%'(V�LQ�LQGRRU�DLU�

�+DUUDG�HW�DO�����������,QGRRU�DLU�ZLWK�WKH�KLJKHVW�3%'(�OHYHOV�ZHUH�LQ�URRPV�LQ�RIILFH�EXLOGLQJV�

HTXLSSHG�ZLWK�QXPHURXV�GHVNWRS�3&V�DQG�QXPHURXV�RIILFH�IXUQLWXUH�LWHPV�FRQWDLQLQJ�

SHQWD%'(�WUHDWHG�SRO\XUHWKDQH�IRDP���7KH�IOH[LEOH�SRO\XUHWKDQH�IRDP�LQ�IXUQLWXUH�SDGGLQJ�KDV�

EHHQ�OLQNHG�WR�LQGRRU�GXVW�OHYHOV�RI�SHQWD%'(�FRQJHQHUV��DQG�WKH�79V�DQG�3&V�KDYH�EHHQ�OLQNHG�

WR�GHFD%'(�LQ�GXVW��+LUDL�HW�DO���������$OOHQ�HW�DO����������

� 9RODWLOL]DWLRQ�RI�3%'(V�DQG�FRQJHQHUV�IURP�SURGXFWV�LQWR�VXUURXQGLQJ�DLU�GRHV�RFFXU���

*LYHQ�WKH�YDSRU�SUHVVXUHV�RI�3%'(V��PXFK�RI�WKH�DPRXQW�YRODWLOL]HG�ZRXOG�EH�H[SHFWHG�WR�

SDUWLWLRQ�EHWZHHQ�YDSRU�DQG�SDUWLFOH�SKDVHV��ZLWK�LQFUHDVLQJ�VRUSWLRQ�WR�GXVW�SDUWLFOHV�LQ�DLU�ZLWK�

LQFUHDVHG�GHJUHH�RI�EURPLQDWLRQ�RI�WKH�PROHFXOH���3DUWLWLRQLQJ�LV�HQKDQFHG�E\�WKH�RUJDQLF�

IUDFWLRQ�RI�GXVW��DQG�WKLV�FUHDWHV�D�KRPRJHQHRXV�GLVWULEXWLRQ�RI�3%'(V�LQ�LQGRRU�GXVW�SDUWLFOHV�

�:HEVWHU�HW�DO�����������$�VHFRQG�SRVVLEOH�PHFKDQLVP�RI�WUDQVIHUULQJ�3%'(V�DQG�%'(�FRQJHQHUV�

IURP�SURGXFWV�WR�LQGRRU�GXVW�LV�WKURXJK�WKH�ZHDWKHULQJ�DQG�DEUDVLRQ�RI�3%'(�WUHDWHG�PDWHULDOV�

�:HEVWHU�HW�DO�����������7KH�DEUDVLRQ�FDXVHV�VPDOO�SRO\PHUV�SDUWLFOHV�WKDW�EHFRPH�LQFRUSRUDWHG�

DV�KRXVH�GXVW���+RZHYHU��HYROXWLRQ�RI�VPDOO�DEUDVHG�SDUWLFOHV�FRQWDLQLQJ�3%'(V�IURP�WKLV�

PHFKDQLVP�LV�LQFRQVLVWHQW�DQG�OLNHO\�UHVXOWV�LQ�D�KHWHURJHQHRXV�GLVWULEXWLRQ��:HEVWHU�HW�DO���

�������

� 'XVW�IURP�LQGRRU�VSDFHV�LV�RIWHQ�FROOHFWHG�E\�YDFXXPLQJ���6XFK�GXVW�ZRXOG�LQKHUHQWO\�

FRQWDLQ�VRPH�DPRXQW�RI�3%'(�FRQWDPLQDWLRQ���2QFH�WKH�YDFXXPHG�GXVW�LV�GLVSRVHG�RI��HLWKHU�LW�

OLNHO\�LV�WUDQVIHUUHG�WR�D�ODQGILOO�RU�LW�LV�LQFLQHUDWHG�ZLWK�WKH�RWKHU�KRXVHKROG�DQG�FRPPHUFLDO�

ZDVWH���6RPH�3%'(�GXVW�PD\�GLUHFWO\�WUDQVIHU�IURP�LQGRRU�VSDFHV�WR�WKH�RXWGRRU�DLU�E\�
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FRQYHFWLRQ�WKURXJK�RSHQ�GRRUV�DQG�ZLQGRZV���7KH�LQGRRU�DLU�OHYHOV�RI�3%'(�FRQWDPLQDWHG�GXVW�

DUH�H[SHFWHG�WR�EH�KLJKO\�YDULDEOH�IURP�RQH�EXLOGLQJ�RU�KRXVH�WR�DQRWKHU���7KLV�YDULDELOLW\�LV�

FDXVHG�E\�VXFK�IDFWRUV�DV�WKH�DJH�DQG�QXPEHUV�RI�3%'(�WUHDWHG�PDWHULDOV�ZLWKLQ�WKH�LQGRRU�

VSDFHV��WKH�YHQWLODWLRQ�UDWH��WKH�UDWH�RI�IUHVK�DLU�H[FKDQJH�ZLWKLQ�WKH�LQGRRU�VSDFHV��DQG�WKH�DFWLYH�

XVH�RI�3%'(�WUHDWHG�SURGXFWV�DQG�PDWHULDOV��+D]UDWL�DQG�+DUUDG����������
�  

������ )DWH�RI�3%'(V�LQ�:DWHU �
� 2QFH�HQFRPSDVVHG�ZLWKLQ�VXUIDFH�ZDWHUV�DV�D�UHVXOW�RI�DWPRVSKHULF�GHSRVLWLRQ�DQG�RU�WKH�

GLUHFW�GLVFKDUJH�IURP�DQWKURSRJHQLF�VRXUFH�DFWLYLWLHV��WKH�3%'(V�SDUWLWLRQ�EHWZHHQ�WKH�ZDWHU�

FROXPQ�DQG�WKH�VHGLPHQWV�LQ�SURSRUWLRQ�WR�WKHLU�SK\VLFDO�FKHPLFDO�SURSHUWLHV���7KH�EHQWKLF�

VHGLPHQWV�DUH�D�SULPDU\�VLQN�IRU�3%'(V���3%'(V�WKHQ�FDQ�ELRDFFXPXODWH�XS�WKH�DTXDWLF�IRRG�

ZHE�EHJLQQLQJ�ZLWK�EHQWKLF�RUJDQLVPV�DQG�HQGLQJ�ZLWK�SUHGDWRUV�DW�WKH�WRS�RI�WKH�IRRG�FKDLQ��

H�J���SLVFLYRURXV�ILVK��ELUGV��DQG�WHUUHVWULDO�PDPPDOV��

� ,Q�JHQHUDO��3%'(�FRQFHQWUDWLRQV�DUH�KLJKHVW�LQ�VHGLPHQW�VDPSOHV�FROOHFWHG�GRZQVWUHDP�

RI�WKH�IROORZLQJ��LQGXVWULDO�XUEDQ�DUHDV��RXWIDOOV�WR�VHZDJH�WUHDWPHQW�SODQWV��DQG�XUEDQ�ORFDWLRQV�

ZLWKRXW�KHDY\�LQGXVWULHV���7KH�ORZHVW�3%'(�FRQFHQWUDWLRQV�DUH�JHQHUDOO\�IRXQG�LQ�VHGLPHQWV�

FROOHFWHG�DW�UHPRWH�DQG�DJULFXOWXUDO�DUHDV���%'(�����DSSHDUV�WR�GRPLQDWH�WKH�FRQJHQHU�SURILOH�RI�

DTXDWLF�VHGLPHQWV���6HFWLRQ�����LQFOXGHV�D�FRPSOHWH�GHVFULSWLRQ�RI�VHGLPHQW�VWXGLHV�WKDW�EHDU�RXW�

WKHVH�WUHQGV��  
� 2QO\�WZR�VWXGLHV�FRXOG�EH�ORFDWHG�WKDW�HYDOXDWHG�WKH�SKDVH�GLVWULEXWLRQ�RI�%'(�FRQJHQHUV�

LQ�ZDWHU���,Q�/DNH�0LFKLJDQ��6WUHHWV�HW�DO���������IRXQG�GLVVROYHG�SKDVH�%'(�FRQJHQHUV�%'(�����

%'(�����%'(������DQG�%'(����LQ�FRQFHQWUDWLRQV�UDQJLQJ�IURP������WR����SJ�/��IRU�LQGLYLGXDO�

FRQJHQHUV����7KUHH�FRQJHQHUV�ZHUH�GHWHFWHG�LQ�WKH�SDUWLFOH�SKDVH��%'(�����%'(�����DQG�

%'(�����ZHUH�IRXQG�DW�FRQFHQWUDWLRQV�UDQJLQJ�IURP������WR�����SJ�/���%'(�����ZDV�QRW�

HYDOXDWHG�LQ�WKLV�VWXG\���:XUO�HW�DO�������D��HYDOXDWHG�WKH�SKDVH�GLVWULEXWLRQ�RI�%'(�����%'(�����

%'(�����%'(������%'(������%'(������%'(������DQG�%'(�����LQ�WKH�VHD�VXUIDFH�PLFUROD\HU�

�60/��DQG�VXEVXUIDFH�VHDZDWHU��66:��IURP�ORFDWLRQV�RII�WKH�FRDVW�RI�+RQJ�.RQJ���7KH�60/�RI�

WKH�VHDZDWHU�ZDV�GHILQHG�DV�D������P�WKLFN�ERXQGDU\�OD\HU�EHWZHHQ�WKH�DWPRVSKHUH�DQG�WKH�

RFHDQ�VXUIDFH�WKDW�LV�FRPSRVHG�RI�QDWXUDOO\�RFFXUULQJ�RUJDQLF�PDWWHU�DQG�ȝP�VL]HG�VXVSHQGHG�

SDUWLFOHV���7KH�VXEVXUIDFH�ZDV�GHILQHG�DV�WKH�OD\HU�EHORZ�WKH�60/�GRZQ�WR�D�GHSWK�RI���P���2YHU�

DOO�VDPSOHV��WRWDO�3%'(�FRQFHQWUDWLRQV�UDQJHG�IURP������WR������SJ�/�LQ�WKH�GLVVROYHG�SKDVH�DQG�
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IURP������WR������SJ�/�LQ�WKH�SDUWLFOH�SKDVH���%'(�����ZDV�GHWHFWHG�DW�WUDFH�OHYHOV�LQ�WKH�

GLVVROYHG�SKDVH�DW�DOO�VDPSOLQJ�ORFDWLRQV���2QO\�WKH�%'(�FRQJHQHUV�%'(����DQG�%'(����ZHUH�

GHWHFWHG�LQ�WKH�SDUWLFOH�SKDVH�RI�WKH�60/���%HORZ�WKH�60/�LQ�WKH�66:��%'(����DQG�%'(����

ZHUH�GHWHFWHG�DW�WKUHH�VDPSOLQJ�ORFDWLRQV���%'(����ZDV�WKH�RQO\�RWKHU�FRQJHQHU�GHWHFWHG�LQ�WKH�

GLVVROYHG�SKDVH�RI�WKH�VXEVXUIDFH�OD\HU����

� 2QFH�LQ�WKH�VHGLPHQWV�RU�LQ�WKH�VXVSHQGHG�RUJDQLF�PDWWHU�LQ�WKH�ZDWHU�FROXPQ��WKH�

3%'(V�ELRDFFXPXODWH�LQWR�WKH�HFRORJLFDO�IRRG�FKDLQV�EHJLQQLQJ�ZLWK�WKH�EHQWKLF�RUJDQLVPV�DQG�

FRQWLQXLQJ�XS�WR�WKH�WRS�SUHGDWRUV���7KH�%'(�FRQJHQHUV�KDYH�D�KLJK�FDSDFLW\�IRU�

ELRDFFXPXODWLRQ�DQG�ELRPDJQLILFDWLRQ�LQ�ELRWD�DV�LQGLFDWHG�E\�WKHLU�UHODWLYHO\�KLJK�.RZ�IDFWRUV�

�VHH�7DEOH��������&RQWDPLQDWLRQ�RI�ILVK�WLVVXH�ZLWK�%'(�FRQJHQHUV�H[SRVHV�ILVK�HDWLQJ�ILVK��

SLVFLYRURXV�ELUGV��WHUUHVWULDO�DQLPDOV��DQG�KXPDQV�WR�%'(V�YLD�WKH�GLHWDU\�SDWKZD\���7KHUH�LV�

VXJJHVWLYH�HYLGHQFH�WKDW�ILVK�DUH�DEOH�WR�WUDQVIRUP�KLJKHU�EURPLQDWHG�3%'(�FRQJHQHUV��LQ�YLYR��

WR�ORZHU�EURPLQDWHG�3%'(�FRQJHQHUV�WKURXJK�WKH�SURFHVV�RI�PHWDEROLF�GHEURPLQDWLRQ��VHH�

6HFWLRQ���������IRU�IXUWKHU�GLVFXVVLRQ����,W�KDV�EHHQ�VXJJHVWHG�WKDW�PHWDEROLF�GHEURPLQDWLRQ�PD\�

FDXVH�WKH�IRUPDWLRQ�RI�%'(����DQG�%'(������3LVFLYRURXV�UDSWRUV�ELRDFFXPXODWH�3%'(V�WKURXJK�

WKHLU�KDELWXDO�FRQVXPSWLRQ�RI�FRQWDPLQDWHG�ILVK���7KHVH�ELUGV�PD\�DOVR�KDYH�WKH�FDSDFLW\�IRU�

PHWDEROLF�GHEURPLQDWLRQ�RI�KLJKHU�EURPLQDWHG�%'(�FRQJHQHUV�WR�ORZHU�EURPLQDWHG�FRQJHQHUV��

DOWKRXJK�WKH�HYLGHQFH�IRU�WKLV�LV�KLJKO\�VXJJHVWLYH�DQG�VWHPV�SULPDULO\�IURP�WKH�VWXG\�RI�

FKLFNHQV�DQG�VWDUOLQJV���3%'(�FRQJHQHUV�KDYH�EHHQ�GHWHFWHG�LQ�PDULQH�PDPPDOV�VXFK�DV�ZKDOHV��

VHDOV��DQG�SRUSRLVHV��LQGLFDWLQJ�WKHLU�H[SRVXUHV�WR�3%'(V�IURP�WKHLU�GLHW���%LRDFFXPXODWLRQ�

ZLWKLQ�D�EURDG�UDQJH�RI�DQLPDOV�LV�DQ�LQGLFDWLRQ�RI�WKH�FRQVHTXHQFHV�RI�ZLGHVSUHDG�3%'(�

FRQWDPLQDWLRQ�LQ�WKH�DTXDWLF�DQG�PDULQH�WURSKLF�QHWZRUNV��VHH�6HFWLRQ�������� %LRDFFXPXODWLRQ�
LQ�WKH�$TXDWLF�(QYLURQPHQW, EHORZ��IRU�D�PRUH�GHWDLOHG�GLVFXVVLRQ�� 
� 
������ )DWH�RI�3%'(V�LQ�6RLO�
� 6RLO�LV�D�PDMRU�VLQN�DQG�HQYLURQPHQWDO�UHVHUYRLU�IRU�3%'(V���$WPRVSKHULF�3%'(V�

H[FKDQJH�EHWZHHQ�WKH�DLU�DQG�WKH�VRLO�FRPSDUWPHQWV�E\�PHDQV�RI�JDV�DQG�SDUWLFOH�GHSRVLWLRQDO�

SURFHVVHV���7KH�DWPRVSKHULF�JDV�SDUWLFOH�SDUWLWLRQLQJ�RI�%'(�FRQJHQHUV�DQG�WKH�W\SH�RI�ELRPDVV�

FRYHULQJ�WKH�VRLO�VXUIDFH�KDV�DQ�HIIHFW�RQ�WKH�IOX[�RI�3%'(V�IURP�DLU�WR�VRLO���7KHUH�DUH�DSSDUHQW�

GLIIHUHQFHV�LQ�WKH�PDJQLWXGH�RI�VRLO�FRQFHQWUDWLRQV�RI�%'(�FRQJHQHUV�LQ�VRLOV�RYHUODLG�E\�

FRQLIHURXV�ZRRGODQGV��GHFLGXRXV�ZRRGODQGV��DQG�JUDVV���:KHQ�WKH�VRLOV�DUH�FRYHUHG�E\�
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YHJHWDWLRQ��HVSHFLDOO\�IRUHVWV��WKH�VFDYHQJLQJ�RI�VHPLYRODWLOH�RUJDQLF�FKHPLFDOV�IURP�WKH�

DWPRVSKHUH�LV�HQKDQFHG��ZKLFK��LQ�WXUQ��LQFUHDVHV�WKHLU�GHSRVLWLRQDO�IOX[�WR�WKH�WHUUHVWULDO�VXUIDFH�

UHODWLYH�WR�GHSRVLWLRQ�WR�EDUH�VRLO��0DF/HRG����������,Q�FRQVLGHUDWLRQ�RI�JDV�SDUWLFOH�SDUWLWLRQLQJ�

DQG�JURXQG�FRYHU��3DOPD�HW�DO���������HVWLPDWHG�WKH�HQYLURQPHQWDO�PHGLD�SDUWLWLRQLQJ�HIILFLHQF\�

RI�DLU�UHOHDVHV�RI�XQVXEVWLWXWHG�GLSKHQ\O�HWKHU��'(���DQG�%'(�����%'(�����DQG�%'(�����IURP�

3%'(�VRXUFHV���)XJDFLW\�PRGHOLQJ�VXJJHVWHG�WKDW�DSSUR[LPDWHO\�����RI�'(�DQG�����RI�

%'(�����%'(�����DQG�%'(�����RI�WKH�DLU�HPLVVLRQ�ZLOO�SDUWLWLRQ�LQWR�WKH�VRLO�FRPSDUWPHQW�DW�

HTXLOLEULXP���7KHUH�LV�VXJJHVWLYH�HYLGHQFH�WKDW�3%'(V��HVSHFLDOO\�%'(������LQ�VRLOV�FDQ�EH�

GHJUDGHG�E\�WKH�PLFURELDO�UHGXFWLYH�GHEURPLQDWLRQ��DV�ZHOO�DV�WKH�SKRWRO\WLF�GHEURPLQDWLRQ�LQ�

VRLOV��DOWKRXJK�WKH�YLDELOLW\�RI�WKHVH�SURFHVVHV�LQ�VRLOV�LV�QRW�SUHVHQWO\�ZHOO�XQGHUVWRRG��VHH�

6HFWLRQ�������IRU�D�GHWDLOHG�GLVFXVVLRQ�����

2Q�D�JHRJUDSKLFDO�DQG�UHJLRQDO�VFDOH��WKH�3%'(�FRQFHQWUDWLRQV�LQ�VRLOV�XVXDOO\�UHIOHFW�D�

JUDGLHQW��KLJK�WR�ORZ��IURP�WKH�FHQWUDO�FLW\�RXW�WR�UXUDO�DUHDV�FRQVLVWHQW�ZLWK�DWPRVSKHULF�

PHDVXUHPHQWV��+DUUDG�DQG�+XQWHU����������7KHUHIRUH��XUEDQ�DUHDV�DUH�UHJLRQDO�VRXUFHV�RI�3%'(V�

WR�VRLO�YLD�WKH�DLU�WR�VRLO�H[FKDQJH���&HWLQ�DQG�2GDEDVL��������IRXQG�SRVLWLYH�UHODWLRQVKLSV�

EHWZHHQ�WKH�%'(�FRQJHQHU�SURILOH�LQ�VRLO�DQG�DLU��U�� ������WR�������S����������WKXV�IXUWKHU�

VXSSRUWLQJ�WKH�DVVXPSWLRQ�RI�D�FORVH�OLQN�EHWZHHQ�DLU�DQG�VRLO���)URP�WKLV�HYLGHQFH��LW�LV�

FRQFOXGHG�WKDW�WKH�DWPRVSKHUH�LV�D�PDMRU�WUDQVSRUW�PHGLD�IRU�WKH�3%'(V�GHWHFWHG�LQ�VRLOV���

6RPH�VRLO�VWXGLHV�RI�3%'(V�VKRZ�D�GRPLQDQFH�RI�FRQJHQHUV�%'(�����%'(�����

%'(������%'(������DQG�%'(������+DVVDQLQ�HW�DO����������EXW�RWKHU�VRLO�GDWD�VKRZ�WKDW�

%'(�����GRPLQDWHV�WRWDO�VRLO�3%'(�FRQFHQWUDWLRQ��&HWLQ�DQG�2GDEDVL���������HVSHFLDOO\�LQ�

XUEDQ�DUHDV���+RZHYHU��+DVVDQLQ�HW�DO���������GLG�QRW�LQFOXGH�%'(�����DV�DQ�DQDO\WH�LQ�WKH�

FKHPLFDO�DQDO\VLV�RI�VRLO�VDPSOHV���,W�LV�SRVVLEOH�WKDW�%'(�����ZRXOG�KDYH�EHHQ�VKRZQ�WR�

GRPLQDWH�LQ�WKLV�VWXG\�LI�%'(�����KDG�EHHQ�LQFOXGHG���%'(�����DOVR�KDV�EHHQ�VKRZQ�WR�

GRPLQDWH�WKH�VHGLPHQW�SURILOH���'RPLQDQFH�RI�%'(�����UHIOHFWV�WKH�FKDQJH�IURP�WKH�JHQHUDO�

JOREDO�XVH�RI�WKH�FRPPHUFLDO�SHQWD��DQG�RFWD%'(�IRUPXODWLRQV�WR�GHFD%'(��DV�ZHOO�DV�KLJK�

VRUSWLRQ�DQG�SHUVLVWHQFH�RI�%'(�������)XUWKHU�GLVFXVVLRQV�RI�3%'(V�LQ�VXUIDFH�VRLOV�DUH�IRXQG�LQ�

6HFWLRQ������
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������ 3%'(V�LQ�6HZDJH�7UHDWPHQW�3ODQW�,QIOXHQW��(IIOXHQW��DQG�6OXGJH�
 673�RSHUDWLRQV�DUH�OLNHO\�D�VLJQLILFDQW�VRXUFH�RI�3%'(V�WR�VXUIDFH�ZDWHU�OHDGLQJ�WR�ORFDO�

FRQWDPLQDWLRQ�RI�WKH�IUHVKZDWHU�DQG�FRDVWDO�PDULQH�HQYLURQPHQWV���7KH�673�UHFHLYHV�ZDVWHZDWHU�

IURP�KRPHV��EXVLQHVVHV��DQG��LQ�PDQ\�FDVHV��LQGXVWULHV��ZKLFK�VXEMHFW�WKH�ZDVWHZDWHU�WR�GLIIHUHQW�

GHJUHHV�RI�WUHDWPHQW�EHIRUH�WKH�WUHDWHG�HIIOXHQW�LV�GLVFKDUJHG�LQWR�VXUIDFH�ZDWHUV���0XFK�RI�WKH�

673�VHZDJH�VOXGJH�JHQHUDWHG�E\�WKH�WUHDWPHQW�RI�ZDVWHZDWHU�LV�GLVSRVHG�RI�RQ�ODQG��ZKLFK��LQ�

WXUQ��FDQ�OHDG�WR�ZDWHU�SROOXWLRQ�WKURXJK�VRLO�HURVLRQ�LQWR�VXUIDFH�ZDWHUV����

� 1RUWK��������VDPSOHG�LQIOXHQW��HIIOXHQW��DQG�VHZDJH�VOXGJH�IRU�WKH�SUHVHQFH�RI����%'(�

FRQJHQHUV�DW�D�673�LQ�3DOR�$OWR��&$���7KH�673�HPSOR\V�WHUWLDU\�WUHDWPHQW�PHWKRGV�DQG�

SURFHVVHV�DSSUR[LPDWHO\����î�����/�GD\�RI�ZDVWHZDWHU�JHQHUDWHG�E\�UHVLGHQWV��������LQGXVWULHV�

�������DQG�FRPPHUFLDO�EXVLQHVVHV�DQG�LQVWLWXWLRQV���������7KH�3DOR�$OWR�673�GLVFKDUJHV�WUHDWHG�

HIIOXHQW�LQWR�WR�WKH�6DQ�)UDQFLVFR�(VWXDU\��WKHUHIRUH��WKH�673�LV�OLNHO\�D�VRXUFH�RI�ORFDO�3%'(�

FRQWDPLQDWLRQ�WR�WKH�ZDWHU��VHGLPHQWV��DQG�ELRWD���5HVXOWV�VKRZHG�WKDW�PRUH�WKDQ�����RI�WKH�

WRWDO�3%'(�FRQFHQWUDWLRQV�LQ�WKH�673�HIIOXHQW�GLVFKDUJHG�WR�VXUIDFH�ZDWHUV�DIWHU�WHUWLDU\�

WUHDWPHQW�ZHUH�FRPSRVHG�RI�%'(�FRQJHQHUV�%'(�����%'(�����%'(������%'(������DQG�

%'(�������%'(����GRPLQDWHG�WKH�FRQJHQHU�SURILOH���7KH�UDQN�RUGHU�DQG�PHDQ�FRQFHQWUDWLRQV�RI�

%'(�FRQJHQHUV�LQ�WKH�673�HIIOXHQW�ZHUH�%'(������������SJ�/��!�%'(������������SJ�/��

!�%'(������������SJ�/��!�%'(������������SJ�/��!�%'(����������SJ�/����:LWK�UHVSHFW�WR�WKH�

VHZDJH�VOXGJH�IURP�WKH�673�WHUWLDU\�SURFHVV��%'(�����%'(�����DQG�%'(�����UHSUHVHQWHG�

DSSUR[LPDWHO\�����RI�WKH�WRWDO�FRQFHQWUDWLRQ�RI�%'(V�GHWHFWHG���%'(�����GRPLQDWHG�WKH�

SURILOH��LW�UHSUHVHQWHG�DERXW�����RI�WRWDO�%'(V���7KH�UDQN�RUGHU�DQG�PHDQ�FRQFHQWUDWLRQV�RI�

%'(�FRQJHQHUV�LQ�WKH�673�VHZDJH�VOXGJH���J�NJ�GZW��ZHUH�%'(�������������!�%'(����������

!�%'(������������)URP�D�PDVV�EDODQFH�SHUVSHFWLYH��1RUWK��������HVWLPDWHG�WKDW�����RI�WKH�

3%'(V�WKDW�HQWHU�WKH�673�DUH�DGVRUEHG�WR�VOXGJH��DQG����LV�GHSRVLWHG�LQWR�VXUIDFH�ZDWHU�ZLWK�

WKH�ZDVWHZDWHU�HIIOXHQW���7KH�KLJK�SHUFHQW�DGVRUSWLRQ�RI�WKH�%'(�FRQJHQHUV�WR�WKH�673�VOXGJH�

FDQ�EH�DWWULEXWHG�WR�WKHLU�KLJK�ORJ�.RZ��ZKLFK�LV�!����IRU�DOO�FRQJHQHUV��VHH�6HFWLRQ����������,W�LV�

XQNQRZQ�ZKHWKHU�%'(�����LQ�VHZDJH�VOXGJH�GHJUDGHV�SKRWRO\WLFDOO\�RU�PLFURELDOO\�WR�IRUP�

ORZHU�EURPLQDWHG�FRQJHQHUV�����

5HFHQWO\��WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��FRQGXFWHG�DQ�XSGDWHG�

1DWLRQDO�6HZDJH�6OXGJH�6XUYH\��1666��RI�3%'(V�DQG�RWKHU�FRQWDPLQDQWV�SUHVHQW�LQ�VHZDJH�

VOXGJHV�LQ�WKH�8QLWHG�6WDWHV��8�6��(3$����������7KLV�LQIRUPDWLRQ�LV�XVHG�WR�HVWLPDWH�WKH�DPRXQW�
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RI�3%'(�FRQWDPLQDWLRQ�LQ�WKH�VHZDJH�VOXGJH�WKDW�LV�DSSOLHG�WR�ODQG�DV�D�VRLO�DPHQGPHQW�DQG�

IHUWLOL]HU���7KH�1666�ZDV�D�VWDWLVWLFDOO\�EDVHG�VXUYH\�LQ�ZKLFK�VHZDJH�VOXGJHV�ZHUH�UDQGRPO\�

VHOHFWHG�IURP����673V�LQ����VWDWHV�WR�UHSUHVHQW�WKH�8QLWHG�6WDWHV�DV�D�ZKROH���6DPSOHV�ZHUH�

FROOHFWHG�EHWZHHQ�$XJXVW������DQG�0DUFK��������7KH�PHDQ�FRQFHQWUDWLRQV���J�NJ�GZW��RI�

3%'(�FRQJHQHUV�LQ�VHZDJH�VOXGJH�ZHUH�%'(���� ���������%'(���� ���������%'(����� ��������

DQG�%'(����� ������������2Q�D�QDWLRQDO�EDVLV��WKH�GRPLQDQW�FRQJHQHU�ZDV�%'(������

� .QRWK�HW�DO���������LQYHVWLJDWHG�WKH�GLVWULEXWLRQ�RI�%'(�����%'(�����%'(�����%'(������

%'(������%'(������DQG�%'(�����LQ�VHZDJH�VOXGJH�VDPSOHV�IURP����673V�LQ�*HUPDQ\���

7KLUW\�QLQH�VHZDJH�VOXGJH�VDPSOHV�IURP�GLIIHUHQW�VWDJHV�RI�WKH�ZDVWHZDWHU�WUHDWPHQW�SURFHVV�

�SULPDU\�VOXGJH��VHFRQGDU\�H[FHVV�VOXGJH��DQG�GHZDWHUHG�GLJHVWHG�VOXGJH��ZHUH�FROOHFWHG�IURP�

0DUFK������WR�-XQH��������%'(�����GRPLQDWHG�WKH�3%'(�GLVWULEXWLRQ�LQ�DOO�673�VOXGJHV���

%'(�����FRQFHQWUDWLRQV�LQ�VOXGJHV�UDQJHG�IURP������WR�������QJ�J�GZW��ZLWK�D�PHDQ�RI�����QJ�J�

GZW���7KH�VXP�RI�%'(�FRQJHQHUV�%'(�����%'(�����%'(�����%'(������%'(������%'(�����

UDQJHG�IURP������WR�����QJ�J�GZW��PHDQ�����QJ�J�GZW����7KH�%'(�FRQJHQHU�SURILOH�UHPDLQHG�

UDWKHU�VWDWLF�IURP�RQH�VOXGJH�W\SH�WR�DQRWKHU���.QRWK�HW�DO���������VSHFXODWHG�WKDW�WKLV�PD\�

SURYLGH�HYLGHQFH�IRU�WKH�ELRWUDQVIRUPDWLRQ�RI�%'(�����WR�ORZHU�%'(�FRQJHQHUV���:LWK�RYHU�KDOI�

WKH�VHZDJH�VOXGJH�DSSOLHG�WR�ODQG��.QRWK�HW�DO���������HVWLPDWHG�WKDW�����NJ�DFUH�RI�SHQWD%'(�

SOXV�RFWD%'(��DQG�����NJ�DFUH�RI�GHFD%'(�ZHUH�DSSOLHG�WR�ODQG�LQ������IURP�WKH�ODQG�IDUPLQJ�

RI�FRQWDPLQDWHG�VHZDJH�VOXGJH�LQ�*HUPDQ\����

:DQJ�HW�DO���������DQDO\]HG�VHZDJH�VOXGJH�VDPSOHV�IURP����673V�LQ����FLWLHV�LQ�&KLQD�

IRU�WKH�GLVWULEXWLRQ�RI�%'(�FRQJHQHUV�%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����

%'(�����%'(������%'(������%'(������%'(������%'(������DQG�%'(�������7KH�FRQFHQWUDWLRQV�

RI�WKH�VXP�RI�DOO�FRQJHQHUV�H[FOXGLQJ�%'(�����UDQJHG�IURP�����WR����QJ�J�GZW��ZLWK�D�PHDQ�DQG�

PHGLDQ�FRQFHQWUDWLRQ�RI������DQG������QJ�J�GZW��UHVSHFWLYHO\���$V�ZLWK�WKH�VWXGLHV�GLVFXVVHG�

DERYH��%'(�����ZDV�WKH�GRPLQDQW�FRQJHQHU�LQ�PRVW�RI�WKH�VOXGJH�VDPSOHV���7KH�SHUFHQWDJH�RI�

%'(�����FRQFHQWUDWLRQ�WR�WRWDO�3%'(�FRQFHQWUDWLRQ�LQ�&KLQHVH�VHZDJH�VOXGJHV�DYHUDJHG�

���ʊZLWK�D�PHGLDQ�RI�������%'(�����FRQFHQWUDWLRQV�LQ�VHZDJH�VOXGJH�UDQJHG�IURP�QRQGHWHFW�

WR�������QJ�J�GZW��PHDQʊ�����QJ�J�GZW��PHGLDQʊ�����QJ�J�GZW����%'(�����ZDV�QRW�GHWHFWHG�

LQ�IRXU�VOXGJH�VDPSOHV���,Q�PRUH�WKDQ�����RI�WKH�VOXGJH�VDPSOHV��%'(�����ZDV�OHVV�WKDQ�

����QJ�J�GZW���2WKHU�GRPLQDQW�%'(�FRQJHQHUV�LQ�WKH�VOXGJHV�ZHUH�%'(�����PHDQ�����RI�WRWDO�

%'(�FRQFHQWUDWLRQ���%'(�����PHDQ�������DQG�%'(������PHDQ��������:DQJ�HW�DO���������
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UHJUHVVHG�WKH�GDWD�DQG�GHWHUPLQHG�FRUUHODWLRQV�ZLWK�%'(�FRQJHQHU�SDLUV���$�VLJQLILFDQW�DQG�

SRVLWLYH�FRUUHODWLRQ��U� ��������S����������ZDV�IRXQG�EHWZHHQ�%'(����DQG�%'(������7KLV�

DVVRFLDWLRQ�LPSOLHG�VLJQLILFDQW�FRQWDPLQDWLRQ�RI�WKH�VOXGJH�IURP�WKH�SHQWD%'(�FRPPHUFLDO�

IRUPXODWLRQ��

6RQJ�HW�DO���������LQYHVWLJDWHG�WKH�IDWH��SDUWLWLRQLQJ��DQG�PDVV�ORDGLQJ�RI�%'(V�

WKURXJKRXW�WKH�673�SURFHVV�IURP�LQIOXHQW�WR�VHZDJH�VOXGJH�WR�HIIOXHQW���7KUHH�VHWV�RI�VDPSOHV�

ZHUH�WDNHQ�IURP�YDULRXV�VHJPHQWV�RI�WKH�VHZDJH�WUHDWPHQW�SURFHVV�DW�DQ�673�LQ�:LQGVRU��

2QWDULR��&DQDGD�RYHU���GD\V�VSDFHG�RYHU�D���ZHHN�SHULRG�EHWZHHQ�WKH�HQG�RI�0DUFK�DQG�HDUO\�

0D\��������7KH�%'(�FRQJHQHUV�%'(�����%'(�����%'(�����%'(�����%'(������%'(������

%'(������%'(������DQG�%'(�����ZHUH�HYDOXDWHG�LQ�WKH�VWXG\���%'(�����ZDV�QRW�LQFOXGHG�LQ�

WKH�OLVW�RI�DQDO\WHV���7KH�FRQJHQHUV�RI�FRPPHUFLDO�SHQWD%'(�IRUPXODWLRQ��%'(�����%'(�����

%'(������%'(������DQG�%'(������ZHUH�GHWHFWHG�LQ�DOO�VDPSOHV�DQG�DW�DOO�VWDJHV�RI�WKH�673�

SURFHVV���2Q�DYHUDJH��DSSUR[LPDWHO\�����RI�WRWDO�%'(V�GHWHFWHG�LQ�WKH�673�ZHUH�FRPSRVHG�RI�

%'(����DQG�%'(������%'(����DQG�%'(����ZHUH�IRXQG�WR�EH�DVVRFLDWHG�ZLWK�WKH�FROORLGDO�

VXVSHQVLRQ�RI�SDUWLFOHV�DQG�WKH�GLVVROYHG�SKDVH�RI�RUJDQLF�PDWWHU�LQ�WKH�ZDVWHZDWHU�LQIOXHQW���,Q�

WKH�673�SURFHVV��WKH�ZDVWHZDWHU�EHLQJ�WUHDWHG�KDV�D�UHODWLYHO\�VKRUW�����KRXUV��K\GUDXOLF�

UHVLGHQFH�WLPH���7KH�DXWKRUV�VSHFXODWHG�WKDW�WKH�VKRUW�UHVLGHQFH�WLPH�FRPELQHG�ZLWK�WKH�ORZ�

+HQU\¶V�/DZ�FRQVWDQW�DQG�ODUJH�HVWLPDWHG�DTXHRXV�GHJUDGDWLRQ�KDOI�OLYHV�ZRXOG�PHDQ�WKDW�ORVV�

RI�ERWK�%'(����DQG�%'(����E\�YRODWLOL]DWLRQ�RU�GHJUDGDWLRQ�GXULQJ�WUHDWPHQW�ZRXOG�EH�

QHJOLJLEOH���)XUWKHU��WKH�KLJK�RFWDQRO�ZDWHU�SDUWLWLRQLQJ�FRHIILFLHQWV�RI�%'(����DQG�%'(����

�ORJ�.RZ�!����GULYHV�WKH�FRPSRXQGV�WR�SDUWLWLRQ�WR�WKH�ZDVWHZDWHU�VROLGV��DQG�%'(����DQG�

%'(����DUH�UHPRYHG�IURP�WKH�ZDVWHZDWHU�ZLWK�WKH�UHPRYDO�RI�VROLGV�GXULQJ�WKH�WUHDWPHQW�

SURFHVV���7KLV��LQ�WXUQ��HQULFKHV�WKH�VHZDJH�WUHDWPHQW�SODQW�VOXGJHV�ZLWK�%'(V�EXW�UHGXFHV�WKHLU�

ORDGLQJ�ZLWK�WKH�HIIOXHQW���7KH�PDVV�EDODQFH�FDOFXODWLRQV�RI�3%'(V�DW�WKLV����PLOOLRQ�/�GD\�673�

ZHUH�DV�IROORZV���2I�WKH��������PJ�GD\�WRWDO�3%'(V�HQWHULQJ�WKH�673��DSSUR[LPDWHO\�

��������PJ�GD\�������HQGV�XS�LQ�WKH�673�VOXGJHV��SULPDU\�VHWWOLQJ�DQG�DFWLYDWHG�VOXGJH���DQG�

������PJ�GD\������DUH�GLVFKDUJHG�LQWR�WKH�VXUIDFH�ZDWHU�ZLWK�WKH�WUHDWHG�ILQDO�HIIOXHQW��

7DEOH�����VXPPDUL]HV�WKH�%'(�FRQJHQHU�GLVWULEXWLRQV�LQ�LQIOXHQW��VOXGJHV��DQG�ILQDO�

HIIOXHQW�IURP�YDULRXV�VXUYH\V�RI�VHZDJH�WUHDWPHQW�SODQWV�LQ�YDULRXV�FRXQWULHV���*HQHUDOO\��1RUWK�

$PHULFD�KDV�KLJKHU�WRWDO�%'(�FRQFHQWUDWLRQV�LQ�673�VOXGJH�WKDQ�(XURSH��ZLWK�UHODWLYHO\�KLJK��
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Table 3-8�  The BDE congener distributions in influent, sludges, and final 
effluent from various surveys of sewage treatment plants in various countries 
�

PBDE�congener 
(Br substitution)�

STP influent 
(ng/L) 

STP sludge 
(µg/kg dwt) 

STP 
final effluent 

(ng/L) 
Location Reference�

%'(��� 1$� 1'� 1'� 3DOR�$OWR��&$�� 1RUWK��������

%'(��� 1$� 1'� 1'� 3DOR�$OWR��&$� 1RUWK��������

%'(��� 1$� 1'� 1'� 3DOR�$OWR��&$� 1RUWK��������

%'(��� 1$� 1'� ������� 3DOR�$OWR��&$� 1RUWK��������

%'(���� 1$� 1'� �������� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� 1'� 1'� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� 1'� 1'� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� 1'� 1'� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� ������ �������� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� ����� ������ 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� ������ ��������� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$�
�����

����
����

������
1'�

3DOR�$OWR��&$�
2QWDULR��&$1�

1RUWK��������
6RQJ�HW�DO���������

%'(����� 1$� 1'� 1'� 3DOR�$OWR��&$�� 1RUWK��������

%'(����� 1$� 1'� 1'� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� 1'� ������� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� ������ �������� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$�
�����
1$�
1$�
1$�

�����
������

�����
����

�������

������
����
1$�
1$�
1$�

3DOR�$OWR��&$�
2QWDULR��&$1�
*HUPDQ\�����673V��
6ZHGHQ�����673V��
86$�����673V��

1RUWK��������
6RQJ�HW�DO���������
.QRWK�HW�DO���������
2EHUJ�HW�DO���������
8�6��(3$��������

%'(����� 1$� ���� ������ 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� ���� ������� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� ����� ������ 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� ����� ������� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� 1'�� 1'� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$�
1$�

����
�����

������
1$�

3DOR�$OWR��&$�
6ZHGHQ�����673V��

1RUWK��������
2EHUJ�HW�DO���������

%'(����� 1$�
�����
1$�
1$�
1$�

�����
�������
�������
���
�������

������
�����
1$�
1$�
1$�

3DOR�$OWR��&$�
2QWDULR��&$1�
*HUPDQ\�����673V��
6ZHGHQ�����673V��
86$�����673V��

1RUWK��������
6RQJ�HW�DO���������
.QRWK�HW�DO���������
2EHUJ�HW�DO���������
8�6��(3$��������
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Table 3-8.  The BDE congener distributions in influent, sludges, and final 
effluent from various surveys of sewage treatment plants in various countries 
(continued) 

 

PBDE�congener 
(Br substitution)�

STP influent 
(ng/L) 

STP sludge 
(µg/kg dwt) 

STP 
final effluent 

(ng/L) 
Location Reference�

%'(����� 1$�
���
1$�
1$��

�����
�����
�������
����

����
�����
1$�
1$�

3DOR�$OWR��&$�
2QWDULR��&$1�
*HUPDQ\�����673V��
6ZHGHQ�����673V��

1RUWK��������
6RQJ�HW�DO���������
.QRWK�HW�DO���������
2EHUJ�HW�DO���������

%'(����� 1$� 1'� 1'� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� 1'� 1'� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� 1'� ������ 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� 1'� 1'� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$�
������
1$�

�����
������
1'�

�������
1'�
1$�

3DOR�$OWR��&$�
2QWDULR��&$1�
6ZHGHQ�����673V��

1RUWK��������
6RQJ�HW�DO���������
2EHUJ�HW�DO���������

%'(����� 1$� ����� ������� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$�
���
1$�
1$��
1$�

����
����
�������
�����
������

�����
������
1$�
1$�
1$�

3DOR�$OWR��&$�
2QWDULR��&$1�
*HUPDQ\�����673V��
6ZHGHQ�����673V��
86$�����673V��

1RUWK��������
6RQJ�HW�DO���������
.QRWK�HW�DO���������
2EHUJ�HW�DO���������
8�6��(3$��������

%'(����� 1$�
�����
1$�
1$�

����
����
������
�����

�������
1'�
1$�
1$�

3DOR�$OWR��&$�
2QWDULR��&$1�
*HUPDQ\�����673V��
6ZHGHQ�����673V��

1RUWK��������
6RQJ�HW�DO���������
.QRWK�HW�DO���������
2EHUJ�HW�DO���������

%'(����� 1$� ����� ������ 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� 1'� 1'� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$�
����
1$�

����
���
������

�������
1'�
1$�

3DOR�$OWR��&$�
2QWDULR��&$1�
*HUPDQ\�����673V��

1RUWK��������
6RQJ�HW�DO���������
.QRWK�HW�DO���������

%'(����� 1$� ����� �������� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� ���� ������� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� ���� ������� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$� ���� ������� 3DOR�$OWR��&$� 1RUWK��������

%'(����� 1$�
1$�
1$�
1$�

������
�������
���

���������

������
1$�
1$�
1$�

3DOR�$OWR��&$�
*HUPDQ\�����673V��
6ZHGHQ�����673V��
86$�����673V��

1RUWK��������
.QRWK�HW�DO���������
.QRWK�HW�DO���������
8�6��(3$��������
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Table 3-8.  The BDE congener distributions in influent, sludges, and final 
effluent from various surveys of sewage treatment plants in various countries 
(continued) 

 

PBDE�congener 
(Br substitution)�

STP influent 
(ng/L) 

STP sludge 
(µg/kg dwt) 

STP 
final effluent 

(ng/L) 
Location Reference�

7RWDO�3%'(V�
1$�

����
1$�

������
������
�������

���
����
1$�

3DOR�$OWR��&$�
2QWDULR��&$1�
*HUPDQ\�����673V��

1RUWK��������
6RQJ�HW�DO���������
.QRWK�HW�DO���������

�
0HGLDQ�FRQFHQWUDWLRQ�DV�RSSRVHG�WR�PHDQ��
�
1$� �1RW�DQDO\]HG��1'� �QRW�GHWHFWHG��

�
�

FRQFHQWUDWLRQV�RI�%'(�������+RZHYHU��%'(�����ZDV�QRW�URXWLQHO\�HYDOXDWHG�LQ�(XURSHDQ�VOXGJH�

VWXGLHV��

�

���� %,2$&&80/$7,21�,1�%,27$�

������ %LRDFFXPXODWLRQ�LQ�WKH�$TXDWLF�(QYLURQPHQW�
7KH�K\GURSKRELF�DQG�OLSRSKLOLF�SURSHUWLHV�RI�%'(�FRQJHQHUV�FDXVH�DTXDWLF�RUJDQLVPV�WR�

ELRDFFXPXODWH�%'(V�ZLWK�H[SRVXUHV�ZLWKLQ�WKHLU�IRRG�ZHE���'HVSLWH�WKH�UHFHQW�SUHYDOHQFH�LQ�WKH�

XVH�RI�WKH�GHFD%'(�FRPPHUFLDO�IRUPXODWLRQ��ZKLFK�SULQFLSDOO\�FRQWDLQV�%'(������WKH�

ORZHU�EURPLQDWHG�%'(�FRQJHQHUV�DUH�PRVW�SUHYDOHQW�LQ�WKH�WLVVXHV�RI�DTXDWLF�RUJDQLVPV���$V�

GLVFXVVHG�LQ�SUHYLRXV�VHFWLRQV��WKH�%'(�FRQJHQHUV�HQWHU�D�ZDWHU�ERG\�IURP�DWPRVSKHULF�

GHSRVLWLRQ��DLU�WR�ZDWHU�WUDQVIHU��RU�GLUHFW�GLVFKDUJH�IURP�LQGXVWULHV�DQG�VHZDJH�WUHDWPHQW�SODQWV���

2QFH�%'(V�HQWHU�WKH�DTXDWLF�V\VWHP��WKH\�SDUWLWLRQ�EHWZHHQ�WKH�ZDWHU�FROXPQ�DQG�VHGLPHQWV�

DFFRUGLQJ�WR�WKHLU�SK\VLFDO�FKHPLFDO�SURSHUWLHV���0RUHRYHU��ZLWKLQ�WKH�ZDWHU�FROXPQ��%'(V�

SDUWLWLRQ�EHWZHHQ�WKH�GLVVROYHG�SKDVH�DQG�WKH�SDUWLFOH�SKDVH���%HQWKLF�LQYHUWHEUDWHV�DQG�PROOXVNV�

OLYLQJ�DQG�IHHGLQJ�GLUHFWO\�RQ�FRQWDPLQDWHG�VHGLPHQWV�DFTXLUH�D�ERG\�EXUGHQ�RI�%'(V�WKDW�LV�

WKHQ�SDVVHG�XS�WKH�IRRG�FKDLQ�IURP�ERWWRP�IHHGLQJ�ILVK�WR�WRS�SLVFLYRURXV�ILVK��UDSWRUV��UHSWLOHV��

DQG�PDPPDOV���0ROOXVNV�LQWHUQDOO\�DEVRUE�%'(V�IURP�WKH�ZDWHU�FROXPQ�WKURXJK�ILOWHULQJ�RI�WKH�

ZDWHU���)LVK�DFTXLUH�%'(V�WKURXJK�WKH�GLHWDU\�SDWKZD\�DQG�DOVR�IURP�WKH�ZDWHU�SDVVLQJ�WKURXJK�

WKHLU�JLOOV���,Q�WKLV�UHJDUG��WURSKLF�OHYHO�ELRDFFXPXODWLRQ�LQ�PDULQH�DQG�IUHVKZDWHU�ELRWD�LV�VLPLODU�

WR�WKH�SDWWHUQ�RI�ELRDFFXPXODWLRQ�RI�RWKHU�FODVVHV�RI�OLSRSKLOLF�DQG�SHUVLVWHQW�FRPSRXQGV�VXFK�DV�

WKH�3&%V��(YHQVHW�HW�DO���������%UDJLJDQG�HW�DO���������(OMDUUDW�HW�DO����������L�H���WKH�
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FRQFHQWUDWLRQ�RI�3%'(V�IURP�RQH�WURSKLF�OHYHO�WR�DQRWKHU�VHHPV�WR�ELRPDJQLI\�EHWZHHQ�

RUJDQLVPV���%UDJLJDQG�HW�DO���������LOOXVWUDWHG�WKLV�SRLQW�LQ�WKH�VWXG\�RI�WURSKLF�OHYHO�WUDQVIHUV�RI�

%'(�FRQJHQHUV�LQ�DQ�DTXDWLF�HFRV\VWHP�LQ�HVWXDULHV�RI�)UDQFH���7KH\�IRXQG�WKDW�WKH�

ERWWRP�IHHGHU�ELYDOYHV�DQG�ZRUPV�KDG�WKH�ORZHVW�FRQFHQWUDWLRQV�RI�%'(�����ZKLOH�WKH�ZDWHU�

FROXPQ�IHHGHU�HHOV�DQG�VROHV�KDG�WKH�KLJKHVW�FRQFHQWUDWLRQV���+LJK�FRQFHQWUDWLRQV�ZHUH�DOVR�

IRXQG�LQ�IORXQGHU�DQG�PLG�UDQJH�FRQFHQWUDWLRQV�LQ�VKULPS��

%'(�����%'(�����%'(�����%'(������%'(������DQG�%'(�����KDYH�EHHQ�GHWHFWHG�LQ�

PXOWLSOH�VSHFLHV�RI�PDULQH�DQG�IUHVKZDWHU�RUJDQLVPV���,Q�PRVW�FDVHV��%'(�����KDV�QRW�EHHQ�

LQFOXGHG�LQ�WKH�OLVW�RI�DQDO\WHV��DQG��WKHUHIRUH��LW�LV�RIWHQ�VXJJHVWHG�WKDW�%'(�����FDQQRW�EH�IRXQG�

LQ�DTXDWLF�ELRWD���+RZHYHU��%'(�����KDV�EHHQ�GHWHFWHG�LQ�KDUGKHDG�FDWILVK��$WODQWLF�VWLQJUD\V��

VKDUS�QRVHG�VKDUNV��DQG�EXOO�VKDUNV�RII�WKH�)ORULGD�&RDVW��-RKQVRQ�5HVWUHSR�HW�DO����������LQ�

URDFK�ILVK�LQ�D�%DOWLF�6HD�HVWXDU\��%XUUHDX�HW�DO����������DQG�LQ�P\VLG�VKULPS�RII�WKH�'XWFK�FRDVW�

�9HUVO\FNHD�HW�DO������������

)RU�WKH�PRVW�SDUW��WRWDO�3%'(V�DUH�KLJKHVW�LQ�WRS�SUHGDWRU�PDULQH�PDPPDOV�VXFK�DV�

������QJ�J�OLSLG�ZHLJKW��OZW��LQ�ZKLWH�EHDNHG�GROSKLQ�RII�WKH�'XWFK�FRDVW��6RQL�HW�DO�����������

+RZHYHU��ZDWHU�ILOWHULQJ�PDULQH�PROOXVNV�DSSHDU�WR�DFFXPXODWH�%'(V�DW�WKH�KLJKHVW�OHYHOV�

REVHUYHG�LQ�DQ\�ILHOG�VXUYH\��H�J���DQ�DYHUDJH�WRWDO�3%'(�FRQFHQWUDWLRQ�RI��������QJ�J�OZW�LQ�

FODPV�IURP�WKH�6DQ�)UDQFLVFR�%D\�HVWXDU\�>2URV�HW�DO�������@����$QRWKHU�REVHUYDWLRQ�WKDW�FDQ�EH�

PDGH�IURP�H[LVWLQJ�VWXGLHV�LV�WKDW�PDULQH�ILVK�KDYH�KLJKHU�RYHUDOO�ERG\�EXUGHQV�RI�WRWDO�3%'(V�

DV�FRPSDUHG�WR�IUHVKZDWHU�ILVK���0DULQH�ILVK�VSHFLHV�WHQG�WR�KDYH�WRWDO�PHDQ�3%'(�ERG\�EXUGHQV�

LQ�D�UDQJH�RI������WR�������QJ�J�OZW��$QWDUFWLF�URFNFRG�DQG�)ORULGD�EXOO�VKDUN��UHVSHFWLYHO\���

ZKHUHDV�IUHVKZDWHU�ILVK�W\SLFDOO\�KDYH�ERG\�EXUGHQV�IURP�����WR�����QJ�J�OZW��'HWURLW�5LYHU�

ELJPRXWK�EXIIDOR�ILVK�DQG�/DNH�0LFKLJDQ�ODNH�WURXW��UHVSHFWLYHO\���&RUVROLQL�HW�DO���������

-RKQVRQ�5HVWUHSR�HW�DO���������9DOWHUV�HW�DO���������6WUHHWV�HW�DO����������

,Q�PRVW�ILVK��RFHDQ�DQG�IUHVKZDWHU��DQG�PDULQH�PDPPDOV��%'(����LV�WKH�PDMRU�FRQJHQHU��

FRQWULEXWLQJ�!����WR�WRWDO�ERG\�EXUGHQ�RI�3%'(V���7KH�FRQJHQHU�GLVWULEXWLRQ�LQ�WLVVXHV�RI�

DTXDWLF�ELRWD�XVXDOO\�IROORZ�WKH�RUGHU�RI�%'(����!�%'(����!�%'(�����!�%'(�����!�%'(�����

!�%'(����!�%'(������,Q�WKH�IHZ�VWXGLHV�ZKHUH�%'(�����ZDV�PHDVXUHG�LQ�ILVK�WLVVXH��RFHDQ�

ILVK���%'(�����KDV�UDQJHG�IURP����XS�WR�����RI�WRWDO�3%'(�ERG\�EXUGHQ���%HFDXVH�RI�VPDOO�

VDPSOH�VL]H��WKHVH�VWXGLHV�DUH�LQVXIILFLHQW�WR�LQGLFDWH�WKH�JHQHUDO�FRQWULEXWLRQ�WKDW�%'(�����

PDNHV�WR�3%'(�LQ�ILVK�WLVVXH����
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7KLV�UHYLHZ�RI�3%'(V�GHWHFWHG�LQ�ILVK�DQG�PDULQH�PDPPDOV�LOOXVWUDWHV�WKH�IDFW�WKDW�

3%'(V�DUH�WUDQVSRUWHG�ORQJ�GLVWDQFHV��IDU�DZD\�IURP�WKHLU�RULJLQDO�VRXUFH���3%'(V�DUH�GHWHFWHG�

LQ�GHHSZDWHU�PDULQH�ILVK�DQG�PDPPDOV�DQG�LQ�PDULQH�HFRV\VWHPV�UDQJLQJ�IURP�WKH�HTXDWRU�WR�

WKH�SROHV���7KLV�SURYLGHV�DGGLWLRQDO�HYLGHQFH�IRU�WKH�ORQJ�UDQJH�WUDQVSRUW�RI�3%'(V���'HWDLOV�RI�

VSHFLILF�VWXGLHV�PHDVXULQJ�%'(�FRQJHQHUV�LQ�IUHVKZDWHU��PDULQH��IDUPHG��DQG�VWRUH�ERXJKW�ILVK��

LQFOXGLQJ�D�WDEXODU�VXPPDU\�RI�FRQJHQHU�VSHFLILF�FRQFHQWUDWLRQV��DUH�SURYLGHG�LQ�6HFWLRQ�������

 
������ %LRDFFXPXODWLRQ�LQ�WKH�7HU UHVWU LDO�(QYLURQPHQW�
 )LHOG�VWXGLHV�RI�WKH�ELRDFFXPXODWLRQ�RI�%'(V�LQ�WHUUHVWULDO�HQYLURQPHQW�KDYH�LQFOXGHG�

ILVK�HDWLQJ�PDPPDOV��ELUGV�RI�SUH\��DQG�FDUQLYRURXV�PDPPDOV�LQ�WKH�ZLOG���7KHVH�DQLPDOV�DUH�

WRS�SUHGDWRUV�LQ�WKH�IRRG�FKDLQ�DQG�DFTXLUH�D�ERG\�EXUGHQ�RI�%'(V�IURP�WURSKLF�OHYHO�H[SRVXUHV�

LQ�D�VLPLODU�PDQQHU�DV�DTXDWLF�RUJDQLVPV���7KH�IROORZLQJ�SURYLGHV�D�VXPPDU\�RI�

ELRDFFXPXODWLRQ�RI�3%'(V�LQ�WHUUHVWULDO�DQLPDOV�IURP�WURSKLF�OHYHO�H[SRVXUHV��

�

�������� %LRDFFXPXODWLRQ�LQ�%LUGV��
 %LUGV�RI�SUH\�DUH�LGHDO�FDQGLGDWHV�WR�VWXG\�WKH�ELRDFFXPXODWLRQ�RI�3%'(V�EHFDXVH�WKH\�

DUH�FDUQLYRUHV��W\SLFDOO\�VHFRQGDU\�DQG�WHUWLDU\�FRQVXPHUV�LQ�WHUUHVWULDO�DQG�DTXDWLF�IRRG�FKDLQV���

3RWWHU�HW�DO���������UHSRUWHG�RQ�WKH�GLVWULEXWLRQ�RI�3%'(�FRQJHQHUV�LQ����3HUHJULQH�)DOFRQ�

�)DOFR�SHUHJULQXV��HJJV�FROOHFWHG�IURP������WR��������7KH�HJJV�ZHUH�IURP����QHVWV�DW�

���ORFDWLRQV�LQ�WKH�UHJLRQ�RI�WKH�&KHVDSHDNH�%D\���2QFH�FROOHFWHG��WKH�HJJV�ZHUH�NHSW�IUR]HQ�

XQWLO�DQDO\]HG���5HVXOWV�RI�DQDO\VLV�VKRZHG�WKDW�WKH�PHGLDQ�WRWDO�FRQFHQWUDWLRQ�RI�%'(V��VXP�RI�

%'(�����%'(�����%'(������%'(������%'(������%'(������%'(������%'(������%'(������

%'(������%'(������DQG�%'(������ZDV�����QJ�J�ZZW���%'(�����ZDV�GHWHFWHG�LQ�DOO�HJJ�

VDPSOHV�DW�D�PHGLXP�FRQFHQWUDWLRQ�RI������QJ�J�ZZW���7KH�DXWKRUV�QRWHG�WKDW�EHFDXVH�RI�WKH�

VKRUW�ELRORJLFDO�KDOI�OLIH�RI�%'(�����LQ�ELUGV��DERXW����GD\V���WKH�SUHVHQFH�RI�%'(�����LQ�HJJ�

WLVVXHV�PD\�LQGLFDWH�UHODWLYHO\�UHFHQW�H[SRVXUHV�WR�WKH�PDWHUQDO�ELUG��3RWWHU�HW�DO�����������

%'(�����DYHUDJHG������RI�WKH�VXP�RI�WKH�%'(�FRQJHQHUV���,Q�WKLV�VWXG\��WKH�UDQN�RUGHU�E\�%'(�

FRQFHQWUDWLRQ�LQ�3HUHJULQH�)DOFRQ�HJJV��ORZ�WR�KLJK��ZDV�%'(�����!�%'(����!�%'(�����

!�%'(�����!�%'(�����!�%'(�����!�%'(�����!�%'(����!�%'(�������%'(����ZDV�D�PLQRU�

FRQVWLWXHQW�LQ�3HUHJULQH�)DOFRQ�HJJV��RQ�DYHUDJH�RQO\���������%'(�����ZDV�WKH�GRPLQDQW�

FRQJHQHU�SUHVHQW�LQ�3HUHJULQH�)DOFRQ�HJJV��ZLWK�D�PHGLXP�FRQFHQWUDWLRQ�RI������QJ�J�ZZW�
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�UHSUHVHQWLQJ�D�PHDQ�FRQWULEXWLRQ�WR�WRWDO�3%'(V�RI��������7KLV�ZDV�VLPLODU�WR�%'(�FRQJHQHU�

SURILOH�REVHUYHG�LQ�D�VWXG\�RI�3HUHJULQH�)DOFRQ�HJJV�E\�&KHQ�HW�DO�����������7KH�VPDOO�VDPSOH�

VL]H�GLG�QRW�SHUPLW�D�WLPH�WUHQG�DQDO\VLV�RI�3%'(�FRQFHQWUDWLRQV�LQ�HJJV���+RZHYHU��%'(�����

FRQFHQWUDWLRQV�ZHUH�IRXQG�WR�EH�KLJKHU�LQ�3HUHJULQH�)DOFRQ�HJJV�REWDLQHG�IURP�XUEDQ�DUHDV�DV�

FRPSDUHG�WR�UXUDO�DUHDV���)RU�H[DPSOH��WKH�DXWKRUV�LQGLFDWHG�WKDW�WKH�PHDQ�%'(�����SHUFHQW�

FRQWULEXWLRQ�WR�WRWDO�3%'(V�GHWHFWHG�LQ�3HUHJULQH�)DOFRQ�HJJV�FROOHFWHG�IURP�D�UXUDO�ORZ�KXPDQ�

SRSXODWLRQ�DUHD�ZDV�����EXW�WKH�PHDQ�SHUFHQW�FRQFHQWUDWLRQ�WR�WRWDO�3%'(V�FROOHFWHG�IURP�D�

GHQVHO\�SRSXODWHG�XUEDQ�ZDV��������3RWWHU�HW�DO����������7KLV�REVHUYDWLRQ�ZDV�FRQVLVWHQW�ZLWK�D�

3HUHJULQH�)DOFRQ�HJJ�VWXG\�E\�&KHQ�HW�DO����������

� &KHQ�HW�DO���������FRQGXFWHG�D�VLPLODU�VWXG\�RI�3HUHJULQH�)DOFRQ�HJJV���$�WRWDO�RI�

����3HUHJULQH�)DOFRQ�HJJV�ZHUH�FROOHFWHG�IRU�SXUSRVHV�RI�LQYHVWLJDWLQJ�WKH�GLVWULEXWLRQ�RI�%'(�

FRQJHQHUV�LQ�HJJ�WLVVXHV���6DPSOHV�ZHUH�FROOHFWHG�IURP�QHVWV�LQ�&RQQHFWLFXW��0DVVDFKXVHWWV��

0DLQH��1HZ�+DPSVKLUH��5KRGH�,VODQG��DQG�9HUPRQW�EHWZHHQ�WKH�\HDUV������DQG��������2QFH�

FROOHFWHG��WKH�HJJV�ZHUH�WUDQVIHUUHG�WR�VROYHQW�ULQVHG�JODVV�MDUV�DQG�IUR]HQ�XQWLO�FKHPLFDO�

DQDO\VLV���6HYHQWHHQ�%'(�FRQJHQHUV�ZHUH�DQDO\]HG�LQ�HJJ�VDPSOHV��LQFOXGLQJ�%'(�����%'(�����

%'(������%'(������%'(������%'(������%'(������%'(������%'(������%'(������%'(������

%'(������%'(������%'(������%'(������%'(������DQG�%'(�������5HVXOWV�VKRZHG�WKDW�WKH�WRWDO�

3%'(V��VXP�RI����FRQJHQHUV��FRQFHQWUDWLRQV�UDQJHG�IURP������WR������QJ�J�ZZW��ZLWK�D�PHGLDQ�

RI�����QJ�J�ZZW���3%'(�FRQJHQHU�SURILOHV�LQ�3HUHJULQH�)DOFRQ�HJJV��GHILQHG�DV�SHUFHQW�

FRQWULEXWLRQ�WR�WRWDO�RI����PHDVXUHG�%'(�FRQJHQHUV��ZHUH�GRPLQDWHG�E\�%'(������IROORZHG�E\�

%'(�����%'(������%'(������%'(������%'(������%'(������%'(������DQG�%'(������ZLWK�

OHVVHU�FRQWULEXWLRQV�IURP�%'(�����%'(������%'(������%'(������%'(������%'(������

%'(������DQG�%'(�������7KH�WKLUG�PRVW�SUHYDOHQW�FRQJHQHU�SUHVHQW�LQ�HJJ�WLVVXH�ZDV�%'(�������

7KH�DXWKRUV�REVHUYHG�WKDW�WKH�HOHYDWHG�%'(�����FRQFHQWUDWLRQV��D�KDOOPDUN�RI�WKH�RFWD%'(�

FRPPHUFLDO�IRUPXODWLRQ��LQ�3HUHJULQH�)DOFRQ�HJJV�PD\�LQGLFDWH�WKH�KLJK�ELRPDJQLILFDWLRQ�

SRWHQWLDO�RI�%'(�����LQ�WHUUHVWULDO�IRRG�FKDLQV��&KHQ�HW�DO�����������%'(����ZDV�D�PLQRU�

FRQWULEXWRU������RQ�DYHUDJH��LQ�3HUHJULQH�)DOFRQ�HJJV���7LPH�WUHQG�DQDO\VLV�VXJJHVWHG�WKDW�WRWDO�

3%'(��VXP�RI����FRQJHQHUV��FRQWDPLQDQW�OHYHOV�LQ�WKH�3HUHJULQH�)DOFRQ�HJJV�GLG�QRW�FKDQJH�

VLJQLILFDQWO\�RYHU�D����\HDU�SHULRG�IURP������WR�������&KHQ�HW�DO�����������7KH�LQIOXHQFHV�RI�

UXUDO�YHUVXV�XUEDQ�HQYLURQPHQWV�RQ�3%'(�FRQFHQWUDWLRQV�LQ�HJJV�ZHUH�LQYHVWLJDWHG�ZLWK�WKH�

GDWD���7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH��S� ��������LQ�WKH�WRWDO�3%'(�
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FRQFHQWUDWLRQV�SUHVHQW�LQ�HJJV�IURP�XUEDQ�DUHDV��PHGLDQ�������UDQJH�����í�����QJ�J�ZZ��DQG�

HJJV�IURP�UXUDO�DUHDV��PHGLDQ�������UDQJH����í������QJ�J�ZZ����+RZHYHU��%'(�����ZDV�

VLJQLILFDQWO\�KLJKHU�LQ�3HUHJULQH�)DOFRQ�HJJV�FROOHFWHG�LQ�XUEDQ�DUHDV�DV�FRPSDUHG�ZLWK�HJJV�

FROOHFWHG�LQ�UXUDO�DUHDV��S�����������

1DHUW�HW�DO���������VWXGLHG�WKH�ERG\�EXUGHQ�GLVWULEXWLRQ�RI�%'(V�LQ�EUDLQ�DQG�DGLSRVH�

WLVVXH�VDPSOHV�RI�&RPPRQ�%X]]DUGV��%XWHR�EXWHR���(XUDVLDQ�6SDUURZ�+DZNV��$FFLSLWHU�QLVXV���

&RUPRUDQWV��3KDODFURFRUD[�FDUER�VLQHQVLV���DQG�&RPPRQ�%ODFNELUGV��7XUGXV�PHUXOD��IURP�

ILHOG�VDPSOHV�FROOHFWHG�DW�GLIIHUHQW�ORFDWLRQV�LQ�6ZLW]HUODQG�EHWZHHQ������DQG��������/RZHU�

FRQFHQWUDWLRQV�RI�%'(�FRQJHQHUV�ZHUH�GHWHFWHG�LQ�WKH�EUDLQ�RI�DYLDQ�VSHFLHV�DV�FRPSDUHG�WR�

DGLSRVH�WLVVXH���7KH�PHGLDQ�WRWDO�3%'(�FRQFHQWUDWLRQV��VXP�RI�%'(�����%'(�����%'(�����

%'(������%'(������%'(������DQG�%'(������LQ�EUDLQ�UDQJHG�IURP�EHORZ�WKH�GHWHFWLRQ�OLPLW�LQ�

&RPPRQ�%ODFNELUGV�WR����QJ�J�ZZW�LQ�VSDUURZ�KDZNV���7KH�PHGLDQ�FRQFHQWUDWLRQV�RI�WRWDO�

3%'(V�LQ�DGLSRVH�WLVVXH�UDQJHG�IURP�EHORZ�WKH�GHWHFWLRQ�OLPLW�LQ�&RPPRQ�%ODFNELUGV�WR�

����QJ�J�ZZW�LQ�VSDUURZ�KDZNV���7KH�DXWKRUV�SRVWXODWHG�WKDW�WKH�GLIIHUHQFH�LQ�PHGLDQ�

FRQFHQWUDWLRQV�EHWZHHQ�WKH�WZR�WLVVXHV��EUDLQ�DQG�DGLSRVH��LV�DWWULEXWHG�WR�WKH�EORRG�EUDLQ�EDUULHU�

SURWHFWLQJ�DJDLQVW�WKH�DFFXPXODWLRQ�RI�%'(V�LQ�WKH�EUDLQ���,Q�WKLV�VWXG\��WKH�VSDUURZ�KDZN�KDG�

WKH�RYHUDOO�KLJKHVW�PHGLDQ�ERG\�EXUGHQ�RI�WRWDO�3%'(V�RI�DOO�WKH�VSHFLHV��������QJ�J�ZZW�YHUVXV�

WKH�&RPPRQ�%X]]DUG��������QJ�J�ZZW���&RPPRQ�%ODFNELUG�������QJ�J�ZZW���DQG�&RUPRUDQW�

�������QJ�J�ZZW����%'(����ZDV�WKH�GRPLQDQW�FRQJHQHU�GHWHFWHG�LQ�WKH�VSDUURZ�KDZN��DFFRXQWLQJ�

IRU�DSSUR[LPDWHO\�����RI�WRWDO�3%'(V��%'(����ZDV�DERXW�����RI�WRWDO�3%'(V���7KH�VSDUURZ�

KDZN�LV�D�VSHFLDOLVW�IHHGHU�DQG�FRQVXPHV�ILQFKHV��VSDUURZV��DQG�:RRG�3LJHRQV���7KH�&RUPRUDQW�

�KDYLQJ�WKH�QH[W�KLJKHVW�PHDQ�3%'(�ERG\�EXUGHQ��QHVWV�LQ�VZDPS\�DUHDV�RU�QHDU�ODUJH�ERGLHV�RI�

ZDWHU�VXFK�DV�ULYHUV�DQG�ODNHV���,WV�GLHW�FRQVLVWV�PDLQO\�RI�ILVK���%'(����FRQWULEXWHG�

DSSUR[LPDWHO\�����RI�WKH�WRWDO�ERG\�EXUGHQ�RI�3%'(V�LQ�WKH�&RUPRUDQW���,Q�WKH�&RPPRQ�

%X]]DUG��WKH�PRVW�SUHYDOHQW�FRQJHQHUV�GHWHFWHG�ZHUH�%'(����������RI�WRWDO���%'(�����������

DQG�%'(������������7KH�&RPPRQ�%X]]DUG�SUH\V�PDLQO\�RQ�VPDOO�PDPPDOV��PLFH��YROHV��

UDEELWV��VTXLUUHOV��UDWV��DQG�PROHV����7KH�&RPPRQ�%ODFNELUG��RQ�WKH�RWKHU�KDQG��IHHGV�SULQFLSDOO\�

RQ�VHHGV�DQG�LQVHFWV��DQG�%'(����ZDV�WKH�RQO\�FRQJHQHU�GHWHFWHG�LQ�WKH�DGLSRVH�WLVVXH�RI�WKLV�

VSHFLHV���

9RRUVSRHOV�HW�DO�������D��LQYHVWLJDWHG�WKH�RFFXUUHQFH�DQG�GLVWULEXWLRQ�RI�3%'(V�LQ�

VSDUURZ�KDZNV��&RPPRQ�%X]]DUGV��DQG�RZOV�RI�%HOJLXP��WKH�KLJKHVW�PHDQ�FRQFHQWUDWLRQ�RI�
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WRWDO�3%'(V�ZDV�PHDVXUHG�LQ�OLYHU�RI�WKH�VSDUURZ�KDZN��L�H���������QJ�J�OZW���IROORZHG�E\�WKH�

OLYHU�RI�WKH�&RPPRQ�%X]]DUG������QJ�J�OZW��DQG�RZOV������QJ�J�OZW����&RQJHQHUV�FDQ�EH�RUGHUHG�

DFFRUGLQJ�WR�WKHLU�UHODWLYH�FRQWULEXWLRQ�WR�WKH�WRWDO�3%'(�FRQWHQW�DV�IROORZV�IRU�&RPPRQ�

%X]]DUGV��%'(�����!�%'(����!�%'(����!�%'(�����!�%'(�����!�%'(������IRU�6SDUURZ�

+DZNV��%'(����!�%'(����!�%'(�����!�%'(�����!�%'(�����!�%'(������IRU�RZOV�%'(�����

!�%'(����!�%'(����!�%'(�����!�%'(�����!�%'(�������%'(�����ZDV�SUHVHQW�LQ���RXW�RI�

���OLYHU�VDPSOHV�DQG����RXW�RI����VHUXP�VDPSOHV�RI�VSDUURZ�KDZNV��IRU�ERWK�&RPPRQ�%X]]DUGV�

DQG�RZOV�FRPELQHG��9RRUVSRHOV�HW�DO�������D����,Q���VDPSOHV�IURP�VSDUURZ�KDZNV��%'(�����ZDV�

GHWHFWHG�DW�D�PHDQ�FRQFHQWUDWLRQ�RI����QJ�J�OZW�LQ�OLYHU��DQG����QJ�J�OZW�LQ�VHUXP���,Q�EX]]DUGV��

%'(�����ZDV�GHWHFWHG�RQO\�DW�D�IUHTXHQF\�RI���RXW�RI����������LQ�OLYHU��PHDQ� ����QJ�J�OZW����

+RZHYHU��LQ�WKH�VHUXP�RI�&RPPRQ�%X]]DUGV��WKH�IUHTXHQF\�RI�GHWHFWLRQ�ZDV�D�VXUSULVLQJ����RXW�

RI����VDPSOHV���������&KHQ�HW�DO�������D��DOVR�FRQILUPHG�WKH�SUHVHQFH�RI�%'(�����LQ�OLYHU�RI�

WKUHH�&RPPRQ�%X]]DUGV�IURP�%HLMLQJ��&KLQD��PHDQ� ����QJ�J�OZW����%'(�����ZDV�WKH�FRQJHQHU�

SUHVHQW�DW�WKH�KLJKHVW�FRQFHQWUDWLRQʊD�VXUSULVLQJ�����RI�WRWDO�3%'(V���

/DWHU��9RRUVSRHOV�HW�DO���������DJDLQ�HYDOXDWHG�VSDUURZ�KDZNV��&RPPRQ�%X]]DUGV��DQG�

SDVVHULQHV�IRU�ERG\�EXUGHQV�RI�%'(�FRQJHQHUV���7KH�DXWKRUV�IRXQG�VLPLODU�UHVXOWV��WKH�KLJKHVW�

OHYHOV�RI�WRWDO�3%'(V�ZHUH�GHWHFWHG�LQ�WKH�OLYHU�RI�VSDUURZ�KDZNV��DW�������QJ�J�OZW���7KH�OLYHU�

RI�WKH�&RPPRQ�%X]]DUG�KDG�D�PHDQ�FRQFHQWUDWLRQ�RI�����QJ�J�OZW��ZKLFK�ZDV�FRQVLGHUDEO\�

ORZHU�WKDQ�OLYHU�RI�VSDUURZ�KDZNV���7KH�3%'(�FRQFHQWUDWLRQV�LQ�DGLSRVH�WLVVXHV�DQG�HJJV�RI�

SDVVHULQHV�DYHUDJHG�����DQG�����QJ�J�OZW��UHVSHFWLYHO\���

%HFDXVH�WKH�SDVVHULQH�LV�D�IDYRULWH�SUH\�RI�WKH�VSDUURZ�KDZN��9RRUVSRHOV�HW�DO���������

ZDV�DEOH�WR�REVHUYH�WKH�ELRPDJQLILFDWLRQ�SRWHQWLDO�RI�%'(�FRQJHQHUV�LQ�D�VLPSOH�WURSKLF�V\VWHP���

7KH�ELRPDJQLILFDWLRQ�SRWHQWLDO��%03��LV�GHULYHG�DV�WKH�UDWLR�RI�OLSLG�QRUPDOL]HG�PHGLDQ�%'(�

FRQJHQHU�FRQFHQWUDWLRQV�LQ�WKH�VDPH�WLVVXHV�RI�ERWK�SUHGDWRU�DQG�SUH\��9RRUVSRHOV�HW�DO�����������

$�UDWLR�!��ZRXOG�LQGLFDWH�D�SRWHQWLDO�IRU�ELRPDJQLILFDWLRQ�EHWZHHQ�VSHFLHV���9RRUVSRHOV�HW�DO��

�������FDOFXODWHG�WKH�PHDQ�%03�RI�%'(�FRQJHQHUV�ZKHQ�SDVVHG�RQ�WKURXJK�WKH�GLHWDU\�SDWKZD\�

IURP�SDVVHULQH�WR�VSDUURZ�KDZN���7KH�UDQN�RI�%03�IURP�KLJK�WR�ORZ�ZDV�%'(����� �����

%'(����� �����%'(����� �����%'(����� �����%'(���� �����%'(���� �����DQG�%'(���� �����

7KH�PHDQ�%03�IRU�WKH�VXP�RI�WKHVH�%'(�FRQJHQHUV�ZDV������,W�LV�DSSDUHQW�WKDW�WKH�%03�

LQFUHDVHV�IURP�ORZHU�EURPLQDWHG�WR�KLJKHU�EURPLQDWHG�%'(�FRQJHQHUV�ZLWKLQ�WKLV�VLPSOH�

WHUUHVWULDO�IRRG�FKDLQ���7KLV�WUHQG�JHQHUDOO\�WUDFNV�WKH�ORJ�.RZ�RI�WKH�%'(�FRQJHQHUV��VHH�
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7DEOH��������)RU�H[DPSOH��WKH�ORJ�.RZ�RI�%'(�����LV�DSSUR[LPDWHO\������ZKLFK�LV�FRQVLGHUDEO\�

KLJKHU�WKDQ�WKH�ORJ�.RZ�RI�%'(�����ZKLFK�LV������

� &KHQ�HW�DO�������D��UHSRUWHG�RQ�WKH�GLVWULEXWLRQ�RI�%'(�FRQJHQHUV�LQ�ELUGV�RI�SUH\��L�H���

WKH�&RPPRQ�.HVWUHO��WKH�VSDUURZ�KDZN��WKH�-DSDQHVH�6SDUURZ�+DZN��WKH�/LWWOH�2ZO��WKH�6FRSV�

2ZO��DQG�WKH�&RPPRQ�%X]]DUG��WKDW�ZHUH�FROOHFWHG�LQ�WKH�YLFLQLW\�RI�%HLMLQJ��&KLQD���7KH�VXP�

RI�WKH�PHDQ�3%'(�FRQJHQHU�FRQFHQWUDWLRQV�ZDV�KLJKHVW�LQ�WKH�&RPPRQ�.HVWUHO���&KHQ�HW�DO��

�����D��LQGLFDWHG�WKDW�WKHVH�FRQFHQWUDWLRQV�DUH�DPRQJ�WKH�KLJKHVW�OHYHOV�LQ�ELUGV�UHSRUWHG�LQ�WKH�

RSHQ�OLWHUDWXUH��PXVFOH� ��������QJ�J�OZW��OLYHU� ��������QJ�J�OZW��DQG�SRROHG�

NLGQH\� �������QJ�J�OZW���.HVWUHOV�GZHOO�LQ�WKH�%HLMLQJ�DUHD�\HDU�URXQG��HVWDEOLVKLQJ�QHVWV�DQG�

IRUDJLQJ�LQ�XUEDQ�IULQJH�RU�FHQWHUV���7KLV��LQ�FRPELQDWLRQ�ZLWK�WKHLU�GLHWDU\�KDELWV��D�SUHIHUHQFH�

IRU�VPDOO�PDPPDOV���VXJJHVWV�WKDW�WKH�GLHWDU\�SDWKZD\�PD\�KDYH�FDXVHG�WKH�KLJK�FRQFHQWUDWLRQV�

WKURXJK�ELRPDJQLILFDWLRQ���&RQJHQHU�SURILOHV�RI�%'(�FRQFHQWUDWLRQV�LQ�ELUG�WLVVXHV�LQGLFDWHG�D�

GRPLQDQFH�RI�WKH�PRUH�KLJKO\�EURPLQDWHG�FRQJHQHUV���3URILOHV�LQ�WKH�PXVFOH�DQG�OLYHU�RI�&KLQHVH�

6SDUURZ�+DZNV��IRU�H[DPSOH��VKRZHG�WKDW�%'(�����!�%'(����!�%'(����!�%'(�����

!�%'(�����!�%'(�����!�%'(�������7KLV�GLIIHUHG�IURP�WKH�%'(�SURILOH�LQ�WKH�WLVVXHV�RI�

-DSDQHVH�6SDUURZ�+DZNVʊ%'(����!�%'(�����!�%'(����!�%'(�����!�%'(�����!�%'(�������

,Q�WKH�OLYHU�RI�6FRSV�2ZO��/RQJ�(DUHG�2ZO��8SODQG�%X]]DUG��DQG�&RPPRQ�%X]]DUG��WKH�

FRQJHQHU�SURILOH�ZDV�GRPLQDWHG�E\�%'(������IROORZHG�E\�%'(����DQG�%'(��������&KHQ�HW�DO��

�����D��DWWULEXWHG�WKH�GRPLQDQFH�RI�WKH�KLJKHU�EURPLQDWHG�FRQJHQHUV�WR�WKH�KHDY\�XVH�RI�

FRPPHUFLDO�RFWD�DQG�GHFD�IRUPXODWLRQV��

� 6KH�HW�DO���������UHFHQWO\�UHSRUWHG�RQ�WKH�GLVWULEXWLRQ�RI�3%'(V�LQ�SLVFLYRURXV�DQG�

RPQLYRURXV�ELUG�HJJV�REWDLQHG�IURP�D�6DQ�)UDQFLVFR�%D\�HVWXDU\�LQ�&DOLIRUQLD��DQG�IURP�*UD\¶V�

+DUERU��:DVKLQJWRQ���$�WRWDO�RI�����HJJV�ZHUH�FROOHFWHG�IURP�WKH�IROORZLQJ�VSHFLHV��FRPELQHG��

&DVSLDQ�7HUQ��6WHUQD�FDVSLD���)RUVWHU¶V�7HUQ��6WHUQD�IRUVWHULL���&DOLIRUQLD�/HDVW�7HUQ��6WHUQD�

DQWLOODUXP�EURZQLH���DQG�&ODSSHU�5DLO��5DOOXV�ORQJLURVWULV�REVROHWXV����$OO�WHUQ�VSHFLHV�ZHUH�

ILVK�HDWLQJ�ELUGV��DQG�WKH�&ODSSHU�5DLO�ZDV�RPQLYRURXV���7KH�SDWWHUQ�RI�WKH�ILYH�PDMRU�3%'(�

FRQJHQHUV�GHWHFWHG�LQ�WKH�ELUG�HJJV��L�H���%'(����!�%'(����!�%'(�����!�%'(�����!�%'(������

ZHUH�FRQVLVWHQW�ZLWK�WKH�%'(�FRQJHQHU�SDWWHUQV�GHWHFWHG�LQ�ILVK���%'(����ZDV�WKH�PRVW�

DEXQGDQW�FRQJHQHU�DQG�UHSUHVHQWHG�DSSUR[LPDWHO\�����RI�WRWDO�3%'(V�GHWHFWHG�LQ�ELUG�HJJV���

%'(�����ZDV�QRW�GHWHFWHG�LQ�DQ\�HJJ�VDPSOH���7RWDO�3%'(V�LQ�ELUG�HJJV�UDQJHG�IURP�DERXW�

������WR��������QJ�J�OZW���0HGLDQ�FRQFHQWUDWLRQV�RI�3%'(V�LQ�&DVSLDQ�7HUQ�HJJV�IRU�����í�����
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ZHUH����������������������DQG�������QJ�J�OZW��UHVSHFWLYHO\��LQ�)RUVWHU¶V�7HUQ�HJJV�ZHUH��������

�������������DQG�������QJ�J�OZW��UHVSHFWLYHO\��DQG�LQ�&DOLIRUQLD�/HDVW�7HUQ�HJJV�IRU������DQG�

�����ZHUH�������DQG�������QJ�J�OZW��UHVSHFWLYHO\���,Q�FRQWUDVW��PHGLDQ�3%'(V�FRQFHQWUDWLRQ�LQ�

&DOLIRUQLD�&ODSSHU�5DLO�HJJV�IRU������ZDV�����QJ�J�OZW���7KH�UDLOV�FRQVXPHG�PRVWO\�LQYHUWHEUDWH�

VSHFLHV���7KH�DXWKRUV�FRQFOXGHG�WKDW�WKH�GLHWDU\�FRQVXPSWLRQ�RI�3%'(�FRQWDPLQDWHG�ILVK�ZDV�

UHVSRQVLEOH�IRU�WKH�DFFXPXODWLRQ�RI�3%'(�FRQJHQHU�LQ�WKH�HJJV�RI�ILVK�HDWLQJ�WHUQV����

�

�������� %LRDFFXPXODWLRQ�LQ�7HUUHVWU LDO�0DPPDOV�
2QO\�D�YHU\�OLPLWHG�QXPEHU�RI�WHUUHVWULDO�PDPPDOV�KDYH�EHHQ�VWXGLHG�IRU�WKHLU�ERG\�

EXUGHQ�RI�3%'(V���0DQ\�PDPPDOV�DUH�WRS�SUHGDWRUV�DQG��WKHUHIRUH��ZRXOG�EH�H[SHFWHG�WR�

ELRDFFXPXODWH�DQG�ELRPDJQLI\�3%'(V�IURP�WKH�IRRG�ZHE��

9RRUVSRHOV�HW�DO�������E��VWXGLHG�WKH�UHG�IR[��9XOSHV�YXOSHV��IRU�3%'(�FRQWDPLQDWLRQ�

DQG�IRRG�FKDLQ�ELRDFFXPXODWLRQ���7KH�UHG�IR[�LV�D�WRS�WHUUHVWULDO�SUHGDWRU�WKDW�PDLQO\�FRQVXPHV�

YROHV��UDEELWV��VTXLUUHOV��DQG�PLFH�DV�SUH\���7R�WKH�H[WHQW�WKH�SUH\�EHFRPHV�FRQWDPLQDWHG�ZLWK�

3%'(V��WKH�IR[�PD\�EH�H[SRVHG�WR�3%'(V�WKDW�KDYH�ELRPDJQLILHG�DIWHU�PRYLQJ�WKURXJK�WKH�

WURSKLF�V\VWHP���9RRUVSRHOV�HW�DO�������E��VDPSOHG�WLVVXH�IRU�WKH�RFFXUUHQFH�DQG�GLVWULEXWLRQ�RI�

3%'(V�DV�D�ERG\�EXUGHQ�LQ����UHG�IR[HV�LQGLJHQRXV�WR�%HOJLXP�DQG�WKHQ�H[DPLQHG�

ELRPDJQLILFDWLRQ�RI�%'(�FRQJHQHUV�IURP�SUH\�WR�SUHGDWRU���7KH�PHGLDQ�VXP�RI�3%'(�FRQJHQHUV�

PHDVXUHG�LQ�WKH�IR[HV�ZHUH�FRQVLGHUHG�ORZ��UDQJLQJ�EHWZHHQ�����DQG�����QJ�J�OZW�LQ�DGLSRVH�

WLVVXH��OLYHU��DQG�PXVFOH���%'(�����ZDV�GHWHFWHG�DW�D�IUHTXHQF\�RI�����LQ�OLYHU������LQ�PXVFOH��

DQG�����LQ�DGLSRVH�WLVVXH�VDPSOHV���,Q�IR[�OLYHU��WKH�%'(�����FRQJHQHU��RQ�DYHUDJH��FRQVWLWXWHG�

����RI�WRWDO�3%'(�FRQFHQWUDWLRQʊD�ILQGLQJ�LQFRQVLVWHQW�ZLWK�RWKHU�WRS�SUHGDWRU�VSHFLHV���

%'(�����ZDV�WKH�PRVW�IUHTXHQWO\�GHWHFWHG�FRQJHQHU�LQ�DOO�WLVVXHV����í�����RI�DOO�VDPSOHV���

ZKHUHDV�%'(����ZDV�GHWHFWHG�LQ�����������DQG������RI�DGLSRVH��OLYHU��DQG�PXVFOH�WLVVXHV��

UHVSHFWLYHO\���9RRUVSRHOV�HW�DO�������E��GLG�QRW�REVHUYH�DQ\�HYLGHQFH�RI�PHWDEROLF�

GHEURPLQDWLRQ�LQ�WKH�IR[���7KH�DXWKRUV�REVHUYHG�WKDW�WRWDO�3%'(�FRQFHQWUDWLRQV�ZHUH�ORZHU�LQ�

IR[�WLVVXHV�DV�FRPSDUHG�WR�YROHV�DQG�PLFH��WKH�PDLQ�GLHW�RI�IR[HV����9RRUVSRHOV�HW�DO�������E��

VSHFXODWHG�WKDW�WKLV�PD\�EH�GXH�WR�WKH�KLJK�FDSDFLW\�RI�WKH�IR[�WR�PHWDEROL]H�ORZHU�EURPLQDWHG�

%'(V�LQ�YLYR��VLPLODU�WR�ZKDW�KDV�EHHQ�REVHUYHG�LQ�WKH�JUL]]O\�EHDU��&KULVWHQVHQ�HW�DO�����������

7KH�DXWKRUV�SRVWXODWHG�WKDW�WKLV�KLJK�PHWDEROLF�DFWLYLW\�PLJKW�EH�UHODWHG�WR�WKH�IDFW�WKDW�QR�

ELRPDJQLILFDWLRQ�RI�%'(�FRQJHQHUV�EHWZHHQ�SUH\�DQG�SUHGDWRU�ZDV�REVHUYHG�LQ�WKH�IR[�
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�9RRUVSRHOV�HW�DO�����������7KH�VWXG\�RI�3%'(�GLVWULEXWLRQV�LQ�IR[HV�VKRZHG�WKDW�%'(�����GRHV��

KRZHYHU��ELRDFFXPXODWH�LQ�WHUUHVWULDO�WRS�SUHGDWRUV�VXFK�DV�WKH�UHG�IR[��9RRUVSRHOV�HW�DO���

����E���

&KULVWHQVHQ�HW�DO���������UHSRUWHG�RQ�WKH�LQIOXHQFH�RI�GLHW�RQ�WKH�%'(�FRQJHQHU�

GLVWULEXWLRQ�DQG�RWKHU�SHUVLVWHQW�RUJDQLF�FRQWDPLQDQWV�LQ�WKH�WLVVXHV�RI����JUL]]O\�EHDUV��8UVXV�

DUFRV�KRUULELOLV�����HDFK�IURP�FRDVWDO�DQG�LQWHULRU�DUHDV��LQ�%ULWLVK�&ROXPELD��&DQDGD���'LHWDU\�

FRQVXPSWLRQ�RI�PHDW�ZDV�HVWLPDWHG�WR�EH���WR�����DQG����WR�����RI�WRWDO�GLHW�IRU�LQWHULRU�DQG�

FRDVWDO�PDULWLPH�EHDUV��UHVSHFWLYHO\���0DULWLPH�EHDUV�PRVWO\�FRQVXPHG�VDOPRQ�DV�WKH�SULPDU\�

PHDW�VRXUFH��ZKHUHDV�WKH�PHDW�VRXUFH�RI�LQWHULRU�EHDUV�ZDV�PRUH�YDULHG���7KH�UHPDLQLQJ�GLHW�RI�

DOO�EHDUV�FRQVLVWHG�RI�YHJHWDWLRQ���:LWK�WKH�H[FHSWLRQ�RI�3%'(V��WKH�SHUVLVWHQW�RUJDQLF�FKHPLFDOV�

�323V��ZHUH�KLJKHU�LQ�WKH�WLVVXHV�RI�WKH�EHDUV�WKDW�FRQVXPHG�PHDW���+RZHYHU��WKHUH�ZDV�QR�

VLJQLILFDQW�GLIIHUHQFH�LQ�WRWDO�3%'(�WLVVXH�EXUGHQ�RU�FRQJHQHU�GLVWULEXWLRQ�EHWZHHQ�WKH�WZR�

JURXSV�RI�EHDUV���7RWDO�3%'(V�GRPLQDWHG�WRWDO�323�FRQFHQWUDWLRQ�LQ�LQWHULRU�EHDUV�EXW�QRW�LQ�

PDULWLPH�EHDUV���7KH�UDQNLQJ�E\�KLJKHU�WR�ORZHU�WRWDO�FRQWDPLQDQW�FRQFHQWUDWLRQ�RI�323V�LQ�WKH�

WLVVXHV�RI�LQWHULRU�DQG�PDULWLPH�EHDUV�VKRZHG�WKH�IROORZLQJ�SDWWHUQ�UHVSHFWLYHO\��3%'(V�!�3&%V�

!�+&%�!�+&+�!�&+/�!�''7�DQG�3&%V�!�&+/�!�+&%�!�''7�!�3%'(V�!�+&+���%RWK�EHDU�

JURXSV�VKRZHG�D�PDUNHG�GLIIHUHQFH�LQ�WKH�PHDQ�%'(�FRQJHQHU�SURILOH���0DULWLPH�ILVK�HDWLQJ�

EHDUV�GLVSOD\HG�D�%'(�FRQJHQHU�SDWWHUQ�GRPLQDWHG�E\�%'(����IROORZHG�E\�%'(�����!�%'(����

!�%'(�����!�%'(�������,Q�WKH�LQWHULRU�EHDUV��WKH�WLVVXHV�ZHUH�GRPLQDWHG�E\�%'(������IROORZHG�

E\�%'(�����!�%'(����!�%'(�����!�%'(�������7KH�SUHGRPLQDQFH�RI�WKH�OLJKWHU�FRQJHQHU�

%'(����LQ�WKH�PDULWLPH�EHDUV�VXJJHVWV�WKDW�3%'(�H[SRVXUH�PDLQO\�RFFXUV�WKURXJK�WKH�ILVK�

FRQVXPSWLRQ�SDWKZD\���,W�ZDV�SRVWXODWHG�WKDW�WKH�ILVK�DFTXLUH�3%'(�FRQWDPLQDWLRQ�DV�D�UHVXOW�RI�

WKH�ORQJ�UDQJH�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�LQWR�WKH�PDULQH�IRRG�ZHE���7KH�DXWKRUV�

VSHFXODWHG�WKDW�WKH�GRPLQDQFH�RI�%'(�����LQ�WKH�LQWHULRU�EHDUV��ZKRVH�GLHW�ZDV�ULFKHU�LQ�

YHJHWDWLRQ�WKDQ�WKH�PDULWLPH�EHDUV��PD\�LQGLFDWH�WKH�SRVVLELOLW\�RI�WKH�3%'(�H[SRVXUHV�YLD�WKH�

SDWKZD\�RI�DLU�WR�SODQW�WR�EHDU���,Q�WKLV�SDUDGLJP��WKH�YHJHWDWLRQ�DFFXPXODWHV�3%'(V�IURP�ORFDO�

VRXUFH�DLU�HPLVVLRQV�RI�GHFD%'(�DQG�SDVVHV�%'(�����RQWR�WKH�EHDU�WKURXJK�LWV�GLHW���7KLV�QRWLRQ�

ZDV�VXSSRUWHG�E\�WKH�REVHUYDWLRQV�WKDW�%'(�����LV�QRW�GHWHFWDEOH�LQ�ILVK��DQG�WKH�KLJKHU�%'(�

FRQJHQHUV�KDG�QHJDWLYH�ELRDFFXPXODWLRQ�VORSHV�LQ�WKH�WLVVXH�RI�EHDUV��LQGLFDWLQJ�D�SUHIHUHQWLDO�

H[SRVXUH�WR�ORFDO�VRXUFHV�WKURXJK�WKHLU�FRQVXPSWLRQ�RI�WHUUHVWULDO�YHJHWDWLRQ��&KULVWHQVHQ�HW�DO���

���������
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7KH�SRODU�EHDU��8UVXV�PDULWLPXV��GLHW�LV�FKLHIO\�FRPSRVHG�RI�ULQJHG�VHDO���:RONHUV�HW�DO��

�������VWXGLHG�WKH�SRODU�FRG�ULQJHG�VHDO�SRODU�EHDU�ELRDFFXPXODWLRQ�SDWWHUQ�RI�3%'(V�LQ�DQ�

$UFWLF�IRRG�ZHE�DQG�IRXQG�D�IRRG�FKDLQ�SDWWHUQ�FRQVLVWHQW�ZLWK�ZKDW�PLJKW�EH�H[SHFWHG�IRU�WKH�

%'(����FRQJHQHU��%'(����FRQFHQWUDWLRQV�LQ�SRODU�EHDU�ZHUH�JUHDWHU�WKDQ�WKRVH�LQ�ULQJHG�VHDO��

ZKLFK�LQ�WXUQ��ZHUH�JUHDWHU�WKDQ�WKRVH�LQ�SRODU�FRG�ZHUH���)URP�WKH����EURPLQDWHG�FRPSRXQGV�

PHDVXUHG��RQO\�%'(�����%'(�����%'(�����%'(������DQG�%'(�����ZHUH�GHWHFWHG�LQ�SRODU�FRG���

,Q�DGGLWLRQ�WR�WKHVH�FRQJHQHUV��WKH�WLVVXHV�RI�ULQJHG�VHDOV�FRQWDLQHG�%'(������&RQFHQWUDWLRQV�RI�

3%'(V�LQ�ULQJHG�VHDOV�ZHUH�RYHUDOO�KLJKHU�WKDQ�LQ�SRODU�FRG���,Q�SDUWLFXODU��%'(����DQG�%'(����

ZHUH�DSSUR[LPDWHO\�RQH�RUGHU�RI�PDJQLWXGH�KLJKHU�LQ�VHDOV�WKDQ�LQ�SRODU�FRG���3%'(����

FRPSULVHG�PRUH�WKDQ�����RI�WKH�WRWDO�3%'(V�SUHVHQW�LQ�ULQJHG�VHDOV���2QO\�%'(����ZDV�

GHWHFWHG�LQ�SRODU�EHDUV���0DOH�DQG�IHPDOH�SRODU�EHDUV�ZHUH�IRXQG�WR�KDYH�D�ERG\�EXUGHQ�RI�

%'(�����ZKLFK�ZDV�����DQG���WLPHV�WKH�ERG\�EXUGHQ�RI�ULQJHG�VHDOV��UHVSHFWLYHO\���

�

�������� %LRDFFXPXODWLRQ�LQ�,QVHFWV�
� ,QVHFWV�PD\�DFTXLUH�D�ERG\�EXUGHQ�RI�3%'(V�WKURXJK�FRQWDFW�ZLWK�FRQWDPLQDWHG�

HQYLURQPHQWDO�PHGLD�RU�WKURXJK�WKH�GLHWDU\�SDWKZD\���2QO\�D�YHU\�OLPLWHG�QXPEHU�RI�VSHFLHV�RI�

DTXDWLF�LQVHFWV��FDGGLVIOLHV��WULFKRSWHUD���DQG�PLGJHV��GLSWHUD���KDYH�EHHQ�LQYHVWLJDWHG�IRU�WKH�

RFFXUUHQFH�DQG�GLVWULEXWLRQ�RI�3%'(�LQ�LQVHFW�WLVVXHV��%DUWURQV�HW�DO�����������0RVW�LQVHFW�VSHFLHV�

XQGHUJR�D�QXPEHU�RI�GHYHORSPHQWDO�WUDQVIRUPDWLRQV�IURP�ODUYD�DQG�SXSD�WR�DGXOW��DQG�WKH\�

EHJLQ�WKHLU�OLIH�F\FOH�LQ�DTXDWLF�VHGLPHQWV���,QVHFWV�DUH�DW�WKH�EHJLQQLQJ�RI�WKH�IRRG�FKDLQ�LQ�PRVW�

DTXDWLF�HFRV\VWHPV���,W�KDV�EHHQ�QRWHG�WKDW�SXSDH�HPHUJH�GXULQJ�SHULRGV�RI�KLJK�ILVK�DFWLYLW\�DQG�

DUH�DQ�DWWUDFWLYH�VRXUFH�RI�IRRG�WR�PDQ\�ILVK�VSHFLHV��%DUWURQV�HW�DO�����������7KHUHIRUH��LQ�WHUPV�

RI�PRYHPHQW�WKURXJK�WURSKLF�V\VWHPV�DQG�ELRPDJQLI\LQJ�IURP�ORZHU�WR�KLJKHU�SUHGDWRUV��LQVHFWV�

FDQ�EH�YLHZHG�DV�DQ�LPSRUWDQW�EHJLQQLQJ�WR�FRQWDPLQDWLRQ�RI�3%'(V�DQG�RWKHU�SHUVLVWHQW�RUJDQLF�

SROOXWDQWV�LQ�DTXDWLF�RUJDQLVPV��

� %DUWURQV�HW�DO���������REWDLQHG����VDPSOHV�RI�ODUYDH�DQG�SXSDH�RI�IRXU�YDULDQWV�RI�

FDGGLVIOLHV�DQG�PLGJHV�IURP�WZR��KLJK�DOWLWXGH�PRXQWDLQ�ODNHV�LQ�WKH�3\UHQHHV�0RXQWDLQV�RI�

6SDLQ���6DPSOHV�RI�WKH�ODUYDH�DQG�SXSDH�RI�WULFKRSWHUD�EHORQJHG�WR�WKH�SRO\FHQWURSRGLGDH�DQG�

OLPQHSKLOLGDH�IDPLOLHV��DQG�VDPSOHV�RI�GLSWHUD�EHORQJHG�WR�WKH�FKLURQRPLGDH�DQG�

FHUDWRSRJRQLGDH�IDPLOLHV��WKXV�SURGXFLQJ�VDPSOHV�IURP�D�WRWDO�RI�IRXU�GLVWLQFW�LQVHFW�W\SHV���7RWDO�

FRQFHQWUDWLRQV�RI�3%'(V�LQ�LQVHFW�ODUYD�UDQJHG�IURP�����í�����QJ�J�GZW�DQG��í������QJ�J�GZW�
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IRU�FDGGLVIOLHV�DQG�PLGJHV��UHVSHFWLYHO\���7RWDO�3%'(V�LQ�LQVHFW�SXSD�UDQJHG�IURP�

����í�����QJ�J�GZW�LQ�FDGGLVIOLHV�DQG�����í������QJ�J�GZW�LQ�PLGJHV���,Q�JHQHUDO��SXSDH�

FRQWDLQHG�VLJQLILFDQWO\�KLJKHU�FRQFHQWUDWLRQV�RI�WRWDO�3%'(�WKDQ�ODUYDH�RI�WKH�VDPH�WD[RQRPLF�

JURXS���%'(�����ZDV�GHWHFWHG�LQ�WKH�ODUYD�DQG�SXSD�RI�WKH�/LPQHSKLOLGDH�DQG�3RO\FHQWURSRGLGDH�

IDPLOLHV�RI�FDGGLVIOLHV�EXW�QRW�LQ�WKH�&HUDWRSRJRQLGDH�DQG�&KLURQRPLGDH�IDPLOLHV�RI�PLGJH�IOLHV���

&DGGLVIO\�SXSD�RI�WKH�3RO\FHQWURSRGLGDH�IDPLO\�KDG�WKH�KLJKHVW�RYHUDOO�OHYHO�RI�%'(�����

������QJ�J�GZW����%'(����ZDV�WKH�PRVW�FRQVLVWHQWO\�GHWHFWHG�FRQJHQHU�LQ�ODUYD�DQG�SXSD�RI�

PLGJHV�DQG�FDGGLVIOLHV��ZLWK�WKH�H[FHSWLRQ�RI�PLGJH�ODUYD�RI�WKH�&KLURQRPLGDH�IDPLO\��ZKHUH�LW�

ZDV�QRW�GHWHFWHG��

� 6HOOVWU|P�HW�DO���������UHSRUWHG�RQ�WKH�ELRDFFXPXODWLRQ�RI�3%'(V�IURP�FRQWDPLQDWHG�

VHZDJH�VOXGJH�DPHQGHG�VRLOV���(DUWKZRUPV�ZHUH�FROOHFWHG�IURP�ILYH�VLWHV�LQ�6ZHGHQ���7KUHH�

VLWHV�ZHUH�JRYHUQPHQW�RSHUDWHG�H[SHULPHQWDO�DJULFXOWXUDO�UHVHDUFK�ZRUNVWDWLRQV�ZKHUH�WKH�ODQG�

DSSOLFDWLRQ�RI�VHZDJH�VOXGJH�ZDV�FDUHIXOO\�FRQWUROOHG���7KH�RWKHU�WZR�VLWHV�ZHUH�SULYDWH�IDUPV���

2QH�IDUP�DFFHSWHG�WKH�ODQG�DSSOLFDWLRQ�RI�VHZDJH�VOXGJH��WKH�RWKHU�GLG�QRW���6HZDJH�VOXGJH�KDG�

EHHQ�DSSOLHG�WR�WKH�ODQG�DW�WKHVH�VLWHV�DV�VRLO�DPHQGPHQW�IURP�����í�������7KH�VOXGJH�DSSOLHG�WR�

SULYDWH�IDUPODQG�UHFHLYHG�VHZDJH�VOXGJH�IURP�D�ORFDO�673���7KH�673�DOVR�DFFHSWHG�DQG�WUHDWHG�

ZDVWHZDWHU�IURP�D�ORFDO�WH[WLOH�LQGXVWU\�WKDW�XVHG�3%'(V�LQ�WKHLU�SURFHVVHV���7ULSOLFDWH�VRLO�

VDPSOHV�ZHUH�WDNHQ�IURP�HDFK�VLWH���(DUWKZRUPV�ZHUH�FROOHFWHG�IURP�WKH�VDPH�DUHDV�DV�VRLO�

VDPSOHV���6RLO�DQG�HDUWKZRUP�VDPSOHV�ZHUH�VHQW�WR�D�ODERUDWRU\�IRU�FKHPLFDO�DQDO\VLV�XVLQJ�JDV�

FKURPDWRJUDSK\�FRXSOHG�ZLWK�PDVV�VSHFWURPHWU\�UXQ�LQ�WKH�FKHPLFDO�LRQL]DWLRQ�PRGH���,Q�VRLO�

VDPSOHV��%'(�����%'(�����%'(�����%'(�����%'(������%'(������DQG�%'(�����ZHUH�DQDO\]HG��

DQG�ZKHQ�UHSRUWHG��WKH�WRWDO�3%'(�LQFOXGHV�WKHVH�FRQJHQHUV���,Q�HDUWKZRUP�VDPSOHV��%'(�����

%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������

%'(������%'(������%'(������%'(������%'(������%'(������DQG�%'(�����ZHUH�DQDO\]HG��DQG�

WKHVH�FRPSULVHG�WRWDO�3%'(V�ZKHQ�UHVXOWV�ZHUH�UHSRUWHG���7KH�UHVHDUFKHUV�H[DPLQHG�WKH�

UHODWLRQVKLS�EHWZHHQ�WKH�DSSOLFDWLRQ�UDWHV�RI�VHZDJH�VOXGJH�DQG�WKH�UHVXOWLQJ�OHYHOV�RI�3%'(V�LQ�

DPHQGHG�VRLOV���,Q�JHQHUDO��WKH\�IRXQG�WKDW�WKH�KLJKHU�WKH�DPRXQWV�RI�3%'(�FRQWDPLQDWHG�VOXGJH�

DSSOLHG�WR�ODQG��WKH�PRUH�WKH�%'(�FRQFHQWUDWLRQV�LQFUHDVH�LQ�VRLOV��LQFOXGLQJ�%'(������

%'(������%'(������%'(������DQG�%'(������6HOOVWU|P�HW�DO�����������%'(�����FRQFHQWUDWLRQV�

LQ�VRLOV�IURP�WKH�UHVHDUFK�ZRUNVWDWLRQV�DQG�D�SULYDWH�IDUP�UDQJHG�IURP�������WR������QJ�J�GZW���

(DUWKZRUPV�LQJHVW�VRLOV�DV�WKH\�PRYH�WKURXJK�VRLO���:KHQ�LQ�FRQWDFW�ZLWK�WKH�
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3%'(�FRQWDPLQDWHG�VRLOV��WKH�HDUWKZRUPV�DFFXPXODWHG�DOO�WKH�%'(�FRQJHQHUV�DQDO\]HG���7RWDO�

3%'(V�LQ�HDUWKZRUPV�UDQJHG�LQ�FRQFHQWUDWLRQ�RI�DOO�VOXGJH�DPHQGHG�VLWHV�IURP����WR�

�������QJ�J�OZW���7KH�KLJKHVW�ZKROH�ZRUP�FRQFHQWUDWLRQ�RI�WRWDO�3%'(V�ZDV�IURP�WKH�IDUP�

ZKHUH�VHZDJH�VOXGJH�FRQWDPLQDWHG�ZLWK�3%'(V�IURP�D�WH[WLOH�LQGXVWU\�ZDV�XVHG�DV�VRLO�

DPHQGPHQW���%'(�����FRQFHQWUDWLRQV�LQ�HDUWKZRUPV�UDQJHG�LQ�PHDQ�FRQFHQWUDWLRQ�RI�IURP�QRW�

GHWHFWHG�WR�������QJ�J�OZW���2WKHU�FRQJHQHUV�VKRZHG�WKH�IROORZLQJ�UDQJHV�LQ�PHDQ�

FRQFHQWUDWLRQV��LQ�QJ�J�OZW��%'(��������í��������%'(�����QRW�GHWHFWHG��1'��������%'(�����

��í��������%'(���������í�������%'(������1'�������%'(������1'��������%'(������1'�������

DQG�%'(������1'�������
 

���� (19,5210(17$/�7,0(�75(1'6�
6HGLPHQW�FRUHV��DUFKLYHG�YHJHWDWLRQ��DQG�ELRORJLFDO�WLVVXH�VDPSOHV�KDYH�EHHQ�XVHG�WR�LQIHU�

WLPH�WUHQGV�RI�WKH�OHYHOV�RI�3%'(V�LQ�WKH�HQYLURQPHQW���7KH�GDWHG�VHGLPHQW�FRUHV�DQG�DUFKLYHG�

YHJHWDWLRQ�SURYLGH�D�FOHDU�UHFRUG�RI�WKH�YDU\LQJ�3%'(�FRQFHQWUDWLRQ�RYHU�WKH�GHFDGHV���:KDOH�

EOXEEHU��ELUG�HJJV��DQG�ELUG�IDW�KDYH�EHHQ�VWXGLHG�DW�GLIIHUHQW�WLPH�LQWHUYDOV�DQG�FDQ�EH�XVHG�WR�

HYDOXDWH�WKH�WLPH�WUHQGV�RI�3%'(�OHYHOV�LQ�ELRORJLFDO�WLVVXHV���7KH�IROORZLQJ�LV�D�OLPLWHG�UHYLHZ�

RI�WKHVH�VWXGLHV��IXUWKHU�GHWDLO�FDQ�EH�IRXQG�LQ�WKH�VWXGLHV�WKHPVHOYHV���7KHVH�VWXGLHV�DOO�VKRZ�D�

VLPLODU�WUHQG��WKDW�3%'(V�ZHUH�DEVHQW�LQ�WKH�HQYLURQPHQW�XQWLO�WKHLU�LQWURGXFWLRQ�DV�IODPH�

UHWDUGDQW�SURGXFWV�LQ�WKH�����V���+RZHYHU��VHYHUDO�RI�WKH�VHGLPHQW�FRUH�VWXGLHV�VKRZHG�

FRQFHQWUDWLRQV�LQ�FRUHV�GDWHG�SULRU�WR�WKH�����V���7KHLU�SUHVHQFH�DW�WKHVH�OD\HUV�ZDV�OLNHO\�GXH�WR�

VHGLPHQW�ELRWXUEDWLRQ��LPSUHFLVH�GDWLQJ��RU�D�VLPLODU�H[SODQDWLRQ��VLQFH�3%'(V�ZHUH�QRW�LQ�WKH�

HQYLURQPHQW�DW�WKHVH�HDUO\�GDWHV���$IWHU�WKH�����V��WKH�SUHVHQFH�RI�3%'(V�LQ�WKH�HQYLURQPHQW�

LQFUHDVHG�WKURXJKRXW�WKH�UHPDLQGHU�RI�WKH���WK�FHQWXU\�LQWR�WKH���VW�FHQWXU\���

�

������ 7LPH�7UHQGV�IURP�6HGLPHQW�&RUH�6WXGLHV�
� 6HGLPHQW�FRUH�VWXGLHV�KDYH�EHHQ�XVHG�WR�VWXG\���WK�FHQWXU\�WHPSRUDO�WUHQGV�LQ�

HQYLURQPHQWDO�OHYHOV�RI�VXFK�FRQWDPLQDQWV�DV�3&%V��GLR[LQV��DQG�3%'(V���7KH�DSSURDFK�LV�WR�

WDNH�VHYHUDO�FRUHV�XVXDOO\�ZLWKLQ�D�ODNH��ZKLFK�LV�TXLHVFHQW�XQOLNH�PRYLQJ�ZDWHU�ERGLHV�VXFK�DV�

ULYHUV���VHFWLRQ�WKH�FRUHV�E\�WDNLQJ�VOLFHV��DQG�GDWH�WKH�VOLFHV�XVLQJ�UDGLRWUDFHUV���2QFH�D�VHFWLRQ�LV�

GDWHG��WKHQ�D�PHDVXUHPHQW�RI�WKH�FRQWDPLQDQW�LQ�WKDW�VHJPHQW�SURYLGHV�DQ�LQGLFDWLRQ�RI�UHODWLYH�

HQYLURQPHQWDO�OHYHOV�GXULQJ�WKDW�WLPH�IUDPH���)XUWKHU��NQRZLQJ�WKH�GHSRVLWLRQ�UDWH�RI�VHGLPHQWV�
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LQ�WKDW�SDUWLFXODU�ZDWHU�ERG\��WKH�WRWDO�ORDGLQJ�LQWR�WKDW�ZDWHU�ERG\�FDQ�EH�HVWLPDWHG���7KLV�

DSSURDFK�LV�XVHIXO�IRU�SHUVLVWHQW�FRQWDPLQDQWV�WKDW�SUHGRPLQDQWO\�SDUWLWLRQ�WR�EHQWKLF�VHGLPHQWV��

VXFK�DV�3%'(V���7KLV�VHFWLRQ�SURYLGHV�DQ�RYHUYLHZ�RI�VHGLPHQW�FRUH�VWXGLHV�XQGHUWDNHQ�IRU�

3%'(V�DURXQG�WKH�ZRUOG�DQG�ZKDW�KDV�EHHQ�OHDUQHG�IURP�WKHP������

� /L�HW�DO���������UHSRUWHG�RQ�WKH�FKURQRORJ\�RI�GHSRVLWLRQ�IOX[�RI�3%'(V�LQWR�WKH�

VHGLPHQWV�RI�DOO�ILYH�*UHDW�/DNHV��/DNH�0LFKLJDQ��/DNH�+XURQ��/DNH�6XSHULRU��/DNH�2QWDULR��

DQG�/DNH�(ULH��DQG�WKUHH�LQODQG�VHHSDJH�ODNHV���7KHLU�ZRUN�ZDV�DOVR�FKURQLFOHG�LQ�WKUHH�OLWHUDWXUH�

DUWLFOHV��6RQJ�HW�DO�������D��E����������7ZHQW\�WZR�VHGLPHQW�FRUHV�ZHUH�FROOHFWHG�LQ������DQG�

�����DQG�KRUL]RQWDOO\�VHFWLRQHG�LQWR�D�WRWDO�RI�����VDPSOHV���$QDO\WLFDO�UHVXOWV�DUH�VHSDUDWHO\�

UHSRUWHG�DV�WKH�VXP�RI�QLQH�3%'(��Ȉ�%'(V��FRQJHQHUV��%'(�����%'(�����%'(�����%'(�����

%'(�����%'(������%'(������%'(������DQG�%'(������DQG�%'(�������7KH�UDQJH�RI�PHDQ�

VXUIDFH�VHGLPHQW�FRQFHQWUDWLRQV�LQ�DOO�WKH�*UHDW�/DNHV�ZDV����í����QJ�J�GZW�DQG�

����í������QJ�J�GZW�IRU�WKH�Ȉ�%'(V�DQG�%'(������UHVSHFWLYHO\���%'(�����GRPLQDWHG�WKH�WRWDO�

3%'(�FRQFHQWUDWLRQV�LQ�DOO�WKH�ODNH�VHGLPHQWV���)LJXUH�����JUDSKLFDOO\�GLVSOD\V�WKH�WHPSRUDO�

WUHQGV�RI�GHSRVLWLRQ�IOX[HV�RI�WRWDO�3%'(�DQG�3&%V�WR�WKH�VHGLPHQWV�LQ�HDFK�RI�WKH�*UHDW�/DNHV�

DV�GHWHUPLQHG�E\�/L�HW�DO�����������,Q�JHQHUDO��3%'(�OHYHOV�EHJDQ�WR�ULVH�EHWZHHQ������DQG��������

7KLV�LV�QRW�D�UHIOHFWLRQ�RI�ZKHQ�XVH�RI�3%'(V�EHJDQ��EHFDXVH�WKH\�ZHUH�PDQXIDFWXUHG�LQ�WKH�

����V���5DWKHU��LW�LV�OLNHO\�WKH�UHVXOW�RI�VHGLPHQW�ELRWXUEDWLRQ�RQFH�GHSRVLWLRQ�RFFXUUHG��RU�FURVV�

FRQWDPLQDWLRQ�GXULQJ�WKH�FRULQJ�DQG�VOLFLQJ�SURFHVV���7KHUH�LV�D�VWULNLQJ�LQFUHDVH�LQ�WKH�

GHSRVLWLRQ�RI�WRWDO�3%'(�WR�WKH�ODNH�VHGLPHQWV�IURP�����V�WR��������7KH�WHPSRUDO�WUHQGV�LQ�WKH�

GDWHG�VHGLPHQW�FRUHV�IURP�WKLV�VWXG\�VXJJHVW�WKDW�WKH�LQFUHDVH�LQ�3%'(�LQSXW�WR�WKH�*UHDW�/DNHV�

WHQG�WR�EH�ILUVW�RUGHU���)URP�WKHVH�GDWD��/L�HW�DO���������FDOFXODWHG�FRQFHQWUDWLRQ�GRXEOLQJ�WLPHV�

�W���UDQJLQJ�IURP���WR����\HDUV�IRU�Ȉ�%'(V�DQG�IURP���WR�!���\HDUV�IRU�%'(�������7KHUH�LV�QR�

HYLGHQFH�RI�DQ\�UHFHQW�GHFOLQH�LQ�3%'(�ORDGLQJV�WR�WKH�*UHDW�/DNH�VHGLPHQWV���/L�HW�DO���������

DOVR�HVWLPDWHG�WKH�DQQXDO�3%'(�ORDGLQJ�UDWHV�WR�WKH�VXUIDFH�VHGLPHQWV�RI�WKH�*UHDW�/DNHV�E\�

PXOWLSO\LQJ�WKH�PHDQ�VXUIDFH�IOX[�WLPHV�WKH�WRWDO�VXUIDFH�DUHD�RI�WKH�ODNHV���$FFRUGLQJ�WR�WKHLU�

FDOFXODWLRQV��WKH�*UHDW�/DNHV�UHFHLYHG�DSSUR[LPDWHO\������WRQV�RI�Ȉ�%'(V�DQG�����WRQV�RI�

%'(�����LQ�������SULPDULO\�IURP�DWPRVSKHULF�GHSRVLWLRQ���7RWDO�GHSRVLWLRQ�RI�%'(�����WR�WKH�

*UHDW�/DNHV�ZDV�HVWLPDWHG�WR�EH�RYHU����WLPHV�WKH�GHSRVLWLRQ�RI�WKH�VXP�RI�%'(�����%'(�����

%'(�����%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�����FRPELQHG��
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� 4LX�HW�DO���������HYDOXDWHG�WKH�GLVWULEXWLRQ�RI�IODPH�UHWDUGDQWV�'HFKORUDQH�3OXV��'3���

����ELV��������WULEURPRSKHQR[\�HWKDQH��7%(���DQG�3%'(V�LQ�GDWHG�VHGLPHQW�OD\HUV�LQ�D�

VHGLPHQW�FRUH�VWXG\�RI�/DNH�2QWDULR���7KH\�PHDVXUHG����%'(�FRQJHQHUV��LQFOXGLQJ�%'(��������
�

�
Figure 3-1.  Time trends of deposition flux of PBDEs (blue solid diamonds) and 
PCBs (red open diamonds) to the sediments in each of the Great Lakes.  �/HIW�[�D[LV�
VKRZV�3%'(�OHYHOV��DQG�ULJKW�[�D[LV�VKRZV�3&%�OHYHOV�� 
�
6RXUFH��/L�HW�DO����������
�
1RWHV��68��� ����VDPSOHV�IURP�/DNH�6XSHULRU��/0��� ����VDPSOHV�IURP�/DNH�0LFKLJDQ��
+8��� ����VDPSOHV�IURP�/DNH�+XURQ��21���� ����VDPSOHV�IURP�/DNH�2QWDULR���7KH�[�D[LV�VKRZV�WKH�\HDU�
GDWHG�E\�3E�����LQ�WKH�VHGLPHQW�FRUH���

�
�
,Q�WKH�VHGLPHQW�VXUIDFH�FRUUHVSRQGLQJ�WR�������4LX�HW�DO���������GHWHFWHG�Ȉ���3%'(�FRQJHQHUV�

�L�H���WUL�WKUX�KHSWD�%'(�FRQJHQHUV�%'(�����%'(�����%'(�����%'(�����%'(������%'(������

%'(������%'(������%'(������DQG�%'(������DW�D�FRQFHQWUDWLRQ�RI�����QJ�J�GZW���7KH�

FRQFHQWUDWLRQ�RI�%'(�����ZDV�DSSUR[LPDWHO\����QJ�J�GZW�LQ�WKH�VXUILFLDO�OD\HU��ZKLFK�ZDV�

DSSUR[LPDWHO\�ILYH�WLPHV�KLJKHU�WKDQ�WKH�VXP�RI�WKH�RWKHU�%'(�FRQJHQHUV���7KH�DXWKRUV�

SRVWXODWHG�WKDW�WKH�VHGLPHQWDU\�UHFRUG�RI�3%'(V�LQ�/DNH�2QWDULR�UHIOHFWHG�DWPRVSKHULF�

GHSRVLWLRQ�DV�WKH�SULPDU\�WUDQVSRUW�PHFKDQLVP�WR�WKH�ODNH���%'(�����ZDV�LQLWLDOO\�GHWHFWHG�LQ�
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/DNH�2QWDULR�VHGLPHQWV�DURXQG������DQG�XQGHUZHQW�D�GUDPDWLF�LQFUHDVH�IURP������WR��������

Ȉ���3%'(�FRQJHQHUV�ZHUH�LQLWLDOO\�GHWHFWHG�DURXQG�������JUDGXDOO\�LQFUHDVHG�LQ�FRQFHQWUDWLRQ�

EHWZHHQ������DQG�������DQG�VKDUSO\�LQFUHDVHG�LQ�FRQFHQWUDWLRQ�IURP������WKURXJK��������7KHVH�

HDUO\�GHWHFWLRQV�EHIRUH�������DV�QRWHG�HDUOLHU��GR�QRW�UHIOHFW�XVH�DW�WKDW�WLPH��EXW�UDWKHU�SHUKDSV�

VHGLPHQWDWLRQ�RU�FURVV�FRQWDPLQDWLRQ�GXULQJ�FRULQJ�DQG�VOLFLQJ��

� ,Q�������=KX�DQG�+LWHV��������FRQGXFWHG�FRUH�VWXGLHV�IRU����%'(�FRQJHQHUV�IURP�WZR�

VWXG\�VLWHV��/DNHV�0LFKLJDQ�DQG�(ULH���/LNH�WKH�RWKHU�*UHDW�/DNHV�VWXGLHV��%'(�����

SUHGRPLQDWHG��PDNLQJ�XS���í����RI�WKH�FRQFHQWUDWLRQ���7KH�FRQFHQWUDWLRQ�RI�%'(�����LV�

����DQG����QJ�J�GZW�LQ�/DNHV�0LFKLJDQ�DQG�(ULH��UHVSHFWLYHO\��ZKLOH�DOO�RWKHU�FRQJHQHUV�

PHDVXUHG�����DQG�����QJ�J�GZW�LQ�/DNHV�0LFKLJDQ�DQG�(ULH��UHVSHFWLYHO\���7KLV�DUWLFOH�SORWV�WKH�

ULVH�LQ�FRQFHQWUDWLRQ��VKRZLQJ�KRZ�%'(�����ZDV�DERXW����QJ�J�GZW�LQ������LQ�/DNH�0LFKLJDQ�

DQG�URVH�WR�DERYH�����QJ�J�GZW�E\�WKH�HDUO\�����V���7KH�VXP�RI�WKH�RWKHUV�VLPLODUO\�VWDUWHG�ZHOO�

EHORZ�����QJ�J�LQ������WR�HQG�XS�DW�����E\�WKH�����V���6LPLODU�WUHQGV�ZHUH�VHHQ�LQ�/DNH�(ULH��

ZLWK�����QRW�VKRZLQJ�XS�XQWLO�������DW�D�GHWHFWLRQ�OLPLW�RI���QJ�J�GZW��WR�ULVH�WR����QJ�J�GZW�E\�

WKH�����V��

0DUYLQ�HW�DO���������VWXGLHG�WKH�WHPSRUDO�WUHQGV�RI�3%'(V�LQ�DUFKLYHG�IUHH]H�GULHG�

VDPSOHV�RI�VXVSHQGHG�VHGLPHQW�WDNHQ�IURP�WKH�ZDWHU�FROXPQ�RI�WKH�1LDJDUD�5LYHU�IHHGLQJ�LQWR�

/DNH�2QWDULR���7KH�DUFKLYH�FRQWDLQHG�VDPSOHV�WKDW�KDG�EHHQ�FROOHFWHG�IURP������WR��������7KH�

1LDJDUD�5LYHU�IORZV�LQWR�/DNH�2QWDULR��DQG�WKHUH�KDV�EHHQ�D�KLVWRU\�RI�KHDY\�LQGXVWU\�DORQJ�LWV�

ULYHU�EDQNV���$�WRWDO�RI����%'(�FRQJHQHUV�ZHUH�HYDOXDWHG�LQ�WKH�VDPSOHV���3%'(�FRQFHQWUDWLRQV�

LQ�WKH�VXVSHQGHG�VHGLPHQWV�VLJQLILFDQWO\�LQFUHDVHG�EHWZHHQ�WKH�WLPH�IUDPHV������DQG��������

+RZHYHU��WKH�PRVW�FXUUHQW�VDPSOHV�LQGLFDWH�D�GHFOLQH�LQ�WRWDO�3%'(�FRQFHQWUDWLRQ�LQ�VXVSHQGHG�

VHGLPHQWV�VLQFH��������7KLV�LV�GLIIHUHQW�WKDQ�WKH�VHGLPHQW�FRUH�VWXGLHV�DERYH��ZKLFK�VKRZ�

LQFUHDVHVʊDW�OHDVW�XQWLO�WKH�ODVW�GDWLQJ�WLPH�DW��������7KLV�GLIIHUHQFH�FRXOG�EH�DWWULEXWHG�WR�WKH�

GLIIHUHQFHV�LQ�WKH�W\SH�RI�VDPSOHV�WDNHQ��VXVSHQGHG�SDUWLFOHV�YHUVXV�GDWHG�VHGLPHQW�FRUH�OD\HUV��

DQG�WKH�IDFW�WKDW�%'(�����ZDV�QRW�VSHFLILFDOO\�DQDO\]HG�LQ�WKH�VDPSOHV���$QRWKHU�IDFWRU�WKDW�PD\�

FRQWULEXWH�WR�WKLV�GLIIHUHQFH�LV�WKDW�0DUYLQ�HW�DO���������LQGLFDWHG�WKDW�WKH�SULPDU\�LQSXWV�WR�WKH�

1LDJDUD�5LYHU�ZHUH�LQGXVWULDO�SRLQW�VRXUFHV�LQ�WKH�ZDWHUVKHG��ZKHUHDV�LQSXWV�RI�3%'(V�WR�WKH�

*UHDW�/DNH�VHGLPHQWV�ZHUH�SULPDULO\�IURP�DWPRVSKHULF�GHSRVLWLRQ���

� &KHQ�HW�DO�������E��ZLWK�HDUOLHU�GLVFXVVLRQV�RI�WKH�SDUWLDO�GDWD�VHW�DOVR�LQ�0DL�HW�DO���������

H[DPLQHG�WKH�WHPSRUDO�WUHQGV�RI�WKUHH�GDWHG�VHGLPHQW�FRUHV�REWDLQHG�IURP�WKH�3HDUO�5LYHU�GHOWD�
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LQ�&KLQD���$�WRWDO�RI����FRQJHQHUV�ZHUH�PHDVXUHG�LQ�WKHVH�FRUHV���*HQHUDOO\��WKH�WRWDO�

FRQFHQWUDWLRQV�LQFUHDVHG�IURP������WR�WKH�ODWH�����V�DQG�HDUO\�����V���%'(������LQ�SDUWLFXODU��

GLVSOD\HG�DQ�H[SRQHQWLDO�LQFUHDVH�LQ�FRQFHQWUDWLRQ�LQ�WKH�VHGLPHQWV�IURP�WKH�WLPH�IUDPH������WR�

�����DQG�WKH�\HDU��������&KHQ�HW�DO�������E��VXUPLVHG�WKDW�WKH�VHGLPHQWV�UHIOHFW�WKH�GRPLQDQW�

XVH�RI�WKH�SHQWD%'(�IRUPXODWLRQ�SULRU�WR�������DQG�D�VXEVHTXHQW�GRPLQDQFH�RI�WKH�XVH�RI�

GHFD%'(�IURP������RQZDUG���'HSRVLWLRQ�IOX[�RI�%'(�FRQJHQHUV��QRW�LQFOXGLQJ�%'(������

UDQJHG�IURP����í������QJ�FP���ZLWK�DQ�DYHUDJH�RI������QJ�FP���ZKLOH�WKH�GHSRVLWLRQ�IOX[�RI�

%'(�����ZDV�KLJKHU��UDQJLQJ�IURP�������WR�����QJ�FP����&KHQ�HW�DO�������E��HVWLPDWHG�WKH�

GHSRVLWLRQ�IOX[�RI�WRWDO�FRQJHQHUV��QRW�LQFOXGLQJ�%'(������WR�WKH�3HDO�5LYHU�GHOWD�LQ�������WR�EH�

����DQG������PHWULF�WRQV��07���UHVSHFWLYHO\��

� 0LQK�HW�DO���������DQDO\]HG�WKH�RFFXUUHQFH�DQG�GLVWULEXWLRQ�RI����%'(�FRQJHQHUV��

LQFOXGLQJ�%'(������LQ�WKUHH�GDWHG�VHGLPHQW�FRUHV�RI�7RN\R�%D\���7KH�LQYHVWLJDWRUV�UHSRUWHG�

UHVXOWV�LQ�WHUPV�RI�WKH�VXP�RI�%'(���WKURXJK�%'(������Ȉ3%'(V��DQG�%'(������VHSDUDWHO\���

7KHUH�ZHUH�GLIIHUHQFHV�LQ�WKH�FKURQRORJ\�RI�PDVV�FRQFHQWUDWLRQ�RI�3%'(V�IURP�RQH�VHGLPHQW�

FRUH�WR�DQRWKHU���,Q�DGGLWLRQ��WKHUH�ZDV�D�FOHDU�FRQFHQWUDWLRQ�JUDGLHQW�RI�Ȉ3%'(V�DQG�%'(�����

LQ�WKH�VXUIDFH�VHGLPHQWV��ZLWK�WKH�VHGLPHQWV�DW�WKH�PRXWK�RI�7RN\R�%D\�KDYLQJ�WKH�KLJKHVW�

FRQFHQWUDWLRQV���7KH�DXWKRUV�LQGLFDWHG�WKDW�WKH�DSSDUHQW�FRQFHQWUDWLRQ�JUDGLHQW�FOHDUO\�

GHPRQVWUDWHG�WKDW�SRSXODWHG�DUHDV�VXFK�DV�WKH�FLWLHV�RI�7RN\R�DQG�<RNRKDPD�DUH�PDMRU�HPLVVLRQ�

VRXUFHV�RI�3%'(V�WR�WKH�%D\���&RUH�GDWLQJ�GDWD�VXJJHVWHG�WKDW�WKH�Ȉ3%'(V�FRQFHQWUDWLRQV�

FRQVLVWHQWO\�LQFUHDVHG�EHJLQQLQJ�LQ������DQG�UHDFKHG�D�PD[LPXP�LQ�������ZLWK�FRQFHQWUDWLRQV�DW�

DERXW���QJ�J�GZW�RU�OHVV�DW�WKDW�PD[LPXP���7KHUH�DSSHDUHG�WR�D�VOLJKW�GHFUHDVH�IURP������WR�WKH�

VXUIDFH�VHGLPHQWV�UHSUHVHQWDWLYH�RI�WKH�\HDU��������%'(�����DSSHDUHG�LQ�WKH�FRUHV�LQ�WKH�����V��

UHDFKLQJ�PD[LPXPV�EHWZHHQ����DQG����QJ�J�GZW�LQ�������WKH�ODVW�\HDU�RI�GDWLQJ���7KH�DXWKRUV�

H[SODLQHG�WKDW�WKH�DSSDUHQW�GHFHDVH�LQ�WKH�Ȉ3%'(V�FRQFHQWUDWLRQ�LQ�WKH�PLG�����V�PD\�UHIOHFW�

-DSDQ¶V�SKDVH�RXW�DQG�UHGXFWLRQ�LQ�WKH�JHQHUDO�XVH�RI�SHQWD��DQG�RFWD%'(�FRPPHUFLDO�

IRUPXODWLRQV�LQ�WKH�HDUO\�����V��DQG�VLPLODUO\��WKDW�WKH�FRQWLQXDO�ULVH�RI�%'(�����UHIOHFWV�

RQJRLQJ�DQG�LQFUHDVLQJ�XVH�RI�GHFD%'(� 

6WHUQ�HW�DO���������UHSRUWHG�WKH�UHVXOWV�RI�D�VHGLPHQW�FRUH�VWXG\�RI�D�UHPRWH�QRUWKHUQ�

$UFWLF�ODNH�RQ�'HYRQ�,VODQG�LQ�&DQDGD���$�QXPEHU�RI�SHUVLVWHQW�RUJDQLF�SROOXWDQWV��LQFOXGLQJ�

3%'(V��ZHUH�LQYHVWLJDWHG�LQ�RUGHU�WR�REVHUYH�WKH�WHPSRUDO�WUHQGV�RI�FRQWDPLQDQW�ORDGLQJV���

)RXU�VHGLPHQW�FRUHV�ZHUH�FROOHFWHG�LQ������DQG�DUFKLYHG�LQ�D�IUHH]HU���&RUH����ZDV�DQDO\]HG�IRU�
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WKH�FRQFHQWUDWLRQ�RI�3%'(V���0D[LPXP�GHSRVLWLRQ�RI�WRWDO�3%'(V�RFFXUUHG�LQ�WKH�PRVW�UHFHQW�

VXUIDFH�VHGLPHQWV�ZLWK�D�GHSRVLWLRQDO�IOX[�HVWLPDWHG�DW������QJ�P��\HDU���%'(����ZDV�WKH�PRVW�

DEXQGDQW�FRQJHQHU��IROORZHG�E\�%'(����DQG�%'(�������7KHVH�WKUHH�FRQJHQHUV�UHSUHVHQWHG�

DERXW�����RI�WRWDO�3%'(V�GHWHUPLQHG�LQ�WKH�VHGLPHQW�FRUH�VOLFHV���7KH�DXWKRUV�VSHFXODWHG�WKDW�

WKLV�FRQJHQHU�SDWWHUQ�PD\�EH�LQGLFDWLYH�RI�DQDHURELF�PLFURELDO�GHFRPSRVLWLRQ�RI�PRUH�KLJKO\�

EURPLQDWHG�3%'(V�LQ�WKH�VHGLPHQWV��DOWKRXJK�WKHUH�ZDV�QR�GLUHFW�SURRI�WKDW�WKLV�KDG�RFFXUUHG�

�6WHUQ�HW�DO�����������7KH�DXWKRUV�FRQFOXGHG�WKDW�WKH�FRQWDPLQDWLRQ�RI�WKH�UHPRWH�$UFWLF�ODNH�ZLWK�

3%'(V�ZDV�WKH�UHVXOW�RI�WKH�ORQJ�UDQJH�WUDQVSRUW�DQG�GHSRVLWLRQ�LQWR�WKH�ODNH��EHFDXVH�WKHUH�

ZHUH�QR�ORFDO�VRXUFHV�RI�WKHVH�FRQWDPLQDQWV���

(YHQVHW�HW�DO���������XQGHUWRRN�D�VHGLPHQW�FRUH�VWXG\�WR�H[DPLQH�WKH�KLVWRULFDO�

GHSRVLWLRQ�RI�3%'(V�DQG�RWKHU�SHUVLVWHQW�RUJDQLF�SROOXWDQWV�LQWR�WKH�VHGLPHQWV�RI�/DNH�

(OODVMRHQ��D�UHPRWH�ODNH�RQ�DQ�LVODQG�LQ�WKH�FHQWUDO�%DUHQWV�6HD�RI�WKH�1RUZHJLDQ�$UFWLF���

)RXU�UHSOLFDWH�VHGLPHQW�FRUHV�ZHUH�FROOHFWHG�LQ�$SULO������IURP�D�GHSWK�RI����P�DQG�PHDVXUHG�

IRU����%'(�FRQJHQHUV��QRW�LQFOXGLQJ�%'(��������3%'(V�FRXOG�RQO\�EH�GHWHFWHG�LQ�WKH�XSSHU�

��FP�RI�WKH�VHGLPHQW�FRUH��ZKLFK�FRUUHVSRQGV�WR�D�WLPH�UDQJH�HQFRPSDVVLQJ�WKH�����V�WKURXJK�

�������2I�WKH����%'(V��RQO\�%'(�����%'(�����%'(�����%'(������DQG�%'(�����ZHUH�GHWHFWHG���

7KH\�ZHUH�ILUVW�GHWHFWHG�LQ�FRUH�VHJPHQWV�FRUUHVSRQGLQJ�WR�������DW�OHYHOV�RI�����QJ�J�GZW�DQG�

OHVV��DQG�WKH\�FRQWLQXRXVO\�ULVH�LQ�FRQFHQWUDWLRQ�WR�������ZLWK�WKH�PD[LPXP�LQGLYLGXDO�FRQJHQHU�

FRQFHQWUDWLRQ�RI������QJ�J�GZW���7KLV�GRPLQDQW�FRQJHQHU�ZDV�%'(�����IROORZHG�E\�%'(�����

%'(�����DQG�%'(�������%'(�����ZDV�RQO\�IRXQG�LQ�WKH�VXUIDFH�VHGLPHQWV�WR�WKH�ODNH���7KH�

SULPDU\�URXWH�RI�HQWU\�RI�%'(�FRQJHQHUV�ZDV�DVVXPHG�WR�EH�IURP�DWPRVSKHULF�GHSRVLWLRQ��WKXV�

LQGLFDWLQJ�WKH�ORQJ�UDQJH�WUDQVSRUW�RI�3%'(V��(YHQVHW�HW�DO����������

� =HJHUV�HW�DO���������VXPPDUL]HG�YDULRXV�VWXGLHV�RQ�WKH�FKURQRORJ\�RI�3%'(�

FRQFHQWUDWLRQV�LQ�GDWHG�VHGLPHQW�FRUHV�FROOHFWHG�LQ�(XURSH���7KH�VHGLPHQW�FRUH�VDPSOHV�ZHUH�

REWDLQHG�IURP�WKH�2VORIMRUG�5LYHU�LQ�1RUZD\��IURP�WKH�PDULQH�VHGLPHQWV�RI�WKH�:DGGHQ�6HD�RII�

WKH�FRDVW�RI�7KH�1HWKHUODQGV��IURP�/DNH�:RVHULQ�LQ�WKH�VWDWH�RI�0HFNOHQEXUJ�9RUSRPPHUQ��

*HUPDQ\��DQG�IURP�WKH�.LPPHULGJH�FOD\�IRUPDWLRQ�LQ�WKH�8QLWHG�.LQJGRP��D�PDULQH�IRUPDWLRQ�

IURP�WKH�-XUDVVLF�SHULRG���3E�����DQG�&V������RQH�RU�ERWK��LVRWRSHV�ZHUH�XVHG�WR�PDUN�GLVWLQFW�

\HDUV�LQ�WKH�DJH�RI�WKH�VHGLPHQW�OD\HUV���7KH�ILQGLQJV�RI�DOO�RI�WKHVH�VWXGLHV�DUH�VLPLODU�WR�DOO�RI�

WKH�SUHYLRXVO\�GHVFULEHG�FRUH�VWXGLHV��=HJHUV�DW�DO���������VKRZHG�ULVLQJ�FRQFHQWUDWLRQV�IURP�

DERXW�WKH�����V�WR�WKH�SUHVHQW��ZLWK�GRPLQDQFH�RI�%'(������SDUWLFXODUO\�LQ�WKH�ODWHU�\HDUV���)URP�
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WKH�'UDPPHQIMRUG�5LYHU�LQ�1RUZD\��%'(����LQLWLDOO\�DSSHDUHG�LQ�WKH�VHGLPHQWV�LQ������DW�

����QJ�J�GZW�DQG�VWHDGLO\�LQFUHDVHG�WR�D�OHYHO�RI�����QJ�J�GZW�LQ��������6LPLODUO\��%'(�����DOVR�

ILUVW�DSSHDUHG�LQ�WKH�VHGLPHQWV�LQ�������EXW�LW�LQFUHDVHG�DW�D�VKDUSHU�UDWH�WKDQ�%'(������7KH�

VXUIDFH�VHGLPHQW�FRQFHQWUDWLRQ�RI�%'(�����LV����IROG�KLJKHU�WKDQ�LQ�������ULVLQJ�IURP�����WR�

����QJ�J�GZW���7KH�FRQFHQWUDWLRQ�SDWWHUQ�IURP�KLJK�WR�ORZ�VXJJHVWV�WKDW�%'(�����!�%'(����

!�%'(����!�%'(�������,Q�/DNH�:RVHULQ�LQ�*HUPDQ\��WKH�ROGHVW�VHGLPHQW�OD\HU�ZDV�GDWHG�WR�

������DQG�WKH�PRVW�FXUUHQW�ZDV��������%'(�FRQJHQHUV�LQLWLDOO\�DSSHDUHG�LQ�������FRQWLQXHG�WR�

JUDGXDOO\�LQFUHDVH��DQG�UHDFKHG�D�SHDN�LQ�������ZLWK�VOLJKW�GHFUHDVHV�VHHQ�IRU�DOO�FRQJHQHUV�IURP�

�����WR��������%'(����ZDV�WKH�PRVW�DEXQGDQW�FRQJHQHU�LQ�WKH�VHGLPHQWV�DQG�LQFUHDVHG�WKUHHIROG�

LQ�FRQFHQWUDWLRQ�IURP������WR������WR�D�KLJK�RI������QJ�J�GZW���8QOLNH�RWKHU�VWXG\�UHVXOWV��

%'(�����GLG�QRW�GRPLQDWH�WKH�SURILOH���5DWKHU��LW�KDG�FRQFHQWUDWLRQV�VLPLODU�WR�%'(����DQG�

%'(�����UHDFKLQJ�D�KLJK�RI������QJ�J�GZW�LQ��������&OD\�OD\HUV�IURP�WKH�.LPPHULGJH�&OD\�

)RUPDWLRQ��%ODFNVWRQH�%DQG��LQ�VRXWKHUQ�(QJODQG��GDWHG�IURP�WKH�-XUDVVLF�SHULRG���������WR�

��������\HDU�DJR��VKRZHG�QR�GHWHFWDEOH�3%'(�FRQJHQHUV���%'(�FRQJHQHUV�LQLWLDOO\�DSSHDUHG�LQ�

FRUHV�GDWHG������IURP�WKH�ZHVWHUQ�:DGGHQ�6HD�RII�WKH�FRDVW�RI�WKH�1HWKHUODQGV��DOWKRXJK�WKH�

GDWLQJ�UHVROXWLRQ�RI�GHFDGHV�ZDV�QRW�VXIILFLHQW�WR�GHWHUPLQH�LI�3%'(V�ZHUH�SUHVHQW�IURP������WR�

�������$OO�GHWHFWDEOH�%'(�FRQJHQHUV�LQFUHDVHG�LQ�FRQFHQWUDWLRQ�IURP�WKHLU�LQLWLDO�DSSHDUDQFH�

XQWLO��������)URP������WR�������DOO�FRQJHQHUV�VOLJKWO\�GHFUHDVHG�LQ�VHGLPHQW�FRQFHQWUDWLRQ���

%'(�����ZDV�WKH�PRVW�DEXQGDQW�FRQJHQHU�LQ�WKH�VHGLPHQWV�IURP������WKURXJK�������UHDFKLQJ�D�

KLJK�FRQFHQWUDWLRQ�RI�����QJ�J�GZW���,Q�������%'(����DQG�%'(����UHDFKHG�KLJK�

FRQFHQWUDWLRQVʊDERXW����QJ�J�GZW��&RQFHQWUDWLRQV�RI����RWKHU�FRQJHQHUV�ZHUH�PRVWO\�

QRQGHWHFWV��DW�GHWHFWLRQ�OLPLWV�RI�DERXW��í��QJ�J�GZW�����

� 0DQ\�RI�WKH�DIRUHPHQWLRQHG�VHGLPHQW�FRUH�VWXGLHV�VXJJHVW�WKH�SUHVHQFH�RI�3%'(V�LQ�ODNH�

VHGLPHQWV�SULRU�WR������ZKHQ�3%'(V�ZHUH�LQWHQWLRQDOO\�PDQXIDFWXUHG��,3&6����������7KLV�

VXJJHVWV�WKDW�WKH�FRUH�VOLFHV�PD\�QRW�EH�SUHFLVHO\�GDWHG��UHODWLYH�GDWHV�UDWKHU�WKDQ�DFWXDO�GDWHV���

RU�WKDW�PL[LQJ��ELRWXUEDWLRQ��IURP�PRUH�UHFHQW�VHGLPHQW�OD\HUV�WR�ORZHU�OD\HUV�PD\�KDYH�

RFFXUUHG���+RZHYHU��ZKHQ�FRQVLGHUHG�LQ�WKHLU�HQWLUHW\��WKH�VHGLPHQW�FRUH�VWXGLHV�GR�LQGLFDWH�WKH�

DQWKURSRJHQLF�FRQWULEXWLRQ�RI�3%'(�HPLVVLRQV�WR�WKH�HQYLURQPHQW��

�
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������ 7LPH�7UHQGV�IURP�$TXDWLF�:LOGOLIH�6DPSOHV�
 7KH�ERG\�EXUGHQ�RI�3%'(V�DQG�RWKHU�SHUVLVWHQW�RUJDQLF�SROOXWDQWV�LQ�ZKDOHV��VHDOV��DQG�

GLIIHUHQW�ILVK�VSHFLHV�KDV�EHHQ�PHDVXUHG�RYHU�GLVFUHHW�WLPH�LQWHUYDOV���7KLV�SURYLGHV�D�EDVLV�IRU�

DVVHVVLQJ�WKH�FKDQJHV�LQ�UHODWLYH�ERG\�EXUGHQV�LQ�ZLOGOLIH�ZLWK�WKH�SDVVDJH�RI�WLPH���/LNH�

VHGLPHQW�FRUH�VWXGLHV��WKHVH�VWXGLHV�VKRZ�D�ULVH�RI�%'(�FRQJHQHUV�WKURXJK�WKH�����V�LQWR�WKH�

����V���+RZHYHU��XQOLNH�VHGLPHQW�FRUH�VWXGLHV��WKHVH�VKRZ�D�SUHGRPLQDQFH�RI�%'(����DQG�D�

YLUWXDO�DEVHQFH�RI�%'(������� 

/HEHXI�HW�DO���������VWXGLHG�WKH�OHYHOV�DQG�WHPSRUDO�WUHQGV�RI�3%'(V�LQ�WKH�EOXEEHU�RI�

���VWUDQGHG�DGXOW�EHOXJD�ZKDOHV�IURP�WKH�6W��/DZUHQFH�(VWXDU\�LQ�4XHEHF��&DQDGD���7KH�

EHDFKLQJ�RI�ZKDOHV�RQ�WKH�VKRUHV�RI�WKH�6W��/DZUHQFH�(VWXDU\�KDG�RFFXUUHG�LQ�WKH�WLPH�IUDPH�

�����WKURXJK�������DQG�VDPSOHV�ZHUH�FROOHFWHG�GXULQJ�WKHVH�\HDUV�DQG�IUR]HQ�IRU�IXWXUH�DQDO\VLV���

7KH�WRWDO�3%'(�FRQFHQWUDWLRQ��LQFOXGLQJ�%'(�����%'(�����%'(�����%'(�����%'(�����

%'(������%'(������%'(������%'(������DQG�%'(������UDQJHG�IURP�DERXW����WR�DOPRVW�

������QJ�J�ZZW�LQ�VDPSOHV�IURP����ZKDOHV���7KH�GDWD�VXJJHVW�DQ�H[SRQHQWLDO�LQFUHDVH�RI�3%'(�

FRQJHQHUV�IURP������WR��������7KH�DXWKRUV�HVWLPDWH�WKH�GRXEOLQJ�WLPHV�RI�%'(�FRQJHQHUV�WR�

UDQJH�EHWZHHQ���DQG���\HDUV�IRU�DOO�FRQJHQHUV��/HEHXI�HW�DO����������

� .DMLZDUD�HW�DO���������XVHG�DUFKLYHG�IXU�VHDO�DGLSRVH�WLVVXH�VDPSOHV�WR�LQYHVWLJDWH�WKH�

UHODWLYH�WLPH�WUHQGV�RI�3%'(V�LQ�FRDVWDO�ZDWHUV�RI�-DSDQ���7HQ�IDW�VDPSOHV�KDG�EHHQ�FROOHFWHG�

RYHU�D�SHULRG�EHWZHHQ������DQG������DQG�VWRUHG�LQ�WKH�(QYLURQPHQWDO�6SHFLPHQ�%DQN�IRU�

*OREDO�0RQLWRULQJ�DW�(KLPH�8QLYHUVLW\���.DMLZDUD�HW�DO���������DQDO\]HG�WLVVXH�VDPSOHV�IRU�WKH�

SUHVHQFH�RI�3&%V��''7��DQG�%'(V��%'(����%'(�����%'(�����%'(�����%'(�����%'(������

%'(������%'(������DQG�%'(��������7KH�VXP�RI�WKH�3%'(�FRQJHQHUV�UDQJHG�LQ�FRQFHQWUDWLRQ�

IURP�D�ORZ�RI������QJ�J�OZW�LQ�WKH�\HDU������XS�WR�����QJ�J�OZW�LQ�WKH�\HDU��������%'(����ZDV�

WKH�PRVW�DEXQGDQW�FRQJHQHU�RI�WKH�WRWDO�3%'(V�LQ�DOO�VDPSOHV�DQDO\]HG���1R�%'(�����ZDV�

GHWHFWHG�LQ�WKH�IXU�VHDO�IDW�VDPSOHV�GHVSLWH�WKH�IDFW�WKDW�WKH�GHFD%'(�IRUPXODWLRQ�FRQVWLWXWHG�

����DQG������RI�WRWDO�FRPPHUFLDO�3%'(�XVDJH�LQ�-DSDQ�LQ������DQG�������UHVSHFWLYHO\� 
%DWWHUPDQ�HW�DO���������UHSRUWHG�RQ�WKH�WLPH�WUHQGV�RI�3%'(V�LQ�DUFKLYHG�IUR]HQ�WLVVXHV�

VDPSOHV�IURP�UDLQERZ�VPHOW��ZDOOH\H��DQG�ODNH�WURXW�REWDLQHG�IURP�WKH�*UHDW�/DNHV�GXULQJ�WKH�

WLPH�IUDPH�IURP�����í�������$OO�ILVK�VSHFLHV�KDG�EHHQ�FROOHFWHG�IURP�VLWHV�LQ�/DNHV�(ULH��

+XURQ��0LFKLJDQ��2QWDULR��DQG�6XSHULRU�HYHU\�RWKHU�\HDU�DV�SDUW�RI�D�PRQLWRULQJ�SURJUDP�

FRQGXFWHG�E\�(3$���2QO\�%'(�FRQJHQHUV�%'(�����%'(�����%'(������DQG�%'(�����ZHUH�
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LQYHVWLJDWHG�LQ�WKLV�VWXG\�GXH�WR�WKHLU�XVXDO�SDWWHUQ�RI�GRPLQDQFH�LQ�ILVK�WLVVXH���7KH�WRWDO�3%'(�

FRQFHQWUDWLRQV�LQ�WURXW�DW�HDFK�RI�WKH�ODNHV�LQFUHDVHG�H[SRQHQWLDOO\�DQG�UDSLGO\�RYHU�WKH�SHULRG�

IURP�����í�����WR�WKH�PLG�����V���&RQFHQWUDWLRQV�ZHUH�DOZD\V�KLJKHVW�IRU�%'(�����ULVLQJ�WR�

JUHDWHU�WKDQ�����QJ�J�ZZW�LQ�WKH�ODWHVW�VDPSOHV�LQ�DOO�ODNHV��ZKLOH�FRQFHQWUDWLRQV�RI�WKH�RWKHU�

WKUHH�FRQJHQHUV�ZHUH�EHWZHHQ���DQG����WLPHV�ORZHU�WKDQ�%'(�����ULVLQJ�WR�QR�PRUH�WKDQ�

���QJ�J�ZZW���'RXEOLQJ�WLPHV�ZHUH�FDOFXODWHG�IRU�DOO�VSHFLHV�DQG�ODNHV���7KH\�UDQJHG�IURP�DERXW�

��WR�RYHU����\HDUV���7KH�UHODWLYHO\�VWDEOH�FRQJHQHU�SDWWHUQ�LQ�DOO�ODNHV�DFURVV�DOO�ILVK�VSHFLHV��L�H���

%'(����!�3%(�����!�3%(����!�3%(������VXJJHVWV�WKDW�DWPRVSKHULF�GHSRVLWLRQ�ZDV�WKH�SULPDU\�

UHDVRQ�IRU�WKH�SUHVHQFH�RI�3%'(V�LQ�WKH�*UHDW�/DNHV���7KH�DXWKRUV�FODLP�WKDW�WKHUH�LV�QR�

HYLGHQFH�WR�VXJJHVW�DQ\�GHFOLQHV�LQ�3%'(�FRQFHQWUDWLRQV�LQ�WKH�*UHDW�/DNHV�UHJLRQ��

� 5D\QH�HW�DO�������E��UHSRUWHG�RQ�WKH�WLPH�WUHQGV�RI�3%'(V�LQ�WLVVXHV�RI����PRXQWDLQ�

ZKLWHILVK�DQG���VXFNHU�ILVK�LQ�WKH�&ROXPELD 5LYHU�V\VWHP�LQ�VRXWKHDVWHUQ�%ULWLVK�&ROXPELD��
&DQDGD���(OHYHQ�FRQJHQHUV�ZHUH�PHDVXUHG�EXW�QRW�%'(�����DQG�%'(�������)URP������WR�������

WKH�Ȉ3%'(�FRQJHQHUV�LQ�ZKLWHILVK�LQFUHDVHG������IROG�DQG�����IROG�LQ�ILVK�FDXJKW�QHDU�WKH�WRZQV�

RI�*HQHOOH�DQG�%HDYHU�&UHHN�DORQJ�WKH�&ROXPELD�5LYHU��UHVSHFWLYHO\���7KH�DXWKRUV�FDOFXODWHG�D�

VKRUW�GRXEOLQJ�WLPH�RI�WRWDO�3%'(V�RI�����\HDUV�EHWZHHQ�WKH�\HDUV������DQG������LQ�ZKLWHILVK�

FDXJKW�QHDU�*HQHOOH���$W�WKH�FRQIOXHQFH�RI�%HDYHU�&UHHN�DQG�WKH�&ROXPELD�5LYHU�����PLOHV�

IXUWKHU�GRZQVWUHDP�IURP�*HQHOOH�DQG���PLOHV�GRZQVWUHDP�RI�D�VHFRQGDU\�PHWDO�VPHOWLQJ�

RSHUDWLRQ���WKH�3%'(�FRQFHQWUDWLRQV�LQFUHDVHG�RYHU�VL[�IROG�IURP������WR�����ʊIURP�����QJ�J�

ZZW�LQ������WR������QJ�J�ZZW�LQ��������,Q�ZKLWHILVK�FDXJKW�RQ�WKH�6ORFDQ�5LYHU�LQ�DQ�

XQSRSXODWHG�SULVWLQH�DUHD�WKDW�ZDV�QRW�GLUHFWO\�LPSDFWHG�E\�XUEDQ�RU�LQGXVWULDO�DFWLYLWLHV��3%'(�

FRQFHQWUDWLRQV�ZHUH�����QJ�J�ZZW�LQ�������ZKLFK�LV�DERXW���í���WLPHV�ORZHU�WKDQ�WKRVH�DW�RWKHU�

WHVWLQJ�ORFDWLRQV�QHDU�WRZQV�DQG�SRVVLEOH�VRXUFHV�RI�3%'(V���%DVHG�RQ�FRQFHQWUDWLRQ�GLIIHUHQFHV�

LQ�VSHFLHV��WKH�DXWKRUV�VSHFXODWHG�WKDW�3%'(V�ELRDFFXPXODWHG�OHVV�LQ�VXFNHU�ILVK�WKDQ�ZKLWHILVK����

�

���� &21&/86,216�
� 7KLV�FKDSWHU�IRFXVHG�RQ�WKH�HQYLURQPHQWDO�IDWH�RI�3%'(V���6HFWLRQV�KDYH�GLVFXVVHG�IDWH�

SURSHUWLHV��PRYHPHQW��DQG�WUDQVIRUPDWLRQV�LQ�WKH�HQYLURQPHQW��WHPSRUDO�WUHQGV�LQ�WKH�

HQYLURQPHQW��DQG�DOVR�HYLGHQFH�IRU�PHWDEROLF�WUDQVIRUPDWLRQV��VSHFLILFDOO\�GHEURPLQDWLRQ��LQ�

DQLPDOV�DQG�KXPDQV���7KH�IROORZLQJ�FRQFOXVLRQV�DUH�PDGH��

�
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�� ,Q�JHQHUDO��3%'(�FRQJHQHUV�DUH�OLSRSKLOLF�DQG�SHUVLVWHQW�RUJDQLF�FRPSRXQGV�KDYLQJ�D�
SURSHQVLW\�IRU�ELRDFFXPXODWLRQ�DQG�ELRPDJQLILFDWLRQ�LQ�WKH�DTXDWLF�DQG�WHUUHVWULDO�IRRG�
ZHEV���%'(�����LV�D�ODUJH�PROHFXOH�KDYLQJ�UHGXFHG�WHQGHQF\�IRU�ELRDFFXPXODWLRQ���
+RZHYHU��%'(�����KDV�EHHQ�PHDVXUHG�LQ�WLVVXHV�RI�WHUUHVWULDO�ELUGV�DQG�PDPPDOV��DQG�
DTXDWLF�ILVK�DQG�PDPPDOV���7KHUHIRUH��%'(�����LV�FRQWDPLQDWLQJ�WKH�DTXDWLF�DQG�
WHUUHVWULDO�IRRG�FKDLQV����

�� 3%'(�FRQJHQHUV�DUH�XELTXLWRXV�HQYLURQPHQWDO�FRQWDPLQDQWV�DQG�DUH�GHWHFWHG�JOREDOO\�LQ�
DLU��VRLOV��VHGLPHQWV��RFHDQV��DQG�ZLOGOLIH����

�� 7KH�DWPRVSKHULF�WUDQVSRUW�DQG�VXUIDFH�GHSRVLWLRQ�RI�3%'(V�LV�WKH�SULPDU\�PHDQV�RI�
GLVWULEXWLQJ�3%'(V�RYHU�ORQJ�JHRJUDSKLFDO�GLVWDQFHV����

�� 7KH�GHWHFWLRQ�RI�%'(�FRQJHQHUV�LQ�DUFWLF�DLU�VXJJHVWV�ORQJ�UDQJH�DWPRVSKHULF�WUDQVSRUW�
RI�WKHVH�FRQWDPLQDQWV�IURP�LQGXVWULDOL]HG�FRXQWULHV��

�� 2QFH�UHOHDVHG�LQWR�WKH�DLU��3%'(V�SDUWLWLRQ�EHWZHHQ�WKH�YDSRU�DQG�SDUWLFOH�SKDVHV�LQ�WKH�
DWPRVSKHUH�LQ�DFFRUGDQFH�ZLWK�WKHLU�UHVSHFWLYH�YDSRU�SUHVVXUHV���7KH�%'(�FRQJHQHUV�
ZLWK��í��EURPLQH�DWRPV�SULPDULO\�H[LVW�LQ�WKH�YDSRU�SKDVH��%'(�FRQJHQHUV�ZLWK�
�í��EURPLQH�DWRPV�PRUH�JHQHUDOO\�SDUWLWLRQ�EHWZHHQ�WKH�YDSRU�SKDVH�DQG�WKH�SDUWLFOH�
SKDVH��DQG�%'(�FRQJHQHUV�KDYLQJ�!��EURPLQH�DWRPV�DUH�SULPDULO\�DGVRUEHG�WR�
DWPRVSKHULF�SDUWLFOHV��

�� 3KRWRFKHPLFDO�UHDFWLRQ�ZLWK�WKH�K\GUR[\O�UDGLFDO�DSSHDUV�WR�EH�DQ�LQVLJQLILFDQW�
DWPRVSKHULF�GHJUDGDWLRQ�SDWKZD\�IRU�YDSRU�SKDVH�%'(�FRQJHQHUV���

�� +LJK�PROHFXODU�ZHLJKW�%'(�FRQJHQHUV�H[KLELW�D�SURSHQVLW\�IRU�WKH�EUHDNGRZQ�DQG�
GHFRPSRVLWLRQ�LQ�VRLOV�E\�89�OLJKW��L�H���SKRWRO\VLV����3KRWR�GHJUDGDWLRQ�LQ�VRLOV�FDQ�
GHEURPLQDWH�WKH�KLJKHU�%'(�FRQJHQHUV�WR�IRUP�ORZHU�EURPLQDWHG�%'(�FRQJHQHUV�DQG�
PD\�EH�D�VLJQLILFDQW�GHJUDGDWLRQ�SDWKZD\�LQ�WKH�HQYLURQPHQW���3KRWRO\VLV�RI�%'(����DQG�
%'(����LQ�DLU�LV�D�PDMRU�DWPRVSKHULF�UHPRYDO�SURFHVV�IRU�WKHVH�FRQJHQHUV���,Q�FRQWUDVW��
WKH�SKRWRO\VLV�RI�%'(�����LQ�DLU�LV�D�PLQRU�DWPRVSKHULF�UHPRYDO�SURFHVV���$WPRVSKHULF�
ZHW�DQG�GU\�GHSRVLWLRQ�RI�%'(�����LV�WKH�PRVW�VLJQLILFDQW�DWPRVSKHULF�UHPRYDO�SDWKZD\���
7KLV�LV�OLNHO\�GXH�WR�WKH�IDFW�WKDW�%'(�����SUHGRPLQDQWO\�H[LVWV�ERXQG�WR�SDUWLFOHV�LQ�DLU����

�� +LJKHU�EURPLQDWHG�3%'(�FRQJHQHUV�FDQ�XQGHUJR�PHWDEROLF�GHEURPLQDWLRQ�LQ�ILVK��
PDPPDOV��DQG�ELUGV�WR�IRUP�ORZHU�EURPLQDWHG�FRQJHQHUV����

�� 7KHUH�H[LVWV�JRRG�HYLGHQFH�WKDW�PLFURELDO�DQDHURELF�GHJUDGDWLRQ�QDWXUDOO\�RFFXUV�LQ�
VHGLPHQWV�DQG�VRLOV���+RZHYHU��WKH�GHJUDGDWLRQ�UDWH�KDV�\HW�WR�EH�GHWHUPLQHG����

��� 6RLOV�DQG�VHGLPHQWV�DUH�HQYLURQPHQWDO�VLQNV�IRU�3%'(V����

��� 6LQFH�WKH�����V��VHGLPHQW�FRUH�VDPSOHV�VKRZ�SUHGRPLQDQFH�DQG�D�VWDUNHU�ULVH�RI�
%'(������ZKLOH�WKH�DQLPDO�WLVVXH�VDPSOHV�VKRZ�SUHGRPLQDQFH�DQG�ULVH�LQ�%'(�����

��� 7KH�HQYLURQPHQWDO�IDWH�RI�%'(�FRQJHQHUV�LV�GHSHQGHQW�RQ�WKHLU�UHVSHFWLYH�FKHPLFDO�DQG�
SK\VLFDO�SURSHUWLHV��
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��� $�SULQFLSDO�VRXUFH�RI�3%'(�LQ�LQGRRU�PLFURHQYLURQPHQWV�LV�KRXVHKROG�DQG�FRPPHUFLDO�
GXVW���3%'(V�YRODWLOL]H�IURP�3%'(�WUHDWHG�SURGXFWV�WR�LQGRRU�GXVW��DQG�RU�WUDQVIHU�WR�
GXVW�IURP�WKH�DEUDVLRQ�RI�SURGXFWV��

�
�
5()(5(1&(6�)25�&+$37(5���
$OOHQ��-*��0F&OHDQ��0'��6WDSOHWRQ��+0��HW�DO���������&ULWLFDO�IDFWRUV�LQ�DVVHVVLQJ�H[SRVXUH�WR�3%'(V�YLD�KRXVH�
GXVW���(QYLURQ�,QW��������í�������

$76'5��$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\���3XEOLF�+HDOWK�6HUYLFH��8�6��'HSDUWPHQW�RI�+HDOWK�
DQG�+XPDQ�6HUYLFHV���������7R[LFRORJLFDO�SURILOH�IRU�SRO\EURPLQDWHG�ELSKHQ\OV�DQG�SRO\EURPLQDWHG�GLSKHQ\O�
HWKHUV���$76'5��$WODQWD��*$���$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�DWVGU�FGF�JRY�WR[SUR��KWPO��

%DUWURQV��0��*ULPDOW��-2��&DWDODQ��-���������&RQFHQWUDWLRQ�FKDQJHV�RI�RUJDQRFKORULQH�FRPSRXQGV�DQG�
SRO\EURPRGLSKHQ\O�HWKHUV�GXULQJ�PHWDPRUSKRVLV�RI�DTXDWLF�LQVHFWV���(QYLURQ�6FL�7HFKQRO������������í������

%DWWHUPDQ��6��&KHUQ\DND��6��*Z\QQD��(��HW�DO���������7UHQGV�RI�EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�IUHVK�DQG�DUFKLYHG�
*UHDW�/DNHV�ILVK������í��������&KHPRVSKHUH����������í�����

%H]DUHV�&UX]��-��-DIYHUW��&7��+XD��,�������� 6RODU�SKRWRGHFRPSRVLWLRQ�RI�GHFDEURPRGLSKHQ\O�HWKHU��SURGXFWV�DQG�
TXDQWXP�\LHOG�  (QYLURQ�6FL�7HFKQRO��������í������

%UDJLJDQG��9��$PLDUG�7ULTXHW��&��3DUOLHU��(��HW�DO���������,QIOXHQFH�RI�ELRORJLFDO�DQG�HFRORJLFDO�IDFWRUV�RQ�WKH�
ELRDFFXPXODWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�DTXDWLF�IRRG�ZHEV�IURP�)UHQFK�HVWXDULHV���6FL�7RWDO�(QYLURQ�
�������í�����

%XUUHDX��6��=HE�KU��<��%URPDQ��HW�DO���������%LRPDJQLILFDWLRQ�RI�SRO\FKORULQDWHG�ELSKHQ\OV��3&%V��DQG�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��VWXGLHG�LQ�SLNH��(VR[�OXFLXV���SHUFK��3HUFD�IOXYLDWLOLV���DQG�URDFK��5XWLOXV�
UXWLOXV��IURP�WKH�%DOWLF�6HD���&KHPRVSKHUH��������í������

%XVHU��+5���������3RO\EURPLQDWHG�GLEHQ]RIXUDQV�DQG�GLEHQ]R�S�GLR[LQV��WKHUPDO�UHDFWLRQ�SURGXFWV�RI�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�IODPH�UHWDUGDQWV���(QYLURQ�6FL�7HFKQRO�������í�����

&HWLQ��%��2GDEDVL��0���������0HDVXUHPHQW�RI�+HQU\¶V�ODZ�FRQVWDQWV�RI�VHYHQ�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�
�3%'(��FRQJHQHUV�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH���$WPRV�(QYLURQ��������í������

&HWLQ��%��2GDEDVL��0���������3DUWLFOH�SKDVH�GU\�GHSRVLWLRQ�DQG�DLU�VRLO�JDV�H[FKDQJH�RI�SRO\EURPLQDWHG�GLSKHQ\O�
HWKHUV��3%'(V��LQ�,]PLU��7XUNH\���(QYLURQ�6FL�7HFKQRO������������í������

&KHQ��/DL�*XR��0DL��%L�;LDQ��%L��;LQ�+XL��HW�DO�������� &RQFHQWUDWLRQ�OHYHOV��FRPSRVLWLRQDO�SURILOHV��DQG�
JDV�SDUWLFOH�SDUWLWLRQLQJ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WKH�DWPRVSKHUH�RI�DQ�XUEDQ�FLW\�LQ�VRXWK�&KLQD���
(QYLURQ�6FL�7HFKQRO����������í������

&KHQ��'��0DL��%��6RQJ��-��HW�DO�������D��3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�ELUGV�RI�SUH\�IURP�1RUWKHUQ�&KLQD���
(QYLURQ�6FL�7HFKQRO�����������í������

&KHQ��6�-��/XR��;�-��/LQ��=��HW�DO�������E��7LPH�WUHQGV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�VHGLPHQW�FRUHV�IURP�
WKH�3HDUO�5LYHU�(VWXDU\��6RXWK�&KLQD���(QYLURQ�6FL�7HFKQRO������������í������

&KHQ��'��/D�*XDUGLD��0-��+DUYH\��(��HW�DO��������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�3HUHJULQH�)DOFRQ��)DOFR�
SHUHJULQXV��HJJV�IURP�WKH�1RUWKHDVWHUQ�8�6���(QYLURQ�6FL�7HFKQRO������������í������

&KULVWHQVHQ��-5��0DF'XIIHH��0��0DF'RQDOG�5:��HW�DO���������3HUVLVWHQW�RUJDQLF�SROOXWDQWV�LQ�%ULWLVK�&ROXPELD�
JUL]]O\�EHDUV��FRQVHTXHQFH�RI�GLYHUJHQW�GLHWV���(QYLURQ�6FL�7HFKQRO��������í������
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&RUVROLQL��6��&RYDFL��$��$GHPROOR��1��HW�DO���������2FFXUUHQFH�RI�RUJDQRFKORULQH�SHVWLFLGHV��2&3V��DQG�WKHLU�
HQDQWLRPHULF�VLJQDWXUHV��DQG�FRQFHQWUDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�WKH�$GHOLH�3HQJXLQ�IRRG�
ZHE��$QWDUFWLFD���(QYLURQ�3ROOXW��������í�����

'\H��-$��9HQLHU��0��=KX��/��HW�DO���������(OHYDWHG�3%'(�OHYHOV�LQ�SHW�FDWV��VHQWLQHOV�IRU�KXPDQV"��(QYLURQ�6FL�
7HFKQRO������������í������

(OMDUUDW��(��GH�OD�&DO��$��5DOGXD��'��HW�DO���������2FFXUUHQFH�DQG�ELRDYDLODELOLW\�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�
DQG�KH[DEURPRF\FORGRGHFDQH�LQ�VHGLPHQW�DQG�ILVK�IURP�WKH�&LQFD�5LYHU��D�WULEXWDU\�RI�WKH�(EUR�5LYHU��6SDLQ����
(QYLURQ�6FL�7HFKQRO��������í������

(QYLURQPHQW�&DQDGD����������(FRORJLFDO�6FUHHQLQJ�$VVHVVPHQW�5HSRUW�RQ�3RO\EURPLQDWHG�'LSKHQ\O�(WKHUV�
�3%'(V����-XQH��

(8��(XURSHDQ�8QLRQ�����������5LVN�DVVHVVPHQW�UHSRUW��GLSKHQ\O�HWKHU��SHQWDEURPR�GHULYDWLYH��SHQWDEURPRGLSKHQ\O�
HWKHU����(XURSHDQ�&KHPLFDOV�%XUHDX��/X[HPERXUJ���,6%1����������������

(8��(XURSHDQ�8QLRQ������������5LVN�DVVHVVPHQW�UHSRUW��ELV�SHQWDEURPRGLSKHQ\O��HWKHU����(XURSHDQ�&KHPLFDOV�
%XUHDX��/X[HPERXUJ��%HOJLXP���

(8��(XURSHDQ�8QLRQ�����������5LVN�DVVHVVPHQW�UHSRUW��GLSKHQ\O�HWKHU��RFWDEURPR�GHULYDWLYH��RFWDEURPRGLSKHQ\O�
HWKHU����(XURSHDQ�&KHPLFDOV�%XUHDX��/X[HPERXUJ���

(YHQVHW��$��&KULVWHQVHQD��*1��.DOOHQERUQ��5���������6HOHFWHG�FKORURERUQDQHV��SRO\FKORULQDWHG�QDSKWKDOHQHV�DQG�
EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�%M¡UQ¡\D��%HDU�,VODQG��IUHVKZDWHU�ELRWD���(QYLURQ�3ROOXW��������í�����

(YHQVHW��$��&KULVWHQVHQ��*1��&DUUROO��-��HW�DO���������+LVWRULFDO�WUHQGV�LQ�SHUVLVWHQW�RUJDQLF�SROOXWDQWV�DQG�PHWDOV�
UHFRUGHG�LQ�VHGLPHQW�IURP�/DNH�(OODVMRHQ��%MRUQR\D��1RUZHJLDQ�$UFWLF���(QYLURQ�3ROOXW��������í�����

)DQJ��/��+XDQJ��-��<X��*��HW�DO���������3KRWRFKHPLFDO�GHJUDGDWLRQ�RI�VL[�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�FRQJHQHUV�
XQGHU�XOWUDYLROHW�LUUDGLDWLRQ�LQ�KH[DQH���&KHPRVSKHUH�������í�����

)HQQHOO��'(��1LMHQKXLV��,���:LOVRQ��6)��HW�DO���������'HKDORFRFFRLGHV�HWKHQRJHQHV�VWUDLQ�����UHGXFWLYHO\�
GHFKORULQDWHV�GLYHUVH�FKORULQDWHG�DURPDWLF�SROOXWDQWV���(QYLURQ�6FL�7HFKQRO��������í������

*HUHFNH��$&��+DUWPDQQ��3&��+HHE��19��HW�DO���������$QDHURELF�GHJUDGDWLRQ�RI�GHFDEURPRGLSKHQ\O�HWKHU���(QYLURQ�
6FL�7HFKQRO�����������í������

*REDV��)��0RUULVRQ��+$����������%LRFRQFHQWUDWLRQ�DQG�ELRPDJQLILFDWLRQV�LQ�WKH�DTXDWLF�HQYLURQPHQW��,Q��%RHWKOLQJ��
56��0DFND\��'���HGV��+DQGERRN�RI�3URSHUW\�(VWLPDWLRQ�0HWKRGV�IRU�&KHPLFDOV���1HZ�<RUN��/HZLV�3XEOLVKHUV���
���í�����

*RXLQ��7��+DUQHU��7��'DO\��*/��HW�DO���������9DULDELOLW\�RI�FRQFHQWUDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�
SRO\FKORULQDWHG�ELSKHQ\OV�LQ�DLU��LPSOLFDWLRQV�IRU�PRQLWRULQJ��PRGHOLQJ�DQG�FRQWURO���$WPRV�(QYLURQ�������í�����

*RXLQ��7��7KRPDV��*2��&KDHPID��&��HW�DO���������&RQFHQWUDWLRQV�RI�GHFDEURPRGLSKHQ\O�HWKHU�LQ�DLU�IURP�6RXWKHUQ�
2QWDULR��LPSOLFDWLRQV�IRU�SDUWLFOH�ERXQG�WUDQVSRUW���&KHPRVSKHUH�������í�����

*XVWDIVVRQ��.��%M|UN��0��%XUUHDX��6��HW�DO���������%LRDFFXPXODWLRQ�NLQHWLFV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�
�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��LQ�EOXH�PXVVHOV��0\WLOXV�HGXOLV����(QYLURQ�7R[LFRO�&KHP����������í������

+DUG\��0/���������$�FRPSDULVRQ�RI�WKH�ILVK�ELRFRQFHQWUDWLRQ�IDFWRUV�IRU�EURPLQDWHG�IODPH�UHWDUGDQWV�ZLWK�WKHLU�
QRQEURPLQDWHG�DQDORJXHV���(QYLURQ�7R[LFRO�&KHP�������í�����
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+DUQHU��7��6KRHLE��0���������0HDVXUHPHQWV�RI�RFWDQRO�DLU�SDUWLWLRQ�FRHIILFLHQWV��.2$��IRU�SRO\EURPLQDWHG�
GLSKHQ\O�HWKHUV��3%'(V���SUHGLFWLQJ�SDUWLWLRQLQJ�LQ�WKH�HQYLURQPHQW���-�&KHP�(QJ�'DWD���������í�����

+DUUDG��6��+XQWHU��6���������&RQFHQWUDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�DLU�DQG�VRLO�RQ�D�UXUDO�XUEDQ�
WUDQVHFW�DFURVV�D�PDMRU�8�.��FRQXUEDWLRQ���(QYLURQ�6FL�7HFKQRO������������í������

+DUUDG��6��,EDUUD��&��$EGDOODK��0$��HW�DO���������&RQFHQWUDWLRQV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�GXVW�IURP�8QLWHG�
.LQJGRP�FDUV��KRPHV��DQG�RIILFHV��FDXVHV�RI�YDULDELOLW\�DQG�LPSOLFDWLRQV�IRU�KXPDQ�H[SRVXUH���(QYLURQ�,QW�
�������í�������

+DVVDQLQ��$��%UHLYLN��.��0HLMHU��61��HW�DO���������3%'(V�LQ�(XURSHDQ�EDFNJURXQG�VRLOV��OHYHOV�DQG�IDFWRUV�
FRQWUROOLQJ�WKHLU�GLVWULEXWLRQ���(QYLURQ�6FL�7HFKQRO����������í�����

+D]UDWL��6��+DUUDG��6���������&DXVHV�RI�YDULDELOLW\�LQ�FRQFHQWUDWLRQV�RI�SRO\FKORULQDWHG�ELSKHQ\OV�DQG�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�LQGRRU�DLU���(QYLURQ�6FL�7HFKQRO��������í������

+H��-��5REURFN��.5��$OYDUH]�&RKHQ��/���������0LFURELDO�UHGXFWLYH�GHEURPLQDWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�
HWKHUV��3%'(V����(QYLURQ�6FL�7HFKQRO������������í������

+LUDL��<��6DNDL��6��6DWR��.��HW�DO���������(PLVVLRQ�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�IURP�79�VHWV���2UJDQRKDORJHQ�
&RPSG��������í������

+RUVWPDQQ��0��0F/DFKODQ��06���������$WPRVSKHULF�GHSRVLWLRQ�RI�VHPLYRODWLOH�RUJDQLF�FRPSRXQGV�WR�WZR�IRUHVW�
FDQRSLHV���$WPRV�(QYLURQ������������í������

+XZH��-.��6PLWK��'-���������$FFXPXODWLRQ��ZKROH�ERG\�GHSOHWLRQ��DQG�GHEURPLQDWLRQ�RI�GHFDEURPRGLSKHQ\O�HWKHU�
LQ�PDOH�6SUDJXH�'DZOH\�UDWV�IROORZLQJ�GLHWDU\�H[SRVXUH�  (QYLURQ�6FL�7HFKQRO�����������í������

,3&6��,QWHUQDWLRQDO�3URJUDP�RQ�&KHPLFDO�6DIHW\����������(QYLURQPHQWDO�+HDOWK�&ULWHULD������EURPLQDWHG�GLSKHQ\O�
HWKHUV��:RUOG�+HDOWK�2UJDQL]DWLRQ��*HQHYD��6ZLW]HUODQG��

,83$&��,QWHUQDWLRQDO�8QLRQ�RI�3XUH�$QG�$SSOLHG�&KHPLVWU\����������*ORVVDU\�RI�WHUPV�XVHG�LQ�SKRWRFKHPLVWU\�
�,83$&�5HFRPPHQGDWLRQV��������SXUH�DQG�DSSOLHG�FKHPLVWU\������������í������

-DZDUG��)0��%DUEHU��-/��%RRLM��.��HW�DO���������(YLGHQFH�IRU�G\QDPLF�DLU�ZDWHU�FRXSOLQJ�DQG�F\FOLQJ�RI�SHUVLVWHQW�
RUJDQLF�SROOXWDQWV�RYHU�WKH�RSHQ�$WODQWLF�RFHDQ���(QYLURQ�6FL�7HFKQRO��������í������

-RKQVRQ�5HVWUHSR��%��.DQQDQ��.��$GGLQN��5��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�SRO\FKORULQDWHG�
ELSKHQ\OV�LQ�D�PDULQH�IRRG�ZHE�RI�FRDVWDO�)ORULGD���(QYLURQ�6FL�7HFKQRO��������í������

.DMLZDUD��1��8HQR��'��7DNDKDVKL��$��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�RUJDQRFKORULQHV�LQ�DUFKLYHG�
QRUWKHUQ�IXU�VHDO�VDPSOHV�IURP�WKH�SDFLILF�FRDVW�RI�-DSDQ������í�������(QYLURQ�6FL�7HFKQRO������������í������

.DMLZDUD��1��1RPD��<��7DNLJDPL��+���������3KRWRO\WLF�GHEURPLQDWLRQ�RI�GHFDEURPRGLSKHQ\O�HWKHU��GHFD%'(��DQG�
HWKDQH��'%'3(��LQ�IODPH�UHWDUGHG�SODVWLFV��3UHVHQWHG�DW�'LR[LQ������,QWHUQDWLRQDO�6\PSRVLXP��7RN\R��-DSDQ��
6HSWHPEHU������3XEOLVKHG�LQ�SURFHHGLQJV���2UJDQRKDORJHQ�&RPSG�������í�����

.HPPOHLQ��6��%HUJPDQQ��0��-DQQ��2���������(PLVVLRQ�RI�IODPH�UHWDUGDQWV�IURP�FRQVXPHU�SURGXFWV�DQG�EXLOGLQJ�
PDWHULDOV��%\�WKH�)HGHUDO�,QVWLWXWH�IRU�0DWHULDOV�5HVHDUFK�DQG�7HVWLQJ��%$0��IRU�WKH�)HGHUDO�0LQLVWU\�RI�
(QYLURQPHQW��%HUOLQ��)HGHUDO�5HSXEOLF�RI�*HUPDQ\��5HSRUW�1R��8%$�)%��

.LHUNHJDDUG��$��%DON��/��7MlUQOXQG��8��HW�DO���������'LHWDU\�XSWDNH�DQG�ELRORJLFDO�HIIHFWV�RI�GHFDEURPRGLSKHQ\O�
HWKHU�LQ�UDLQERZ�WURXW��2QFRUK\QFKXV�P\NLVV����(QYLURQ�6FL�7HFKQRO��������í������
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.LP��<�0��1DP��,�+��0XUXJHVDQ��.��HW�DO���������%LRGHJUDGDWLRQ�RI�GLSKHQ\O�HWKHU�DQG�WUDQVIRUPDWLRQ�RI�VHOHFWHG�
EURPLQDWHG�FRQJHQHUV�E\�6SKLQJRPRQDV�VS��3+������$SSO�0LFURELRO�%LRWHFKQRO�������í�����

.QRWK��:��0DQQ��:��0H\HU��5��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHU�LQ�VHZDJH�VOXGJH�LQ�*HUPDQ\���
&KHPRVSKHUH��������í������

.UDMPDOQLN�%URZQ��5��+|OVFKHU��7��7KRPVRQ��,1��HW�DO���������*HQHWLF�LGHQWLILFDWLRQ�RI�D�SXWDWLYH�YLQ\O�FKORULGH�
UHGXFWDVH�LQ�'HKDORFRFFRLGHV�VS��VWUDLQ�%$9����$SSO�(QYLURQ�0LFURELRO������������í������

.XUDPRFKL��+��0DHGD��.��.DZDPRWR��.����������3K\VLFRFKHPLFDO�SURSHUWLHV�RI�VHOHFWHG�SRO\EURPLQDWHG�
GLSKHQ\OHWKHUV�DQG�FRPSDULVRQ�ZLWK�VRPH�EURPLQDWHG�DURPDWLFV�DQG�3&''V���2UJDQRKDORJHQ�&RPSG�
�������í������

/D�*XDUGLD��0-��+DOH��5&��+DUYH\��(���������(YLGHQFH�RI�GHEURPLQDWLRQ�RI�GHFDEURPRGLSKHQ\O�HWKHU��%'(������LQ�
ELRWD�IURP�D�ZDVWHZDWHU�UHFHLYLQJ�VWUHDP���(QYLURQ�6FL�7HFKQRO������������í������

/HEHXI��0��*RXWHX[��%��0HDVXUHV��/��HW�DO���������/HYHOV�DQG�WHPSRUDO�WUHQGV������í������RI�SRO\EURPLQDWHG�
GLSKHQ\O�HWKHUV�LQ�EHOXJD�ZKDOHV��'HOSKLQDSWHUXV�OHXFDV��IURP�WKH�6W��/DZUHQFH�(VWXDU\��&DQDGD���(QYLURQ�6FL�
7HFKQRO������������í�������

/L��$��5RFNQH��.-��6WXUFKLR��1��HW�DO���������&KURQRORJ\�RI�3%'(�DLU�GHSRVLWLRQ�LQ�WKH�*UHDW�/DNHV�IURP�
VHGLPHQWDU\�UHFRUGV��6XEPLWWHG�WR�*UHDW�/DNH�$WPRVSKHULF�'HSRVLWLRQ�3URJUDP��2IILFH�$LU�DQG�5DGLDWLRQ�'LYLVLRQ��
8�6��(3$�5HJLRQ�9��&KLFDJR��,/��

/XOMN��5��*RYHUV��+-��1HOLVVHQ��/���������)RUPDWLRQ�RI�SRO\EURPLQDWHG�GLEHQ]RIXUDQV�GXULQJ�H[WUXVLRQ�RI�
KLJK�LPSDFW�SRO\VW\UHQH�GHFDEURPRGLSKHQ\OHWKHU�$QW\PRQ\��,,,��R[LGH���(QYLURQ�6FL�7HFKQRO��������í������

0DF/HRG��0���������2Q�WKH�LQIOXHQFH�RI�IRUHVWV�RQ�WKH�RYHUDOO�IDWH�RI�VHPLYRODWLOH�RUJDQLF�FRQWDPLQDQWV�
(QYLURQPHQWDO�(QHUJ\�7HFKQRORJLHV�'LYLVLRQ��/DZUHQFH�%HUNHOH\�1DWLRQDO�/DERUDWRU\��%HUNHOH\��&$��
/%1/í�������

0DL��%��&KHQ�6��/XR��;��HW�DO���������'LVWULEXWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�VHGLPHQWV�RI�WKH�3HDUO�5LYHU�
GHOWD�DQG�DGMDFHQW�6RXWK�&KLQD�6HD���(QYLURQ�6FL�7HFKQRO������������í������

0DUVK��*��+X��-��-DNREVVRQ��(��HW�DO���������6\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ�RI����SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV���
(QYLURQ�6FL�7HFKQRO��������í������

0DUYLQ��&��:LOOLDPV��'��.XQW]��.��HW�DO���������7HPSRUDO�WUHQGV�LQ�SRO\FKORULQDWHG�GLEHQ]R�S�GLR[LQV�DQG�
GLEHQ]RIXUDQV��GLR[LQ�OLNH�3&%V��DQG�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�1LDJDUD�ULYHU�VXVSHQGHG�VHGLPHQWV��
&KHPRVSKHUH��������í������

0LQK��1+��,VREH��7��8HQR��'��HW�DO���������6SDWLDO�GLVWULEXWLRQ�DQG�YHUWLFDO�SURILOH�RI�SRO\EURPLQDWHG�GLSKHQ\O�
HWKHUV�DQG�KH[DEURPRF\FORGRGHFDQHV�LQ�VHGLPHQW�FRUH�IURP�7RN\R�%D\��-DSDQ���(QYLURQ�3ROOXW��������í�����

1DHUW��&��9DQ�3HWHJKHP��&��-��.XSSHU��HW�DO���������'LVWULEXWLRQ�RI�SRO\FKORULQDWHG�ELSKHQ\OV�DQG�SRO\EURPLQDWHG�
GLSKHQ\O�HWKHUV�LQ�ELUGV�RI�SUH\�IURP�6ZLW]HUODQG���&KHPRVSKHUH�������í�����

1$6��1DWLRQDO�$FDGHP\�RI�6FLHQFH����������,Q�VLWX�ELRUHPHGLDWLRQ��:KHQ�GRHV�LW�ZRUN"�&RPPLVVLRQ�RQ�
(QJLQHHULQJ�DQG�7HFKQLFDO�6\VWHPV��1DWLRQDO�5HVHDUFK�&RXQFLO��1DWLRQDO�$FDGHP\�3UHVV��:DVKLQJWRQ��'&��

1$6��1DWLRQDO�$FDGHP\�RI�6FLHQFH����������&ODVVLI\LQJ�GULQNLQJ�ZDWHU�FRQWDPLQDQWV�IRU�UHJXODWRU\�FRQVLGHUDWLRQ��
&RPPLWWHH�RQ�GULQNLQJ�ZDWHU�FRQWDPLQDQWV��1DWLRQDO�5HVHDUFK�&RXQFLO��1DWLRQDO�$FDGHP\�3UHVV��:DVKLQJWRQ��'&. 
,6%1�����������������
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1RUWK��.'���������7UDFNLQJ�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�UHOHDVHV�LQ�D�ZDVWHZDWHU�WUHDWPHQW�SODQW�HIIOXHQW��3DOR�
$OWR��&DOLIRUQLD���(QYLURQ�6FL�7HFKQRO������������í������

2EHUJ��.��:DUPDQ��.��2EHUJ��7���������'LVWULEXWLRQ�DQG�OHYHOV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�VHZDJH�VOXGJH���
&KHPRVSKHUH�������í�����

2OVHQ��(��1LHOVHQ��)���������3UHGLFWLQJ�YDSRXU�SUHVVXUHV�RI�RUJDQLF�FRPSRXQGV�IURP�WKHLU�FKHPLFDO�VWUXFWXUH�IRU�
FODVVLILFDWLRQ�DFFRUGLQJ�WR�WKH�92&�'LUHFWLYH�DQG�5LVN�$VVHVVPHQW�LQ�*HQHUDO��0ROHFXOHV������í�����

2URV��'5��+RRYHU��'��5RGLJDUL��)��HW�DO���������/HYHOV�DQG�GLVWULEXWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�ZDWHU��
VXUIDFH�VHGLPHQWV��DQG�ELYDOYHV�IURP�WKH�6DQ�)UDQFLVFR�HVWXDU\���(QYLURQ�6FL�7HFKQRO������í����

3DDVLYLUWD��-��6LQNNRQHQ��6��0LNNHOVRQ��3��HW�DO���������(VWLPDWLRQ�RI�YDSRU�SUHVVXUHV��VROXELOLWLHV�DQG�+HQU\
V�ODZ�
FRQVWDQWV�RI�VHOHFWHG�SHUVLVWHQW�RUJDQLF�SROOXWDQWV�DV�IXQFWLRQV�RI�WHPSHUDWXUH���&KHPRVSKHUH����������í�����

3DOPD��$��&RXVLQV��,7��0DFND\��'��HW�DO���������$VVHVVLQJ�WKH�HQYLURQPHQWDO�IDWH�RI�FKHPLFDOV�RI�HPHUJLQJ�
FRQFHUQ��D�FDVH�VWXG\�RI�WKH�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV���(QYLURQ�3ROOXW��������í�����

3LUDUG��&��3DXZ��('���������$EVRUSWLRQ��GLVSRVLWLRQ�DQG�H[FUHWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�
FKLFNHQ�  &KHPRVSKHUH����������í�����

3RWWHU��.(��:DWWV��%'��/D�*XDUGLD��0-��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHU�IODPH�UHWDUGDQWV�LQ�&KHVDSHDNH�
%D\�UHJLRQ��8�6�$���3HUHJULQH�)DOFRQ��)DOFR�SHUHJULQXV��HJJV��XUEDQ�UXUDO�WUHQGV���(QYLURQ�7R[LFRO�&KHP�
������í�����

4LX��;��0DUYLQ��&+��+LWHV��5$���������'HFKORUDQH�SOXV�DQG�RWKHU�IODPH�UHWDUGDQWV�LQ�D�VHGLPHQW�FRUH�IURP�/DNH�
2QWDULR���(QYLURQ�6FL�7HFKQRO��������í������

5DII��-'��+LWHV��5$����������'HSRVLWLRQ�YHUVXV�SKRWRFKHPLFDO�UHPRYDO�RI�3%'(V�IURP�/DNH�6XSHULRU�DLU���(QYLURQ�
6FL�7HFKQRO�������������í������

5DPX��.��.DMLZDUD��1��/DP��3.6��HW�DO��������� 7HPSRUDO�YDULDWLRQ�DQG�ELRPDJQLILFDWLRQ�RI�RUJDQRKDORJHQ�
FRPSRXQGV�LQ�ILQOHVV�SRUSRLVHV��1HRSKRFDHQD�SKRFDHQRLGHV��IURP�WKH�6RXWK�&KLQD�6HD���(QYLURQPHQWDO�3ROOXWLRQ�
����������í�����

5D\QH��6� ,NRQRPRXE��0*��:KDOH��0'�������D��$QDHURELF�PLFURELDO�DQG�SKRWRFKHPLFDO�GHJUDGDWLRQ�RI����
�¶�GLEURPRGLSKHQ\O�HWKHU���:DWHU�5HV�������í�����

5D\QH��6��,NRQRPRX��0*��$QWFOLIIH��%�������E��5DSLGO\�LQFUHDVLQJ�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�FRQFHQWUDWLRQV�LQ�
WKH�&ROXPELD�5LYHU�6\VWHP�IURP������WR��������(QYLURQ�6FL�7HFKQRO������������í������

5D\QH��6��:DQ��3��,NRQRPRX��0���������3KRWRFKHPLVWU\�RI�D�PDMRU�FRPPHUFLDO�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�
IODPH�UHWDUGDQW�FRQJHQHU�����ƍ����ƍ����ƍKH[DEURPRGLSKHQ\O�HWKHU��%'(�������(QYLURQ�,QW�������í�����

5LWWHU��/��6RORPRQ��.5��)RUJHW��-���������$ UHYLHZ�RI�VHOHFWHG�SHUVLVWHQW�RUJDQLF�SROOXWDQWV��,QWHUQDWLRQDO�3URJUDP�
RQ�&KHPLFDO�6DIHW\��,3&6���:RUOG�+HDOWK�2UJDQL]DWLRQ��'HFHPEHU��5HSRUW�QXPEHU�3&6���������

5XSS��6��0HW]JHU��-:���������%URPLQDWHGíFKORULQDWHG�GLSKHQ\O�HWKHUV�IRUPHG�E\�WKHUPRO\VLV�RI�SRO\EURPLQDWHG�
GLSKHQ\O�HWKHUV�DW�ORZ�WHPSHUDWXUHV���&KHPRVSKHUH��������í������

6iQFKH]�3UDGR��/��*RQ]iOH]�%DUUHLUR��&��/RUHV��0��HW�DO���������3KRWRFKHPLFDO�VWXGLHV�RI�D�SRO\EURPLQDWHG�
GLSKHQ\O�HWKHUV��3%'(6��WHFKQLFDO�PL[WXUH�E\�VROLG�SKDVH�PLFURH[WUDFWLRQ��630(��  &KHPRVSKHUH�������í�����

6HOOVWU|P��8��GH�:LW��&$��/XQGJUHQ��1��HW�DO���������(IIHFW�RI�VHZDJH�VOXGJH�DSSOLFDWLRQ�RQ�FRQFHQWUDWLRQV�RI�
KLJKHU�EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�VRLOV�DQG�HDUWKZRUPV��(QYLURQ�6FL�7HFKQRO��������í������
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6HVKDGUL��6��$GULDQ��/��)RXWV��'��HW�DO���������*HQRPH�VHTXHQFH�RI�WKH�3&(�GHFKORULQDWLQJ�EDFWHULXP�
'HKDORFRFFRLGHV�HWKHQRJHQHV���6FLHQFH��������������í�����

6KH��-��+ROGHQ��$��$GHOVEDFK��7/��HW�DO���������&RQFHQWUDWLRQV�DQG�WLPH�WUHQGV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�
�3%'(V��DQG�SRO\FKORULQDWHG�ELSKHQ\OV��3&%V��LQ�DTXDWLF�ELUG�HJJV�IURP�6DQ�)UDQFLVFR�%D\��&$�����í�������
&KHPRVSKHUH������6XSSO���6���í6�����

6|GHUVWU|P��*��6HOOVWU|P��8��GH�:LW��&$��HW�DO���������3KRWRO\WLF�GHEURPLQDWLRQ�RI�GHFDEURPRGLSKHQ\O�HWKHU�
�%'(��������(QYLURQ��6FL��7HFKQRO�������í�����

6RQJ��0��&KX��6��/HWFKHU��5�-��HW�DO���������)DWH��SDUWLWLRQLQJ��DQG�PDVV�ORDGLQJ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�
�3%'(V��GXULQJ�WKH�WUHDWPHQW�SURFHVVLQJ�RI�PXQLFLSDO�VHZDJH���(QYLURQ�6FL�7HFKQRO������������í������

6RQJ��:��/L��$��)RUG��-&��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WKH�VHGLPHQWV�RI�*UHDW�/DNHV�����/DNH�
6XSHULRU���(QYLURQ�6FL�7HFKQRO��������í������

6RQJ��:��/L��$��)RUG��-&��HW�DO�������D��3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WKH�VHGLPHQWV�RI�WKH�*UHDW�/DNHV�����
/DNH�0LFKLJDQ�DQG�+XURQ���(QYLURQ�6FL�7HFKQRO��������í������

6RQJ��:��/L��$��)RUG��-&��HW�DO�������E��3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WKH�VHGLPHQWV�RI�WKH�*UHDW�/DNHV�����
/DNHV�2QWDULR�DQG�(ULH���(QYLURQ�6FL�7HFKQRO��������í������

6RQL��%*��3KLOS��$5��)RVWHU��5*��HW�DO���������'R�IODPH�UHWDUGDQWV�WKUHDWHQ�RFHDQ�OLIH"��1DWXUH�������í����

6WDSOHWRQ��+0��%DNHU��-(�������� &RPSDULQJ�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�DQG�SRO\FKORULQDWHG�ELSKHQ\O�
ELRDFFXPXODWLRQ�LQ�D�IRRG�ZHE�LQ�*UDQG�7UDYHUVH�%D\��/DNH�0LFKLJDQ�  $UFK�(QYLURQ�&RQ�7R[�������í�����

6WDSOHWRQ��+0��'RGGHU��1*���������3KRWRGHJUDGDWLRQ�RI�GHFDEURPRGLSKHQ\O�HWKHU�LQ�KRXVH�GXVW�E\�QDWXUDO�
VXQOLJKW���(QYLURQ�7R[LFRO�&KHP����������í�����

6WDSOHWRQ��+0��/HWFKHU��5-��%DNHU��-(���������'HEURPLQDWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�FRQJHQHUV�%'(����
DQG�%'(�����LQ�WKH�LQWHVWLQDO�WUDFW�RI�WKH�FRPPRQ�FDUS��&\SULQXV�FDUSLR����(QYLURQ�6FL�7HFKQRO��������í������

6WDSOHWRQ��+0��%UD]LO��%��+ROEURRN��5'��HW�DO�������D� ,Q�YLYR�DQG�LQ�YLWUR�GHEURPLQDWLRQ�RI�GHFDEURPRGLSKHQ\O�
HWKHU��%'(������E\�MXYHQLOH�UDLQERZ�WURXW�DQG�FRPPRQ�FDUS�  (QYLURQ�6FL�7HFKQRO������������í������

6WDSOHWRQ��+0��'RGGHU��1*��.XFNOLFN��-5��HW�DO�������E��'HWHUPLQDWLRQ�RI�+%&'��3%'(V�DQG�0H2�%'(V�LQ�
&DOLIRUQLD�VHD�OLRQV��=DORSKXV�FDOLIRUQLDQXV��VWUDQGHG�EHWZHHQ������DQG��������0DU�3ROO�%XOO�������í�����

6WHUQ��*$��%UDHNHYHOW��(��+HOP��3$��HW�DO���������0RGHUQ�DQG�KLVWRULFDO�IOX[HV�RI�KDORJHQDWHG�RUJDQLF�FRQWDPLQDQWV�
WR�D�ODNH�LQ�WKH�&DQDGLDQ�DUFWLF��DV�GHWHUPLQHG�IURP�DQQXDOO\�ODPLQDWHG�VHGLPHQW�FRUHV���6FL�7RWDO�(QYLURQ�
�������í�����

6WUDQGEHUJ��%��'RGGHU��1*��%DVX��,��HW�DO�������� &RQFHQWUDWLRQV�DQG�VSDWLDO�YDULDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�
HWKHUV�DQG�RWKHU�RUJDQRKDORJHQ�FRPSRXQGV�LQ�*UHDW�/DNHV�DLU���(QYLURQ�6FL�7HFKQRO����������í������

6WUHHWV��66��+HQGHUVRQ��6$��6WRQHU��$'��HW�DO���������3DUWLWLRQLQJ�DQG�ELRDFFXPXODWLRQ�RI�3%'(V�DQG�3&%V�LQ�
/DNH�0LFKLJDQ���(QYLURQ�6FL�7HFKQRO��������í������

6X��<��/HL��<'��:DQLD��)��HW�DO���������5HJUHVVLQJ�JDV�SDUWLFOH�SDUWLWLRQLQJ�GDWD�IRU�SRO\F\FOLF�DURPDWLF�
K\GURFDUERQV���(QYLURQ�6FL�7HFKQRO������������í������

6X��<��:DQLD��)��+DUQHU��7��HW�DO���������'HSRVLWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��SRO\FKORULQDWHG�ELSKHQ\OV��
DQG�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�WR�D�ERUHDO�GHFLGXRXV�IRUHVW�  (QYLURQ�6FL�7HFKQRO����������í�����
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7LWWOHPLHU��6$��+DOOGRUVRQ��7��6WHUQ��*$��HW�DO���������9DSRU�SUHVVXUHV��DTXHRXV�VROXELOLW\��DQG�+HQU\
V�ODZ�
FRQVWDQWV�RI�VRPH�EURPLQDWHG�ILUH�UHWDUGDQWV���(QYLURQ�7R[LFRO�&KHP�����������í������

7RNDU]��-$��$KQ��0<��/HQJ�-��HW�DO���������5HGXFWLYH�GHEURPLQDWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�
DQDHURELF�VHGLPHQW�DQG�D�ELRPLPHWLF�V\VWHP���(QYLURQ�6FL�7HFKQRO��������í������

7RP\��*7��3DODFH��93��+DOOGRUVRQ��7��HW�DO���������%LRDFFXPXODWLRQ��ELRWUDQVIRUPDWLRQ��DQG�ELRFKHPLFDO�HIIHFWV�RI�
EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�MXYHQLOH�ODNH�WURXW��6DOYHOLQXV�QDPD\FXVK����(QYLURQ�6FL�7HFKQRO��������í������

8�6��(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������7DUJHWHG�1DWLRQDO�6HZDJH�6OXGJH�6XUYH\�6WDWLVWLFDO�$QDO\VLV�
5HSRUW��2IILFH�RI�:DWHU��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��:DVKLQJWRQ��'&��-DQXDU\��������
(3$�����5���������

9DOWHUV��.��/L��+��$ODHH��0��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�K\GUR[\ODWHG�DQG�PHWKR[\ODWHG�
EURPLQDWHG�DQG�FKORULQDWHG�DQDORJXHV�LQ�WKH�SODVPD�RI�ILVK�IURP�WKH�'HWURLW�5LYHU���(QYLURQ�6FL�7HFKQRO�
�����������í������

9DQ�GHQ�6WHHQ��(��&RYDFL��$��-DVSHUV��9/%��HW�DO���������$FFXPXODWLRQ��WLVVXH�VSHFLILF�GLVWULEXWLRQ�DQG�
GHEURPLQDWLRQ�RI�GHFDEURPRGLSKHQ\O�HWKHU��%'(������LQ�(XURSHDQ�VWDUOLQJV��6WXUQXV�YXOJDULV����(QYLURQ�3ROO�
����������í�����

9HUVO\FNHD��7$��9HWKDDNE��$'��$ULMVD��.��HW�DO���������)ODPH�UHWDUGDQWV��VXUIDFWDQWV�DQG�RUJDQRWLQV�LQ�VHGLPHQW�DQG�
P\VLG�VKULPS�RI�WKH�6FKHOGW�HVWXDU\��7KH�1HWKHUODQGV����(QYLURQ�3ROOXW�������í����

9RRUVSRHOV��6��&RYDFL��$��/HSRP��3��HW�DO��������D��/HYHOV�DQG�GLVWULEXWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�
YDULRXV�WLVVXHV�RI�ELUGV�RI�SUH\���(QYLURQ�3ROOXW��������í�����

9RRUVSRHOV��6��&RYDFL��$��/HSRP��3��HW�DO�������E��5HPDUNDEOH�ILQGLQJV�FRQFHUQLQJ�3%'(V�LQ�WKH�WHUUHVWULDO�
WRS�SUHGDWRU�UHG�IR[��9XOSHV�YXOSHV����(QYLURQ�6FL�7HFKQRO�����������í������

9RRUVSRHOV��6��&RYDFL��$��-DVSHUV��9/%��HW�DO���������%LRPDJQLILFDWLRQ�RI�3%'(V�LQ�WKUHH�VPDOO�WHUUHVWULDO�IRRG�
FKDLQV���(QYLURQ�6FL�7HFKQRO���������í�����

:DQJ��;�0��'LQJ��;��0DL��%��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�DLUERUQH�SDUWLFXODWHV�FROOHFWHG�GXULQJ�
D�UHVHDUFK�H[SHGLWLRQ�IURP�WKH�%RKDL�6HD�WR�WKH�$UFWLF���(QYLURQ�6FL�7HFKQRO������������í������

:DQJ��<��=KDQJ��4��/Y��-��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�RUJDQRFKORULQH�SHVWLFLGHV�LQ�VHZDJH�
VOXGJH�RI�ZDVWHZDWHU�WUHDWPHQW�SODQWV�LQ�&KLQD���&KHPRVSKHUH�����������í������

:DQLD��)��'XJDQL��&%���������$VVHVVLQJ�WKH�ORQJ�UDQJH�WUDQVSRUW�SRWHQWLDO�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��D�
FRPSDULVRQ�RI�IRXU�PXOWLPHGLD�PRGHOV���(QYLURQ�7R[LFRO�&KHP��������í������

:DQLD��)��/HL��<'��+DUQHU��7���������(VWLPDWLQJ�RFWDQRO�DLU�SDUWLWLRQ�FRHIILFLHQWV�RI�QRQSRODU�VHPLYRODWLOH�RUJDQLF�
FRPSRXQGV�IURP�JDV�FKURPDWRJUDSKLF�UHWHQWLRQ�WLPHV���$QDO�&KHP������������í������

:HEHU��5��.XFK��%���������5HOHYDQFH�RI�%)5V�DQG�WKHUPDO�FRQGLWLRQV�RQ�WKH�IRUPDWLRQ�SDWKZD\V�RI�EURPLQDWHG�
DQG�EURPLQDWHGíFKORULQDWHG�GLEHQ]RGLR[LQV�DQG�GLEHQ]RIXUDQV���(QYLURQ�,QW�������í�����

:HEVWHU��(��+XJKHV��/��0DFND\��'���������3%'(�ORDGLQJV�LQ�DJULFXOWXUDO�VRLOV�LQ�2QWDULR��PRGHOOLQJ�FKHPLFDO�IDWH�
LQ�ELRVROLGV�DPHQGHG�VRLOV��5HSRUW�WR�WKH�2QWDULR�0LQLVWU\�RI�WKH�(QYLURQPHQW��&DQDGLDQ�(QYLURQPHQWDO�0RGHOOLQJ�
&HQWUH��7UHQW�8QLYHUVLW\��3HWHUERURXJK��2QWDULR��&DQDGD��

:HEVWHU��7)��+DUUDG��6��0LOOHWWH��-5��HW�DO���������,GHQWLI\LQJ�WUDQVIHU�PHFKDQLVPV�DQG�VRXUFHV�RI�
GHFDEURPRGLSKHQ\O�HWKHU��%'(������LQ�LQGRRU�HQYLURQPHQWV�XVLQJ�HQYLURQPHQWDO�IRUHQVLF�PLFURVFRS\���(QYLURQ�6FL�
7HFKQRO�����������í������
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:KLWE\��.7���������7KH�SK\VLFDO�SURSHUWLHV�RI�VXOIXU�DHURVROV���$WPRV�(QYLURQ�������í�����

:LOIRUG��%+��7KRPDV��*2��-RQHV��.&��HW�DO���������'HFDEURPRGLSKHQ\O�HWKHU��GHFD�%'(��FRPPHUFLDO�PL[WXUH�
FRPSRQHQWV��DQG�RWKHU�3%'(V��LQ�DLUERUQH�SDUWLFOHV�DW�D�8.�VLWH���(QYLURQ�,QW����������í������

:RONHUV��+��YDQ�%DYHO��%��'HURFKHU��$(��HW�DO���������&RQJHQHU�VSHFLILF�DFFXPXODWLRQ�DQG�IRRG�FKDLQ�WUDQVIHU�RI�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WZR�DUFWLF�IRRG�FKDLQV���(QYLURQ�6FL�7HFKQRO�����������í������

:RQJ��$��/HL��<'��$ODHH��0��HW�DO���������9DSRU�SUHVVXUHV�RI�WKH�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV���-�&KHP�(QJ�
'DWD�������í�����

:X��4��:DWWV��-(0��6RZHUV��.5��HW�DO���������,GHQWLILFDWLRQ�RI�D�EDFWHULXP�WKDW�VSHFLILFDOO\�FDWDO\]HV�WKH�UHGXFWLYH�
GHFKORULQDWLRQ�RI�SRO\FKORULQDWHG�ELSKHQ\OV�ZLWK�GRXEO\�IODQNHG�FKORULQHV���$SSO�(QYLURQ�0LFURELRO�������í�����

:XUO��2��3RWWHU��-5��'XUYLOOH��&�������D��3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��RYHU�WKH�RSHQ�,QGLDQ�2FHDQ���
$WPRV�(QYLURQ��������í������

:XUO��2��.ZDQ�6LQJ�/DP��3��2EEDUG��-3�������E��2FFXUUHQFH�DQG�GLVWULEXWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�
�3%'(V��LQ�WKH�GLVVROYHG�DQG�VXVSHQGHG�SKDVHV�RI�WKH�VHD�VXUIDFH�PLFUROD\HU�DQG�VHDZDWHU�LQ�+RQJ�.RQJ��&KLQD���
&KHPRVSKHUH��������í������

::)��:RUOG�:LOGOLIH�)XQG����������6WRFNKROP�&RQYHQWLRQ��³1HZ�323V´� 6FUHHQLQJ�DGGLWLRQDO�323V�FDQGLGDWHV��
::)��:DVKLQJWRQ��'&������SS��

=HJHUV��%1��/HZLV��:$��%RRLM��.��HW�DO���������/HYHOV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�IODPH�UHWDUGDQWV�LQ�
VHGLPHQW�FRUHV�IURP�:HVWHUQ�(XURSH���(QYLURQ�6FL�7HFKQRO��������í������

=KX��/<��+LWHV��5$���������%URPLQDWHG�IODPH�UHWDUGDQWV�LQ�VHGLPHQW�FRUHV�IURP�/DNHV�0LFKLJDQ�DQG�(ULH���(QYLURQ�
6FL�7HFKQRO��������í�������
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�� ENVIRONMENTAL AND EXPOSURE MEDIA CONCENTRATIONS 
 
 
���� ,1752'8&7,21�
� 7KLV�FKDSWHU�VXPPDUL]HV�WKH�FRQFHQWUDWLRQV�RI�LQGLYLGXDO�FRQJHQHUV�DQG�WRWDO�

SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�HQYLURQPHQWDO�DQG�H[SRVXUH�PHGLD���7KH�HPSKDVLV�

LV�RQ�GDWD�IURP�WKH�8QLWHG�6WDWHV��DOWKRXJK�NH\�GDWD�VHWV�IURP�RWKHU�FRXQWULHV�ZLOO�EH�GHVFULEHG�

DV�D�FRQWUDVW�DQG�D�VXSSOHPHQW���,Q�DGGLWLRQ��HPSKDVLV�ZLOO�EH�SODFHG�RQ�WKH�PHDVXUHPHQWV�IRU�

EURPLQDWHG�GLSKHQ\O�HWKHU��%'(�������DV�WKLV�GHFD�FRQJHQHU�LV�HVVHQWLDOO\�WKH�VROH�FRPSRQHQW�RI�

WKH�GHFD�IRUPXODWLRQ�WKDW�LV�VWLOO�FXUUHQWO\�EHLQJ�SURGXFHG�DQG�PDUNHWHG�LQ�WKH�8QLWHG�6WDWHV���

0XFK�RI�WKH�OLWHUDWXUH�KDV�IRFXVHG�RQ�WKH�SURILOH�RI�FRQJHQHUV��³SURILOH´�LV�WKH�WHUP�XVHG�LQ�WKLV�

FKDSWHU�WR�GHVFULEH�WKH�VXLWH�RI�FRQJHQHUV��DVVRFLDWHG�ZLWK�WKH�SHQWD�IRUPXODWLRQ��%'(�����

%'(�����%'(������%'(������DQG�%'(�������DQG��VXEVHTXHQWO\��WKHUH�LV�D�SDXFLW\�RI�GDWD�IRU�WKH�

SULPDU\�PDUNHUV�RI�WKH�RFWD�IRUPXODWLRQ��%'(������DERXW�����RI�WKH�RFWD�IRUPXODWLRQ���DQG�WKH�

GHFD�IRUPXODWLRQ��%'(������DERXW��������%'(�����LV�RIWHQ�FRQVLGHUHG�D�PDUNHU�IRU�WKH�RFWD�

IRUPXODWLRQ�EHFDXVH�LW�LV�D�SULPDU\�FRQJHQHU�IRXQG�LQ�WKLV�IRUPXODWLRQ��ZKLOH�LW�LV�QRW�IRXQG�LQ�

WKH�SHQWD�RU�GHFD�IRUPXODWLRQV���$OVR��LW�LV�SHUVLVWHQW�LQ�WKH�HQYLURQPHQW�DQG�RIWHQ�IRXQG�DW�ORZ�

OHYHOV�ZKHQ�PHDVXUHG���7KHUH�LV�VXJJHVWLYH�HYLGHQFH�WKDW�SKRWRO\WLF�GHEURPLQDWLRQ�RI�%'(�����

UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�%'(������6WDSOHWRQ�DQG�'RGGHU���������VR�LWV�SUHVHQFH�FRXOG�DOVR�

UHIOHFW�SDVW�XVH�RI�WKH�GHFD�IRUPXODWLRQ���$V�WKH�GHFD�IRUPXODWLRQ�LV�WKH�SULPDU\�IRUPXODWLRQ�RI�

3%'(V�PDUNHWHG�DQG�XVHG�ZRUOGZLGH��%'(�����LV�QRZ�PRUH�UHJXODUO\�PHDVXUHG��EXW�WKDW�ZDV�

QRW�DOZD\V�WKH�FDVH���6XUYH\V�LQ�WKH�����V�LQWR�WKH�����V�PRVWO\�GLG�QRW�LQFOXGH�%'(������DQG�

HYHQ�FXUUHQW�VXUYH\V�RIWHQ�GR�QRW�LQFOXGH�WKLV�FULWLFDO�FRQJHQHU���$QDO\WLFDO�GLIILFXOWLHV��HYLGHQFH�

WKDW�LW�LV�UDSLGO\�HOLPLQDWHG�IURP�ELRWD��DQG�FLWDWLRQ�RI�SUHYLRXV�OLWHUDWXUH�IRFXVLQJ�RQ�WKH�

SUHYDOHQFH�RI�WKH�SHQWD�IRUPXODWLRQ�FRQJHQHUV��DUH�WKH�SULPDU\�UHDVRQV�JLYHQ�IRU�QRW�PHDVXULQJ�

RU�UHSRUWLQJ�%'(�������:KLOH�QHDUO\�DOO�VWXGLHV�LQFOXGH�DW�OHDVW�WKH�ILYH�NH\�FRQJHQHUV�RI�WKH�

SHQWD�IRUPXODWLRQ��VRPH�VWXGLHV�UHSRUW�RQ�WKH�FRQFHQWUDWLRQV�RI�RYHU����FRQJHQHUV���8QOLNH�

GLR[LQ�OLNH�FRPSRXQGV�ZKHUH���GLR[LQV�DQG����IXUDQV�KDYH�EHHQ�LGHQWLILHG�DV�WR[LF�FRQJHQHUV�RI�

FRQFHUQ��WKHUH�LV�QR�OLVW�RI�NH\�WR[LF�%'(�FRQJHQHUV���6XEVHTXHQWO\��WKHUH�LV�QRW�XQLIRUPLW\�RQ�

ZKLFK�FRQJHQHUV�VKRXOG�EH�PHDVXUHG��DQG�ZKHQ�FLWLQJ�D�³WRWDO´�FRQFHQWUDWLRQ��VXP�RI�DOO�

FRQJHQHUV��PHDVXUHG�LQ�D�VWXG\��RQH�PXVW�EH�FDUHIXO�WR�LGHQWLI\�ZKLFK�FRQJHQHUV�FRQVWLWXWH�WKDW�

WRWDO���(IIRUWV�ZHUH�PDGH�LQ�WKH�GLVFXVVLRQV�EHORZ�WR�LQGLFDWH�ZKLFK�FRQJHQHUV�ZHUH�PHDVXUHG�LQ�
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D�VWXG\��DQG�ZKHQ�UHIHUHQFLQJ�³WRWDO´�IRU�HDFK�VWXG\��LW�LV�RQO\�WKH�WRWDO�RI�WKH�FRQJHQHUV�

PHDVXUHG���7KH�RULJLQDO�UHIHUHQFHV�VKRXOG�EH�REWDLQHG�LI�WKH�GLVFXVVLRQV�EHORZ�DUH�QRW�FOHDU�����

7KH�VHFWLRQV�RQ�DLU��KRXVH�GXVW��ILVK��DQG�IRRG�LQFOXGH�D�FRPSUHKHQVLYH�WDEOH�RI�UHSRUWHG�

PHDVXUHPHQWV�RI�LQGLYLGXDO�FRQJHQHUV�LQ�WKH�8QLWHG�6WDWHV��VHFWLRQV�RQ�ZDWHU��VHGLPHQW��DQG�

VXUIDFH�VRLO�GR�QRW�LQFOXGH�VXFK�WDEOHV�EHFDXVH�WKHUH�DUH�OLWWOH�RU�QR�8�6��GDWD�RQ�WKHVH�PHGLD�LQ�

WKH�OLWHUDWXUH���7KH�FKDSWHU�FRQFOXGHV�ZLWK�GHYHORSPHQW�RI�D�WDEXODU�DVVLJQPHQW�RI�%'(�

FRQJHQHU�FRQFHQWUDWLRQV�IRU�HDFK�H[SRVXUH�PHGLD���7KHVH�DVVLJQPHQWV�ZLOO�EH�XVHG�LQ�WKH�QH[W�

FKDSWHU��ZKLFK�GHWHUPLQHV�H[SRVXUH�GRVH�RI�%'(V�EDVHG�RQ�H[SRVXUH�PHGLD�FRQFHQWUDWLRQV�DQG�

FRQWDFW�UDWHV����

�

���� :$7(5�$1'�6(',0(17�&21&(175$7,216�
� :DWHU�KDV�EHHQ�UDUHO\�VDPSOHG�IRU�3%'(V�LQ�$PHULFD��DQG�LW�LV�TXHVWLRQDEOH�ZKHWKHU�

DYDLODEOH�PRQLWRULQJ�FDQ�EH�FRQVLGHUHG�UHSUHVHQWDWLYH�RI�GULQNLQJ�ZDWHU���7KH�6DQ�)UDQFLVFR��6)��

(VWXDU\�5HJLRQDO�0RQLWRULQJ�3URJUDP�IRU�7UDFH�6XEVWDQFHV�VDPSOHG�ZDWHU��VXUIDFH�VHGLPHQWV��

DQG�ELYDOYHV��R\VWHUV��PXVVHOV��DQG�FODPV��LQ�WKH�6)�(VWXDU\�IRU����%'(�FRQJHQHUV��LQFOXGLQJ�

%'(������2URV�HW�DO�����������7KLUW\�WKUHH�ZDWHU�VDPSOHV�ZHUH�WDNHQ��ZLWK�WRWDO�3%'(V�UDQJLQJ�

IURP��í����SJ�/��DQG�D�PHDQ�FRQFHQWUDWLRQ�RI�������SJ�/���7KH�UHJLRQ�RI�WKH�ED\�WKDW�KDG�WKH�

KLJKHVW�FRQFHQWUDWLRQV��WKH�/RZHU�6RXWK�%D\��UHFHLYHV�����RI�WKH�(VWXDU\¶V�WRWDO�SXEOLFO\�RZQHG�

WUHDWPHQW�ZRUNV�ZDVWHZDWHU�HIIOXHQWV�DQG�RQO\�����RI�WKH�(VWXDU\¶V�IUHVKZDWHU�LQIORZ���7KH�

PRVW�DEXQGDQW�FRQJHQHUV�ZHUH�%'(�����%'(�����DQG�%'(�������:KHQ�%'(�����ZDV�QRW�

UHSRUWHG�DV�³4´��RXWVLGH�4$�OLPLWV��GHWHFWHG�EXW�QRW�UHSRUWHG���LW�ZDV�SUHVHQW�DQG�TXDQWLILHG��DQG�

RI�D�FRPSDUDEOH�PDJQLWXGH�DV�%'(�����WKRXJK�PRVWO\�DW�D�VOLJKWO\�KLJKHU�FRQFHQWUDWLRQ���

%'(����FRQFHQWUDWLRQV�UDQJHG�IURP�DERXW����WR�JUHDWHU�WKDQ����SJ�/��ZLWK�RQH�KLJK�VDPSOH�DW�

����SJ�/��%'(����ZDV�QH[W�KLJKHVW�ZLWK�TXDQWLILHG�FRQFHQWUDWLRQV��DERXW�����RI�WKH�VDPSOHV�

ZHUH�RXWVLGH�TXDOLW\�OLPLWV��UDQJLQJ�IURP�DERXW����WR����SJ�/��ZLWK�RQH�KLJK�OHYHO�DW����SJ�/���

%'(�����%'(������DQG�%'(��������FRQJHQHUV�QRWDWHG�DV�³�����´�WUDQVODWH�WR�FRQJHQHUV�WKDW�

KDYH�FRHOXWHG�DQG�DUH�DQDO\]HG�DV�WKRXJK�WKH\�ZHUH�RQH�FRQJHQHU��ZHUH�TXDQWLILHG�DW�OHYHOV�OHVV�

WKDQ���SJ�/��DQG�RWKHUV�QRW�EHORZ�GHWHFWLRQ�RU�YHU\�LQIUHTXHQWO\�GHWHFWHG�DW�OHYHOV�OHVV�WKDQ�

��SJ�/���,W�ZDV�IRXQG�WKDW�WKH�3%'(V�ZHUH�SUHGRPLQDQWO\�DVVRFLDWHG�ZLWK�WKH�VHGLPHQW�IUDFWLRQ�

RI�WKH�ZDWHU�FROXPQ��
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� ,Q�D�VHFRQG�VWXG\��-RKQVRQ�HW�DO����������VDPSOHG�IRU�3%'(V�LQ�ZDWHU�DQG�ILVK�RI�

:DVKLQJWRQ�VWDWH�ULYHUV�DQG�ODNHV���5HVXOWV�IURP����VDPSOHV�WDNHQ�LQ�VHYHQ�ULYHUV�DQG�WKUHH�ODNHV�

LQ������DQG������ZHUH�DYDLODEOH���&RQJHQHUV�PHDVXUHG�LQFOXGHG�%'(�����%'(�����%'(�����

%'(�����%'(�����%'(������%'(������%'(������%'(������%'(������%'(������%'(������DQG�

%'(������DOWKRXJK�%'(�����ZDV�QHYHU�GHWHFWHG���7RWDO�FRQFHQWUDWLRQV�UDQJHG�IURP���WR�

����SJ�/��DOWKRXJK�RQO\�WZR�VDPSOHV�ZHUH�DERYH�����SJ�/��ZLWK�RQH�RI�WKHP�DW�����SJ�/���7KH�

DYHUDJH�ZDV����SJ�/��EXW�WKHUH�ZDV�D�PXFK�ORZHU�PHGLDQ�RI����SJ�/���7KH�PRVW�DEXQGDQW�

FRQJHQHUV�IRXQG��DQG�DW�WKH�KLJKHVW�FRQFHQWUDWLRQV��ZHUH�%'(�����%'(�����DQG�%'(��������

� )LQDOO\��6WUHHWV�HW�DO���������PHDVXUHG�3%'(V�LQ�WKH�GLVVROYHG�DQG�SDUWLFOH�SKDVHV�LQ�

/DNH�0LFKLJDQ�DQG�IRXQG�%'(�����%'(�����%'(������DQG�%'(����LQ�WKH�GLVVROYHG�SKDVH�LQ�

FRQFHQWUDWLRQV�UDQJLQJ�IURP������WR����SJ�/��IRU�LQGLYLGXDO�FRQJHQHUV����7KH�TXDQWLILHG�SDUWLFOH�

SKDVH�FRQFHQWUDWLRQV�IRU�%'(�����%'(�����DQG�%'(�����UDQJHG�IURP������WR�����SJ�/���

%'(�����ZDV�QRW�HYDOXDWHG�LQ�WKLV�VWXG\��

� ,Q�VXPPDU\��RQO\�WKUHH�VWXGLHV�PHDVXULQJ�VXUIDFH�ZDWHU�FRQFHQWUDWLRQV�LQ�WKH�8QLWHG�

6WDWHV�FRXOG�EH�IRXQG���,Q�RQH�VWXG\��WRWDO�FRQFHQWUDWLRQV�LQ�WKH�6)�HVWXDU\�UDQJHG�IURP���WR�

����SJ�/��GRPLQDWHG�E\�%'(�����%'(�����DQG�%'(�������,Q�WKH�VHFRQG�VWXG\��%'(�����FRXOG�

QRW�EH�TXDQWLILHG��DQG�WRWDO�FRQFHQWUDWLRQV�RI�WKH�ORZHU�EURPLQDWHG�FRQJHQHUV�UDQJHG�ZLGHO\�

IURP���WR�����SJ�/���$OWKRXJK�RQO\�WZR�VDPSOHV�ZHUH�DERYH�����SJ�/��DQG�RQH�RI�WKHP�ZDV�DW�

����SJ�/���7KH�PHDQ�DQG�PHGLDQ�LQ�WKDW�VWXG\�ZHUH����DQG����SJ�/��UHVSHFWLYHO\���7KH�WKLUG�

VWXG\�GLG�QRW�PHDVXUH�%'(������DQG��LQ�WKDW�VWXG\��WKH�DXWKRUV�VHSDUDWHG�RXW�WKH�GLVVROYHG�DQG�

SDUWLFOH�SKDVH�FRQFHQWUDWLRQV���,Q�WRWDO��RQO\�WKH�VXP�RI�%'(�����%'(�����%'(�����DQG�%'(�����

UDQJHG�XS�WR���SJ�/������

 0XFK�RI�WKH�GDWD�RQ�3%'(V�LQ�VHGLPHQWV�RI�ZDWHU�ERGLHV�ZHUH�WDNHQ�LQ�WKH�FRQWH[W�RI�

VHGLPHQW�FRUH�VWXGLHV��ZKRVH�SXUSRVH�LV�WR�HODERUDWH�RQ�WHPSRUDO�WUHQGV�RI�3%'(V�LQ�WKH�

HQYLURQPHQW��VHH�6HFWLRQ����������7KLV�VHFWLRQ�SURYLGHV�DQ�RYHUYLHZ�RI�VWXGLHV�MXVW�IRFXVLQJ�RQ�

VXUIDFH�VHGLPHQWV�DQG�RQ�WKH�VXUILFLDO�VHGLPHQW�FRQFHQWUDWLRQV�LQ�WKH�VHGLPHQW�FRUH�VWXGLHV����

� %ULHIO\��WKH�VHGLPHQW�FRUH�VWXGLHV�VKRZHG�%'(�����WR�GRPLQDWH�VXUILFLDO�VHGLPHQW�

SURILOHV���7KH�DYHUDJH�FRQFHQWUDWLRQV�RI�%'(�FRQJHQHUV��QRW�LQFOXGLQJ�%'(������LQ�WKHVH�VWXGLHV�

ZHUH�JHQHUDOO\�OHVV�WKDQ����QJ�J��ZKLOH�%'(�����FRQFHQWUDWLRQV�UDQJHG�DQ\ZKHUH�IURP����QJ�J�

WR������QJ�J���7KH�PD[LPXP�WRWDO�%'(�FRQFHQWUDWLRQV�IRXQG�H[FHHGHG�������QJ�J�LQ�VRPH�
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FDVHV��DQG�WKH\�ZHUH�GRPLQDWHG�E\�%'(������ZKLFK�FRPSULVHG�RYHU�����RI�WKH�WRWDO�PDVV�

PHDVXUHG����

� 7KH�VWXG\�RI�WKH�6)�(VWXDU\�LQFOXGHG�ERWK�ZDWHU�DQG�VHGLPHQW�VDPSOLQJ��2URV�HW�DO���

��������$�WRWDO�RI����VHGLPHQW�VDPSOHV�ZHUH�WDNHQ��DQG�SRVLWLYH�GHWHFWLRQV�ZHUH�RQO\�QRWHG�IRU�

%'(�����%'(�����%'(������%'(������DQG�%'(�������,W�LV�QRWHZRUWK\�WKDW�%'(�����ZDV�QRW�

IRXQG�ZLWK�D�GHWHFWLRQ�OLPLW��'/��RI�����QJ�J���7KLV�FRQWUDVWV�ZLWK�DOO�RWKHU�VHGLPHQW�VWXGLHV�

ZKHUH�%'(�����GRPLQDWHG�WKH�SURILOH���,W�LV�DOVR�WKH�RQO\�VWXG\�IRXQG�WKDW�SURYLGHG�

FRQFHQWUDWLRQV�RI�%'(�����DQG�%'(�������7RWDO�FRQFHQWUDWLRQV�UDQJHG�IURP�1'��QRW�GHWHFWHG��

WR�����QJ�J�GU\�ZHLJKW��GZW��EDVLV���%'(����ZDV�GHWHFWHG�����RI�WKH�WLPH��ZLWK�D�UDQJH�RI�

GHWHFWLRQV�RI�����WR�����QJ�J�GZW�DQG�D�PHDQ�RI����QJ�J�GZW���%'(����ZDV�GHWHFWHG�����RI�WKH�

WLPH�ZLWK�D�UDQJH�DQG�PHDQ�RI�����WR����DQG���QJ�J�GZW��UHVSHFWLYHO\���%'(������%'(������DQG�

%'(�����ZHUH�GHWHFWHG�RQFH��WZLFH��DQG�RQFH��UHVSHFWLYHO\����

� +XQ�<XQ�HW�DO���������VDPSOHG�3%'(V�DQG�SRO\FKORULQDWHG�ELSKHQ\OV��3&%V��LQ�

VHGLPHQW�DQG�IORRG�SODLQ�VRLOV�RI�WKH�6DJLQDZ�5LYHU�:DWHUVKHG�LQ�0LFKLJDQ���7KH\�WRRN�

���VDPSOHV�UHSUHVHQWLQJ��í���FP�LQ�2FWREHUí1RYHPEHU��������7KH\�VDPSOHG�IRU����FRQJHQHUV��

%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������DQG�

%'(�������7KH�WRWDO�FRQFHQWUDWLRQ��VXP�RI�WKHVH�FRQJHQHUV��UDQJHG�IURP�����í�����QJ�J�GZW��

ZLWK�DQ�DYHUDJH�RI������QJ�J�GZW���%'(�����GRPLQDWHG�WKH�FRQFHQWUDWLRQ��H[SODLQLQJ������QJ�J�

GZW�RI�WKLV�DYHUDJH����

� 6RQJ�HW�DO�������D��E��������FROOHFWHG����VHGLPHQW�FRUHV�LQ������DQG������DQG�

KRUL]RQWDOO\�VHFWLRQHG�WKHP�LQWR�D�WRWDO�RI�����VDPSOHV���$QDO\WLFDO�UHVXOWV�ZHUH�VHSDUDWHO\�

UHSRUWHG�DV�WKH�VXP�RI�QLQH�3%'(��Ȉ�%'(V��FRQJHQHUV��%'(�����%'(�����%'(�����%'(�����

%'(�����%'(������%'(������%'(������DQG�%'(������DQG�%'(�������7KH�UDQJH�RI�PHDQ�

VXUIDFH�VHGLPHQW�FRQFHQWUDWLRQV�LQ�DOO�WKH�*UHDW�/DNHV�ZDV����í����QJ�J�GZW�DQG�

����í������QJ�J�GZW�IRU�WKH�Ȉ�%'(V�DQG�%'(������UHVSHFWLYHO\���%'(�����GRPLQDWHG�WKH�WRWDO�

3%'(�FRQFHQWUDWLRQV�LQ�DOO�WKH�ODNH�VHGLPHQWV�����

� 5DII�DQG�+LWHV��������FROOHFWHG�VXVSHQGHG�VHGLPHQW�VDPSOHV�IURP����VLWHV�DORQJ�WKH�

0LVVLVVLSSL�5LYHU�DQG�ILYH�RI�LWV�PDMRU�WULEXWDULHV�GXULQJ�-XO\í$XJXVW������DQG�0DUFK��������$�

WRWDO�RI����FRQJHQHUV�ZHUH�PHDVXUHG���,QGLYLGXDO�FRQJHQHUV�ZHUH�QRW�LGHQWLILHG�QRU�ZHUH�

LQGLYLGXDO�FRQJHQHU�FRQFHQWUDWLRQV�SURYLGHG���7RWDO�FRQFHQWUDWLRQV�UDQJHG�IURP�

��í������QJ�J�GZW��ZLWK�DQ�DYHUDJH�RI�����QJ�J�GZW���&RQVLVWHQW�ZLWK�WKH�*UHDW�/DNHV�VHGLPHQW�
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FRUHV�GHVFULEHG�LQ�&KDSWHU����%'(�����ZDV�WKH�RYHUZKHOPLQJO\�GRPLQDQW�FRQJHQHU���2Q�

DYHUDJH��LW�FRPSULVHG�������RI�WKH�WRWDO�FRQFHQWUDWLRQ���&RQJHQHUV����DQG����ZHUH�WKH�RQO\�RWKHU�

FRQJHQHUV�DFFRXQWLQJ�IRU�FRQFHQWUDWLRQV�LQ�H[FHVV�RI����RI�WKH�WRWDO�3%'(�

FRQFHQWUDWLRQVʊ������DQG��������UHVSHFWLYHO\���%DVHG�RQ�FRQFHQWUDWLRQV�QHDU�WKH�PRXWK�RI�WKH�

ULYHU��FRPELQHG�ZLWK�UHFRUGV�RQ�VXVSHQGHG�VHGLPHQW�FRQFHQWUDWLRQV�DQG�RXWIORZV��WKH�DXWKRUV�

HVWLPDWHG�WKDW���WRQV�\HDU�RI�3%'(V�DUH�GLVFKDUJHG�LQWR�WKH�*XOI�RI�0H[LFR���2WKHU�LQWHUHVWLQJ�

WUHQGV�LQFOXGH�KLJKHU�FRQFHQWUDWLRQV�LQ�WKH�VSULQJ��DWWULEXWHG�WR�KLJK�UXQRII��DQG�HYLGHQFH�RI�

GHEURPLQDWLRQ��DV�WZR�VLWHV�FRQWDLQHG�KLJKHU�FRQFHQWUDWLRQV�RI�WKH�QRQD�FRQJHQHU�%'(������DV�

FRPSDUHG�WR�%'(����������

� $VKOH\�HW�DO���������DQDO\]HG�IRXU�VHGLPHQW�VDPSOHV��DORQJ�ZLWK�VDPSOHV�IURP�HHOV�WDNHQ�

IURP�WKH�'HODZDUH�5LYHU��HHO�GDWD�VXPPDUL]HG�LQ�6HFWLRQ����������7KH�VHGLPHQW�VDPSOHV�ZHUH�

FROOHFWHG�LQ������DV�SDUW�RI�DQ�HDUOLHU�3&%�VWXG\��DQG�WKH\�ZHUH�UHDQDO\]HG�LQ������IRU�3%'(V���

:KLOH�WKH�WRWDO�FRQFHQWUDWLRQV�LQ�WKHVH�VDPSOHV�ZHUH�ORZHU�WKDQ�VRPH�RI�WKH�VWXGLHV�

DERYHʊEHWZHHQ�����DQG������QJ�J�GZWʊWKH�SURSRUWLRQV�ZHUH�VLPLODU���%'(�����H[SODLQHG�

DERXW�����RI�WKH�FRQFHQWUDWLRQ��ZKLOH�%'(����DQG�%'(����ZHUH�QH[W��DFFRXQWLQJ�IRU�����DQG�

�����UHVSHFWLYHO\����

� )RXU�VXUILFLDO�VHGLPHQW�VDPSOHV�ZHUH�WDNHQ�LQ�/DNH�+DGOH\�LQ�,QGLDQD��'RGGHU�HW�DO���

��������7RWDO�%'(�FRQFHQWUDWLRQV��LQFOXGLQJ�%'(�����%'(�����%'(������%'(������%'(������

DQG�%'(������UDQJHG�IURP����WR����QJ�J�GZW��GRPLQDWHG�E\�%'(�����DW����WR����QJ�J�GZW���

2WKHU�WKDQ�D�PHDVXUHPHQW�RI����QJ�J�GZW�IRU�%'(�����DOO�RWKHU�PHDVXUHPHQWV�RI�WKH�RWKHU�

FRQJHQHUV�ZHUH�QHDU�RU�OHVV�WKDQ���QJ�J�GZW������

� +DOH�HW�DO���������VWXGLHG�WKH�HQYLURQPHQWDO�LPSDFWV�RI�D�SRO\XUHWKDQH�IRDP��38)��

PDQXIDFWXULQJ�IDFLOLW\�LQ�WKH�8�6��PLG�$WODQWLF�5HJLRQ��ZKLFK�KDG�FHDVHG�SURGXFWLRQ�LQ�������

VDPSOLQJ�RFFXUUHG�LQ��������$Q�LQWHULRU�GXFW�RI�WKH�IDFLOLW\�ZDV�WHVWHG��DV�ZDV�VRLO�DGMDFHQW�WR�WKH�

IDFLOLW\��VHGLPHQW�LQ�D�VWUHDP�OHDYLQJ�WKH�IDFLOLW\��DQG�VHGLPHQW�DQG�EOXHJLOO�LQ�D�SRQG�DERXW�

����P�IURP�WKH�IDFLOLW\���7RWDO�FRQFHQWUDWLRQV�RI�3%'(V��LQFOXGLQJ�%'(�����%'(�����DQG�

%'(������%'(������DQG�%'(�����ZHUH�PHDVXUHG�EXW�QRW�GHWHFWHG��LQ�VXUIDFH�VHGLPHQWV�LQ�WKH�

VWUHDP�OHDYLQJ�WKH�IDFLOLW\�ZHUH������QJ�J�GZW�DQG�����QJ�J�GZW��ZLWK�RQH�VDPSOH�KDYLQJ�DOO�

QRQGHWHFWV���7RWDO�FRQFHQWUDWLRQV�LQ�VXUIDFH�VHGLPHQWV�ZHUH�����DQG�1'�QJ�J�LQ�WZR�SRQG�

VHGLPHQW�VDPSOHV���7KHVH�FRQFHQWUDWLRQV�DUH�VLPLODU�WR�PHDVXUHPHQWV�GHVFULEHG�DW�RWKHU�VHWWLQJV��
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VXJJHVWLQJ�WKDW�WKH�IRDP�SURGXFWLRQ�IDFLOLW\�GLG�QRW�UHVXOW�LQ�LQFUHDVHV�WR�VHGLPHQW�FRQFHQWUDWLRQV�

FRPSDUHG�WR�QHDUE\�DTXDWLF�VHWWLQJV���

� +DOH�HW�DO���������DOVR�PHDVXUHG�3%'(��DORQJ�ZLWK�3&%��FRQFHQWUDWLRQV�LQ�ILVK�DQG�

VHGLPHQW�VDPSOHV�IURP�WZR�ODUJH�9LUJLQLD�ZDWHUVKHGV���7KH�VWXG\�VLWHV�LQFOXGHG�WKH�ODUJHVW�

ERGLHV�RI�IUHVKZDWHU�LQ�9LUJLQLD��WKH\�ZHUH�QRW�VHOHFWHG�EDVHG�RQ�FRQFHUQV�IURP�D�SDUWLFXODU�

VRXUFH�RI�FRQWDPLQDWLRQ��DOWKRXJK�WKH�JHQHUDO�SUHGRPLQDQFH�RI�IXUQLWXUH�PDQXIDFWXULQJ�IDFLOLWLHV�

ZDV�QRWHG���7RWDO�3%'(�FRQFHQWUDWLRQV��LQFOXGLQJ�%'(�����%'(�����%'(������%'(������DQG�

%'(�����UDQJHG�IURP�QRQGHWHFW�WR������QJ�J�GZW�LQ����VDPSOHV���%'(����ZDV�DOVR�PHDVXUHG�EXW�

QRW�GHWHFWHG�LQ�VHGLPHQW�VDPSOHV���7KH�FRQFHQWUDWLRQV�ZHUH�GRPLQDWHG�E\�%'(�����H[SODLQLQJ�

DERXW�����RI�WRWDO�FRQFHQWUDWLRQV��ZLWK�%'(����VHFRQG��DW�DERXW�����RI�WRWDO��DQG�WKH�UHPDLQLQJ�

FRQFHQWUDWLRQ�GXH�WR�%'(�����������%'(������������DQG�%'(��������������

� 0XFK�KLJKHU�FRQFHQWUDWLRQV�KDYH�EHHQ�LGHQWLILHG�LQ�VHGLPHQWV�GLUHFWO\�GRZQVWUHDP�RI�D�

NQRZQ�VRXUFH�RU�LQ�KHDYLO\�LQGXVWULDOL]HG�DUHDV���/D�*XDUGLD�HW�DO���������UHSRUWHG�RQ�VHGLPHQW�

FRQFHQWUDWLRQV�GRZQVWUHDP�RI�D�ZDVWHZDWHU�WUHDWPHQW�SODQW�RI�D�SODVWLFV�PDQXIDFWXUHU�LQ�1RUWK�

&DUROLQD���,Q�HLJKW�VDPSOH�SRLQWV�GRZQVWUHDP�RI�WKH�RXWIDOO��IRXU�HDFK�LQ������DQG�������WKH\�

IRXQG�WRWDO�3%'(V��VXP�RI����FRQJHQHUV��LQFOXGLQJ�%'(�����%'(�����%'(������%'(������

%'(������%'(������%'(������%'(������%'(������DQG�RWKHUV��WR�UDQJH�IURP�DERXW�����WR�RYHU�

������SDUWV�SHU�PLOOLRQ��SSP���J�J���ZLWK�%'(�����FRPSULVLQJ�RYHU�����RI�WKH�WRWDO���7KLV�LV�

RYHU���RUGHUV�RI�PDJQLWXGH�KLJKHU�WKDQ�UHSRUWHG�DERYH�IRU�EDFNJURXQG�VHWWLQJV���7KH\�DOVR�WRRN�

WZR�VDPSOHV�XSVWUHDP��LQ������DQG�������DQG�IRXQG�PXFK�ORZHU�EXW�VWLOO�TXLWH�HOHYDWHG�

FRQFHQWUDWLRQV�RI�WRWDO�3%'(V��DW����DQG����SSP��������

7RPV�HW�DO���������XQGHUWRRN�D�FRPSUHKHQVLYH�DVVHVVPHQW�RI�WKH�IDWH�DQG�GLVWULEXWLRQ�RI�

���%'(�FRQJHQHUV�LQ�WKH�DTXDWLF�HQYLURQPHQW�RI�$XVWUDOLD�LQ�����í�������$Q�DLP�RI�WKLV�VWXG\�

ZDV�WR�GHWHUPLQH�WKH�EDFNJURXQG�FRQFHQWUDWLRQV�DQG�FRQJHQHU�FRPSRVLWLRQV�RI�%'(V�LQ�

HVWXDULQH��IUHVKZDWHU��DQG�PDULQH�VHGLPHQWV���1LQHW\�VHGLPHQW�VDPSOHV�ZHUH�DQDO\]HG�IURP�

ORFDWLRQV�UHSUHVHQWLQJ�YDULRXV�ODQG�XVHV�UDQJLQJ�IURP�UHPRWH�WR�LQGXVWULDO���$�WRWDO�RI����%'(�

FRQJHQHUV�ZHUH�GHWHFWHG�LQ�VDPSOHV�IURP����RI����VLWHV��������DQG�WRWDO�3%'(�FRQFHQWUDWLRQV�

UDQJHG�IURP�QRQGHWHFW�WR������QJ�J�GZW��ZLWK�DQ�RYHUDOO�PHDQ����VWDQGDUG�GHYLDWLRQ��DQG�PHGLDQ�

RI�����������DQG�����QJ�J�GZW��UHVSHFWLYHO\���%'(�����GRPLQDWHG�WKH�FRQJHQHU�GLVWULEXWLRQ�LQ�

����RI�WKH�VHGLPHQW�VDPSOHV���
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� &KULVWHQVHQ�DQG�3ODW]��������VDPSOHG�VHGLPHQW�IURP�'DQLVK�PDULQH�FRDVWDO�DUHDV��

IUHVKZDWHU�ODNHV��DQG�D�ULYHU�LQ��������7KH�FRQJHQHUV�PHDVXUHG�LQFOXGHG�%'(�����%'(�����

%'(������%'(������DQG�%'(������DQG�WKH�WRWDO�FRQFHQWUDWLRQV�UDQJHG�IURP�����í�����DQG�

����í�����QJ�J�GZW�LQ�PDULQH�DQG�IUHVKZDWHU�VHGLPHQW��UHVSHFWLYHO\���%'(�����GRPLQDWHG�WKH�

FRQJHQHU�SURILOH�LQ�PDULQH�DQG�IUHVKZDWHU�VHGLPHQWV��ZLWK�D�PHGLDQ�FRQFHQWUDWLRQ�RI�

�����QJ�J�GZW�DQG������QJ�J�GZW��UHVSHFWLYHO\���7KH�UDQN�RUGHU�RI�%'(�FRQJHQHUV�E\�

FRQFHQWUDWLRQ�LQ�VHGLPHQW�ZDV�%'(�����!�%'(����!�%'(����!�%'(�����!�%'(�������7KH�

KLJKHVW�FRQFHQWUDWLRQV�RI�%'(V�ZHUH�GHWHFWHG�LQ�VHGLPHQWV�LQ�KDUERUV�DQG�ODNHV�ORFDWHG�LQ�XUEDQ�

DUHDV���%HFDXVH�3%'(V�ZHUH�QHYHU�SURGXFHG�LQ�'HQPDUN��WKH�DXWKRUV�SRVWXODWHG�WKDW�3%'(V�

HQWHUHG�WKH�'DQLVK�HQYLURQPHQW�SULPDULO\�E\�ORQJ�UDQJH�WUDQVSRUW���7KH�DXWKRUV�VXJJHVWHG�WKDW�

DGGLWLRQDO�ORFDO�VRXUFHV�FRXOG�EH�HYDSRUDWLRQ�DQG�OHDFKLQJ�IURP�3%'(�WUHDWHG�SURGXFWV��

� ,Q�D�VWXG\�E\�(OMDUUDW�HW�DO�������������PDULQH�VHGLPHQW�VDPSOHV�ZHUH�FROOHFWHG�IURP�WKUHH�

FRDVWDO�DUHDV�RI�6SDLQ�LQ��������7KH�VHGLPHQWV�ZHUH�DQDO\]HG�IRU����%'(�FRQJHQHUV��EXW�RQO\����

ZHUH�GHWHFWHG�LQ�WKH�VHGLPHQWV��%'(�����%'(�����%'(�����%'(�����%'(�����%'(������

%'(�����%'(������%'(������%'(������%'(������DQG�%'(�������7RWDO�3%'(�OHYHOV�UDQJHG�

IURP�����WR�����QJ�J�GZW�LQ�FRDVWDO�PDULQH�VHGLPHQWV��ZLWK�WKH�KLJKHVW�OHYHOV�RI�VHGLPHQWV�RII�

WKH�FRDVW�RI�%DUFHORQD���$OO�WKH�VHGLPHQW�VDPSOHV�ZHUH�GRPLQDWHG�E\�%'(������ZKLFK�

FRQVWLWXWHG�EHWZHHQ����DQG�����RI�WKH�WRWDO�3%'(�FRQWDPLQDWLRQ���7KH�XVXDO�FRQJHQHU�SURILOH�

IRXQG�LQ�WKH�FRDVWDO�PDULQH�VHGLPHQWV�ZDV�%'(�����!�%'(����!�%'(����!�%'(�����

!�%'(������ ��

� :DWHU�ERG\�VHGLPHQW�VWXGLHV�LQ�1RUWK�$PHULFD�LQFOXGHG�RQH�LQ�WKH�6DQ�)UDQFLVFR�

(VWXDU\��DORQJ�WKH�0LVVLVVLSSL�DQG�'HODZDUH�5LYHUV��RQH�LQ�D�9LUJLQLD�ZDWHUVKHG��RQH�LQ�D�

0LFKLJDQ�ZDWHUVKHG��RQH�LQ�D�SRQG�QHDU�D�FORVHG�SRO\XUHWKDQH�IRDP�PDQXIDFWXULQJ�IDFLOLW\�LQ�

1RUWK�&DUROLQD��DQG�VHYHUDO�VXUILFLDO�VHGLPHQW�DQG�FRUH�VWXGLHV�GHVFULELQJ�WUHQGV�LQ�WKH�*UHDW�

/DNHV��VRPH�RI�WKHVH�VWXGLHV�DUH�UHYLHZHG�LQ�&KDSWHU������2YHUDOO��WRWDO�FRQFHQWUDWLRQV�ZHUH�

PRVWO\�OHVV�WKDQ����QJ�J�GZW�EXW�UDQJHG�DV�KLJK�DV�����QJ�J�GZW�LQ�/DNHV�0LFKLJDQ�DQG�(ULH���

:LWK�RQH�H[FHSWLRQ��WKH�VWXG\�LQ�WKH�6)�%D\�(VWXDU\��2URV�HW�DO����������RYHU�����RI�WKH�WRWDO�

FRQFHQWUDWLRQ�ZDV�%'(�����ZKHQ�LW�ZDV�PHDVXUHG���,Q�WKH�6)�%D\��%'(�����ZDV�QRW�GHWHFWHG�LQ�

VHGLPHQWV�DW�DOO��GHWHFWLRQ�OLPLW�VXIILFLHQWO\�ORZ�DW�����QJ�J�GZW���DQG�%'(����GRPLQDWHG�WKH�

SURILOH���,Q�D�IHZ�VWXGLHV�PHDVXULQJ�%'(�FRQJHQHUV�LQ�LQGXVWULDO�VHWWLQJV�DQG�QHDU�RXWIDOOV�RI�

ZDVWHZDWHU�WUHDWPHQW�SODQWV�RI�IDFLOLWLHV�SURGXFLQJ�3%'(V��VXEVWDQWLDOO\�KLJKHU�FRQFHQWUDWLRQV�LQ�
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WKH�KXQGUHGV�RI��J�J��SSP��UDQJH�DUH�IRXQG��ZLWK�RYHU�����RI�WKH�WRWDO�FRQFHQWUDWLRQV�EHLQJ�

%'(��������

�

���� 685)$&(�62,/�&21&(175$7,216�
� 2QO\�WZR�V\VWHPDWLF�VWXGLHV�FRXOG�EH�IRXQG�WKDW�ORRNHG�DW�3%'(V�LQ�VXUIDFH�VRLOV�LQ�WKH�

8QLWHG�6WDWHV��2IIHQEHUJ�HW�DO���������+XQ�<XQ�HW�DO���������LQ�SUHGRPLQDQWO\�VXEXUEDQ�DQG�RU�

EDFNJURXQG�VHWWLQJV���2IIHQEHUJ�HW�DO���������WRRN�D�WRWDO�RI����VXUIDFH�VRLO�VDPSOHV�LQ����VWDWHV�

DQG�PHDVXUHG�IRU����%'(�FRQJHQHUV���&RQFHQWUDWLRQV�RI�WRWDO�%'(V�DYHUDJHG�����QJ�J�DQG�KDG�

D�JHRPHWULF�PHDQ�FRQFHQWUDWLRQ�RI�����QJ�J��GZW�DQG�D�UDQJH�RI������WR������QJ�J�GZW���%'(����

ZDV�GHWHFWHG�LQ����RI����VDPSOHV��DYHUDJLQJ�����QJ�J�GZW�RYHU�WKH�HQWLUH�GDWD�VHW��1'� ������

%'(����ZDV�REVHUYHG�LQ����VDPSOHV�DQG�DYHUDJHG�����QJ�J�GZW���%'(�����ZDV�IRXQG�LQ�

���VDPSOHV�DQG�DYHUDJHG������QJ�J�GZW���7KH�KLJKHVW�FRQFHQWUDWLRQV�ZHUH�IRXQG�IRU�%'(������

EXW�LW�ZDV�RQO\�IRXQG�LQ�WKUHH�VDPSOHV�DW�FRQFHQWUDWLRQV��UDQJLQJ�IURP�����WR�����QJ�J�GZW��VR�

WKDW�WKH�VXUYH\�ZLGH�DYHUDJH�ZDV������QJ�J�GZW���+XQ�<XQ�HW�DO���������WRRN����VDPSOHV�LQ�

IORRGSODLQ�VRLOV�RI�WKH�6DJLQDZ�5LYHU�:DWHUVKHG�LQ�0LFKLJDQ�LQ�2FWREHUí1RYHPEHU��������7KH\�

PHDVXUHG�IRU����FRQJHQHUV��%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������

%'(������%'(������DQG�%'(������WR�D�GHSWK�RI�����FP���7RWDO�FRQFHQWUDWLRQV��VXP�RI�

���FRQJHQHUV��UDQJHG�IURP�����í�����QJ�J�GZW��ZLWK�DQ�DYHUDJH�RI�����QJ�J�GZW���%'(�����

GRPLQDWHG�WKH�SURILOH��H[SODLQLQJ�����QJ�J�GZW�RI�WKLV�DYHUDJH����

� +DOH�HW�DO���������PHDVXUHG�VXUIDFH�VRLO�QHDU�D�SRO\XUHWKDQH�IRDP�SURGXFWLRQ�IDFLOLW\�WKDW�

KDG�EHHQ�FORVHG�D�IHZ�\HDUV�HDUOLHU�WKDQ�VDPSOLQJ���7KH\�TXDQWLILHG�FRQFHQWUDWLRQV�RI�%'(�����

%'(�����DQG�%'(������%'(�����DQG�%'(�����PHDVXUHG�EXW�QRW�GHWHFWHG��LQ�WKUHH�VDPSOHV�

ZLWK�WRWDO�FRQFHQWUDWLRQV�RI�1'��QR�FRQJHQHUV�GHWHFWHG���������DQG������QJ�J�GZW���,Q�WKHVH�WKUHH�

VDPSOHV��%'(����DQG�%'(����GRPLQDWHG��H[SODLQLQJ�QHDUO\�KDOI�RI�WKH�WRWDO�FRQFHQWUDWLRQV�HDFK����

� 7ZR�(XURSHDQ�VWXGLHV�ORRNHG�DW�EDFNJURXQG�VRLOV��DQG�RQH�VWXG\�ZDV�IRXQG�HYDOXDWLQJ�

VRLO�FRQFHQWUDWLRQV�QHDU�DQ�HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&KLQD���+DVVDQLQ�HW�DO���������

UHSRUWHG�RQ�VDPSOLQJ�RI����VXUIDFH�VDPSOHV���í��FP���DQG�IRU����RI�WKHVH��D�SDLUHG�VXEVXUIDFH�

VDPSOH���í���FP��ZDV�WDNHQ�IURP�JUDVVODQG�DQG�ZRRGODQG�DUHDV�LQ�WKH�8QLWHG�.LQJGRP��8.��

DQG�1RUZD\���7KHVH�VDPSOHV�ZHUH�FROOHFWHG�LQ�������DQG����%'(V�ZHUH�PHDVXUHG��DOWKRXJK�

%'(�����ZDV�QRW�PHDVXUHG���7KH�FRQJHQHUV�PRVW�URXWLQHO\�GHWHFWHG����í�����RI�WKH�WLPH��LQ�

WKH�VDPSOHV�ZHUH�%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�������0DMRU�WUHQGV�
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LQFOXGH�WKH�IROORZLQJ��8QLWHG�.LQJGRP�FRQFHQWUDWLRQV�ZHUH�KLJKHU�WKDQ�1RUZD\�FRQFHQWUDWLRQV��

ZRRGODQG�FRQFHQWUDWLRQV�ZHUH�KLJKHU�WKDQ�JUDVVODQG�FRQFHQWUDWLRQV��DQG�VXEVXUIDFH�

FRQFHQWUDWLRQV�ZHUH�VLJQLILFDQWO\�ORZHU�WKDQ�VXUIDFH�VRLO�FRQFHQWUDWLRQV���7KH�WRWDO�FRQFHQWUDWLRQ�

RI�DOO�%'(V�UDQJHG�IURP�������WR������QJ�J�GZW���7KH�UHVXOWV�IRU�JUDVVODQG�8QLWHG�.LQJGRP��

ZRRGODQG�8QLWHG�.LQJGRP��DQG�ZRRGODQG�1RUZD\�ZHUH�SUHVHQWHG�LQ�WHUPV�RI�PHGLDQV��

PLQLPXP�PD[LPXP�DQG�SHUFHQW�GHWHFWHG���7KH�VHOHFWHG�UDQJH�RI�PHGLDQ�FRQFHQWUDWLRQV�IRU�

WKHVH�WKUHH�JURXSLQJV�RI�VXUIDFH�VRLOV�ZHUH��SJ�J�GZW��ZLWK�SHUFHQW�GHWHFWHG�LQ�SDUHQWKHVLV���

%'(�������í����ʊ������������%'(�������í����ʊ������������%'(����������ʊ��������������

%'(�������í����ʊ���������������%'(��������í����ʊ�������������%'(��������í����ʊ����

���������%'(��������í�����ʊ�������������DQG�%'(��������í�����ʊ�������������7KH�DXWKRUV�

VWDWH�WKDW�WKH�SHUFHQWDJH�IRXQG�LQ�VRLO�PLUURUHG�WKH�WHFKQLFDO�SHQWD�SURGXFW��%URPNDO�����'(��

ZLWK�%'(����DYHUDJLQJ�����RI�WRWDO�3%'(��%'(����DYHUDJLQJ������%'(�����DYHUDJLQJ�����

%'(�����DYHUDJLQJ�������DQG�%'(�����DYHUDJLQJ��������$�PDMRU�VKRUWFRPLQJ�RI�WKLV�VXUIDFH�

VRLO�VWXG\��KRZHYHU��ZDV�WKDW�%'(�����ZDV�QRW�PHDVXUHG���*LYHQ�KLJK�PHDVXUHPHQWV�RI�

%'(�����LQ�VHGLPHQWV��GXVW��DQG�RWKHU�VRLO�VWXGLHV��LWV�ODFN�RI�PHDVXUHPHQW�LQ�WKLV�EURDG�UDQJLQJ�

VXUIDFH�VRLO�VDPSOLQJ�VWXG\�LV�XQIRUWXQDWH��

� $�VHFRQG�VWXG\�ORRNHG�DW�VRLO�VDPSOHV�LQ�D�UXUDO�XUEDQ�WUDQVHFW�DFURVV�WKH�:HVW�0LGODQGV�

RI�WKH�8QLWHG�.LQJGRP��ZKLFK�LQFOXGHV�WKH�PDMRU�XUEDQ�FHQWHU�RI�%LUPLQJKDP���7KH�SXUSRVH�RI�

WKH�VWXG\�ZDV�WR�DVFHUWDLQ�ZKHWKHU�WKHUH�ZDV�D�UHODWLRQVKLS�EHWZHHQ�FRQFHQWUDWLRQV�DQG�

FKDUDFWHUL]DWLRQ�RI�WKH�ORFDWLRQ�RI�VDPSOH��XUEDQ��VXEXUEDQ��RU�UXUDO����6RLO�FRQFHQWUDWLRQV�ZHUH�

IRXQG�WR�EH�FRQVLVWHQW�ZLWK�HDUOLHU�VDPSOLQJ�LQ�WKH�8QLWHG�.LQJGRP��+DVVDQLQ�HW�DO�����������

7RWDO�VRLO�FRQFHQWUDWLRQV��ZKLFK�LQFOXGHG�%'(�����%'(�����%'(�����%'(������%'(������DQG�

%'(������WDNHQ�DW�D���WR���FP�GHSWK�IRU����VLWHV�UDQJHG�IURP������WR������QJ�J�GZW���7KH�

PD[LPXP�FRQFHQWUDWLRQ�RI������QJ�J�ZDV�IRXQG�LQ�WKH�FLW\�RI�%LUPLQJKDP��ZKLOH�RWKHU�

FRQFHQWUDWLRQV�ZHUH������QJ�J�GZW�DQG�OHVV���7KH�UDWLR�RI�WKH�WZR�SULPDU\�FRQJHQHUV�IRXQG��

%'(����WR�%'(�����UDQJHG�IURP������WR�����������

� &DL�DQG�-LDQJ��������FKDUDFWHUL]HG�VRLO�FRQFHQWUDWLRQV�QHDU�DQ�HOHFWURQLFV�UHF\FOLQJ�

IDFLOLW\�LQ�&KLQD���)RU�WKH�VL[�VRLO�VDPSOHV��WKH�FRQJHQHUV�PHDVXUHG��DQG�WKHLU�DYHUDJH�

FRQFHQWUDWLRQV�ZHUH�DV�IROORZV��%'(���SUHVHQWHG�DV�1'��PRQR%'(���%'(���ʊ�����QJ�J�GZW�

�'L%'(���%'(���ʊ�����QJ�J�GZW��WUL%'(���%'(���ʊ����QJ�J�GZW��%'(���ʊ����QJ�J�GZW��

%'(����ʊ���QJ�J�GZW��%'(����ʊ���QJ�J�GZW��%'(����ʊ���QJ�J�GZW��DQG�
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%'(����ʊ�����QJ�J�GZW���7KH�WRWDO�FRQFHQWUDWLRQ�LV�����QJ�J�GZW���7KH�DXWKRUV�VWDWH�WKDW�WKH�

LVRPHU�SDWWHUQ�RI�%'(�����%'(�����%'(������%'(������DQG�%'(�����LV�FRQVLVWHQW�ZLWK�WKH�

SHQWD%'(�IRUPXODWLRQ���1R�PHDVXUHPHQWV�RI�%'(�����ZHUH�PDGH�LQ�WKLV�VWXG\��

� ,Q�VXPPDU\��WKH�VSDUVH�OLWHUDWXUH�VXJJHVWV�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�RI�WRWDO�%'(V�

LQ�WKH�8QLWHG�6WDWHV�PLJKW�DYHUDJH�DERYH�����QJ�J�GZW��DOWKRXJK�D�FHQWUDO�WHQGHQF\�HVWLPDWH�

�JHRPHWULF�PHDQ�RU�PHGLDQ��PLJKW�EH�ORZHU��DW�QHDU���QJ�J�GZW���7RWDO�FRQFHQWUDWLRQV�LQ�VRLOV�DW�

LQGXVWULDO�VLWHV��ZKLFK�PLJKW�VXJJHVW�D�PRUH�GLUHFW�VRXUFH��FRXOG�UDQJH�DV�KLJK�DV�������QJ�J�GZW���

7KH�FRQJHQHU�SDWWHUQ�QRWHG�LQ�WKH�VWXGLHV�RQ�EDFNJURXQG�VRLOV�LV�VLPLODU�WR�WKH�SHQWD%'(�

IRUPXODWLRQ���+RZHYHU��%'(�����PRVWO\�KDV�QRW�EHHQ�VDPSOHG�LQ�VRLO�VWXGLHV��LQ�WKH�RQH�VWXG\�

ZKHUH�LW�ZDV�PHDVXUHG��LW�ZDV�IRXQG�LQ����RI����VDPSOHV��DYHUDJLQJ������QJ�J�GZW�����

 
���� '867�&21&(175$7,216�

������ +RXVH�'XVW�&RQFHQWUDWLRQV�
� +RXVH�GXVW�ZDV�WKH�IRFXV�RI�VHYHUDO�8�6��VWXGLHV�EHFDXVH�RI�WKH�FRQFHUQ�IRU�LQGRRU�

H[SRVXUHV�LQ�UHVLGHQFHV���'DWD�ZHUH�DOVR�DYDLODEOH�LQ�D�VWXG\�RQ�FRQFHQWUDWLRQV�LQ�D�FRPSXWHU�

ODERUDWRU\���$V�ZLOO�EH�VKRZQ��KRXVH�GXVW�IURP�ERWK�KRPHV�DQG�SODFHV�RI�ZRUN�DUH�GRPLQDWHG�E\�

%'(�����%'(�����DQG�%'(�������7DEOH�����SURYLGHV�FRQJHQHU�VSHFLILF�FRQFHQWUDWLRQV�IRU�

8�6��KRXVH�GXVW�IURP�WKH�OLWHUDWXUH��

� +RXVH�GXVW�DQG�GU\HU�OLQW�VDPSOHV�ZHUH�FROOHFWHG�IURP����KRPHV�LQ�WKH�:DVKLQJWRQ��'&�

DUHD�DQG���IURP�&KDUOHVWRQ��6&���7KH�VDPSOHV�ZHUH�DQDO\]HG�IRU����LQGLYLGXDO�3%'(�FRQJHQHUV�

�6WDSOHWRQ�HW�DO�����������7RWDO�FRQFHQWUDWLRQ�LQ�KRXVH�GXVW�UDQJHG�IURP�����QJ�J�GZW�WR�

�������QJ�J�GZW��ZLWK�D�PHDQ�WRWDO�RI�������QJ�J�GZW���7KH�GRPLQDQW�FRQJHQHUV�ZHUH�WKH�RQHV�

DVVRFLDWHG�ZLWK�WKH�SHQWD��DQG�GHFD%'(�FRPPHUFLDO�PL[WXUHV��%'(�����%'(�����DQG�%'(�������

7KH�PHDQ�FRQFHQWUDWLRQV�RI�WKHVH�WKUHH�FRQJHQHUV�ZHUH���������������DQG�������QJ�J�GZW��

UHVSHFWLYHO\���1R�FRUUHODWLRQV�ZHUH�IRXQG�LQ�WKH�VWXG\�ZLWK�\HDU�RI�FRQVWUXFWLRQ��W\SH�RI�IORRULQJ�

�KDUGZRRG�YV��FDUSHW���RU�WKH�QXPEHU�RI�WHOHYLVLRQV�DQG�SHUVRQDO�FRPSXWHUV��3&V��DQG�KRXUV�RI�

FRPSXWHU�XVH�SHU�ZHHN����+RZHYHU��DQ�LQYHUVH�UHODWLRQVKLS�ZDV�IRXQG�ZLWK�WKH�DUHD�RI�WKH�KRPH�

DQG�WKH�FRQWULEXWLRQ�RI�%'(�����WR�WKH�WRWDO�3%'(�FRQFHQWUDWLRQ�LQ�GXVW��L�H���WKH�ODUJHU�WKH�

KRPH��WKH�VPDOOHU�WKH�%'(�����FRQFHQWUDWLRQ����&ORWKHV�GU\HU�OLQW��H[DPLQHG�LQ�ILYH�RI�WKH�

KRPHV��VKRZHG�FRQFHQWUDWLRQV�UDQJLQJ�IURP�����WR�������QJ�J�GZW���7KH�WZR�KRXVH�GXVW�
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Table 4-1.  Congener-specific concentrations of PBDEs in house dust in the 
United States (units in ng/g dwt) 

�

Congener Concentration 
(ng/g dwt) Comment Reference 

DiBDE 
��� ��� 0HDQ����KRPHV�WKURXJKRXW�8�6���EXW���1'����DW�

����
6KDUS�DQG�
/XQGHU��������

TriBDE 
��� �� 0HDQ����KRPHV��:DVKLQJWRQ��'&� 6WDSOHWRQ�HW�DO��

�������

���� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

��������� 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������

�������������� *HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP���
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

��� �� &DUSHW�GXVW���Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

��� ��� 0HDQ����KRPHV��:DVKLQJWRQ��'&��DOVR�OLVWHG�DV�
%'(�&RQJHQHU����

6WDSOHWRQ�HW�DO��
�������

1'������ 0HDQ����KRPHV�WKURXJKRXW�8�6�� 6KDUS�DQG�
/XQGHU��������

����� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

�������� 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������

������� 0HDQ��JHRPHWULF�PHDQ�IURP�KRPHV�LQ�
$PDULOOR�$XVWLQ��7H[DV�IURP�������Q� �����

+DUUDG�HW�DO��
�����E��

����������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

��� 1'� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

��� 1'� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

��� 1'������ 0HDQ����KRPHV�WKURXJKRXW�8QLWHG�6WDWHV� 6KDUS�DQG�
/XQGHU��������

������ ���������������� *HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

��� 1'� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

��� 1'� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������
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�
Table 4-1.  Congener specific concentrations of PBDEs in house dust 
in the United States (units in ng/g dwt) (continued) 
 

Congener Concentration 
(ng/g dwt) Comment Reference 

TetraBDE 
��� ������ 0HDQ����KRPHV��:DVKLQJWRQ��'&� 6WDSOHWRQ�HW�DO��

�������

����� 0HDQ����KRPHV�WKURXJKRXW�8�6�� 6KDUS�DQG�
/XQGHU��������

1'�
�����ʊ������

5DQJH�RI����KRPHV�VDPSOHG�LQ�&DSH�&RG��0$��
����GHWHFWHG�

5XGHO�HW�DO��
�������

����
����í�������

0HGLDQ��UDQJH�IURP����KRPHV�LQ�$WODQWD� 6MRGLQ�HW�DO��
�������

���� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

���������� 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������

��������������� *HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

����������� 0HGLDQ��PD[LPXP�IURP����KRPHV�LQ�WKH�%RVWRQ��
0$�DUHD�

:X�HW�DO���������

��������� 0HDQ��JHRPHWULF�PHDQ�IURP�KRPHV�LQ�
$PDULOOR�$XVWLQ��7H[DV�IURP�������Q� �����

+DUUDG�HW�DO��
�����E��

����� 0HGLDQ��Q� ����KRPHV�LQ�1RUWKHUQ�&$� =RWD�HW�DO���������

������
���í�����

0HGLDQ��UDQJH��Q� ����KRPHV�LQ�'DYLV��&$� +ZDQJ�HW�DO��
�������

������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

��� 1'� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

������������
�����

*HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

���
�

����� 0HDQ����KRPHV��:DVKLQJWRQ��'&� 6WDSOHWRQ�HW�DO��
�������

��� 0HDQ����KRPHV�WKURXJKRXW�8�6���EXW���1'����DW�
DERXW�����

6KDUS�DQG�
/XQGHU��������

����� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������
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Table 4-1.  Congener specific concentrations of PBDEs in house dust 
in the United States (units in ng/g dwt) (continued) 
 

Congener Concentration 
(ng/g dwt) Comment Reference 

���������� 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������

��������������� *HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

1'�������� 0HGLDQ��PD[LPXP�IURP����KRPHV�LQ�WKH�%RVWRQ��
0$�DUHD�

:X�HW�DO���������

���������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

��� 1'� 0HDQ����KRPHV��:DVKLQJWRQ��'&� 6WDSOHWRQ�HW�DO��
�������

1'� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

��� 1'� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

�������������� *HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

��� ���� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

��������� 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������

���������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

PentaBDE�
��� ��� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��

�������

���� 0HDQ����KRPHV�WKURXJKRXW�8QLWHG�6WDWHV��EXW���
1'����DW�����DQG�����

6KDUS�DQG�
/XQGHU��������

��� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

����������� 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������

1'������ 0HGLDQ��PD[LPXP�IURP����KRPHV�LQ�WKH�%RVWRQ��
0$�DUHD�

:X�HW�DO���������
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Table 4-1.  Congener specific concentrations of PBDEs in house dust 
in the United States (units in ng/g dwt) (continued) 
 

Congener Concentration 
(ng/g dwt) Comment Reference 

��������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

������� �������������
�����

*HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

���
�

������ 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��
�������

1'������WR�
��������

5DQJH�RI����KRPHV�VDPSOHG�LQ�&DSH�&RG��0$��
����GHWHFWHG�

5XGHO�HW�DO��
�������

������ 0HDQ����KRPHV�WKURXJKRXW�8QLWHG�6WDWHV� 6KDUS�DQG�
/XQGHU��������

�������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

����
���í�������

0HGLDQ��UDQJH�IURP����KRPHV�LQ�$WODQWD� 6MRGLQ�HW�DO��
�������

���� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

����������� 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������

������������
����

*HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

������������ 0HGLDQ��PD[LPXP�IURP����KRPHV�LQ�WKH�%RVWRQ��
0$�DUHD�

:X�HW�DO���������

���������� 0HDQ��JHRPHWULF�PHDQ�IURP�KRPHV�LQ�
$PDULOOR�$XVWLQ��7H[DV�IURP�������Q� �����

+DUUDG�HW�DO��
�����E��

����� 0HGLDQ��Q� ����KRPHV�LQ�1RUWKHUQ�&$� =RWD�HW�DO���������

������
����í�������

0HGLDQ��UDQJH��Q� ����KRPHV�LQ�'DYLV��&$� +ZDQJ�HW�DO��
�������

����
�

���� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��
�������

1'�������WR�
������

5DQJH�RI����KRPHV�VDPSOHG�LQ�&DSH�&RG��0$��
����GHWHFWHG�

5XGHO�HW�DO��
�������

���� 0HDQ����KRPHV�WKURXJKRXW�8QLWHG�6WDWHV� 6KDUS�DQG�
/XQGHU��������
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Table 4-1.  Congener specific concentrations of PBDEs in house dust 
in the United States (units in ng/g dwt) (continued) 
 

Congener Concentration 
(ng/g dwt) Comment Reference 

�������í����� 0HGLDQ��UDQJH�IURP����KRPHV�LQ�$WODQWD� 6MRGLQ�HW�DO��
�������

���� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

��������� 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������

������������� *HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

���������� 0HGLDQ��PD[LPXP�IURP����KRPHV�LQ�WKH�%RVWRQ��
0$�DUHD�

:X�HW�DO���������

��������� 0HDQ��JHRPHWULF�PHDQ�IURP�KRPHV�LQ�
$PDULOOR�$XVWLQ��7H[DV�IURP�������Q� �����

+DUUDG�HW�DO��
�����E��

���� 0HGLDQ��Q� ����KRPHV�LQ�1RUWKHUQ�&$� =RWD�HW�DO���������

�����
���í������

0HGLDQ��UDQJH��Q� ����KRPHV�LQ�'DYLV��&$� +ZDQJ�HW�DO���
�����

����������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

���� ���� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

���� ��� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

������������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

���� ��� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

���� 1'� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

HexaBDE�
���� ��� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��

�������

���� 0HDQ����KRPHV�WKURXJKRXW�8�6���EXW���1'����DW�
������

6KDUS�DQG�
/XQGHU��������

��� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

������ 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������
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Table 4-1.  Congener specific concentrations of PBDEs in house dust 
in the United States (units in ng/g dwt) (continued) 
 

Congener Concentration 
(ng/g dwt) Comment Reference 

���������������� *HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

1'����� 0HGLDQ��QJ�J��IURP����KRPHV�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

������������ 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

����
�

���� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��
�������

���� 0HDQ����KRPHV�WKURXJKRXW�8�6���EXW���1'����DW�
������

6KDUS�DQG�
/XQGHU��������

������í����� 0HGLDQ��UDQJH�IURP����KRPHV�LQ�$WODQWD� 6MRGLQ�HW�DO��
�������

���� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

�������� 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������

��������������
�����

*HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

��������� 0HGLDQ��PD[LPXP�IURP����KRPHV�LQ�WKH�%RVWRQ��
0$�DUHD�

:X�HW�DO���������

��������� 0HDQ��JHRPHWULF�PHDQ�IURP�KRPHV�LQ�
$PDULOOR�$XVWLQ��7H[DV�IURP�������Q� �����

+DUUDG�HW�DO��
�����E��

����������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

���� ���� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��
�������

���� 0HDQ����KRPHV�WKURXJKRXW�8�6���EXW���1'����DW�
������

6KDUS�DQG�
/XQGHU��������

������í����� 0HGLDQ��UDQJH�IURP����KRPHV�LQ�$WODQWD� 6MRGLQ�HW�DO��
�������

��� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

�������� 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������
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Table 4-1.  Congener specific concentrations of PBDEs in house dust 
in the United States (units in ng/g dwt) (continued) 
 

Congener Concentration 
(ng/g dwt) Comment Reference 

�������������
�����

*HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

�������� 0HGLDQ��QJ�J��IURP����KRPHV�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

��������� 0HDQ��JHRPHWULF�PHDQ�IURP�KRPHV�LQ�
$PDULOOR�$XVWLQ��7H[DV�IURP�������Q� �����

+DUUDG�HW�DO��
�����E��

���������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

���� �� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

���� 1'� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��
�������

���� 1'� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

HeptaBDE�
���� 1'� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

����
�

��� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��
�������

���� 0HDQ����KRPHV�WKURXJKRXW�8QLWHG�6WDWHV��EXW���
1'����DW�����

6KDUS�DQG�
/XQGHU��������

������í������� 0HGLDQ��UDQJH�IURP����KRPHV�LQ�$WODQWD� 6MRGLQ�HW�DO��
�������

���� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

����������� 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������

������������
�����

*HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

������� 0HDQ��JHRPHWULF�PHDQ�IURP�KRPHV�LQ�
$PDULOOR�$XVWLQ��7H[DV�IURP�������Q� �����

+DUUDG�HW�DO��
�����E��

�������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

���� 1'� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��
�������
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Table 4-1.  Congener specific concentrations of PBDEs in house dust 
in the United States (units in ng/g dwt) (continued) 
 

Congener Concentration 
(ng/g dwt) Comment Reference 

���� �� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��
�������

��� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

���� 1'� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��
�������

OctaBDE�
���� ��� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��

�������

�������������� *HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

���� ��� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��
�������

�������������� *HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

����
�

���� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

�������������� *HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

NonaBDE�
���� ��� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��

�������

������������
�����

*HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

����
�

��� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��
�������

������������
�����

*HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������
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Table 4-1.  Congener specific concentrations of PBDEs in house dust 
in the United States (units in ng/g dwt) (continued) 
 

Congener Concentration 
(ng/g dwt) Comment Reference 

����������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

���� ��� 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��
�������

������������
�����

*HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

DecaBDE�
���� ������ 0HDQ����KRPHV��:DVKLQJWRQ�'&� 6WDSOHWRQ�HW�DO��

�������

������ 0HDQ����KRPHV�WKURXJKRXW�8QLWHG�6WDWHV� 6KDUS�DQG�
/XQGHU��������

�����
����í��������

0HGLDQ��UDQJH�IURP����KRPHV�LQ�$WODQWD� 6MRGLQ�HW�DO��
�������

����� &DUSHW�GXVW��Q� ����IURP�FRPSXWHU�ODEV�LQ�&$� &$5%��������

����������� 0HGLDQ��PHDQ��Q� ����IURP�YDFXXP�VDPSOHV�LQ�
'DOODV��7;�LQ������

6FKHFWHU�HW�DO��
�������

��������������
������

*HRPHWULF�PHDQ�RI���ORFDWLRQV�KRPH�IURP����
KRPHV�LQ�%RVWRQ��0$�DUHD��OLYLQJ�URRP��EHGURRP��
DQG�YDFXXP�

$OOHQ�HW�DO��
�������

1'�������� 0HGLDQ��QJ�J��IURP����KRPHV�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

������������� 0HDQ��JHRPHWULF�PHDQ�IURP�KRPHV�LQ�
$PDULOOR�$XVWLQ��7H[DV�IURP�������Q� �����

+DUUDG�HW�DO��
�����E��

����������� 0HDQ��PHGLDQ�IURP����KRPHV�LQ�$OEDQ\��1<� -RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

�
�
VDPSOHV�ZLWK�WKH�KLJKHVW�FRQFHQWUDWLRQ�KDG�WKH�FRPPHUFLDO�SHQWD%'(�FRPPHUFLDO�UDWLRQ�RI�����

IRU�%'(����%'(�����

� &ORWKHV�GU\HU�OLQW�ZDV�VWXGLHG�IURP�8�6��DQG�*HUPDQ�VRXUFHV��6FKHFWHU�HW�DO�������E����

'U\HU�OLQW�IURP����8�6��DQG���*HUPDQ�KRPHV�ZHUH�DQDO\]HG�IRU����FRQJHQHUV��%'(�����%'(�����

%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������
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%'(������DQG�%'(�������7KH�8�6��KRPHV�ZHUH�LQ�'DOODV��DQG�WKH�*HUPDQ�KRPHV�ZHUH�LQ�

+DPEXUJ���7KH�8�6��KRXVHKROG�OLQW�VDPSOHV�UDQJHG�IURP�����WR�������QJ�J�GZW��ZLWK�D�PHGLDQ�RI�

����DQG�D�PHDQ�RI�������QJ�J�GZW���7KH�*HUPDQ�KRXVHKROGV�UDQJHG�IURP����WR�������QJ�J�GZW��

ZLWK�D�PHGLDQ�RI����DQG�D�PHDQ�RI�����QJ�J�GZW���%'(�����%'(�����DQG�%'(�����FRPSULVHG�

PRUH�WKDQ�����RI�WKH�VXP�RI�WKH����FRQJHQHUV�LQ�WKH�8�6��VDPSOHV���)RU�WKH�PHGLDQ��IRU�

H[DPSOH��%'(�����%'(�����DQG�%'(�����FRPSULVHG�����������DQG�����QJ�J�GZW�RI�WKH�WRWDO�RI�

����QJ�J�GZW����

� 7HQ�ZRPHQ�IURP�D�SULRU�(QYLURQPHQWDO�:RUNLQJ�*URXS�VWXG\�RQ�EUHDVW�PLON��RI�D�WRWDO�

RI����ZRPHQ�LQ�WKH�HDUOLHU�VWXG\��FROOHFWHG�VDPSOHV�RI�GXVW�IURP�WKHLU�KRPH��6KDUS�DQG�/XQGHU��

��������7KH����VDPSOHV�ZHUH�WDNHQ�LQ�&$����VDPSOHV���7;��&2��'&��0,��:$��25��)/��DQG�07���

$�WRWDO�RI����FRQJHQHUV�ZHUH�VDPSOHG��GHWHFWLRQ�OHYHOV�UDQJHG�IURP����QJ�J�GZW�IRU�WKH�

ORZHU�EURPLQDWHG�FRQJHQHUV�WR����QJ�J�GZW�IRU�WKH�PLG�EURPLQDWHG�FRQJHQHUV�DQG�ILQDOO\�

����QJ�J�GZW�IRU�%'(�������2QH�RI�WKH����LQGLYLGXDOV�KDG�YHU\�KLJK�PHDVXUHPHQWV��DW�D�WRWDO�RI�

�������QJ�J�GZW�IRU�DOO�FRQJHQHUV��WKH�QH[W�KLJKHVW�ZDV��������QJ�J�GZW���7KLV�LQGLYLGXDO�KDG�

XVHG�KHU�YDFXXP�WR�FOHDQ�XS�SRO\XUHWKDQH�IRDP�UHVLGXHV�ZKHQ�VKH�UHPRYHG�FDUSHW�SDGGLQJ��WZR�

PDWWUHVV�SDGV��DQG�DQ�XQFRYHUHG�IRDP�FXVKLRQ�IURP�KHU�KRPH���7KLV�VWXG\�GLG�QRW�ILQG�WKH�

W\SLFDO�SHQWD�%'(�FRPPHUFLDO�EOHQG�RI�����IRU�%'(����%'(����LQ�DOO�FDVHV���,Q�KDOI�RI�WKH�

VDPSOHV��D�VLJQLILFDQWO\�KLJKHU�DPRXQW�RI�%'(����ZDV�IRXQG���+RZHYHU��WKH�RYHUDOO�DYHUDJHV�RI�

WKH�WKUHH�KLJKHVW�FRQJHQHUV��%'(�����%'(�����DQG�%'(������ZHUH�VLPLODU�WR�WKH�ILQGLQJV�IRU�

KRPHV�LQ�WKH�:DVKLQJWRQ��'&�DUHD��%'(����ZDV�IRXQG�DW�DQ�DYHUDJH�RI�������QJ�J�GZW��%'(����

DW�������QJ�J�GZW��DQG�%'(�����DW�������QJ�J�GZW���&RQFHQWUDWLRQV�LQ�WKH�GXVW�ZHUH�QRW�

FRUUHODWHG�WR�WKH�QXPEHU�RI�HOHFWURQLF�DSSOLDQFHV�RU�FRPSXWHUV��IRDP�IXUQLWXUH��RU�UHFHQW�

UHPRGHOLQJ��

� %'(�FRQFHQWUDWLRQV�LQ�GXVW�ZHUH�GHWHUPLQHG�IURP����YDFXXP�EDJ�VDPSOHV�IURP�$WODQWD��

*$��*HUPDQ\��$XVWUDOLD��DQG�WKH�8QLWHG�.LQJGRP��6MRGLQ�HW�DO���������ILUVW�SDUWLDOO\�UHSRUWHG�LQ�

6MRGLQ�HW�DO���������IRU�D�WRWDO�RI����VDPSOHV���7KHVH�VDPSOHV�ZHUH�DQDO\]HG�IRU�%'(�����

%'(�����%'(������%'(������%'(������%'(������DQG�%'(�������7KH�8�6��FRQFHQWUDWLRQV�ZHUH�

XQLIRUPO\�KLJKHU�WKDQ�WKH�*HUPDQ�DQG�$XVWUDOLDQ�GDWD��WKH�UDQJH�RI�WRWDO�3%'(V��VXP�RI�WKH�

��FRQJHQHUV��LQ�*HUPDQ\�ZDV���í����QJ�J�GZW��PHGLDQ� �����DQG�LQ�$XVWUDOLD�ZDV�

���í�������QJ�J�GZW��PHGLDQ� ���������ZKLOH�LQ�8QLWHG�6WDWHV��WKH�UDQJH�ZDV����í�������QJ�J�

GZW��PHGLDQ� ����������7KH�8.�GDWD�ZHUH�WKH�PRVW�XQLTXH���&RQFHQWUDWLRQV�RI�VL[�FRQJHQHUV��QRW�
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LQFOXGLQJ�%'(������ZHUH�JHQHUDOO\�ORZ��PHGLDQV�OHVV�WKDQ����QJ�J�GZW���EXW�WKH�PHGLDQ�IRU�

%'(�����ZDV��������QJ�J�GZW�ZLWK�D�UDQJH�RI����í�������QJ�J�GZW���7KH�DXWKRUV�FODLPHG�WKDW�

WKH�SHQWD%'(�SDWWHUQ�IRXQG�LQ�WKHVH�VDPSOHV�ZDV�VLPLODU�WR�WKDW�LQ�WKH�SURGXFWV��VSHFLILFDOO\��WKDW�

%'(����LV�VLPLODU�LQ�FRQFHQWUDWLRQ�WR�WKDW�RI�%'(������7KLV�FRQWHQWLRQ�LV�GLIIHUHQW�IURP�WKRVH�

PDGH�E\�RWKHUV��ZKR�QRWH�WKDW�WKH�UDWLR�RI�%'(����WR�%'(����LQ�FRPPHUFLDO�SHQWD�IRUPXODWLRQV�

LV�DERXW���������

:HQQLQJ�HW�DO���������FROOHFWHG�YDFXXP�EDJ�GXVW�DQG�DLU�FRQGLWLRQHU�ILOWHU�GXVW�IURP�

KRPHV�LQ�1RUWKHUQ�&DOLIRUQLD�DQG�:HOOLQJWRQ��1HZ�=HDODQG��EXW�WKH�DYHUDJH�FRQJHQHU�VSHFLILF�

FRQFHQWUDWLRQV�WKH\�SUHVHQWHG�ZHUH�IRU�DOO�VDPSOHV��QRW�GLVWLQJXLVKLQJ�EHWZHHQ�JHRJUDSK\�RU�

ZKHWKHU�LW�ZDV�YDFXXP�RU�DLU�FRQGLWLRQHU�JHQHUDWHG�GXVW���7KH�DYHUDJH�WRWDO�%'(�FRQFHQWUDWLRQ�

RYHU����VDPSOHV��LQFOXGLQJ����YDFXXP�DQG���DLU�FRQGLWLRQHU�VDPSOHV��ZDV��������QJ�J�GZW��ZLWK�

%'(�����FRPSULVLQJ�������QJ�J�GZW��DQG�%'(����DQG�%'(����FRPSULVLQJ�������DQG�

������QJ�J�GZW��UHVSHFWLYHO\���7KH�%'(�����UHVXOWV�ZHUH�VNHZHG�E\�D�EXVLQHVV�DLU�FRQGLWLRQHU�

ILOWHU�VKRZLQJ��������QJ�J�GZW��IURP�D�WRWDO�RI��������QJ�J�GZW��VR�WKH�JHQHUDO�

UHSUHVHQWDWLYHQHVV�RI�WKHVH�VDPSOHV�PXVW�EH�TXHVWLRQHG���

,QGRRU�DLU�DQG�GXVW�ZHUH�VDPSOHG�LQ�����KRPHV�LQ�&DSH�&RG��0$��LQ�WZR�URXQGV�RI�

���VDPSOHV�HDFK�VWDUWLQJ�LQ����DQG�HQGLQJ�LQ�������5XGHO�HW�DO�����������$�WRWDO�RI����KRPHV�ZHUH�

VDPSOHG�IRU�3%'(V�LQ�GXVW���2QO\�WKUHH�%'(V��%'(�����%'(�����DQG�%'(������ZHUH�DQDO\]HG��

DQG�WKH�UHSRUWLQJ�OLPLWV�ZHUH�KLJKʊ����QJ�J�GZW�IRU�%'(����DQG�%'(����DQG�����QJ�J�GZW�IRU�

%'(�������%HFDXVH�RI�WKLV��WKH�GDWD�KDG�OLPLWHG�YDOXH����%'(����ZDV�IRXQG�LQ�DERXW�����RI�WKH�

VDPSOHV�ZLWK�D�PD[LPXP�RI�������QJ�J�GZW��%'(����ZDV�IRXQG�DOVR�DERXW�����RI�WKH�WLPH�ZLWK�

D�PD[LPXP�RI��������QJ�J�GZW��DQG�%'(�����ZDV�IRXQG�����RI�WKH�WLPH�ZLWK�D�PD[LPXP�RI�

������QJ�J�GZW��

-RKQVRQ�5HVWUHSR�DQG�.DQQDQ��������FROOHFWHG�GXVW�VDPSOHV�IURP�WKH�YDFXXP�EDJV�RI�

UHVLGHQWV�RI����KRPHV�LQ�$OEDQ\��1<��EHWZHHQ�'HFHPEHU������DQG�-DQXDU\��������7ZHQW\�

FRQJHQHUV�IURP�%'(����WR�%'(�����ZHUH�PHDVXUHG�LQ�WKH�GXVW���%'(�����ZDV�WKH�PDMRU�

FRQJHQHU�IRXQG��DFFRXQWLQJ�IRU�EHWZHHQ����DQG�����RI�WKH�WRWDO�FRQFHQWUDWLRQ���7KH�PHDQ�RI�WKH�

���VDPSOHV�ZDV�������QJ�J��WKH�PHGLDQ�ZDV�������QJ�J��DQG�WKH�UDQJH�ZDV�����WR�������QJ�J����

� )RXU�FRPSXWHU�ZLSH�DQG�QLQH�YDFXXP�EDJ�EXON�GXVW�VDPSOHV�ZHUH�WDNHQ�LQ�'DOODV��7H[DV�

LQ�������6FKHFWHU�HW�DO���������GDWH�RI�VDPSOLQJ�QRW�JLYHQ�EXW�SUHVXPHG�WR�EH�LQ������DV�SDSHU�

ZDV�VXEPLWWHG�LQ�-XO\���������7KH�FRPSXWHU�ZLSH�VDPSOHV�ZHUH�LQ�XQLWV�RI�QJ�����FP���DQG�



� �����

EHFDXVH�QR�RWKHU�GDWD�ZHUH�DYDLODEOH�ZLWK�ZKLFK�WR�FRPSDUH�WKHVH�XQLWV��UHVXOWV�IURP�WKLV�VWXG\�

DUH�QRW�SURYLGHG�LQ�7DEOH�������%ULHIO\��FRQFHQWUDWLRQV�UDQJHG�IURP����WR�������QJ�����FP���ZLWK�

%'(�����H[SODLQLQJ�RYHU�����LQ�WKH�WZR�VDPSOHV�RI�3&�PRQLWRU�VFUHHQV��DQG�DERXW�����LQ�ERWK�

3&�FDVLQJ�VDPSOHV���,Q�WKHVH�3&�FDVLQJ�VDPSOHV��%'(����DQG�%'(����ZHUH�QH[W�LQ�

SUHGRPLQDQFH��DFFRXQWLQJ�IRU�����DQG������UHVSHFWLYHO\���,Q�QLQH�EXON�GXVW�VDPSOHV��WKH�WRWDO�

UDQJHG�IURP�����WR��������QJ�J�GZW��ZLWK�D�PHGLDQ�RI�������DQG�D�PHDQ�RI��������QJ�J�GZW���

%'(�����ZDV�WKH�SURPLQHQW�FRQJHQHU�LQ�VHYHQ�RI�QLQH�VDPSOHV��%'(����ZDV�WKH�GRPLQDQW�LQ�

WKH�RWKHU�WZR�VDPSOHV���H[SODLQLQJ�����RI�WKH�FRQFHQWUDWLRQ�LQ�WKH�KLJKHVW�VDPSOH�

��������QJ�J�GZW�RI��������QJ�J�GZW�WRWDO��DQG���í����LQ�WKH�RWKHU�VDPSOHV���,Q�RQH�VDPSOH��

KRZHYHU��%'(�����H[SODLQHG�OHVV�WKDQ����RI�WKH��������QJ�J�GZW�WRWDO��ZLWK�%'(����H[SODLQLQJ�

�������������DQG�%'(����H[SODLQLQJ��������QJ�J�GZW��������

� $OOHQ�HW�DO���������UHSRUWV�RQ�%'(V�LQ�KRXVH�GXVW�VDPSOHV�WKDW�ZHUH�SDUW�RI�D�VWXG\�

ORRNLQJ�DW�WKH�FRUUHODWLRQV�EHWZHHQ�LQGRRU�DLU�DQG�EXON�GXVW�VDPSOHV�LQ����KRPHV�LQ�WKH�XUEDQ�

VHWWLQJ�RI�%RVWRQ��0$���7KH\�WRRN�WKUHH�EXON�VDPSOHV�RXW�RI�HDFK�KRPH�DQG�GHYHORSHG�JHRPHWULF�

PHDQ�FRQJHQHU�VSHFLILF�FRQFHQWUDWLRQV�IRU�WKH�WKUHH�FRPPRQ�ORFDWLRQV��WKH�PDLQ�OLYLQJ�URRP��

WKH�EHGURRP��DQG�D�VDPSOH�IURP�D�KRPH�YDFXXP��ORFDWLRQ�XQGHWHUPLQHG����/LNH�RWKHU�VWXGLHV��

%'(�����GRPLQDWHG�DOO�ORFDWLRQV��ZLWK�WKH�JHRPHWULF�PHDQV�RYHU�WKHVH�WKUHH�ORFDWLRQV�EHLQJ�

��������������DQG�������QJ�J�GZW��UHVSHFWLYHO\���%'(����ZDV�VHFRQG�KLJKHVW�DW���������������DQG�

�����UHVSHFWLYHO\��DQG�%'(����ZDV�WKH�WKLUG�PRVW�SUHYDOHQW�DW�������������DQG������UHVSHFWLYHO\���

7KH�JHRPHWULF�PHDQV�RI�WKH�WRWDO�FRQFHQWUDWLRQV��LQFOXGLQJ�%'(�����%'(��������%'(�����

%'(�����%'(�����%'(�����%'(���������%'(�����%'(������%'(������%'(������%'(������

%'(������%'(������%'(������%'(������%'(������%'(������%'(������DQG�%'(������RI�WKH�

WKUHH�ORFDWLRQV�ZHUH����������������DQG�������QJ�J�GZW��UHVSHFWLYHO\���7KH\�IRXQG�D�FRUUHODWLRQ�

EHWZHHQ�DLU�DQG�GXVW�FRQFHQWUDWLRQV�RI�WKH�SHQWD�IRUPXODWLRQ�FRQJHQHUV��%'(����XS�WR�

%'(�������EXW�GLG�QRW�ILQG�D�FRUUHODWLRQ�EHWZHHQ�%'(�����DLU�DQG�GXVW�FRQFHQWUDWLRQV���7KHLU�

KLJKHVW�FRQFHQWUDWLRQ�RI���������QJ�J�GZW�ZDV�GRPLQDWHG�E\�%'(������DW����������QJ�J�GZW��

� ,Q�DQRWKHU�VWXG\�RI�WKH�%RVWRQ��0$��DUHD��:X�HW�DO���������VDPSOHG����KRXVHV�DQG�

PHDVXUHG�IRU�%'(�����%'(��������%'(�����%'(�����%'(�����%'(�����%'(������%'(������

%'(������%'(������%'(������DQG�%'(�������7KLV�ZDV�D�VWXG\�LQ�ZKLFK�ZRPHQ¶V�EUHDVW�PLON�

LQ�WKHVH�KRPHV�ZHUH�DOVR�VDPSOHG��UHVXOWV�UHSRUWHG�LQ�&KDSWHU������5HVXOWV�ZHUH�ORJ�QRUPDO��ZLWK�

D�JHRPHWULF�PHDQ�RI�WRWDO�%'(�FRQFHQWUDWLRQ�RI�������QJ�J�GZW���%'(����DQG�%'(����ZHUH�
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TXDQWLILHG�LQ�QHDUO\�DOO�VDPSOHV��ZLWK�PHGLDQ�FRQFHQWUDWLRQV�RI�������DQG�����QJ�J�GZW��

UHVSHFWLYHO\���%'(�����ZDV�TXDQWLILHG�LQ���RI����VDPSOHV��ZLWK�TXDQWLILHG�FRQFHQWUDWLRQV�UDQJLQJ�

EHWZHHQ�������DQG�������QJ�J�GZW���7KH�PHGLDQ�WRWDO�FRQFHQWUDWLRQ�ZDV�������QJ�J�GZW���7KH\�

IRXQG�D�FRUUHODWLRQ�RI�U� �������S� ��������EHWZHHQ�FRQFHQWUDWLRQV�RI�SHQWD%'(�FRQJHQHUV�LQ�WKH�

EUHDVW�PLON�RI�ILUVW�WLPH�PRWKHUV�DQG�GXVW�VDPSOHG�IURP�WKHLU�KRPHV���7KHUH�ZDV�DOVR�D�

VWDWLVWLFDOO\�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�GXVW�OHYHOV�DQG�ZLWK�UHSRUWHG�GLHWDU\�KDELWV��

SDUWLFXODUO\�WKH�FRQVXPSWLRQ�RI�GDLU\�SURGXFWV��

� +DUUDG�HW�DO�������E��VDPSOHG�EHWZHHQ����DQG����KRPHV�LQ�HDFK�RI�WKHVH�ORFDWLRQV��

$PDULOOR�$XVWLQ�LQ�7H[DV��%LUPLQJKDP��8.��7RURQWR��&DQDGD��DQG�:HOOLQJWRQ��1HZ�=HDODQG���

7KH\�PHDVXUHG�%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������DQG�

%'(�������7KH�PRVW�LQWHUHVWLQJ�ILQGLQJ�ZDV�WKH�SURILOH�RI�%'(�FRQJHQHUV�IRXQG�LQ�WKH�GLIIHUHQW�

ORFDWLRQV���7KH�8.�VLWH�KDG�WKH�KLJKHVW�%'(�����FRQFHQWUDWLRQV��ZLWK�DQ�DYHUDJH�RI���������D�

PHGLDQ�RI��������DQG�D�JHRPHWULF�PHDQ�RI�������QJ�J�GZW��Q� ������FRPSDUHG�WR�WKH�UHVXOWV�IURP�

7H[DV��ZKLFK�KDYH�DQ�DYHUDJH�RI��������D�PHGLDQ�RI��������DQG�D�JHRPHWULF�PHDQ�RI�

������QJ�J�GZW��Q� �������7KH�WZR�KLJKHVW�FRQFHQWUDWLRQV�RI�%'(�����ZHUH�IRXQG�LQ�KRPHV�LQ�

WKH�8QLWHG�.LQJGRP��DW���������DQG���������QJ�J�GZW��+DUUDG�HW�DO�������E����7KH�

FRQFHQWUDWLRQV�RI�WKH�WUL�KH[D�FRQJHQHUV��%'(����WKURXJK�%'(������ZHUH�WKH�KLJKHVW�IRU�WKH�

7H[DV�GXVW���)RU�H[DPSOH��WKH�JHRPHWULF�PHDQ�IRU�WKH�VXP�RI�WKHVH�VL[�FRQJHQHUV�IURP�WKH�7H[DV�

VLWHV�ZDV�������FRPSDUHG�WR����IURP�WKH�8.�VLWHV���'XH�WR�WKH�KLJK�%'(�����ILQGLQJV��WKH�

RYHUDOO�WRWDO�FRQFHQWUDWLRQV�ZHUH�KLJKHVW�IRU�WKH�8QLWHG�.LQJGRP��VLPLODU�WR�WKH�ILQGLQJV�RI�

6MRGLQ�HW�DO�����������7KH�JHRPHWULF�PHDQ�WRWDO�FRQFHQWUDWLRQV�IRU�WKH�8QLWHG�.LQJGRP��8QLWHG�

6WDWHV��DQG�&DQDGLDQ�VLWHV�ZHUH���������������DQG�������QJ�J�GZW���7RWDOV�ZHUH�QRW�SURYLGHG�IRU�

1HZ�=HDODQG�EHFDXVH�WKH�%'(�����DQG�%'(�����FRQJHQHUV�ZHUH�QRW�PHDVXUHG���&RQFHQWUDWLRQV�

RI�WKH�WUL�KH[D�FRQJHQHUV�WRWDOHG����QJ�J�GZW��ZKLFK�ZDV�FRPSDUDEOH�WR�WKH�WUL�KH[D�WRWDOV�IRU�WKH�

8QLWHG�.LQJGRP��

� =RWD�HW�DO���������WRRN�GXVW�VDPSOHV�LQ����KRPHV�LQ�1RUWKHUQ�&DOLIRUQLD�DQG�PHDVXUHG�

WKHP�IRU�%'(V���������DQG�������0HGLDQ�DQG�UDQJH�RI�FRQFHQWUDWLRQV�ZHUH��LQ�QJ�J�GZW���

%'(���ʊ������DQG���í���������%'(���ʊ������DQG����í���������DQG�%'(����ʊ����DQG�

�05/ʊ���������$V�=RWD�HW�DO���������QRWHV��WKHVH�FRQFHQWUDWLRQV�ZHUH��í���WLPHV�KLJKHU�WKDQ�

FRQFHQWUDWLRQV�IRXQG�IRU�WKHVH�FRQJHQHUV�LQ�8�6��VWXGLHV�VXPPDUL]HG�KHUH��5XGHO�HW�DO���������

:X�HW�DO���������6WDSOHWRQ�HW�DO���������+DUUDG�HW�DO�������E��DQG�RUGHUV�RI�PDJQLWXGH�KLJKHU�WKDQ�
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VWXGLHV�DEURDG���7KH�DXWKRUV�DOVR�LGHQWLILHG�EORRG�VDPSOHV�IURP�1+$1(6�����������WKDW�ZHUH�

IURP�&DOLIRUQLD�DQG�FRPSDUHG�WKHP�WR�WKH�HQWLUH�1+$1(6�����������VWDWLVWLFDO�H[WUDSRODWLRQV�

IRU�WKH�8QLWHG�6WDWHV���7KHLU�JHRPHWULF�PHDQ�IRU�WKH�VXP�RI�VL[�FRQJHQHUV��%'(�����%'(�����

%'(�����%'(������%'(������DQG�%'(������IURP�VDPSOHV�LQ�&DOLIRUQLD�ZDV����QJ�J�OLSLG�

ZHLJKW��OZW���ZKLOH�WKH�WRWDO�IRU�DOO�RI�WKH�8QLWHG�6WDWHV�ZDV������QJ�J�OZW���7KH\�VXJJHVW�WKLV�

PLJKW�KDYH�UHVXOWHG�IURP�PRUH�VWULQJHQW�VWDQGDUGV�IRU�IODPPDELOLW\�LQ�&DOLIRUQLD�DV�FRPSDUHG�WR�

RWKHU�VWDWHV���7KH�1+$1(6�GDWDEDVH�LV�GLVFXVVHG�IXUWKHU�LQ�&KDSWHU�����

� +ZDQJ�HW�DO���������PHDVXUHG�VHYHQ�FRQJHQHUV��%'(�����%'(�����%'(�����%'(������

%'(������%'(������DQG�%'(������LQ�GXVW�FROOHFWHG�IURP�YDFXXP�EDJV�SURYLGHG�E\�UHVLGHQWV�LQ�

���DSDUWPHQWV�DQG���FRPPXQLW\�KDOO�LQ�'DYLV��&DOLIRUQLD���7KH\�IRXQG�WKDW�WKH�WRWDO�UDQJHG�IURP�

�����í�������QJ�J�GZW��ZLWK�D�PHGLDQ�RI�������QJ�J�GZW���0HGLDQ�DQG�UDQJH�RI�WKH�WKUHH�

GRPLQDQW�FRQJHQHUV�ZHUH��LQ�QJ�J�GZW��%'(���ʊ������DQG����í�������%'(���ʊ������DQG�

���í��������DQG�%'(����ʊ����DQG����í������������

� 7KH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG��&$5%��KDV�FRQGXFWHG�D�VXEVWDQWLDO�DPRXQW�RI�

VDPSOLQJ�IRU�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�DLU�DQG�GXVW��ERWK�RXWVLGH�QHDU�LQGXVWULDO�VLWHV�DQG�LQ�

XUEDQ�DQG�EDFNJURXQG�ORFDWLRQV��DQG�LQVLGH�DW�ZRUNSODFHV�DQG�LQGXVWULDO�VLWHV��

� :LOIRUG�HW�DO���������VWXGLHG�KRXVH�GXVW�FRQFHQWUDWLRQV�IURP����RI����KRPHV�LQ�&DQDGD�

WKDW�SUHYLRXVO\�KDG�EHHQ�VWXGLHG�IRU�DLU�FRQFHQWUDWLRQV�RI�3%'(V��VHH�6HFWLRQ������LQ�WKH�ZLQWHU�

RI�������������7KH\�IRXQG�WKDW�WKH�GDWD�ZHUH�ORJ�QRUPDOO\�GLVWULEXWHG��ZLWK�D�JHRPHWULF�PHDQ�RI�

������QJ�J��D�PHGLDQ�RI�������QJ�J��DQG�DQ�DULWKPHWLF�PHDQ�RI�������QJ�J���)RU�WKH�DULWKPHWLF�

PHDQ��%'(�����FRPSULVHG�������QJ�J�RI�WKH�WRWDO��RU������ZKLOH�IRU�WKH�PHGLDQ��%'(�����

FRPSULVHG�KDOI��DW�����QJ�J���7KLV�VXJJHVWV�WKDW�%'(�����GRPLQDWHV�WKH�KLJKHVW�FRQFHQWUDWLRQV�

IRXQG���$IWHU�%'(�����IRU�WKH�PHDQ��WKH�KLJKHVW�FRQFHQWUDWLRQV�ZHUH�%'(����DW�������QJ�J�DQG�

%'(����DW�������QJ�J��ZLWK�RWKHU�FRQFHQWUDWLRQV�OHVV�WKDQ�����QJ�J����

��7ZR�VDPSOHV�RI�

FDUSHW�GXVW�LQ�DQ�LQGRRU�FRPSXWHU�WUDLQLQJ�IDFLOLW\�WRWDOHG��������DQG�������QJ�J�GZW��&$5%��

��������&RQJHQHUV�LQ�WKH�GXVW�WKDW�ZHUH�QRW�LQ�WKH�DLU�WKDW�ZDV�VDPSOHG�LQ�WKLV�IDFLOLW\�LQFOXGHG�

%'(�����%'(������%'(������%'(������DQG�%'(������%'(�����DQG�%'(�����DUH�FRQJHQHUV�LQ�

WKH�RFWD�IRUPXODWLRQ����7KH�GRPLQDQW�FRQJHQHU�ZDV�%'(������DW�������DQG�������QJ�J�GZW��

IROORZHG�E\�%'(����DW�����DQG�����QJ�J�GZW��DQG�%'(����DW�����DQG�����QJ�J�GZW��

�������������������������������������������������
�6HH�KWWS���ZZZ�DUE�FD�JRY�WR[LFV�SEGH�KWP��
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� 6DPSOLQJ�RI�KRXVH�GXVW�KDV�DOVR�RFFXUUHG�LQ�IRUHLJQ�FRXQWULHV��LQFOXGLQJ�(XURSH�DQG�

.XZDLW���)DEUHOODV�HW�DO���������UHSRUW�VDPSOLQJ�GRQH�E\�³(XURFRQVXPHUV�2UJDQL]DWLRQ´�DQG�

³&,(0$7�323V�*URXS�´�LQ�ZKLFK�GXVW�ZDV�FROOHFWHG�IURP�����YDFXXP�FOHDQHU�EDJV�IURP�6SDLQ�

����EDJV���%HOJLXP�����EDJV���3RUWXJDO�����EDJV���DQG�,WDO\�����EDJV��DQG�PHDVXUHG�IRU�%'(V���

+RPRORJXH�JURXS�FRQFHQWUDWLRQV�IURP�PRQR��WR�KHSWD%'(�ZHUH�GHWHUPLQHG��OHYHOV�RI�

GHWHFWLRQV�UDQJHG�IURP������í������QJ�J�GZW��%'(����WR�����í�����QJ�J�GZW��IRU�%'(��������

5HVXOWV�VXJJHVW�,WDO\�KDV�WKH�KLJKHVW�WRWDO�FRQFHQWUDWLRQV��DW�����QJ�J�GZW��IROORZHG�E\�3RUWXJDO�

�����QJ�J�GZW���6SDLQ������QJ�J�GZW���DQG�%HOJLXP������QJ�J�GZW����+RZHYHU��LW�LV�XQNQRZQ�LI�

WKHVH�PHDQ�YDOXHV�DUH�VLJQLILFDQWO\�GLIIHUHQW���7KH�KLJKHVW�YDOXH�IURP�6SDLQ�ZDV�IURP�D�GXVW�

VDPSOH�WKDW�KDG�EHHQ�VXFNHG�RXW�IURP�WKH�LQVLGH�RI�D�FRPSXWHU���8UEDQ�KRXVH�GXVW�VDPSOHV�ZHUH�

IRXQG�WR�EH�KLJKHU�WKDQ�UXUDO��DQG�%'(�����ZDV�IRXQG�WR�FRPSULVH�JUHDWHU�WKDQ�����RI�WRWDO�

3%'(�LQ�DOO�FDVHV���7KH�UDWLR�RI�%'(����WR�%'(�����ZKLFK�LV����í����LQ�����RI�WKH�VDPSOHV��LV�

WKH�VDPH�DV�WKH�FRPPHUFLDO�SHQWD�IRUPXODWLRQ��'(�����ZKLFK�KDV�D�UDWLR�RI������VXJJHVWLQJ�WKHVH�

VDPSOHV�ZHUH�GRPLQDWHG�E\�WKLV�FRPPHUFLDO�PL[WXUH����

+DUUDG�HW�DO���������PHDVXUHG�%'(V�LQ�KRXVH�GXVW�DW�HLJKW�KRPHV�VDPSOHG�LQ������LQ�WKH�

8QLWHG�.LQJGRP���7KH\�UHSRUWHG�DQ�DYHUDJH�RI�����QJ�J�WRWDO��PD[LPXP�RI�����QJ�J�WRWDO���

ZKLFK�LQFOXGHG�%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������DQG�

%'(������%'(�����QRW�PHDVXUHG����7KH�UDWLR�RI�%'(����WR�%'(����ZDV�DERXW�������7KH�VWXG\�

WKDW�+DUUDG�HW�DO�������E��ODWHU�SXEOLVKHG�RQ�GLIIHUHQW�ORFDWLRQV�DURXQG�WKH�ZRUOG��8QLWHG�

.LQJGRP��8QLWHG�6WDWHV��1HZ�=HDODQG��DQG�&DQDGD��LQFOXGHG�WKHVH�HDUOLHU�GDWD����

� +DUUDG�HW�DO�������D��ODWHU�PHDVXUHG�GXVW�VDPSOHV�WDNHQ�IURP�FDUV��KRPHV��DQG�RIILFHV�LQ�

ORFDWLRQV�LQ�VRXWKHUQ�8QLWHG�.LQJGRP��:HVW�0LGODQGV�DUHD���DQG�IRXQG�WKH�KLJKHVW�%'(�����

PHDVXUHPHQWV�LQ�GXVW�VDPSOHV�WKDW�KDYH�EHHQ�IRXQG�DV�RI�WKH�GDWH�RI�WKLV�UHSRUW��LQFOXGLQJ�

ILQGLQJV�RI�����������QJ�J�LQ�D�KRPH�DQG�����������QJ�J�GZW�LQ�D�FDU��IXUWKHU�GLVFXVVLRQ�RQ�WKH�

FDU�GDWD�SURYLGHG�LQ�6HFWLRQ�������EHORZ����7KH�DYHUDJH�WRWDO�%'(�FRQFHQWUDWLRQ��VXP�RI�

%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������DQG�%'(������RI����GXVW�

VDPSOHV�WDNHQ�LQ�KRPHV�ZDV����������ZKLFK�ZDV�WKH�VDPH�FRQFHQWUDWLRQ�SURYLGHG�DV�WKH�DYHUDJH�

IRU�%'(�������7KLV�ZDV�EHFDXVH�WKH�FRQFHQWUDWLRQV�RI�WKH�RWKHU�FRQJHQHUV�ZHUH�DOO�OHVV�WKDQ�

����QJ�J�GZW��VXP�RI�DYHUDJH�FRQJHQHU�FRQFHQWUDWLRQV�ZDV�DERXW�����QJ�J�GZW���DQG��KHQFH��

%'(�����RYHUZKHOPHG�WKH�DYHUDJH���7KH�DYHUDJH�RI����RIILFH�VDPSOHV�ZDV��������QJ�J�GZW�

WRWDO��ZLWK�%'(�����H[SODLQLQJ��������QJ�J�GZW�RI�WKDW�DYHUDJH���7KH\�ZHQW�EDFN�WR�VDPSOH�RQH�
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RI�WKH�WZR�KRPHV�ZLWK�KLJK�%'(����������������QJ�J�GZW��DQG�IRXQG�D�VLPLODU�FRQFHQWUDWLRQ��

��������QJ�J�GZW��

.DUOVVRQ�HW�DO���������UHSRUW�RQ�PHDVXUHPHQWV�RI�3%'(V�LQ�DLU��KRXVH�GXVW��DQG�EORRG�

IURP�ILYH�KRXVHKROGV�LQ�6ZHGHQ���7KH�DYHUDJH�WRWDO�%'(��LQFOXGLQJ����%'(V��ZDV�DERXW�

����QJ�J�GZW��GRPLQDWHG�E\�%'(�����WKDW�ZDV�����QJ�J�GZW��IROORZHG�E\�%'(����DQG�%'(�����

DW����QJ�J�GZW�DQG����QJ�J�GZW��UHVSHFWLYHO\���*HYDR�HW�DO���������UHSRUW�RQ�VLPXOWDQHRXV�DLU�DQG�

GXVW�IURP�KRPHV�LQ�.XZDLW�LQ��������38)�VDPSOHUV�ZHUH�XVHG�WR�PHDVXUH�DLU�VDPSOHV��DQG�EXON�

GXVW�VDPSOHV�ZHUH�REWDLQHG�IURP�YDFXXP�EDJV�LQ����KRPHV�LQ�.XZDLW�EHWZHHQ�����������DQG�

������������,QGLYLGXDO�FRQJHQHUV�PHDVXUHG�LQFOXGHG�%'(V�����%'(�����%'(������%'(�����

%'(�����%'(������%'(������DQG�%'(������%'(�����QRW�PHDVXUHG���DOWKRXJK�LQGLYLGXDO�

FRQFHQWUDWLRQV�ZHUH�QRW�SURYLGHG���7RWDO�3%'(�GXVW�FRQFHQWUDWLRQV�UDQJHG�IURP�

���í���QJ�J�GZW��JHRPHWULF�PHDQ���QJ�J�GZW��DQG�ZHUH�ORJ�QRUPDOO\�GLVWULEXWHG���%'(����DQG�

%'(����VHHPHG�WR�WUDFN�ZHOO�ZLWK�ZKDW�WKH�DXWKRUV�FODLPHG�ZDV�D�FRPPHUFLDO�SHQWD�PL[WXUH��

KRZHYHU��WKH�������UDWLR�RI�WKLV�PL[WXUH�ZDV�QRW�����EXW�UDWKHU�FORVH�WR�������+RXVH�GXVW�

FRUUHODWHG�ZLWK�LQGRRU�DLUʊZKHQ�RQH�ZDV�KLJK��WKH�RWKHU�ZDV�DOVR��

� 5HFHQW�GDWD�IURP�(XURSH�VKRZ�YHU\�KLJK�OHYHOV�RI�%'(�������+RXVH�GXVW�DQG�OLQW�

VDPSOHV�ZHUH�FROOHFWHG�LQ�6FRWODQG��1RUWKHUQ�(QJODQG��DQG�*HUPDQ\��3OHVV�0XOOROL�HW�DO���������

DQG�FRPSDUHG�ZLWK�RWKHU�SXEOLVKHG�GDWD�IURP�WKH�8QLWHG�6WDWHV��DOWKRXJK�WKH�FRPSDULVRQ�GLG�QRW�

LQFOXGH�PRUH�UHFHQW�GDWD�VXFK�DV�WKRVH�IURP�$OOHQ�HW�DO�����������7KH�8QLWHG�.LQJGRP�KDG�WKH�

KLJKHVW�FRQFHQWUDWLRQV��WKRXJK�WKH\�ZHUH�GRPLQDWHG�E\�%'(������ZKLOH�*HUPDQ\¶V�

FRQFHQWUDWLRQV�ZHUH�PXFK�ORZHU���7KH�8QLWHG�.LQJGRP�GXVW�VDPSOHV�KDG�D�PHDQ�RI��������QJ�J��

D�PHGLDQ�RI�������QJ�J��DQG�D�PD[LPXP�RI��������QJ�J���7KH�8.�VDPSOHV�ZHUH�GRPLQDWHG�E\�

%'(������ZKLFK�KDG�DQ�DYHUDJH�FRQFHQWUDWLRQ�RI��������QJ�J��RI�WKH��������QJ�J�WRWDO����7KH�

PHGLDQ�RI�8�6��GXVW�PHDVXUHPHQWV�ZHUH�VLPLODU�WR�WKH�PHGLDQ�RI�WKH�8QLWHG�.LQJGRP¶V�

PHDVXUHPHQWV�DW�������QJ�J��EXW�%'(�����ZDV�QRW�QHDUO\�DV�GRPLQDQW��KDYLQJ�D�PHGLDQ�RI�RQO\�

������QJ�J���$V�GLVFXVVHG�HDUOLHU��WKH�GDWD�LQ�$OOHQ�HW�DO���������IURP�KRPHV�LQ�WKH�%RVWRQ��0$�

DUHD�KDYH�KLJKHU�%'(�����FRQFHQWUDWLRQV�WKDQ�WKH�PHDVXUHPHQWV�VXPPDUL]HG�LQ�3OHVV�0XOOROL�HW�

DO����������������

� ,Q�VXPPDU\��WKH�PRVW�FRPPRQ�LQGRRU�FRQJHQHUV�LQFOXGH�WKRVH�DVVRFLDWHG�ZLWK�WKH�SHQWD�

IRUPXODWLRQV��%'(����DQG�%'(�����DQG�WKH�VLQJOH�FRQJHQHU�PRVW�DVVRFLDWHG�ZLWK�WKH�GHFD�

IRUPXODWLRQ��%'(�������&RQFHQWUDWLRQV�RI�WRWDO�%'(V�UDQJHG�IURP�WKH�ORZ����V�WR�ZHOO�RYHU�
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�������QJ�J�GZW���&RQFHQWUDWLRQV�RI�%'(�����KDYH�EHHQ�IRXQG�LQ�WKH�KXQGUHGV�RI�WKRXVDQGV�WR�

RYHU�WZR�PLOOLRQ�RI�QJ�J�GZW�LQ�WKH�8QLWHG�.LQJGRP��+DUUDG�HW�DO�������D��DQG�LQ�WKH�KXQGUHGV�

RI�WKRXVDQGV�LQ�RQH�VWXG\�LQ�WKH�8�6���IURP�$OOHQ�HW�DO�����������0RVW�DXWKRUV�UHSRUWHG�WKDW�WKH�

UHVXOWV�VXJJHVWHG�WKH�SUHVHQFH�RI�WKH�SHQWD�IRUPXODWLRQ��EDVHG�RQ�WKH�UDWLR�RI�WKH�WZR�FRQJHQHUV��

%'(����DQG�%'(������+RZHYHU��WKHUH�ZDV�QRW�XQLIRUP�DJUHHPHQW�RQ�WKH�UDWLR��VRPH�FODLPHG�

WKDW�FRPSDUDEOH�DPRXQWV�RI�WKH�WZR�FRQJHQHUV�VXJJHVW�WKH�SUHVHQFH�RI�WKH�FRPPHUFLDO�SURGXFW��

ZKLOH�RWKHUV�FODLP�WKDW�WKH�SHQWD�IRUPXODWLRQ�WUDQVODWHV�WR�D�FRQVLVWHQW�������UDWLR�RI�DERXW�������

:KHQ�TXDQWLILHG��%'(�����GRPLQDWHG�WKH�SURILOH�DERYH�%'(����DQG�%'(�����ZLWK�

FRQFHQWUDWLRQV�JHQHUDOO\�LQ�WKH������í�������QJ�J�GZW�UDQJH��DOWKRXJK�ZLWK�VRPH�RXWOLHU�

FRQFHQWUDWLRQV�DERYH��������QJ�J�GZW��DQG�DV�QRWHG��VRPH�ZHOO�DERYH�WKDW�LQ�WKH�KXQGUHGV�RI�

WKRXVDQGV�WR�PLOOLRQV�RI�QJ�J�GZW���'XVW�FRQFHQWUDWLRQV�RI�%'(V�DSSHDU�PXFK�KLJKHU�LQ�

8�6��GXVW��ZHOO�LQWR�WKH�UDQJH�RI�WKRXVDQGV�RI�QJ�J�GZW�IRU�WRWDO�FRQFHQWUDWLRQV��FRPSDUHG�ZLWK�

OLPLWHG�PHDVXUHPHQWV�LQ�(XURSH��ZKLFK�DSSHDU�WR�EH�OLPLWHG�WR�WKH�KXQGUHGV�RI�QJ�J�GZW���

([FHSWLRQV�WR�WKLV�JHQHUDOL]DWLRQ�LQFOXGH�GDWD�IURP�WKH�8QLWHG�.LQJGRP�VKRZLQJ�VXEVWDQWLDO�

FRQFHQWUDWLRQV�RI�%'(������DQG�RQH�VWXG\�IURP�.XZDLW��ZKLFK�KDG�D�KLJK�FRQFHQWUDWLRQ�RI�WRWDO�

%'(V�MXVW�DERYH�����QJ�J�GZW����

�

������ &DU �DQG�$LUSODQH�'XVW�&RQFHQWUDWLRQV�
� +LJK�FRQFHQWUDWLRQV�RI�%'(�FRQJHQHUV�LQ�FDUV�DQG�DLUSODQHV�UHFHQWO\�KDYH�EHHQ�IRXQG���

7KH�DXWKRUV�RI�WKH�VWXGLHV�KDYH�QRWHG�WKDW�WKH�FRQFHQWUDWLRQV�IRXQG�DUH�KLJKHU�WKDQ�WKRVH�

W\SLFDOO\�IRXQG�LQ�KRPHV���7KLV�EHFRPHV�LPSRUWDQW�HYHQ�WKRXJK�WKH�WLPH�VSHQW�LQ�WKHVH�YHKLFOHV�

LV�VPDOO�UHODWLYH�WR�WKH�WLPH�VSHQW�LQ�D�KRPH����

� 7KH�+DUUDG�HW�DO�������D��:HVW�0LGODQG��8QLWHG�.LQJGRP�VWXG\�PHQWLRQHG�LQ�WKH�

SUHYLRXV�VHFWLRQ�IRXQG�WKH�KLJKHVW�%'(�����PHDVXUHPHQWV�LQ�GXVW�VDPSOHV�WKDW�KDYH�EHHQ�IRXQG�

DV�RI�WKH�GDWH�RI�WKLV�UHSRUW��LQFOXGLQJ�D�ILQGLQJ�RI�����������QJ�J�GZW�LQ�D�FDU���7KH�DYHUDJH�

FRQFHQWUDWLRQ�IRU����FDU�VDPSOHV�ZDV���������QJ�J�GZW��VWG��GHYLDWLRQ����������SHUVRQDO�

FRPPXQLFDWLRQ�ZLWK�+DUUDG����&DUV�KDG�VWDWLVWLFDOO\�VLJQLILFDQWO\�KLJKHU�FRQFHQWUDWLRQV�RI�ORZHU�

%'(�FRQJHQHUV��WUL�KH[D%'(V��LQ�WKH�KXQGUHGV�RI�QJ�J�IRU�%'(�����%'(�����%'(������

%'(������DQG�%'(������DV�FRPSDUHG�WR�RIILFHV�DQG�KRPHV���7KH\�ZHQW�EDFN�WR�VDPSOH�WKH�KLJK�

FDU�ILQGLQJ�RI�%'(����������������QJ�J�GZW��DQG�IRXQG�D�VLPLODU�FRQFHQWUDWLRQ������������QJ�J�

GZW�����
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� /DJDODQWH�HW�DO���������VDPSOHG�GXVW�ZLWKLQ����FDUV�LQ�WKH�8QLWHG�6WDWHV�DQG��OLNH�+DUUDG�

HW�DO�������D���IRXQG�D�GRPLQDQFH�RI�%'(�������7KH�FDUV�ZHUH�PDQXIDFWXUHG�PRVWO\�LQ�WKH�

����V��RQH�FDU�HDFK�ZDV�PDQXIDFWXUHG�LQ�������������DQG��������7KH�PHGLDQ�%'(�����OHYHO�ZDV�

�������QJ�J�GZW��DQG�LW�FRPSULVHG�����RI�WRWDO�%'(V�PHDVXUHG���0HGLDQ�FRQFHQWUDWLRQV�RI�WKH�

RWKHU�FRQJHQHUV�PHDVXUHG�ZHUH�%'(���ʊ����QJ�J�GZW��%'(���ʊ����QJ�J�GZW��

%'(���ʊ������QJ�J�GZW��%'(����ʊ����QJ�J�GZW��%'(����ʊ����QJ�J�GZW��DQG�

%'(����ʊ���QJ�J�GZW���$OO�RI�WKHVH�FDUV�ZHUH�IURP�FDU�GHDOHUVKLSV�DQG�ZHUH�FOHDQHG���

6LJQLILFDQW�UHODWLRQVKLSV�EHWZHHQ�FRQFHQWUDWLRQV�DQG�FDU�GHVFULSWRUV�ZHUH�IRXQG�IRU�%'(�����

DQG�WKHVH�GHVFULSWRUV��YHKLFOH�PRGHO�\HDU��YHKLFOH�PDQXIDFWXUHU��DQG�FRXQWU\�RI�RULJLQ��WKHUH�ZDV�

QR�UHODWLRQVKLS�E\�GHDOHUVKLS��VXJJHVWLQJ�WKDW�FOHDQLQJ�SURFHGXUHV�PLJKW�QRW�LQIOXHQFH�%'(�

OHYHOV�LQ�WKH�FDUV���(YHQ�WKRXJK�WKHUH�ZDV�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�FRQFHQWUDWLRQV�E\�

PDQXIDFWXUHUV��XS�WR���RUGHUV�RI�PDJQLWXGH�GLIIHUHQFH�ZHUH�VHHQ�ZLWKLQ�VRPH�RI�WKH�

PDQXIDFWXUHUV��VXJJHVWLQJ�WKDW�WKHUH�ZHUH�YDULDEOHV�H[SODLQLQJ�WKH�FRQFHQWUDWLRQV�QRW�

GHWHUPLQHG��RU�HOVH�WKHUH�VLPSO\�ZDV�YDULDELOLW\�ZLWKLQ�WKH�FDUV���

� &KULVWLDQVVRQ�HW�DO���������VWXGLHG�OHYHOV�RI�GXVW�LQ�SODQHV�PDNLQJ�LQWHUFRQWLQHQWDO�IOLJKWV�

RXW�RI�6ZHGHQ�WR�-DSDQ��&KLQD��3RODQG��&DQDGD��8QLWHG�6WDWHV��8QLWHG�.LQJGRP��DQG�WR�,QGLD���

1LQH�LQGLYLGXDOV�SURYLGHG�WKH�GXVW�VDPSOHV�RQ�WKHLU�LQWHUFRQWLQHQWDO�WULSV��FROOHFWLQJ�WKH�GXVW�

PRVWO\�IURP�YHQWLODWLRQ�GXFWV�LQ�WKH�DLUSODQH�UHVWURRPV��QR�IXUWKHU�GHWDLO�SURYLGHG����7KHVH�QLQH�

LQGLYLGXDOV�DOVR�SURYLGHG�EORRG�VDPSOHV�EHIRUH�DQG�DIWHU�WKHLU�WULSV�WR�GHWHUPLQH�ZKHWKHU�

H[SRVXUHV�PD\�KDYH�UHVXOWHG�LQ�DQ�HOHYDWLRQ�RI�3%'(V���7ZR�DGGLWLRQDO�LQGLYLGXDOV�SURYLGHG�

GXVW�VDPSOHV�IURP�RQH�RI�WKHLU�IUHTXHQW�WULSV�ZLWKLQ�6ZHGHQ��DQG�RQH�EORRG�VDPSOH�HDFK���$OO�WKH�

UHVXOWV�LQ�WKLV�VWXG\�ZHUH�SURYLGHG�LQ�XQLWV�RI�SPRO�J�GZW�IRU�GXVW�DQG�SPRO�J�OZW�IRU�EORRG���7R�

FRQYHUW�WR�WKH�XQLWV�XVHG�LQ�WKLV�UHSRUW��WKH�UHVXOWV�ZHUH�PXOWLSOLHG�E\�WKH�PROHFXODU�ZHLJKW�DQG�

�������WR�FRQYHUW�SPRO�WR�SJ��PXOWLSO\�SPRO�î�SJ�SPRO��RU�HVVHQWLDOO\��J�PRO��ZKLFK�LV�WKH�

PROHFXODU�ZHLJKW��DQG�WKHQ�IURP�SJ�WR�QJ��PXOWLSO\�E\����������7KH�PHGLDQ�DQG�PD[LPXP�RI�WKH�

FRQJHQHUV�LQ�GXVW�ZHUH��LQ�QJ�J�GZW��%'(���ʊ����DQG��������%'(���ʊ������DQG����������

%'(���ʊ������DQG����������%'(����ʊ����DQG����������%'(����ʊ����DQG���������

%'(����ʊ����DQG���������%'(����ʊ����DQG����������DQG�%'(����ʊ�������DQG�����������

7KH�DXWKRUV�GLVSOD\�D�WDEOH�DQG�GLVFXVV�KRZ�WKHVH�FRQFHQWUDWLRQV�DUH�KLJKHU�WKDQ�WKRVH�IRXQG�LQ�

KRXVH�GXVW�IURP�RWKHU�FRXQWULHV��LQFOXGLQJ�WKH�8QLWHG�6WDWHV��FLWLQJ�WKUHH�8�6��VWXGLHV��DOO�

GLVFXVVHG�DERYH����7KH\�QRWH�WKDW�WKH�WUDYHOHUV�VKRZHG�EORRG�OHYHOV�VLPLODU�WR�6ZHGLVK�JHQHUDO�
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SRSXODWLRQ��EXW�WKDW�OHYHOV�RI�PRVW�RI�WKH�FRQJHQHUV�LQFUHDVHG�XSRQ�UHWXUQ�IURP�WKHLU�

LQWHUFRQWLQHQWDO�WULS���%'(�����KDG�WKH�KLJKHVW�PHDQ�DQG�PHGLDQ�FRQFHQWUDWLRQ�RI�DOO�FRQJHQHUV��

DW�����DQG�����QJ�J�OZW��UHVSHFWLYHO\���7KH�VHFRQG�KLJKHVW�ZDV�%'(����DW�����DQG�����QJ�J�OZW��

UHVSHFWLYHO\���$V�GLVFXVVHG�LQ�&KDSWHU����1+$1(6�SRROHG�EORRG�VDPSOHV�VKRZHG�D�OHYHO�RI�

����QJ�J�OZW�RI�%'(������EXW�WKDW�WKH�PHGLDQ�IRU�LQGLYLGXDO�VDPSOHV�IRU�%'(����ZDV������QJ�J�

OZW����������
����� 

���� $,5�&21&(175$7,216�
� (IIRUWV�WR�PRQLWRU�3%'(V�LQ�RXWGRRU�DLU�KDYH�EHHQ�PRUH�H[WHQVLYH�WKDQ�HIIRUWV�WR�PRQLWRU�

LQGRRU�DLU�LQ�WKH�8QLWHG�6WDWHV��GHVSLWH�HYLGHQFH�WKDW�VKRZV�LQGRRU�DLU�WR�KDYH�JHQHUDOO\�KLJKHU�

FRQFHQWUDWLRQV�RI�%'(V�WKDQ�RXWGRRU�DLU���2XWGRRU�PHDVXUHPHQWV�KDYH�EHHQ�WDNHQ�LQ�&DOLIRUQLD��

LQ�WKH�*UHDW�/DNHV�5HJLRQ��DQG�LQ�VHYHUDO�RWKHU�VWDWHV�LQFOXGLQJ�1HZ�<RUN��/RXLVLDQD��,QGLDQD��

0DU\ODQG��DQG�RWKHUV���2QO\�RQH�VWXG\�IRFXVLQJ�RQ�LQGRRU�DLU�LQ�UHVLGHQWLDO�VHWWLQJV��LQ�WKH�

%RVWRQ��0$�DUHD��FRXOG�EH�IRXQG���6LWHV�LQ�(XURSH�DQG�$VLD�VXJJHVW�ORZHU�FRQFHQWUDWLRQV�DV�

FRPSDUHG�WR�WKH�8QLWHG�6WDWHV��DOWKRXJK�RQH�VWXG\�IURP�&KLQD�UHSRUWV�PXFK�KLJKHU�

FRQFHQWUDWLRQV���2QH�VWXG\�UHSRUWHG�RQ�DLU�FRQFHQWUDWLRQV�ZLWKLQ�FDUV�LQ�*UHHFH���6HFWLRQ�������

GHVFULEHV�HIIRUWV�WR�PRQLWRU�RXWGRRU�DLU��ZKLOH�6HFWLRQ�������GHVFULEHV�LQGRRU�DLU�VWXGLHV���

7DEOH�����SURYLGHV�FRQJHQHU�VSHFLILF�FRQFHQWUDWLRQV�IRU�ERWK�RXWGRRU�DQG�LQGRRU�DLU�LQ�WKH�

8QLWHG�6WDWHV����
�

������ 2XWGRRU �$LU �&RQFHQWUDWLRQV�
� &$5%�HVWDEOLVKHG�WKH�&DOLIRUQLD�$PELHQW�'LR[LQ�$LU�0RQLWRULQJ�1HWZRUN���7KLV�

1HWZRUN��FRPSRVHG�RI����VLWHV��EHJDQ�VDPSOLQJ�LQ�������DQG�WKH�GDWD�IRU�WKH�\HDUV�����í�����

DUH�SRVWHG�DW�KWWS���ZZZ�DUE�FD�JRY�SXE�GLR[LQ�FDGDPS�SKS���3%'(�GDWD�ZHUH�WDNHQ�IURP���RI�

WKHVH����VLWHV����IURP�WKH�%D\�$UHD�DQG���IURP�WKH�6RXWK�&RDVW��EHJLQQLQJ�LQ��������7KHUH�ZHUH�

��PRQWKO\�VDPSOHV�LQ������DQG����PRQWKO\�VDPSOHV�LQ��������,QGLYLGXDO�VLWH�GDWD�DQG��
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Table 4-2.  Outdoor and indoor congener-specific air concentrations of 
PBDEs in the United States (units in pg/m3) 

�

Congener Concentration 
(pg/m3) Comment Citation 

TriBDE 

���
�

���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

��� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

���í���� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

��í���� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

���� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������

�������������� *HRPHWULF�PHDQ�RI����KRPHV����ORFDWLRQV�KRPH�LQ�%RVWRQ��
0$�DUHD��³SHUVRQDO´��EHGURRP��DQG�OLYLQJ�URRP�

$OOHQ�HW�DO��
�������

��� ���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

��� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

���í���� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

��í���� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

��� ��� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

���í����� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í���� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

���� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

� ������� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

������ ���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

����������������� *HRPHWULF�PHDQ�RI����KRPHV����ORFDWLRQV�KRPH�LQ�%RVWRQ��
0$�DUHD��³SHUVRQDO´��EHGURRP��DQG�OLYLQJ�URRP�

$OOHQ�HW�DO��
�������

��� ���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

��� 1'� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

��� 1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'í���� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í��� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

��� ���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'í���� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'í����� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

TetraBDE�

���
�

���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

���í���� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'í���� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

���
�

���� 0LFKLJDQ��Q� ���������������� +RK�DQG�+LWHV�
�������

����� &KLFDJR��Q� ���������������� +RK�DQG�+LWHV�
�������

���� ,QGLDQD��Q� ���������������� +RK�DQG�+LWHV�
�������

���� $UNDQVDV��Q� ���������������� +RK�DQG�+LWHV�
�������

���� /RXLVLDQD��Q� ���������������� +RK�DQG�+LWHV�
�������

����� ��5XUDO�UHPRWH�VLWHV�LQ�0,��1<��Q� ����������í������ 6WUDQGEHUJ�HW�DO��
�������

��� &KLFDJR��Q� ���������í����� 6WUDQGEHUJ�HW�DO��
�������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

���������� /HZHV��'HO�0DUYD��0'��Q� �����JHRP��PHDQ��PD[���YDSRU�
SKDVH�RQO\�

*RHO�HW�DO��
�������

��������� +RUQ�3RLQW��'HO�0DUYD��0'��Q� �����JHRP��PHDQ��PD[���
YDSRU�SKDVH�RQO\�

*RHO�HW�DO��
�������

�������� 'RYHU��'HO�0DUYD��0'��Q� �����JHRP��PHDQ��PD[���YDSRU�
SKDVH�RQO\�

*RHO�HW�DO��
�������

����� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

������ ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

��í���� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í������ 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$��DYHUDJH� �������

&$5%��������

��í��� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

����� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������

��������������
������

*HRPHWULF�PHDQ�RI����KRPHV����ORFDWLRQV�KRPH�LQ�%RVWRQ��
0$�DUHD��³SHUVRQDO´��EHGURRP��DQG�OLYLQJ�URRP�

$OOHQ�HW�DO��
�������

��������� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

��� ���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

��� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

���í����� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í������ 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$��DYHUDJH� �������

&$5%��������

���í����� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

��� �������������� *HRPHWULF�PHDQ�RI����KRPHV����ORFDWLRQV�KRPH�LQ�%RVWRQ��
0$�DUHD��³SHUVRQDO´��EHGURRP��DQG�OLYLQJ�URRP�

$OOHQ�HW�DO��
�������

��� ���� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

��� ���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

��� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

���í��� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í���� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

�������������� *HRPHWULF�PHDQ�RI����KRPHV����ORFDWLRQV�KRPH�LQ�%RVWRQ��
0$�DUHD��³SHUVRQDO´��EHGURRP��DQG�OLYLQJ�URRP�

$OOHQ�HW�DO��
�������

�������� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

��� ���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

��� ���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

���� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'í���� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

��� 1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

����í����� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

���� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������

1'��1'� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

PentaBDE�

��� ���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

��� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'í�� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

��í���� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

���� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������

�������������� *HRPHWULF�PHDQ�RI����KRPHV����ORFDWLRQV�KRPH�LQ�%RVWRQ��
0$�DUHD��³SHUVRQDO´��EHGURRP��DQG�OLYLQJ�URRP�

$OOHQ�HW�DO��
�������

1'��1'� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

��� ���� 0LFKLJDQ��Q� ���������������� +RK�DQG�+LWHV�
�������

���� &KLFDJR��Q� ���������������� +RK�DQG�+LWHV�
�������

���� ,QGLDQD���Q� ���������������� +RK�DQG�+LWHV�
�������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

���� $UNDQVDV��Q� ���������������� +RK�DQG�+LWHV�
�������

���� /RXLVLDQD��Q� ���������������� +RK�DQG�+LWHV�
�������

���� ��5XUDO�UHPRWH�VLWHV�LQ�0,��1<��Q� ����������í������ 6WUDQGEHUJ�HW�DO��
�������

��� &KLFDJR��Q� ���������í����� 6WUDQGEHUJ�HW�DO��
�������

��������� /HZHV��'HO�0DUYD��0'��Q� �����JHRPHWULF�PHDQ��PD[LPXP���
YDSRU�SKDVH�RQO\�

*RHO�HW�DO��
�������

��������� +RUQ�3RLQW��'HO�0DUYD��0'��Q� �����JHRPHWULF�PHDQ�
�PD[LPXP���YDSRU�SKDVH�RQO\�

*RHO�HW�DO��
�������

��������� 'RYHU��'HO�0DUYD��0'��Q� �����JHRPHWULF�PHDQ��PD[LPXP���
YDSRU�SKDVH�RQO\�

*RHO�HW�DO��
�������

����� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

���� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

�í��� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í������ 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$��DYJ� �������

&$5%��������

��í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

����� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������

������������������ *HRPHWULF�PHDQ�RI����KRPHV����ORFDWLRQV�KRPH�LQ�%RVWRQ��
0$�DUHD��³SHUVRQDO´��EHGURRP��DQG�OLYLQJ�URRP�

$OOHQ�HW�DO���
�����

��������� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

����
�

���� 0LFKLJDQ��Q� ���������������� +RK�DQG�+LWHV�
�������

���� &KLFDJR��Q� ���������������� +RK�DQG�+LWHV�
�������

���� ,QGLDQD���Q� ���������������� +RK�DQG�+LWHV�
�������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

���� $UNDQVDV��Q� ���������������� +RK�DQG�+LWHV�
�������

���� /RXLVLDQD��Q� ���������������� +RK�DQG�+LWHV�
�������

���� ��5XUDO�UHPRWH�VLWHV�LQ�0,��1<��Q� ����������í������ 6WUDQGEHUJ�HW�DO��
�������

���� &KLFDJR��Q� ���������í����� 6WUDQGEHUJ�HW�DO��
�������

�������� /HZHV��'HO�0DUYD��0'��Q� �����JHRPHWULF�PHDQ��PD[LPXP���
YDSRU�SKDVH�RQO\�

*RHO�HW�DO��
�������

���������� +RUQ�3RLQW��'HO�0DUYD��0'��Q� �����JHRPHWULF�PHDQ�
�PD[LPXP���YDSRU�SKDVH�RQO\�

*RHO�HW�DO��
�������

���������� 'RYHU��'HO�0DUYD��0'��Q� �����JHRPHWULF�PHDQ��PD[LPXP���
YDSRU�SKDVH�RQO\�

*RHO�HW�DO��
�������

���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

���� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

�í��� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

��í���� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í����� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

����� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������

����������������� *HRPHWULF�PHDQ�RI����KRPHV����ORFDWLRQV�KRPH�LQ�%RVWRQ��
0$�DUHD��³SHUVRQDO�´�EHGURRP��DQG�OLYLQJ�URRP�

$OOHQ�HW�DO��
�������

������� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

���� ���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

����� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������

����
�

���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'í���� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

��í���� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

1'��1'� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

���� ���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

���� 1'� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

HexaBDE�

����
�

���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'í���� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

��í���� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

1'��1'� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

����
�

����� ��5XUDO�UHPRWH�VLWHV�LQ�0,��1<��Q� ����������í������ 6WUDQGEHUJ�HW�DO��
�������

����� &KLFDJR��Q� ���������í����� 6WUDQGEHUJ�HW�DO��
�������

���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

��� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

�í���� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

�����í������ 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$��DYHUDJH� �������

&$5%��������

����í����� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

���� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������

�������������� *HRPHWULF�PHDQ�RI����KRPHV����ORFDWLRQV�KRPH�LQ�%RVWRQ��
0$�DUHD��³SHUVRQDO´��EHGURRP��DQG�OLYLQJ�URRP�

$OOHQ�HW�DO��
�������

����1'� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

����
�

����� ��5XUDO�UHPRWH�VLWHV�LQ�0,��1<��Q� ����������í������ 6WUDQGEHUJ�HW�DO��
�������

���� &KLFDJR��Q� ���������í����� 6WUDQGEHUJ�HW�DO��
�������

1'� )RU�/HZHV��+RUQ�3RLQW��'HO�0DUYD��0'��Q� �������YDSRU�
SKDVH�RQO\�

*RHO�HW�DO��
�������

���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

��� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

���í����� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

�����í������ 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$��DYHUDJH� �������

&$5%��������

���í����� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

���� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������

�������������� *HRPHWULF�PHDQ�RI����KRPHV����ORFDWLRQV�KRPH�LQ�%RVWRQ��
0$�DUHD��³SHUVRQDO�´�EHGURRP��DQG�OLYLQJ�URRP�

$OOHQ�HW�DO��
�������

1'��1'� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

���� 1'� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

���� 1'� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'í���� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

��í���� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

HeptaBDE�

���� 1'� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

���� ���� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

�í���� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

�����í������� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$��DYHUDJH� ��������

&$5%��������

���í����� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

���� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������

1'��1'� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

���� �������'/�� ��5XUDO�UHPRWH�VLWHV�LQ�0,��1<��Q� ����������í������ 6WUDQGEHUJ�HW�DO��
�������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

�������'/�� &KLFDJR��Q� ���������í����� 6WUDQGEHUJ�HW�DO��
�������

1'� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'í��� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

���í������ 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$�

&$5%��������

1'í���� 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$�

&$5%��������

OctaBDE�

���� 1'� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

1'� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

1'��1'� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

NonaBDE 

���� 1'��1'� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

DecaBDE�

����
�

���� 0LFKLJDQ��Q� ���������������� +RK�DQG�+LWHV�
�������

����� &KLFDJR��Q� ���������������� +RK�DQG�+LWHV�
�������

���� ,QGLDQD��Q� ���������������� +RK�DQG�+LWHV�
�������

���� $UNDQVDV��Q� ���������������� +RK�DQG�+LWHV�
�������

���� /RXLVLDQD��Q� ���������������� +RK�DQG�+LWHV�
�������
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Table 4-2.  Outdoor and indoor congener specific air concentrations of 
PBDEs in the United States (units in pg/m�) (continued) 

 

Congener Concentration 
(pg/m3) Comment Citation 

�������'/�� ��5XUDO�UHPRWH�VLWHV�LQ�0,��1<��Q� ����������í������ 6WUDQGEHUJ�HW�DO��
�������

����� &KLFDJR��Q� ���������í����� 6WUDQGEHUJ�HW�DO��
�������

����� 2XWGRRUV�DW�8&�'DYLV��������DYHUDJH�RI���GD\V�RI�ILOWHU�38)�
DQG�ILOWHU�;$'�VDPSOHUV�

&$5%��������

��� ,QGRRUV�LQ�FRPSXWHU�IDFLOLW\��DYHUDJH�RI���GD\V��
��PHDVXUHPHQWV����ZLWK�FRPSXWHUV�RQ����ZLWK�FRPSXWHUV�RII��
LQ�&$�

&$5%��������

���í������� 5DQJH��Q� �������GD\V����VDPSOHUV��RXWGRRUV�VXUURXQGLQJ�
HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\�LQ�&$��PHDQ� �������

&$5%��������

������í�������� 5DQJH��Q� ������GD\V����VDPSOHUV��LQGRRUV�LQ�HOHFWURQLFV�
UHF\FOLQJ�IDFLOLW\�LQ�&$��DYHUDJH� �����

&$5%��������

���í������ 5DQJH��Q� ������GD\V����VDPSOHUV��RXWGRRUV�LQ�DXWR�VKUHGGHU�
IDFLOLW\�LQ�&$��DYHUDJH� �������

&$5%��������

����� Q� ��������VDPSOLQJ�GDWHV����PRQLWRUV���DYHUDJH�IRU������LQ�
%D\�$UHD�DQG�6RXWK�&RDVW�RI�&$�

&$'$03�
�������

������������ *HRPHWULF�PHDQ�RI����KRPHV����ORFDWLRQV�KRPH�LQ�%RVWRQ��
0$�DUHD��³SHUVRQDO�´�EHGURRP��DQG�OLYLQJ�URRP�

$OOHQ�HW�DO��
�������

1'��1'� 0HDQ��PHGLDQ�LQGRRU�FRQFHQWUDWLRQV�IURP����KRPHV�LQ�
$OEDQ\��1<�

-RKQVRQ�
5HVWUHSR�DQG�
.DQQDQ��������

�
�
VLWH�VWDWHZLGH�DYHUDJHV�DUH�DYDLODEOH�IURP�WKH�:HE�VLWH���7ZHOYH�FRQJHQHUV�ZHUH�PHDVXUHG��

LQFOXGLQJ�%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������

%'(������%'(������DQG�%'(�������%'(����DQG�%'(����KDG�VLPLODU����PRQWK�DYHUDJHV�LQ�

������RI����DQG����SJ�P���UHVSHFWLYHO\��ZLWK�%'(�����FRPLQJ�LQ�WKLUG�DW����SJ�P����%'(�����

DYHUDJHG����SJ�P���DQG�RWKHUV�UDQJHG�IURP������WR�����SJ�P����7KH�WRWDO�DYHUDJH�WRWDO�

FRQFHQWUDWLRQ�IRU������ZDV�����SJ�P���

� &$5%��������DOVR�VSRQVRUHG�D�UHVHDUFK�PRQLWRULQJ�HIIRUW�WKDW�LQFOXGHG�LQGRRU�DQG�

RXWGRRU�VDPSOLQJ�DW�LQGXVWULDO�VLWHV��RIILFH�VLWHV��DQG�RXWGRRUV�DW�WKH�8QLYHUVLW\�RI�&DOLIRUQLD�DW�

'DYLV��8&�'DYLV����7KLV�RYHUDOO�UHVHDUFK�SURJUDP�ZDV�DOVR�SXEOLVKHG�LQ�WKH�RSHQ�OLWHUDWXUH�LQ�

&DKLOO�HW�DO�����������7KH�8&�'DYLV�VDPSOLQJ�ZDV�FRQGXFWHG�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�WZR�

GLIIHUHQW�DFWLYH�RXWGRRU�VDPSOHUV��RQH�LQFOXGHG�D�ILOWHU��IRU�FDSWXUH�RI�SDUWLFOH�ERXQG�3%'(V���



� �����

IROORZHG�E\�D�38)��IRU�YDSRU�SKDVH�3%'(V���DQG�WKH�VHFRQG�VDPSOHU�LQFOXGHG�D�ILOWHU�IROORZHG�

E\�DQ�;$'���UHVLQ���)RXU�VDPSOLQJ�XQLWV��WZR�RI�HDFK��WRRN�WZR�VDPSOHV�SHU�GD\�RQ�

��FRQVHFXWLYH�GD\V������������DQG������������SURYLGLQJ�D�WRWDO�RI�HLJKW�VDPSOHV���6WDWLVWLFDO�

DQDO\VLV�VXJJHVWHG�WKH�WZR�PHDVXUHG�FRPSDUDEO\��H[FHSW�WKDW�WKH�ILOWHU�38)�VHWXS�FRXOG�QRW�

PHDVXUH�%'(�����GXH�WR�DQDO\WLFDO�GLIILFXOWLHV���$�WRWDO�RI����FRQJHQHUV�ZHUH�PHDVXUHG��PDNLQJ�

LW�WKH�PRVW�VXEVWDQWLDO�DLU�VWXG\�IRXQG�LQ�WKH�OLWHUDWXUH���7RWDO�%'(�FRQFHQWUDWLRQ�RXWGRRUV�LQ�WKLV�

WHVW�DYHUDJHG����SJ�P��IRU�WKH�ILOWHU�38)�VHWXS�DQG����SJ�P��IRU�WKH�ILOWHU�;$'�VHWXS��ZKHUH�

%'(�����PDGH�XS����SJ�P��RI�WKDW�WRWDO���%'(����DQG�%'(����GRPLQDWHG�WKH�SURILOHV��

DYHUDJLQJ������DQG������SJ�P���UHVSHFWLYHO\��EHWZHHQ�WKH�WZR�VDPSOLQJ�XQLWV��

� +RK�DQG�+LWHV��������WRRN�DLU�VDPSOHV�HYHU\����GD\V�DW�ILYH�ORFDWLRQV�IURP�/DNH�

0LFKLJDQ�WR�WKH�*XOI�RI�0H[LFR��EHWZHHQ�$XJXVW������DQG�'HFHPEHU�������FRYHULQJ�PRVW��EXW�

QRW�DOO��PRQWKV�RI�WKH�\HDU���2QH�VLWH�ZDV�XUEDQ��&KLFDJR���WZR�VLWHV�ZHUH�LQ�UHPRWH�ORFDWLRQV�LQ�

0LFKLJDQ�DQG�/RXLVLDQD��RQH�VLWH�ZDV�LQ�DQ�DJULFXOWXUDO�UHJLRQ��DQG�RQH�ZDV�LQ�WKH�XQLYHUVLW\�FLW\�

RI�%ORRPLQJWRQ��,QGLDQD���$OWKRXJK�QXPHURXV�FRQJHQHU�GDWD�ZHUH�HYDOXDWHG��LQGLYLGXDO�GDWD�

ZHUH�RQO\�DYDLODEOH�IRU�%'(�����%'(�����%'(������DQG�%'(������WKHVH�IRXU�FRQWULEXWHG�DERXW�

����RI�WKH�WRWDO�3%'(����7KH�KLJKHVW�FRQJHQHU�LQGLYLGXDOO\�ZDV�%'(�����DYHUDJLQJ�EHWZHHQ�

��DQG����SJ�P��RYHU�DOO�VLWHV��ZKLOH�WKH�RWKHU�FRQJHQHUV�PRVWO\�DYHUDJHG�XQGHU���SJ�P����7KH�NH\�

H[FHSWLRQ�ZDV�%'(������ZKLFK�ZDV�LPSRUWDQW�LQ�&KLFDJR��DYHUDJLQJ����SJ�P��ZKLOH�LW�ZDV�

��SJ�P��RU�OHVV�LQ�RWKHU�VLWHV���2YHUDOO��WKH�WRWDO�3%'(�FRQFHQWUDWLRQ�DW�WKH�&KLFDJR�VLWH�ZDV�WKH�

KLJKHVW��DYHUDJLQJ�����SJ�P���WKH�FRQFHQWUDWLRQV�DW�WKH�RWKHU�IRXU�VLWHV�ZHUH�FRPSDUDEOH��

DYHUDJLQJ�XQGHU����SJ�P���

� 6WUDQGEHUJ�HW�DO���������PRQLWRUHG�%'(V�DW�IRXU�VDPSOLQJ�VLWHV�LQFOXGLQJ�GRZQWRZQ�

&KLFDJR��XUEDQ�VLWH���6OHHSLQJ�%HDU�'XQHV��0,��UXUDO�VLWH���6WXUJHRQ�3RLQW��1<��UXUDO���DQG�(DJOH�

+DUERU��0,��UHPRWH����)RXU�VDPSOHV�SHU�\HDU��WDNHQ�0D\�WKURXJK�2FWREHU��IRU�HDFK�RI�WKH�

IRXU�VLWHV�DQG�IRU���\HDUV��������������DQG�������UHVXOWHG�LQ�D�WRWDO�RI����VDPSOHV���&RQJHQHUV�

LQFOXGHG�%'(�����%'(�����%'(������%'(������%'(������%'(������DQG�%'(�������7KH�

DYHUDJH�WRWDO�%'(�IRU�&KLFDJR�ZDV�DERXW����SJ�P��RYHU���\HDUV��ZKLOH�LW�ZDV�DERXW��í���SJ�P��

IRU�WKH�RWKHU�WKUHH�VLWHV���%'(�����ZDV�QRW�GHWHFWHG�DW�WKH�WKUHH�UXUDO�UHPRWH�VLWHV�EXW�GHWHFWHG�DW�

OHYHOV�RQO\�DW�����SJ�P��LQ�&KLFDJR���7KLV�LV�LQ�VWDUN�FRQWUDVW�WR�WKH�PRQLWRULQJ�RI�+RK�DQG�+LWHV�

��������ZKLFK�VKRZHG�DQ�DYHUDJH�RI����SJ�%'(�����P��LQ�������������7KLV�FRXOG�OLNHO\�EH�GXH�

WR�WKH�IDFW�WKDW�6WUDQGEHUJ�HW�DO���������GLG�WKHLU�PHDVXUHPHQWV�EHWZHHQ������DQG�������SULRU�WR�
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WKH�WLPH�ZKHQ�WKH�SHQWD�DQG�RFWD�IRUPXODWLRQV�ZHUH�WDNHQ�RII�WKH�8�6��PDUNHW��DQG�WKH�PDUNHW�

EHFDPH�GRPLQDWHG�E\�WKH�GHFD�IRUPXODWLRQ��ZKLFK�FRQWDLQV�����%'(��������$OVR��6WUDQGEHUJ�HW�

DO���������QRWH�DQDO\WLFDO�GLIILFXOWLHV�ZLWK�%'(������GHJUDGDWLRQ�GXULQJ�DQDO\VLV��ORZ�UHFRYHU\��

DQG�GLVFXVVHV�RWKHU�SRVVLELOLWLHV�IRU�ORZ�ILQGLQJV�LQ�DLU��ORZ�PRELOLW\�IURP�VRXUFH��HWF����+RK�DQG�

+LWHV��������QRWH�PXFK�KLJKHU�%'(�����LQ�WKHLU�GDWD�DQG�DWWULEXWH�LW�WR�JUHDWHU�XVDJH�RI�

GHFD%'(��QRW�DQDO\WLFDO�SUREOHPV���*DV�SDUWLFOH�SDUWLWLRQLQJ�VXJJHVWV�����RI�%'(����ZDV�LQ�WKH�

YDSRU�SKDVH����í����LQ�WKH�YDSRU�SKDVH�IRU�%'(����DQG�%'(������DQG�RQO\�DERXW�����LQ�YDSRU�

SKDVH�IRU�%'(�����DQG�%'(��������

� 7KH�VDPSOLQJ�QHWZRUN�UHSRUWHG�RQ�E\�6WUDQGEHUJ�HW�DO���������DQG�+RK�DQG�+LWHV��������

FRQWLQXHG�WR�EH�PRQLWRUHG�GXULQJ������DQG�������DQG�3%'(�UHVXOWV�IURP�WKDW�HIIRUW�DUH�UHSRUWHG�

E\�9HQLHU�DQG�+LWHV����������7KH�WRWDO�3%'(�FRQFHQWUDWLRQV�ZHUH�KLJKHVW�DW�WKH�³XUEDQ´�VLWHV�RI�

&KLFDJR�DQG�&OHYHODQG��ZLWK�PHDQ�FRQFHQWUDWLRQV�RI����DQG����SJ�P���UHVSHFWLYHO\��ZLWK�WKH�

KLJKHU�FRQFHQWUDWLRQV�DW�&OHYHODQG�GXH�WR�WKH�SUHVHQFH�RI�KLJKHU�FRQFHQWUDWLRQV�RI�%'(�����LQ�

VHYHUDO�VDPSOHV���7KH�PHDQ�FRQFHQWUDWLRQV�DW�WKH�³UXUDO´�VLWHV�RI�6WXUJHRQ�3RLQW�DQG�6OHHSLQJ�

%HDU�'XQHV�ZHUH�����DQG�����SJ�P���UHVSHFWLYHO\��DQG�WKH�PHDQ�FRQFHQWUDWLRQ�DW�WKH�³UHPRWH´�

VLWH�RI�(DJOH�+DUERU�ZDV�����SJ�P����7KH�DXWKRUV�DOVR�VWXGLHG�WKH�WLPH�WUHQGV�RI�%'(�����

%'(�����DQG�%'(�����IURP�GDWD�VWDUWLQJ�LQ������DQG�REVHUYHG�WKDW�%'(����DQG�%'(����ZHUH�

GHFOLQLQJ�UDSLGO\��EXW�WKDW�%'(�����ZDV�QRW�GHFOLQLQJ�DW�DQ\�RI�WKH�ILYH�VLWHV���

� 7KUHH�VLWHV�ZLWKLQ�WKH�&KHVDSHDNH�%D\�DUHD�ZHUH�VDPSOHG�IRU�%'(V�DV�SDUW�RI�D�ODUJHU�

HIIRUW�DW�DLU�TXDOLW\�PRQLWRULQJ�LQ�WKH�UHJLRQ��*RHO�HW�DO�����������$�WRWDO�RI�����VDPSOHV�ZHUH�

WDNHQ�EHWZHHQ������DQG�������XVLQJ�KLJK�YROXPH�VDPSOHUV�WR�PHDVXUH�ERWK�SDUWLFOH�DQG�YDSRU�

SKDVHV�IRU�%'(�����%'(�����%'(������DQG�%'(�������%'(V�ZHUH�GHWHFWHG�LQ�����RI�WKH�

VDPSOHV��EXW�GHWHFWLRQ�IUHTXHQF\�ZDV�KLJKHVW�DW�/HZHV��'(������FRPSDUHG�WR�'RYHU��'(������

DQG�+RUQ�3RLQW��0'�������9DSRU�SKDVH�FRQFHQWUDWLRQV�ZHUH�SUHVHQWHG�DQG�ZHUH�KLJKHVW�DW�

/HZHV��ZLWK�JHRPHWULF�PHDQ�FRQFHQWUDWLRQV�RYHU�WKH���\HDU�SHULRG�RI�����SJ�P���IROORZHG�E\�

'RYHU�DQG�+RUQ�3RLQW�DW����DQG����SJ�P���UHVSHFWLYHO\���,W�LV�QRW�FOHDU�ZK\�SDUWLFOH�SKDVH�

FRQFHQWUDWLRQV�ZHUH�QRW�SUHVHQWHG�LQ�*RHO�HW�DO����������H[FHSW�WKDW�WKH\�ZHUH�PXFK�OHVV�

IUHTXHQWO\�IRXQG������RI�VDPSOHV�IURP�+RUQ�3RLQW�DQG�'RYHU���EXW�DW���í����RI�VDPSOHV�DW�

/HZHV���%'(����ZDV�WKH�KLJKHVW�IRXQG�LQ�DOO�WKUHH�VLWHV��IURP�DERXW�WZLFH�DV�KLJK�DV�%'(����DQG�

%'(������LQ�+RUQ�3RLQW�DQG�'RYHU����í���SJ�P��IRU�%'(����FRPSDUHG�WR��í��SJ�P��IRU�

%'(����DQG�%'(�����DV�JHRPHWULF�PHDQV���WR�DERXW��í���WLPHV�DV�KLJK�DW�/HZHV������SJ�P��IRU�
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%'(����FRPSDUHG�WR���í���SJ�P��IRU�%'(����DQG�%'(��������%'(�����ZDV�HVVHQWLDOO\�QRW�

GHWHFWHG�LQ�HLWKHU�YDSRU�RU�SDUWLFOH�SKDVHV���7KH�ILQGLQJ�DW�/HZHV�ZDV�DWWULEXWHG�WR�XVH�RI�VSUD\�

LUULJDWLRQ�RI�PXQLFLSDO�ZDVWHZDWHU�QHDU�WKH�VDPSOLQJ�VLWH����

� 2QH�RI�WKH�&$5%�VLWHV�LQYROYHG�RXWGRRU�VDPSOLQJ�QHDU�D�SRVVLEOH�VRXUFH�RI�3%'(�

UHOHDVHʊQHDU�DQ�DXWRVKUHGGHU���2Q�WKLV�VLWH��WKHUH�ZHUH�IRXU�VDPSOHUV��LQFOXGLQJ�WZR�XSZLQG�DQG�

WZR�GRZQZLQG��VDPSOLQJ�IRU���GD\V��UHVXOWLQJ�LQ����VDPSOHV���7KHUH�ZHUH�QR�ILHOG�DFWLYLWLHV�

GXULQJ�WKH�ILUVW�GD\�RI�VDPSOLQJ��DQG�WKH�UHVXOWV�ZHUH�ORZHU�WKDW�GD\�ZKHQ�FRPSDUHG�WR�GD\V�

DIWHUZDUGʊZKHQ�WKH�IDFLOLW\�ZDV�RSHUDWLQJ���$QRWKHU�NH\�REVHUYDWLRQ�ZDV�WKDW�VDPSOHV�ZHUH�

PXFK�KLJKHU�GRZQZLQG�FRPSDUHG�WR�XSZLQG���+RZHYHU��HYHQ�WKH�XSZLQG�VLWHV�ZHUH�KLJKHU�WKDQ�

WKH�8&�'DYLV�VLWH�GLVFXVVHG�HDUOLHU��VXJJHVWLQJ�WKDW�WKHUH�ZDV�RIIJDVVLQJ�IURP�SUHYLRXVO\�

GHSRVLWHG�%'(V�IURP�WKH�QHDUE\�VRXUFH���7KH�KLJKHVW�PHDVXUHPHQW�ZDV�IRU�%'(������DYHUDJLQJ�

RYHU�������SJ�P��IRU�IRXU�VDPSOLQJ�GDWHV���2QO\�RQH�RWKHU�VDPSOH�KDG�DW�OHDVW�RQH�UHDGLQJ�DERYH�

����SJ�P���DQG�WKDW�ZDV�IRU�%'(�����ZKLFK�KDG�WKH�VHFRQG�KLJKHVW�UHDGLQJV�RYHUDOO��ZLWK�DQ�

DYHUDJH�RI�����SJ�P��RYHU�WKH���GD\V���%'(����KDG�WKH�QH[W�KLJKHVW��DYHUDJLQJ����SJ�P�������

� $�VHFRQG�&$5%�VLWH�ZDV�QHDU�DQRWKHU�VRXUFH��DQ�HOHFWURQLFV�UHF\FOLQJ�SODQW���7KUHH�GD\V�

RI�RXWGRRU�VDPSOLQJ�ZLWK���VDPSOHUV����LQ�IURQW�DQG���LQ�EDFN��IRU�D�WRWDO�RI����VDPSOHV��

PHDVXUHG�WKH�LPSDFW�RI�WKH�UHOHDVH�RI�3%'(V�IURP�HOHFWURQLFV�ZLWKLQ�WKLV�UHF\FOLQJ�IDFLOLW\���

6DPSOHUV�ORFDWHG�LQ�IURQW��QHDU�WKH�ORDGLQJ�GRFN��ZKLFK�ZDV�RSHQ�PRVW�RI�WKH�WLPH��KDG�KLJKHU�

FRQFHQWUDWLRQV�DV�FRPSDUHG�WR�WKH�EDFN�WZR�VDPSOHUV���%'(�����ZDV�WKH�KLJKHVW�FRQJHQHU�

PHDVXUHG��DYHUDJLQJ�������SJ�P���ZLWK�WKH�QH[W�KLJKHVW�%'(�����DYHUDJLQJ�����SJ�P���DQG�WKHQ�

%'(����DYHUDJLQJ����SJ�P����7KH�LQWHUHVWLQJ�WKLQJ�DERXW�%'(������ZKLFK�H[LVWV�SUHGRPLQDQWO\�

LQ�WKH�SDUWLFOH�IRUP��LV�WKDW�WKH�FRQFHQWUDWLRQV�ZHUH����IROG�KLJKHU�LQ�WKH�IURQW�VDPSOHUV��QHDU�WKH�

RSHQ�GRRUV�WR�WKH�LQGRRU�UHF\FOLQJ�IDFLOLW\���7KLV�VXJJHVWV�WKDW�QHDU�D�VRXUFH��VXFK�DV�QHDU�WKH�

IURQW�GRRUV�LQ�D�UHF\FOLQJ�IDFLOLW\�ZKHUH�%'(�����FRXOG�EH�UHOHDVHG���%'(�����FRQFHQWUDWLRQV�

FDQ�EH�H[WUHPHO\�HOHYDWHG��EXW�IDU�IURP�D�VRXUFH��LQ�WKH�EDFN�RI�WKH�EXLOGLQJ���FRQFHQWUDWLRQV�DUH�

PXFK�ORZHU����

� $QRWKHU�VWXG\�HYDOXDWLQJ�RXWGRRU�DLU�LPSDFWV�QHDU�D�VRXUFH�RFFXUUHG�LQ�WKH�8QLWHG�

.LQJGRP���$LU�FRQFHQWUDWLRQV�EHIRUH�DQG�DIWHU�D�PDMRU�ERQILUH�ZHUH�DQDO\]HG�IRU�ERWK�3$+V�DQG�

3%'(V�LQ�1RYHPEHU�RI�������)DUUDU�HW�DO�����������*X\�)DZNHV�'D\��DOVR�UHIHUUHG�WR�DV�³%RQILUH�

)HVWLYDO´�LQ�WKH�DUWLFOH���ZKLFK�LV�FHQWHUHG�RQ�WKH�XVH�RI�ILUHZRUNV�DQG�WKH�OLJKWLQJ�RI�ERQILUHV��

RFFXUV�HYHU\�\HDU�RQ�1RYHPEHU�����7KUHH�VDPSOHUV�ZHUH�VHW�XS�LQ�WKH�JDUGHQ�RI�D�KRPH�LQ�D�
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UHVLGHQWLDO�DUHD���7KH\�ZHUH�QRW�LQ�WKH�LPPHGLDWH�YLFLQLW\�RI�DQ\�SXEOLF�ERQILUHV��EXW�WKHUH�ZHUH�

ERQILUHV�NQRZQ�WR�EH�RFFXUULQJ�LQ�WKH�JHQHUDO�DUHD���'DLO\�VDPSOHV�ZHUH�WDNHQ�IURP�1RYHPEHU���

WR�����DQG�WKH�HYLGHQFH�FOHDUO\�VKRZHG�D�ULVH�LQ�FRQFHQWUDWLRQ�RQ�WKH��WK��ZLWK�EDFNJURXQG�OHYHOV�

RQ�WKH��WK�DQG�EHIRUH�DQG�IURP�WKH��WK�RQZDUG���$�WRWDO�RI����%'(�FRQJHQHUV�ZHUH�PHDVXUHG��

DOWKRXJK�%'(�����ZDV�QRW�PHDVXUHG���%DFNJURXQG�FRQFHQWUDWLRQV�ZHUH�RQO\�DERXW���SJ�P���ZLWK�

TXDQWLILDEOH�PHDVXUHPHQWV�RI�%'(�������SJ�P����%'(���������SJ�P����DQG�%'(����������SJ�P�����

7KLV�FOHDQ�DLU�ZDV�DWWULEXWHG�WR�DLU�RULJLQDWLQJ�RYHU�WKH�$WODQWLF�2FHDQ���&RQFHQWUDWLRQV�UHDFKHG�

���SJ�P��RQ�1RYHPEHU����ZLWK�WKH�KLJKHVW�FRQFHQWUDWLRQV�RI�%'(��������SJ�P����%'(�����

����SJ�P����%'(���������SJ�P����%'(���������SJ�P����%'(�������SJ�P����%'(�������SJ�P����

DQG�VLPLODU�FRQFHQWUDWLRQV�RI���SJ�P��IRU�%'(�����%'(�����%'(������%'(������DQG�%'(�������

7KH�DXWKRUV�VXJJHVW�WKDW�OLNHO\�VRXUFHV�RI�WKH�3%'(V�ZHUH�WKH�EXUQLQJ�RI�GLVFDUGHG�FORWKLQJ�RU�

IXUQLWXUH��ZLWK�WHPSHUDWXUHV�QRW�KRW�HQRXJK�WR�GHVWUR\�WKH�3%'(V���1R�H[SODQDWLRQV�ZHUH�

SURYLGHG�IRU�WKH�SUHGRPLQDQFH�RI�%'(�����DQG�%'(������ZKLFK�LV�GLIIHUHQW�IURP�WKH�PRUH�

W\SLFDO�SUHGRPLQDQFH�RI�%'(����DQG�%'(�����DV�VHHQ�LQ�EDFNJURXQG�DLU���

� *RXLQ�HW�DO���������VWXGLHG�SDUWLFOH�ERXQG�DLU�WUDQVSRUW�RI�%'(�����LQ�6RXWKHUQ�2QWDULR�

E\�DLU�VDPSOLQJ�ZLWK�D�36���VDPSOHU�GXULQJ�WKH�SHULRG�EHWZHHQ�����������DQG������������:KLOH�

WKH�IRFXV�ZDV�RQ�%'(������%'(�����%'(�����DQG�%'(�����ZHUH�DOVR�PHDVXUHG�LQ����VDPSOHV�

WDNHQ�URXJKO\�ZHHNO\�GXULQJ�WKLV�WLPH�IUDPH���&RQFHQWUDWLRQV�RI�%'(������H[FOXVLYHO\�IRXQG�LQ�

WKH�SDUWLFOH�SKDVH��UDQJHG�IURP�QRQGHWHFW��GHWHFWLRQ�OLPLW� ���SJ�P���WR�����SJ�P���ZLWK�D�PHDQ�

RI����SJ�P����%'(����DQG�%'(�����ZHUH�UDUHO\�GHWHFWHG��ZKLOH�%'(����ZDV�GHWHFWHG�LQ�QHDUO\�

HYHU\�VDPSOH�ZLWK�FRQFHQWUDWLRQV�RI�PRVWO\�OHVV�WKDQ���SJ�P���GRPLQDWHG�E\�WKH�YDSRU�SKDVH��DV�

PHDVXUHG�LQ�WKH�38)�SRUWLRQ�RI�WKH�VDPSOHU��LQ�WKH�ZDUPHU�WLPH�IUDPHV��EXW�ZLWK�KLJKHU�

FRQFHQWUDWLRQV�LQ�WKH�SDUWLFOH�SKDVH��DV�PHDVXUHG�E\�WKH�DPRXQWV�RQ�WKH�JODVV�ILEHU�ILOWHU��IURP�

-DQXDU\�WR�DERXW�WKH�HQG�RI�0DUFK���%ODQFKDUG�HW�DO���������DOVR�UHSRUWHG�RQ�WKH�FRQFHQWUDWLRQV�

RI�%'(�����LQ�&DQDGLDQ�DLU���7KH\�IRXQG�DLU�FRQFHQWUDWLRQV�DYHUDJLQJ�����SJ�P��RI�%'(�����

�SUHGRPLQDQWO\�YDSRU�SKDVH��IRU����KRXU�VDPSOHV�FROOHFWHG�HYHU\�PRQWK�GXULQJ�WKH�\HDU��

� :LOIRUG�HW�DO���������VDPSOHG�DLU�DW�D�VHPLUXUDO�VLWH�LQ�QRUWKZHVW�(QJODQG�LQ�$SULO�WR�0D\�

RI��������7KHLU�DQDO\VLV�IRFXVHG�DOPRVW�H[FOXVLYHO\�RQ�FKDUDFWHUL]LQJ�WKH�SDUWLFOH�SKDVH�RI�%'(V��

ZLWK�D�SDUWLFXODU�HPSKDVLV�RQ�%'(�����DQG�RWKHU�KLJKHU�EURPLQDWHG�FRQJHQHUV���7KH\�GLG�

PHDVXUH�IRU�WKH�YDSRU�SKDVH�XVLQJ�D�38)�VDPSOHU�IRU�D���GD\�SHULRG�DQG�IRXQG�YHU\�ORZ�OHYHOV�

RI�%'(�����LQ�D�OLPLWHG�QXPEHU�RI�VDPSOHV���0RUH�LPSRUWDQWO\��WKH\�VWDWHG�WKDW�WKH�YDSRU�SKDVH�
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ZDV�GRPLQDWHG�E\�WUL��WR�KH[D�%'(�FRQJHQHUV��DQG�WKDW�WKHVH�FRQJHQHUV�ZHUH�IRXQG�DW�YDSRU�

SKDVH�FRQFHQWUDWLRQV�DW�OHDVW���RUGHUV�RI�PDJQLWXGH�KLJKHU�WKDQ�LQ�WKH�SDUWLFOH�SKDVH���+RZHYHU��

WKH\�GLG�QRW�SURYLGH�DQ\�UHVXOWV�IRU�WKHVH�YDSRU�SKDVH�FRQFHQWUDWLRQV��RU�IRU�WRWDO��YDSRU�

��SDUWLFOH��SKDVH�FRQFHQWUDWLRQV���7KHLU�PHDQ�DQG�PHGLDQ�FRQFHQWUDWLRQV�RI�WRWDO�%'(V�LQ�WKH�

SDUWLFOH�SKDVH�RYHU����VDPSOHV�ZHUH����DQG����SJ�P���UHVSHFWLYHO\���7KH�PHDQ�DQG�PHGLDQ�

%'(�����FRQFHQWUDWLRQV�ZHUH����DQG����SJ�P���UHVSHFWLYHO\��VKRZLQJ�WKH�GRPLQDQFH�RI�WKLV�

FRQJHQHU�LQ�WKH�SDUWLFOH�SKDVH�SURILOH���,Q�IDFW��WKH�VXP�RI�KHSWD�WKUX�GHFD�FRQJHQHUV��RU�PRUH�

VSHFLILFDOO\��WKH�VXP�RI�%'(������%'(������%'(������%'(������%'(������%'(������DQG�

%'(������H[SODLQHG�RYHU�����RI�WKH�WRWDO�SURILOH�RYHU�DOO�VDPSOHV���&RQFHQWUDWLRQV�RI�WKH�

ORZHU�EURPLQDWHG�FRQJHQHUV�LQ�WKH�SDUWLFOH�SKDVH�ZHUH�PRVWO\�OHVV�WKDQ���SJ�P����%'(�����ZDV�

IRXQG�LQ����RI�WKH����VDPSOHV��DW�D�PHDQ�RI�����SJ�P���DW�D�KLJK�RI����SJ�P����

� +DUUDG�DQG�+XQWHU��������XVHG�38)�GLVN�SDVVLYH�VDPSOHUV�WR�PHDVXUH�WKH�FRQFHQWUDWLRQ�

RI�VL[�%'(�FRQJHQHUVʊ%'(�����%'(�����%'(�����%'(������%'(������DQG�%'(����ʊLQ�WKH�

:HVW�0LGODQGV�DUHD�RI�WKH�8QLWHG�.LQJGRP��ZKLFK�LQFOXGHV�WKH�FLW\�RI�%LUPLQJKDP�DQG�

QHLJKERULQJ�UXUDO�ORFDWLRQV���7KH\�WRRN�DLU�VDPSOHV�DW����VLWHV�RYHU�WKH�FRXUVH�RI���\HDU�EHWZHHQ�

�����DQG��������7KH�IRXQG�DYHUDJH�WRWDO�FRQFHQWUDWLRQV��VXP�RI�WKH���FRQJHQHUV��DW�WKHVH����

VLWHV�WR�UDQJH�IURP������WR������SJ�P���ZLWK�WKH�KLJKHVW�FRQFHQWUDWLRQ�DVVRFLDWHG�ZLWK�WKH�FLW\�RI�

%LUPLQJKDP���7KH\�IRXQG�UDWLRV�RI�%'(����WR�%'(����WR�UDQJH�QDUURZO\�IURP������WR��������

7KH\�VXJJHVWHG�WKDW�E\�XVLQJ�38)�VDPSOHUV��WKH\�PLJKW�EH�FDSWXULQJ�PRVWO\�WKH�YDSRU�SKDVH�RI�

WKH�%'(�FRQJHQHUV�LQ�DLU����

� -DZDUG�HW�DO���������������KDYH�SURYLGHG�D�FRPSUHKHQVLYH�VDPSOLQJ�RI�RXWGRRU�DLU�LQ�

ERWK�$VLD��-DZDUG�HW�DO���������DQG�(XURSH��-DZDUG�HW�DO�����������7KH\�XVHG�38)�GLVN�VDPSOHUV�

LQ�D�SDVVLYH�PRGH��PHDQLQJ�WKH\�OHDYH�WKH�38)�H[SRVHG�WR�RXWGRRU�DLU�WR�FDSWXUH�3%'(V�IRU�D�

SHULRG�RI���ZHHNV��WKHQ�DQDO\]HG�WKH�38)V���7ZR�GUDZEDFNV�IURP�WKLV�DSSURDFK�DUH�WKDW�LW�

SXUSRUWV�WR�FDSWXUH�RQO\�WKH�YDSRU�SKDVH�%'(V��LW�ZDV�VWDWHG�WKDW�WKH�38)�FDSWXUHV�VRPH�

SDUWLFOHV��EXW�WKH�DPRXQW�RI�SDUWLFOHV�ZDV�KDUG�WR�DVFHUWDLQ���DQG��VHFRQGO\��WKDW�%'(�����ZDV�QRW�

DQDO\]HG�LQ�WKHLU�VWXGLHV���,Q�WKHLU�$VLDQ�VWXG\��-DZDUG�HW�DO���������HPSOR\HG�38)�VDPSOHUV�

VLPXOWDQHRXVO\�DW����VLWHV�DQG�PHDVXUHG�WKH�DLU�EHWZHHQ�����������DQG��������������5XUDO�DQG�

XUEDQ�VLWHV�ZHUH�VDPSOHG�LQ�&KLQD�����VDPSOHV���-DSDQ�������6RXWK�.RUHD�������DQG�6LQJDSRUH�

�������&RQJHQHUV�PHDVXUHG�LQFOXGH�%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����

%'(�����DQG�%'(�������7RWDO�%'(V�UDQJHG�IURP�����WR�WHQV�RI�SJ�P���ZKLFK�WKH�DXWKRUV�QRWH�LV�
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FRQVLVWHQW�ZLWK�PHDVXUHPHQWV�IRU�WKH�UHPRWH�FRDVW�RI�,UHODQG�DQG�UXUDO�VHPLUXUDO�(QJODQG���

+RZHYHU��VRPH�VDPSOHV�LQ�&KLQD�PHDVXUHG�XS�WR�����SJ�P��LQ�DQ�LQGXVWULDO�FLW\�NQRZQ�WR�

PDQXIDFWXUH�HOHFWURQLFV��ZKLFK�LV�VLPLODU�WR�YDOXHV�UHSRUWHG�LQ�XUEDQ�8QLWHG�.LQJGRP��ZKHUH�

3%'(�XVDJH�LV�NQRZQ�WR�EH�KLJK���0HDQ�RU�PHGLDQ�FRQFHQWUDWLRQV�ZHUH�QRW�SURYLGHG���2QO\�

UDQJHV�ZHUH�JLYHQ�DQG��DV�VXFK��WUHQGV�EHWZHHQ�FRQJHQHUV�FDQQRW�EH�GHVFULEHG���:LWK�D�'/�RI�

�����SJ�P���PD[LPXPV�IRXQG�LQFOXGH��LQ�XQLWV�RI�SJ�P���WKH�IROORZLQJ��%'(��������LQ�&KLQD��

�����RWKHUZLVH��%'(���������LQ�&KLQD���������DQG�����RWKHUZLVH��%'(��������LQ�&KLQD�������

RWKHUZLVH��%'(��������LQ�&KLQD������RWKHUZLVH��%'(��������LQ�&KLQD�����RWKHUZLVH��%'(�����

����������������LQ�DOO�IRXU�ORFDWLRQV��%'(��������LQ�&KLQD������RWKHUZLVH��%'(����������LQ�&KLQD��

�����RWKHUZLVH���,W�ZDV�VWDWHG�WKDW�%'(����DQG�%'(����GRPLQDWHG�WKH�SURILOH��FRQWULEXWLQJ�

DURXQG�����WR�WKH�RYHUDOO�EXUGHQ���$�VLPLODU�DSSURDFK�ZDV�WDNHQ�LQ�(XURSH�����38)�VDPSOHUV�

ZHUH�GHSOR\HG�LQ����(XURSHDQ�FRXQWULHV��LQFOXGLQJ����LQ�XUEDQ�ORFDWLRQV�DQG����LQ�UXUDO�UHPRWH�

ORFDWLRQV���%'(V�PHDVXUHG�DQG�WKH�UHVXOWV��SHUFHQW�GHWHFWHG�LQ�SDUHQWKHVHV��DQG�UDQJHV�LQ�SJ�P��

DUH�DV�IROORZV��%'(���������������í����%'(�������������í����%'(��������������í����

%'(���������������í���%'(��������������í�����%'(��������������í����%'(������������

����í����DQG�%'(����������������í�����*HQHUDOO\��WKHUH�ZDV�RYHU�D�����IROG�UDWLR�EHWZHHQ�

KLJK�DQG�ORZ�WRWDO�PHDVXUHPHQWV��ZLWK�WKH�KLJKHVW�EHLQJ�LQ�XUEDQ�ORFDWLRQV�LQ�WKH�8QLWHG�

.LQJGRP�DQG�WKH�ORZHVW�LQ�UHPRWH�DUHDV�RI�,FHODQG��,UHODQG��1RUZD\��DQG�6ZHGHQ���*HQHUDOO\��

ORZ�OHYHOV�ZHUH�IRXQG�LQ�(DVWHUQ�(XURSH���$V�LQ�$VLD��%'(����DQG�%'(����FRQVWLWXWHG�DERXW�

����RI�WKH�WRWDO�3%'(V���

� $�VWXG\�PHDVXULQJ�%'(V�LQ�&KLQD�VXJJHVWHG�PXFK�KLJKHU�FRQFHQWUDWLRQV�FRPSDUHG�WR�

WKH�PHDVXUHPHQWV�RI�-DZDUG�HW�DO���������GLVFXVVHG�DERYH���&KHQ�HW�DO���������UHSRUWHG�RQ�UHVXOWV�

IURP����SDLUV�RI�VDPSOHV�FROOHFWHG�IURP�IRXU�VLWHVʊ��LQGXVWULDO����XUEDQ����EDFNJURXQGʊLQ�

&KLQD�GXULQJ����������í������������+LJK�YROXPH�SRO\XUHWKDQH�IRDP�JODVV�ILEHU�ILOWHU�36���

VDPSOHUV�ZHUH�XVHG��DQG�GHWHFWLRQ�OLPLWV�ZHUH�����í�����SJ�P��IRU�%'(�����%'(�����%'(�����

%'(�����%'(�����%'(������%'(������%'(������%'(������DQG�%'(������DQG������SJ�P��IRU�

%'(�������%'(�����GRPLQDWHG�WKH�SURILOH��DYHUDJLQJ������������������DQG�����SJ�P��IRU�WKH�

WZR�LQGXVWULDO��XUEDQ��DQG�EDFNJURXQG�VHWWLQJV�ZKLOH�WKH�VXP�RI�WKH�RWKHU�3%'(V�

FRUUHVSRQGLQJO\�DYHUDJHG�����������������DQG�����SJ�P����7KH�UHVXOWV�DSSHDUHG�WR�EH�FRUUHODWHG�

WR�ZLQG�SDWWHUQV���:KHQ�EORZLQJ�LQ�IURP�WKH�ZHVW��ZKHUH�WKHUH�ZHUH�VHYHUDO�ELJ�HOHFWURQLF�

PDUNHWV��ZKHUH�FRPSXWHUV�DUH�DVVHPEOHG�DQG�GLVPDQWOHG���%'(������ZKLFK�LV�XVHG�LQ�FRPSXWHU�
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FLUFXLWU\�DQG�SODVWLF�KRXVLQJ��ZDV�YHU\�GRPLQDQW��ZKHUHDV�ZKHQ�ZLQG�EOHZ�LQ�IURP�WKH�

VRXWKHDVW��GLUHFWO\�IURP�LQGXVWULDO�DUHDV��WKH�VXP�RI�WKH�RWKHU�%'(V�GRPLQDWHG���&RQJHQHU�

SDWWHUQV�LQ�RQH�RI�WKH�LQGXVWULDO�VLWHV��WKH�XUEDQ�VLWHV��DQG�WKH�EDFNJURXQG�VLWHV�VXJJHVWV�QHDUE\�

XVH�RI�WKH�FRPPHUFLDO�IRUPXODWLRQ��ZLWK�WKH�KLJK�UHDGLQJV�RI�%'(������DQG�WKH�QHDUE\�XVH�RI�WKH�

FRPPHUFLDO�SHQWD�IRUPXODWLRQ��ZLWK�%'(����DQG�%'(����FRPSULVLQJ�JUHDWHU�WKDQ�����RI�WKH�

WRWDO����

� ,Q�VXPPDU\��WKH�PDMRU�WUHQGV�VHHQ�IURP�WKH�DLU�PRQLWRULQJ�VWXGLHV�LQFOXGH�WKH�IROORZLQJ��

����2XWGRRU�FRQFHQWUDWLRQV�PHDVXUHG�LQ�WKH�8QLWHG�6WDWHV�WHQGHG�WR�EH�LQ�WKH�UDQJH�RI�

��í����SJ�P��IRU�WRWDO�%'(V�������7KH�SURILOH�ZDV�GRPLQDWHG�E\�%'(����DQG�%'(�����

VXJJHVWLQJ�D�SHQWD�IRUPXODWLRQ�LQIOXHQFH��KRZHYHU��ZKHQ�%'(�����ZDV�PHDVXUHG��LW�ZDV�VHHQ�WR�

KDYH�FRQFHQWUDWLRQV�HTXDO�RU�JUHDWHU�WKDQ�%'(����DQG�%'(������2QH�VWXG\�LQ�&KLFDJR�KDG�

%'(�����DW�FRQFHQWUDWLRQV�VL[�WLPHV�KLJKHU�WKDQ�%'(����RU�%'(�����DQG�D�VWXG\�LQ�&KLQD�DOVR�

VKRZHG�D�GRPLQDQFH�RI�%'(�����LQ�DLU�SURILOHV�RI�LQGXVWULDO��XUEDQ��DQG�EDFNJURXQG�VHWWLQJV���

����&RQFHQWUDWLRQV�ZHUH�IRXQG�WR�EH�KLJKHU�LQ�LQGXVWULDO�XUEDQ�VHWWLQJV�DV�FRPSDUHG�WR�

UXUDO�EDFNJURXQG�VHWWLQJV���7KLV�LV�FRQVLVWHQW�ZLWK�WKH�H[SHFWDWLRQ�WKDW�FRQFHQWUDWLRQV�VKRXOG�EH�

KLJKHU�QHDUHU�WR�ZKHUH�%'(V�DUH�UHOHDVHG�IURP�WKHLU�XVH�LQ�FRPPHUFLDO�SURGXFWVʊVXFK�DV�QHDU�D�

VRXUFH�EXUQLQJ�VXFK�SURGXFWV��OLNH�WKH�8.�ERQILUH�GHVFULEHG�DERYH��RU�VKUHGGLQJ�UHF\FOLQJ�VXFK�

SURGXFWV��OLNH�WKH�DXWRVKUHGGLQJ�DQG�UHF\FOLQJ�VLWHV�VWXGLHG�E\�&$5%�DQG�GHVFULEHG�DERYH����

����&RPSDULVRQV�ZLWK�PHDVXUHPHQWV�LQ�(XURSH�DQG�$VLD�DUH�KDUG�WR�PDNH���2QH�VWXG\�IURP�

&KLQD�VXJJHVWV�DLUERUQH�FRQFHQWUDWLRQV�ZHOO�LQWR�WKH�WKRXVDQGV��ZKLOH�RWKHU�PHDVXUHPHQWV�LQ�

(XURSH�DQG�$VLD�DSSHDU�PRUH�LQ�OLQH�ZLWK�WKRVH�LQ�WKH�8QLWHG�6WDWHV��ZLWK�WRWDO�%'(V�PRVWO\�

XQGHU�����SJ�P�����

�

������ ,QGRRU �$LU �&RQFHQWUDWLRQV�DQG�6LPXOWDQHRXV�,QGRRU �2XWGRRU �0RQLWRU LQJ�
� 7KH�SULPDU\�VRXUFHV�RI�3%'(V�WR�ZKLFK�WKH�JHQHUDO�SRSXODWLRQ�LV�H[SRVHG�DUH�WKH�

SURGXFWV�LQ�ZKLFK�WKH\�DUH�XVHG���7KLV�ZRXOG�VXJJHVW�WKDW�LQGRRU�H[SRVXUHV�ZRXOG�EH�RI�SULPDU\�

LPSRUWDQFH�IRU�WKLV�FODVV�RI�SHUVLVWHQW�DQG�ELRDFFXPXODWLYH�WR[LFV��3%7V���DQG��VSHFLILFDOO\��

LQGRRU�DLU�PLJKW�FRQWDLQ�KLJKHU�FRQFHQWUDWLRQV�RI�3%'(V�DV�FRPSDUHG�WR�RXWGRRU�DLU���%HFDXVH�

WKH�SULPDU\�VRXUFHV�WHQG�WR�EH�LQGRRUV��VHYHUDO�UHVHDUFKHUV�KDYH�IRFXVHG�WKHLU�HIIRUWV�LQ�WKH�

LQGRRU�HQYLURQPHQW��DQG�WKHLU�HIIRUWV�LQFOXGH�VLPXOWDQHRXV�LQGRRU�RXWGRRU�DLU�PHDVXUHPHQWV���,Q�

DOO�WKHVH�VWXGLHV��WKH�LQGRRU�PHDVXUHPHQWV�DUH�KLJKHU�WKDQ�QHDUE\�RXWGRRU�PHDVXUHPHQWV��RIWHQ�
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E\�IDFWRUV�RI����RU�PRUH���7KHUH�LV�VRPH�HYLGHQFH�WKDW�FRPEXVWLRQ�RI�SURGXFWV�FRQWDLQLQJ�3%'(V�

UHOHDVH�WKH�3%'(V��EXW�WKH�HYLGHQFH�IRU�WKLV�ZDV�SULPDULO\�DQ�RSHQ�DLU�ERQILUH��QRW�D�FRQWUROOHG�

ZDVWH�FRPEXVWLRQ�SURFHVV��VHH�GLVFXVVLRQ�DERYH�RQ�WKH�8QLWHG�.LQJGRP�ERQILUH�VWXG\�E\�)DUUDU�

HW�DO�����������7KHUH�LV�DOVR�HYLGHQFH�WKDW�FRPEXVWLRQ�RI�SURGXFWV�FRQWDLQLQJ�3%'(V�FDQ�UHVXOW�LQ�

IRUPDWLRQ�RI�SRO\EURPLQDWHG�GLEHQ]R�S�GLR[LQV�DQG�GLEHQ]RIXUDQV��3%''�)V���DQG�

PRQREURPR�SRO\FKORULQDWHG�GLEHQ]R�S�GLR[LQV�DQG�GLEHQ]RIXUDQV��0R%3;''�)V����+D\DNDZD�

HW�DO���������IRXQG�WKDW�WKH�OHYHOV�RI�0R%3;''�)V�FRUUHODWHG�SRVLWLYHO\�ZLWK�WKDW�RI�

SRO\FKORULQDWHG�GLEHQ]R�S�GLR[LQV�DQG�GLEHQ]RIXUDQV��3&''�)V��LQ�-DSDQHVH�DPELHQW�DLU�WHVWLQJ��

DQG�FLWHG�RWKHU�ODERUDWRU\�WHVWLQJ�VKRZLQJ�FRQFXUUHQW�IRUPDWLRQ�RI�3&''�)V�DQG�0R%3;''�)V���

7KH\�DOVR�VKRZHG�D�FRUUHODWLRQ�EHWZHHQ�3%''�)V�DQG�VRPH�NH\�3%'(V��FLWLQJ�RWKHU�ZRUN�

VKRZLQJ�IRUPDWLRQ�IRU�3%')V�IURP�FRPEXVWLRQ�RI�PDWHULDOV�FRQWDLQLQJ�GHFD%'(���7KXV��ZKLOH�

WKH�FRPEXVWLRQ�RI�3%'(V�DSSHDUV�WR�SURGXFH�RWKHU�EURPLQDWHG�FRPSRXQGV��XQOLNH�GLR[LQV��

3%'(V�DUH�QRW�IRUPHG�WKHPVHOYHV�IURP�FRPEXVWLRQ����

� 8QIRUWXQDWHO\��8�6��UHVHDUFKHUV�KDYH�QRW�PHDVXUHG�LQGRRU�DLU�DV�PXFK�DV�KRXVH�GXVW��RU�

DV�PXFK�DV�UHVHDUFKHUV�IURP�&DQDGD�DQG�DEURDG���2QO\�WKUHH�VWXGLHV�KDYH�EHHQ�ORFDWHG�WKDW�

PHDVXUHG�LQGRRU�DLU���7KH�PRVW�UHFHQW�LQYROYHG�VDPSOLQJ�WKH�DLU�LQ����KRPHV�LQ�$OEDQ\��1<��

EHWZHHQ�'HFHPEHU������DQG�-DQXDU\�������-RKQVRQ�5HVWUHSR�DQG�.DQQDQ����������7KH\�XVHG�D�

ORZ�YROXPH�SXPS�SODFHG�LQ�WKH�PDLQ�URRP��WKH�OLYLQJ�URRP��DQG�FROOHFWHG�VDPSOHV�IRU����KRXUV�

ZLWK�DQ�DLU�IORZ�RI����/�PLQ���$QDO\VLV�RI�IUDFWLRQV�RQ�D�JODVV�ILEHU�ILOWHU�DV�ZHOO�DV�D�

SRO\XUHWKDQH�IRDP�SOXJ�DOORZHG�IRU�FROOHFWLRQ�RI�ERWK�WKH�SDUWLFOH�DQG�YDSRU�SKDVHV���7KH�PHDQ�

WRWDO�FRQFHQWUDWLRQ�RI����FRQJHQHUV��IURP�%'(����WR�%'(������ZDV������QJ�P���WKH�PHGLDQ�ZDV�

�����QJ�P���DQG�WKH�UDQJH�ZDV������WR������QJ�P����8QOLNH�GXVW�VDPSOHV�WDNHQ�DV�SDUW�RI�WKH�VDPH�

VWXG\��%'(�����FRXOG�QRW�EH�TXDQWLILHG�DW�WKH�GHWHFWLRQ�OLPLW�RI�����QJ�P���DQG�WKH�VDPSOHV�ZHUH�

GRPLQDWHG�E\�%'(������

� 7KH�VHFRQG�ZDV�DQ�LQGRRU�DLU�VWXG\�LQ�ZKLFK�GXVW�ZDV�VDPSOHG�LQ����XUEDQ�UHVLGHQFHV�LQ�

WKH�%RVWRQ��0$�DUHD��ZLWK�WKH�DLU�GDWD�UHSRUWHG�LQ�$OOHQ�HW�DO�����������$W�HDFK�KRPH��RQH�

SHUVRQDO�DQG�WZR�DUHD�VDPSOHV�ZHUH�WDNHQ�RYHU�WKH�FRXUVH�RI�D�ZHHN��SUHVXPDEO\�GXULQJ������

�WKH�GDWH�RI�VDPSOLQJ�ZDV�QRW�SURYLGHG��EXW�WKH�GDWD�ZHUH�UHSRUWHG�LQ���������&RQJHQHUV�LQFOXGH�

%'(�����%'(��������%'(�����%'(�����%'(�����%'(���������%'(�����%'(������%'(������

%'(������DQG�%'(�������7KH�DUHD�VDPSOHV�ZHUH�WDNHQ�LQ�WKH�EHGURRP�DQG�OLYLQJ�URRP��DQG�WKH�

SHUVRQDO�DLU�VDPSOH�ZDV�WDNHQ�QHDU�WKH�EUHDWKLQJ�]RQH�LQ�WKH�EHGURRP���3DUWLFLSDQWV�WXUQHG�RQ�WKH�
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VDPSOHUV�ZKHQ�UHWXUQLQJ�LQ�WKH�HYHQLQJ�DQG�WXUQHG�WKHP�RII�ZKHQ�OHDYLQJ�IRU�ZRUN���7KH�VXPV�RI�

WKH�JHRPHWULF�PHDQ�FRQFHQWUDWLRQV�RI�UHSRUWHG�FRQJHQHUV�RYHU�WKH����UHVLGHQFHV�ZHUH�����������

DQG�����SJ�P��IRU�WKH�SHUVRQDO��EHGURRP��DQG�OLYLQJ�URRP�DLU���%'(����KDG�WKH�KLJKHVW�

FRQFHQWUDWLRQ��ZLWK�JHRPHWULF�PHDQV�RI�����������DQG�����SJ�P��IRU�WKH�VDPH�WKUHH�ORFDWLRQV��

ZLWK�%'(�����VHFRQG�KLJKHVW�DW����������DQG����SJ�P���DQG�%'(����WKLUG�KLJKHVW�DW����������DQG�

���SJ�P�����

� 7KH�WKLUG�8�6��VWXG\�IRXQG�IRU�LQGRRU�DLU�PHDVXUHPHQW�RI�3%'(V�ZDV�FRQGXFWHG�E\�

&$5%����������7KLV�VWXG\�ZDV�DOVR�SXEOLVKHG�LQ�WKH�RSHQ�OLWHUDWXUH�LQ�&DKLOO�HW�DO�����������$LU�

PRQLWRULQJ�ZDV�FRQGXFWHG�LQGRRUV�ZLWKLQ�D�FRPSXWHU�WUDLQLQJ�IDFLOLW\�LQ�D�SXEOLF�RIILFH�EXLOGLQJ��

ZLWKLQ�DQG�DURXQG�DQ�HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\��DQG�RXWVLGH�RI�DQ�DXWRPRWLYH�VKUHGGLQJ�PHWDO�

UHF\FOLQJ�IDFLOLW\��WKH�UHF\FOLQJ�DQG�VKUHGGLQJ�VLWHV�ZHUH�DOVR�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��

RQ�WKH�8&�'DYLV�FDPSXV���7KLV�ZDV�WKH�PRVW�FRPSUHKHQVLYH�VLQJOH�GDWD�VHW�WKDW�FRXOG�EH�IRXQG�

LQ�WKH�OLWHUDWXUH��ZLWK�WKHVH�IRXU�VLWHV�DQG�WKH�PHDVXUHPHQW�RI����FRQJHQHUV���7KH�RFWD��DQG�

QRQD%'(V�ZHUH�QRW�PHDVXUHG��KRZHYHU��IRU�PRVW�RI�WKH�VDPSOHV�EHFDXVH�WKHUH�ZDV�DQDO\WLFDO�

LQWHUIHUHQFH���7KH�VDPSOLQJ�IRU�WKH�LQGRRU�WUDLQLQJ�IDFLOLW\�LQFOXGHG�VDPSOLQJ�ZKHQ�WKH�

FRPSXWHUV�ZHUH�RQ�YHUVXV�RII�DQG��DOVR��LW�LQFOXGHG�FDUSHW�GXVW�VDPSOHV���7KH�GRPLQDQW�FRQJHQHU�

IRXQG�LQ�WKH�DLU�ZDV�%'(�����IROORZHG�E\�%'(�����%'(������DQG�%'(������,Q�DOO�FDVHV��%'(V�

ZHUH�KLJKHU�LQ�DLU�ZKHQ�WKH�FRPSXWHUV�ZHUH�RQ�YHUVXV�RII��EXW�WKH�PRVW�PHDQLQJIXO�GLIIHUHQFH�

ZDV�IRU�%'(������ZKHQ�FRQVLGHUHG�LQ�WHUPV�RI�WKH�UHODWLYH�GLIIHUHQFH�EHWZHHQ�RII�DQG�RQ��UDWKHU�

WKDQ�RQ�WKH�PDJQLWXGH�RI�WKH�FRQFHQWUDWLRQ�DORQH���6SHFLILFDOO\��%'(�����LQFUHDVHG�IURP���SJ�P��

ZKHQ�WKH�FRPSXWHUV�ZHUH�RII�WR�FRQFHQWUDWLRQV�IURP���í���SJ�P��ZKHQ�WKH\�ZHUH�RQ�LQ�RQH�VHW�

RI�WHVWV�DQG�IURP�����ZKHQ�RII��WR���í���SJ�P���ZKHQ�RQ��LQ�WKH�VHFRQG�WHVW���7KH�ODUJHVW�DEVROXWH�

FRQFHQWUDWLRQ�GLIIHUHQFH�ZDV�IRU�%'(�����ZKLFK�ZDV�����DQG�����SJ�P��LQ�WKH�WZR�WHVWV��VWDUWLQJ�

IURP�FRQFHQWUDWLRQV�LQ�WKH�����SJ�P��UDQJH�LQ�WKH�RII�FRQGLWLRQ�DQG�WKHQ�LQFUHDVLQJ�E\�����DQG�

����SJ�P��ZKHQ�WKH�FRPSXWHUV�ZHUH�WXUQHG�RQ���IROORZHG�E\�%'(�����%'(������DQG�WKHQ�

%'(�������7KH�DYHUDJH�FRQFHQWUDWLRQV�RI�WRWDO�%'(V�RQ��WKUHH�PHDVXUHPHQWV��DYHUDJHG�ZLWK�RII�

�RQH�PHDVXUHPHQW��RQ�WKH���GD\V�RI�PHDVXUHPHQW�ZHUH�������DQG�������SJ�P���ZLWK�%'(�����

DYHUDJLQJ����DQG����SJ�P��IRU�WKH���GD\V�����

� $�VHFRQG�VLWH�VWXGLHG�E\�&$5%�ZDV�DQ�HOHFWURQLFV�UHF\FOLQJ�IDFLOLW\���2XWGRRU�

PHDVXUHPHQWV�IURP�WZR�VDPSOHUV�LQ�IURQW�DQG�WZR�LQ�EDFN�VXJJHVWHG�FRQFHQWUDWLRQV�LQ�WKH�UDQJH�

RI������í������SJ�P���GRPLQDWHG�E\�%'(�������*HQHUDOO\��VDPSOLQJ�LQGRRUV�VKRZHG�
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VXEVWDQWLDOO\�KLJKHU�%'(�FRQFHQWUDWLRQV�FRPSDUHG�WR�RXWGRRUV�DW�WKLV�IDFLOLW\���$�WRWDO�RI�VL[�

VDPSOHV�ZHUH�REWDLQHG�IURP�WZR�VDPSOHUV�RYHU���FRQVHFXWLYH�GD\V�LQ��������&RQFHQWUDWLRQV�

UDQJHG�IURP���������WR���������SJ�P����7KH�RYHUZKHOPLQJO\�GRPLQDQW�FRQJHQHU�ZDV�%'(������

UDQJLQJ�IURP��������WR���������SJ�P���ZLWK�DQ�DYHUDJH�RYHU���������SJ�P����7KH�QH[W�KLJKHVW�

FRQJHQHUV�ZHUH�%'(������DYHUDJLQJ��������SJ�P���%'(�����DYHUDJLQJ�RYHU�������SJ�P���

%'(�����DYHUDJLQJ�RYHU�������SJ�P���DQG�WKHQ�%'(�����%'(�����DQG�%'(�����DOO�DW�DERXW�

������SJ�P����0HDVXUHPHQWV�RI�WKH�ILOWHU�DQG�;$'���VHSDUDWHO\�VKRZHG�FRPSDUDEOH�DPRXQWV�LQ�

YDSRU��;$'����DV�FRPSDUHG�WR�SDUWLFOH��ILOWHU��IRU�WKH�WUL�%'(V��DERXW����WLPHV�PRUH�SDUWLFOH�

WKDQ�YDSRU�IRU�WKH�WHWUD�%'(V��DQG�WKHQ�HVVHQWLDOO\�QRQH�LQ�WKH�YDSRU�SKDVH�IRU�SHQWD���KH[D���

KHSWD���DQG�PDUJLQDO�DPRXQWV�IRU�GHFD�%'(�FRQJHQHUV�����

� 2QO\�WKH�VDPSOLQJ�ZLWKLQ�WKH�FRPSXWHU�WUDLQLQJ�IDFLOLW\�VKRZLQJ�WRWDO�FRQFHQWUDWLRQV�

UDQJLQJ�IURP������í������SJ�P��PLJKW�UHSUHVHQW�QRQRFFXSDWLRQDO�FRQFHQWUDWLRQV�WKDW�FRXOG�

DSSO\�WR�WKH�JHQHUDO�SXEOLF���+RZHYHU��WKHVH�FRQFHQWUDWLRQV�DUH�KLJK�ZKHQ�FRPSDUHG�WR�RWKHU�

LQGRRU�PRQLWRULQJ�VWXGLHV�FRQGXFWHG�LQ�&DQDGD�DQG�DEURDG����

� 6KRHLE�HW�DO���������UHSRUWHG�RQ�PHDVXUHPHQWV�IURP����LQGRRU�DQG���RXWGRRU�VDPSOHUV�LQ�

7RURQWR��&DQDGD��XVLQJ�D�WUDGLWLRQDO�KLJK�YROXPH��WZR�SKDVH�DLU�36���DLU�VDPSOHU���6DPSOHV�ZHUH�

FROOHFWHG�LQ�1RYHPEHU�'HFHPEHU�RI������DQG�WKHQ�DJDLQ�LQ�0DUFK�RI��������&RQJHQHUV�LQFOXGHG�

%'(�����%'(��������%'(�����%'(�����%'(�����%'(������%'(������DQG�%'(�������7RWDO�

FRQFHQWUDWLRQV�RXWGRRUV�ZHUH����DQG����SJ�P���WZR�ORFDWLRQV��WKUHH�VDPSOHV��DQG�LQGRRUV�ZHUH�

���������������������������DQG����SJ�P���VL[�ORFDWLRQV��VHYHQ�VDPSOHV���OHDGLQJ�WR�DQ�DYHUDJH�

UDWLR�GLIIHUHQFH�RI����EHWZHHQ�LQGRRU�DQG�RXWGRRU�VDPSOHV���%'(����UHSUHVHQWHG�DERXW�����RI�

WKH�VDPSOH��IROORZHG�E\�%'(����DW�������%RWK�WKH�-XQJH�3DQNRZ�PRGHO��3DQNRZ��������DQG�

WKH�PRGHO�EDVHG�RQ�WKH�RFWDQRO�DLU�SDUWLWLRQ�FRHIILFLHQW��WKH�.RD�PRGHO��6KRHLE�DQG�+DUQHU��

�������YHU\�ZHOO�SUHGLFWHG�WKH�JDV�SDUWLFOH�SDUWLWLRQLQJ�WKDW�ZDV�REVHUYHG�LQ�WKH�KLJK�YROXPH�

VDPSOHU���2EVHUYHG�SDUWLFOH�SKDVH�SHUFHQWDJHV�IRU�WKH�FRQJHQHUV��GHULYHG�IURP�WKH�LQGRRU�

VDPSOHU��IURP�KLJK�WR�ORZ�DUH�DV�IROORZV��%'(����ʊ�����%'(����ʊ�����%'(����ʊ�����

%'(���ʊ�����%'(���ʊ�����%'(���ʊ�����%'(���ʊ�����%'(V������ʊ����DQG�

%'(���ʊ�����

� :LOIRUG�HW�DO���������VDPSOHG�DLU�XVLQJ�D�38)�GLVN�DV�D�SDVVLYH�VDPSOHU�LQ����KRPHV�DQG�

DW���RXWGRRU�VLWHV�GXULQJ�WKH�ZLQWHU�RI�����������LQ�2WWRZD��&DQDGD���,QGRRU�DLU�FRQFHQWUDWLRQV�

RI�3%'(V�ZHUH�ORJ�QRUPDOO\�GLVWULEXWHG��ZLWK�D�JHRPHWULF�PHDQ�RI�����SJ�P���KLJK�RI�
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������SJ�P����ZKLFK�LV�DSSUR[LPDWHO\����WLPHV�KLJKHU�WKDQ�RXWGRRU�DLU�FRQFHQWUDWLRQV��

����í����SJ�P����&RQJHQHUV�PHDVXUHG�LQFOXGH�%'(�����%'(�����%'(�����%'(�����%'(�����

%'(�����%'(�����%'(������%'(������DQG�%'(�������7KH�KLJKHVW�PHDQ�FRQFHQWUDWLRQ�ZDV�

%'(����DW�����SJ�P���IROORZHG�E\�%'(����DW����SJ�P���DQG�%'(����DW����SJ�P����:LOIRUG�HW�DO��

�������VWDWHG�WKDW�WKH�LQGRRU�SDVVLYH�VDPSOHUV�DUH�VDPSOLQJ�PDLQO\�WKH�YDSRU�SKDVH��ZLWK�RQO\�D�

VPDOO�FRQWULEXWLRQ�IURP�SDUWLFXODWHV���7KH�VWXG\�IRXQG�WKDW�WKH�WHFKQLFDO�IRUPXODWLRQV�WHQG�WR�EH�

HQULFKHG�ZLWK�KHDYLHU�FRQJHQHUV��%'(����DQG�%'(������ZKLOH�WKH�LQGRRU�DLU�ZDV�GRPLQDWHG�E\�

WKH�OLJKWHU��PRUH�YRODWLOH�FRQJHQHUV��%'(����DQG�%'(�������

� /LPLWHG�VWXGLHV�DEURDG��8QLWHG�.LQJGRP�DQG�.XZDLW��VKRZHG�LQGRRU�FRQFHQWUDWLRQV�RI�

WRWDO�%'(V�VLPLODU�WR�WKHVH�&DQDGLDQ�VWXGLHV��VXJJHVWLQJ�D�UDQJH�RI���í����SJ�P����+RZHYHU��

OLNH�WKH�&DQDGLDQ�VWXGLHV��PHDVXUHPHQWV�ZHUH�QRW�PDGH�IRU�%'(�������+D]UDWL�DQG�+DUUDG�

�������SDVVLYHO\�VDPSOHG����KRPHV�����RIILFHV��DQG���SULYDWH�FDU�LQ�WKH�8QLWHG�.LQJGRP�IRU�D�

SHULRG�RI���\HDU��IRU�VDPSOLQJ�HYHQWV�WKDW�WRRN�EHWZHHQ���DQG���ZHHNV���&RQJHQHUV�VDPSOHG�

LQFOXGHG�%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������DQG�

%'(�������&RQFHQWUDWLRQV�UDQJHG�EHWZHHQ���DQG�������SJ�P���ZLWK�D�PHDQ�RI�������DQG�PHGLDQ�

RI������SJ�P����,Q�FRPSDULVRQ�ZLWK�RXWGRRU�DLU�IURP�RWKHU�VWXGLHV��WKH�DXWKRUV�VXJJHVWHG�D�

���IROG�GLIIHUHQFH�EHWZHHQ�LQGRRU�DQG�RXWGRRU�DLU���38)�VDPSOHUV�ZHUH�XVHG�WR�PHDVXUH�DLU�

VDPSOHV�DQG�EXON�GXVW�VDPSOHV�ZHUH�REWDLQHG�IURP�YDFXXP�EDJV�LQ����KRPHV�LQ�.XZDLW�EHWZHHQ�

����������DQG������������*HYDR�HW�DO�����������,QGLYLGXDO�FRQJHQHU�FRQFHQWUDWLRQV�LQFOXGHG�

%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�������$LU�

FRQFHQWUDWLRQV�UDQJHG�IURP����í����SJ�P���ZLWK�D�JHRPHWULF�PHDQ�RI����SJ�P����%'(����ZDV�

WKH�PRVW�DEXQGDQW�FRQJHQHU�UHSUHVHQWLQJ��RQ�DYHUDJH������RI�WKH�WRWDO�3%'(�FRQFHQWUDWLRQ�

PHDVXUHG���7KH�QH[W�PRVW�DEXQGDQW�FRQJHQHU��%'(�����UHSUHVHQWHG�DERXW�����RI�WKH�WRWDO����

� +DUUDG�HW�DO���������SUHVHQWHG�FRQJHQHU�GDWD�RQ�%'(�����%'(�����%'(������%'(������

DQG�%'(�����IRU�LQGRRU�DQG�RXWGRRU�DLU��DQG�PHDW�DQG�YHJDQ�GLHWV���7KH�SXUSRVH�RI�WKHVH�

PHDVXUHPHQWV�ZDV�WR�HVWLPDWH�GDLO\�H[SRVXUH�WR�%'(V�YLD�LQKDODWLRQ�DQG�GLHW���,QGRRU�DLU�

FRQFHQWUDWLRQV�ZHUH�PXFK�KLJKHU�WKDQ�RXWGRRU�DLU�FRQFHQWUDWLRQV��%'(�����DQG�%'(�����ZHUH�

FRPSDUDEOH�LQ�ERWK�HQYLURQPHQWV��EXW�%'(�����%'(�����DQG�%'(�����ZHUH�HDFK�RYHU�����WLPHV�

KLJKHU�LQGRRUV�WKDQ�RXWGRRUV���7KH�PHDQ�WRWDO�FRQFHQWUDWLRQV�RI�%'(V�LQ�DLU�LQ�YDULRXV�

HQYLURQPHQWV�LQFOXGH�WKH�IROORZLQJ�����SJ�P��LQ�RXWGRRU�DLU������SJ�P��LQ�GRPHVWLF�LQGRRU�DLU��

DQG�������SJ�P��LQ�ZRUNSODFH�HQYLURQPHQWV��
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� +DUUDG�HW�DO���������FROOHFWHG�LQGRRU�DLU�VDPSOHV�DW����ORFDWLRQV�LQ�WKH�8QLWHG�.LQJGRP��

LQFOXGLQJ����KRPHV�����RIILFHV�����FDUV��DQG���SXEOLF�ORFDWLRQV��SRVW�RIILFH��FRIIHH�VKRS��DQG�

VXSHUPDUNHW��XVLQJ�38)V���7KH\�PHDVXUHG�%'(�����%'(�����%'(�����%'(�����%'(�����

%'(�����%'(������%'(������DQG�%'(�������7KH�RYHUDOO�DYHUDJH�RI�DOO�PHDVXUHPHQWV�ZDV�

����SJ�P��WRWDO��ZLWK�D�PHGLDQ�RI����SJ�P��DQG�D�PD[LPXP�RI�������SJ�P��IRXQG�LQ�FDUV���&DUV�

KDG�WKH�KLJKHVW�DYHUDJH�FRQFHQWUDWLRQ��DOWKRXJK�WKDW�ZDV�VNHZHG�E\�WKUHH�PHDVXUHPHQWV�JUHDWHU�

WKDQ�������SJ�P���WKH�KLJKHVW�FRQFHQWUDWLRQ�LQ�WKH�QRQFDU�HQYLURQPHQWV�ZDV�������SJ�P���DQG�WKH�

DYHUDJH�H[FOXGLQJ�WKH�FDUV�ZDV�����SJ�P����/LNH�RWKHU�VWXGLHV��WKH�PDMRU�FRQWULEXWRUV�WR�WKHVH�

FRQFHQWUDWLRQV�ZHUH�%'(����DQG�%'(�����

� .DUOVVRQ�HW�DO���������UHSRUWHG�RQ�PHDVXUHPHQWV�RI�3%'(V�LQ�LQGRRU�DLU��KRXVH�GXVW��DQG�

EORRG�IURP�ILYH�KRXVHKROGV��DOWKRXJK�DLU�ZDV�QRW�VDPSOHG�LQ�RQH�RI�WKH�KRXVHKROGV���8QOLNH�

VRPH�RI�WKHVH�RWKHU�VWXGLHV��%'(�����ZDV�PHDVXUHG���7KLV�FRQJHQHU�ZDV�IRXQG�LQ�RQH�RI�

IRXU�VDPSOHV��DW�����SJ�P���'/� �����SJ�P�����%'(����ZDV�IRXQG�LQ�WKUHH�RI�IRXU�VDPSOHV��

UDQJLQJ�IURP�����WR�����SJ�P����7KH�RQO\�RWKHU�WZR�FRQJHQHUV�TXDQWLILHG�LQ�DLU�ZHUH�%'(����

DQG�%'(�����DQG�WKH\�ZHUH�IRXQG�LQ�VHYHQ�RI�HLJKW�PHDVXUHPHQWV�UDQJLQJ�IURP���WR����SJ�P���

� 0DQGDODNLV�HW�DO���������PHDVXUHG�WKH�OHYHOV�RI�3%'(V�LQVLGH�DXWRPRELOH�FDELQV�LQ�

*UHHFH���7KH\�PHDVXUHG�WKH�LQGRRU�DLU�RI����FDUV��WDNLQJ����VDPSOHV�IURP�ORZ�YROXPH�VDPSOHUV�

WKDW�ZHUH�RQ�IRU����KRXUV��ERWK�ZKHQ�WKH�FDU�ZDV�LQ�XVH�DQG�ZKHQ�QRW�LQ�XVH���7KH�PHGLDQ�

FRQFHQWUDWLRQ�RI�WRWDO�3%'(V�ZDV�����SJ�P���GRPLQDWHG�E\�%'(������H[SODLQLQJ�DERXW�KDOI�WKH�

WRWDO�FRQFHQWUDWLRQ���6HYHQWHHQ�RWKHU�FRQJHQHUV�ZHUH�PHDVXUHG��ZLWK�WKH�QH[W�WZR�SUHGRPLQDQW�

FRQJHQHUV�EHLQJ�%'(����DQG�%'(������7KH�PD[LPXP�IRXQG�ZDV�RYHU�DQ�RUGHU�RI�PDJQLWXGH�

KLJKHU�WKDQ�WKLV�PHGLDQ�DW�������SJ�P������

� ,Q�VXPPDU\��RQO\�WZR�VWXGLHV�FRXOG�EH�ORFDWHG�WKDW�PHDVXUHG�LQGRRU�DLU�FRQFHQWUDWLRQV�RI�

%'(V�LQ�WKH�8QLWHG�6WDWHV�LQ�UHVLGHQFHV�UDWKHU�WKDQ�LQ�RFFXSDWLRQDO�VHWWLQJV���2QH�VWXG\�LQ�

$OEDQ\��1<��VKRZHG�D�PHDQ�WRWDO�FRQFHQWUDWLRQ�RI�������SJ�P��DQG�WKH�RWKHU�ZDV�RI�GLIIHUHQW�

URRPV�ZLWKLQ�XUEDQ�UHVLGHQFHV�LQ�WKH�%RVWRQ��0$��DUHD��ZKHUH�WKH�PHDQ�WRWDO�KRXVHKROG�

FRQFHQWUDWLRQ�ZDV�LQ�WKH�UDQJH�RI����í����SJ�P����7KH�RQO\�RWKHU�LQGRRU�PHDVXUHPHQWV�FDPH�

IURP�ZLWKLQ�D�FRPSXWHU�ODE��DQG�WRWDO�FRQFHQWUDWLRQV�ZHUH�LQ�WKH�UDQJH�RI������í������SJ�P���

ZLWK�%'(�����LQ�WKH�UDQJH�RI���í���SJ�P����7KLV�ZDV�KLJKHU�WKDQ�LQGRRU�FRQFHQWUDWLRQV�

PHDVXUHG�LQ�&DQDGD�DQG�DEURDG��ZKLFK�ZHUH�PRVWO\�OHVV�WKDQ�����SJ�P��WRWDO��DOWKRXJK�

%'(�����ZDV�PRVW�RIWHQ�QRW�PHDVXUHG�LQ�VWXGLHV�LQ�&DQDGD�RU�DEURDG���,QGRRU�
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LQGXVWULDO�RFFXSDWLRQDO�FRQFHQWUDWLRQV�ZHUH�VXEVWDQWLDOO\�KLJKHU��ZLWK�PHDVXUHPHQWV�LQ�WKH�

KXQGUHGV�RI�WKRXVDQGV�RI�SJ�P����,Q�8QLWHG�6WDWHV��&DQDGD��DQG�VWXGLHV�DEURDG��LQGRRU�

FRQFHQWUDWLRQV�ZHUH�IRXQG�WR�EH�KLJKHU�WKDQ�RXWGRRU�FRQFHQWUDWLRQV�LQ�VLPXOWDQHRXV�

PHDVXUHPHQWV�E\�IDFWRUV�RI����WR�������%'(����DSSHDUV�WR�GRPLQDWH�LQGRRU�DLU�FRQFHQWUDWLRQV��

HQFRPSDVVLQJ�DERXW�RQH�WKLUG�WKH�WRWDO�FRQJHQHU�FRQFHQWUDWLRQ�ZKHQ�%'(�����ZDV�PHDVXUHG�LQ�

RQH�VWXG\��$OOHQ�HW�DO����������DQG�DERXW�KDOI�WKH�WRWDO�FRQFHQWUDWLRQ�LQ�RWKHU�VWXGLHV�ZKHQ�LW�ZDV�

QRW�PHDVXUHG���,Q�WKH�VWXG\�ZKHUH�%'(�����ZDV�PHDVXUHG�LQ�WKH�LQGRRU�HQYLURQPHQW��LW�ZDV�WKH�

VHFRQG�KLJKHVW�FRQFHQWUDWLRQ��IROORZHG�E\�%'(������,Q�D�VWXG\�RI�3%'(�FRQFHQWUDWLRQV�LQVLGH�

FDUV��%'(�����GRPLQDWHG�WKH�SURILOH��H[SODLQLQJ�DERXW�KDOI�WKH�WRWDO�FRQFHQWUDWLRQ��������

 
���� ),6+�&21&(175$7,216�
� 7KLV�VHFWLRQ�UHYLHZV�WKH�GDWD�RQ�ILVK��LQFOXGLQJ�ILVK�FDXJKW�LQ�WKH�ZLOG��IDUPHG�ILVK��DQG�

ILVK�VDPSOHV�IURP�PDUNHW�EDVNHW�VXUYH\V���:KLOH�HPSKDVLV�LV�RQ�WKH�8�6��VWXGLHV��QRWHZRUWK\�

VWXGLHV�IURP�&DQDGD�DQG�DEURDG�DUH�LQFOXGHG�DV�ZHOO���/LNH�PXFK�RI�WKH�GDWD�RQ�RWKHU�

HQYLURQPHQWDO�OHYHOV��WKHVH�VWXGLHV�RIWHQ�GLG�QRW�LQFOXGH�%'(�����DQG�%'(������WKH�SULPDU\�

PDUNHUV�IRU�WKH�RFWD�DQG�GHFD�IRUPXODWLRQV��UHVSHFWLYHO\���$QRWKHU�LVVXH�IRU�HYDOXDWLRQ�DQG�

FRPSDULVRQ�RI�ILVK�VWXGLHV�LV�WKDW�VRPH�UHVXOWV�DUH�UHSRUWHG�RQ�D�ZHW�ZHLJKW��ZZW��RI�ZKROH�

WLVVXH�DQG�RWKHUV�RQ�D�OLSLG�EDVLV���/LNH�RWKHU�3%7V��3%'(V�ELRDFFXPXODWH�LQ�OLSLGV�RI�DQLPDOV��

VR�LW�ZRXOG�EH�XVHIXO�WR�KDYH�DOO�GDWD�UHSRUWHG�RQ�ERWK�ZZW�DQG�OLSLG�EDVHV���:KLOH�WKH�DXWKRUV�

UHSRUWHG�UHVXOWV�DUH�SURYLGHG�EHORZ��ZZW�RU�OLSLG�EDVHG��OZW��FRQFHQWUDWLRQV�DUH�FRQFXUUHQWO\�

SURYLGHG�LQ�SDUHQWKHVHV�ZKHQ�SRVVLEOH���7DEOH�����SURYLGHV�FRQJHQHU�VSHFLILF�ILVK�FRQFHQWUDWLRQV�

IRU�ILVK�FDXJKW�LQ�WKH�8QLWHG�6WDWHV���

�

������ )DUPHG�)LVK�&RQFHQWUDWLRQV�
� $�WRWDO�RI����IDUPHG�DQG�ZLOG�VDOPRQ�ZHUH�FROOHFWHG�IURP�ZKROHVDOH�DQG�UHWDLO�RXWOHWV�LQ�

0DLQH�LQ�$XJXVW������DQG�0D\�������6KDZ�HW�DO�����������7KH\�UHSUHVHQWHG�VDOPRQ�IURP�WKUHH�

UHJLRQV��WZR�IDUPV�LQ�HDVWHUQ�0DLQH��WKUHH�IDUPV�LQ�HDVWHUQ�&DQDGD��DQG�RQH�IDUP�LQ�1RUZD\���

6DPSOHV�ZHUH�FRPSRVLWHG�VR�WKDW�WKH�0DLQH�VDPSOH�UHVXOWV�ZHUH�GLVSOD\HG�IRU�WKH�WZR�IDUPV����

�
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Table 4-3.  Congener-specific concentrations of PBDEs for fish caught in the 
United States (units in ng/g wwt, or lwt, in parentheses if available) 

�

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

MonoBDE 

�� �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

�� �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

�� �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

DiBDE 

�� ��������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL 

6WDVNDO�HW�DO�������� 

����� ���������������
���������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

��� ���������������
���������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

������ ���������������
���������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

��� �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

TriBDE 

��� ������� Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ�

6FKHFWHU�HW�DO��
�����D��

������ Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� ������

6FKHFWHU�HW�DO��
�����E��

�����������OZW�� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV��������

�������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

��� �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

��� ����� $YHUDJH�RI����IDUP�DQG�ZLOG�FDXJKW�VDOPRQ�IURP�
0DLQH��$ODVND��&DQDGD��H\HEDOO�HVWLPDWH�IURP�JUDSK��

6KDZ�HW�DO���������

����� Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� ������

6FKHFWHU�HW�DO��
�����E��

������ Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ�

6FKHFWHU�HW�DO��
�����D��

������������OZW�� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV��������
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�
Table 4-3.  Congener specific concentrations of PBDEs for fish caught in the 
United States (units in ng/g wwt, or lwt, in parentheses if available) 
(continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

� ���������OZW�� $YHUDJH�RI����VSHFLPHQV����VSHFLHV�RI�PDULQH�ILVK��
��VSHFLHV�RI�GROSKLQ��RII�)ORULGD�FRDVW�

-RKQVRQ�5HVWUHSR�HW�
DO���������

������ �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

��� ���������������
���������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

��� ���������������
���������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

��� �������������
��������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

��� �������������
���������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

TetraBDE 

��� ����� Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ�

6FKHFWHU�HW�DO��
�����D��

����� Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� ������

6FKHFWHU�HW�DO��
�����E��

���� Q� ����ORFDWLRQV�LQ�6)�(VWXDU\��ELYDOYH��FODP��R\VWHU��
PXVVHO��DYHUDJH�

2URV�HW�DO���������

����������� 0HDQV�IURP�������Q �����DQG�������Q �����IURP�
QDWLRQDO�VWXG\�RQ�ULYHUV�DQG�VWUHDPV�LQ�WKH�86�

%ORFNVRP�HW�DO��
�������

���� $YHUDJH�RI����IDUP�DQG�ZLOG�FDXJKW�VDOPRQ�IURP�
0DLQH��$ODVND��&DQDGD��H\HEDOO�HVWLPDWH�IURP�JUDSK�

6KDZ�HW�DO���������

����� $YHUDJH�RI����VDOPRQ�VDPSOHV�IURP�/DNH�0LFKLJDQ� 0DQFKHVWHU�1HHVYLJ�
HW�DO���������

��������������OZW�� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV�
�������

�í���� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�VPHOW�LQ�*UHDW�
/DNHV��UDQJH�IRU�ODVW�VDPSOHV��a�����

%DWWHUPDQ�HW�DO��
�������

������������OZW�� $YHUDJH�RI����VSHFLPHQV����VSHFLHV�RI�PDULQH�ILVK��
��VSHFLHV�RI�GROSKLQ��RII�)ORULGD�FRDVW�

-RKQVRQ�5HVWUHSR�HW�
DO���������

������������� Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������

���������
���������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

��� ������������OZW�� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV�
�������
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Table 4-3.  Congener specific concentrations of PBDEs for fish caught in the 
United States (units in ng/g wwt, or lwt, in parentheses if available) 
(continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

������ Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� ������

6FKHFWHU�HW�DO��
�����E��

1'����������� Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������

����������
�����������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

���
�

������������OZW�� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV�
�������

������ Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� ���������
GHWHFWV�

6FKHFWHU�HW�DO��
�����E��

������ Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ�

6FKHFWHU�HW�DO��
�����D��

1'� $YHUDJH�RI����IDUP�DQG�ZLOG�FDXJKW�VDOPRQ�IURP�
0DLQH��$ODVND��&DQDGD��H\HEDOO�HVWLPDWH�IURP�JUDSK�

6KDZ�HW�DO���������

���� $YHUDJH�RI����VDOPRQ�VDPSOHV�IURP�/DNH�0LFKLJDQ� 0DQFKHVWHU�1HHVYLJ�
HW�DO���������

���������OZW�� $YHUDJH�RI����VSHFLPHQV����VSHFLHV�RI�PDULQH�ILVK��
��VSHFLHV�RI�GROSKLQ��RII�)ORULGD�FRDVW�

-RKQVRQ�5HVWUHSR�HW�
DO���������

1'����������� Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������

�����������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

��� 1'� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV�
�������

1'����������� Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������

��� �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

��� ������ Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ��PRVWO\�1$�RU�1'��ZLWK�RQH�
����KHUULQJ�

6FKHFWHU�HW�DO��
�����D��

��������������
���������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

PentaBDE�

��� �����������OZW�� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV�
�������
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Table 4-3.  Congener specific concentrations of PBDEs for fish caught in the 
United States (units in ng/g wwt, or lwt, in parentheses if available) 
(continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

������ Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ��PRVWO\�1$�RU�1'��RQH�FDWILVK�DW�
�����

6FKHFWHU�HW�DO��
�����D��

������� Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� �������
��GHWHFW�DW�������

6FKHFWHU�HW�DO��
�����E��

1'� $YHUDJH�RI����IDUP�DQG�ZLOG�FDXJKW�VDOPRQ�IURP�
0DLQH��$ODVND��&DQDGD��H\HEDOO�HVWLPDWH�IURP�JUDSK�

6KDZ�HW�DO���������

���������OZW�� $YHUDJH�RI����VSHFLPHQV����VSHFLHV�RI�PDULQH�ILVK��
��VSHFLHV�RI�GROSKLQ��RII�)ORULGD�FRDVW�

-RKQVRQ�5HVWUHSR�HW�
DO���������

�����������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

��� ����� $YHUDJH�RI���IDUP�VDOPRQ�IDUP�FRPSRVLWHG�IURP�
0DLQH��H\HEDOO�HVWLPDWH�IURP�JUDSK��

6KDZ�HW�DO���������

��� ��������������OZW�� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV�
�������

���í��� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�WURXW�VPHOW�LQ�*UHDW�
/DNHV��UDQJH�IRU�ODVW�VDPSOHG��a�����

%DWWHUPDQ�HW�DO��
�������

����� Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ�

6FKHFWHU�HW�DO��
�����D��

����� Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� ������

6FKHFWHU�HW�DO��
�����E��

���� $YHUDJH�RI����IDUP�DQG�ZLOG�FDXJKW�VDOPRQ�IURP�
0DLQH��$ODVND��&DQDGD��H\HEDOO�HVWLPDWH�IURP�JUDSK�

6KDZ�HW�DO���������

���� $YHUDJH�RI����VDOPRQ�VDPSOHV�IURP�/DNH�0LFKLJDQ� 0DQFKHVWHU�1HHVYLJ�
HW�DO���������

���� Q� ����ORFDWLRQV�LQ�6)�(VWXDU\��ELYDOYH��FODP��R\VWHU��
PXVVHO��DYHUDJH�

2URV�HW�DO���������

��������� 0HDQV�IURP�������Q �����DQG�������Q �����IURP�
QDWLRQDO�VWXG\�RQ�ULYHUV�DQG�VWUHDPV�LQ�WKH�86�

%ORFNVRP�HW�DO��
�������

����������OZW�� $YHUDJH�RI����VSHFLPHQV����VSHFLHV�RI�PDULQH�ILVK��
��VSHFLHV�RI�GROSKLQ��RII�)ORULGD�FRDVW�

-RKQVRQ�5HVWUHSR�HW�
DO���������

1'������������ Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������

���������
���������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

���� ��������������OZW�� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV�
�������
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Table 4-3.  Congener specific concentrations of PBDEs for fish caught in the 
United States (units in ng/g wwt, or lwt, in parentheses if available) 
(continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

���í��� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�WURXW�VPHOW�LQ�*UHDW�
/DNHV��UDQJH�IRU�ODVW�VDPSOHG��a�����

%DWWHUPDQ�HW�DO��
�������

����� Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ�

6FKHFWHU�HW�DO��
�����D��

����� Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� ������

6FKHFWHU�HW�DO��
�����E��

����� $YHUDJH�RI����IDUP�DQG�ZLOG�FDXJKW�VDOPRQ�IURP�
0DLQH��$ODVND��&DQDGD��H\HEDOO�HVWLPDWH�IURP�JUDSK�

6KDZ�HW�DO���������

���� $YHUDJH�RI����VDOPRQ�VDPSOHV�IURP�/DNH�0LFKLJDQ� 0DQFKHVWHU�1HHVYLJ�
HW�DO���������

���� Q� ����ORFDWLRQV�LQ�6)�(VWXDU\��ELYDOYH��FODP��R\VWHU��
PXVVHO��DYHUDJH�

2URV�HW�DO���������

��������� 0HDQV�IURP�������Q �����DQG�������Q �����IURP�
QDWLRQDO�VWXG\�RQ�ULYHUV�DQG�VWUHDPV�LQ�WKH�86�

%ORFNVRP�HW�DO��
�������

������������ $YHUDJH�RI����VSHFLPHQV����VSHFLHV�RI�PDULQH�ILVK��
��VSHFLHV�RI�GROSKLQ��RII�)ORULGD�FRDVW�

-RKQVRQ�5HVWUHSR�HW�
DO���������

�������������� Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������

���������
�����������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

���� ������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

���� �������������
���������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

������ Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� �������
��GHWHFWV�

6FKHFWHU�HW�DO��
�����E��

���� �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

HexaBDE�

���� 1'� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV�
�������

������ Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ��PRVWO\�1'�H[FHSW���FDWILVK�DW�
����DQG�����

6FKHFWHU�HW�DO��
�����D��

������� Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� �������
��GHWHFWV�

6FKHFWHU�HW�DO��
�����E��
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Table 4-3.  Congener specific concentrations of PBDEs for fish caught in the 
United States (units in ng/g wwt, or lwt, in parentheses if available) 
(continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

1'� $YHUDJH�RI����IDUP�DQG�ZLOG�FDXJKW�VDOPRQ�IURP�
0DLQH��$ODVND��&DQDGD��H\HEDOO�HVWLPDWH�IURP�JUDSK�

6KDZ�HW�DO���������

������� $YHUDJH�RI����VSHFLPHQV����VSHFLHV�RI�PDULQH�ILVK��
��VSHFLHV�RI�GROSKLQ��RII�)ORULGD�FRDVW�

-RKQVRQ�5HVWUHSR�HW�
DO���������

1'����������� Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������

������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

���� ������ Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ���

6FKHFWHU�HW�DO��
�����D��

������ Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� ������

6FKHFWHU�HW�DO��
�����E��

������������OZW�� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV�
�������

��������� 0HDQV�IURP�������Q �����DQG�������Q �����IURP�
QDWLRQDO�VWXG\�RQ�ULYHUV�DQG�VWUHDPV�LQ�WKH�86�

%ORFNVRP�HW�DO��
�������

���í���� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�WURXW�VPHOW�LQ�*UHDW�
/DNHV��UDQJH�IRU�ODVW�VDPSOHG��a�����

%DWWHUPDQ�HW�DO��
�������

1'� $YHUDJH�RI����IDUP�DQG�ZLOG�FDXJKW�VDOPRQ�IURP�
0DLQH��$ODVND��&DQDGD��H\HEDOO�HVWLPDWH�IURP�JUDSK�

6KDZ�HW�DO���������

����������OZW�� $YHUDJH�RI����VSHFLPHQV����VSHFLHV�RI�PDULQH�ILVK��
��VSHFLHV�RI�GROSKLQ��RII�)ORULGD�FRDVW�

-RKQVRQ�5HVWUHSR�HW�
DO���������

1'����������� Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������

���������
�����������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

����
�

������ Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ�

6FKHFWHU�HW�DO��
�����D��

������ Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� ������

6FKHFWHU�HW�DO��
�����E��

������������OZW�� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV�
�������

��������� 0HDQV�IURP�������Q �����DQG�������Q �����IURP�
QDWLRQDO�VWXG\�RQ�ULYHUV�DQG�VWUHDPV�LQ�WKH�86�

%ORFNVRP�HW�DO��
�������

1'� $YHUDJH�RI����IDUP�DQG�ZLOG�FDXJKW�VDOPRQ�IURP�
0DLQH��$ODVND��&DQDGD��H\HEDOO�HVWLPDWH�IURP�JUDSK�

6KDZ�HW�DO���������

���������OZW�� $YHUDJH�RI����VSHFLPHQV����VSHFLHV�RI�PDULQH�ILVK��
��VSHFLHV�RI�GROSKLQ��RII�)ORULGD�FRDVW�

-RKQVRQ�5HVWUHSR�HW�
DO���������
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Table 4-3.  Congener specific concentrations of PBDEs for fish caught in the 
United States (units in ng/g wwt, or lwt, in parentheses if available) 
(continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

���������������� Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������

���������
�����������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

���� ���������
�����������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

���� �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

���� �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

HeptaBDE�

���� �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

���� ������ Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ�

6FKHFWHU�HW�DO��
�������

������ Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� �������
��GHWHFW�DW�������

6FKHFWHU�HW�DO��
�����E��

�����������OZW�� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV�
�������

����������� 0HDQV�IURP�������Q �����DQG�������Q �����IURP�
QDWLRQDO�VWXG\�RQ�ULYHUV�DQG�VWUHDPV�LQ�WKH�86�

%ORFNVRP�HW�DO��
�������

���������O�W�� $YHUDJH�RI����VSHFLPHQV����VSHFLHV�RI�PDULQH�ILVK��
��VSHFLHV�RI�GROSKLQ��RII�)ORULGD�FRDVW�

-RKQVRQ�5HVWUHSR�HW�
DO���������

1'����������� Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������

�����������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

���� 1'����������� Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������

���� 1'� 7LPH�VSDWLDO�WUHQG�VWXG\�IRU�ODNH�WURXW�LQ�VHYHUDO�*UHDW�
/DNHV��DYHUDJH�IRU������RQO\�

=KX�DQG�+LWHV�
�������

�������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

���� 1'����������� Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������
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Table 4-3.  Congener specific concentrations of PBDEs for fish caught in the 
United States (units in ng/g wwt, or lwt, in parentheses if available) 
(continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

���� 1'� Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� �������
'/���������

6FKHFWHU�HW�DO��
�����E��

���� �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

������� Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� �������
��GHWHFW�DW�������

6FKHFWHU�HW�DO��
�����E��

OctaBDE�

����
�

���������OZW�� $YHUDJH�RI����VSHFLPHQV����VSHFLHV�RI�PDULQH�ILVK��
��VSHFLHV�RI�GROSKLQ��RII�)ORULGD�FRDVW�

-RKQVRQ�5HVWUHSR�HW�
DO���������

�������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

NonaBDE 

���� ������� Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� �������
��GHWHFW�DW�������

6FKHFWHU�HW�DO��
�����E��

���� �������������
�������������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

������� Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� �������
��GHWHFW�DW�������

6FKHFWHU�HW�DO��
�����E��

DecaBDE�

���� ������ Q� �����FRQVXPHU�ILVK�LQFOXGLQJ�WXQD��VDOPRQ��VKDUN��
WURXW��FDWILVK��KHUULQJ��PDMRULW\�1'�EXW�RQH�FDWILVK�DW�
������

6FKHFWHU�HW�DO��
�����D��

������ Q� ����FRQVXPHU�ILVK�LQFOXGLQJ�VDOPRQ��WXQD��FDWILVK��
FDQQHG�VDUGLQHV��IUR]HQ�ILVK�VWLFNV��OLSLG� �������
��GHWHFWV�DW�������DQG��������

6FKHFWHU�HW�DO��
�����E��

����������OZW�� $YHUDJH�RI����VSHFLPHQV����VSHFLHV�RI�PDULQH�ILVK��
��VSHFLHV�RI�GROSKLQ��RII�)ORULGD�FRDVW�

-RKQVRQ�5HVWUHSR�HW�
DO���������

1'����������� Q� �����PHGLDQ��PHDQ��IUHTXHQF\�GHWHFWLRQ�LQ�
:DVKLQJWRQ�6WDWH�VXUYH\�LQ�ULYHUV�DQG�ODNHV�

-RKQVRQ�HW�DO���������

����������
����������

0HDQ��PHGLDQ�RI�ZLOG�FDXJKW��Q� �����DQG�IDUPHG�
VDOPRQ��Q� �����LQ�VRXWKHUQ�0LVVLVVLSSL�

6WDVNDO�HW�DO���������

�
�



� �����

� 5HVXOWV�ZHUH�SURYLGHG�IRU�QLQH�FRQJHQHUV�LQFOXGLQJ�%'(�����%'(�����%'(�����%'(�����

%'(�����%'(������%'(������%'(������DQG�%'(�������7KH�VDPSOHV�ZHUH�DQDO\]HG�ZLWK�VNLQ�RQ�

DQG�VNLQ�RII�WR�VHH�LI�WKDW�PDGH�D�GLIIHUHQFH��WKH�UHVXOWV�VXJJHVWHG�HVVHQWLDOO\�QR�GLIIHUHQFH���

7KHUH�ZDV�DOVR�QR�FRUUHODWLRQ�EHWZHHQ�OLSLG�FRQWHQW�DQG�ZZW�FRQFHQWUDWLRQV��ZKLFK�LV�

FRXQWHULQWXLWLYH���,W�ZDV�IRXQG�WKDW�WRWDO�FRQFHQWUDWLRQV�EHWZHHQ�WKH�IDUPHG�DQG�ZLOG�FDXJKW�ZHUH�

HVVHQWLDOO\�LGHQWLFDO��DQG�WKH�YDOXHV�UDQJHG�EHWZHHQ������DQG������QJ�J�WRWDO�ZZW���7KLV�LV�IRXU�WR�

ILYH�WLPHV�ORZHU�WKDQ�3%'(�FRQFHQWUDWLRQV�UHSRUWHG�LQ�IDUPHG�VDOPRQ�IURP�%ULWLVK�&ROXPELD�

DQG�QRUWKZHVWHUQ�(XURSH��EXW�FRPSDUDEOH�WR�OHYHOV�IRXQG�LQ�IDUPHG�VDOPRQ�IURP�&KLOH���%'(����

GRPLQDWHG�WKH�SURILOHV��FRQWULEXWLQJ���í����RI�WKH�WRWDO�PHDVXUHG�3%'(V��ZLWK�%'(����SOXV�

%'(�����DFFRXQWLQJ�IRU�DQRWKHU���í����RI�WKH�WRWDO����

� -DFREV�HW�DO���������PHDVXUHG�3&%V��GLFKORURGLSKHQ\OWULFKORURHWKDQH��''7���DQG�3%'(V�

LQ�IDUPHG�DQG�ZLOG�(XURSHDQ�$WODQWLF�VDOPRQ��DTXDFXOWXUH�IHHGV��DQG�ILVK�RLOV�XVHG�WR�

VXSSOHPHQW�WKH�IHHG���6HYHQ�%ULWLVK�VDOPRQ�VDPSOHV��ILYH�DGGLWLRQDO�VDOPRQ�VDPSOHV��WZR�IURP�

,UHODQG��DQG�WKUHH�SXUFKDVHG�IURP�D�%HOJLDQ�PDUNHW���HLJKW�VDOPRQ�IHHGV��IURP�IRXU�GLIIHUHQW�

6FRWWLVK�VRXUFHV���ILYH�ILVK�RLOV��DQG�RQH�YHJHWDEOH�RLO�ZHUH�DQDO\]HG���&RQJHQHUV�DQDO\]HG�

LQFOXGHG�%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(�����%'(������DQG�

%'(�������7RWDO�%'(V�UDQJHG�IURP����í�����QJ�J�OZW�LQ����VDOPRQ�VDPSOHV��DYHUDJH� ��������

ZLWK�WKH�KLJKHVW�IRXQG�LQ�D�ZLOG�VDOPRQ�VDPSOH���%'(����SUHGRPLQDWHG��DYHUDJLQJ�DERXW�����RI�

WRWDO���7KH�OHYHOV�RI�%'(�LQ�IHHG�UDQJHG�IURP�����WR������QJ�J�OZW�IRU�HLJKW�IHHG�VDPSOHV��DQG�WKH�

UDQJH�LQ�ILVK�RLO�ZDV�1'�WR������QJ�J�OZW���%'(����VLPLODUO\�GRPLQDWHG�WKH�IHHG�DQG�ILVK�RLO�

VDPSOHV��

� 6WDVNDO�HW�DO���������FROOHFWHG����VDPSOHV�RI�FDWILVK�IURP�VRXWKHUQ�0LVVLVVLSSL��LQFOXGLQJ�

���WKDW�ZHUH�IDUP�UDLVHG�DQG�VWRUH�ERXJKW��DQG����WKDW�ZHUH�ZLOG�FDXJKW���6DPSOHV�ZHUH�

DQDO\]HG�IRU����FRQJHQHUV�LQFOXGLQJ�%'(�������7KH�ZLOG�FDXJKW�FDWILVK�ZHUH�VLJQLILFDQWO\�

KLJKHU��S���������WKDQ�WKH�VWRUH�ERXJKW�ILVK��WKH�PHGLDQ�WRWDO�FRQFHQWUDWLRQ��VXP�RI�

���FRQJHQHUV��IURP�WKH�ZLOG�FDXJKW�ILVK�ZDV������QJ�J�ZZW����������QJ�J�OZW���ZKLOH�WKH�PHGLDQ�

IRU�WKH�IDUP�UDLVHG�FDWILVK�ZDV�����QJ�J�ZZW������QJ�J�OZW����%'(�����%'(�����%'(������

%'(������DQG�%'(�����ZHUH�GHWHFWHG�LQ�DOO�VDPSOHV�DQG�GRPLQDWHG�WKH�FRQFHQWUDWLRQV���

%'(�����ZDV�GHWHFWHG�LQ�����RI�WKH�VDPSOHV��DQG�WKH�DYHUDJH�FRQFHQWUDWLRQ�LQ�VDPSOHV�DERYH�

WKH�/2'�ZDV�����QJ�J�ZZW���%'(�����ZDV�GHWHFWHG�LQ�WKH�WKUHH�FDWILVK�QXJJHW�VDPSOHV�RI�WKH�



� �����

VWXG\�DQG�FRQWULEXWHG�DERXW�����WR�WKH�WRWDO�FRQFHQWUDWLRQ�LQ�WKHVH�QXJJHWV���&RQJHQHU�VSHFLILF�

GDWD�IURP�WKLV�VWXG\�DUH�SURYLGHG�LQ�7DEOH��������

� 7KH�PRVW�FRPSUHKHQVLYH�VWXG\�RQ�%'(V�LQ�IDUPHG�ILVK�ZDV�FRQGXFWHG�E\�+LWHV�HW�DO��

���������3%'(V�ZHUH�PHDVXUHG�LQ�DERXW�����IDUPHG�DQG�ZLOG�VDOPRQ�FROOHFWHG�IURP�DURXQG�WKH�

ZRUOG��LQFOXGLQJ�IURP�0DLQH�DQG�:DVKLQJWRQ��DW�WKH�$;<6�$QDO\WLFDO�/DE�LQ�6LGQH\��%&���

%'(����%'(����%'(����%'(����%'(����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����

%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����

%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������

%'(������%'(������%'(������%'(������%'(������%'(������%'(������%'(������%'(������

%'(������%'(������%'(������DQG�%'(�����ZHUH�IRXQG���%'(�����ZDV�WHVWHG�IRU�EXW�QRW�

GHWHFWHG�ZLWK�D�GHWHFWLRQ�OLPLW�RI�����QJ�J�ZZW��RWKHU�FRQJHQHUV�KDG�'/V�DW�������WR�

�����QJ�J�ZZW����7KH�FRQFHQWUDWLRQV�RI�WRWDO�3%'(V�LQ�WKHVH�VDPSOHV�UDQJHG�XS�WR����QJ�J�ZZW���

,Q�RUGHU�RI�PDJQLWXGH��WKH�VDPSOHV�VXJJHVWHG�WKH�IROORZLQJ��(XURSH�IDUPHG�VDOPRQ�!�1RUWK�

$PHULFD�IDUPHG�VDOPRQ�!�&KLOH�IDUPHG�VDOPRQ�!�ZLOG�VDOPRQ���)DUPHG�VDOPRQ�UDQJHG�IURP�

DURXQG�����XS�WR�QHDUO\����QJ�J�ZZW��ZKLOH�WKH�EXON�RI�ZLOG�VDOPRQ�ZHUH�OHVV�WKDQ�����QJ�J�ZZW���

,Q�WHUPV�RI�ZLOG�VDOPRQ�VSHFLHV��&KLQRRN�ZDV�WKH�KLJKHVW��ZLWK�DQ�DYHUDJH�RI������QJ�J�ZZW�IRU�

WKH���VDPSOHV�DV�FRPSDUHG�WR������QJ�J�ZZW�IRU�WKH����RWKHUV���,Q�WHUPV�RI�FRPSRVLWLRQ��%'(����

GRPLQDWHV��DURXQG�������IROORZHG�E\�%'(�����������%'(������������%'(�������DQG�%'(����

������ZLWK�RWKHU�FRQJHQHUV�XQGHU������$OWKRXJK�QRW�IRXQG�LQ�WKH�IDUPHG�VDOPRQ��%'(�����ZDV�

IRXQG�LQ�WKH�VDOPRQ�IHHG�DQG�DW�DERXW�����RI�WRWDO�FRQFHQWUDWLRQ���7RWDO�3%'(�FRQFHQWUDWLRQV�LQ�

���IHHG�VDPSOHV�UDQJHG�IURP�����WR������QJ�J�ZZW����

� +D\ZDUG�HW�DO���������FROOHFWHG����VDPSOHV�RI�IDUPHG�DQG�ZLOG�FDXJKW�ILVK�IURP�

VXSHUPDUNHWV�LQ�0DU\ODQG�RU�:DVKLQJWRQ��'&�LQ�������DQG�DQ�DGGLWLRQDO�IRXU�VDPSOHV�ZHUH�

FROOHFWHG�LQ�������LQFOXGLQJ�RQH�IURP�1RUWK�&DUROLQD���7KHUH�ZHUH���IDUP�UDLVHG�VDOPRQ��

��ZLOG�FDXJKW�VDOPRQ����EOXHILVK��DQG���URFNILVK�DPRQJ�WKH����VDPSOHV���7KH\�ZHUH�DQDO\]HG�IRU�

���%'(V��LQFOXGLQJ�%'(������EXW�RQO\�%'(�����%'(�����%'(�����%'(�����%'(������

%'(������DQG�%'(�����FRXOG�EH�IRXQG�URXWLQHO\���,QGLYLGXDO�FRQJHQHU�UHVXOWV�ZHUH�JUDSKHG�DQG�

QRW�SURYLGHG�LQ�D�WDEOH��VR�WKH\�ZHUH�QRW�DGGHG�WR�7DEOH�������+RZHYHU��WKH\�DSSHDU�FRQVLVWHQW�

ZLWK�RWKHU�PHDVXUHPHQWV�GHVFULEHG�KHUH�DQG�LQ�7DEOH�������:LOG�EOXHILVK�KDG�WKH�KLJKHVW�WRWDO�

3%'(�FRQFHQWUDWLRQ��DYHUDJLQJ������QJ�J�ZZW��Q� �����IROORZHG�E\�ZLOG�URFNILVK�DW�

����QJ�J�ZZW��Q� �����IDUPHG�VDOPRQ�DW�����QJ�J�ZZW��Q� �����DQG�$ODVNDQ�VDOPRQ��NLQJ��FRKR��
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DQG�VRFNH\H��DW�����QJ�J�ZZW��Q� ������%'(����KDG�WKH�KLJKHVW�FRQFHQWUDWLRQV��H[SODLQLQJ�

��í����RI�WKH�WRWDO��IROORZHG�E\�%'(����DQG�%'(������ERWK�RI�ZKLFK�WRRN�WXUQV�EHLQJ�VHFRQG�

EHKLQG�%'(����LQ�GLIIHUHQW�VDPSOHV���%'(�����ZDV�QRW�IRXQG�LQ�ZLOG�VDOPRQ�DQG�RQO\�IRXQG�DW�

�í���RI�WRWDO�LQ�RWKHU�VSHFLHV��DQG�%'(�����ZDV�IRXQG�LQ�RQO\�RQH�VDPSOH��

�

������ )UHVKZDWHU �DQG�0DULQH�)LVK�&RQFHQWUDWLRQV�
� )LVK�IURP�WKH�PDMRU�ULYHU�V\VWHPV�RI�WKH�FHQWUDO�86���WKH�8SSHU�0LVVLVVLSSL��0LVVRXUL��

DQG�2KLR�5LYHUV���ZHUH�VDPSOHG�DV�SDUW�RI�(3$¶V�(QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW�

3URJUDP�IRU�*UHDW�5LYHU�(FRV\VWHPV��(0$3�*5(��%ORFNVRP�HW�DO�����������7KH�RYHUDOO�GHVLJQ�

ZDV�D�SUREDELOLW\�GHVLJQ�DLPHG�DW�FKDUDFWHUL]LQJ�WKHVH�V\VWHPV�RQ�D�JHRJUDSKLF�EDVLV���$�ILUVW�VHW�

RI�UHVXOWV�IURP�WKLV�VWXG\�SHUWDLQLQJ�WR�VDPSOLQJ�\HDUV������DQG������LQFOXGHG�RYHUDOO�UHVXOWV�IRU�

OHJDF\�RUJDQRFKORULQHV�LQFOXGLQJ�SHVWLFLGHV�DQG�3&%V�DV�ZHOO�DV�HPHUJLQJ�FRPSRXQGV�RI�

FRQFHUQ��LQFOXGLQJ�3%'(V���%RWK�³ODUJH´�DQG�³VPDOO´�ILVK�ZHUH�VDPSOHG�DQG�FRPSRVLWHG�SHU�

³VLWH´�RI�VDPSOLQJ���7KH�ODUJH�VSHFLHV�UHSUHVHQW�ILVK�WDUJHWHG�E\�UHFUHDWLRQDO�DQJOHUV�DQG�FRXOG�

LQFOXGH�ERWWRP��FDWILVK��H�J���DV�ZHOO�DV�FROXPQ�ILVK��ODUJHPRXWK�EDVV��H�J�����7KH�VPDOO�ILVK�ZHUH�

PHDQW�WR�EH�UHSUHVHQWDWLYH�RI�SUH\�IRU�SLVFLYRURXV�ZLOGOLIH���)RU�SXUSRVHV�KHUH��WKH�ODUJH�ILVK�

3%'(�UHVXOWV�ZHUH�RI�LQWHUHVW���$�WRWDO�RI������ODUJH�VDPSOHV������LQ������DQG�����LQ�������ZHUH�

PHDVXUHG�IRU���3%'(V��LQFOXGLQJ�%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�

������,QGLYLGXDO�FRQJHQHU�FRQFHQWUDWLRQV�ZHUH�QRW�SUHVHQWHG�LQ�%ORFNVRP�HW�DO���������EXW�ZHUH�

SURYLGHG�E\�SHUVRQDO�FRPPXQLFDWLRQ��-0�/D]RUFKDN��86�(3$�����:��0DUWLQ�/XWKHU�.LQJ�'U�

&LQFLQQDWL��2+����������7KH�PHDQ�FRQFHQWUDWLRQV�RI�DOO�FRQJHQHUV��FDOFXODWHG�DVVXPLQJ�1'� ����

'/� ���QJ�J�ZZW��HDFK�\HDU�DUH�SURYLGHG�LQ�7DEOH�������2YHUDOO��%'(����ZDV�GHWHFWHG�WKH�PRVW�

IUHTXHQWO\��QHDUO\������RI�WKH�WLPH��DW�WKH�KLJKHVW�DYHUDJH�FRQFHQWUDWLRQ�������QJ�J�ZZW�LQ������

DQG������QJ�J�ZZW�LQ��������,Q�FRQWUDVW��%'(�����ZDV�GHWHFWHG�OHVV�WKDQ����RI�WKH�WLPH��DQG�

ZKHQ�GHWHFWHG��DW�FRQFHQWUDWLRQV�QHDU���QJ�J�ZZW���7KH�WRWDO�FRQFHQWUDWLRQ��VXP�RI�WKH���

FRQJHQHUV��DYHUDJHG������QJ�J�ZZW�LQ������DQG������QJ�J�ZZW�LQ���������

� 2URV�HW�DO���������PHDVXUHG����%'(�FRQJHQHUV�EXW�GHWHFWHG�RQO\�%'(�����%'(�����DQG�

%'(�����LQ�ELYDOYHV��FODPV��PXVVHOV��DQG�R\VWHUV��LQ�FRPSRVLWHG�VDPSOHV�RULJLQDWLQJ�IURP�

���ORFDWLRQV��DW�ZZW�FRQFHQWUDWLRQV�ZLWK�DQ�DYHUDJH�RI�����QJ�J�ZZW��UDQJLQJ�IURP�

�í���QJ�J�ZZW�����í�������QJ�J�OZW��LQ�WKH�6DQ�)UDQFLVFR�(VWXDU\���7KH�FRQJHQHU�IRXQG�PRVW�
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DEXQGDQWO\�ZDV�%'(�����LW�LV�IRXQG�LQ�DOO�VDPSOHV�DERYH�LWV�'/�DQG�FRPSULVLQJ�DERXW���í����

RI�WKH�WRWDO�FRQFHQWUDWLRQ��ZKLOH�%'(����DQG�%'(�����ZHUH�IRXQG�LQ�DERXW�����RI�WKH�VDPSOHV��

� 0DQFKHVWHU�1HHVYLJ�HW�DO���������VDPSOHG����FRKR�DQG�&KLQRRN�VDOPRQ�IURP�/DNH�

0LFKLJDQ�WULEXWDULHV�LQ������DQG�DQDO\]HG�WKHP�IRU�VL[�3%'(V��%'(�����%'(�����%'(�����

%'(������%'(������DQG�%'(�������7KHVH�VDPSOHV�DUH�DPRQJ�WKH�KLJKHVW�ILVK��DQG�WHUUHVWULDO�

DQLPDO��FRQFHQWUDWLRQV�LQ�WKH�OLWHUDWXUH��UDQJLQJ�IURP����WR�����QJ�J�ZZW������WR�

������QJ�J�OZW���ZLWK�DQ�DYHUDJH�RI������QJ�J�ZZW��������QJ�J�OZW����%'(����GRPLQDWHG�WKH�

FRQFHQWUDWLRQ��FRPSULVLQJ�����RI�WKH�WRWDO��IROORZHG�E\�%'(����DW������%'(�����DW������

%'(�����DW�������DQG�%'(�����DW���������

� $�PRUH�FRPSUHKHQVLYH�HYDOXDWLRQ�RI�*UHDW�/DNHV�ILVK�ZDV�FRQGXFWHG�E\�=KX�DQG�+LWHV�

���������/DNH�WURXW�FROOHFWHG�EHWZHHQ������DQG������IURP�/DNHV�6XSHULRU��0LFKLJDQ��+XURQ��

DQG�2QWDULR��DQG�ZDOOH\H�IURP�/DNH�(ULH��ZHUH�DQDO\]HG�IRU����FRQJHQHUV��LQFOXGLQJ�%'(�����

%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������

%'(������%'(������%'(������DQG�%'(�������7KH�OHYHOV�RI�%'(�����IRXQG�LQ�DOO�ILVK�VDPSOHV�

ZHUH�LQ�WKH�XQGHWHFWDEOH�UDQJH�RI�����QJ�J�OZW��WKXV�LW�ZDV�GHHPHG�WR�EH�QRW�GHWHFWHG�LQ�DOO�

VDPSOHV�DQG�QRW�UHSRUWHG���7RWDO�3%'(V��VXP�RI�%'(�����%'(�����%'(������%'(������DQG�

%'(�����RQO\��URVH�IURP�XQGHU����QJ�J�OZW�LQ������WR�WKH�UDQJH�RI���í����QJ�J�OZW�LQ�������DQG�

ILQDOO\�LQ�WKH�UDQJH�RI����í������QJ�J�OZW�LQ��������7KH�DXWKRUV�FRQFOXGHG�WKDW�WKH�WUHQGV�

VXJJHVW�D�GRXEOLQJ�WLPH�RI��í��\HDUV���7KH�DXWKRUV�GLVFXVVHG�VRPH�VSDWLDO�WUHQGV��EXW�PRVWO\�WKH�

FRQFHQWUDWLRQV�LQ�WKH�ODNHV�RYHU�WLPH�ZHUH�FRPSDUDEOH���7KH�VXPPDU\�LQIRUPDWLRQ�LV�WKH�DYHUDJH�

FRQJHQHU�FRQFHQWUDWLRQ�RYHU�DOO�ODNHV�IRU�WKH�PRVW�UHFHQW�\HDU���������7KHUH�ZDV�D�V\VWHPDWLF�

FKDQJH�RI�FRQJHQHU�GLVWULEXWLRQ�RYHU�WLPH���0RUH�RI�WKH�RFWD%'(�SURGXFW��ZKLFK�ZDV�KLJK�LQ�

%'(�����DQG�%'(������ZDV�XVHG�LQ�WKH�����V��DQG�WKHUH�ZDV�D�KLJKHU�SURSRUWLRQ�RI�WKHVH�WZR�LQ�

WKH������ILVK�DV�FRPSDUHG�WR�WKH������ILVK���7KH�UDWLR�RI�SHQWD%'(�XVH�GLYLGHG�E\�RFWD%'(�LQ�

WKH�PLG�����V�ZDV������PRUH�RFWD�XVHG����+RZHYHU��E\�WKH�PLG�����V��WKHUH�ZDV�D�VKLIW��DQG�WKH�

UDWLR�ZDV�QRZ����WZLFH�DV�PXFK�SHQWD�XVHG����6XEVHTXHQWO\��ILVK�LQ�WKH�ODWWHU�����V�ZHUH�

GRPLQDWHG�E\�%'(�����

� %DWWHUPDQ�HW�DO���������DOVR�FRQGXFWHG�D�FRPSUHKHQVLYH�WHPSRUDO�VWXG\�RI�DUFKLYHG�DQG�

IUHVK�ILVK�IURP�WKH�*UHDW�/DNHV���&KDSWHU���VXPPDUL]HG�WKLV�VWXG\�DV�LW�PHDVXUHG�QXPHURXV�

DUFKLYHG�DQG�IUHVKO\�FDXJKW�ILVK�IURP�DOO�RI�WKH�*UHDW�/DNHV�IURP������WR�WKH�SUHVHQW���%DWWHUPDQ�

HW�DO���������IRFXVHG�RQO\�RQ�%'(�����%'(�����%'(������DQG�%'(�����DQG�IRXQG�FRQVLVWHQW�
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LQFUHDVHV��ZLWK�GRXEOLQJ�WLPHV�LQ�WKH�UDQJH�RI��í��\HDUV���7KH�WRWDO�FRQFHQWUDWLRQV��VXP�RI�WKH�

IRXU�FRQJHQHUV��LQ�WURXW�UDQJHG�IURP�DERXW����WR�RYHU�����QJ�J�ZZW�LQ�WKH�ODVW�VDPSOHV�WDNHQ��

EHWZHHQ������DQG��������&RQFHQWUDWLRQV�ZHUH�D�ELW�ORZHU�LQ�WKH�ODVW�VDPSOHV�RI�VPHOW�WDNHQ��

EHWZHHQ���DQG����QJ�J�ZZW���%'(����GRPLQDWHG�WKH�WRWDO��FRQWULEXWLQJ�DERXW�����RI�WRWDO�

FRQFHQWUDWLRQ��ZLWK�%'(����DQG�%'(�����FRQWULEXWLQJ�DERXW�����HDFK����

� $OWKRXJK�WKH�IRFXV�ZDV�RQ�DQDORJ�FRPSRXQGV��ZKLFK�DUH�GHILQHG�DV�FRPSRXQGV�

VWUXFWXUDOO\�DQDORJRXV�WR�3%'(V��VXFK�DV�K\GUR[\ODWHG�3%'(V��RU�2+�3%'(V���VL[�FRQJHQHUV��

LQFOXGLQJ�%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�����ZHUH�PHDVXUHG�LQ�WKH�

SODVPD�RI�ILVK�IURP�WKH�'HWURLW�5LYHU��9DOWHUV�HW�DO�����������&RPSRVLWHG�SODVPD�VDPSOHV��EORRG�

ZDV�FHQWULIXJHG�WR�VHSDUDWH�UHG�EORRG�FHOOV�IURP�SODVPD��ZHUH�REWDLQHG�IURP����ILVK�VSHFLHV���

7RWDO�3%'(V�UDQJHG�IURP������WR�!�����QJ�J�ZZW��LQ�FKDQQHO�FDWILVK��DOO�RWKHU�VDPSOHV�OHVV�WKDQ�

�����QJ�J�ZZW����*LYHQ�WKDW�SODVPD�ZDV����í�����OLSLGV��OLSLG�FRQFHQWUDWLRQV�ZRXOG�EH�PXFK�

KLJKHU��DW�RYHU�����QJ�J�OZW���%'(����ZDV�WKH�GRPLQDQW�FRQJHQHU��RYHU�����LQ�PRVW�VDPSOHV���

IROORZHG�E\�%'(����DQG�%'(������ZKLFK�ZHUH�RI�VLPLODU�PDJQLWXGH��WKHQ�%'(�����DQG�

%'(�����DW�ORZHU�DQG�VRPHWLPHV�QRQGHWHFW�YDOXHV���%'(�����ZDV�RQO\�GHWHFWHG�LQ�FKDQQHO�

FDWILVK�DW�������QJ�J�ZZW��%'(����ZDV�GHWHFWHG�DW������QJ�J�ZZW�LQ�WKLV�FDWILVK���

� $�WRWDO�RI����VDPSOHV�RI�ILVK�ZHUH�FROOHFWHG�IURP�:DVKLQJWRQ�6WDWH�ULYHUV�DQG�ODNHV�E\�

WKH�:DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�(FRORJ\�LQ������DQG�������-RKQVRQ�HW�DO�����������7KHVH�

VDPSOHV�ZHUH�PHDVXUHG�IRU����FRQJHQHUV�LQFOXGLQJ�%'(�����%'(�����%'(�����%'(�����

%'(�����%'(������%'(������%'(������%'(������%'(������%'(������%'(������DQG�

%'(�������5HVXOWV�IRU�WRWDO�UDQJHG�IURP�QRW�GHWHFWHG�WR�������QJ�J�ZZW��ZLWK�D�PHGLDQ�RI�

����QJ�J�ZZW�DQG�D�PHDQ�RI����QJ�J�ZZW��GHULYHG�DVVXPLQJ�1'� ������7KH�PRVW�IUHTXHQWO\�

GHWHFWHG�FRQJHQHU�ZDV�%'(�����LW�ZDV�GHWHFWHG�����RI�WKH�WLPH��ZLWK�D�PHGLDQ�FRQFHQWUDWLRQ�RI�

����QJ�J�ZZW���,W�DFFRXQWHG�IRU�����RI�WKH�WRWDO�FRQFHQWUDWLRQ�IRXQG��ZLWK�%'(����DFFRXQWLQJ�

IRU�����DV�WKH�VHFRQG�KLJKHVW�FRQFHQWUDWLRQ���2WKHU�FRQJHQHUV�GHWHFWHG�IUHTXHQWO\�HTXDO�

%'(������%'(������%'(������DQG�%'(�����GHWHFWHG����������������DQG�����RI�WKH�WLPH��

UHVSHFWLYHO\���%'(�����ZDV�QRW�GHWHFWHG��EXW�LW�KDG�D�KLJK�GHWHFWLRQ�OLPLW��UDQJLQJ�IURP�

�í��QJ�J�ZZW��DOO�RWKHU�GHWHFWLRQ�OLPLWV�ZHUH�OHVV�WKDQ�����QJ�J�ZZW����7KH�6SRNDQH�5LYHU�ZDV�

WKH�PRVW�LPSDFWHG�ULYHU��ZLWK�WKUHH�VDPSOHV�WDNHQ�PHDVXULQJ����������DQG�WKH�VXUYH\�PD[LPXP�

RI�������QJ�J�ZZW���7KLV�ULYHU�DOVR�KDG�WKH�KLJKHVW�ZDWHU�FRQFHQWUDWLRQV�LQ�WKLV�VDPH�VXUYH\��ZLWK�

WZR�PHDVXUHPHQWV�DERYH�����SJ�/�DW�����DQG�����SJ�/��ZLWK�DOO�RWKHU�ZDWHU�PHDVXUHPHQWV�ZHOO�
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XQGHU�����SJ�/���-RKQVRQ�HW�DO���������UHSRUWHG�RQ�DQ�HDUOLHU�VWXG\�GRQH�E\�WKH�:DVKLQJWRQ�6WDWH�

'HSDUWPHQW�RI�(FRORJ\�RQ�ILVK�LQ�WKH�6SRNDQH�5LYHU��DQG�WKH\�VLPLODUO\�IRXQG�KLJK�

FRQFHQWUDWLRQV��UDQJLQJ�IURP����WR�������QJ�J�ZZW�LQ����VDPSOHV��VRPH�RI�ZKLFK�ZHUH�

FRPSRVLWHV�����

� )LVK�IURP�WKUHH�ORFDWLRQV�LQ�WKH�6DYDQQDK�5LYHU�ZHUH�VDPSOHG�LQ������DQG�DQDO\]HG�IRU�

���%'(V��6DMZDQ�HW�DO�����������,QGLYLGXDO�FRQJHQHU�UHVXOWV�ZHUH�QRW�SURYLGHG��DQG�UHVXOWV�

VXJJHVWHG�JHQHUDOO\�KLJKHU�OHYHOV�RI�%'(V��VLPLODU�WR�RWKHU�IUHVKZDWHU�ERGLHV��ZLWK�WRWDOV�DW����WR�

!����QJ�J�OZW��ZKLFK�ZRXOG�HTXDO�DERXW������DV�PXFK�RQ�D�IZW�EDVLV����7KH�LQWHUHVWLQJ�ILQGLQJ�

IURP�WKLV�VWXG\�ZDV�WKDW�WKH�SUHGRPLQDQW�FRQJHQHU�ZDV�LGHQWLILHG�DV�%'(����LQ�DOO�WKUHH�

ORFDWLRQVʊD�FRQJHQHU�WKDW�ZDV�QRW�ORRNHG�IRU�LQ�DQ\�RWKHU�ILVK�VWXG\���7KH�VHFRQG�PRVW�

SUHGRPLQDQW�FRQJHQHUV�ZHUH�WKH�IDPLOLDU�%'(����DQG�%'(�����

� $VKOH\�HW�DO���������DQDO\]HG�VDPSOHV�RI�HHO�DQG�VHGLPHQW�IURP�WKH�'HODZDUH�5LYHU�

�VHGLPHQW�VDPSOHV�GHVFULEHG�LQ�6HFWLRQ��������7KH�HHO�VDPSOHV�ZHUH�FROOHFWHG�LQ������DV�SDUW�RI�

DQ�HDUOLHU�HIIRUW�IRFXVLQJ�RQ�3&%V���(HO�ZDV�VHOHFWHG�DV�D�JRRG�ELRLQGLFDWRU�RI�WKH�TXDOLW\�RI�WKH�

ZDWHU�ERG\�VLQFH�HHOV�KDYH�D�VPDOO�UDQJH�RI�KDELWDW�WKURXJKRXW�WKH�ZDWHU�ERG\�ZKHUH�WKH\�OLYH���

/LNH�RWKHU�DTXDWLF�ELRWDO�VDPSOHV�IURP�IUHVKZDWHU�V\VWHPV��WKH�3%'(�FRQFHQWUDWLRQV�LQ�WKHVH�

HHOV�ZHUH�KLJK��ZLWK�WRWDOV�UDQJLQJ�IURP���WR�����QJ�J�ZZW��ZLWK�DQ�DYHUDJH�RI����QJ�J�ZZW�RYHU�

���VDPSOHV���7KH�SUHGRPLQDQW�FRQJHQHU�ZDV�%'(�����H[SODLQLQJ�����RI�WKH�FRQFHQWUDWLRQV���

%'(�����ZDV�WKH�QH[W�PRVW�SUHGRPLQDQW�FRQJHQHU�DW������DQG�RWKHU�FRQJHQHUV�FRQWULEXWHG����

RU�OHVV���%'(�����ZDV�QRW�GHWHFWHG�LQ�WKH�VDPSOHV��DOWKRXJK�WKH�GHWHFWLRQ�OLPLW�ZDV�QRW�SURYLGHG�����

� +DOH�HW�DO���������PHDVXUHG�%'(�����%'(�����%'(�����%'(������%'(������DQG�

%'(�����LQ����VDPSOHV�RI�ILVK�IURP�WKH�5RDQRNH�5LYHU��WKH�'DQ�5LYHU��DQG�WKH�+\FR�5LYHU��

ZKLFK�DUH�ZLWKLQ�WZR�ODUJH�ZDWHUVKHGV�LQ�9LUJLQLD���2YHUDOO�VWDWLVWLFV�RI�ILQGLQJV�ZHUH�QRW�

SURYLGHG���,W�ZDV�QRWHG�WKDW�%'(����ZDV�TXDQWLILHG��DW�RYHU���QJ�J�OZW��LQ�����RI�VDPSOHV��ZLWK�

RYHU�KDOI�WKH�ILVK�VDPSOHV�KDYLQJ�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�����QJ�J�OZW��DQG�ZLWK����VDPSOHV�

FRQWDLQLQJ�%'(����DW�RYHU�������QJ�J�OZW���7KH�KLJKHVW�WRWDO�FRQFHQWUDWLRQ�ZDV��������QJ�J�OZW���

2YHUDOO��%'(����GRPLQDWHG�WKH�SURILOHV��H[SODLQLQJ�EHWZHHQ����DQG�����IRU�WKH�ILYH�GLIIHUHQW�

VSHFLHV�WHVWHG��ZLWK�%'(����DQG�%'(�����H[SODLQLQJ�LQ�WKH�UDQJH�RI��í����RI�FRQFHQWUDWLRQV���

%'(����ZDV�DOVR�PHDVXUHG�DQG�LGHQWLILHG��JHQHUDOO\�H[SODLQLQJ�OHVV�WKDQ����RI�WRWDO�3%'(�

FRQFHQWUDWLRQV�LQ�WKH�VDPSOHG�ILVK���
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� 0DULQH�ILVK�VDPSOHG�RII�WKH�FRDVW�RI�)ORULGD�ZHUH�DQDO\]HG�IRU����3%'(V�E\�

-RKQVRQ�5HVWUHSR�HW�DO�����������6SHFLILFDOO\��D�WRWDO�RI����VSHFLPHQV�IURP�QLQH�VSHFLHV�RI�PDULQH�

ILVKHV�DQG�WZR�VSHFLHV�RI�GROSKLQV�ZHUH�DQDO\]HG�IRU�%'(�����%'(�����%'(�����%'(�����

%'(�����%'(������%'(������%'(������%'(������%'(������%'(������DQG�%'(�������7KH�

RYHUDOO�PHDQ�FRQFHQWUDWLRQV�RI�WRWDO�3%'(V�ZHUH����IROG�JUHDWHU�WKDQ�WKH�OHYHOV�UHSRUWHG�IRU�

$UFWLF�PDULQH�ILVK�VXFK�DV�SRODU�FRG�IURP�6WRUIMRUGHQ��DQG�IRU�VHYHUDO�ILVK�VSHFLHV�IURP�VRXWKHUQ�

*UHHQODQG���2Q�WKH�RWKHU�KDQG��WKH�FRQFHQWUDWLRQV�ZHUH�RQH�RUGHU�RI�PDJQLWXGH�ORZHU�WKDQ�ZKDW�

ZDV�UHSRUWHG�IRU�ODNH�WURXW�LQ�WKH�*UHDW�/DNHV���7RWDO�FRQFHQWUDWLRQV�LQ�WHOHRVW�ILVKHV�UDQJHG�IURP�

��QJ�J�OZW�WR����QJ�J�OZW��ZLWK�D�PHDQ�RI����QJ�J�OZW���0HDQ�FRQFHQWUDWLRQV�RI�WRWDO�%'(V�LQ�

VKDUNV�DQG�GROSKLQV�ZHUH�KLJKHU��UDQJLQJ�IURP������QJ�J�OZW�WR�������QJ�J�OZW���%'(����ZDV�

RYHUZKHOPLQJO\�IRXQG�DW�WKH�KLJKHVW�FRQFHQWUDWLRQV�LQ�WHOHRVW�ILVK�DQG�GROSKLQV����V�RI�QJ�J�OZW�

LQ�WHOHRVW��EXW����V�RI�QJ�J�OZW�LQ�GROSKLQV���EXW�%'(�����ZDV�WKH�KLJKHVW�IRXQG�LQ�VKDUNV�

���í����QJ�J�OZW����2WKHU�WKDQ�IRU�VKDUNV��%'(�����ZDV�IRXQG�DW�DQ�DYHUDJH�RI�����QJ�J�OZW��

ZLWK�VHYHUDO�QRQGHWHFWV���-RKQVRQ�5HVWUHSR�HW�DO���������DOVR�GLG�D�WHPSRUDO�VWXG\��HYDOXDWLQJ�

QLQH�VDPSOHV�RI�GROSKLQ�EOXEEHU�FROOHFWHG�EHWZHHQ������DQG�������ZLWK�VL[�DQDORJRXV�VDPSOHV�

FROOHFWHG�EHWZHHQ������DQG��������7KH�DXWKRUV�VLPLODUO\�FRPSDUHG�EXOO�VKDUN�VDPSOHV�FROOHFWHG�

LQ������DQG������ZLWK�WKRVH�FROOHFWHG�LQ������DQG��������$�FOHDU�HOHYDWLRQ�ZDV�VHHQ�LQ�ERWK�

3&%�DQG�3%'(�FRQFHQWUDWLRQV���0HDQ�WRWDO�3%'(V�LQ�WKH�GROSKLQV�URVH�IURP�����WR�

������QJ�J�OZW��DQG�PHDQ�WRWDO�3%'(V�LQ�VKDUNV�URVH�IURP����WR�������QJ�J�OZW����

� 5D\QH�HW�DO���������VWXGLHG�WKH�WHPSRUDO�WUHQG�RI�LQFUHDVLQJ�%'(�FRQFHQWUDWLRQV�LQ�ILVK�

IURP�WKH�&ROXPELD�5LYHU�6\VWHP�LQ�VRXWKHDVWHUQ�%ULWLVK�&ROXPELD���7KH�FRQFHQWUDWLRQV�RI�

���LQGLYLGXDO�PRQR��WKURXJK�KH[DEURPLQDWHG�%'(�FRQJHQHUV��ZKLFK�LQFOXGHV�FRQJHQHUV�XS�WR�

%'(������ZHUH�PHDVXUHG�LQ�PRXQWDLQ�ZKLWHILVK��ODUJH�VFDOH�VXFNHUV��DQG�VXUILFLDO�VHGLPHQWV�

IURP�VHYHUDO�ORFDWLRQV�RQ�WKH�&ROXPELD�DQG�.RRWHQD\�5LYHU�V\VWHPV�LQ�VRXWKHDVWHUQ�%ULWLVK�

&ROXPELD��&DQDGD���$�WRWDO�RI����ZKLWHILVK�VDPSOHV�ZHUH�REWDLQHG�IURP�WKH�SHULRG�RI������WR�

������VSHFLILFDOO\������������DQG�������������DQG��������(OHYHQ�VHGLPHQW�DQG�VL[�VXFNHU�ILVK�

VDPSOHV�ZHUH�WDNHQ�LQ������DQG�������UHVSHFWLYHO\���7RWDO�3%'(�FRQFHQWUDWLRQV�LQ�ZKLWHILVK���

LQFUHDVHG�E\�D�IDFWRU�RI������DW�RQH�ORFDWLRQ�RYHU�WKH�SHULRG�IURP������DQG�������WKH\�ZHQW�IURP�

����QJ�J�ZZW��DYHUDJH��LQ������WR������QJ�J�ZZW�LQ������DQG������WR������QJ�J�ZZW�LQ��������$W�

D�VHFRQG�ORFDWLRQ��WRWDO�3%'(�FRQFHQWUDWLRQV�LQ�ZKLWHILVK�LQFUHDVHG�E\�D�IDFWRU�RI�������WKH�

VWDUWLQJ�FRQFHQWUDWLRQ�RI�����QJ�J�ZZW�LQ������URVH�WR������QJ�J�ZZW�E\��������$W�D�UHPRWH�VLWH��
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WRWDO�3%'(�ZDV�����QJ�J�ZZW�LQ�WKH�ZKLWHILVK���7KH�DXWKRUV�DWWULEXWHG�WKH�KLJKHU�FRQFHQWUDWLRQV�

VHHQ�DW�WKH�RWKHU�WZR�VLWHV�WR�GRPHVWLF�ZDVWHZDWHU�GUDLQLQJ�GLUHFWO\�LQWR�WKH�ULYHU���6XFNHU�ILVK�

VDPSOHG�LQ������KDG�ORZHU�FRQFHQWUDWLRQV�WKDQ�ZKLWHILVK�DW�����QJ�J�ZZW���7KH�VHGLPHQW�

FRQJHQHU�SDWWHUQ�ZDV�VRPHZKDW�GLIIHUHQW�IURP�WKH�ILVK���7KH�SULPDU\�FRQJHQHUV�LQ�WKH�VHGLPHQW�

DQG�ILVK�ZHUH�%'(�����%'(�����DQG�%'(������EXW�%'(����ZDV�WKH�PDMRU�FRQJHQHU�LQ�VHGLPHQWV�

���í����WRWDO���IROORZHG�E\�%'(�������í������DQG�%'(�������í�����ZKLOH�IRU�ZKLWHILVK��

%'(����ZDV�WKH�GRPLQDQW�FRQJHQHU��IROORZHG�E\�%'(����DQG�%'(�������7KLV�LV�FRQWUDU\�WR�

RWKHU�OLWHUDWXUH��ZKLFK�VKRZHG�VLPLODU�GRPLQDQFH�RI�%'(����LQ�ERWK�VHGLPHQW�DQG�ILVK����

� 9LYHV�HW�DO���������FROOHFWHG�ILVK�IURP����PRXQWDLQ�ODNHV�LQ�(XURSH�DQG���LQ�*UHHQODQG���

7KH�LPSRUWDQFH�RI�WKHVH�ODNHV�LV�WKDW�WKH�RQO\�ZD\�%'(V�FRXOG�KDYH�UHDFKHG�WKHVH�DTXDWLF�

HFRV\VWHPV�LV�E\�ORQJ�UDQJH�WUDQVSRUW���/LYHU�DQG�PXVFOH�WLVVXH�RI�WURXW��EURZQ�WURXW��EURRN�

WURXW��DQG�$UFWLF�FKDU��ZHUH�VDPSOHG���7KH�DXWKRUV�ZHUH�XQFOHDU�DV�WR�ZKLFK�%'(V�ZHUH�

PHDVXUHG���7KH\�VWDWHG�WKDW�DOO�FRQJHQHUV�ZHUH�LGHQWLILHG�XVLQJ�H[WHUQDO�VWDQGDUGV�FRPSRVHG�RI�

���LQGLYLGXDO�FRQJHQHUV�XS�WR�%'(������QRW�LQFOXGLQJ�%'(�������EXW�WKH\�RQO\�SUHVHQWHG�UHVXOWV�

IRU�%'(�����%'(�����%'(�����%'(�����%'(������%'(������DQG�%'(������ZKLOH�QRW�SURYLGLQJ�

DQ\�LQIRUPDWLRQ�RQ�RWKHU�FRQJHQHUV��LQFOXGLQJ�WKRVH�WKDW�WKH\�ORRNHG�IRU�EXW�GLG�QRW�GHWHFW���

5HVXOWV�IURP����WURXW�VSHFLPHQV�ZHUH�DV�IROORZV�����í����DQG�����í�����QJ�J�ZZW�LQ�OLYHU�DQG�

PXVFOH��UHVSHFWLYHO\�����í�����DQG����í�����QJ�J�OZW����%'(����ZDV�WKH�KLJKHVW�FRQJHQHU�IRXQG��

IROORZHG�E\�%'(�����%'(������%'(������%'(������DQG�%'(������7KLV�SDWWHUQ�ZDV�PXFK�PRUH�

DSSDUHQW�LQ�OLYHU�DV�FRPSDUHG�WR�PXVFOH���7KHUH�ZDV�DQ�DJH�UHODWLRQVKLS�IRXQG�LQ�WKH�GDWD��ROGHU�

ILVK�KDG�VLJQLILFDQWO\�KLJKHU�%'(�FRQFHQWUDWLRQV���&RQFHQWUDWLRQ�LQFUHDVHV�RI�EHWZHHQ���DQG����

WLPHV�ZHUH�IRXQG�EHWZHHQ����DQG����\HDU�ROG�LQGLYLGXDO�ILVK�VDPSOHV����

� 3HQJ�HW�DO���������FROOHFWHG����WLVVXH�VDPSOHV�IURP�VL[�ULYHUV�DQG�WKUHH�HVWXDULHV�LQ������

LQ�&KLQD���%'(�����%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�����ZHUH�

PHDVXUHG���5HVXOWV�VKRZHG�ULYHU�DYHUDJH�UHVXOWV�UDQJHG�IURP����WR�����QJ�J�OZW��DQG����WR�

����QJ�J�OZW�IURP�WKH�HVWXDULHV���7KH�ILVK�VSHFLHV�ZHUH�QRW�LGHQWLILHG���,Q�DOO�ULYHUV��%'(����ZDV�

WKH�SUHGRPLQDQW�FRQJHQHU�IRXQG��H[FHHGLQJ�RWKHU�FRQJHQHUV�E\�IDFWRUV�RI���RU�PRUH�DQG�

FRPSULVLQJ�RYHU�����RI�WKH�WRWDO�FRQFHQWUDWLRQ���,Q�PRVW�FDVHV��%'(�����ZDV�WKH�QH[W�KLJKHVW��

IROORZHG�E\�%'(����DQG�%'(�������7KH�RQH�H[FHSWLRQ�ZDV�DQ�HVWXDU\��ZKHUH�%'(�����

DFFRXQWHG�IRU�����QJ�J�OZW�RI�D�WRWDO�RI�����QJ�J�OZW��IROORZHG�E\�%'(����DW����QJ�J�OZW���,Q�DOO�

RWKHU�ORFDWLRQV��%'(�����ZDV����RU�OHVV�QJ�J�OZW����
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�

������ )LVK�IURP�WKH�5HWDLO�0DUNHWSODFH�
� 7KH�ILVK�GDWD�WKDW�PLJKW�EH�FRQVLGHUHG�WKH�PRVW�UHOHYDQW�IRU�HVWLPDWLQJ�H[SRVXUH�WR�WKH�

JHQHUDO�SRSXODWLRQ�DUH�IURP�WKH�UHWDLO�PDUNHW�EDVNHW�VDPSOLQJ�GHVFULEHG�LQ�WKLV�VHFWLRQ���$OVR��

WKLV�ZDV�HVVHQWLDOO\�WKH�RQO\�GDWD�RQ�ILVK�LQ�WKH�OLWHUDWXUH�WKDW�UHSRUWHG�PHDVXUHPHQWV�RI�%'(�����

DQG�%'(�������)LVK�ZHUH�HLWKHU�WKH�SULPDU\�WDUJHW�RI�WKH�VDPSOLQJ�RU�LQFOXGHG�DPRQJ�D�YDULHW\�

RI�IRRG�SURGXFWV��������

� 6FKHFWHU�HW�DO�������D��GHULYHG�IURP�GDWD�LQ�6FKHFWHU�HW�DO���������ZLWK�DGGLWLRQDO�GDWD�DQG�

DQDO\VHV��UHSRUWHG�WKH�UHVXOWV�RI�D�FRPSUHKHQVLYH�PDUNHW�EDVNHW�VXUYH\�HQWDLOLQJ����VDPSOHV�WKDW�

HQFRPSDVVHG�PHDW�SURGXFWV��GDLU\�SURGXFWV��DQG�ILVK���%'(�����%'(�����%'(�����%'(�����

%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������%'(������DQG�%'(�����

ZHUH�UHSRUWHG��DOWKRXJK�WKH�DYHUDJH�UHVXOWV�UHSRUWHG��ZKLFK�ZHUH�EDVHG�RQ�WKH�VXEVWLWXWLRQ�RI�����

'/�IRU�1'��FRXOG�EH�PLVOHDGLQJ�EHFDXVH�WKHUH�ZDV�D�KLJK�IUHTXHQF\�RI�1'��QRW�GHWHFWHG��RU�1$�

�QRW�DQDO\]HG��IRU�PDQ\�FRQJHQHUV���)RU�H[DPSOH��%'(����ZDV�RQO\�GHWHFWHG�LQ���RI����VDPSOHV��

DW�GHWHFWLRQ�OLPLWV�UDQJLQJ�IURP��������WR��������QJ�J�ZZW���+RZHYHU��WKH�PHDQ�ZDV�UHSRUWHG�DV�

�������QJ�J�ZZW��GXH�WR�VHYHUDO�VDPSOHV�ZLWK�GHWHFWLRQ�OLPLWV�DERYH�������QJ�J�ZZW���7KH�

GHWHFWLRQ�OLPLW�LVVXH�ZDV�HYHQ�PRUH�DSSDUHQW�ZLWK�%'(�������)RU�H[DPSOH��WKH�PHDQ�

FRQFHQWUDWLRQ�IRU�%'(�����LQ�ILVK�ZDV�����QJ�J�ZZW��EXW�LW�ZDV�QRW�GHWHFWHG�LQ����RI����VDPSOHV���

7KH�KLJK�PHDQ�ZDV�GULYHQ�E\�WZR�VDPSOHV�DW������QJ�J�ZZW�DQG������QJ�J�ZZW��DOO�RWKHU�SRVLWLYH�

GHWHFWLRQV�ZHUH�OHVV�WKDQ�������QJ�J�ZZW���7KH�GHWHFWLRQ�OLPLWV�RQ�%'(�����ZHUH�KLJKO\�

YDULDEOH��UDQJLQJ�IURP�������QJ�J�ZZW�WR������QJ�J�ZZW���7KH�GDWD�UHJDUGLQJ�WKH�PRUH�

FRPPRQO\�IRXQG�%'(V�DW�KLJKHU�FRQFHQWUDWLRQV��FRQJHQHUV�%'(�����%'(�����%'(������

%'(������DQG�%'(������PXVW�EH�DVVXPHG�WR�EH�YDOLG���$�VHFRQG�NH\�OLPLWHU�RI�WKLV�GDWD�VHW�LV�

WKDW�DOO�VDPSOHV�ZHUH�SXUFKDVHG�IURP�VXSHUPDUNHWV�LQ�'DOODV��7;��VR�LW�LV�XQFOHDU�WR�ZKDW�H[WHQW�

WKHVH�GDWD�UHSUHVHQW�QDWLRQDO�WUHQGV���$�ODUJH�SURSRUWLRQ�RI�WKH�IRRG�VXSSO\�LV�QDWLRQDO�LQ�VFRSH��

VXFK�DV�QRQSHULVKDEOH�RU�IUR]HQ�IRRG�LWHPV��EXW�RWKHUV�PLJKW�EH�ORFDOO\�SURGXFHG��IUXLWV�DQG�

YHJHWDEOHV��RU�SHUKDSV�UHJLRQDOO\�SURGXFHG��DQLPDO�IRRG�SURGXFWV����6WLOO��WKLV�GDWD�VHW�UHSUHVHQWV�

RQH�RI�WKH�PRVW�FRPSUHKHQVLYH�VXUYH\V�RI�WHUUHVWULDO�DQLPDO�IRRG�SURGXFWV�LQ�WKH�8QLWHG�6WDWHV�

DQDO\]HG�IRU�3%'(V���7KH�WRS�IRXU�%'(�FRQJHQHUV�IRXQG�LQ�ILVK�ZHUH�%'(����DW�����QJ�J�ZZW��

%'(����DW������QJ�J�ZZW��%'(�����DW������QJ�J�ZZW��DQG�%'(�����DW�������QJ�J�ZZW���7KH�
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PHDQ�FRQFHQWUDWLRQ�RI�%'(������WKH�SULPDU\�PDUNHU�IRU�WKH�RFWD�%'(�IRUPXODWLRQ��ZDV�

������QJ�J�ZZW��DQG�WKH�PHDQ�WRWDO�FRQFHQWUDWLRQ�RYHU�DOO����ILVK�VDPSOHV�ZDV������QJ�J�ZZW���

� 6FKHFWHU�HW�DO�������E��SURYLGHG�DQ�XSGDWH�WR�WKLV�GDWD�E\�FRQGXFWLQJ�D�VLPLODU�PDUNHW�

EDVNHW�VXUYH\�LQ�7H[DV�LQ��������7KH\�REWDLQHG�����VDPSOHV�RI����IRRG�W\SHV��PDGH�FRPSRVLWHV�

RI����IRU�HDFK�IRRG�W\SH��DQG�DQDO\]HG�WKH����ILQDO�VDPSOHV�IRU����%'(�FRQJHQHUV�DV�ZHOO�DV�

KH[DEURPRF\FORGRGHFDQH��+%&'����6HYHQ�RI�WKHVH����VDPSOHV�ZHUH�RI�ILVK��UDQJLQJ�IURP�

FDQQHG�WXQD�WR�FRG�WR�IUR]HQ�ILVK�VWLFNV���7KHUH�ZDV�D�VRPHZKDW�VLPLODU�LVVXH�UHODWLQJ�WR�

GHWHFWLRQ�OLPLWV�IRU�WKLV�GDWD�VHW�DV�ZDV�IRXQG�IRU�WKH�HDUOLHU�GDWD�VHW��LQ�WKDW�WKH�GHWHFWLRQ�OLPLW�IRU�

VRPH�FRQJHQHUV�DSSURDFKHG�WKH�GHWHFWHG�FRQFHQWUDWLRQV��SDUWLFXODUO\�IRU�%'(�������6WLOO��D�

GHFOLQH�LQ�FRQFHQWUDWLRQV�PLJKW�EH�VHHQ�ZLWK�WKLV�GDWD���)RU�H[DPSOH��WKH�DYHUDJH�FRQFHQWUDWLRQV�

RI�WKHVH�IRXU�FRQJHQHUV��ZKLFK�ZHUH�WKH�FRQJHQHUV�KDYLQJ�WKH�KLJKHVW�FRQFHQWUDWLRQV�LQ�������

ZHUH��%'(����DW�����QJ�J�ZZW��LW�ZDV�����QJ�J�ZZW�LQ�WKH�HDUOLHU�VXUYH\�DV�QRWHG�DERYH���%'(�

���DW������QJ�J�ZZW��FRPSDUHG�WR������QJ�J�ZZW���%'(�����DW�������FRPSDUHG�WR������QJ�J�

ZZW���DQG�%'(�����DW�������QJ�J�ZW��FDOFXODWHG�DVVXPLQJ�1'� ���IRU���QRQGHWHFWV��FRPSDUHG�WR�

������QJ�J�ZZW����$V�LQ�������%'(�����DQG�%'(�����ZHUH�GHWHFWHG�IUHTXHQWO\�����RI����LQ�

������DQG���RI���LQ��������'HFOLQHV�ZHUH�VHHQ�LQ�WKHVH�FRQJHQHUV�DV�ZHOO���%'(�����GHFOLQHG�

IURP������WR�������QJ�J�ZZW��DQG�%'(�����GHFOLQHG�IURP������WR�������QJ�J�ZZW����

� )LVK��PHDW��DQG�IRZO�SURGXFWV�ZHUH�SXUFKDVHG�LQ�'HFHPEHU������DQG�)HEUXDU\������

IURP�WKUHH�GLIIHUHQW�IRRG�PDUNHWV�LQ�6DFUDPHQWR�DQG�(O�'RUDGR�+LOOV�LQ�1RUWKHUQ�&DOLIRUQLD�

�/XNVHPEXUJ�HW�DO�����������$�WRWDO�RI����GLIIHUHQW�%'(�FRQJHQHUV�ZHUH�PHDVXUHG��DOWKRXJK�QR�

FRQJHQHU�VSHFLILF�GDWD�ZHUH�SURYLGHG���+RPRORJXH�%'(�JURXSV�ZHUH�PHDVXUHG��DQG�WDEOHV�ZHUH�

SURYLGHG�ZLWK�GDWD�IRU�WKRVH���7KH�WRWDO�FRQFHQWUDWLRQV�IRXQG�LQ�ILVK�UDQJHG�IURP������WR�

����QJ�J�ZZW����

� 7KH�1RUZHJLDQ�,QVWLWXWH�RI�3XEOLF�+HDOWK�LQ�2VOR��1RUZD\�FRQGXFWHG�DQ�LQWHUFRPSDULVRQ�

ODERUDWRU\�VWXG\�RQ�WKH�PHDVXUHPHQW�RI�3%7V�LQFOXGLQJ�3&''�)V��3&%V��DQG�3%'(V��+DXJ�HW�

DO�����������$�WRWDO�RI����ODERUDWRULHV�SDUWLFLSDWHG��EXW�RQO\����ODERUDWRULHV�UHSRUWHG�EDFN�

FRQFHQWUDWLRQV�RI�VHYHQ�3%'(V�LQ�VDPSOHV�RI�FKLFNHQ��WURXW��DQG�SDOP�RLO���7KH�HLJKW�%'(V�ZHUH�

%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������DQG�%'(�������/DNH�WURXW�

KDG�WKH�KLJKHVW�FRQFHQWUDWLRQV�E\�D�ODUJH�PDUJLQ��PHDQ�FRQFHQWUDWLRQV�ZHUH������������������������

�����������������DQG������QJ�J�ZZW�IRU�WKH�HLJKW�FRQJHQHUV��UHVSHFWLYHO\��WRWDOLQJ�����QJ�J�ZZW���

7KHVH�UHVXOWV�DSSHDU�DQRPDORXV��QRW�RQO\�EHFDXVH�WKH�FRQFHQWUDWLRQ�ZHUH�VR�PXFK�KLJKHU�WKDQ�
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DQ\WKLQJ�HOVH�LQ�WKH�OLWHUDWXUH��WRWDO�3%'(V�KDYH�EHHQ�IRXQG�LQ�WKH�VLQJOH�GLJLW�QJ�J�ZZW�RU�OHVV��

QRW�LQ�WKH�KXQGUHGV�RI�QJ�J�ZZW���EXW�DOVR�EHFDXVH�WKHLU�UHSRUWHG�FRQFHQWUDWLRQV�LQ�FKLFNHQ�DQG�

SDOP�RLOV�ZHUH�XS�WR���RUGHUV�RI�PDJQLWXGH�ORZHU��DW�FRQFHQWUDWLRQV�OHVV�WKDQ������QJ�J�ZZW�����

� 7LWWOHPHLHU�HW�DO���������SXUFKDVHG�����ILVK�DQG�VKHOOILVK�IURP�UHWDLO�VWRUHV�LQ�WKUHH�

&DQDGLDQ�FLWLHV��9DQFRXYHU��+DOLID[��DQG�7RURQWR��LQ�WKH�ZLQWHU�RI������DQG�DQDO\]HG�WKHP�IRU�

���%'(�FRQJHQHUV���7KH�ILVK�W\SHV�LQFOXGH�VDOPRQ��WURXW��WLODSLD��$UFWLF�FKDU��PXVVHOV��R\VWHUV��

VKULPS��DQG�FUDE��DQG�WKH�FRQJHQHUV�LQFOXGH�%'(�����%'(�����%'(�����%'(�����%'(�����

%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������

%'(������%'(������%'(������DQG�%'(�������7RWDO�%'(V�SHU�ILVK�JURXS�UDQJHG�IURP������LQ�

VKULPS�WR�����QJ�J�ZZW�LQ�WURXW���6DOPRQ�ZDV�VHFRQG��ZLWK�D�JHRPHWULF�PHDQ�FRQFHQWUDWLRQ�RI�

����QJ�J�ZZW���7URXW�DQG�VDOPRQ�KDG�WKH�KLJKHVW�OLSLG�FRQWHQWV�DW����DQG������UHVSHFWLYHO\��

SDUWLDOO\�H[SODLQLQJ�WKH�KLJK�DPRXQW�RI�%'(V�LQ�WKHP���7KH�WKLUG�KLJKHVW�OLSLG�FRQWHQW��DW�������

ZDV�IRXQG�LQ�$UFWLF�FKDU��DQG�QRW�XQH[SHFWHGO\��$UFWLF�FKDU�KDG�WKH�WKLUG�KLJKHVW�WRWDO�%'(��DW�

����QJ�J�ZZW���%'(����ZDV�WKH�PRVW�SUHGRPLQDQW�FRQJHQHU��H[SODLQLQJ�����RI�WKH�

FRQFHQWUDWLRQ��ZLWK�%'(����FRQWULEXWLQJ�������)ROORZLQJ�WKHVH�WZR�ZHUH�%'(������%'(�����

%'(������%'(������DQG�%'(�������)DUPHG�VDPSOHV�VKRZHG�KLJKHU�FRQFHQWUDWLRQV�WKDQ�ZLOG�

VDPSOHV��SDUWLFXODUO\�IRU�VDOPRQ����

� 2KWD�HW�DO���������HYDOXDWHG�WKH�FRQFHQWUDWLRQ�RI�3%'(V�LQ�EUHDVW�PLON�DQG�IRRG�

SURGXFWV��LQFOXGLQJ�VHYHUDO�ILVK�VSHFLHV��LQ�-DSDQ���7KH�FRQJHQHUV�HYDOXDWHG�LQFOXGHG�%'(�����

%'(�����%'(�����%'(������DQG�%'(�������&RQFHQWUDWLRQV�LQ����ILVK�VDPSOHV����\RXQJ�

\HOORZWDLO����PDFNHUHO����QDWXUDO�\HOORZWDLO����VDORQ����\HOORZ�ILQ�WXQD��DQG���VKRUW�QHFNHG�FODPV��

UDQJHG�EHWZHHQ������DQG������QJ�J�ZZW�LQ�WKH�HGLEOH�WLVVXHV�RI�WKH�ILVK��ZLWK�WKH�KLJKHVW�LQ�

\HOORZ�ILQ�WXQD���7KH�GRPLQDQW�FRQJHQHUV�ZHUH�%'(���ʊDW�RYHU�����LQ�WKH�VDPSOHVʊDQG�

%'(���ʊDW�DERXW�������4XHVWLRQQDLUHV�RQ�IRRG�FRQVXPSWLRQ�ZHUH�JLYHQ�WR�WKH�ZRPHQ���,Q�D�

³KLJK´�JURXS�RI�ILVK�FRQVXPHUV��Q� �����WKH�DYHUDJH�EUHDVW�PLON�FRQFHQWUDWLRQ�RI�%'(V�ZDV�

������SJ�J�OZW���7KLV�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�DYHUDJH�FRQFHQWUDWLRQ�RI�%'(V�LQ�D�³ORZ´�

JURXS�RI�ILVK�FRQVXPHUV��Q� �����ZKLFK�ZDV�����SJ�J�OZW��VXJJHVWLQJ�WKDW�EUHDVW�PLON�

FRQFHQWUDWLRQV�RI�%'(V�ZHUH�UHODWHG�WR�ILVK�FRQVXPSWLRQ��

� 3LUDUG�HW�DO���������SUHVHQWHG�UHVXOWV�IURP�VDOPRQ��ZKROH�WURXW��DQG�6SDQLVK�PXVVHOV�

SXUFKDVHG�IURP�D�%HOJLDQ�VXSHUPDUNHW���7RWDO�FRQFHQWUDWLRQV�ZHUH�������������DQG�������QJ�J�OZW�
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IRU�PXVVHO��WURXW��DQG�VDOPRQ��UHVSHFWLYHO\���%'(����GRPLQDWHG�WKH�UHVXOWV��FRPSULVLQJ�RYHU�����

IRU�WKH�WKUHH�VDPSOHV��IROORZHG�E\�%'(�����LQ�PXVVHO�DQG�WURXW��RU�%'(������LQ�VDOPRQ������

� 0HQJ�HW�DO���������FROOHFWHG�VDPSOHV�RI����ILVK�VSHFLHV�IURP�ORFDO�ILVK�PDUNHWV�DQG�

VXSHUPDUNHWV�IURP����ILVKHU\�SURGXFLQJ�UHJLRQV�LQ�*XDQJGRQJ�3URYLQFH��&KLQD���7KHVH�LQFOXGH�

IUHVKZDWHU�IDUPHG�ILVK��VHDZDWHU�IDUPHG�ILVK��DQG�ZLOG�PDULQH�ILVK���(OHYHQ�FRQJHQHUV�ZHUH�

PHDVXUHG��LQFOXGLQJ�%'(�������7KH�PHGLDQ�DQG�PHDQ�RI����%'(V��QRW�LQFOXGLQJ�%'(������ZHUH�

�����DQG������QJ�J�ZZW��UHVSHFWLYHO\���%'(�����ZDV�IRXQG�LQ�RQO\����RI�WKH�����ILVK�VDPSOHV��

UDQJLQJ�IURP������WR������QJ�J�ZZW��DOWKRXJK�WKH�GHWHFWLRQ�OLPLW�RI�%'(�����ZDV�WKH�KLJKHVW��DW�

����QJ�J�ZZW��FRPSDUHG�WR������í������QJ�J�ZZW�GHWHFWLRQ�OLPLWV�RI�RWKHU�FRQJHQHUV������

�

������ 2EVHUYDWLRQV�IURP�)LVK�'DWD�
� :KLOH�WKLV�UHYLHZ�IDOOV�VKRUW�RI�D�FRPSUHKHQVLYH�UHYLHZ�RI�WKH�OLWHUDWXUH�RQ�EURPLQDWHG�

IODPH�UHWDUGDQWV�LQ�ILVK��LW�FRYHUV�FULWLFDO�VWXGLHV�RQ�ILVK�IURP�RSHQ�DTXDWLF�VHWWLQJV��ULYHUV�DQG�

ODNHV���DV�ZHOO�DV�IURP�UHWDLO�PDUNHWV�DQG�ILVK�IDUPV���0HDVXUHPHQWV�IURP�RSHQ�DTXDWLF�VHWWLQJV�

SURYLGH�LQIRUPDWLRQ�RQ�WKH�XQGHUVWDQGLQJ�RI�HQYLURQPHQWDO�IDWH�IRU�WKLV�FODVV�RI�FRPSRXQGV��

ZKLOH�VDPSOLQJ�IURP�UHWDLO�PDUNHWV�RU�ILVK�IDUPV�SURYLGH�PRUH�GLUHFW�LQIRUPDWLRQ�RQ�H[SRVXUH���

8QIRUWXQDWHO\��PRVW�RI�WKLV�VDPSOLQJ�GLG�QRW�LQFOXGH�WKH�KLJKHU�EURPLQDWHG�PDUNHU�FRQJHQHUV�

%'(�����DQG�%'(�������7KH�YHU\�OLPLWHG�VDPSOLQJ�IRU�%'(�����VXJJHVWHG�LQVLJQLILFDQW�

FRQFHQWUDWLRQV��EXW�WKH�PDUNHW�EDVNHW�VXUYH\V�E\�6FKHFWHU�HW�DO�������D������E��DQG�WKH�PDULQH�

HQYLURQPHQW�VDPSOLQJ�E\�-RKQVRQ�5HVWUHSR�HW�DO���������VXJJHVWHG�WKDW�%'(�����FDQ�EH�

VLJQLILFDQW�DQG�VRPHWLPHV�WKH�KLJKHVW�FRQJHQHU�IRXQG�LQ�ILVK���0RVW�RIWHQ��KRZHYHU��%'(����

GRPLQDWHG�WKH�SURILOH��H[SODLQLQJ�RYHU�����RI�WKH�FRQFHQWUDWLRQ�IRXQG��ZLWK�%'(����WKH�VHFRQG�

KLJKHVW�IRXQG��H[SODLQLQJ�DURXQG�������7KH�UDWLR�RI�%'(����WR�%'(����ZDV�DERXW�����LQ�WKHVH�

VWXGLHV���*HQHUDOO\��WRWDO�%'(�FRQFHQWUDWLRQV�ZHUH�KLJKHVW�LQ�RSHQ�ZDWHU�HQYLURQPHQWV��ODNHV��

ULYHUV��RFHDQV��LQ�FRQWUDVW�WR�IDUPHG�ILVK�RU�ILVK�REWDLQHG�IURP�PDUNHWSODFHV���,Q�WKH�ZLOG�

HQYLURQPHQW��FRQFHQWUDWLRQV�UDQJHG�DERYH�������QJ�J�ZZW�EXW�PRVW�RIWHQ�ZHUH�ZHOO�DERYH�

���QJ�J�ZZW��DYHUDJLQJ�EHWZHHQ����DQG�����QJ�J�ZZW���&RQFHQWUDWLRQV�LQ�IDUPHG�DQG�PDUNHW�

ILVK�ZHUH�JHQHUDOO\�ORZHU��LQ�WKH�QHLJKERUKRRG�RI��í��QJ�J�ZZW�EDVLV���,W�LV�QRW�FOHDU�ZK\�

VWRUH�ERXJKW�ILVK�PLJKW�EH�ORZHU�WKDQ�ZLOG�FDXJKW�ILVK��H[FHSW�SRVVLEO\�WKDW�WKH�IRFXV�RI�

ZLOG�FDXJKW�ILVK�LV�IURP�ORFDWLRQV�KLVWRULFDOO\�NQRZQ�WR�EH�LPSDFWHG�E\�FRQWDPLQDQWV�VXFK�DV�

GLR[LQV��3&%V��RU�3%'(V��VXFK�DV�WKH�*UHDW�/DNHV���/LNH�VHGLPHQW�FRUHV��GHVFULEHG�LQ�6HFWLRQ�
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�����DQG�ERG\�EXUGHQ�PHDVXUHPHQWV��GHVFULEHG�LQ�6HFWLRQ�������WHPSRUDO�VDPSOLQJ�RI�ILVK�KDV�

SURYLGHG�HYLGHQFH�RI�WKH�ULVH�RI�WKHVH�FRPSRXQGV�LQ�HQYLURQPHQWDO�PDWULFHV�WKURXJKRXW�WKH�

����V�LQWR�WKH���VW�FHQWXU\����

�

���� )22'�&21&(175$7,216�
� 8�6��GDWD�RQ�IRRG�RWKHU�WKDQ�ILVK�DUH�KLJKOLJKWHG�E\�IRXU�PDUNHW�EDVNHW�VXUYH\V��WZR�LQ�

7H[DV��6FKHFWHU�HW�DO�������D������E���RQH�LQ�&DOLIRUQLD��/XNVHPEXUJ�HW�DO����������DQG�RQH�

VDPSOLQJ�IURP�VHYHUDO�VWDWHV�LQ�WKH�8QLWHG�6WDWHV��+XZH�DQG�/DUVHQ����������2WKHU�GDWD�LQFOXGH�

HDUOLHU�VDPSOLQJ�E\�+XZH�HW�DO���������RQ�FKLFNHQ�LQ�D�UHVHDUFK�PRGH�DQG�VHYHUDO�VWXGLHV�IURP�

DEURDG���6LPLODU�WR�WKH�ILVK�GDWD��WKHUH�ZHUH�LQFRQVLVWHQW�UHSRUWV�LQ�WHUPV�RI�OLSLG�RU�ZZW���

7DEOH�����SURYLGHV�FRQJHQHU�VSHFLILF�GDWD�RQ�IRRG�FRQFHQWUDWLRQV����

� 6FKHFWHU�HW�DO�������D��GHULYHG�IURP�GDWD�LQ�6FKHFWHU�HW�DO���������ZLWK�DGGLWLRQDO�GDWD�DQG�

DQDO\VHV��UHSRUWHG�RQ�D�VDPSOLQJ�RI����IRRG�LWHPV��VSOLW�EHWZHHQ�VDPSOHV�RI�PHDW��GDLU\��DQG�

ILVK���%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������

%'(������%'(������%'(������DQG�%'(�����ZHUH�GHWHFWHG��DQG��DV�GHVFULEHG�LQ�6HFWLRQ��������

WKHUH�PD\�KDYH�EHHQ�VRPH�DQDO\WLFDO�LVVXHV��JLYHQ�WKH�KLJK�GHWHFWLRQ�OLPLWV�DQG�D�KLJK�IUHTXHQF\�

RI�QRQGHWHFWV�LQ�WKLV�GDWD�VHW���,Q�DGGLWLRQ�WR�WKHVH�OLPLWDWLRQV��DOO�WKH�IRRG�RULJLQDWHV�IURP�7H[DV�

VXSHUPDUNHWV�RQO\���6HFWLRQ�������DERYH�GHVFULEHV�WKH�UHVXOWV�IRU�WKH����ILVK�VDPSOHV���2I����PHDW�

VDPSOHV��WRWDO�%'(�UDQJHG�IURP������WR�����QJ�J�ZZW���%'(�����ZDV�GHWHFWHG�LQ�HLJKW�PHDW�

VDPSOHV��ZLWK�FRQFHQWUDWLRQV�UDQJLQJ�IURP������WR������QJ�J�ZZW���*HQHUDOO\��WKH�KLJKHVW�

FRQJHQHUV�ZHUH�%'(����DQG�%'(�����ZLWK�%'(����WKH�KLJKHVW�LQ�PHDW��DYHUDJLQJ�

�����QJ�J�ZZW��%'(����ZDV�DW������QJ�J�ZZW�LQ�PHDW���7KHVH�WZR�%'(�FRQJHQHUV�ZHUH�VLPLODU�

LQ����GDLU\�VDPSOHV��DYHUDJLQJ�DERXW������QJ�J�ZZW���7KH�PHDQ�RI�%'(�����LQ�GDLU\�ZDV�

�����QJ�J�ZZW��EXW�WKLV�ZDV�GULYHQ�E\�D�VLQJOH�VDPSOH�RI�FUHDP�FKHHVH�DW������QJ�J�ZZW���$OO�

RWKHU�VDPSOHV�ZHUH�HLWKHU�QRQGHWHFW����VDPSOHV��RU�KDG�FRQFHQWUDWLRQV�XQGHU������QJ�J�ZZW���7KH�

WRWDO�DYHUDJH�FRQFHQWUDWLRQV�RI�%'(�����LQ�PHDW�DQG�GDLU\�ZHUH������DQG������QJ�J�ZZW��

UHVSHFWLYHO\���7ZR�VDPSOHV�RI�LQIDQW�IRUPXOD�ZHUH�LQFOXGHG�LQ�WKLV�VXUYH\��DQG�WKHVH�ZHUH�WKH�

RQO\�LQIDQW�IRUPXOD�GDWD�WKDW�FRXOG�EH�IRXQG���7KH�ZZW�FRQFHQWUDWLRQV�LQ�WKH�VDPSOHV�ZHUH�

���DQG����SJ�J�ZZW��UHVSHFWLYHO\��DQG�%'(�����PDGH�XS�DERXW�KDOI�RI�WKH�FRQFHQWUDWLRQ���1R�

GDWD�RQ�VROLG�EDE\�IRRGV�FRXOG�EH�IRXQG�LQ�WKH�OLWHUDWXUH��
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Table 4-4.  Congener-specific concentrations of PBDEs in food originating from the 
United States (concentrations in ng/g wwt or specifically identified as ng/g lwt, if 
that was how reported by the author and conversion to ng/g wwt was not possible) 

 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

TriBDE 

��� ������� Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI��
GRPLQDWHG�E\�1'V�DW�'/� �����

6FKHFWHU�HW�DO��
�����D��

������� Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP�

6FKHFWHU�HW�DO��
�����D��

1'� Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI��'/����������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW��'/���������

6FKHFWHU�HW�DO��
�����E��

��������� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���RQH�GHWHFW�IRU�DSSOH�DW����������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���HJJ��OLSLG� �������'/� �������� 6FKHFWHU�HW�DO��
�����E��

������ ������ ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�WKUHH�SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������

������ ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

��� ������ Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI�� 6FKHFWHU�HW�DO��
�����D��

������� Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP�

6FKHFWHU�HW�DO��
�����D��

������� Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI��RQH�1'�

6FKHFWHU�HW�DO��
�����E��

��������OZW�� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW�

6FKHFWHU�HW�DO��
�����E��

������� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���WZR�GHWHFWV�LQFOXGLQJ�FHUHDO�DW�
�������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���HJJ��OLSLG� �������'/� ��������� 6FKHFWHU�HW�DO��
�����E��

��� ������ ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�WKUHH�SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������

������ ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

������ �������OZW�� 0DUNHW�EDVNHW�KDPEXUJHU��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�EDFRQ��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������
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Table 4-4.  Congener specific concentrations of PBDEs in food originating 
from the United States (concentrations in ng/g wwt or specifically identified as 
ng/g lwt, if that was how reported by the author and conversion to ng/g wwt 
was not possible) (continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

� �������OZW�� 0DUNHW�EDVNHW�FKLFNHQ�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�SRUN�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�EHHI�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

TetraBDE 

��� ����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP���SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������

����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

������ Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI� 6FKHFWHU�HW�DO��
�����D��

������ Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP�

6FKHFWHU�HW�DO��
�����D��

������ Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI�

6FKHFWHU�HW�DO��
�����E��

�������OZW�� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW�

6FKHFWHU�HW�DO��
�����E��

������ Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���

6FKHFWHU�HW�DO��
�����E��

������ Q� ���HJJ��OLSLG� ������ 6FKHFWHU�HW�DO��
�����E��

������OZW�� 0DUNHW�EDVNHW�KDPEXUJHU��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�EDFRQ��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�FKLFNHQ�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�SRUN�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�EHHI�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

��� 1'� Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI��'/����������

6FKHFWHU�HW�DO��
�����E��



� �����

Table 4-4.  Congener specific concentrations of PBDEs in food originating 
from the United States (concentrations in ng/g wwt or specifically identified as 
ng/g lwt, if that was how reported by the author and conversion to ng/g wwt 
was not possible) (continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

1'� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW��'/�����������'/�IRU�EXWWHU�DW��������

6FKHFWHU�HW�DO��
�����E��

�������� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW�����GHWHFW�IRU�DSSOH�DW���������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���HJJ��OLSLG� �������'/� �������� 6FKHFWHU�HW�DO��
�����E��

��� ������ ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�WKUHH�SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������

������ ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

������� Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI� 6FKHFWHU�HW�DO��
�����D��

������� Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP�

6FKHFWHU�HW�DO��
�����D��

1'� Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI��'/����������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW��'/�����������'/�IRU�EXWWHU�DW��������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���'/����������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���HJJ��OLSLG� �������'/� �������� 6FKHFWHU�HW�DO��
�����E��

��� ������� Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI��
PRVWO\�1'�RU�1$�

6FKHFWHU�HW�DO��
�����D��

������� Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP��DOO�1'�RU�1$�

6FKHFWHU�HW�DO��
�����D��

PentaBDE�

���
�

����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�WKUHH�SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������

����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

������ Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI� 6FKHFWHU�HW�DO��
�����D��

������ Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP��PRVW�1'�RU�1$�H[FHSW�RQH�
FKHHVH�DW������

6FKHFWHU�HW�DO��
�����D��
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Table 4-4.  Congener specific concentrations of PBDEs in food originating 
from the United States (concentrations in ng/g wwt or specifically identified as 
ng/g lwt, if that was how reported by the author and conversion to ng/g wwt 
was not possible) (continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

�������OZW�� 0DUNHW�EDVNHW�KDPEXUJHU��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�EDFRQ��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�FKLFNHQ�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�SRUN�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�EHHI�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������� Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI����GHWHFW��'/����������

6FKHFWHU�HW�DO��
�����E��

��������OZW�� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW����GHWHFW��'/��������H[FHSW�EXWWHU�DW�������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���'/����������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���HJJ��OLSLG� �������'/� �������� 6FKHFWHU�HW�DO��
�����E��

��� ����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�WKUHH�SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������

������ ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

����� Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI� 6FKHFWHU�HW�DO��
�����D��

������ Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP�

6FKHFWHU�HW�DO��
�����D��

������OZW�� 0DUNHW�EDVNHW�KDPEXUJHU��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������ Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI�

6FKHFWHU�HW�DO��
�����E��

�������OZW�� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW�

6FKHFWHU�HW�DO��
�����E��

������� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW��

6FKHFWHU�HW�DO��
�����E��

������ Q� ���HJJ��OLSLG� ������ 6FKHFWHU�HW�DO��
�����E��
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Table 4-4.  Congener specific concentrations of PBDEs in food originating 
from the United States (concentrations in ng/g wwt or specifically identified as 
ng/g lwt, if that was how reported by the author and conversion to ng/g wwt 
was not possible) (continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

������OZW�� 0DUNHW�EDVNHW�EDFRQ��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�FKLFNHQ�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�SRUN�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�EHHI�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

���� ����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�WKUHH�SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������

����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

������ Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI� 6FKHFWHU�HW�DO��
�����D��

������ Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP�

6FKHFWHU�HW�DO��
�����D��

������ Q ��PHDW��OLSLG�� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI�

6FKHFWHU�HW�DO��
�����E��

�������OZW�� Q ��GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW�

6FKHFWHU�HW�DO��
�����E��

������� Q ��YHJHWDEOH�EDVHG��OLSLG� ����������IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���RQH�GHWHFW�IRU�DSSOH�DW��������
QJ�J�ZZW��

6FKHFWHU�HW�DO��
�����E��

������ Q ��HJJ��OLSLG� ������ 6FKHFWHU�HW�DO��
�����E��

�������OZW�� 0DUNHW�EDVNHW�KDPEXUJHU��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�EDFRQ��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�FKLFNHQ�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�SRUN�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�EHHI�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

���� 1'�
�

Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI��'/����������

6FKHFWHU�HW�DO��
�����E��
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Table 4-4.  Congener specific concentrations of PBDEs in food originating 
from the United States (concentrations in ng/g wwt or specifically identified as 
ng/g lwt, if that was how reported by the author and conversion to ng/g wwt 
was not possible) (continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

1'� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW��'/���������H[FHSW�IRU�EXWWHU�DW�������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���'/����������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���HJJ��OLSLG� �������'/� �������� 6FKHFWHU�HW�DO��
�����E��

���� 1'� Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI��'/����������

6FKHFWHU�HW�DO��
�����E��

HexaBDE�

���� ����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�WKUHH�SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������

����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

������ Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI�� 6FKHFWHU�HW�DO��
�������

������� Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP��PRVW�1'�RU�1$�ZLWK�KLJK�'/�

6FKHFWHU�HW�DO��
�����D��

������� Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI����GHWHFWV��'/����������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW��'/���������H[FHSW�IRU�EXWWHU�DW�������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���'/����������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���HJJ��OLSLG� �������'/� �������� 6FKHFWHU�HW�DO��
�����E��

���� ������ ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�WKUHH�SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������

������ ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

���� ���� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�WKUHH�SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������

����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

������ Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI� 6FKHFWHU�HW�DO���
�����D��

������ Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP�

6FKHFWHU�HW�DO��
�����D��
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Table 4-4.  Congener specific concentrations of PBDEs in food originating 
from the United States (concentrations in ng/g wwt or specifically identified as 
ng/g lwt, if that was how reported by the author and conversion to ng/g wwt 
was not possible) (continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

������
�

Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI�

6FKHFWHU�HW�DO��
�����E��

��������OZW�� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW�

6FKHFWHU�HW�DO��
�����E��

�������� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���RQH�GHWHFW�IRU�DSSOH�DW�
�������QJ�J�ZZW��

6FKHFWHU�HW�DO��
�����E��

������ Q� ���HJJ��OLSLG� ������ 6FKHFWHU�HW�DO��
�����E��

������OZW�� 0DUNHW�EDVNHW�KDPEXUJHU��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�EDFRQ��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�FKLFNHQ�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�SRUN�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�EHHI�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ���������

���� ����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�WKUHH�SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������

����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

������ Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI� 6FKHFWHU�HW�DO��
�����D��

������ Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP�

6FKHFWHU�HW�DO��
�����D��

������ Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI�

6FKHFWHU�HW�DO��
�����E��

��������OZW�� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW�

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���'/����������

6FKHFWHU�HW�DO��
�����E��

������ Q� ���HJJ��OLSLG� �������'/� ��������� 6FKHFWHU�HW�DO��
�����E��

�������OZW� �0DUNHW�EDVNHW�KDPEXUJHU��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������
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Table 4-4.  Congener specific concentrations of PBDEs in food originating 
from the United States (concentrations in ng/g wwt or specifically identified as 
ng/g lwt, if that was how reported by the author and conversion to ng/g wwt 
was not possible) (continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

�������OZW�� 0DUNHW�EDVNHW�EDFRQ��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�FKLFNHQ�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�SRUN�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�EHHI�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

���� 1'� Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI��'/���������

6FKHFWHU�HW�DO��
�����E��

HeptaBDE�

���� ����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�WKUHH�SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������

����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

����� Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI� 6FKHFWHU�HW�DO��
�����D��

������ Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP�

6FKHFWHU�HW�DO��
�����D��

������ Q� ���PHDW��OLSLG�� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI��RQH�1'�

6FKHFWHU�HW�DO��
�����E��

��������OZW�� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW����GHWHFWV��EXWWHU�'/�DW�������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���'/����������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���HJJ��OLSLG� �������'/� �������� 6FKHFWHU�HW�DO��
�����E��

�������OZW�� 0DUNHW�EDVNHW�KDPEXUJHU��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�EDFRQ��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

������OZW�� 0DUNHW�EDVNHW�FKLFNHQ�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�SRUN�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������

�������OZW�� 0DUNHW�EDVNHW�EHHI�IDW��Q� ���������ORFDWLRQV�DURXQG�WKH�
FRXQWU\��VDPSOHG�LQ������

+XZH�DQG�
/DUVHQ��������
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Table 4-4.  Congener specific concentrations of PBDEs in food originating 
from the United States (concentrations in ng/g wwt or specifically identified as 
ng/g lwt, if that was how reported by the author and conversion to ng/g wwt 
was not possible) (continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

���� ������ Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI����GHWHFWV�

6FKHFWHU�HW�DO��
�����E��

�������OZW�� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW����GHWHFW�EXWWHU�DW��������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���'/����������

6FKHFWHU�HW�DO��
�����E��

������� Q� ���HJJ��OLSLG� ������ 6FKHFWHU�HW�DO��
�����E��

���� ������ Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI����GHWHFWV�

6FKHFWHU�HW�DO��
�����E��

�������OZW�� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW����GHWHFW�EXWWHU�DW�������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���'/����������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���HJJ��OLSLG� �������'/� �������� 6FKHFWHU�HW�DO��
�����E��

OctaBDE 

���� ������ Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI����GHWHFWV�

6FKHFWHU�HW�DO��
�����E��

�������OZW�� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW����GHWHFWV�LQFOXGLQJ�EXWWHU�DW�������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���'/����������

6FKHFWHU�HW�DO��
�����E��

������ Q� ���HJJ��OLSLG� ������ 6FKHFWHU�HW�DO��
�����E��

���� ������ Q� ���PHDW��OLSLG�� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI��RQH�1'�

6FKHFWHU�HW�DO��
�����E��

�������OZW�� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW����GHWHFWV�LQFOXGLQJ�EXWWHU�DW�������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���'/����������

6FKHFWHU�HW�DO��
�����E��

������ Q� ���HJJ��OLSLG� ������ 6FKHFWHU�HW�DO��
�����E��

DecaBDE�

����
�

����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�WKUHH�SURGXFWLRQ�
QRQFRQWDPLQDWHG�VLWHV�

+XZH�HW�DO��
�������
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Table 4-4.  Congener specific concentrations of PBDEs in food originating 
from the United States (concentrations in ng/g wwt or specifically identified as 
ng/g lwt, if that was how reported by the author and conversion to ng/g wwt 
was not possible) (continued) 
 

Congener Concentration 
(ng/g wwt or lwt) Comment Reference 

����� ��FKLFNHQ�IDW������OLSLG��VDPSOHV�IURP�D�FRQWDPLQDWHG�
SURGXFWLRQ�VLWH�

+XZH�HW�DO��
�������

������ Q� ����PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��EHHI��
GRPLQDWHG�E\���WXUNH\�DW�����

6FKHFWHU�HW�DO��
�����D��

������ Q� ����GDLU\��OLSLG� ��������LQFOXGLQJ�FKHHVH��PLON��LQIDQW�
IRUPXOD��\RJXUW��LFH�FUHDP��GRPLQDWHG�E\���VDPSOH�DW������
RWKHUV�DW�����

6FKHFWHU�HW�DO��
�����D��

������ Q� ���PHDW��OLSLG� ��������LQFOXGLQJ�SRUN��FKLFNHQ��WXUNH\��
EHHI����GHWHFWV�

6FKHFWHU�HW�DO��
�����E��

�������OZW�� Q� ���GDLU\��OLSLG� ������LQFOXGLQJ�EXWWHU��FKHHVH��PLON��LFH�
FUHDP��\RJXUW����GHWHFWV�LQFOXGLQJ�EXWWHU�DW������

6FKHFWHU�HW�DO��
�����E��

1'� Q� ���YHJHWDEOH�EDVHG��OLSLG� ���í�����IRU�RLO�SHDQXW�
EXWWHU����IRU�FHUHDOV�IUXLW���'/���������

6FKHFWHU�HW�DO��
�����E��

������ Q� ���HJJ��OLSLG� �������'/� ��������� 6FKHFWHU�HW�DO��
�����E��

�
�
� 6FKHFWHU�HW�DO�������E��SURYLGHG�DQ�XSGDWH�WR�WKLV�GDWD�E\�FRQGXFWLQJ�D�VLPLODU�PDUNHW�

EDVNHW�VXUYH\�LQ�7H[DV�LQ��������7KH\�REWDLQHG�����VDPSOHV�RI����IRRG�W\SHV��PDGH�FRPSRVLWHV�

RI����IRU�HDFK�IRRG�W\SH��DQG�DQDO\]HG�WKH����ILQDO�VDPSOHV�IRU����%'(�FRQJHQHUV�DV�ZHOO�DV�

KH[DEURPRF\FORGRGHFDQH���7ZHQW\�IRXU�RI�WKHVH����VDPSOHV�ZHUH�RI�PHDW��GDLU\��DQG�SURGXFWV�

RI�YHJHWDEOH�RULJLQ���'HFOLQHV�ZHUH�VHHQ�LQ�PRVW�IRRG�W\SHV���7RWDO�%'(V��VXP�RI����FRQJHQHUV�

ZLWK�VXIILFLHQW�GHWHFWLRQV��LQFOXGLQJ�%'(������%'(������%'(������%'(������DQG�%'(������IRU�

PHDWV�UDQJHG�IURP�������WR�����QJ�J�ZZW��ZLWK�%'(�����EHLQJ�IRXQG�DW�QR�KLJKHU�WKDQ������QJ�J�

ZZW���'DLU\�FRQFHQWUDWLRQV�RI�WRWDO�3%'(V�LQ�VHYHQ�RI�HLJKW�VDPSOHV�ZHUH�ORZHU�WKDQ�����QJ�J�

ZZW��EXW�ZDV�����QJ�J�ZZW�LQ�D�VDPSOH�RI�EXWWHU������OLSLG��ZLWK�%'(�����DW�����QJ�J�ZZW���$V�

LQ�WKH�SUHYLRXV�VXUYH\��%'(����WHQGHG�WR�GRPLQDWH�WKH�FRQFHQWUDWLRQV��EXW�ZLWK�VLJQLILFDQW�

FRQWULEXWLRQV�DOVR�IURP�%'(�����%'(������%'(������DQG�%'(�������%'(�����ZDV�GHWHFWHG�LQ�

ILYH�RI�HLJKW�PHDW�VDPSOHV�UDQJLQJ�IURP�������WR������QJ�J�ZZW��DQG�LQ�VL[�RI�HLJKW�GDLU\�

VDPSOHV�UDQJLQJ�IURP�������WR�����QJ�J�ZZW���,W�ZDV�WKH�KLJKHVW�FRQJHQHU�IRXQG�LQ�HJJV�DW�

�����QJ�J�ZZW��
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� )LVK��PHDW��DQG�IRZO�SURGXFWV�ZHUH�SXUFKDVHG�LQ�'HFHPEHU������DQG�)HEUXDU\������

IURP�WKUHH�GLIIHUHQW�IRRG�PDUNHWV�LQ�6DFUDPHQWR�DQG�(O�'RUDGR�+LOOV�LQ�1RUWKHUQ�&DOLIRUQLD�

�/XNVHPEXUJ�HW�DO�����������7KLUW\�RQH�GLIIHUHQW�%'(�FRQJHQHUV�ZHUH�PHDVXUHG��DOWKRXJK�QR�

FRQJHQHU�VSHFLILF�GDWD�ZHUH�SURYLGHG���+RPRORJXH�%'(�JURXSV�ZHUH�PHDVXUHG�DQG�WDEOHV�ZHUH�

SURYLGHG�ZLWK�GDWD�IRU�WKRVH���7KH�WRWDO�3%'(�FRQFHQWUDWLRQV��VXP�RI�KRPRORJXH�FRQFHQWUDWLRQV�

SURYLGHG��ZHUH�KLJKHU�LQ�ILVK��IURP������WR�����QJ�J�ZZW��DQG�IRZO�������WR�����QJ�J�ZZW��WKDQ�

LQ�EHHI�DQG�GHHU�PHDW�SURGXFWV��IURP�����WR�����QJ�J�ZZW����,W�ZDV�VWDWHG�WKDW�WKH�KLJKHVW�

FRQFHQWUDWLRQV�RI�LQGLYLGXDO�FRQJHQHUV�ZHUH�%'(�����%'(�����DQG�%'(������DOWKRXJK�

GHFD%'(��ZKLFK�LV�WKH�VLQJOH�FRQJHQHU�%'(������PRVW�RIWHQ�ZDV�WKH�KLJKHVW�KRPRORJXH�JURXS�

IRXQG����

� $�QRQVWDWLVWLFDO�VDPSOLQJ�RI�PDUNHW�EDVNHW�PHDW�DQG�SRXOWU\�LWHPV�IURP�ODUJH�

VXSHUPDUNHWV�ZDV�XQGHUWDNHQ�LQ�������LQ�WKHVH�VWDWHV��)/��9$��&7��3$��1'��07��25��10��DQG�

$=��+XZH�DQG�/DUVHQ����������$�WRWDO�RI����PHDW�VDPSOHV��LQFOXGLQJ�KDPEXUJHU��Q� ������EDFRQ�

�Q� ������FKLFNHQ�IDW��Q� ������SRUN�IDW��Q� ������DQG�EHHI�IDW��Q� ������ZHUH�PHDVXUHG�IRU�

%'(��������%'(�����%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�������%HHI�KDG�

WKH�ORZHVW�DYHUDJH�FRQFHQWUDWLRQV�RI�%'(V�������QJ�J�OZW�IRU�EHHI�IDW�DQG������QJ�J�OZW�IRU�

KDPEXUJHU���ZKLOH�FKLFNHQ�DQG�SRUN�KDG�WKH�KLJKHVW�DYHUDJH�FRQFHQWUDWLRQVʊ�����QJ�J�OZW�DQG�

�����QJ�J�OZW��UHVSHFWLYHO\���7KHVH�DYHUDJH�FRQFHQWUDWLRQV�ZHUH�HOHYDWHG�VRPHZKDW�E\�D�IHZ�

KLJK�VDPSOHV��2QH�SRUN�DQG�WZR�FKLFNHQ�VDPSOHV�KDG�WRWDO�%'(V�JUHDWHU�WKDQ������QJ�J�OZW���

%'(����GRPLQDWHG�DOO�IRRG�W\SHV��WKXV��DFFRXQWLQJ�IRU���������������������DQG�����IRU�

KDPEXUJHU��EDFRQ��FKLFNHQ�IDW��SRUN�IDW��DQG�EHHI�IDW�UHVSHFWLYHO\���%'(����ZDV�VHFRQG�PRVW�

GRPLQDQW��H[SODLQLQJ���������������������DQG������UHVSHFWLYHO\���7KH�UDWLR�RI�%'(����WR�

%'(����DYHUDJHG�������ZKLFK�LV�VLPLODU�WR�WKH�%'(����WR�%'(����UDWLR�RI�����IRXQG�LQ�D�SHQWD�

IRUPXODWLRQ���7KLV�FRQWUDVWV�ZLWK�D�%'(����WR�%'(����UDWLR�RI�VRPHWLPHV�JUHDWHU�WKDQ����ZKLFK�

ZDV�LGHQWLILHG�LQ�VHYHUDO�VWXGLHV�LQ�ILVK�DV�GHVFULEHG�LQ�6HFWLRQ�������$V�ZLOO�EH�GHVFULEHG�LQ�WKH�

QH[W�FKDSWHU��KXPDQV�DOVR�KDYH�PRUH�%'(����FRQJHQHUV�WKDQ�%'(�����EXW�DERXW�WKLV�VDPH�

IDFWRU�RI������

� +XZH�HW�DO���������HDUOLHU�FRQGXFWHG�UHVHDUFK�RULHQWHG�VWXGLHV�RQ�%'(V�LQ�SRXOWU\���

&KLFNHQ�IDW�VDPSOHV�IURP�WKUHH�FKLFNHQ�SURGXFWLRQ�VLWHV�NQRZQ�WR�KDYH�FKLFNHQV�³FRQWDPLQDWHG´�

E\�FRQVXPSWLRQ�RI�DQLPDO�IHHG�ZLWK�EDOO�FOD\��ZKLFK�KDG�KLJK�OHYHOV�RI�GLR[LQV��DQG�WZR�RWKHU�

FKLFNHQ�IDW�VDPSOHV�IURP�DQ�XQFRQWDPLQDWHG�SURGXFWLRQ�VLWH�ZHUH�DQDO\]HG�IRU�%'(V���7KH�
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FRQJHQHUV�DQDO\]HG�LQFOXGHG�WKH�IROORZLQJ��%'(��������%'(�����%'(�����%'(�����%'(�����

%'(�����%'(������%'(������%'(������%'(������%'(������%'(������DQG�%'(�������)RXU�

RWKHU�XQLGHQWLILHG�FRQJHQHUV�ZHUH�QRWHG��EXW�WKH\�DUH�QRW�LQFOXGHG�LQ�WKH�VXPPDU\���7KH�VDPSOHV�

IURP�WZR�RI�WKH�³FRQWDPLQDWHG´�VLWHV�GLG�QRW�DSSHDU�WR�KDYH�%'(�OHYHOV�GLIIHUHQW�IURP�WKH�

QRQFRQWDPLQDWHG�SURGXFWLRQ�VLWH���7KH�QLQH�VDPSOHV�IURP�WKHVH�WKUHH�ORFDWLRQV�ZHUH�DYHUDJHG��

DQG�WKH�IRXU�VDPSOHV�IURP�WKH�FRQWDPLQDWHG�VLWH��ZKHUH�OHYHOV�ZHUH�KLJKHU��ZHUH�DQDO\]HG�

VHSDUDWHO\���7KH�DXWKRUV�FRQGXFWHG�D�3%'(�DQDO\VLV�RI�WKH�VWRUHG�FRQWDPLQDWHG�IHHG�EXW�GLG�QRW�

ILQG�HOHYDWHG�OHYHOV�RI�3%'(V��GDWD�QRW�SURYLGHG����7KLV�VXJJHVWHG�WR�WKHP�WKDW�IHHG�ZDV�QRW�WKH�

FDXVH�RI�KLJK�OHYHOV�RI�3%'(V�LQ�WKH�RQH�VLWH���7KH�DXWKRUV�GLG�VWDWH�WKDW�LQ�WKH�SURGXFWLRQ�VLWH�

ZKHUH�%'(�OHYHOV�ZHUH�KLJKHU��D�IDFWRU\�SURGXFLQJ�SHQWD%'(�IRUPXODWLRQV�ZDV�ORFDWHG�LQ�WKH�

VDPH�FLW\��ZKLFK�PD\�KDYH�H[SODLQHG�WKH�KLJKHU�OHYHOV�IRXQG�WKHUH���7KH�DYHUDJH�WRWDO�%'(�

FRQFHQWUDWLRQ�RI�QLQH�³XQFRQWDPLQDWHG´�FKLFNHQ�VDPSOHV�ZDV�����QJ�J�OZW��DQG�WKH�DYHUDJH�RI�

IRXU�³FRQWDPLQDWHG´�FKLFNHQ�VDPSOHV�ZDV������QJ�J�OZW���%'(����ZDV�WKH�KLJKHVW�FRQJHQHU��LW�

DYHUDJHV�����QJ�J�OZW�XQFRQWDPLQDWHG�DQG������QJ�J�OZW�FRQWDPLQDWHG���%'(����DYHUDJHG�

����QJ�J�OZW�XQFRQWDPLQDWHG�DQG�����QJ�J�OZW�FRQWDPLQDWHG���%'(�����ZDV�JHQHUDOO\�ORZ�LQ�DOO�

VDPSOHV��ZLWK�DFWXDOO\�ORZHU�FRQFHQWUDWLRQV�LQ�WKH�FRQWDPLQDWHG�YHUVXV�XQFRQWDPLQDWHG�VLWHV��WKH�

DYHUDJH�RYHU�DOO����VDPSOHV�ZDV�����QJ�J�OZW����

� 6WXGLHV�RI�3%'(V�LQ�IRRG�DEURDG�PRVWO\�RULJLQDWH�IURP�(XURSH��DQG�UHVXOWV�DUH�

FRPSDUDEOH�WR�$PHULFD�LQ�WKDW�WRWDO�3%'(V�WHQG�WR�EH�OHVV�WKDQ���QJ�J��GRPLQDWHG�E\�%'(����

DQG�%'(�����ZLWK�VSDUVH�GDWD�RQ�%'(�������$V�QRWHG�EHORZ��KRZHYHU��WKUHH�VWXGLHV�KDYH�

GRFXPHQWHG�KLJK�OHYHOV�RI�%'(�����LQ�IRRG�VDPSOHV���,Q�WKH�8QLWHG�.LQJGRP�VWXG\��%'(�����

ZDV�IRXQG�DW�WKH�KLJKHVW�FRQFHQWUDWLRQ�RI�DOO�FRQJHQHUV�LQ�QHDUO\�HYHU\�VDPSOH��LQ�WKH�VWXG\�IURP�

6SDLQ��%'(�����ZDV�IRXQG�DW�WKH�KLJKHVW�OHYHO�LQ�VHYHUDO�IRRG�SURGXFWV��DQG�LQ�WKH�VWXG\�IURP�

-DSDQ��%'(�����GRPLQDWHG�RLOV�DQG�IDWV���,Q�DOO�WKUHH�VWXGLHV��KLJK�FRQFHQWUDWLRQV�RI�%'(�����

ZHUH����WLPHV�RU�PRUH�KLJKHU�WKDQ�RWKHU�FRQJHQHUV�ZKHQ�%'(�����ZDV�IRXQG�������

� $�UHFHQW�VWXG\�FRPPLVVLRQHG�E\�::)��IRUPHUO\�:RUOG�:LOGOLIH�)XQG��QRZ�MXVW�::)���

FRQGXFWHG�E\�WKH�1HWKHUODQGV�2UJDQL]DWLRQ�IRU�$SSOLHG�6FLHQWLILF�5HVHDUFK��712���3HWHUV��

�������PHDVXUHG����%'(V�LQ����IRRG�SURGXFWV�IURP�GLIIHUHQW�FRXQWULHV�LQ�(XURSH���7KH�IRRG�

SURGXFWV�UDQJHG�IURP�KRQH\�LQ�WKH�8QLWHG�.LQJGRP��WR�VDODPL�LQ�,WDO\��WR�SRUN�FKRSV�LQ�3RODQG���

%'(V�ZHUH�IRXQG�LQ����RI����SURGXFWV��D�ORZ�WRWDO�RI������QJ�J�IRXQG�LQ�KRQH\�WR�D�KLJK�WRWDO�RI�

����QJ�J�ZZW�LQ�PLQFHG�EHHI���%'(�����ZDV�WHVWHG�IRU�EXW�QRW�IRXQG��DOWKRXJK�LW�FDQQRW�EH�
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H[SHFWHG�WR�EH�IRXQG�ZLWK�D�KLJK�GHWHFWLRQ�OLPLW�RI�����QJ�J�ZZW���/LNH�RWKHU�VWXGLHV��%'(V����

ZDV�IRXQG�PRVW�IUHTXHQWO\��LW�ZDV�IRXQG�LQ����RI����VDPSOHV�DW�DQ�DYHUDJH�SRVLWLYH�FRQFHQWUDWLRQ�

RI������QJ�J���,QWHUHVWLQJO\��%'(�����QRW�PHDVXUHG�LQ�RWKHU�VWXGLHV��ZDV�IRXQG�QH[W�PRVW�

IUHTXHQWO\��LQ����RI����VDPSOHV��ZLWK�DQ�DYHUDJH�SRVLWLYH�FRQFHQWUDWLRQ�RI������QJ�J�ZZW���

%'(����ZDV�IRXQG�LQ���RI����VDPSOHV�DW�DQ�DYHUDJH�SRVLWLYH�FRQFHQWUDWLRQ�RI������QJ�J���

� $QRWKHU�(XURSHDQ�VWXG\�LQFOXGHG�D�PDUNHW�EDVNHW�VXUYH\�RI�%'(V��LQFOXGLQJ�%'(������

IURP�%HOJLXP��9RRUVSRHOV�HW�DO����������DOWKRXJK�%'(�����ZDV�QRW�TXDQWLILHG�LQ�DQ\�VDPSOH���

&RQFHQWUDWLRQV�JHQHUDOO\�ZHUH�DOO�OHVV�WKDQ�����QJ�J�ZZW��ZLWK�ILVK�EHLQJ�WKH�KLJKHVW�JHQHUDOO\��

DQG�RQO\���RI���IRRG�VDPSOHV�FRQWDLQHG�%'(�FRQFHQWUDWLRQV�JUHDWHU�WKDQ�����QJ�J�ZZW��DW�����DQG�

����QJ�J�ZZW���%XWWHU�ZDV�WKH�KLJKHVW�RI�WKH�QRQILVK�VDPSOHV��DW�����QJ�J�ZZW���7KH�HLJKW�PHDW�

VDPSOHV�ZHUH�DOO�XQGHU�����QJ�J�ZZW��DV�ZHUH�IDVW�IRRG�DQG�HJJV���&KHHVH�ZDV�VOLJKWO\�KLJKHU�DW�

�����QJ�J�ZZW��

� 7KUHH�UHFHQW�VXUYH\V�VKRZHG�KLJK�OHYHOV�RI�%'(������RQH�IURP�8QLWHG�.LQJGRP��)6$��

�������RQH�IURP�6SDLQ��*RPDUD�HW�DO����������DQG�RQH�IURP�-DSDQ��$NXWVX�HW�DO�����������,Q�WKH�

GLHWDU\�VXUYH\�FRQGXFWHG�E\�WKH�)RRG�6WDQGDUGV�$JHQF\�RI�WKH�8QLWHG�.LQJGRP��FRPSRVLWH�

VDPSOHV�UHSUHVHQWLQJ����IRRG�JURXSV�ZHUH�DQDO\]HG�IRU�D�VXLWH�RI����%'(�FRQJHQHUV��LQFOXGLQJ�

%'(�����DQG�%'(�������7KH�PHDW�SURGXFW�FRQFHQWUDWLRQ�RI�%'(�����ZDV�H[FHHGLQJO\�KLJK�DW�

�����QJ�J�ZZW���,Q�IDFW��%'(�����KDG�WKH�KLJKHVW�FRQFHQWUDWLRQ�RI�DOO�FRQJHQHUV�LQ�DOO�EXW�WZR�

FRPSRVLWH�IRRG�JURXS�VDPSOHV��DOWKRXJK�FRQFHQWUDWLRQV�RWKHU�WKDQ�WKH�PHDW�FRQFHQWUDWLRQ�DSSHDU�

PRUH�LQ�OLQH�ZLWK�RWKHU�YDOXHV�LQ�WKH�OLWHUDWXUH��DW�OHVV�WKDQ�����QJ�J�ZZW���)RU�H[DPSOH��%'(�����

ZDV�IRXQG�DW������LQ�³IDWV�DQG�RLOV�´�DQG�WKH�QH[W�KLJKHVW�FRQJHQHU�FRQFHQWUDWLRQV�ZHUH�%'(����

DQG�%'(�����ERWK�UHSRUWHG�DW������QJ�J�ZZW���$OWKRXJK�VXPPDU\�VWDWLVWLFV�ZHUH�QRW�VXSSOLHG��

JHQHUDOO\�%'(����DQG�%'(����ZHUH�VLPLODU��DW�FRQFHQWUDWLRQV�EHWZHHQ������DQG������QJ�J��

FRQVLVWHQW�ZLWK�RWKHU�VXUYH\V��DQG�RWKHU�FRQJHQHUV�ZHUH�SUHVHQW�EXW�DW�ORZHU�FRQFHQWUDWLRQV���

*RPDUD�HW�DO���������FROOHFWHG�����6SDQLVK�IRRG�VDPSOHV�UDQGRPO\�IURP�ORFDO�VXSHUPDUNHWV�DOO�

RYHU�6SDLQ�IURP������WR��������7KH�VDPSOHV�HQFRPSDVVHG����W\SHV�RI�IRRG��LQFOXGLQJ�PLON�DQG�

GDLU\�SURGXFWV��HJJV��ILVK��WXQD��VDUGLQH��DQG�RWKHUV���PHDW�DQG�PHDW�SURGXFWV��YHJHWDEOH�RLO��DQG�

VKHOOILVK���$�WRWDO�RI����%'(V�ZHUH�PHDVXUHG��LQFOXGLQJ�IRU�WKH�ILUVW�WLPH�WKH�KLJKHU�EURPLQDWHG�

%'(������%'(������%'(������DQG�%'(������LQ�DGGLWLRQ�WR�%'(�����DQG�%'(�������7KH�

KLJKHVW�WRWDO�PHGLDQ�FRQFHQWUDWLRQ�ZDV�IRXQG�LQ�ILVK������SJ�J�ZZW��IROORZHG�E\�RLOV�DW�

����SJ�J�ZZW��PHDWV�DW����SJ�J�ZZW��VKHOOILVK�DW����SJ�J�ZZW��HJJV�DW����SJ�J�ZZW��DQG�GDLU\�DW�
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���SJ�J�ZZW���%'(�����ZDV�WKH�SUHGRPLQDQW�FRQJHQHU�LQ�RLO�DQG�HJJ�VDPSOHV��DW����DQG�

���SJ�J�ZZW��UHVSHFWLYHO\��EXW�LW�ZDV�DOVR�IRXQG�DW�VLJQLILFDQW�OHYHOV�LQ�DOO�RWKHU�IRRG�SURGXFWV��

ZLWK�PHGLDQV�LQ�GDLU\�SURGXFWV�DW���SJ�J�ZZW��LQ�PHDWV�DW����SJ�J�ZZW��LQ�ILVK�DW���SJ�J�ZZW��DQG�

VKHOOILVK�DW���SJ�J�ZZW���2WKHUZLVH��%'(����DQG�%'(����ZHUH�WKH�SUHGRPLQDQW�FRQJHQHUV�LQ�

GDLU\�SURGXFWV�����DQG���SJ�J�ZZW��UHVSHFWLYHO\���PHDWV�����DQG����SJ�J�ZZW���ILVK������DQG�

���SJ�J�ZZW���DQG�VKHOOILVK�����DQG���SJ�J�ZZW����7KH�VWXG\�IURP�-DSDQ�ZDV�D�WRWDO�GLHWDU\�

VXUYH\��OLNH�WKH�8.�VXUYH\��DQG�HQWDLOHG�PHDVXUHPHQWV�RI����%'(�FRQJHQHUV�LQ����IRRG�JURXSV���

'HWHFWDEOH�OHYHOV�RI�RQH�RU�PRUH�FRQJHQHUV�ZHUH�IRXQG�LQ�IRXU�IRRG�JURXSV���7RWDO�

FRQFHQWUDWLRQV��VXP�RI����FRQJHQHUV��LQ�WKHVH�ZHUH�����QJ�J�ZZW�LQ�³IDWV�DQG�RLOV´�GRPLQDWHG�E\�

%'(�����DW�����QJ�J�OZW��ZLWK�GHWHFWDEOH�OHYHOV�������QJ�J�ZZW��RI�%'(�������DQG�%'(�����

³OHJXPHV�DQG�WKHLU�SURGXFWV´�DW�D�ORZ�OHYHO�RI������QJ�J�ZZW��³ILVK��VKHOOILVK��DQG�WKHLU�SURGXFWV´�

DW�D�OHYHO�RI������QJ�J�ZZW��GRPLQDWHG�E\�%'(����DW������QJ�J�ZZW�ZLWK�GHWHFWLRQV�RI�HLJKW�

RWKHU�FRQJHQHUV��DQG�³PHDW�DQG�HJJV´�DW�D�ORZ�OHYHO�RI������QJ�J�ZZW���(LJKWHHQ�VDPSOHV�RI�

YHJHWDEOH�RLO�ZHUH�UHVDPSOHG�WR�YHULI\�WKH�KLJK�%'(�����ILQGLQJ��DQG�QJ�J�OHYHOV�RI�%'(�����

����í����QJ�J�ZZW��ZHUH�IRXQG�LQ�VHYHQ�RI�WKHP����

� (DUOLHU�LQ�������%RFLR�HW�DO���������HYDOXDWHG�GLHWDU\�H[SRVXUH�RI�LQGLYLGXDOV�LQ�6SDLQ�WR�

3%'(V���$�WRWDO�RI����VDPSOHV�ZHUH�GHYHORSHG�DV�FRPSRVLWHV�RI�QXPHURXV�IRRG�W\SHV��LQFOXGLQJ�

YHJHWDEOHV��WXEHUV��SXOVHV��SHDV��EHDQV��DQG�OHQWLOV���FHUHDOV��IUXLWV��ILVK��DQG�VKHOOILVK��PHDW�DQG�

PHDW�SURGXFWV��SRUN��FKLFNHQ��EHHI��ODPE��HJJV��PLON��GDLU\��IDWV�DQG�RLOV���6DPSOHV�ZHUH�

DQDO\]HG�IRU�WRWDO�KRPRORJXH�JURXSV��VR�QR�LQGLYLGXDO�FRQJHQHUV�ZHUH�PHDVXUHG���%HFDXVH�RI�

WKLV��WKH�³WRWDO´�FRQFHQWUDWLRQV�KHUH�SUREDEO\�VKRXOG�QRW�EH�FRPSDUHG�ZLWK�WRWDOV�IURP�RWKHU�

VWXGLHV�WKDW�PHDVXUHG�DQG�UHSRUWHG�RQ�LQGLYLGXDO�FRQJHQHUV���7KH�KLJKHVW�FRQFHQWUDWLRQ�RI�WRWDO�

3%'(V�ZDV�IRXQG�LQ�RLOV�DQG�IDWV������QJ�J�ZZW���IROORZHG�E\�ILVK�DQG�VKHOOILVK������QJ�J�ZZW���

PHDW�DQG�PHDW�SURGXFWV������QJ�J�ZZW���DQG�HJJV�������QJ�J�ZZW���ZLWK�HVVHQWLDOO\�QRQH�IRU�

YHJHWDEOHV�DQG�JUDLQV���$�SUHGRPLQDQFH�RI�WKH�WHWUD�DQG�SHQWD�KRPRORJXHV��IROORZHG�E\�KH[D�

FRQJHQHUV��ZDV�IRXQG�LQ�WKH�VDPSOHV����

� $V�GHVFULEHG�LQ�WKH�VHFWLRQ�DERYH�RQ�ILVK��WKH�1RUZHJLDQ�,QVWLWXWH�RI�3XEOLF�+HDOWK�LQ�

2VOR��1RUZD\�FRQGXFWHG�DQ�LQWHUFRPSDULVRQ�ODERUDWRU\�VWXG\�RQ�WKH�PHDVXUHPHQW�RI�3%7V��

LQFOXGLQJ�3&''�)V��3&%V��DQG�3%'(V��+DXJ�HW�DO�����������,W�ZDV�QRWHG�WKDW�ILVK�FRQFHQWUDWLRQV�

ZHUH�XQXVXDOO\�KLJK��WRWDOLQJ�����QJ�J�ZZW���5HVXOWV�IRU�WKH�RWKHU�FRQJHQHUV��%'(�����%'(�����

%'(�����%'(������%'(������%'(������%'(������DQG�%'(������ZHUH�PRUH�LQ�OLQH�ZLWK�RWKHU�
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YDOXHV�IURP�DURXQG�ZLWK�ZRUOG���/HYHOV�RI�WKHVH�HLJKW�FRQJHQHUV�LQ�FKLFNHQ�ZHUH���������������

����������������������������������DQG������QJ�J�ZZW��WKXV�WRWDOLQJ������QJ�J�ZZW��DQG�SDOP�RLO�

OHYHOV�ZHUH�����������������������������������������������DQG������QJ�J�ZZW��WKXV�WRWDOLQJ�

�����QJ�J�ZZW���%'(�����ZDV�WKH�KLJKHVW�LQ�WKHVH�FKLFNHQ�DQG�SDOP�RLO�VDPSOHV��ZKLOH�LW�ZDV�

DPRQJ�WKH�ORZHVW�LQ�WKH�ILVK�VDPSOHV�UHSRUWHG�HDUOLHU���

� ,ULVK�DQLPDO�DQG�YHJHWDWLYH�IRRG�SURGXFWV�ZHUH�VXUYH\HG�E\�7OXVWRV�HW�DO���������IRU�WKH�

SUHVHQFH�RI�3%'(V���$�WRWDO�RI����VDPSOHV��PRVW�RI�WKHP�UHSUHVHQWLQJ�SRROHG�VDPSOHV�RI����RU�

PRUH��ZHUH�DQDO\]HG�IRU�%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����

%'(�����%'(�����%'(������%'(������%'(������%'(������%'(������%'(������DQG�%'(�������

2QO\�WRWDO�FRQFHQWUDWLRQV�ZHUH�UHSRUWHG��ZLWK�QR�GLVFXVVLRQ�RQ�FRQJHQHU�GLVWULEXWLRQ�LQ�WKH�IRRG�

SURGXFWV���)RRG�SURGXFWV�LQFOXGHG�FDUFDVV�IDW�RI�ERYLQH��DYLDQ��LQFOXGLQJ�GXFN���RYLQH��DQG�

SRUFLQH��GDLU\�SURGXFWV�LQFOXGHG�EXWWHU��FKHGGDU�FKHHVH��VRIW�FKHHVH��SURFHVVHG�FKHHVH��GDLU\�

VSUHDG��DQG�\RJXUW��OLYHU�RI�ERYLQH��DYLDQ��FKLFNHQ�DQG�WXUNH\���RYLQH��DQG�SRUFLQH��VRXS��FHUHDOV��

IUXLW��YHJHWDEOHV��YHJHWDEOH�DQLPDO�IDW��DQG�YHJHWDEOH�RLO���&RQFHQWUDWLRQV�RI�WRWDO�3%'(V�UDQJHG�

QDUURZO\�IURP������WR������QJ�J�OZW�LQ�DOO�WKH�WHUUHVWULDO�DQLPDO�IRRG�SURGXFWV��DQG�

����í�����QJ�J�ZZW�LQ�WKH�FHUHDOV��IUXLW��YHJHWDEOHV��DQG�YHJHWDEOH�RLO���

� /HYHOV�RI�������������������DQG�����ZHUH�PHDVXUHG�LQ����IRRG�LWHPV�EHWZHHQ������DQG�

�����LQ�1RUZD\��.QXWVHQ�HW�DO�����������/HYHOV�UDQJHG�IURP����í����QJ�J�OZW�IRU�PRVW�WHUUHVWULDO�

DQLPDO�IRRG�SURGXFWV��EXW�WKHUH�ZHUH�KLJK�PHDVXUHPHQWV�LQ�HJJV�DW������QJ�J�OZW��PDUJDULQH�

�ZLWK����ILVK�RLO��DW������QJ�J�OZW��OLYHU�SDVWH�DW������QJ�J�OZW��DQG�SRUN�OLYHU�DW������QJ�J�OZW���

/HYHOV�ZHUH�PXFK�KLJKHU�LQ�ILVK��ZLWK�ZZW�FRQFHQWUDWLRQV�IRU�WKH�PDMRULW\�RI�ILVK�W\SHV�DERYH�

����QJ�J�ZZW��ZLWK�D�KLJK�RI������QJ�J�ZZW�IRU�FRG�OLYHU�RLO����

� +DUUDG�HW�DO���������SUHVHQWHG�GDWD�RQ�%'(�����%'(�����%'(������%'(������DQG�

%'(�����IRU�LQGRRU�DQG�RXWGRRU�DLU��DQG�PHDW�DQG�YHJDQ�GLHWV���7KH�SXUSRVH�RI�WKHVH�

PHDVXUHPHQWV�ZDV�WR�HVWLPDWH�GDLO\�H[SRVXUH�WR�%'(V�YLD�LQKDODWLRQ�DQG�GLHW���7KH�WRWDO�3%'(�

FRQFHQWUDWLRQ�LQ�WKH�FRPSRVLWHG�VDPSOHV�RI�YHJDQ�DQG�RPQLYRURXV�GLHWV�ZHUH������DQG�

�����QJ�J�GZW��UHVSHFWLYHO\���6LPLODU�WR�DLU��%'(�����%'(�����DQG�%'(�����ZHUH�KLJKHU�LQ�PHDW�

GLHWV�DV�FRPSDUHG�WR�YHJDQ�GLHWVʊ%'(�����DQG�%'(�����ZHUH�YHU\�VLPLODU���0HDW�GLHW�VDPSOHV�

DYHUDJHG�������������DQG������QJ�J�GZW�IRU�%'(�����%'(�����DQG�%'(������ZKLOH�WKH�DQDORJRXV�

FRQFHQWUDWLRQV�IRU�YHJDQ�VDPSOHV�ZHUH�������������DQG������QJ�J�GZW����
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� 6FKHFWHU�HW�DO�������E��ORRNHG�DW�WKH�FKDQJHV�LQ�3%'(�OHYHOV�ZKHQ�EHHI��ODPE��DQG�ILVK�

ZHUH�FRRNHG���:KLOH�WKH\�UHSRUWHG�D�UHGXFWLRQ�LQ�WKH�DPRXQW�RI�WRWDO�%'(V�LQ�WKH�VDPSOHV��

FRQFHQWUDWLRQV�EHIRUH�DQG�DIWHU�FRRNLQJ�ZHUH�QRW�UHSRUWHG���7KH\�GLG�VKRZ�KRZ�WKH�SHUFHQW�OLSLG�

ZDV�UHGXFHG�E\�FRRNLQJ��E\�IDW�GULSSLQJ�DZD\���EXW�FRQFHQWUDWLRQV�DUH�HVWLPDWHG�DV�WKH�PDVV�RI�

%'(V�GLYLGHG�E\�WKH�PDVV�RI�OLSLGV��RU�ZKROH�ZHLJKW���DQG�EHIRUH�DQG�DIWHU�PDVVHV�ZHUH�QRW�

SURYLGHG���6WLOO��WKH�UHSRUWHG�DPRXQW�RI�WRWDO�%'(V�GHFUHDVHG�E\�RYHU�����LQ�EHHI�DQG�ODPE��E\�

RYHU�����LQ�FDWILVK��DQG�E\�VPDOOHU�DPRXQWV��a�����LQ�WURXW�DQG�VDOPRQ���7KLV�FHUWDLQO\�

VXJJHVWV�WKDW�FRQFHQWUDWLRQV�DOVR�ZRXOG�KDYH�EHHQ�UHGXFHG��DQG�LW�ZRXOG�KDYH�EHHQ�KHOSIXO�LI�WKH�

DXWKRUV�KDG�SURYLGHG�FRQFHQWUDWLRQV�LQ�WKHLU�DUWLFOH���:KLOH�WKHLU�UHFRPPHQGDWLRQ�WKDW�H[SRVXUHV�

FRQVLGHU�FRRNHG�IRRGV�LV�UHDVRQDEOH��PRVW�RIWHQ�H[SRVXUH�YLD�IRRG�LV�FDOFXODWHG�E\�

FRQFHQWUDWLRQV�SURYLGHG�LQ�PHDVXUHPHQWV�IURP�IRRG�SURGXFWV�WKDW�DUH�XQFRRNHG�GXH�WR�ODFN�RI�

LQIRUPDWLRQ�RQ�FRQFHQWUDWLRQV�LQ�FRRNHG�IRRGV��

� ,Q�VXPPDU\��WRWDO�%'(�FRQFHQWUDWLRQV�LQ�WHUUHVWULDO�IRRG�SURGXFWV�VHHP�WR�EH�ORZHU��OHVV�

WKDQ���QJ�J�ZZW��WKDQ�ILVK�%'(�FRQFHQWUDWLRQV���í��QJ�J�ZZW����$V�IRU�ILVK��D�SDXFLW\�RI�GDWD�RQ�

%'(�����PDNHV�LW�KDUG�WR�JHQHUDOL]H��DOWKRXJK�ZKHQ�VDPSOHG�IRU��LW�DSSHDUHG�WR�EH�SUHVHQW�DW�

OHYHOV�FRPSDUDEOH�WR�WKRVH�IRU�%'(����DQG�%'(���ʊWKH�FRQJHQHUV�JHQHUDOO\�IRXQG�DW�WKH�

KLJKHVW�FRQFHQWUDWLRQ���%'(����ZDV�W\SLFDOO\�IRXQG�DW�WKH�KLJKHVW�FRQFHQWUDWLRQ��DERXW�WZLFH�DV�

KLJK�DV�%'(������7KLV�FRQWUDVWV�ZLWK�WKH�UHODWLRQVKLS�EHWZHHQ�WKHVH�WZR�FRQJHQHUV�IRU�ILVK��

ZKHUH�%'(����LV�DERXW�WZLFH�DV�KLJK�DV�%'(������,Q�YHU\�OLPLWHG�VDPSOLQJ��FRQFHQWUDWLRQV�

DSSHDU�WR�EH�PXFK�ORZHU�LQ�IRRG�SURGXFWV�RI�YHJHWDWLYH�RULJLQ��VXFK�DV�FHUHDOV��IUXLWV��DQG�

YHJHWDEOHV��DV�FRPSDUHG�WR�WHUUHVWULDO�DQLPDO�IRRG�SURGXFWV���7KLV�LV�WR�EH�H[SHFWHG��DV�WKHVH�

RUJDQLF�3%7V�WHQG�WR�ELRDFFXPXODWH�LQ�IDW�RI�DQLPDOV�����

 
���� $66,*1,1*�(;32685(�0(',$�&21&(175$7,216�)25�(;32685(�

$66(660(17�385326(6�
� 7KH�FKDOOHQJHV�ZLWK�DVVLJQLQJ�YDOXHV�IRU�LQGLYLGXDO�FRQJHQHUV�LQ�H[SRVXUH�PHGLD�DUH�

PDQ\���

�

��� 7KHUH�LV�QR�FRQVLVWHQW�VHW�RI�PHDVXUHG�FRQJHQHUV��DV�LQ�WKH�FDVH�RI�WKH����WR[LF�GLR[LQ�DQG�
IXUDQ�FRQJHQHUV���:KLOH�WKH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG�VWXGLHV�LQ�DLU�HQWDLOHG�
���FRQJHQHUV��&$5%���������PRVW�VWXGLHV�RQO\�PHDVXUHG�D�KDQGIXO�RI�FRQJHQHUV���
0RUHRYHU��WKH�PDMRULW\�RI�SDVW�VWXGLHV�KDYH�QRW�PHDVXUHG�WKH�GHFD�FRQJHQHU��%'(������
ZKLFK�UHPDLQV�WKH�SULPDU\�FRQJHQHU�LQ�FXUUHQWO\�SURGXFHG�DQG�PDUNHWHG�SURGXFWV���7KH�
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VHFRQG�FRQJHQHU�IRU�ZKLFK�OLPLWHG�GDWD�H[LVW�LV�%'(�������7KH�RFWD�IRUPXODWLRQ�RI�
3%'(V�FRQWDLQV�DERXW�����KHSWD�FRQJHQHUV��WKH�PRVW�RI�DQ\�KRPRORJXH�JURXS��DQG�
%'(�����LV�WKH�GRPLQDQW�VWDEOH�FRQJHQHU�ZLWKLQ�WKDW�KRPRORJXH�JURXS���,WV�SUHVHQFH�LQ�
DQ�HQYLURQPHQWDO�PDWUL[�FRXOG�RQO\�KDYH�RFFXUUHG�YLD�GHEURPLQDWLRQ�RI�
KLJKHU�EURPLQDWHG�FRQJHQHUV�RU�EHFDXVH�RI�WKH�SUHVHQFH�RI�WKH�RFWD�IRUPXODWLRQ���)RU�WKLV�
UHDVRQ��%'(�����LV�JHQHUDOO\�FRQVLGHUHG�D�SULPDU\�PDUNHU�IRU�WKH�SRVVLEOH�SUHVHQFH�RI�
WKH�RFWD�%'(�IRUPXODWLRQ����

��� 7KHUH�DUH�QR�VWDWLVWLFDOO\�GHVLJQHG�VXUYH\V�WKDW�ZRXOG�SURYLGH�D�ULJRURXV�HVWLPDWH�RI�
H[SRVXUH�PHGLD�FRQFHQWUDWLRQV�WR�ZKLFK�WKH�JHQHUDO�SRSXODWLRQ�RI�WKH�8QLWHG�6WDWHV�LV�
H[SRVHG���0RVW�VWXGLHV�DUH�QRQVWDWLVWLFDO�WDUJHWHG�VXUYH\V��FRQGXFWHG�ZLWKLQ�D�VPDOO�
JHRJUDSKLF�DUHD��DQG�GULYHQ�E\�D�OLPLWHG�EXGJHW����

��� .H\�H[SRVXUH�PDWULFHV�UHPDLQ�VSDUVHO\�VWXGLHG��LQFOXGLQJ�GULQNLQJ�ZDWHU��LQGRRU�DLU��
RXWGRRU�VRLO��DQG�DQLPDO�IRRG�SURGXFWV�RI�WHUUHVWULDO�RULJLQ��PHDW��GDLU\��DQG�HJJV����)RRG�
FRQFHQWUDWLRQ�GDWD�KDYH�RQO\�EHHQ�REWDLQHG�LQ�WKH�FRQWH[W�RI�D�OLPLWHG�QXPEHU�RI�UHWDLO�
PDUNHW�EDVNHW�VXUYH\V���:KLOH�WKHVH�KDYH�PHULW��WKHLU�FRYHUDJH�LV�OLPLWHG��RQO\�RQH�LQ�
WKUHH�KDG�DQ\�GDLU\�VDPSOHV��DQG�WKH�RQH�VWXG\�WKDW�GLG�REWDLQ�VDPSOHV�IURP�VHYHUDO�VWDWHV�
�+XZH�DQG�/DUVHQ��������GLG�QRW�LQFOXGH�PHDVXUHPHQWV�IRU�%'(��������

�

� 7KHUHIRUH��LW�LV�QRW�SRVVLEOH�WR�GHULYH�PHGLD�FRQFHQWUDWLRQV�WKDW�DUH�VWDWLVWLFDOO\�

UHSUHVHQWDWLYH�RI�JHQHUDO�SRSXODWLRQ�H[SRVXUHV���1RQHWKHOHVV��UHDVRQDEOH�DVVXPSWLRQV�FDQ�EH�

PDGH�IRU�H[SRVXUH�PHGLD�FRQFHQWUDWLRQV�WR�XVH�LQ�PDNLQJ�H[SRVXUH�HVWLPDWHV��VHH�&KDSWHU������

'HFLVLRQV�QHHGHG�WR�EH�PDGH�RQ�ZKLFK�FRQJHQHUV�WR�LQFOXGH�LQ�WKLV�GHULYDWLRQ��DQG�ZKLFK�VWXGLHV�

WR�UHO\�XSRQ���7KH�NH\�FRQJHQHUV�WKDW�KDYH�EHHQ�PHDVXUHG�LQFOXGH�WKH�SULPDU\�FRQJHQHUV�RI�WKH�

SHQWD�IRUPXODWLRQ��LQFOXGLQJ�%'(�����%'(�����%'(������%'(������DQG�%'(�������%'(�����

DQG�%'(�����UHPDLQ�RI�LQWHUHVW�IRU�WKHLU�UHSUHVHQWDWLRQ�RI�WKH�RFWD�DQG�GHFD�IRUPXODWLRQV��DV�

GHVFULEHG�DERYH���7KH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��3%'(�SURMHFW�SODQ�

�������������������������������������������������
�6HH�KWWS���ZZZ�HSD�JRY�RSSW�SEGH��

�

LGHQWLILHV�%'(����DV�D�WUL%'(�RI�LQWHUHVW��%'(����DV�D�WHWUD%'(�RI�LQWHUHVW��%'(�����DV�DQ�

RFWD%'(�RI�LQWHUHVW��DQG�%'(�����DV�QRQD%'(�RI�LQWHUHVW��VR�WKHVH�ZLOO�EH�LQFOXGHG���)LQDOO\��

PDQ\�VWXGLHV�KDYH�DOVR�LQFOXGHG�WUL%'(�����WHWUD%'(�����DQG�KH[D%'(����LQ�WKHLU�

PHDVXUHPHQWV��VR�WKHVH�ILQDO�FRQJHQHUV�ZLOO�EH�DGGHG��EULQJLQJ�WKH�WRWDO�WR����FRQJHQHUV�IRU�

ZKLFK�SURILOHV�ZLOO�EH�GHULYHG��LI�WKH�GDWD�SHUPLW���7KHUH�DUH�OLPLWHG�FRQFHQWUDWLRQV�DYDLODEOH�IRU�

RWKHU�FRQJHQHUV��DV�GLVSOD\HG�LQ�WKH�PHGLD�VSHFLILF�WDEOHV�HDUOLHU�LQ�WKLV�FKDSWHU��EXW�RQO\�WKHVH�

���ZLOO�EH�DVVLJQHG�YDOXHV�XVHG�LQ�H[SRVXUH�FDOFXODWLRQV�LQ�WKH�QH[W�FKDSWHU��
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� 'HWHUPLQLQJ�ILQDO�FRQFHQWUDWLRQV�WR�UHSUHVHQW�WKH�JHQHUDO�8�6��SRSXODWLRQ�H[SRVXUH�LV�QRW�

VWUDLJKWIRUZDUG���6RPH�NH\�FRQVLGHUDWLRQV�IRU�WKLV�FRPSLODWLRQ�LQFOXGH�WKH�IROORZLQJ��

�

��� 7KH�VWXGLHV�VKRXOG�FRPH�IURP�WKH�8QLWHG�6WDWHV��RU�SHUKDSV�&DQDGD���2QO\�ZKHQ�1RUWK�
$PHULFDQ�VWXGLHV�DUH�XQDYDLODEOH�ZLOO�(XURSHDQ�RU�RWKHU�IRUHLJQ�VWXGLHV�EH�XVHG��

��� 2FFXSDWLRQDO�GDWD��ZKLOH�RI�LQWHUHVW��GR�QRW�UHSUHVHQW�JHQHUDO�SRSXODWLRQ�H[SRVXUH���)RU�
LQGRRU��DV�ZHOO�DV�RXWGRRU��H[SRVXUHV��LW�VKRXOG�EH�FOHDU�WKDW�WKH�GDWD�ZHUH�QRW�WDNHQ�LQ�WKH�
YLFLQLW\�RI�NQRZQ�VRXUFHV��VXFK�DV�UHF\FOLQJ�IDFLOLWLHV��DXWRVKUHGGLQJ�IDFLOLWLHV��
PDQXIDFWXULQJ�IDFLOLWLHV��DQG�WKH�OLNH����

��� 6WXGLHV�ZLWK�D�IXOO�VXLWH�RI�FRQJHQHUV��DQG��LQ�SDUWLFXODU��%'(�����DQG�%'(������DUH�
SUHIHUDEOH�WR�VWXGLHV�WKDW�KDYH�WKH�OLPLWHG�VHW�RI�%'(V�DVVRFLDWHG�ZLWK�WKH�SHQWD�
IRUPXODWLRQʊ%'(�����%'(�����%'(������%'(������DQG�%'(�������

��� $WWHPSWV�WR�DYHUDJH�FRQJHQHU�VSHFLILF�GDWD�DFURVV�VWXGLHV�VKRXOG�EH�GRQH�ZLWK�FDXWLRQ��LI�
DW�DOO���)RU�H[DPSOH��LW�PD\�EH�SUHIHUDEOH�WR�XVH�GDWD�IURP�RQH�JHRJUDSKLF�DUHD��DV�ORQJ�DV�
LW�LV�DSSURSULDWHO\�EDFNJURXQG�DQG�QRW�RFFXSDWLRQDO��LI�WKRVH�GDWD�KDYH�D�IXOO�FRQJHQHU�
VXLWH��)RU�H[DPSOH��UHO\LQJ�RQ�DQ�HQWLUH�VHW�RI�XUEDQ�DLU�GDWD�WDNHQ�E\�WKH�&DOLIRUQLD�$LU�
5HVRXUFHV�%RDUG��LQFOXGLQJ�WKH�VWDQGDUG�%'(�����%'(�����HWF��DV�ZHOO�DV�FULWLFDO�
%'(�����DQG�%'(������ZRXOG�EH�SUHIHUDEOH�WR�RQO\�XVLQJ�WKH�%'(�����DQG�%'(�����
GDWD�IURP�&$5%��ZKLOH�DYHUDJLQJ�WKH�&$5%�GDWD�RQ�RWKHU�FRQJHQHUV�ZLWK�GDWD�IURP�
RWKHU�XUEDQ�RU�UXUDO�ORFDWLRQV�LQ�WKH�8QLWHG�6WDWHV����

��� (3$�KDV�QRW�SURYLGHG�DQ�LQGHSHQGHQW�UHYLHZ�RI�WKH�TXDOLW\�RI�GDWD�FRQWDLQHG�LQ�WKH�
VWXGLHV�WKDW�LW�KDV�UHYLHZHG�LQ�WKLV�FKDSWHU��QRU�ZLOO�(3$�DWWHPSW�WR�LQGHSHQGHQWO\�YHULI\�
WKH�TXDOLW\�RI�GDWD�LQ�WKH�VWXGLHV�LW�VHOHFWV�WR�UHSUHVHQW�H[SRVXUH�PHGLD�FRQFHQWUDWLRQV���
5DWKHU��EHVW�MXGJPHQW�LV�XVHG�WR�VHOHFW�VWXGLHV�WKDW�FRQWDLQ�KLJK�TXDOLW\�GDWD���,Q�DGGLWLRQ�
WR�WKH�IDFWRUV�FLWHG�DERYH��DGGLWLRQDO�FRQVLGHUDWLRQV�WKDW�VSHDN�WR�GDWD�TXDOLW\�LQFOXGH�
LGHQWLILFDWLRQ�RI�D�ODERUDWRU\�RI�NQRZQ�KLJK�TXDOLW\��UHSXWDWLRQ�RI�WKH�DXWKRUV�RI�WKH�
VWXG\��DQG�JHQHUDOO\��WKH�SXEOLFDWLRQ�RI�WKH�VWXG\�LQ�D�UHVSHFWHG�SHHU�UHYLHZHG�MRXUQDO���

�

� :LWK�WKDW�DV�EDFNGURS��7DEOH�����FRQWDLQV�WKH�ILQDO�GHULYHG�SURILOHV�IRU�ZDWHU��VXUIDFH�

VRLO��KRXVH�GXVW��LQGRRU�DQG�RXWGRRU�DLU��DQG�FDWHJRULHV�RI�IRRG�SURGXFWV�IRU�XVH�LQ�WKH�H[SRVXUH�

FDOFXODWLRQV�LQ�WKH�QH[W�FKDSWHU���:KHQ�DYHUDJHV�ZHUH�UHTXLUHG�WKDW�ZHUH�GHULYHG�IURP�LQGLYLGXDO�

VDPSOH�GDWD��LW�ZDV�DVVXPHG�WKDW�1'� ���IRU�WKHVH�FDOFXODWLRQV���7KLV�ZDV�GRQH�EHFDXVH�RIWHQ�WKH�

OLVWHG�GHWHFWLRQ�OLPLW��VXFK�DV�WKRVH�IURP�6FKHFWHU�HW�DO�������E���ZHUH�PXFK�KLJKHU�WKDQ�WKH�

GHWHFWHG�TXDQWLILFDWLRQV��VHH�6HFWLRQ�����IRU�PRUH�GHWDLO�DQG�H[DPSOHV�RQ�WKH�GHWHFWLRQ�OLPLW�

LVVXH�LQ�WKH�6FKHFWHU�HW�DO�������E�HIIRUW����)ROORZLQJ�QRZ�LV�D�EULHI�MXVWLILFDWLRQ�IRU�HDFK�RI�WKH�

PHGLD��

�
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��� 'ULQNLQJ�ZDWHU��2I�WKH�WKUHH�VWXGLHV�IRXQG�IRU�VXUIDFH�ZDWHU��QRQH�ZHUH�IRXQG�IRU�JURXQG�
ZDWHU��LQ�WKH�8QLWHG�6WDWHV��WKH�UHVXOWV�IURP�WKH�6DQ�)UDQFLVFR�(VWXDU\��2URV�HW�DO���������
ZHUH�XVHG�WR�UHSUHVHQW�GULQNLQJ�ZDWHU�H[SRVXUHV���&RQFHQWUDWLRQV�RI�WRWDO�3%'(V�ZHUH�
VLPLODU�LQ�WKH�WKUHH�VWXGLHV��QHDU�RU�EHORZ�����SJ�/��EXW�WKH�VWXG\�RI�WKH�6DQ�)UDQFLVFR�
(VWXDU\�LQFOXGHG�%'(�������+RZHYHU��WKH�(VWXDU\�LV�QRW�D�GULQNLQJ�ZDWHU�VRXUFH��DQG�
LVVXHV�RI�WXUELGLW\�DQG�VDOLQLW\�FRXOG�LQIOXHQFH�WKH�UHVXOWV�IRXQG���6LQFH�FRQFHQWUDWLRQV�
ZHUH�VLPLODU�LQ�DOO�VWXGLHV�DYDLODEOH��WKLV�LV�QRW�H[SHFWHG�WR�SUHVHQW�D�SUREOHP�IRU�LQWDNH�
FDOFXODWLRQV��WKH�PRUH�LPSRUWDQW�LVVXH�LV�WKDW�GULQNLQJ�ZDWHU�GDWD�DUH�QRW�DYDLODEOH���7RWDO�
3%'(�FRQFHQWUDWLRQV�UDQJHG�IURP���WR�����SJ�/��ZLWK�D�PHDQ�RI�������SJ�/���7KH�PHDQ�
FRQFHQWUDWLRQ�RI�%'(�����LQ����PHDVXUHPHQWV�ZDV������SJ�/��

�
��� 6XUIDFH�VRLO��7KH�RQO\�V\VWHPDWLF�VWXG\�RI�VXUIDFH�VRLO�FRQFHQWUDWLRQV�QRW�DVVRFLDWHG�ZLWK�

DQ�LQGXVWULDO�RU�RWKHU�FRQWDPLQDWHG�VRXUFH�IRU�8QLWHG�6WDWHV�ZDV�IURP�2IIHQEHUJ�HW�DO��
��������DQG�UHVXOWV�IURP�WKLV�VWXG\�ZLOO�EH�XVHG�LQ�WKLV�H[HUFLVH���7KH�DYHUDJH�
FRQFHQWUDWLRQ�RYHU�WKH����FRQJHQHUV�RI�WKLV�DVVHVVPHQW�ZDV����QJ�J�GU\���7KH�RQO\�RWKHU�
GDWD�RQ�EDFNJURXQG�VRLOV�FDPH�IURP�+DVVDQLQ�HW�DO�����������,W�UHSUHVHQWHG�(XURSHDQ�VRLOV�
DQG�KDG�D�PXFK�ORZHU�WRWDO�3%'(�FRQFHQWUDWLRQ�RI�RQO\�DERXW���QJ�J�GZW��

�
��� +RXVH�GXVW��7KH�(QYLURQPHQWDO�:RUNLQJ�*URXS��6KDUS�DQG�/XQGHU��������GDWD�VHW�

LQFOXGHV�VDPSOHV�SURYLGHG�E\����ZRPHQ�ZKR�HDUOLHU�SDUWLFLSDWHG�LQ�D�EUHDVW�
PLON�VDPSOLQJ�SURJUDP���7KH�FRQFHQWUDWLRQV�RI�WKH�FRQJHQHUV�WUDFN�ZHOO�ZLWK�RWKHU�GDWD��
DV�VHHQ�LQ�7DEOH�������%HFDXVH�WKHVH�GDWD�RULJLQDWHG�IURP�QLQH�GLIIHUHQW�VWDWHV��LW�ZDV�
MXGJHG�WKDW�WKLV�PLJKW�EH�WKH�PRVW�UHSUHVHQWDWLYH�GDWD�VHW���7KH�DYHUDJH�WRWDO�3%'(V�RI�
������QJ�J�GZW�IRU�WKH����FRQJHQHUV�FRPSDUHV�ZLWK�DQ�DYHUDJH�RI�������QJ�WRWDO�3%'(V�J�
GZW�IURP����KRPHV�LQ�WKH�:DVKLQJWRQ��'&�DUHD��6WDSOHWRQ�HW�DO����������WKH�������QJ�
WRWDO�3%'(�J�GZW�DYHUDJH�IURP�WZR�VDPSOHV�IURP�D�FRPSXWHU�ODE�LQ�&DOLIRUQLD��&$5%��
�������DQG�WKH�JHRPHWULF�PHDQV�RI�WKUHH�ORFDWLRQV��OLYLQJ�URRP��EHGURRP��DQG�IURP�D�
KRXVHKROG�YDFXXP��ZLWKLQ����KRPHV�LQ�%RVWRQ�RI����������������DQG�������QJ�J�GZW��
UHVSHFWLYHO\��$OOHQ�HW�DO������������

�
��� 2XWGRRU�DLU��7KH�&$5%�GDWD�RI����VDPSOHV�WDNHQ�LQ������IURP�VHYHQ�PRQLWRUV�RQ�

���GDWHV�IURP�ORFDWLRQV�LQ�WKH�%D\�$UHD�DQG�WKH�6RXWK�&RDVW�ZHUH�XVHG�IRU�WKH�SURILOH�RI�
RXWVLGH�DLU���7KH�SURILOH�DW�����SJ�P��PLJKW�EH�KLJKHU�WKDQ�WKH�SURILOHV�PHDVXUHG�E\�+RK�
DQG�+LWHV��������RU�6WUDQGEHUJ�HW�DO����������LQ�IDFW��WKH�FRQJHQHU�VSHFLILF�PHDVXUHPHQWV�
PDGH�LQ�WKHVH�WZR�VWXGLHV�LQ�XUEDQ�DUHDV�DUH�VLPLODU�WR�WKH�&DOLIRUQLD�PHDVXUHPHQWV���)RU�
H[DPSOH��WKH�&$5%�GDWD�LQFOXGHG�D�PHDVXUHPHQW�RI����SJ�P��IRU�%'(������ZKLOH�+RK�
DQG�+LWHV��������PHDVXUHG������SJ�P��DV�DQ�DYHUDJH�RI����VDPSOHV�LQ�������������
6WUDQGEHUJ�HW�DO���������PHDVXUHG������SJ�P��IRU�%'(������EXW�WKHLU�PHDVXUHPHQWV�
SHUWDLQ�WR�����í������ZKLFK�ZDV�EHIRUH�WKH�SURPLQHQW�XVH�RI�WKH�GHFD�IRUPXODWLRQ���
6WUDQGEHUJ�HW�DO���������GLG�PHDVXUH�FRQFHQWUDWLRQV�RI����DQG����SJ�P��IRU�%'(����DQG�
%'(�����UHVSHFWLYHO\��ZKLFK�FRPSDUHV�ZHOO�ZLWK�+RK�DQG�+LWHV���������PHDVXULQJ�
���DQG���SJ�P��IRU�WKHVH�WZR�FRQJHQHUV��DQG�ZLWK�WKH�&$5%�GDWD�VKRZLQJ����DQG�
���SJ�P��IRU�WKHVH�WZR�FRQJHQHUV��UHVSHFWLYHO\���7KHUHIRUH��LW�ZRXOG�DSSHDU�WKDW�WKH�
&$5%�GDWD�FDSWXUH�FXUUHQW�XUEDQ�FRQGLWLRQV��DQG�EHFDXVH����PHDVXUHPHQWV�RI����RI�WKH�
���GHVLUHG�FRQJHQHUV�ZHUH�DYDLODEOH��PRUH�WKDQ�DQ\�RWKHU�VWXG\���WKHVH�GDWD�ZHUH�XVHG����
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Table 4-5.  Exposure media concentrations 
 

Exposure 
media 

Congeners 
Total Reference; n 

17 28 47 66 85 99 100 138 153 154 183 197 206 209 

Water, 
pg/L 

6.6 3.3 42.7 2.2 1.3 27.6 7.2 0.3 3.9 2.9 4.4 0.1 1.4 42.3 146.1 Oros et al. (  2005); 
n = 33a 

Surface 
soil, 
ng/g dwt 

--- --- 1.9 <0.1 <0.1 3.6 0.4 --- 5.7 4.8 37.4 12.4 0.8 15.3 82.3 Offenberg et al  . 
(2006) 

House 
dust, ng/g 

--- ND 1,857 21 100 2,352 911 181 243 156 60 --- --- 2,394 8,275 Sharp & Lunder 
(2004); n=10 

Outdoor 
3air, pg/m  

2 3 53 --- 2 51 13 --- 4 4 1 --- --- 25 158 CARB 
n = 84 

(2005); 

Indoor air, 
3 pg/m

8 27 177 4 3 79 16 --- 5 7 --- --- --- 121 447 Allen 
n = 8b 

et al. (2006); 

Shellfish, 
ng/g wwt 

ND ND 3.6 ND ND 1.2 0.9 ND ND ND ND ND ND ND 5.7 Oros et 
n = 17c 

al. (2005); 

Finfish, 
ng/g wwt 

0.002 0.01 0.20 0.005 0.0006 0.04 0.04 0.0007 0.006 0.015 0.001 0.0002 0.0004 0.008 0.32 Schecter et al. 
(2009b) ; n=7d 

Beef, 
ng/g wwt 

ND 0.000
6 

0.009 ND ND 0.01 0.001 ND 0.003 0.0009 0.0004 ND ND 0.003 0.028 Schecter et al. 
(2009b); n=3d 

Pork, 
ng/g wwt 

ND 0.000
7 

0.031 ND 0.0006 0.033 0.005 0.0009 0.007 0.003 0.02 0.01 0.0008 0.016 0.13 Schecter et al. 
(2009b); n=3d 

Poultry, 
ng/g wwt 

ND 0.000
3 

0.005 ND ND 0.007 0.001 ND 0.001 0.001 0.001 ND 0.001 0.004 0.02 Schecter et  al. 
(2009b); n=2d 

Dairy, 
ng/g wwt 

ND 0.001 0.04 ND 0.0006 0.032 0.005 ND 0.004 0.002 0.001 0.002 0.029 0.675 0.79 Schecter et al. 
(2009b); n=8d 

Eggs, 
ng/g wwt 

ND ND 0.009 ND ND 0.018 0.007 ND 0.007 0.004 ND ND 0.005 0.034 0.084 Schecter et  al. 
(2009b); n=1d 
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Table 4-5.  Exposure media concentrations (continued) 
 

D)RU�2URV�HW�DO����������FRQFHQWUDWLRQV�UHSRUWHG�DV�³4´�PHDQLQJ�³GHWHFWHG��EXW�QRW�UHSRUWDEOH�EHFDXVH�RXWVLGH�4$�OLPLWV´�QRW�FRXQWHG�LQ�DYHUDJLQJ��³EGO´�
PHDQLQJ�EHORZ�GHWHFWLRQ�OLPLW�FRXQWHG�DV�����

E$OOHQ�HW�DO���������VDPSOHG���ORFDWLRQV�ZLWKLQ����XUEDQ�UHVLGHQFHV��DQG�SUHVHQWHG�JHRPHWULF�PHDQV�IRU�WKH�WKUHH�ORFDWLRQV�RYHU�DOO����KRPHV���5HVXOWV�SUHVHQWHG�
DUH�WKH�DYHUDJH�RI�WKH���JHRPHWULF�PHDQ�YDOXHV���

F2URV�HW�DO���������FODLPV�WKDW�RQO\�%'(V���������DQG�����ZHUH�GHWHFWHG�LQ�VDPSOLQJ�RI�FODPV��R\VWHUV��DQG�PXVVHOVʊWKDW�RWKHUV�ZHUH�PHDVXUHG�EXW�QRW�
GHWHFWHGʊIURP�6)�(VWXDU\��

G$OO�WKH�VDPSOHV�LQ�6FKHFWHU�HW�DO��������DUH�FRPSRVLWHV�RI����VDPSOHV��VR����WLPHV�WKH�³Q´�LV�UHSUHVHQWHG�LQ�WKH�DYHUDJHV�SUHVHQWHG���,Q�FDOFXODWLRQ�RI�DYHUDJHV��
QRQGHWHFWV�ZHUH�VHW�HTXDO�WR�]HUR�GXH�WR�WKH�UDQJH�RI�GHWHFWLRQ�OLPLWV�SUHVHQWHG��LQFOXGLQJ�PDQ\�ZKLFK�H[FHHGHG�WKH�SRVLWLYH�GHWHFWLRQV��
�
���� �QR�GDWD�DYDLODEOH��1'� �GDWD�DYDLODEOH�EXW�QRW�GHWHFWHG�
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��� ,QGRRU�DLU��7KH�RQO\�LQGRRU�DLU�PHDVXUHPHQWV�LQ�WKH�8QLWHG�6WDWHV�WKDW�FRXOG�EH�
UHSUHVHQWDWLYH�RI�JHQHUDO�SRSXODWLRQ�H[SRVXUHV�ZHUH�WDNHQ�LQ����XUEDQ�UHVLGHQFHV�LQ�
%RVWRQ��0$��$OOHQ�HW�DO�����������7KH�JHRPHWULF�PHDQ�FRQFHQWUDWLRQV�ZHUH�SUHVHQWHG�IRU�
WKUHH�ORFDWLRQV��SHUVRQDO��EHGURRP��OLYLQJ�URRP���DQG�WKH�DYHUDJH�RI�WKH�WKUHH�JHRPHWULF�
PHDQV�ZHUH�XVHG�DV�WKH�UHSUHVHQWDWLYH�LQGRRU�DLU�FRQFHQWUDWLRQV���7KH�VXP�RI�WKH�
JHRPHWULF�PHDQ�FRQFHQWUDWLRQV�IRU�UHSRUWHG�FRQJHQHUV�IRU�WKH�WKUHH�ORFDWLRQV�HTXDOHG�
����SJ�P��IRU�WKH�³SHUVRQDO´�VDPSOHV��ZKLFK�ZHUH�WDNHQ�QHDU�WKH�EUHDWKLQJ�]RQH�LQ�WKH�
EHGURRP������SJ�P��LQ�WKH�EHGURRP��DQG�����SJ�P��LQ�WKH�OLYLQJ�URRP������

�
��� 6KHOOILVK��7KH�RQO\�VKHOOILVK�GDWD�DYDLODEOH�ZHUH�RQ�FODPV��R\VWHUV��DQG�PXVVHOV�IURP�WKH�

6DQ�)UDQFLVFR�(VWXDU\��2URV�HW�DO����������VR�WKHVH�GDWD�ZHUH�XVHG�IRU�WKH�SURILOH���:KLOH�
PHDVXUHPHQWV�ZHUH�PDGH�IRU�DOO����FRQJHQHUV��LW�ZDV�VWDWHG�WKDW�QRQGHWHFWV�ZHUH�IRXQG�
IRU�DOO�EXW�%'(�����%'(�����DQG�%'(�������7KH�ZZW�WRWDO�DYHUDJH�FRQFHQWUDWLRQ�ZDV�
����QJ�J�ZZW��ZLWK�D�UDQJH�RI��í���QJ�J�ZZW��

��
��� )LQILVK��7KH�UHWDLO�PDUNHW�SODFH�GDWD�IURP�6FKHFWHU�HW�DO�������E��ZHUH�WKRXJKW�WR�EH�WKH�

PRVW�UHSUHVHQWDWLYH�IRU�XVH�LQ�WKLV�H[SRVXUH�DVVHVVPHQW���6HYHQ�FRPSRVLWH��HDFK�
LQFOXGLQJ����LQGLYLGXDO�VDPSOHV�RI�WKH�VDPH�ILVK�W\SH��VDPSOHV�ZHUH�WDNHQ��UDQJLQJ�IURP�
FDQQHG�WXQD�WR�FRG�WR�IUR]HQ�ILVK�VWLFNV���7KHVH�GDWD�VKRZHG�D�VPDOO�GHFOLQH�IURP�D�
VLPLODUO\�GHVLJQHG�UHWDLO�PDUNHW�SODFH�VXUYH\�IURP�WKH�VDPH�UHVHDUFK�JURXS�DQG�
JHRJUDSKLF�ORFDWLRQ���)RU�H[DPSOH��WKH�DYHUDJH�FRQFHQWUDWLRQV�RI�WKHVH�IRXU�FRQJHQHUV�
�ZKLFK�WKH�KLJKHVW�IRXQG�LQ�������ZHUH��%'(����DW�����QJ�J�ZZW��LW�ZDV�����QJ�J�ZZW�LQ�
WKH�HDUOLHU�VXUYH\���%'(����DW������QJ�J�ZZW��FRPSDUHG�WR������QJ�J�ZZW���%'(�����DW�
������FRPSDUHG�WR������QJ�J�ZZW���DQG�%'(�����DW�������QJ�J�ZW��FRPSDUHG�WR�������
QJ�J�ZZW����7KH�WRWDO�FRQFHQWUDWLRQ��VXP�RI�NH\�FRQJHQHUV��GHFOLQHG�IURP�����WR�����QJ�J�
ZZW���7KHUH�ZHUH�VRPH�VXEVWDQWLDOO\�KLJKHU�PHDVXUHPHQWV�WDNHQ�IURP�ILVK�LQ�WKH�*UHDW�
/DNHV��LQFOXGLQJ�ILQGLQJV�E\�0DQFKHVWHU�1HHVYLJ�HW�DO���������RQ����FRKR�DQG�&KLQRRN�
VDOPRQ�VDPSOHV�VKRZLQJ�DQ�DYHUDJH�RI����QJ�J�ZZW��RU�WKH�WHPSRUDO�VWXG\�E\�=KX�DQG�
+LWHV��������VKRZLQJ�DQ�DYHUDJH�RI�����QJ�J�ZZW�IRU�ODNH�WURXW�LQ�/DNHV�6XSHULRU��
0LFKLJDQ��+XURQ��DQG�2QWDULR���+RZHYHU��RWKHU�UHWDLO�PDUNHW�VXUYH\V��VXFK�DV�WKH�RQH�LQ�
&DOLIRUQLD��VKRZ�D�UDQJH�RI������WR�����QJ�J�ZZW�LQ�ILVK��DQG�WKH�RQH�LQ�&DQDGD��LQFOXGLQJ�
����ILVK�DQG�VKHOOILVK��VKRZV�D�UDQJH�RI������QJ�J�ZZW��LQ�VKULPS��WR�����QJ�J�ZZW��LQ�
WURXW����2WKHU�GDWD�RQ�IDUPHG�ILVK�DQG�ILVK�IURP�DEURDG��UHYLHZHG�LQ�6HFWLRQ������VLPLODUO\�
VKRZHG�FRQFHQWUDWLRQV�PRVWO\�EHORZ����QJ�J�ZZW�DQG�QHDU�WKH�YDOXH�RI�����QJ�J�ZZW�
PHDVXUHG�E\�6FKHFWHU�HW�DO�������E���

�
��� %HHI��7KH�UHWDLO�PDUNHW�SODFH�GDWD�IURP�6FKHFWHU�HW�DO�������E��ZHUH�XVHG�IRU�EHHI�

FRQJHQHU�GDWD���7KH�WRWDO�FRQFHQWUDWLRQ�RI�������QJ�J�ZZW��ZKLFK�ZDV�WKH�DYHUDJH�RI�
WKUHH�FRPSRVLWH�EHHI�VDPSOHV��KDPEXUJHU��URDVW�EHHI��FDQQHG�FKLOL���ZDV�ORZHU�WKDQ�
VLPLODU�UHWDLO�PDUNHW�EDVNHW�VXUYH\V��6FKHFWHU�HW�DO������D��HDUOLHU�IRXQG�DQ�DYHUDJH�RI�
�����QJ�J�ZZW�LQ�WKUHH�VDPSOHV��+XZH�DQG�/DUVHQ¶V��������EHHI�VDPSOHV��Q� �����
DYHUDJHG������QJ�J�OZW��URXJKO\������QJ�J�ZZW��IRU�WKH�ILYH�PDMRU�FRQJHQHUV��%'(�����
%'(�����%'(������%'(������DQG�%'(�������DQG�/XNVHPEXUJ�HW�DO���������EHHI�VDPSOHV�
�Q� ����IURP�1RUWKHUQ�&DOLIRUQLD�DYHUDJHG������QJ�J�ZZW�WRWDO���7KH�GDWD�RI�6FKHFWHU�HW�DO�
�����E��UHSUHVHQWV�WKH�PRVW�UHFHQW�VDPSOLQJ�DQG�KLV�VWXG\�ZDV�FRPSUHKHQVLYH�ZLWK�
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UHJDUG�WR�FRQJHQHUV�PHDVXUHG������DQG�IRRG�W\SHV�VDPSOHV��FRPSRVLWHV�RI�����RI�
���GLIIHUHQW�IRRG�W\SHV���

�
��� 3RUN��7KH�UHWDLO�PDUNHW�SODFH�GDWD�IURP�6FKHFWHU�HW�DO�������E��ZHUH�XVHG�IRU�SRUN�

FRQJHQHU�GDWD���7KH�WRWDO�FRQFHQWUDWLRQ�RI������QJ�J�ZZW��ZKLFK�ZDV�WKH�DYHUDJH�RI�
��FRPSRVLWH�VDPSOHV��RI�EDFRQ��VDXVDJHV��DQG�KDP��ZDV�JHQHUDOO\�ORZHU�WKDQ�FRPSDUDEOH�
VWXGLHV���)RU�H[DPSOH��WKH�HDUOLHU��VLPLODUO\�GHVLJQHG�UHWDLO�PDUNHW�EDVNHW�VXUYH\�E\�
6FKHFWHU�HW�DO������D��IRXQG�DQ�DYHUDJH�WRWDO�RI������QJ�J�ZZW�LQ�VHYHQ�SRUN�VDPSOHV���
+XZH�DQG�/DUVHQ���������ZKRVH�SRUN�VDPSOHV�LQFOXGH����EDFRQ�DQG����SRUN�IDW�VDPSOHV��
VKRZHG�D�WRWDO�RI������QJ�J�OZW�IRU�WKH�ILYH�PDMRU�%'(�FRQJHQHUV��%'(�����%'(�����
%'(������%'(������DQG�%'(��������$VVXPLQJ�DERXW�D�����OLSLG�ZHLJKW�RI�SRUN��WKLV�
WUDQVODWHV�WR������QJ�J�ZZW���7KH�GDWD�RI�6FKHFWHU�HW�DO�������E��UHSUHVHQWV�WKH�PRVW�
UHFHQW�VDPSOLQJ�DQG�KLV�VWXG\�ZDV�FRPSUHKHQVLYH�ZLWK�UHJDUG�WR�FRQJHQHUV�PHDVXUHG�
�����DQG�IRRG�W\SHV�VDPSOHV��FRPSRVLWHV�RI�����RI����GLIIHUHQW�IRRG�W\SHV���

�
����3RXOWU\��7KH�UHWDLO�PDUNHW�EDVNHW�GDWD�IURP�6FKHFWHU�HW�DO�������E��ZDV�XVHG�IRU�SRXOWU\�

FRQJHQHU�GDWD���7KH�WRWDO�FRQFHQWUDWLRQ�RI���FRPSRVLWH�VDPSOHV��VOLFHG�WXUNH\�DQG�VOLFHG�
FKLFNHQ�EUHDVW��RI������QJ�J�ZZW�LV�JHQHUDOO\�ORZHU�WKDQ�FRPSDUDEOH�VWXGLHV���)RU�
H[DPSOH��WKH�HDUOLHU��VLPLODUO\�GHVLJQHG�UHWDLO�PDUNHW�EDVNHW�VXUYH\�E\�6FKHFWHU�HW�DO�
�����D��IRXQG�DQ�DYHUDJH�WRWDO�RI������QJ�J�ZZW�IRU�WKUHH�SRXOWU\�VDPSOHV���/XNVHPEXUJ�
HW�DO���������IRXQG�DQ�DYHUDJH�RI������QJ�J�ZZW�IRU�VHYHQ�SRXOWU\�VDPSOHV��IRXU�FKLFNHQ�
DQG�WKUHH�WXUNH\�VDPSOHV���DQG�+XZH�DQG�/DUVHQ��������IRXQG�DQ�DYHUDJH�RI������QJ�J�
OZW�LQ����FKLFNHQ�IDW�VDPSOHV���$VVXPLQJ�����IDW�LQ�ZKROH�ZHLJKW�FKLFNHQ��WKLV�WUDQVODWHV�
WR�DERXW������QJ�J�ZZW���,QWHUHVWLQJO\��WKH�GXFN�VDPSOH�IURP�/XNVHPEXUJ�HW�DO���������DW�
����QJ�J�ZZW��DQG�WKH�GXFN�VDPSOH�IURP�6FKHFWHU�HW�DO�������D��DW�����QJ�J�ZZW��ZHUH�WKH�
KLJKHVW�RI�WKH�SRXOWU\�VDPSOHV��DQG�WKHVH�ZHUH�ERWK�QRW�LQFOXGHG�LQ�WKH�GLVSOD\HG�
DYHUDJHV�IRU�WKHLU�VWXGLHV���'XFN�ZDV�QRW�LQFOXGHG�LQ�WKH�UHFHQW�6FKHFWHU�HW�DO������E��
VWXG\���7KLV�KLJK�FRQFHQWUDWLRQ�RFFXUUHG�EHFDXVH�RI�WKH�KLJK�IDW�FRQWHQW�RI�GXFN��OLVWHG�DV�
����OLSLG�LQ�6FKHFWHU�HW�DO�������D����7KH�OLSLG�FRQWHQW�RI�WKH�FKLFNHQ�DQG�WXUNH\�VDPSOHV�
LQ�WKH�IRXU�VWXGLHV�QRWHG�ZHUH�EHWZHHQ���DQG�����OLSLG��DQG�WKHVH�ZHW�ZHLJKW�
FRQFHQWUDWLRQV�DUH�IHOW�WR�EHWWHU�UHSUHVHQW�FRQVXPHG�SRXOWU\���7KH�GDWD�RI�6FKHFWHU�HW�DO�
�����E��UHSUHVHQWV�WKH�PRVW�UHFHQW�VDPSOLQJ�DQG�KLV�VWXG\�ZDV�FRPSUHKHQVLYH�ZLWK�
UHJDUG�WR�FRQJHQHUV�PHDVXUHG������DQG�IRRG�W\SHV�VDPSOHV��FRPSRVLWHV�RI�����RI����
GLIIHUHQW�IRRG�W\SHV���

�
����'DLU\��7KH�UHWDLO�PDUNHW�SODFH�GDWD�IURP�6FKHFWHU�HW�DO�������E��ZLOO�EH�XVHG�IRU�GDLU\�

FRQJHQHU�GDWD���$�WRWDO�RI�HLJKW�FRPSRVLWH�VDPSOHV�ZHUH�WDNHQ��LQFOXGLQJ�WKUHH�FKHHVHV��
ZKROH�PLON��EXWWHU��LFH�FUHDP��DQG�WZR�\RJXUWV���7KH�KLJKHVW�FRQFHQWUDWLRQ�ZDV�IRXQG�LQ�
WKH�EXWWHU�VDPSOH��DW�����QJ�J�ZZW���+RZHYHU��WKLV�VDPSOH�ZDV�����IDW��VR�IRU�WKLV�
FDWHJRU\��OLSLG�DYHUDJH�FRQFHQWUDWLRQV�ZHUH�GHWHUPLQHG�IURP�WKH�HLJKW�VDPSOHV��DQG�WKHQ��
H[SRVXUH�ZDV�GHWHUPLQHG�EDVHG�RQ�D�ZKROH�ZHLJKW�FRQFHQWUDWLRQ���,W�ZDV�DVVXPHG�WKDW�
WKH�PLON�OLSLG�FRQWHQW�ZDV��������������DQG�WKDW�DOO�RWKHU�GDLU\�KDG�D�OLSLG�FRQWHQW�RI������
��������0RUH�GHWDLO�RQ�WKH�SURFHGXUH�WR�GHWHUPLQH�3%'(V�YLD�GDLU\�LQWDNH�LV�SURYLGHG�LQ�
&KDSWHU�����7KH�OLSLG�ZHLJKW�DYHUDJH�WRWDO�3%'(�FRQFHQWUDWLRQ�RI�WRWDO�3%'(V��VXP�RI�
���FRQJHQHUV�IRXQG�LQ�VXIILFLHQW�IUHTXHQF\�LQ�6FKHFWHU�HW�DO�������E��ZDV�����QJ�J�OZW��
ZKLFK�ZRXOG�WUDQVODWH�WR�DERXW������QJ�J�ZZW�DVVXPLQJ�����OLSLG�FRQWHQW���%\�
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FRPSDULVRQ��WKH�DYHUDJH�RYHU����VDPSOHV�LQ�WKH�6FKHFWHU�HW�DO���������UHWDLO�PDUNHW�
VXUYH\��ZLWK�D�PHDQ�OLSLG�FRQWHQW�RI������ZDV�VLPLODU�DW������QJ�J�ZZW���7KH�GDWD�RI�
6FKHFWHU�HW�DO������E��UHSUHVHQWV�WKH�PRVW�UHFHQW�VDPSOLQJ�DQG�KLV�VWXG\�ZDV�
FRPSUHKHQVLYH�ZLWK�UHJDUG�WR�FRQJHQHUV�PHDVXUHG������DQG�IRRG�W\SHV�VDPSOHV�
�FRPSRVLWHV�RI�����RI����GLIIHUHQW�IRRG�W\SHV���

�
����(JJV��6FKHFWHU�HW�DO�������E��LQFOXGHG�D�FRPSRVLWH�VDPSOH�RI�WHQ�HJJV���7KH�WRWDO�

FRQFHQWUDWLRQ�RI�WKLV�VDPSOH�ZDV������QJ�J�OZW��ZKLFK�LV�WKH�VDPH�DV�WKHLU�UHSRUWHG�
FRQFHQWUDWLRQ�RI�DERXW������QJ�J�ZZW�LQ�WKH�HDUOLHU�VWXG\��6FKHFWHU�HW�DO������D����7KH�
GDWD�RI�6FKHFWHU�HW�DO������E��UHSUHVHQW�WKH�PRVW�UHFHQW�VDPSOLQJ�DQG�KLV�VWXG\�ZDV�
FRPSUHKHQVLYH�ZLWK�UHJDUG�WR�FRQJHQHUV�PHDVXUHG������DQG�IRRG�W\SHV�VDPSOHV�
�FRPSRVLWHV�RI�����RI����GLIIHUHQW�IRRG�W\SHV�����

 
5()(5(1&(6�)25�&+$37(5���
$NXWVX��.��7DNDWRUL��6��1DND]DZD��+��HW�DO���������'LHWDU\�LQWDNH�HVWLPDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�
�3%'(V��EDVHG�RQ�D�WRWDO�GLHW�VWXG\�LQ�2VDND��-DSDQ���)RRG�$GGLW�&RQWDP�%�����í�����

$OOHQ��-*��0F&OHDQ��0'��6WDSOHWRQ��+0��HW�DO���������&ULWLFDO�IDFWRUV�LQ�DVVHVVLQJ�H[SRVXUH�WR�3%'(V�YLD�KRXVH�
GXVW���(QYLURQ�,QW��������í��������

$OOHQ��-*��0F&OHDQ��0'��6WDSOHWRQ��+0��HW�DO���������3HUVRQDO�H[SRVXUH�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�
�3%'(V��LQ�UHVLGHQWLDO�LQGRRU�DLU���(QYLURQ�6FL�7HFKQRO��������í������

$VKOH\��-��/LEHUR��'��+DOVFKHLG��(��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�$PHULFDQ�(HOV�IURP�
WKH�'HODZDUH�5LYHU��86$��8QSXEOLVKHG�VWXG\�VSRQVRUHG�E\�WKH�3DUWQHUVKLS�IRU�WKH�'HODZDUH�(VWXDU\��,QF���
$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�GHODZDUHHVWXDU\�RUJ�SGI�6FLHQFH5HSRUWVE\2WKHUV�)LQDO5HSRUW(HO6WXG\�SGI���

%DWWHUPDQ��6��&KHUQ\DN��6��*Z\QQ��(��HW�DO���������7UHQGV�RI�EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�IUHVK�DQG�DUFKLYHG�
*UHDW�/DNHV�ILVK������í��������&KHPRVSKHUH�������í�����

%ODQFKDUG��3��%ULFH��.$��6X��.<��HW�DO���������$WPRVSKHULF�3%'(V�FRQFHQWUDWLRQV�DW�&DQDGLDQ�,$'1�VLWHV��7KH�
7KLUG�,QWHUQDWLRQDO�:RUNVKRS�RQ�%URPLQDWHG�)ODPH�5HWDUGDQWV��%)5������7RURQWR��&DQDGD��$V�FLWHG�LQ��9ROXQWDU\�
&KLOGUHQ¶V�&KHPLFDO�(YDOXDWLRQ�3URJUDP��9&&(3��'DWD�6XPPDU\��8SGDWH�IURP�WKH�2ULJLQDO�9&&(3�6XEPLVVLRQ�
GDWHG�'HF����������DQG�WKH�3HHU�&RQVXOWDWLRQ�0HHWLQJ�LQ�$SULO�������8SGDWHG�0DUFK����������DQG�)HEUXDU\�����
�������$YDLODEOH�RQOLQH�DW��
KWWS���ZZZ�EIU�����FRP�DEVW������,QGLYLGXDO���3DSHUV�%)5�������$EVWUDFW���������%ODQFKDUG�SGI��

%ORFNVRP��.$��:DOWHUV��'0��-LFKD��-0��HW�DO����������3HUVLVWHQW�RUJDQLF�SROOXWDQWV�LQ�ILVK�WLVVXH�LQ�WKH�PLG�
FRQWLQHQWDO�JUHDW�ULYHUV�RI�WKH�8QLWHG�6WDWHV���6FL�7RWDO�(QYLURQ�����������������

%RFLR��/��/OREHW��-0��'RPLQJR��-��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�IRRGVWXIIV��KXPDQ�
H[SRVXUH�WKURXJK�WKH�GLHW���-�$JULF�)RRG�&KHP��������������í������

&$'$03��&DOLIRUQLD�$PELHQW�'LR[LQ�$LU�0RQLWRULQJ�3URJUDP����������&DOLIRUQLD�$PELHQW�'LR[LQ�$LU�0RQLWRULQJ�
1HWZRUN�:HE�SDJH�IRU�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV���$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�DUE�FD�JRY�WR[LFV�SEGH�KWP��

&DKLOO��70��*URVNRYD��'��&KDUOHV��0-��HW�DO���������$WPRVSKHULF�FRQFHQWUDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�
DW�QHDU�VRXUFH�VLWHV���(QYLURQ�6FL�7HFKQRO��������í������

&DL��=��-LDQJ��*���������/HYHOV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�VRLOV�IURP�DQ�H�ZDVWH�UHF\FOLQJ�VLWH���
2UJDQRKDORJHQ�&RPSG�������í�����
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&$5%��&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG����������1HDU�VRXUFH�DPELHQW�DLU�PRQLWRULQJ�RI�SRO\EURPLQDWHG�GLSKHQ\O�
HWKHUV��3URMHFW����������SUHSDUHG�E\�&KDUOHV��0-��*URVNRYD��'��&DKLOO��70��'HSDUWPHQW�RI�(QYLURQPHQWDO�
7R[LFRORJ\��2QH�6KLHOGV�$YH���8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��'DYLV��&$��������

&KHQ��/��0DL��%��%L��;��HW�DO���������&RQFHQWUDWLRQ�OHYHOV��FRPSRVLWLRQ�SURILOHV��DQG�JDV�SDUWLFOH�SDUWLWLRQLQJ�RI�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WKH�DWPRVSKHUH�RI�DQ�XUEDQ�FLW\�LQ�6RXWK�&KLQD���(QYLURQ�6FL�7HFKQRO�
�������í������

&KULVWHQVHQ��-+��3ODW]��-���������6FUHHQLQJ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�EOXH�PXVVHOV��PDULQH�DQG�
IUHVKZDWHU�VHGLPHQWV�LQ�'HQPDUN���-�(QYLURQ�0RQLW������í�����

&KULVWLDQVVRQ��$��+RYDQGHU��/��$WKDQDVVLDGLV��,��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�DLUFUDIW�FDELQVʊ$�
VRXUFH�RI�KXPDQ�H[SRVXUH"��&KHPRVSKHUH��������í������

'RGGHU��1*��6WUDQGEHUJ��%��+LWHV��5$���������&RQFHQWUDWLRQV�DQG�VSDWLDO�YDULDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�
HWKHUV�DQG�VHYHUDO�RUJDQRFKORULQH�FRPSRXQGV�LQ�ILVKHV�IURP�WKH�1RUWKHDVWHUQ�8QLWHG�6WDWHV���(QYLURQ�6FL�7HFKQRO�
������í������

(OMDUUDW��(��GH�OD�&DO��$��/D]]D]DEDO��'��HW�DO���������2FFXUUHQFH�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��SRO\FKORULQDWHG�
GLEHQ]R�S�GLR[LQV��GLEHQ]RIXUDQV�DQG�ELSKHQ\OV�LQ�FRDVWDO�VHGLPHQWV�IURP�6SDLQ���(QYLURQ�3ROOXW��������í�����

)DEUHOODV��%��0DUWLQH]��$��5DPRV��%��HW�DO���������5HVXOWV�RI�DQ�(XURSHDQ�VXUYH\�EDVHG�RQ�3%'(V�DQDO\VLV�LQ�
KRXVHKROG�GXVW���2UJDQRKDORJHQ�&RPSG�������í�����

)DUUDU��1-��6PLWK��.(&��/HH��5*0��HW�DO���������$WPRVSKHULF�HPLVVLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�
RWKHU�SHUVLVWHQW�RUJDQLF�SROOXWDQWV�GXULQJ�D�PDMRU�DQWKURSRJHQLF�FRPEXVWLRQ�HYHQW���(QYLURQ�6FL�7HFKQRO�
�������í������

)6$��)RRG�6WDQGDUGV�$JHQF\����������%URPLQDWHG�FKHPLFDOV��8.�GLHWDU\�HVWLPDWHV��3XEOLVKHG�E\�)RRG�6WDQGDUGV�
$JHQF\��8.��,QIRUPDWLRQ�6KHHW���������$YDLODEOH�RQOLQH�DW�
KWWS���ZZZ�IRRG�JRY�XN�VFLHQFH�VXUYHLOODQFH�IVLVEUDQFK�����IVLV�������

*HYDR��%��$OL��/��$O�2PDLU��$��HW�DO���������1RQ�GLHWDU\�KXPDQ�H[SRVXUH�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�
.XZDLW���2UJDQRKDORJHQ�&RPSG��������í������

*RHO��$��0F&RQQHOO��//��7RUUHQWV��$��HW�DO���������6SUD\�LUULJDWLRQ�RI�WUHDWHG�PXQLFLSDO�ZDVWHZDWHU�DV�D�SRWHQWLDO�
VRXUFH�RI�DWPRVSKHULF�3%'(V���(QYLURQ�6FL�7HFKQRO��������í������

*RPDUD��%��+HUUHUR��/��*RQ]DOH]��0-��HW�DO���������6XUYH\�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�OHYHOV�LQ�6SDQLVK�
FRPPHUFLDO�IRRGVWXIIV���(QYLURQ�6FL�7HFKQRO��������í������

*RXLQ��7��7KRPDV��*2��&KDHPID��&��HW�DO���������&RQFHQWUDWLRQV�RI�GHFDEURPRGLSKHQ\O�HWKHU�LQ�DLU�IURP�6RXWKHUQ�
2QWDULR��LPSOLFDWLRQV�IRU�SDUWLFOH�ERXQG�WUDQVSRUW���&KHPRVSKHUH�������í�����

+DOH��5&��/D�*XDUGLD��0-��+DUYH\��(3��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHU�IODPH�UHWDUGDQWV�LQ�9LUJLQLD�
IUHVKZDWHU�ILVKHV��86$����(QYLURQ�6FL�7HFKQRO��������í�������

+DOH��5&��/D�*XDUGLD��0-��+DUYH\��(��HW�DO���������3RWHQWLDO�UROH�RI�ILUH�UHWDUGDQW�WUHDWHG�SRO\XUHWKDQH�IRDP�DV�D�
VRXUFH�RI�EURPLQDWHG�GLSKHQ\O�HWKHUV�WR�WKH�8�6��HQYLURQPHQW���&KHPRVSKHUH�������í�����

+DUUDG��6��+D]UDWL��6��,EDUUD��&���������&RQFHQWUDWLRQV�RI�SRO\FKORULQDWHG�ELSKHQ\OV�LQ�LQGRRU�DLU�DQG�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�LQGRRU�DLU�DQG�GXVW�LQ�%LUPLQJKDP��8QLWHG�.LQJGRP��LPSOLFDWLRQV�IRU�KXPDQ�
H[SRVXUH���(QYLURQ�6FL�7HFKQRO��������í������
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+DUUDG��6��+XQWHU��6���������&RQFHQWUDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�DLU�DQG�VRLO�RQ�D�UXUDO�XUEDQ�
WUDQVHFW�DFURVV�D�PDMRU�8�.��FRQXUEDWLRQ���(QYLURQ�6FL�7HFKQRO��������í������

+DUUDG��6��,EDUUD��&��$EGDOODK��0$(��HW�DO�������D��&RQFHQWUDWLRQV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�GXVW�IURP�
8QLWHG�.LQJGRP�FDUV��KRPHV��DQG�RIILFHV��FDXVHV�RI�YDULDELOLW\�DQG�LPSOLFDWLRQV�IRU�KXPDQ�H[SRVXUH���(QYLURQ�,QW�
�������í������

+DUUDG��6��,EDUUD��&��'LDPRQG��0��HW�DO�������E��3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�GRPHVWLF�LQGRRU�GXVW�IURP�
&DQDGD��1HZ�=HDODQG��8QLWHG�.LQJGRP�DQG�8QLWHG�6WDWHV���(QYLURQ�,QW�������í������

+DUUDG��6��:LMHVHNHUD��5��+XQJHU��6��HW�DO���������3UHOLPLQDU\�DVVHVVPHQW�RI�8�.��KXPDQ�GLHWDU\�DQG�LQKDODWLRQ�
H[SRVXUH�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV���(QYLURQ�6FL�7HFKQRO��������í������

+DVVDQLQ��$��%UHLYLN��.��0HLMHU��61��HW�DO���������3%'(V�LQ�(XURSHDQ�EDFNJURXQG�VRLOV��OHYHOV�DQG�IDFWRUV�
FRQWUROOLQJ�WKHLU�GLVWULEXWLRQ���(QYLURQ�6FL�7HFKQRO�������í������

+DXJ��/��7KRPVHQ��&��%HFKHU��*���������7KH�TXDOLW\�RI�3%'(�DQDO\VLV�LQ�IRRGʊUHVXOWV�IURP�DQ�LQWHUODERUDWRU\�
FRPSDULVRQ�VWXG\���2UJDQRKDORJHQ�&RPSG�������í�����

+D\DNDZD��.��7DNDWVXNL��+��:DWDQDEH��,��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V���SRO\EURPLQDWHG�
GLEHQ]R�S�GLR[LQV�GLEHQ]RIXUDQV��3%''�)V��DQG�PRQREURPR�SRO\FKORULQDWHG�GLEHQ]R�S�GLR[LQV�GLEHQ]RIXUDQV�
�0R%3;''�)V��LQ�WKH�DWPRVSKHUH�DQG�EXON�GHSRVLWLRQ�LQ�.\RWR��-DSDQ���&KHPRVSKHUH�������í�����

+D\ZDUG��'��:RQW��-��.U\QLWVN\��$-���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�SRO\FKORULQDWHG�ELSKHQ\OV�LQ�
FRPPHUFLDOO\�ZLOG�FDXJKW�DQG�IDUP�UDLVHG�ILVK�ILOOHWV�LQ�WKH�8QLWHG�6WDWHV���(QYLURQ�5HV�������í����

+D]UDWL��6��+DUUDG��6���������,PSOLFDWLRQV�RI�SDVVLYH�VDPSOLQJ�GHULYHG�FRQFHQWUDWLRQV�RI�DLUERUQH�3&%V�DQG�3%'(V�
LQ�XUEDQ�LQGRRU�PLFURHQYLURQPHQWV���2UJDQRKDORJHQ�&RPSG��������í������

+LWHV��5$��)RUDQ��-$��6FKZDJHU��6-��HW�DO���������*OREDO�DVVHVVPHQW�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�IDUPHG�
DQG�ZLOG�VDOPRQ���(QYLURQ�6FL�7HFKQRO��������í������

+RK��(��+LWHV��5$���������%URPLQDWHG�IODPH�UHWDUGDQWV�LQ�WKH�DWPRVSKHUH�RI�WKH�HDVW�FHQWUDO�8QLWHG�6WDWHV���(QYLURQ�
6FL�7HFKQRO��������í�������

+XQ�<XQ��6��$GGLQN��5��0F&DEH��-0��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�SRO\EURPLQDWHG�ELSKHQ\OV�
LQ�VHGLPHQW�DQG�IORRGSODLQ�VRLOV�RI�WKH�6DJLQDZ�5LYHU�:DWHUVKHG��0LFKLJDQ��86$���$UFK�(QYLURQ�&RQWDP�7R[LFRO��
����í�����

+XZH��-��/DUVHQ�*/���������3RO\FKORULQDWHG�GLR[LQV��IXUDQV��DQG�ELSKHQ\OV��DQG�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�D�
8�6��PHDW�PDUNHW�EDVNHW�DQG�HVWLPDWHV�RI�GLHWDU\�LQWDNH���(QYLURQ�6FL�7HFKQRO��������í������

+XZH��-.��/RUHQW]VHQ��0��7KXUHVVRQ��.��HW�DO���������$QDO\VLV�RI�PRQR��WR�GHFD�EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�
FKLFNHQV�DW�WKH�SDUW�SHU�ELOOLRQ�OHYHO���&KHPRVSKHUH�������í�����

+ZDQJ��+0��3DUN��(.��<RXQJ��70��HW�DO���������2FFXUUHQFH�RI�HQGRFULQH�GLVUXSWLQJ�FKHPLFDOV�LQ�LQGRRU�GXVW���6FL�
7RWDO�(QYLURQ����í����

-DFREV��01��&RYDFL��$��6FKHSHQV��3���������,QYHVWLJDWLRQ�RI�VHOHFWHG�SHUVLVWHQW�RUJDQLF�SROOXWDQWV�LQ�IDUPHG�
$WODQWLF�VDOPRQ��6DOPR�VDODU���VDOPRQ�DTXDFXOWXUH�IHHG��DQG�ILVK�RLO�FRPSRQHQWV�RI�WKH�IHHG���(QYLURQ�6FL�7HFKQRO�
�������í������

-DZDUG��)0��)DUUDU��1-��+DUQHU��7��HW�DO����������3DVVLYH�DLU�VDPSOLQJ�RI�3&%V��3%'(V��DQG�RUJDQRFKORULQH�
SHVWLFLGHV�DFURVV�(XURSH���(QYLURQ�6FL�7HFKQRO������í����
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-DZDUG��)0��=KDQJ��*��1DP��--��HW�DO���������3DVVLYH�DLU�VDPSOLQJ�RI�SRO\FKORULQDWHG�ELSKHQ\OV��RUJDQRFKORULQH�
FRPSRXQGV��DQG�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DFURVV�$VLD���(QYLURQ�6FL�7HFKQRO��������í�������

-RKQVRQ��$��6HLGHUV��.��'HOLJHDQQLV��&��HW�DO���������3%'(�IODPH�UHWDUGDQWV�LQ�:DVKLQJWRQ�ULYHUV�DQG�ODNHV��
FRQFHQWUDWLRQV�LQ�ILVK�DQG�ZDWHU�������������:DVKLQJWRQ�(FRORJ\�6HFWLRQ��(QYLURQPHQWDO�$VVHVVPHQW�3URJUDP��
:DVKLQJWRQ�6WDWH�'HSDUWPHQW�RI�(FRORJ\��2O\PSLD��:DVKLQJWRQ��������������3XEOLFDWLRQ�1R�������������$XJXVW��

-RKQVRQ�5HVWUHSR�%��.DQQDQ��.���������$Q�DVVHVVPHQW�RI�VRXUFHV�DQG�SDWKZD\V�RI�KXPDQ�H[SRVXUH�WR�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WKH�8QLWHG�6WDWHV���&KHPRVSKHUH�������±������

-RKQVRQ�5HVWUHSR��%��.DQQDQ�.��$GGLQN��5��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�SRO\FKORULQDWHG�
ELSKHQ\OV�LQ�D�PDULQH�IRRGZHE�RI�&RDVWDO�)ORULGD���(QYLURQ�6FL�7HFKQRO��������í������

.DUOVVRQ��0��-XODQGHU��$��YDQ�%DYHO��%��HW�DO���������/HYHOV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�EORRG�LQ�UHODWLRQ�WR�
OHYHOV�LQ�KRXVHKROG�DQG�GXVW���(QYLURQ�,QW������í����

.QXWVHQ��+��%HUJVWHQ��&��7KRPVHQ��&��HW�DO���������3UHOLPLQDU\�DVVHVVPHQW�RI�3%'(�H[SRVXUH�IURP�IRRG�LQ�
1RUZD\���2UJDQRKDORJHQ�&RPSG��������í������

/DJDODQWH��$)��2VZDOG��7'��&DOYRVD��)&���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��OHYHOV�LQ�GXVW�IURP�
SUHYLRXVO\�RZQHG�DXWRPRELOHV�DW�8QLWHG�6WDWHV�GHDOHUVKLSV���(QYLURQ�,QW�������í�����

/D�*XDUGLD��0-��+DOH��5&��+DUYH\��(���������(YLGHQFH�RI�GHEURPLQDWLRQ�RI�'HFDEURPRGLSKH\QO�(WKHU��%'(������
LQ�ELRWD�IURP�D�ZDVWHZDWHU�UHFHLYLQJ�VWUHDP��(QYLURQ�6FL�7HFKQRO��������í������

/XNVHPEXUJ��:��:HQQLQJ��5��0DLHU��0��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(��DQG�SRO\FKORULQDWHG�
GLEHQ]R�S�GLR[LQV��3&''�)��DQG�ELSKHQ\OV��3&%��LQ�ILVK��EHHI��DQG�IRZO�SXUFKDVHG�LQ�IRRG�PDUNHWV�LQ�1RUWKHUQ�
&DOLIRUQLD�86$���2UJDQRKDORJHQ�&RPSG��������í�������

0DQFKHVWHU�1HHVYLJ��-%��9DOWHUV��.��6RQ]RJQL�:&���������&RPSDULVRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�
�3%'(V��DQG�SRO\FKORULQDWHG�ELSKHQ\OV��3&%V��LQ�/DNH�0LFKLJDQ�VDOPRQLGV���(QYLURQ�6FL�7HFKQRO��������í������

0DQGDODNLV��0��6WHSKDQRX��(*��+RULL��<��HW�DO���������(PHUJLQJ�FRQWDPLQDQWV�LQ�FDU�LQWHULRUV��HYDOXDWLQJ�WKH�
LPSDFW�RI�DLUERUQH�3%'(V�DQG�3%''�)V���(QYLURQ�6FL�7HFKQRO�$GYDQFH������������±�������

0HQJ��;�=��=HQJ��(<��<X��/3��HW�DO����������$VVHVVPHQW�RI�KXPDQ�H[SRVXUH�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�
&KLQD�YLD�ILVK�FRQVXPSWLRQ�DQG�LQKDODWLRQ���(QYLURQ�6FL�7HFKQRO��������í������

2IIHQEHUJ��-+��6WDSOHWRQ��+0��6WU\QHU��0-��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�8�6��VRLOV��3UHVHQWHG�DW�
'LR[LQ�������KHOG�$XJXVW���í���LQ�2VOR��1RUZD\���

2KWD��6��,VKL]XND��'��1LVKLPXUD��+��HW�DO���������&RPSDULVRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�ILVK��YHJHWDEOHV��
DQG�PHDWV�DQG�OHYHOV�LQ�KXPDQ�PLON�RI�QXUVLQJ�ZRPHQ�LQ�-DSDQ���&KHPRVSKHUH�������í�����

2URV��'5��+RRYHU��'��5RGLJDUL��)��HW�DO���������/HYHOV�DQG�GLVWULEXWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�ZDWHU��
VXUIDFH�VHGLPHQWV��DQG�ELYDOYHV�IURP�WKH�6DQ�)UDQFLVFR�(VWXDU\���(QYLURQ�6FL�7HFKQRO������í����

3DQNRZ��-)���������5HYLHZ�DQG�FRPSDUDWLYH�DQDO\VLV�RI�WKH�WKHRULHV�RQ�SDUWLWLRQLQJ�EHWZHHQ�WKH�JDV�DQG�DHURVRO�
SDUWLFXODWH�SKDVHV�LQ�WKH�DWPRVSKHUH��$WPRV�(QYLURQ���������í�������

3HQJ��-+��<DN��+.��+XDQJ��&:��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�ILVK�VDPSOHV�IURP�ULYHUV�
DQG�HVWXDULHV���2UJDQRKDORJHQ�&RPSG�������í�����

3HWHUV��5-%���������0DQ�PDGH�FKHPLFDOV�LQ�IRRG�SURGXFWV��3UHSDUHG�E\�712��1HWKHUODQGV�2UJDQL]DWLRQ�IRU�$SSOLHG�
6FLHQWLILF�5HVHDUFK��/DDQ�YDQ�:HVWHQHQN������3�2��%R[�����������$+�$SOHGRRUQ��WKH�1HWKHUODQGV��712�5HSRUW��
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�����$�5�����%�9HUVLRQ����3UHSDUHG�IRU�:DWVRQ��*��::)�8.��3DQND�+RXVH��:H\VLGH�3DUN��*RGDOPLQJ��6XUUH\�
*8���;5��8.���$YDLODEOH�RQOLQH�DW�KWWS���DVVHWV�SDQGD�RUJ�GRZQORDGV�WQRBUHSRUW�SGI�

3LUDUG��*��(SSH��*��0DVVDUW��$&��HW�DO���������(YDOXDWLRQ�RI�*&�06�06�IRU�GHWHUPLQDWLRQ�RI�3%'(V�LQ�ILVK�DQG�
VKHOOILVK�VDPSOHV���2UJDQRKDORJHQ�&RPSG�������í�����

3OHVV�0XOOROL��7��6FKHFWHU��$��6FKLOOLQJ��%��HW�DO���������/HYHOV�RI�3%'(�LQ�KRXVHKROG�GXVW�DQG�OLQW�LQ�WKH�8.��
*HUPDQ\�DQG�WKH�86$���2UJDQRKDORJHQ�&RPSG�������±�����

5DII��-��+LWHV��5���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�0LVVLVVLSSL�5LYHU�VXVSHQGHG�VHGLPHQW���2UJDQRKDORJHQ�
&RPSG��������í������

5D\QH��6��,NRQRPRX��0*��$QWFOLIIH��5���������5DSLGO\�LQFUHDVLQJ�SRO\EURPLQDWHG�HLWKHU�FRQFHQWUDWLRQV�LQ�WKH�
&ROXPELD�ULYHU�V\VWHP�IURP������WR��������(QYLURQ�6FL�7HFKQRO��������í������

5XGHO��5$��&DPDQQ��'(��6SHQJOHU��-'��HW�DO���������3KWKODWHV��DON\OSKHQROV��SHVWLFLGHV��SRO\EURPLQDWHG�GLSKHQ\O�
HWKHUV��DQG�RWKHU�HQGRFULQH�GLVUXSWLQJ�FRPSRXQGV�LQ�LQGRRU�DLU�DQG�GXVW���(QYLURQ�6FL�7HFKQRO��������í������

6DMZDQ��.6��1XQH��6��5LFKDUGVRQ��-��HW�DO���������&RQWDPLQDWLRQ�SURILOHV�RI�SHUVLVWHQW�RUJDQRFKORULQHV�DQG�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�ILVK�IURP�FRDVWDO�ZDWHUV�RII�6DYDQQDK��*$��8�6�$���3UHVHQWHG�DW�'LR[LQ�������
KHOG�$XJXVW���í���LQ�2VOR��1RUZD\����

6FKHFWHU��$��3DSNH��2��7XQJ��.��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�FRQWDPLQDWLRQ�RI�8QLWHG�6WDWHV�IRRG���
(QYLURQ�6FL�7HFKQRO��������í������

6FKHFWHU��$��3DSNH��2��-RVHSK��-(��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�8�6��FRPSXWHUV�DQG�
GRPHVWLF�FDUSHW�YDFXXPLQJ��SRVVLEOH�VRXUFHV�RI�KXPDQ�H[SRVXUH���-�7R[LFRO�(QY�+HDO�$�������í������

6FKHFWHU��$��3DSNH��2��+DUULV��75��HW�DO�������D��3RO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��OHYHOV�LQ�DQ�H[SDQGHG�
PDUNHW�EDVNHW�VXUYH\�RI�8�6��IRRG�DQG�HVWLPDWHG�3%'(�GLHWDU\�LQWDNH�E\�DJH�DQG�VH[���(QYLURQ�+HDOWK�3HUVSHFW�
��������í������

6FKHFWHU��$��3DSNH��2��7XQJ��.&��HW�DO�������E��&KDQJHV�LQ�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��OHYHOV�LQ�FRRNHG�
IRRGV���7R[LFRO�(QYLURQ�&KHP�������í�����

6FKHFWHU�$��+DIIQHU��'��&RODFLQR��-��HW�DO�������D��3RO\EURPLQDWHG�'LSKHQ\O�(WKHUV��3%'(V��DQG�
+H[DEURPRF\FORGHFDQH��+%&'��LQ�&RPSRVLWH�8�6��)RRG�6DPSOHV���(QYLURQ�+HDOWK�3HUVS���$YDLODEOH�RQOLQH�DW�
KWWS���HKS�QLHKV�QLK�JRY�GRFV��������������DEVWUDFW�KWPO��

6FKHFWHU��$��6KDK��1��&RODFLQR��-$��HW�DO�������E��3%'(V�LQ�8�6��DQG�*HUPDQ�FORWKHV�GU\HU�OLQW��D�SRWHQWLDO�VRXUFH�
RI�LQGRRU�FRQWDPLQDWLRQ�DQG�H[SRVXUH���&KHPRVSKHUH�������í�����

6KDUS��5��/XQGHU��6���������,Q�WKH�GXVW��WR[LF�ILUH�UHWDUGDQWV�LQ�$PHULFDQ�KRPHV��3XEOLVKHG�E\�(QYLURQPHQWDO�
:RUNLQJ�*URXS���$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�HZJ�RUJ�UHSRUWV�LQWKHGXVW�LQGH[�SKS��

6KDZ��6'��%HUJHU��0/��%UHQQHU��'��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�IDUPHG�DQG�ZLOG�
VDOPRQ�PDUNHWHG�LQ�WKH�1RUWKHDVWHUQ�8QLWHG�6WDWHV���&KHPRVSKHUH��������í�������

6KRHLE��0��+DUQHU��7��������8VLQJ�PHDVXUHG�RFWDQRO�DLU�SDUWLWLRQ�FRHIILFLHQWV�WR�H[SODLQ�HQYLURQPHQWDO�SDUWLWLRQLQJ�
RI�RUJDQRFKORULQH�SHVWLFLGHV���(QYLURQ�7R[LFRO�&KHP�������í�����

6KRHLE��0��+DUQHU��7��,NRQRPRX��0��HW�DO���������,QGRRU�DQG�RXWGRRU�DLU�FRQFHQWUDWLRQV�DQG�SKDVH�SDUWLWLRQLQJ�RI�
SHUIOXRURDON\O�VXOIRQDPLGHV�DQG�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV���(QYLURQ�6FL�7HFKQRO��������í������
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6MRGLQ��$��3DSNH��2��0F*DKHH��(��HW�DO���������&RQFHQWUDWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�KRXVH�
KROG�GXVW�IURP�YDULRXV�FRXQWULHVʊLQKDODWLRQ�D�SRWHQWLDO�URXWH�RI�KXPDQ�H[SRVXUH���2UJDQRKDORJHQ�&RPSG�
�������í������

6MRGLQ��$��3DSNH��2��0F*DKHH��(��HW�DO���������&RQFHQWUDWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�
KRXVHKROG�GXVW�IURP�YDULRXV�FRXQWULHV���&KHPRVSKHUH����6���í6�����

6RQJ��:��)RUG��-&��/L��$��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WKH�VHGLPHQWV�RI�*UHDW�/DNHV�����/DNH�
6XSHULRU���(QYLURQ�6FL�7HFKQRO��������í������

6RQJ��:��/L��$��)RUG��-&��HW�DO�������D��3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WKH�VHGLPHQWV�RI�WKH�*UHDW�/DNHV�����
/DNH�0LFKLJDQ�DQG�+XURQ���(QYLURQ�6FL�7HFKQRO��������í������

6RQJ��:��)RUG��-&��/L��$��HW�DO�������E��3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WKH�VHGLPHQWV�RI�WKH�*UHDW�/DNHV����
/DNHV�2QWDULR�DQG�(ULH���(QYLURQ�6FL�7HFKQRO��������í������

6WDSOHWRQ��+0��'RGGHU��1*��2IIHQEHUW��-+��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�KRXVH�GXVW�DQG�FORWKHV�
GU\HU�OLQW���(QYLURQ�6FL�7HFKQRO�������í�����

6WDSOHWRQ��+0��'RGGHU��1*���������3KRWRGHJUDGDWLRQ�RI�GHFDEURPRGLSKHQ\O�HWKHU�LQ�KRXVH�GXVW�E\�QDWXUDO�
VXQOLJKW���(QYLURQ�7R[LFRO�&KHP����������í�����

6WDVNDO��')��6FRWW��//)��+DZV��/&��HW�DO���������$VVHVVPHQW�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�H[SRVXUHV�DQG�KHDOWK�
ULVNV�DVVRFLDWHG�ZLWK�FRQVXPSWLRQ�RI�VRXWKHUQ�0LVVLVVLSSL�FDWILVK��(QYLURQ�6FL�7HFKQRO������������í�������

6WUDQGEHUJ��%��'RGGHU��1*��%DVX��,��HW�DO���������&RQFHQWUDWLRQV�DQG�VSDWLDO�YDULDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�
HWKHUV�DQG�RWKHU�RUJDQRKDORJHQ�FRPSRXQGV�LQ�*UHDW�/DNHV�$LU���(QYLURQ�6FL�7HFKQRO��������í������

6WUHHWV��66��+HQGHUVRQ��6$��6WRQHU��$'��HW�DO���������3DUWLWLRQLQJ�DQG�ELRDFFXPXODWLRQ�RI�3%'(V�DQG�3&%V�LQ�
/DNH�0LFKLJDQ���(QYLURQ�6FL�7HFKQRO��������í������

7LWWOHPHLHU��6$��)RUV\WK��'��%UHDNZHOO��.��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�UHWDLO�ILVK�DQG�VKHOOILVK�
VDPSOHV�SXUFKDVHG�IURP�&DQDGLDQ�PDUNHWV���-�$JU�)RRG�&KHP��������í������

7OXVWRV��&��3UDWW��,��:KLWH��6��HW�DO���������,QYHVWLJDWLRQ�LQWR�WKH�OHYHOV�RI�3&''�)V��3&%V��DQG�3%'(V�LQ�,ULVK�
3URGXFH���2UJDQRKDORJHQ�&RPSG��������í������

7RPV��/��0XHOOHU��-��0RUWLPHU��0��HW�DO���������$VVHVVPHQW�RI�FRQFHQWUDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�
IODPH�UHWDUGDQWV�LQ�DTXDWLF�HQYLURQPHQWV�LQ�$XVWUDOLD��$XVWUDOLDQ�*RYHUQPHQW�'HSDUWPHQW�RI�WKH�(QYLURQPHQW�DQG�
+HULWDJH��&DQEHUUD��

9DOWHUV��.��/L��+��$ODHH��0��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�K\GUR[\ODWHG�DQG�PHWKR[\ODWHG�
EURPLQDWHG�DQG�FKORULQDWHG�DQDORJXHV�LQ�WKH�SODVPD�RI�ILVK�IURP�WKH�'HWURLW�5LYHU���(QYLURQ�6FL�7HFKQRO�
�������í������

9HQLHU��0��+LWHV��5$���������)ODPH�UHWDUGDQWV�LQ�WKH�DWPRVSKHUH�QHDU�WKH�*UHDW�/DNHV���(QYLURQ�6FL�7HFKQRO�
�������í�������

9LYHV��,��*ULPDOW��-2��/DFRUWH��6��HW�DO���������3RO\EURPRGLSKHQ\O�HWKHU�IODPH�UHWDUGDQWV�LQ�ILVK�IURP�ODNHV�LQ�
(XURSHDQ�KLJK�PRXQWV�DQG�*UHHQODQG���(QYLURQ�6FL�7HFKQRO��������í�������

9RRUVSRHOV��6��&RYDFL��$��1HHOV��+��HW�DO���������'LHWDU\�3%'(�LQWDNH��D�PDUNHW�EDVNHW�VWXG\�LQ�%HOJLXP���(QYLURQ�
,QW������í����
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:HQQLQJ��5-��%RFN��0��0DLHU��0��HW�DO���������3%'(V��3&''�)V��DQG�3&%V�LQ�LQGRRU�KRXVH�GXVW���2UJDQRKDORJHQ�
&RPSG�������í�����

:LOIRUG��%+��+DUQHU��7��=KX��-��HW�DO���������3DVVLYH�VDPSOLQJ�VXUYH\�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�IODPH�
UHWDUGDQWV�LQ�LQGRRU�DQG�RXWGRRU�DLU�LQ�2WWDZD��&DQDGD��,PSOLFDWLRQV�IRU�VRXUFHV�DQG�H[SRVXUH���(QYLURQ�6FL�7HFKQRO�
�������í������

:LOIRUG��%+��6KRHLE��0+��+DUQHU��7��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�LQGRRU�GXVW�LQ�2WWDZD��
&DQDGD��,PSOLFDWLRQV�IRU�6RXUFHV�DQG�([SRVXUH���(QYLURQ�6FL�7HFKQRO��������í�������

:LOIRUG��%+��7KRPDV��*2��-RQHV��.&��HW�DO���������'HFDEURPRGLSKHQ\O�HWKHU��GHFD�%'(��FRPPHUFLDO�PL[WXUH�
FRPSRQHQWV��DQG�RWKHU�3%'(V��LQ�DLUERUQH�SDUWLFOHV�DW�D�8�.��VLWH���(QYLURQ�,QW�������í�����

:X��1��:HEVWHU��7��+HUPDQQ��7��HW�DO���������$VVRFLDWLRQV�RI�3%'(�OHYHOV�LQ�EUHDVW�PLON�ZLWK�GLHW�DQG�LQGRRU�GXVW�
FRQFHQWUDWLRQV���2UJDQRKDORJHQ�&RPSG�������í�����

=KX��/<��+LWHV��5$���������7HPSRUDO�WUHQGV�DQG�VSDWLDO�GLVWULEXWLRQV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�DUFKLYHG�
ILVKHV�IURP�WKH�*UHDW�/DNHV���(QYLURQ�6FL�7HFKQRO��������í������

=RWD��$5��5XGHO��5$��0RUHOOR�)URVFK�5$��HW�DO�����������(OHYDWHG�KRXVH�GXVW�DQG�VHUXP�FRQFHQWUDWLRQV�RI�3%'(V�
LQ�&DOLIRUQLD��XQLQWHQGHG�FRQVHTXHQFHV�RI�IXUQLWXUH�IODPPDELOLW\�VWDQGDUGV���(QYLURQ�6FL�7HFKQRO��������í�������
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�� HUMAN EXPOSURE 
 
 

���� ,1752'8&7,21�
� 7KH�ULVH�LQ�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(V��LQ�EUHDVW�PLON�LQ�WKH�8QLWHG�6WDWHV�

WKURXJKRXW�WKH�����V�DQG�LQWR�WKH�����V��FRXSOHG�ZLWK�WKH�ILQGLQJ�WKDW�PLON�FRQFHQWUDWLRQV�LQ�

$PHULFDQ�ZRPHQ�H[FHHG�WKRVH�RI�(XURSHDQ�ZRPHQ�E\�IDFWRUV�RI����RU�PRUH��KDV�VHUYHG�WR�IRFXV�

DWWHQWLRQ�RQ�8�6��H[SRVXUHV�WR�3%'(V���7KH�ILUVW�VHFWLRQ�RI�WKLV�FKDSWHU�UHYLHZV�WKH�GDWD�RQ�ERG\�

EXUGHQV�RI�3%'(V��ZLWK�D�IRFXV�RQ�GDWD�IURP�WKH�8QLWHG�6WDWHV���5REXVW�GDWD�DUH�DYDLODEOH�RQ�

EORRG�DQG�KXPDQ�PLON��ZKLOH�OLPLWHG�GDWD�DUH�DYDLODEOH�RQ�RWKHU�PDWULFHV�LQFOXGLQJ�DGLSRVH�

WLVVXH�DQG�OLYHU���7KH�VHFWLRQ�RQ�ERG\�EXUGHQV�FRQFOXGHV�ZLWK�DVVLJQPHQW�RI�UHSUHVHQWDWLYH�

3%'(�FRQJHQHU�EDFNJURXQG�SURILOHV�LQ�EORRG�DQG�PRWKHU¶V�PLON���7KH�QH[W�VHFWLRQ�UHYLHZV�

HVWLPDWHV�RI�GRVH�RI�3%'(V�FXUUHQWO\�DYDLODEOH�LQ�WKH�OLWHUDWXUH���7KLV�LV�IROORZHG�E\�

GHYHORSPHQW�RI�DQ�HVWLPDWH�RI�EDFNJURXQG�GRVH�XVLQJ�WKH�HQYLURQPHQWDO�PHGLD�FRQFHQWUDWLRQ�

SURILOHV�GHYHORSHG�LQ�&KDSWHU����LQ�FRPELQDWLRQ�ZLWK�H[SRVXUH�FRQWDFW�UDWHV���7KH�GRVH�HVWLPDWH�

PDGH�KHUH�LV�FRPSDUHG�WR�WKH�OLWHUDWXUH�HVWLPDWHV�RI�GRVH���7KH�QH[W�VHFWLRQ�RI�WKH�FKDSWHU�

DWWHPSWV�WR�XVH�D�VLPSOH�SKDUPDFRNLQHWLF�IUDPHZRUN�WR�VHH�LI�WKH�GRVH�HVWLPDWHV�FDQ�H[SODLQ�

ERG\�EXUGHQV�RI�WKH�LQGLYLGXDO�FRQJHQHUV���)LJXUH�����GHSLFWV�WKLV�DSSURDFK���,Q�FRPELQDWLRQ�

ZLWK�PRWKHU¶V�PLON�FRQFHQWUDWLRQV��WKH�VDPH�SKDUPDFRNLQHWLF��3.��PRGHO�ZDV�XVHG�WR�HYDOXDWH�

WKH�LPSDFW�RI�EUHDVW�IHHGLQJ�RQ�WKH�3%'(�ERG\�EXUGHQ�RI�LQIDQWV���2WKHU�H[SRVXUHV�RI�LQWHUHVW��

LQFOXGLQJ�IHWDO�H[SRVXUHV��FKLOGKRRG�H[SRVXUHV��DQG�RFFXSDWLRQDO�H[SRVXUHV��DUH�H[DPLQHG���7KH�

FKDSWHU�FRQFOXGHV�ZLWK�GLVFXVVLRQV�RQ�WKH�XQFHUWDLQWLHV�LQ�WKH�SURFHGXUHV�XVHG�LQ�WKLV�FKDSWHU��

DQG�D�VHULHV�RI�ILQGLQJV�IURP�WKLV�H[DPLQDWLRQ�RI�8�6��H[SRVXUHV�WR�3%'(V��

 
���� %2'<�%85'(1�'$7$�
� 'DWD�IURP�DURXQG�WKH�ZRUOG�RQ�3%'(�ERG\�EXUGHQV��ZLWK�DQ�HPSKDVLV�RQ�GDWD�IURP�WKH�

8QLWHG�6WDWHV��DUH�UHYLHZHG�LQ�WKLV�VHFWLRQ���6HFWLRQV�RQ�EORRG�DQG�KXPDQ�PLON�FRQFOXGH�ZLWK�D�

WDEOH�GLVSOD\LQJ�LQGLYLGXDO�FRQJHQHU�GDWD��GDWD�RQ�DGLSRVH�DQG�RWKHU�WLVVXHV�DUH�WRR�VSDUVH�WR�

ZDUUDQW�D�WDEOH�RI�UDZ�GDWD���7KLV�VHFWLRQ�RQ�ERG\�EXUGHQ�GDWD�FRQFOXGHV�ZLWK�D�WDEOH�VXJJHVWLQJ�

UHSUHVHQWDWLYH�SURILOHV�LQ�EORRG�DQG�PRWKHU¶V�PLON�IRU�VHOHFWHG�FRQJHQHUV��
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Figure 5-1���Approach for characterizing exposure to PBDEs in this report. 
 
 

������ Blood Data 
 6HYHQWHHQ�VWXGLHV�WKDW�FRQWDLQHG�GDWD�RQ�3%'(V�LQ�EORRG�LQ�WKH�8QLWHG�6WDWHV�DUH�

UHYLHZHG�LQ�WKLV�VHFWLRQ���7DEOH�����VKRZV�FRQJHQHU�VSHFLILF�GDWD�IURP�WKHVH�VWXGLHV����

� 7KH�PRVW�VWDWLVWLFDOO\�ULJRURXV�DQG�H[SDQVLYH�VWXG\�RI�EDFNJURXQG�H[SRVXUHV�WR�3%'(V�LV�

D�UHFHQW�DQDO\VLV�RI�����������1DWLRQDO�+HDOWK�DQG�1XWULWLRQDO�([DPLQDWLRQ�6XUYH\��1+$1(6��

GDWD�E\�6MRGLQ�HW�DO�����������8QIRUWXQDWHO\��EURPLQDWHG�GLSKHQ\O�HWKHU��%'(������ZDV�QRW�

PHDVXUHG�LQ�WKLV�1+$1(6�VWXG\��DOWKRXJK�6MRGLQ�HW�DO���������QRWH�WKDW�WKH�FRQFHQWUDWLRQ�RI�

%'(�����IURP�SRROHG�1+$1(6��������VDPSOHV�ZDV���QJ�J�OLSLG�ZHLJKW��OZW��XQSXEOLVKHG�GDWD��

QR�IXUWKHU�GHWDLOV�VXSSOLHG����$�WRWDO�RI�������VHUXP�VDPSOHV�IURP�LQGLYLGXDOV����\HDUV�RI�DJH�DQG�

ROGHU�ZHUH�DQDO\]HG�IRU����%'(�FRQJHQHUV��LQFOXGLQJ�%'(�����%'(�����%'(�����%'(�����%'(�

����%'(�����%'(������%'(������%'(������DQG�%'(�������7KH�JHRPHWULF�PHDQ�FRQFHQWUDWLRQV�

RYHU�WKH�HQWLUH�SRSXODWLRQ�ZHUH��LQ�QJ�J�OZW��LQ�GHVFHQGLQJ�RUGHU�������IRU�%'(���������IRU�%'(�

���������IRU�%'(���������IRU�%'(������DQG�����IRU�%'(������*HRPHWULF�PHDQV�ZHUH�QRW�SURYLGHG�
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Table 5-1.  Blood concentrations of PBDE congeners in Americans 
�

Congener Concentration 
(ng/g lwt) Comment Citation 

DiBDE 

��� ���������±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

TriBDE 

��� ���� 1� ����3RRO�RI����LQGLYLGXDOV�IURP�3KLODGHOSKLD��0HPSKLV��
0LDPL�

)RFDQW�HW�DO��
�������

���������������� 7KUHH������UHVXOWV��RQH�SRROHG�VHUXP��Q� ������IURP�7;��
RQH�SRROHG�ZKROH�EORRG��Q� ������IURP�7;��PHDQ�RI�
���LQGLYLGXDOVʊ���06�����1<��

6FKHFWHU�HW�DO��
�������

������ 1� ����PHDQ�IURP�YHJDQV��1'� ���� 6FKHFWHU�HW�DO��
�����D��

������ 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO��
�����F��

�����1'±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

��� ���� 1� �������1+$1(6������������JHRPHWULF�PHDQ�� 6MRGLQ�HW�DO��
�������

���� 1� ����3RRO�RI����LQGLYLGXDOV�IURP�3KLODGHOSKLD��0HPSKLV��
0LDPL�

)RFDQW�HW�DO��
�������

�������������� 7KUHH������UHVXOWV��RQH�SRROHG�VHUXP��Q� ������IURP�7;��
RQH�SRROHG�ZKROH�EORRG��Q� ������IURP�7;��PHDQ�RI�
���LQGLYLGXDOVʊ���06�����1<��

6FKHFWHU�HW�DO��
�������

����� 1� ������PHGLDQ�VHUXP�OHYHO�LQ�����PRWKHUV�ZKR�ZHUH�
SUHJQDQW�DQG�QHDU�:7&�RQ������

:ROII�HW�DO��
�������

����� 1� ����PHDQ�IURP�YHJDQV��1'� ���� 6FKHFWHU�HW�DO��
�����D��

����� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO��
�����F��

��������� 1� ����PRWKHUV�DQG����WRGGOHUV�SDLUV��PHGLDQ�IURP�
PRWKHU��WKHQ�FKLOG��DJHV����í����

(:*��������

�����1'� 0HGLDQV�IURP�³KLJK´��Q� �����DQG�³ORZ´��Q� �����1HZ�
<RUN�6WDWH�VSRUWILVK�FRQVXPHUV�

6SOLHWKRII�HW�DO��
�������

���������±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

��� �����1'±����� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

��� ������1'±����� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������
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Table 5-1.  Blood concentrations of PBDE congeners in Americans 
(continued) 
 

Congener Concentration 
(ng/g lwt) Comment Citation 

TetraBDE�

��� ����� 1� �������1+$1(6������������JHRPHWULF�PHDQ�� 6MRGLQ�HW�DO��
�������

���������í������ 0HGLDQ��UDQJH����RI����EORRG�GRQRU�VDPSOHV�FROOHFWHG�LQ�
,/�LQ������TXDQWLILHG�

6MRGLQ�HW�DO��
�������

���������í������� *HRPHWULF�PHDQ��UDQJH�RI����XUEDQ�DQJOHU�VDPSOHV�LQ�1<�
DQG�1-������GHWHFWHG�

0RUODQG�HW�DO��
�������

����� 1� ����3RRO�RI����LQGLYLGXDOV�IURP�3KLODGHOSKLD��0HPSKLV��
0LDPL�

)RFDQW�HW�DO��
�������

������í���� 0HGLDQ�IURP������������UDQJH��LQ�WUHQG�VWXG\�IURP�
SRROHG�EORRG�IURP�DURXQG�8QLWHG�6WDWHV�

6MRGLQ�HW�DO��
�����D��

���������±������ 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

�������í���� 0HGLDQ��UDQJH�IURP�PDWHUQDO�XPELOLFDO�FRUG�EORRG�
�Q� ������������XPELOLFDO�FRUG�EORRG�ZDV�LGHQWLFDO�

0D]GDL�HW�DO��
�������

���������í����� 0HDQ��UDQJH�IURP�/DRWLDQ�UHSURGXFWLYH�DJH�ZRPHQ�LQ�6DQ�
)UDQFLVFR�DUHD������í�����

3HWUHDV�HW�DO��
�������

����������������� 7KUHH������UHVXOWV��RQH�SRROHG�VHUXP��Q� ������IURP�7;��
RQH�SRROHG�ZKROH�EORRG��Q� ������IURP�7;��PHDQ�RI�
���LQGLYLGXDOVʊ���06�����1<��

6FKHFWHU�HW�DO��
�������

���������í������ 0HGLDQ��UDQJH��Q� �����IURP�LQGLYLGXDO�GRQRUV�FROOHFWHG�LQ�
�����LQ�,OOLQRLV�

6MRGLQ�HW�DO��
�������

��í������í�����
���í����

5DQJH�IURP�WZR�SDUHQWV��RQH���\HDU�ROG��DQG�RQH����PRQWK�
ROG�IURP�FDVH�VWXG\�LQ�&$�LQ������

)LVFKHU�HW�DO��
�������

���� 1� ������PHGLDQ�VHUXP�OHYHO�LQ�����PRWKHUV�ZKR�ZHUH�
SUHJQDQW�DQG�QHDU�:7&�RQ������

:ROII�HW�DO��
�������

����� 1� ����PHDQ�IURP�YHJDQV��1'� ���� 6FKHFWHU�HW�DO��
�����D��

����� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO��
�����F��

�������� 1� �����PHGLDQ�DQG�PD[�IURP�D�FRKRUW�RI�SUHJQDQW�/DWLQD�
ZRPHQ�LQ�&$�

%UDGPDQ�HW�DO��
�������

���������� 1� ����PRWKHUV�DQG����WRGGOHUV�SDLUV��PHGLDQ�IURP�FKLOG��
WKHQ�FKLOG��DJHV����í����

(:*��������

���������� 0HGLDQV�IURP�³KLJK´��Q� �����DQG�³ORZ´��Q� �����1HZ�
<RUN�6WDWH�VSRUWILVK�FRQVXPHUV�

6SOLHWKRII�HW�DO��
�������

������� *HRPHWULF�PHDQV�IRU�PHQ��Q� ������DQG�ZRPHQ��Q� ������
IURP�D�VWXG\�RI�VSRUW�ILVKHUV�

$QGHUVRQ�HW�DO��
�������
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Table 5-1.  Blood concentrations of PBDE congeners in Americans 
(continued) 
 

Congener Concentration 
(ng/g lwt) Comment Citation 

��� �����1'±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

��� ���� 1� ����3RRO�RI����LQGLYLGXDOV�IURP�3KLODGHOSKLD��0HPSKLV��
0LDPL�

)RFDQW�HW�DO��
�������

�����1$������ 7KUHH������UHVXOWV��RQH�SRROHG�VHUXP��Q� ������IURP�7;��
RQH�SRROHG�ZKROH�EORRG��Q� ������IURP�7;��PHDQ�RI�
���LQGLYLGXDOVʊ���06�����1<��

6FKHFWHU�HW�DO��
�������

1'� 1� ����PHDQ�IURP�YHJDQV��1'� ���� 6FKHFWHU�HW�DO��
�����D��

���� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO��
�����F��

�����1'� 0HGLDQV�IURP�³KLJK´��Q� �����DQG�³ORZ´��Q� �����1HZ�
<RUN�6WDWH�VSRUWILVK�FRQVXPHUV�

6SOLHWKRII�HW�DO��
�������

�����1'±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

��� ������1'±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

��� ������1'±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

��� 1'��1$������� 7KUHH������UHVXOWV��RQH�SRROHG�VHUXP��Q� ������IURP�7;��
RQH�SRROHG�ZKROH�EORRG��Q� ������IURP�7;��PHDQ�RI�
���LQGLYLGXDOVʊ���06�����1<��

6FKHFWHU�HW�DO��
�������

PentaBDE�

��� ��������í������ *HRPHWULF�PHDQ��UDQJH�RI����XUEDQ�DQJOHU�VDPSOHV�LQ�1<�
DQG�1-������GHWHFWHG�

0RUODQG�HW�DO��
�������

���� 1� ����3RRO�RI����LQGLYLGXDOV�IURP�3KLODGHOSKLD��0HPSKLV��
0LDPL�

)RFDQW�HW�DO��
�������

��������í����� 0HGLDQ�IURP������������UDQJH��LQ�WUHQG�VWXG\�IURP�
SRROHG�EORRG�IURP�DURXQG�8QLWHG�6WDWHV�

6MRGLQ�HW�DO��
�����D�

1$����������� 7KUHH������UHVXOWV��RQH�SRROHG�VHUXP��Q� ������IURP�7;��
RQH�SRROHG�ZKROH�EORRG��Q� ������IURP�7;��PHDQ�RI�
���LQGLYLGXDOVʊ���06�����1<��

6FKHFWHU�HW�DO��
�������

���� 1� ����PHDQ�IURP�YHJDQV��1'� ���� 6FKHFWHU�HW�DO��
�����D��

���� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO��
�����F��

��������� 1� �����PHGLDQ�DQG�PD[LPXP�IURP�D�FRKRUW�RI�SUHJQDQW�
/DWLQD�ZRPHQ�LQ�&$�

%UDGPDQ�HW�DO��
�������
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Table 5-1.  Blood concentrations of PBDE congeners in Americans 
(continued) 
 

Congener Concentration 
(ng/g lwt) Comment Citation 

1'������ 1� ����PRWKHUV�DQG����WRGGOHUV�SDLUV��PHGLDQ�IURP�
PRWKHU��WKHQ�FKLOG��DJHV����í����

(:*��������

�����1'� 0HGLDQV�IURP�³KLJK´��Q� �����DQG�³ORZ´��Q� �����1HZ�
<RUN�6WDWH�VSRUWILVK�FRQVXPHUV�

6SOLHWKRII�HW�DO��
�������

�����1'±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

��� ���� 1� ��������1+$1(6������������JHRPHWULF�PHDQ� 6MRGLQ�HW�DO��
�������

���������í���� 0HGLDQ��UDQJH����RI����8�6��EORRG�GRQRU�VDPSOHV�FROOHFWHG�
LQ�,/�LQ������TXDQWLILHG���

6MRGLQ�HW�DO��
�������

��������í������ *HRPHWULF�PHDQ��UDQJH�RI����XUEDQ�DQJOHU�VDPSOHV�LQ�1<�
DQG�1-������GHWHFWHG�

0RUODQG�HW�DO��
�������

���� 1� ����3RRO�RI����LQGLYLGXDOV�IURP�3KLODGHOSKLD��0HPSKLV��
0LDPL�

)RFDQW�HW�DO��
�������

�������í���� 0HGLDQ�IURP������������UDQJH��LQ�WUHQG�VWXG\�IURP�
SRROHG�EORRG�IURP�DURXQG�8QLWHG�6WDWHV�

6MRGLQ�HW�DO��
�����D��

��������í��� 0HGLDQ��UDQJH�IURP�PDWHUQDO�XPELOLFDO�FRUG�EORRG�
�Q� ������������XPELOLFDO�FRUG�EORRG�ZDV�LGHQWLFDO�

0D]GDL�HW�DO��
�������

���������������� 7KUHH������UHVXOWV��RQH�SRROHG�VHUXP��Q� ������IURP�7;��
RQH�SRROHG�ZKROH�EORRG��Q� ������IURP�7;��PHDQ�RI�
���LQGLYLGXDOVʊ���06�����1<��

6FKHFWHU�HW�DO��
�������

�í������í����
��í���

5DQJH�IURP�WZR�SDUHQWV��RQH���\HDU�ROG��DQG�RQH����PRQWK�
ROG�IURP�FDVH�VWXG\�LQ�&$�LQ������

)LVFKHU�HW�DO��
�������

���� 1� ������PHGLDQ�VHUXP�OHYHO�LQ�����PRWKHUV�ZKR�ZHUH�
SUHJQDQW�DQG�QHDU�:7&�RQ������

:ROII�HW�DO��
�������

���� 1� ����PHDQ�IURP�YHJDQV��1'� ���� 6FKHFWHU�HW�DO��
�����D��

���� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO��
�����F��

���������� 1� �����PHGLDQ�DQG�PD[LPXP�IURP�D�FRKRUW�RI�SUHJQDQW�
/DWLQD�ZRPHQ�LQ�&$�

%UDGPDQ�HW�DO��
�������

��������� 1� ����PRWKHUV�DQG����WRGGOHUV�SDLUV��PHGLDQ�IURP�
PRWKHU��WKHQ�FKLOG��DJHV����í����

(:*��������

�����1'� 0HGLDQV�IURP�³KLJK´��Q� �����DQG�³ORZ´��Q� �����1HZ�
<RUN�6WDWH�VSRUWILVK�FRQVXPHUV�

6SOLHWKRII�HW�DO��
�������

����� *HRPHWULF�PHDQV�IRU�PHQ��Q� ������DQG�ZRPHQ��Q� ������
IURP�D�VWXG\�RI�VSRUW�ILVKHUV�

$QGHUVRQ�HW�DO��
�������

��������±����� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������
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Table 5-1.  Blood concentrations of PBDE congeners in Americans 
(continued) 
 

Congener Concentration 
(ng/g lwt) Comment Citation 

���� ���� 1� �������1+$1(6������������JHRPHWULF�PHDQ� 6MRGLQ�HW�DO��
�������

���������í���� 0HGLDQ��UDQJH�����RI����8�6��EORRG�GRQRU�VDPSOHV�
FROOHFWHG�LQ�,/�LQ������TXDQWLILHG�

6MRGLQ�HW�DO��
�������

��������í������ *HRPHWULF�PHDQ��UDQJH�RI����XUEDQ�DQJOHU�VDPSOHV�LQ�1<�
DQG�1-������GHWHFWHG�

0RUODQG�HW�DO��
�������

���� 1� ����SRRO�RI����LQGLYLGXDOV�IURP�3KLODGHOSKLD��0HPSKLV��
0LDPL�

)RFDQW�HW�DO��
�������

��������í���� 0HGLDQ�IURP������������UDQJH��LQ�WUHQG�VWXG\�IURP�
SRROHG�EORRG�IURP�DURXQG�8QLWHG�6WDWHV�

6MRGLQ�HW�DO��
�����D��

��������í���� 0HGLDQ��UDQJH�IURP�PDWHUQDO�XPELOLFDO�FRUG�EORRG�
�Q� ������������XPELOLFDO�FRUG�EORRG�ZDV�LGHQWLFDO�

0D]GDL�HW�DO��
�������

�������������� 7KUHH������UHVXOWV��RQH�SRROHG�VHUXP��Q� ������IURP�7;��
RQH�SRROHG�ZKROH�EORRG��Q� �����IURP�7;��PHDQ�RI�
���LQGLYLGXDOVʊ���06�����1<�

6FKHFWHU�HW�DO��
�������

�í������í����
��í���

5DQJH�IURP�WZR�SDUHQWV��RQH���\HDU�ROG��DQG�RQH����PRQWK�
ROG�IURP�FDVH�VWXG\�LQ�&$�LQ������

)LVFKHU�HW�DO��
�������

���� 1� ������PHGLDQ�VHUXP�OHYHO�LQ�����PRWKHUV�ZKR�ZHUH�
SUHJQDQW�DQG�QHDU�:7&�RQ������

:ROII�HW�DO��
�������

���� 1� ����PHDQ�IURP�YHJDQV��1'� ���� 6FKHFWHU�HW�DO��
�����D��

���� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO��
�����F��

���������� 1� �����PHGLDQ�DQG�PD[LPXP�IURP�D�FRKRUW�RI�SUHJQDQW�
/DWLQD�ZRPHQ�LQ�&$�

%UDGPDQ�HW�DO��
�������

��������� 1� ����PRWKHUV�DQG����WRGGOHUV�SDLUV��PHGLDQ�IURP�
PRWKHU��WKHQ�FKLOG��DJHV����í����

(:*��������

�����1'� 0HGLDQV�IURP�³KLJK´��Q� �����DQG�³ORZ´��Q� �����1HZ�
<RUN�6WDWH�VSRUWILVK�FRQVXPHUV�

6SOLHWKRII�HW�DO��
�������

����� *HRPHWULF�PHDQV�IRU�PHQ��Q� ������DQG�ZRPHQ��Q� ������
IURP�D�VWXG\�RI�VSRUW�ILVKHUV�

$QGHUVRQ�HW�DO��
�������

��������±����� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

HexaBDE�

���� 1$����������� 7KUHH������UHVXOWV��RQH�SRROHG�VHUXP��Q� ������IURP�7;��
RQH�SRROHG�ZKROH�EORRG��Q� ������IURP�7;��PHDQ�RI�
���LQGLYLGXDOVʊ���06�����1<��

6FKHFWHU�HW�DO��
�������

����� 1� ����PHDQ�IURP�YHJDQV��1'� ���� 6FKHFWHU�HW�DO��
�����D��
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Table 5-1.  Blood concentrations of PBDE congeners in Americans 
(continued) 
 

Congener Concentration 
(ng/g lwt) Comment Citation 

����� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO��
�����F��

1'��1'� 0HGLDQV�IURP�³KLJK´��Q� �����DQG�³ORZ´��Q� �����1HZ�
<RUN�6WDWH�VSRUWILVK�FRQVXPHUV�

6SOLHWKRII�HW�DO��
��������

�����1'±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

���� ���� 1� �������1+$1(6������������JHRPHWULF�PHDQ� 6MRGLQ�HW�DO��
�������

��������í���� 0HGLDQ��UDQJH�����RI����8�6��EORRG�GRQRU�VDPSOHV�
FROOHFWHG�LQ�,/�LQ������TXDQWLILHG�

6MRGLQ�HW�DO��
�������

��������í������ *HRPHWULF�PHDQ��UDQJH�RI����XUEDQ�DQJOHU�VDPSOHUV�LQ�1<�
DQG�1-������GHWHFWHG�

0RUODQG�HW�DO��
�������

���� 3RRO�RI����LQGLYLGXDOV�IURP�3KLODGHOSKLD��0HPSKLV��0LDPL� )RFDQW�HW�DO��
�������

��������í���� 0HGLDQ�IURP������������UDQJH��LQ�WUHQG�VWXG\�IURP�
SRROHG�EORRG�IURP�DURXQG�8QLWHG�6WDWHV�

6MRGLQ�HW�DO��
�����D��

������í��� 0HGLDQ��UDQJH�IURP�PDWHUQDO�XPELOLFDO�FRUG�EORRG�
�Q� ������������XPELOLFDO�FRUG�EORRG�ZDV�LGHQWLFDO�

0D]GDL�HW�DO��
�������

���������������� 7KUHH������UHVXOWV��RQH�SRROHG�VHUXP��Q� ������IURP�7;��
RQH�SRROHG�ZKROH�EORRG��Q� ������IURP�7;��PHDQ�RI�
���LQGLYLGXDOVʊ���06�����1<��

6FKHFWHU�HW�DO��
�������

��í������í����
��í����

5DQJH�IURP�WZR�SDUHQWV��RQH���\HDU�ROG��DQG�RQH����PRQWK�
ROG�IURP�FDVH�VWXG\�LQ�&$�LQ������

)LVFKHU�HW�DO��
�������

���� 1� ������PHGLDQ�VHUXP�OHYHO�LQ�����PRWKHUV�ZKR�ZHUH�
SUHJQDQW�DQG�QHDU�:7&�RQ������

:ROII�HW�DO��
�������

����� 1� ����PHDQ�IURP�YHJDQV��1'� ���� 6FKHFWHU�HW�DO��
�����D��

���� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO��
�����F��

�������� 1� �����PHGLDQ�DQG�PD[LPXP�IURP�D�FRKRUW�RI�
���SUHJQDQW�/DWLQD�ZRPHQ�LQ�&$�

%UDGPDQ�HW�DO��
�������

���������� 1� ����PRWKHUV�DQG����WRGGOHUV�SDLUV��PHGLDQ�IURP�
PRWKHU��WKHQ�FKLOG��DJHV����í����

(:*��������

��������� 0HGLDQV�IURP�³KLJK´��Q� �����DQG�³ORZ´��Q� �����1HZ�
<RUN�6WDWH�VSRUWILVK�FRQVXPHUV�

6SOLHWKRII�HW�DO��
�������

���� *HRPHWULF�PHDQV�IRU�PHQ��Q� ������DQG�ZRPHQ��Q� ������
IURP�D�VWXG\�RI�VSRUW�ILVKHUV�

$QGHUVRQ�HW�DO��
�������

��������±����� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������
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Table 5-1.  Blood concentrations of PBDE congeners in Americans 
(continued) 
 

Congener Concentration 
(ng/g lwt) Comment Citation 

���� ���������í����� *HRPHWULF�PHDQ��UDQJH�RI����XUEDQ�DQJOHU�VDPSOHV�LQ�1<�
DQG�1-������GHWHFWHG�

0RUODQG�HW�DO��
�������

���� 1� ����SRRO�RI����LQGLYLGXDOV�IURP�3KLODGHOSKLD��0HPSKLV��
0LDPL�

)RFDQW�HW�DO��
�������

���������í����� 0HGLDQ�IURP������������UDQJH��LQ�WUHQG�VWXG\�IURP�
SRROHG�EORRG�IURP�DURXQG�8QLWHG�6WDWHV�

6MRGLQ�HW�DO��
�����D��

�����1'í����� 0HGLDQ��UDQJH�IURP�PDWHUQDO�XPELOLFDO�FRUG�EORRG�
�Q� ������������XPELOLFDO�FRUG�EORRG�ZDV�LGHQWLFDO�

0D]GDL�HW�DO��
�������

�������������� 7KUHH������UHVXOWV��RQH�SRROHG�VHUXP��Q� ������IURP�7;��
RQH�SRROHG�ZKROH�EORRG��Q� ������IURP�7;��PHDQ�RI�
���LQGLYLGXDOVʊ���06�����1<�

6FKHFWHU�HW�DO��
�������

���í����í����í��� 5DQJH�IURP�WZR�SDUHQWV��RQH���\HDU�ROG��DQG�RQH����PRQWK�
ROG�IURP�FDVH�VWXG\�LQ�&$�LQ������

)LVFKHU�HW�DO��
�������

���� 1� ����PHDQ�IURP�YHJDQV��1'� ���� 6FKHFWHU�HW�DO��
�����D��

���� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO��
�����F��

��������� 1� �����PHGLDQ�DQG�PD[LPXP�IURP�D�FRKRUW�RI�
���SUHJQDQW�/DWLQD�ZRPHQ�LQ�&$�

%UDGPDQ�HW�DO��
�������

�����1'� 0HGLDQV�IURP�³KLJK´��Q� �����DQG�³ORZ´��Q� �����1HZ�
<RUN�6WDWH�VSRUWILVK�FRQVXPHUV�

6SOLHWKRII�HW�DO��
�������

���������±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

���� �����1'±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV��

365��������

HeptaBDE�

���� ��������í���� 0HGLDQ��UDQJH�����RI����8�6��EORRG�GRQRU�VDPSOHV�
FROOHFWHG�LQ�,/�LQ������TXDQWLILHG�

6MRGLQ�HW�DO��
�������

��������í���� *HRPHWULF�PHDQ��UDQJH�RI����XUEDQ�DQJOHU�VDPSOHUV�LQ�1<�
DQG�1-������GHWHFWHG�

0RUODQG�HW�DO��
�������

1'���í���� 0HGLDQ��UDQJH�IURP�PDWHUQDO�XPELOLFDO�FRUG�EORRG�
�Q� ������������XPELOLFDO�FRUG�EORRG�ZDV�LGHQWLFDO�

0D]GDL�HW�DO��
�������

�������������� 7KUHH������UHVXOWV��RQH�SRROHG�VHUXP��Q� ������IURP�7;��
RQH�SRROHG�ZKROH�EORRG��Q� ������IURP�7;��PHDQ�RI�
���LQGLYLGXDOVʊ���06�����1<��

6FKHFWHU�HW�DO��
�������

����� 1� ����PHDQ�IURP�YHJDQV��1'� ���� 6FKHFWHU�HW�DO��
�����D��

����� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO��
�����F��
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Table 5-1.  Blood concentrations of PBDE congeners in Americans 
(continued) 
 

Congener Concentration 
(ng/g lwt) Comment Citation 

1'��1'� 1� ����PRWKHUV�DQG����WRGGOHUV�SDLUV��PHGLDQ�IURP�
PRWKHU��WKHQ�FKLOG��DJHV����í����

(:*��������

���������±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV��

365��������

���� ������1'±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

OctaBDE 

���� ��������� 1� ����PRWKHUV�DQG����WRGGOHUV�SDLUV��PHGLDQ�IURP�
PRWKHU��WKHQ�FKLOG��DJHV����í����

(:*��������

���� 1'�����������í���� 0HGLDQ��UDQJH����RI����8�6��EORRG�GRQRU�VDPSOHV�FROOHFWHG�
LQ�,/�LQ������TXDQWLILHG�

6MRGLQ�HW�DO��
�������

���������±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV��

365��������

NonaBDE 

���� ��������±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

���� ��������±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

���� ��������±���� 0HDQ��1'� �����UDQJH��VDPSOHV�IURP����KHDOWK�FDUH�
SURYLGHUV�IURP����VWDWHV�DURXQG�WKH�8QLWHG�6WDWHV�

365��������

DecaBDE�

���� 1'�������
����í�����

0HGLDQ��UDQJH����RI����8�6��EORRG�GRQRU�VDPSOHV�FROOHFWHG�
LQ�,/�LQ������TXDQWLILHG�

6MRGLQ�HW�DO��
�������
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IRU�WKH�RWKHU�%'(�FRQJHQHUV�EHFDXVH�WKH\�ZHUH�GHWHFWHG�DW�OHVV�WKDQ������LQFOXGLQJ�WKH�ORZ�

IUHTXHQFLHV�RI���������������DQG�����IRU�%'(�����%'(������%'(�����DQG�%'(�����

UHVSHFWLYHO\���7KH�VXP�RI�WKHVH�JHRPHWULF�PHDQV�ZDV������QJ�J�OZW���7KH���WK�SHUFHQWLOH�IRU�WKH�

VXP�RI�3%'(V�ZDV�����QJ�J�OZW��DQG�WKH�PD[LPXP�IRXQG�ZDV�������QJ�J�OZW��ZLWK�%'(����DW�

������QJ�J�OZW�IRU�WKLV�LQGLYLGXDO���$�VWDWLVWLFDOO\�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�DJH�DQG�

FRQFHQWUDWLRQ�ZDV�IRXQG�IRU�%'(�����%'(�����%'(�����%'(������DQG�%'(�������6SHFLILFDOO\��

WKH�KLJKHVW�FRQFHQWUDWLRQV�ZHUH�IRXQG�LQ�WKH�DJH�JURXS���í���\HDUV��ZLWK�ORZHU�FRQFHQWUDWLRQV�

IRU���í����DQG���í����EXW�WKHQ�D�ULVH�IRU�WKH�FDWHJRU\�!���\HDUV���)RU�H[DPSOH��WKH�JHRPHWULF�

PHDQ�FRQFHQWUDWLRQV�RI�%'(����IRU�WKHVH�IRXU�DJH�FDWHJRULHV��UHVSHFWLYHO\��ZHUH�������������DQG�

������DQG�WKHQ�URVH�WR������QJ�J�OZW���$OWKRXJK�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��WKH�JHRPHWULF�PHDQ�

FRQFHQWUDWLRQV�IRU�PDOHV�ZHUH�KLJKHU�WKDQ�IHPDOHV�IRU�%'(�����%'(�����%'(������%'(������

DQG�%'(�������$OWKRXJK�%'(����ZDV�IRXQG�PRVW�IUHTXHQWO\�DQG�DW�WKH�KLJKHVW�FRQFHQWUDWLRQV�

IRU�WKH�VXUYH\�DV�D�ZKROH��������RI�SDUWLFLSDQWV�KDG�%'(�����FRQFHQWUDWLRQV�WKDW�ZHUH�KLJKHU�

WKDQ�%'(������5DFH�ZDV�LGHQWLILHG�DV�D�VWDWLVWLFDOO\�VLJQLILFDQW�IDFWRU�IRU�%'(�����WKH�JHRPHWULF�

PHDQ�IRU�QRQ�+LVSDQLF�EODFNV�ZDV�WKH�KLJKHVW�DW�����QJ�J�OZW��0H[LFDQ�$PHULFDQV�ZHUH�DW�����

QJ�J�OZW��DQG�QRQ�+LVSDQLF�ZKLWHV�ZHUH�DW�����QJ�J�OZW��

� 2WKHU�WKDQ�1+$1(6��WKH�PRVW�FRPSUHKHQVLYH�VWXG\�RI�3%'(V�LQ�EORRG�ZDV�FRQGXFWHG�

E\�6FKHFWHU�HW�DO�����������$OWKRXJK�OLPLWHG�JHRJUDSKLFDOO\��WKLV�VWXG\�FRQWDLQHG�WZR�SRROHG�

VDPSOHV�RI�����LQGLYLGXDOV�HDFK�DQG����VDPSOHV�RI�EORRG�IURP�LQGLYLGXDOV�LQ�0LVVLVVLSSL�DQG�

1HZ�<RUN���,Q�DGGLWLRQ��WKH�VWXG\�LQFOXGHG�DQ�DUFKLYHG�EORRG�VDPSOH�IURP�������ZKLFK�ZDV�

IURP�D�SRRO�RI�����LQGLYLGXDOV�IURP�'DOODV��7H[DV���$OO�VDPSOHV�ZHUH�DQDO\]HG�IRU����FRQJHQHUV�

LQFOXGLQJ�%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������

%'(������%'(������%'(������DQG�%'(�������$OO�FRQJHQHUV�ZHUH�QRQGHWHFWV�IRU�WKH������

VDPSOH���7KH�WZR�SRROHG�VDPSOHV�FROOHFWHG�LQ�������RQH�VHUXP�DQG�RQH�ZKROH�EORRG��ERWK�

Q� �����DV�QRWHG��ZHUH�IURP�GLVFDUGHG�VDPSOHV�IURP�WKH�8QLYHUVLW\�RI�7H[DV�6RXWKZHVWHUQ�

0HGLFDO�&HQWHU�LQ�'DOODV���7KH����LQGLYLGXDOV�VDPSOHG�LQ������LQFOXGHG����IURP�0LVVLVVLSSL�DQG�

���IURP�1HZ�<RUN���7KH�UHVXOWV�IURP�WKH�WKUHH�JURXSV�RI�VDPSOHV�IURP������ZHUH�VLPLODU��WRWDO�

FRQFHQWUDWLRQV�RI�WKH����FRQJHQHUV�ZHUH������QJ�J�OZW�IRU�WKH�VHUXP�SRRO�������QJ�J�OZW�IRU�WKH�

ZKROH�EORRG�SRRO��DQG������QJ�J�OZW�DV�WKH�PHDQ�IRU�WKH����LQGLYLGXDOV���7KH�FRQJHQHU�VSHFLILF�

WUHQGV�ZHUH�VLPLODU�DV�ZHOO��%'(����GRPLQDWHG�WKH�SURILOH�E\�HQFRPSDVVLQJ�EHWZHHQ����DQG�

����RI�WKH�WRWDO��ZLWK�%'(����DQG�%'(�����FRPSULVLQJ�DERXW�WKH�VDPH�DPRXQWVʊ%'(����ZDV�
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EHWZHHQ����DQG�����DQG�%'(�����ZDV�EHWZHHQ����DQG�������)URP�WKH�LQGLYLGXDO�VDPSOHV��DQ�

LQWHUHVWLQJ�WUHQG�ZDV�WKDW�ZRPHQ�KDG�KLJKHU�FRQFHQWUDWLRQV�WKDQ�PHQ�GLG��WKH�UDQJH�DQG�PHDQ�RI�

WRWDO�%'(�LQ����PHQ�ZHUH����í������QJ�J�OZW�DQG������QJ�J�OZW���DQG�IRU����ZRPHQ��WKH�UDQJH�

DQG�PHDQ�RI�WRWDO�%'(�ZHUH����í������QJ�J�OZW�DQG������QJ�J�OZW���$OWKRXJK�ZRPHQ�KDG�D�

KLJKHU�OHYHO�RI�3%'(V�LQ�WKHLU�EORRG�WKDQ�PHQ�LQ�WKLV�VWXG\��6FKHFWHU�HW�DO���������VWDWHG�WKDW�

WKHLU�UHVXOWV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW���%'(�����ZDV�IRXQG�DW�ORZ�OHYHOV�LQ�WKH�SRROHG�

EORRG������QJ�J�OZW��DQG�LQ�WKH�LQGLYLGXDO�VDPSOHV��LW�DYHUDJHG�����QJ�J�OZW�ZLWK�QRQGHWHFWV�LQ�

���RI����LQGLYLGXDO�VDPSOHV���

� 7KH�SXEOLF�LQWHUHVW�JURXS��3K\VLFLDQV�IRU�6RFLDO�5HVSRQVLELOLW\��PHDVXUHG�D�VXLWH�RI�

FRQWDPLQDQWV�LQ�WKH�EORRG�RI����YROXQWHHUV�LQ�WKH�PHGLFDO�VHFWRU��QXUVHV��SK\VLFLDQV��DQG�RWKHUV��

IURP����VWDWHV�DURXQG�WKH�FRXQWU\��365����������7KH\�PHDVXUHG�IRU�SHUIOXRULQDWHG�FRPSRXQGV�

DQG�3%'(V�LQ�EORRG��DQG�SKWKDODWH�PHWDEROLWHV��WULFORVDQ��ELVSKHQRO�$��DQG�PHUFXU\�LQ�XULQH���

7KH\�VDPSOHG�EHWZHHQ�)HEUXDU\�DQG�$SULO�RI�������DQG�PHDVXUHG����%'(�FRQJHQHUV�IURP�

%'(����WR�%'(�������$VVXPLQJ�1'� ����WKH\�IRXQG�DQ�DYHUDJH�WRWDO�3%'(�FRQFHQWUDWLRQ�RI�

�����QJ�J�OZW��GRPLQDWHG�E\�%'(����DW������QJ�J�OZW���%'(�����ZDV�IRXQG�LQ�KDOI�WKH�VDPSOHV��

ZLWK�DQ�DYHUDJH�FRQFHQWUDWLRQ�RI�����QJ�J�OZW��DVVXPLQJ�DJDLQ�1'� �������

� 6MRGLQ�HW�DO�������D��FRQGXFWHG�D�PRUH�ULJRURXV�WHPSRUDO�HYDOXDWLRQ�E\�FROOHFWLQJ�

VDPSOHV�WKDW�UHSUHVHQWHG�GLIIHUHQW�WLPH�IUDPHV�IURP�WKH�PLG�����V�XQWLO�WKH�HDUO\�����V���

6SHFLILFDOO\��VHUXP�SRROV�ZHUH�FROOHFWHG�LQ�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV�IURP�D�EORRG�EDQN�LQ�

0HPSKLV��71��UHSUHVHQWLQJ�\HDUV�����í������DQG�������DQG�VHUXP�SRROV�ZHUH�FROOHFWHG�LQ�

6HDWWOH��:$��UHSUHVHQWLQJ�\HDUV�����í�������7KH�SRROHG�VDPSOHV�ZHUH�FOXVWHUHG�WR�UHSUHVHQW�WKH�

IROORZLQJ�WLPH�IUDPHV������í������Q� ���������í������Q� ����������í������Q� ������DQG�

����í������Q� �����DQG�WKH�VDPSOHV�ZHUH�PHDVXUHG�IRU�%'(�����%'(�����%'(�����%'(������

%'(������DQG�%'(�������$�FOHDU�WUHQG�ZDV�VHHQ��ZLWK�WRWDO�FRQFHQWUDWLRQV�ULVLQJ�IURP�

����QJ�J�OZW�LQ�WKH�����í�����WLPH�IUDPH��WR����QJ�J�OZW�LQ�����í���������QJ�J�OZW�LQ�

����í������DQG����QJ�J�OZW�LQ�����í�������%'(����FRPSULVHG���í����RI�WKH�WRWDO�LQ�WKH�IRXU�

WLPH�IUDPHV���,Q�FRQWUDVW�WR�%'(V��%%���������¶����¶����¶�KH[DEURPRELSKHQ\OKH[DEURPLQDWHG�

ELSKHQ\O��D�PDUNHU�IRU�SRO\EURPLQDWHG�ELSKHQ\OV��DQG�&%���������
����
����
�

KH[DFKORURELSKHQ\O��D�PDUNHU�IRU�SRO\FKORULQDWHG�ELSKHQ\OV��GHFUHDVHG�LQ�WKH�VDPSOHV�RYHU�WLPH����

� 6MRGLQ�HW�DO���������SURYLGHG�DQRWKHU�GDWD�VHW�IURP�WKH�ODWWHU�SDUW�RI�WKH�����V�VKRZLQJ�

VLPLODUO\�ORZ�FRQFHQWUDWLRQV�RI�3%'(V���7ZHOYH�VDPSOHV�IURP�8�6��GRQRUV�ZKR�SURYLGHG�EORRG�
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DW�D�FRPPHUFLDO�EORRG�FROOHFWLRQ�IDFLOLW\�LQ�WKH�VWDWH�RI�,OOLQRLV�LQ�������DQG�WKHQ�VWRUHG�DW�í��°&��

ZHUH�UHWULHYHG�IRU�DQDO\VLV���6HYHQ�FRQJHQHUV�ZHUH�TXDQWLILHG��%'(�����%'(�����%'(������

%'(������%'(������%'(������DQG�%'(�������7KUHH�XQLGHQWLILHG�RFWD�%'(�DQG�WKUHH�

XQLGHQWLILHG�QRQD�%'(V�ZHUH�QRWHG���7KH�GDWD�ZHUH�UHSRUWHG�LQ�XQLWV�RI�SPRO�J�OZW��FRQYHUWHG�WR�

QJ�J�OZW�E\�PXOWLSO\LQJ�E\�WKH�FRQJHQHU¶V�PROHFXODU�ZHLJKW�LQ�SJ�SPRO��DQG�WKHQ�SJ�FRQYHUWHG�

WR�QJ�E\�D�PXOWLSOLFDWLRQ�RI�������QJ�SJ���$OWKRXJK�WRWDO�FRQFHQWUDWLRQV�ZHUH�QRW�SURYLGHGʊRQO\�

PHGLDQ�DQG�UDQJH�RI�FRQFHQWUDWLRQV�IRU�LQGLYLGXDO�FRQJHQHUV�ZHUH�SURYLGHGʊDQ�HVWLPDWH�RI�D�

PHGLDQ�WRWDO�FRQFHQWUDWLRQ�GHYHORSHG�DV�D�VXP�RI�WKH�PHGLDQV�RI�LQGLYLGXDO�FRQJHQHUV�ZDV�

����QJ�J�OZW���7KLV�LV�PXFK�ORZHU�WKDQ�WKH���í���QJ�J�OZW�WRWDO�IRXQG�E\�6FKHFWHU�HW�DO���������

IURP�VDPSOHV�WDNHQ�LQ��������2I�LQWHUHVW�LV�WKH�ILQGLQJ�RI�%'(�����LQ���RI����VDPSOHV��ZLWK�

SRVLWLYHV�UDQJLQJ�IURP����í�����QJ�J�OZW���6MRGLQ�HW�DO���������VWDWHG�WKDW�%'(�����KDV�D�VKRUW�

KDOI�OLIH�LQ�KXPDQV������GD\V��VR�WKH�SUHVHQFH�KHUH�VXJJHVWV�FRQWLQXDO�H[SRVXUH�QHDU�WKH�WLPH�RI�

EORRG�VDPSOH�FROOHFWLRQ���$OWKRXJK�QRW�VWDWHG�E\�WKH�DXWKRUV��LWV�SUHVHQFH�FRXOG�DOVR�EH�

ODERUDWRU\�FRQWDPLQDWLRQ���$OVR�RI�QRWH�LV�WKDW�WKH�FRQJHQHU�PRVW�FRQVLVWHQWO\�IRXQG�RI�WKH�RWKHU�

��ZDV�%'(������IRXQG�DW�D�UDQJH�RI����í����LQ�DOO����VDPSOHV����

� $GLSRVH�WLVVXH�DQG�VHUXP�ZHUH�VDPSOHG�IURP�WZR�GLVSDUDWH�FRKRUWV�RI�ZRPHQ�ZKR�ZHUH�

VDPSOHG�LQ�WKH�ODWH�����V��DQG�WKH\�ZHUH�FRPSDUHG�ZLWK�D�WKLUG�FRKRUW�RI�ZRPHQ�VDPSOHG�

EHWZHHQ������DQG�������3HWUHDV�HW�DO�����������2QH�VHW�RI����DGLSRVH�WLVVXH�VDPSOHV�ZHUH�IURP�

ZRPHQ�XQGHUJRLQJ�VXUJHU\�IRU�EUHDVW�FDQFHU�EHWZHHQ������DQG��������7KH�VHFRQG�VHW�ZDV�VHUXP�

IURP�D�JURXS�RI����/DRWLDQ�ZRPHQ�RI�UHSURGXFWLYH�DJH�OLYLQJ�LQ�WKH�6DQ�)UDQFLVFR�%D\�DUHD��

WDNHQ�LQ�WKH�����í�����WLPH�IUDPH���7KH�ILQDO�VHW�ZDV�VHUXP�IURP�D�VWXG\�RI�SUHJQDQW�ZRPHQ�

HQUROOHG�LQ�D�FDVH�FRQWURO�VWXG\�RI�FU\SWRUFKLGLVP�DQG�K\SRVSDGLDV�DV�SDUW�RI�WKH�&KLOG�+HDOWK�

DQG�'HYHORSPHQW�6WXGLHV��&+'6���WDNHQ�EHWZHHQ������DQG��������2QO\�%'(����FRXOG�EH�

TXDQWLILHG�LQ�WKLV�VWXG\��VR�LW�ZDV�WKH�RQO\�FRQJHQHU�PHDVXUHG�DQG�UHSRUWHG���/LNH�WKH�6FKHFWHU�HW�

DO���������ILQGLQJ�RI�PRVWO\�QRQGHWHFWV�LQ�EORRG�VDPSOHG�IURP�������WKH�HQWLUH�VHW�RI�����VHUXP�

VDPSOHV�IURP�����í�����GLG�QRW�KDYH�DQ\�GHWHFWLRQV�RI�%'(����DW�LWV�KLJK�TXDQWLWDWLRQ�OLPLW�RI�

���QJ�J�OZW���6LQFH�3%'(V�ZHUH�QRW�SURGXFHG�FRPPHUFLDOO\�XQWLO�WKH�����V��WKLV�LV�QRW�DQ�

XQH[SHFWHG�UHVXOW���7KH�PHDQ�DQG�PHGLDQ�IURP�WKH�DGLSRVH�VDPSOHV�ZHUH������DQG������QJ�J�OZW��

UHVSHFWLYHO\��ZLWK������TXDQWLILDEOH�PHDVXUHPHQWV���7KH�UHSURGXFWLYH�VWXG\�UHYHDOHG�D�PHDQ�

DQG�PHGLDQ�RI������DQG����QJ�J�OZW�ZLWK�����TXDQWLILHG���7KHUH�ZDV�QR�UHODWLRQVKLS�EHWZHHQ�

%'(����FRQFHQWUDWLRQV�DQG�DJH�LQ�ERWK�WKH�DGLSRVH�WLVVXH�DQG�UHSURGXFWLYH�VWXGLHV���7KLV�
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FRQWUDVWV�ZLWK�WKHLU�ILQGLQJ�RI�DQ�LQFUHDVH�RI�3&%������ZKLFK�ZDV�DOVR�PHDVXUHG�LQ�WKHVH�

VDPSOHV��ZLWK�DJH�LQ�WKH�DGLSRVH�DQG�UHSURGXFWLYH�VWXGLHV��

� 1LQHW\�WKUHH�DQJOHUV�ZKR�KDG�VXIILFLHQW�EORRG�YROXPH�DQG�ZKR�FRPSOHWHG�D�ILVK�

FRQVXPSWLRQ�TXHVWLRQQDLUH�ZHUH�VDPSOHG�EHWZHHQ������DQG�������0RUODQG�HW�DO�����������7KH�

XUEDQ�DQJOHUV�ZHUH�IURP�1HZ�<RUN�DQG�1HZ�-HUVH\���$QDO\VLV�ZDV�FRQGXFWHG�IRU�%'(�����

%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�������%'(�����FRXOG�QRW�EH�UHSRUWHG�

EHFDXVH�RI�KLJK�EDFNJURXQG�FRQWDPLQDWLRQ�GXULQJ�WKH�SURFHVVLQJ�RI�WKH�XQNQRZQ�VDPSOHV���)LVK�

HDWHUV�ZHUH�FDWHJRUL]HG�DV�³QRQH´��HDWLQJ�QR�ORFDOO\�FDXJKW�ILVK��RU�³DQ\´��HDWLQJ�VRPH�ORFDOO\�

FDXJKW�ILVK���DQG�³DQ\´�ZDV�IXUWKHU�VXEFDWHJRUL]HG�EDVHG�RQ�DPRXQW�RI�ILVK�PHDOV�SHU�PRQWK�RI�

ORFDOO\�FDXJKW�ILVK���7KH�KLJKHVW�FRQJHQHU�IRXQG�ZDV�%'(�����DW�D�JHRPHWULF�PHDQ�RI�

�����QJ�J�OZW��IROORZHG�E\�%'(�����DW�����QJ�J�OZW��%'(�����VLPLODUO\�DW�����QJ�J�OZW��DQG�

%'(�����DW�����QJ�J�OZW���$OO�RWKHU�FRQJHQHUV�ZHUH�QRW�GHWHFWHG��1'��RU�YHU\�LQIUHTXHQWO\�

GHWHFWHG�ZLWK�JHRPHWULF�PHDQV�OHVV�WKDQ���QJ�J�OZW���$OWKRXJK�WRWDO�FRQFHQWUDWLRQV�IRXQG�ZHUH�

QRW�GLVFXVVHG��D�VXP�RI�WKH�JHRPHWULF�PHDQV�RI�WKH�FRQJHQHUV�ZDV������QJ�J�OZW���7KH�DULWKPHWLF�

DYHUDJH�PLJKW�EH�KLJKHU�EHFDXVH�RI�WKH�SUHVHQFH�RI�D�IHZ�YHU\�KLJK�FRQFHQWUDWLRQV���%'(����ZDV�

IRXQG�DW�D�KLJK�RI�������QJ�J�OZW��DQG�WKH�KLJK�%'(����FRQFHQWUDWLRQ�ZDV�����QJ�J�OZW��IRU�

H[DPSOH���7KHUH�ZHUH�PRGHUDWH��EXW�VWDWLVWLFDOO\�LQVLJQLILFDQW��LQFUHDVHV�LQ�%'(�FRQFHQWUDWLRQV�

IURP�QR�ORFDO�ILVK�LQWDNH�WR�!��PHDO�ZHHN����

� ,Q�FRQWUDVW��6SOLHWKRII�HW�DO���������IRXQG�D�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�OHYHOV�RI�%'(�

FRQJHQHUV�LQ�WKH�EORRG�RI�1HZ�<RUN�VWDWH�DQJOHUV�DQG�WKH�IUHTXHQF\�ZLWK�ZKLFK�WKH\�FRQVXPHG�

ILVK�IURP�/DNH�2QWDULR�DQG�LW�WULEXWDULHV���6DPSOHV�ZHUH�REWDLQHG�IURP����LQGLYLGXDOV�ZKR�ZHUH�

SDUW�RI�D�ODUJHU�1HZ�<RUN�6WDWH�$QJOHU�&RKRUW�6WXG\�ZKRVH�EORRG�ZDV�VDPSOHG�EHWZHHQ������

DQG��������6WDWLVWLFDOO\�VLJQLILFDQW�UHODWLRQVKLSV�ZHUH�QRWHG�EHWZHHQ�EORRG�FRQFHQWUDWLRQV�RI�

%'(�FRQJHQHUV��%'(�����%'(�����%'(�����%'(�����%'(������%'(������DQG�%'(������DQG�

WRWDO�%'(��VXP�RI�FRQJHQHUV��DQG�QXPEHU�RI�\HDUV�FRQVXPLQJ�VSRUWILVK�EHWZHHQ������DQG�������

DQG�QXPEHU�RI�PHDOV�HDWHQ�LQ�WKH�SUHYLRXV�\HDU�WR�WKH�DQDO\VLV���:KHQ�VHSDUDWLQJ�³KLJK´�

FRQVXPHUV��PHGLDQ�RI��í���VSRUWILVK�PHDOV��PD[LPXP�RI���í���PHDOV��LQ�WKH�SUHYLRXV�\HDU��

IURP�³ORZ´�FRQVXPHUV��PHGLDQ�RI���PHDOV��PD[LPXP�RI��í��PHDOV���WKH�PHGLDQ�WRWDO�

FRQFHQWUDWLRQ�RI�KLJK�FRQVXPHUV��Q� �����ZDV������QJ�J�OZW��ZKLOH�WKH�PHGLDQ�IRU�ORZ�FRQVXPHUV�

�Q� �����ZDV�����QJ�J�OZW���%'(����ZDV�WKH�KLJKHVW�FRQJHQHU�IRXQG��DW�D�PHGLDQ�RI������QJ�J�OZW�

IRU�³KLJK´�FRQVXPHUV�DQG�����QJ�J�OZW�IRU�³ORZ´�FRQVXPHUV���
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� ,Q�D�WKLUG�VWXG\�RQ�DQJOHUV�FRQVXPLQJ�ILVK�IURP�WKH�*UHDW�/DNHV��$QGHUVRQ�HW�DO���������

DOVR�IRXQG�VWDWLVWLFDOO\�VLJQLILFDQW�UHODWLRQVKLSV�EHWZHHQ�WRWDO�3%'(�OHYHOV�LQ�EORRG��VXP�RI�

%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(�����

PHDVXUHG�EXW�QRW�GHWHFWHG��DQG�\HDUV�RI�VSRUWILVK�FRQVXPSWLRQ�DV�ZHOO�DV�FDWILVK�DQG�VKHOOILVK�

FRQVXPSWLRQ���0XOWLYDULDWH�DV�ZHOO�DV�KLJKHVW�TXDUWLOH�DVVRFLDWLRQV�ZHUH�DOVR�IRXQG�ZLWK�

YDULDEOHV�VXFK�DV�FRPSXWHU�XVH�DV�ZHOO�DV�VSRUWILVK�FRQVXPSWLRQ���7KLV�VWXG\�HQWDLOHG�FROOHFWLRQ�

RI�EORRG�IURP�����YROXQWHHUV������PHQ������ZRPHQ��IURP�D�IXOO�FRKRUW�RI�������IUHTXHQW�DQG�

LQIUHTXHQW�FRQVXPHUV�RI�*UHDW�/DNHV�ILVK�ZKR�ZHUH�VDPSOHG�LQ������DQG��������7KH�JHRPHWULF�

PHDQ�WRWDO�3%'(�IURP�WKLV�VDPSOH�ZDV����QJ�J�OZW�IRU�PHQ�DQG����QJ�J�OZW�IRU�ZRPHQ��RI�

ZKLFK�%'(����FRPSULVHG�DOPRVW�WZR�WKLUGV���$QGHUVRQ�HW�DO���������FRPSDUHG�WKHVH�UHVXOWV�WR�

GHULYHG�JHRPHWULF�PHDQV�IRU�&DXFDVLDQ�PHQ�DQG�ZRPHQ�RYHU����\HDUV�IURP�1+$1(6�

����������DQG�IRXQG�WKH�1+$1(6�UHVXOWV�WR�EH�KLJKHU�����QJ�J�OZW�IRU�PHQ�DQG����QJ�J�OZW�IRU�

ZRPHQ�������

� )RFDQW�HW�DO���������GHVFULEH�D�XQLTXH�PHWKRGRORJ\�IRU�DQDO\VLV�RI�3%'(V�DQG�RWKHU�

3%7V���7KLV�PHWKRG�XVHV�FRPSUHKHQVLYH�WZR�GLPHQVLRQDO�JDV�FKURPDWRJUDSK\�DQG�LVRWRSH�

GLOXWLRQ�WLPH�RI�IOLJKW�PDVV�VSHFWURPHWU\��*&�*&�,'72)06��IRU�WKH�VLPXOWDQHRXV�

PHDVXUHPHQW�RI�VHOHFWHG�SRO\FKORULQDWHG�ELSKHQ\OV��3&%V���RUJDQRFKORULQH�SHVWLFLGHV��DQG�

EURPLQDWHG�IODPH�UHWDUGDQWV���8QOLNH�FODVVLF�*&�06��WKLV�PHWKRG�HYDOXDWHV�DOO�FRQWDPLQDQWV�

VLPXOWDQHRXVO\�ZLWK�RQH�LQMHFWLRQ�LQWR�WKH�*&�FROXPQ���7KUHH�PLON�VDPSOHV�DQG�RQH�EORRG�

VDPSOH�ZHUH�DQDO\]HG�E\�)RFDQW�HW�DO�����������7KH�EORRG�VDPSOH�ZDV�IURP�D�SRROHG�VDPSOH�

FROOHFWHG�IURP����LQGLYLGXDOV�LQ������LQ�WKUHH�FLWLHV��3KLODGHOSKLD��0HPSKLV��DQG�0LDPL���

%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������DQG�%'(�����ZHUH�

DQDO\]HG���7KH�EORRG�VDPSOH�UHVXOWV�ZHUH�H[SUHVVHG�LQ�SJ�J�ZHW�ZHLJKW��ZZW��IURP�EORRG�VHUXP�

DQG�ZHUH�RQO\�SUHVHQWHG�RQ�D�JUDSK���7KH�UHVXOWV�ZHUH�HVWLPDWHG�IURP�WKH�JUDSK�DQG�FRQYHUWHG�WR�

QJ�J�OZW��DVVXPLQJ�������OLSLG�LQ�WKH�VHUXP���7KH�WRWDO�%'(�IURP�RQH�VDPSOH�ZDV������QJ�J�OZW��

GRPLQDWHG�E\�%'(����DW������QJ�J�OZW��ZLWK�FRPSDUDEOH�FRQWULEXWLRQV�E\�%'(�����%'(������

DQG�%'(�����DW�����������DQG�����QJ�J�OZW��UHVSHFWLYHO\����

� :ROII�HW�DO���������FRQGXFWHG�D�VWXG\�RI�H[SRVXUHV�DPRQJ�SUHJQDQW�ZRPHQ�ZKR�ZHUH�

QHDU�WKH�:RUOG�7UDGH�&HQWHU��:7&��6LWH�RQ�������������7KH�VWXG\�LQYROYHG�D�FRPSOH[�

HYDOXDWLRQ�RI�H[SRVXUHV��LQFOXGLQJ�PHDVXUHPHQW�RI�NH\�SHUVLVWHQW�FRQWDPLQDQWV�LQFOXGLQJ�

SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3&%V��GLR[LQV��DQG�3%'(V�LQ�EORRG���7KH�DXWKRUV�GLG�QRW�ILQG�
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DQ�DVVRFLDWLRQ�RI�3%'(V�DQG�PHDVXUHV�RI�SRWHQWLDO�H[SRVXUH�WR�:7&�FRQWDPLQDQWV��DQG�WKH\�

JHQHUDOO\�IRXQG�ORZ�OHYHOV�RI�3%'(V���2I�����PRWKHUV��WKH\�IRXQG�PHGLDQ�OHYHOV�IRU�%'(�����

%'(�����%'(�����%'(������DQG�%'(�����DW����������������������DQG�����QJ�J�OZW��UHVSHFWLYHO\��

� %UDGPDQ�HW�DO���������UHSRUWV�RQ�D�VDPSOLQJ�RI�EORRG�IURP�SUHJQDQW�/DWLQD�ZRPHQ��

SULPDULO\�IURP�0H[LFR��OLYLQJ�LQ�6DOLQDV�9DOOH\��&DOLIRUQLD���7KH�VHUXP�VSHFLPHQV�ZHUH�

FROOHFWHG�EHWZHHQ�6HSWHPEHU������DQG�-DQXDU\��������6HYHQ�FRQJHQHUV�ZHUH�PHDVXUHG��

LQFOXGLQJ�%'(�����%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�������7KH�

UHVXOWLQJ�FRQFHQWUDWLRQV�ZHUH�ORZ��DOWKRXJK�QRW�DV�ORZ�DV�WKH�:ROII�HW�DO���������VWXG\�RQ�

SUHJQDQW�ZRPHQ�GXULQJ�WKH�:RUOG�7UDGH�&HQWHU�DWWDFNV���7KH�PHGLDQ�WRWDO�IURP�WKH����ZRPHQ�

ZDV����QJ�J�OZWʊZLWK�D�KLJK�RI�����DQG�D�ORZ�RI�����QJ�J�OZW���/LNH�RWKHU�VWXGLHV��WKH�GRPLQDQW�

FRQJHQHU�ZDV�%'(������7KH�DXWKRUV�VKRZHG�WKDW�WKH�OHYHOV�DUH�KLJKHVW�DPRQJ�ZRPHQ�ZKR�KDYH�

VSHQW�OHVV�WKDQ���\HDUV�LQ�WKH�8QLWHG�6WDWHV��FRPSDUHG�WR�ZRPHQ�ZKR�KDYH�VSHQW�PRUH�WKDQ�

��\HDUV�LQ�WKH�8QLWHG�6WDWHV��

� )LVFKHU�HW�DO���������SUHVHQW�D�FDVH�VWXG\�RI�3%'(V�LQ�D�IDPLO\�WKDW�VKRZHG�VRPHZKDW�

HOHYDWHG�OHYHOV�LQ�WKH�SDUHQWV�EXW�KLJKHU�OHYHOV�LQ�RQH�FKLOG�DQG�VWLOO�KLJKHU�OHYHOV�LQ�WKH�WRGGOHU�RI�

WKH�IDPLO\���6DPSOHV�ZHUH�FROOHFWHG�IURP�D�IDPLO\�RI�IRXU��LQFOXGLQJ����DQG����\HDU�ROG�SDUHQWV��

D���\HDU�ROG�GDXJKWHU��DQG�DQ����PRQWK�ROG�VRQ�LQ�6HSWHPEHU�DQG�'HFHPEHU�RI��������7KH�VXP�

RI�%'(�����%'(�����%'(������%'(������DQG�%'(�����LQ�WKH�SDUHQWV�UDQJHG�EHWZHHQ����DQG�

����QJ�J�OZW�LQ�WKH�WZR�VDPSOLQJ�GDWHV��DQG�%'(�����FRQWULEXWHG�D�UHODWLYHO\�VPDOO�DGGLWLRQ�DW�

EHWZHHQ���DQG����QJ�J�OZW���7KH�VWRU\�ZDV�PXFK�GLIIHUHQW�ZLWK�WKH�FKLOGUHQ���7KH���\HDU�ROG�

GDXJKWHU�KDG�FRQFHQWUDWLRQV�RI��������������QJ�J�OZW��WKH�ODVW�WZR�ZHUH�GXSOLFDWHV�RI�WKH�VDPH�

'HFHPEHU�VDPSOH��RI�WKH�ILYH�FRQJHQHUV�IRU�WKH�6HSWHPEHU�DQG�WKHQ�'HFHPEHU�VDPSOHV�EXW�D�

GLVSDUDWH�UDQJH�RI�����QJ�J�OZW�RI�%'(�����LQ�WKH�6HSWHPEHU�VDPSOH�DQG������QJ�J�OZW�LQ�WKH�

'HFHPEHU�VDPSOH��GXSOLFDWHV����7KH�WRGGOHU�KDG�WKH�KLJKHVW�FRQFHQWUDWLRQV�RI�DOO������DQG�

��������QJ�J�OZW�IRU�WKH�ILYH�FRQJHQHUV�DQG�����DQG�������QJ�J�OZW�RI�%'(�����LQ�WKH�

6HSWHPEHU�DQG�'HFHPEHU�VDPSOHV��UHVSHFWLYHO\���7KH�DXWKRUV�GLVFRXQWHG�ODERUDWRU\�HUURU�DQG�

DWWULEXWHG�WKH�KLJKHU�FRQFHQWUDWLRQV�LQ�WKH�FKLOGUHQ�WR�H[SRVXUH�WR�KRXVH�GXVW���:KLOH�WKH�DXWKRUV�

KDYH�GLVFRXQWHG�ODERUDWRU\�HUURU��LW�ZRXOG�DSSHDU�WKDW�D�GHFOLQH�E\�DQ�RUGHU�RI�PDJQLWXGH�LQ�ERWK�

WKH�WRGGOHU�DQG�LQIDQW�LV�VXEVWDQWLDO��DQG�FRXOG�EH�GXH�WR�VRPH�GLIIHUHQFH�LQ�WKH�WZR�ODERUDWRULHV���

$�GHFOLQH�RI�WKLV�PDJQLWXGH�LV�SODXVLEOH�EHFDXVH�RI�WKH�VKRUW�KDOI�OLIH�RI�%'(�����LQ�KXPDQVʊLW�

KDV�EHHQ�TXDQWLILHG�DW�YDOXHV�EHORZ����GD\V��ZKLOH�WKH�KDOI�OLYHV�RI�ORZHU�EURPLQDWHG�FRQJHQHUV�



� �����

KDV�EHHQ�TXDQWLILHG�RQ�WKH�RUGHU�RI�\HDUV���:KHWKHU�GXH�WR�GLIIHUHQFHV�LQ�ODERUDWRULHV�RU�

GLIIHUHQFHV�LQ�H[SRVXUHV��%'(�����ZDV�TXDQWLILHG�E\�ERWK�ODERUDWRULHV��DQG�WKLV�LQ�LWVHOI�LV�

ZRUWK\�RI�UHSRUWLQJ���7KH�KLJKHU�OHYHOV�RI�WKH�RWKHU�FRQJHQHUV�LQ�WKH�WRGGOHU�ZHUH�DWWULEXWHG�WR�KLV�

FRQVXPSWLRQ�RI�KXPDQ�PLON��DOWKRXJK�)LVKHU�HW�DO���������VXJJHVW�WKDW�LW�PLJKW�DOVR�EH�GXH�WR�

H[SRVXUH�WR�KRXVH�GXVW���2I�WKH�QRQ�%'(�����FRQJHQHUV��WKH�W\SLFDO�WUHQG�RI�VHHLQJ�%'(����DW�

WKH�KLJKHVW�FRQFHQWUDWLRQV�ZDV�WUXH�IRU�DOO�SDUWLFLSDQWV�DQG�VDPSOLQJ�GDWHV��%'(�����ZDV�VHFRQG�

PRVW�SUHYDOHQW��UDQJLQJ�IURP�RQH�WKLUG�WR�RQH�KDOI�RI�WKH�FRQFHQWUDWLRQ�RI�%'(�����

� $�VHFRQG�DQG�PRUH�UHFHQW�VWXG\�SURYLGLQJ�GDWD�RQ�3%'(�FRQFHQWUDWLRQV�LQ�\RXQJ�

FKLOGUHQ�ZDV�FRQGXFWHG�E\�WKH�(QYLURQPHQWDO�:RUNLQJ�*URXS��(:*����������7ZHQW\�SDLUV�RI�

PRWKHUV�DQG�FKLOGUHQ�IURP����VWDWHV�ZHUH�VDPSOHG�IRU����FRQJHQHUV��SRVLWLYH�RFFXUUHQFHV�ZHUH�

IRXQG�IRU�WKHVH�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������

%'(������%'(������DQG�%'(������QR�GHWHFWLRQV�IRU�%'(�����%'(�����%'(�����%'(������

%'(������%'(������%'(������%'(������DQG�%'(������%'(�����ZDV�QRW�LQFOXGHG�EHFDXVH�LW�

FRHOXWHG�ZLWK�3&%��������7KH�FKLOGUHQ�UDQJHG�LQ�DJH�IURP�����WR���\HDUV�ROG���7KH�PHGLDQ�WRWDO�

FRQFHQWUDWLRQ��VXP�RI�WKH����FRQJHQHUV�IRXQG��IURP�WKH����FKLOGUHQ�ZDV�QHDUO\�IRXU�WLPHV�WKDW�RI�

WKH�PRWKHU��DW������QJ�J�OZW�IRU�WKH�FKLOGUHQ�YHUVXV������QJ�J�OZW�IRU�WKH�PRWKHU���%'(�����ZDV�

IRXQG�LQ����RI����FKLOGUHQ��ZLWK�D�PHGLDQ�RI�����QJ�J�OZW��ZKLOH�LW�ZDV�IRXQG�LQ�RQO\���RI����

PRWKHUV��PHGLDQ�DW�1'����7KH�FRQJHQHU�IRXQG�DW�WKH�KLJKHVW�FRQFHQWUDWLRQ�ZDV�%'(����

�PHGLDQV�RI������QJ�J�OZW�LQ�FKLOGUHQ�DQG�����QJ�J�OZW�LQ�PRWKHUV���IROORZHG�E\�%'(�����

�PHGLDQV�RI������QJ�J�OZW�LQ�FKLOGUHQ�DQG�����LQ�PRWKHUV�����

� 6FKHFWHU�HW�DO�������D��PHDVXUHG�WKH�FRQFHQWUDWLRQV�RI����%'(V��%'(�����%'(�����

%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������%'(������DQG�

%'(������LQ�WKH�EORRG�RI�HLJKW�YHJDQV��QR�DQLPDO�IRRG�SURGXFWV�LQFOXGLQJ�GDLU\����7KH\�IRXQG�D�

UDQJH�RI�%'(�FRQFHQWUDWLRQV�RI������WR�����QJ�J�OZW�WRWDO��ZLWK�D�PHGLDQ�RI������DQG�D�PHDQ�RI�

�����QJ�J�OZW���%'(����ZDV�WKH�PRVW�DEXQGDQW�FRQJHQHU��ZLWK�WKH�KLJKHVW�PHDQ�FRQFHQWUDWLRQ�RI�

���QJ�J�OZW���7KH�VHFRQG�KLJKHVW�ZDV�%'(�����DW����QJ�J�OZW���%'(����DQG�%'(�����WRWDOHG�

DERXW���QJ�J�OZW���%'(�����ZDV�QRW�GHWHFWHG��DOWKRXJK�GHWHFWLRQ�OLPLWV��'/V��ZHUH�UHODWLYHO\�

KLJK�DW�EHWZHHQ���DQG���QJ�J�OZW���7KH�DXWKRUV�FKDUDFWHUL]H�WKHVH�ILQGLQJV�DV�ORZHU��EXW�QRW�

VXEVWDQWLDOO\�ORZHU��WKDQ�RWKHU�VWXGLHV�RI�%'(V�LQ�WKH�EORRG�RI�$PHULFDQV��DQG�WKH\�VXJJHVW�WKDW�

WKLV�FRXOG�EH�WKH�UHVXOW�RI�QRW�FRQVXPLQJ�IRRG�RI�DQLPDO�RULJLQ���7KH\�QRWH�WKDW�IRU�GLR[LQV�DQG�

RWKHU�323V��IRRGV�RI�DQLPDO�RULJLQ�KDYH�EHHQ�DWWULEXWHG�DV�WKH�PDLQ�VRXUFH�RI�H[SRVXUH��DQG�



� �����

EHFDXVH�WKH�FRQFHQWUDWLRQV�RI�%'(V�LQ�YHJDQV��ZKR�KDYH�EHHQ�VR�IRU�D�PLQLPXP�RI���\HDUV��LV�

QRW�WKDW�PXFK�ORZHU�WKDQ�RWKHU�SRSXODWLRQV��H[SRVXUHV�RWKHU�WKDQ�IRRG�PD\�EH�LPSRUWDQW�IRU�WKLV�

FODVV�RI�FRPSRXQGV��

� 6FKHFWHU�HW�DO�������F��SURYLGHG�LPSRUWDQW�LQVLJKW�DV�WR�WKH�UHODWLYH�SDUWLWLRQLQJ�RI�3%'(V�

EHWZHHQ�EORRG�DQG�PLON���(OHYHQ�PRWKHUV�GRQDWHG�VDPSOHV�RI�WKHLU�EORRG�DQG�PLON��ZKLFK�ZHUH�

VLPXOWDQHRXVO\�PHDVXUHG�IRU�%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(������

%'(������%'(������%'(������%'(������DQG�%'(�������7KH�ORFDWLRQ�ZDV�QRW�VSHFLILHG��EXW�LW�

ZDV�DVVXPHG�WR�EH�LQ�7H[DV��ZKHUH�WKH�SULPDU\�DXWKRU�LV�ORFDWHG��DQG�ZLWKLQ�WKH�DUWLFOH��LW�ZDV�

VWDWHG�WKDW�WKH�VSHFLPHQV�ZHUH�SDFNHG�LQ�GU\�LFH�DQG�VKLSSHG�WR�WKH�DQDO\WLFDO�ODE�LQ�

*HUPDQ\ʊFRDXWKRUV�RQ�WKH�SDSHU�RULJLQDWH�IURP�*HUPDQ\���DQG�WKH�GDWH�RI�VDPSOLQJ�LV�QRW�

VSHFLILHG��EXW�LV�DVVXPHG�WR�EH������RU�������VLQFH�WKH�SDSHU�ZDV�SXEOLVKHG�LQ��������7KH�IRFXV�

RI�WKH�SDSHU�ZDV�WKH�UHODWLRQVKLS�EHWZHHQ�FRQFHQWUDWLRQV�IRXQG�LQ�EORRG�DQG�PLON���7DEOHV�����

DQG�����SURYLGH�DYHUDJH�FRQFHQWUDWLRQV�RI�WKH�FRQJHQHUV�LQ�EORRG�DQG�PLON��DQG�WKH�VXP�RI�WKHVH�

FRQJHQHU�DYHUDJHV��WKH�DUWLFOH�GLG�QRW�SURYLGH�WRWDO�FRQFHQWUDWLRQV�RU�VWDWLVWLFV�IRU�WRWDOV�RU�

LQGLYLGXDO�FRQJHQHUV��FRQJHQHU�VSHFLILF�DYHUDJHV�ZHUH�JHQHUDWHG�IRU�WKLV�UHSRUW��LV�DERXW�WKH�

VDPH�LQ�PLON�DQG�EORRG�DW�DERXW����QJ�J�OZW���+RZHYHU��WKHUH�ZHUH�GLIIHUHQFHV�LQ�SDUWLWLRQLQJ�

EHWZHHQ�EORRG�DQG�PLON�DPRQJ�WKH�FRQJHQHUV��PRVW�LPSRUWDQWO\�IRU�%'(�����DV�FRPSDUHG�WR�

RWKHU�FRQJHQHUV���7KH�DYHUDJH�FRQFHQWUDWLRQ�LQ�EORRG�ZDV�����QJ�J�OZW��ZKLOH�LQ�PLON�LW�ZDV��������

)RU�RWKHU�FRQJHQHUV��WKH�FRQFHQWUDWLRQV�ZHUH�PRUH�QHDUO\�VLPLODU���7KH�FRQJHQHU�IRXQG�DW�WKH�

KLJKHVW�DYHUDJH�FRQFHQWUDWLRQ�LQ�EORRG��%��DQG�PLON��0��ZDV�%'(����DW������QJ�J�OZW��%��DQG�

�����QJ�J�OZW��0���WKH�VHFRQG�KLJKHVW�ZDV�%'(�����DW�����QJ�J�OZW��%��DQG�����QJ�J�OZW��0����

6FKHFWHU�HW�DO�������F��JHQHUDWHG�UDWLRV�RI�EORRG��PLON�FRQFHQWUDWLRQV��ZKHQ�QRQGHWHFWHG��WKH�

YDOXH�ZDV�VHW�DW�����'/���7KH�KLJKHVW�UDWLR��JUHDWHVW�GLVSDULW\�EHWZHHQ�EORRG�DQG�PLON��ZLWK�

EORRG�PXFK�KLJKHU��ZDV�ZLWK�%'(������ZLWK�WKH�PHGLDQ�DQG�PHDQ�RYHU�WKH����LQGLYLGXDOV�LQ�WKH�

��í���UDQJH���7KH�UDWLR�ZDV�VHFRQG�KLJKHVW�IRU�%'(������ZLWK�PHGLDQ�DQG�PHDQ�UDWLRV�RI�����

DQG�������$OO�RWKHU�PHGLDQ�DQG�PHDQ�UDWLRV�IRU�WKH�FRQJHQHUV�IUHTXHQWO\�GHWHFWHG��%'(�����

%'(�����%'(������%'(������DQG�%'(������ZHUH�EHWZHHQ�����DQG�������7KHVH�GDWD�VXSSRUW�WKH�

DUJXPHQW�WKDW�%'(�����GRHV�QRW�SDUWLWLRQ�HTXDOO\�WR�DOO�ERG\�OLSLGV������

� $�VHFRQG�VWXG\�SURYLGLQJ�VRPH�LQVLJKW�LQWR�SDUWLWLRQLQJ�RI�%'(�FRQJHQHUV�EHWZHHQ�

EORRG�DQG�PLON�LV�/D.LQG�HW�DO�����������,Q�WKLV�VWXG\��D�JURXS�RI����ZRPHQ�ZHUH�VDPSOHG�SRVW�

SDUWXP��DW�VHYHUDO�LQWHUYDOV�DQG�IRU�ERWK�EORRG�DQG�PLON���0LON�ZDV�VDPSOHG���WLPHV��������
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��PRQWKV��DQG�DW�FHVVDWLRQ�RI�EUHDVW�IHHGLQJ��DQG�EORRG�VDPSOHG�WZLFH����PRQWK�DQG�ILQDO�PLON�

VDPSOLQJ�HYHQW����&RQWDPLQDQWV�PHDVXUHG�LQFOXGHG�GLR[LQV�DQG�IXUDQV��3&%��DQG�3%'(V���

6XPPDU\�VWDWLVWLFV�ZHUH�SURYLGHG�LQ�/D.LQG�HW�DO���������IRU�%'(�����%'(������DQG�%'(�������

7KH�PHGLDQ�FRQFHQWUDWLRQV�RYHU�DOO�PLON�VDPSOHV��Q� ����������GHWHFWLRQ��IRU�WKH�WKUHH�

FRQJHQHUV�ZDV��������DQG�����QJ�J�OZW�IRU�%'(�����%'(������DQG�%'(������UHVSHFWLYHO\���7KH�

PHGLDQ�FRQFHQWUDWLRQ�IRU�WKH�EORRG�VDPSOHV��Q� ����������GHWHFWLRQ�IRU�%'(V����DQG����������

IRU������ZDV������������DQG���QJ�J�OZW�IRU�%'(�����%'(������DQG�%'(������UHVSHFWLYHO\���,Q�

VWXG\LQJ�WKH�UHODWLRQVKLS�EHWZHHQ�EORRG�DQG�PLON�FRQFHQWUDWLRQV��RQO\�FRQFXUUHQWO\�PHDVXUHG�

VDPSOHV�FROOHFWHG�RQH�PRQWK�SRVW�SDUWXP�ZHUH�VWXGLHG��DQG�RQO\�%'(����DQG�%'(�����ZHUH�

LQFOXGHG�EHFDXVH�WKH\�ZHUH�GHWHFWHG�LQ�DOO�VDPSOHV���,QGLYLGXDO�UHVXOWV�ZHUH�QRW�DYDLODEOH��EXW�LQ�

D�VXEJURXS�RI�DOO�FRQWDPLQDQWV�PHDVXUHG�ZKLFK�LQFOXGHV�WKHVH�%'(�FRQJHQHUV��DQG�DOVR�

SHVWLFLGHV�PHWDEROLWHV�DQG���3&%�FRQJHQHUV���D�EHVW�ILW�OLQH�ZDV�IRXQG�DW��PLON� �������VHUXP�

�U�� ��������ZKHUH�PLON�DQG�VHUXP�ZHUH�ERWK�H[SUHVVHG�RQ�D�OLSLG�EDVLV���7KLV�VXJJHVWV�WKDW�IRU�

WKHVH�WZR�%'(�FRQJHQHUV��PLON�FRQFHQWUDWLRQV�WHQGHG�WR�EH�MXVW�XQGHU�WZLFH�WKH�FRQFHQWUDWLRQ�LQ�

EORRG����

� 7KHVH�GDWD�VXJJHVW�D�UDQJH�RI�DSSUR[LPDWHO\���í����QJ�J�OZW�WRWDO�%'(V�LV�

UHSUHVHQWDWLYH�RI�EORRG�LQ�WKH�JHQHUDO�SRSXODWLRQ�RI�$PHULFDQV�LQ�WKH�����V��ZLWK�RFFDVLRQDO�

PHDVXUHPHQWV�LQ�WKH�KXQGUHGV�DQG�WKRXVDQGV�RI�QJ�J�OZW����

� ,Q�FRQWUDVW�WR�WKH�1RUWK�$PHULFDQ�VWXGLHV�DERYH��PRVW�VWXGLHV�IURP�(XURSH��$VLD��DQG�

HOVHZKHUH�VXJJHVW�FRQFHQWUDWLRQV�RI�WRWDO�%'(V�LQ�EORRG�OHVV�WKDQ����QJ�J�OZW���6WXGLHV�EHORZ�

LQFOXGH�WKH�FRXQWULHV�RI�$XVWUDOLD��6ZHGHQ��1RUZD\��1HZ�=HDODQG��WKH�8QLWHG�.LQJGRP��8.���

WKH�)DURH�,VODQGV��-DSDQ��DQG�1LFDUDJXD��

� 7RPV�HW�DO���������UHSRUW�RQ�UHVXOWV�IURP�SRROHG�VDPSOHV�FROOHFWHG�IURP�������UHVLGHQWV�

RI�$XVWUDOLD�LQ�����������DQG�������������7KH�SRROV�ZHUH�FRQVWUXFWHG�WR�FRUUHVSRQG�WR�DJHV�

�í����í������í������í������í����DQG�!���\HDUV�ROG���$�WRWDO�RI����FRQJHQHUV�ZHUH�PHDVXUHG��

PDNLQJ�WKLV�VWXG\�WKH�PRVW�FRPSUHKHQVLYH�IRXQG�LQ�WHUPV�RI�WKH�QXPEHU�RI�FRQJHQHUV�PHDVXUHG��

DOWKRXJK�%'(�����ZDV�QRW�LQFOXGHG���/RRNLQJ�RQO\�DW�UHVXOWV�IRU�DOO�DJH�FDWHJRULHV�JUHDWHU�WKDQ�

���\HDUV�ROG��DGXOWV�HVVHQWLDOO\���WKH�PHDQ�WRWDO�3%'(�FRQFHQWUDWLRQ�IRU�����������ZDV����

�VWDQGDUG�GHYLDWLRQ�����PHGLDQ ����QJ�J�OZW��DQG�IRU������������LW�ZDV�����6�'�����PHGLDQ ����

QJ�J�OZW���/LNH�WKH�)LVFKHU�HW�DO���������VWXG\��WKHUH�ZDV�D�FOHDU�DJH�HIIHFW�LQ�WKH�GDWD��ZLWK�WKH�

KLJKHVW�FRQFHQWUDWLRQV�IRXQG�LQ�WKH�\RXQJHVW�LQGLYLGXDOV���)RU������������ZKHQ�DOO�DJH�JURXS�
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GDWD�ZHUH�DYDLODEOH���WKH�PHDQ�ZDV�����6�'�����PHGLDQ ����QJ�J�OLSLG�IRU��í��\HDUV�RI�DJH�����

�6�'�����PHGLDQ ����IRU��í���\HDUV�RI�DJH������6�'�����PHGLDQ ����QJ�J�OLSLG�IRU���í���\HDUV�

RI�DJH��DQG���í���QJ�J�OLSLG�IRU�DJH�FDWHJRULHV�DERYH�������

� %ORRG�IURP����6ZHGLVK�PHQ�ZHUH�VDPSOHG�LQ������DQG������DQG�PHDVXUHG�IRU�%'(�����

%'(�����%'(�����%'(������%'(������%'(������%'(������%'(������%'(������%'(������

%'(������%'(������%'(������%'(������DQG�%'(������-DNREVVRQ�HW�DO�����������$Q�DGGLWLRQDO�

���PHQ�ZHUH�VDPSOHG�LQ������DQG��������7KHVH�PHQ�ZHUH�VSHFLILFDOO\�VHOHFWHG�WR�UHSUHVHQW�

OHYHOV�RI�ILVK�FRQVXPSWLRQ��VR�WKH\�GR�QRW�QHFHVVDULO\�UHSUHVHQW�D�FURVV�VHFWLRQ�RI�WKH�DYHUDJH�

SRSXODWLRQ���7KH�PHGLDQ�DQG�UDQJH�RI�WRWDO�FRQFHQWUDWLRQV�IURP������DQG������ZHUH��������í����

DQG��������í�����UHVSHFWLYHO\��H[SUHVVHG�LQ�XQLWV�RI�SPRO�J�OZW���%HFDXVH�LQGLYLGXDO�UHVXOWV�ZHUH�

QRW�SURYLGHG��WKHVH�WRWDOV�FRXOG�QRW�EH�FRQYHUWHG�WR�QJ�J�OZW���+RZHYHU��WKH�FRQYHUVLRQ�ZRXOG�

UHVXOW�LQ�FRQFHQWUDWLRQV�WKDW�DUH�VRPHZKHUH�EHWZHHQ�DERXW�RQH�IRXUWK�DQG�WKUHH�IRXUWKV�WKH�OLVWHG�

FRQFHQWUDWLRQV��DV�WKH�FRQYHUVLRQ�IDFWRUV�IRU�LQGLYLGXDO�FRQJHQHUV�UDQJH�IURP�������QJ�J�SPRO�J�

IRU�%'(����WR�������QJ�J�SPRO�J�IRU�%'(�������%'(����ZDV�WKH�GRPLQDQW�FRQJHQHU�LQ�������

ZKLFK�H[SODLQV�DERXW�����RI�WRWDO�FRQFHQWUDWLRQV���%'(�����DQG�%'(�����H[SODLQHG������DQG�

%'(�����DFFRXQWHG�IRU������%'(������KRZHYHU��ZDV�WKH�GRPLQDQW�FRQJHQHU�LQ�����������RI�

WKH�PHDQ���%'(����H[SODLQHG������DQG�%'(�����DQG�%'(�����DFFRXQWHG�IRU�����DQG�����

UHVSHFWLYHO\���7KH�ILQGLQJ�RI�DQ�LQFUHDVH�LQ�%'(�����DQG�WKH�PHDQLQJIXO�FRQWULEXWLRQ�RI�

%'(�����DUH�QRWHZRUWK\�LQ�WKLV�VWXG\���7KH�DXWKRUV�QRWH�D�GHFOLQH�RI�RWKHU�323V�OLNH�3&%������

S�S¶�''(��DQG�KH[DFKORUREHQ]HQH�EHWZHHQ������DQG������RI�EHWZHHQ���í�����ZKLOH�QR�

GHFUHDVH�DQG�D�VPDOO�LQFUHDVH�ZDV�QRWHG�IRU�%'(V���$�VHFRQG�VWXG\�LQ�6ZHGHQ��.DUOVVRQ�HW�DO���

������ORRNHG�DW�OHYHOV�LQ�DLU��GXVW��DQG�EORRG�IURP�LQGLYLGXDOV�LQ�ILYH�KRXVHKROGV���

&RQFHQWUDWLRQV�RI�WKH�WUL�KH[D�EURPLQDWHG�FRQJHQHUV��%'(�����%'(�����%'(�����%'(�����

%'(������%'(������DQG�%'(������ZHUH�QHDU�WKH�GHWHFWLRQ�OLPLW�IRU�IRXU�RI�WKH�ILYH�LQGLYLGXDOV��

ZLWK�FRQFHQWUDWLRQV�EHORZ����QJ�J�OZW�IRU�DOO�PHDVXUHPHQWV�DQG�WKH�WUL�KH[D�WRWDO�DW�OHVV�WKDQ�

���QJ�J�OZW�IRU�DOO�LQGLYLGXDOV���%'(�����ZDV�GHWHFWHG�LQ�IRXU�RI�ILYH�LQGLYLGXDOV��DW�

FRQFHQWUDWLRQV�UDQJLQJ�IURP�DERXW�����WR������QJ�J�OZW���2QH�LQGLYLGXDO�DOVR�KDG�TXDQWLILHG�

PHDVXUHPHQWV�RI�%'(����������FRHOXWLQJ���%'(������%'(������DQG�%'(�����DW�FRQFHQWUDWLRQV�

UDQJLQJ�IURP�����WR�����QJ�J�OZW���:KLOH�WKH�OHYHOV�RYHUDOO�DUH�JHQHUDOO\�ORZ�FRPSDUHG�WR�OHYHOV�

IRXQG�LQ�WKH�8QLWHG�6WDWHV��WKH\�DUH�QRWHZRUWK\�OLNH�WKH�RWKHU�VWXG\�IURP�6ZHGHQ�GLVFXVVHG�KHUH��

LQ�WKDW�WKH�SURILOHV�KDG�VLJQLILFDQW�FRQWULEXWLRQV�IURP�%'(�����DQG�HYHQ�RWKHU�QRQD��DQG�
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GHFD%'(�FRQJHQHUV���$�SRVLWLYH�UHODWLRQVKLS�ZDV�IRXQG�ZKHQ�SORWWLQJ�D�VXP�RI�%'(�

FRQFHQWUDWLRQV��LQFOXGLQJ�%'(�����%'(�����%'(�����%'(������%'(������DQG�%'(������EXW�QRW�

%'(������IRU�HDFK�LQGLYLGXDO�DJDLQVW�WKH�VXP�%'(�GXVW�FRQFHQWUDWLRQ�IRXQG�LQ�WKDW�LQGLYLGXDO¶V�

KRPH��KRZHYHU��WKDW�UHODWLRQVKLS�ZDV�GULYHQ�E\�RQH�LQGLYLGXDO�KDYLQJ�WKH�KLJKHVW�SODVPD�DQG�

GXVW�VXP�%'(�FRQFHQWUDWLRQV���7KLV�UHODWLRQVKLS�GLG�QRW�KROG�XS�ZKHQ�DGGLQJ�%'(�����WR�WKH�

GXVW�DQG�SODVPD�VXP%'(���7KHUH�ZDV�QR�VLPLODU�UHODWLRQVKLS�IRXQG�EHWZHHQ�DLU�DQG�SODVPD�

FRQFHQWUDWLRQV����

� 3RROHG�VDPSOHV�RI�DERXW����LQGLYLGXDOV�HDFK�IURP�ILYH�KRVSLWDOV�LQ�1RUZD\��WRWDO�QXPEHU�

RI�VDPSOHV�DQDO\]HG�ZDV�QRW�SURYLGHG��ZHUH�DQDO\]HG�IRU����%'(V��%'(�����%'(�����%'(�����

%'(�����%'(�����%'(������%'(������%'(������%'(������%'(������DQG�%'(������7KRPVHQ�

HW�DO�������D����6DPSOHV�IRU�WKH�\HDUV�������������������������������������������������������

������������DQG������ZHUH�REWDLQHG���7KH�VXP�RI�WKH�VHYHQ�PRVW�DEXQGDQW�FRQJHQHUV��%'(�����

%'(�����%'(�����%'(������%'(������%'(������DQG�%'(������VKRZHG�D�FRQFHQWUDWLRQ�UDQJH�

RI�����WR�����QJ�J�OZW��ZLWK�D�FOHDU�WUHQG�RI�ORZ�FRQFHQWUDWLRQV�IRU�WKH�HDUO\�\HDUV������LQ�������

����LQ�������HWF���ZKLFK�FRQVLVWHQWO\�URVH�WR�KLJK�OHYHOV�EHWZHHQ�����WR�DERXW�����QJ�J�OZW�

EHWZHHQ������DQG��������$�VSLNH�RI�DERXW���QJ�J�OZW�LQ������FRXOG�QRW�EH�H[SODLQHG���%'(����

ZDV�IRXQG�LQ�WKH�KLJKHVW�FRQFHQWUDWLRQ��H[FHSW�IRU�RQH�RI�WKH�VDPSOHV��WKH�UHODWLYH�DPRXQW�RI�

%'(�����DSSHDUV�WR�EH�LQFUHDVLQJ�RYHU�WLPH���5HVXOWV�IRU�%'(�����ZHUH�SUHVHQWHG��EXW�WKH�

DUWLFOH�LV�QRW�FRQVLVWHQW�LQ�LWV�UHSRUWLQJ�RI�%'(�����FRQFHQWUDWLRQV���7KH�WH[W�VXJJHVWV�D�PHGLDQ�

%'(�����RI�����QJ�J�OZW��DQG�WKH�ILJXUHV�LQ�WKH�DUWLFOH�VKRZ�D�UHPDUNDEO\�KLJK�PHDVXUHPHQW�RI�

���QJ�J�OZW�LQ��������7KHVH�OHYHOV�DSSHDU�VR�PXFK�KLJKHU�WKDQ�RWKHUV�WKDW�HYHQ�WKH�DXWKRUV�

VXJJHVW��³FRQWDPLQDWLRQ�RI�WKH�VDPSOH�FDQQRW�EH�WRWDOO\�H[FOXGHG�´��$OVR�UHSRUWHG�LQ�WKLV�VWXG\�

DUH�DJH�WUHQGV�IRU�SRROHG�VDPSOHV�VWUDWLILHG�E\�DJH�IRU�DJH�UDQJHV��í����í������í������í����DQG�

!�����'DWD�ZHUH�SUHVHQWHG�IRU������DQG�������ZLWK�WKH������GDWD�IURP�DQ�HDUOLHU�VWXG\�E\�WKH�

VDPH�WHDP�RI�UHVHDUFKHUV��7KRPVHQ�HW�DO�����������7KH�\RXQJHVW�DJH�JURXS���í��\HDUV��KDG�WKH�

KLJKHVW�FRQFHQWUDWLRQ��DW�WRWDO�FRQFHQWUDWLRQV�DW�DERXW������QJ�J�OZW�LQ������DQG����QJ�J�OZW�LQ�

������ZKLOH�RWKHU�UHVXOWV�IRU�ERWK�\HDUV�DQG�DJH�UDQJHV�ZHUH�EHWZHHQ�DERXW���WR���QJ�J�OZW����

� +DUUDG�DQG�3RUWHU��������UHSRUW�RQ�FRQFHQWUDWLRQV�RI�FRQJHQHUV�LQFOXGLQJ�%'(�����

%'(�����%'(������%'(������%'(������DQG�%'(�����LQ�WKH�EORRG�RI����LQGLYLGXDOV�����PDOHV��

���IHPDOHV�DJHV����WR�����VDPSOHG�LQ������LQ�:HOOLQJWRQ��1HZ�=HDODQG���7KH�PHDQ�

FRQFHQWUDWLRQ�RI�WRWDO�%'(V�ZDV�VLPLODU�WR�RWKHU�(XURSHDQ�VWXGLHV�DW������QJ�J�OZW���$OVR�VLPLODU�
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WR�RWKHU�VWXGLHV�ZDV�WKH�ILQGLQJ�WKDW�%'(����FRQFHQWUDWLRQV�GRPLQDWHG��DFFRXQWLQJ�IRU�RYHU�����

RI�WKH�FRQFHQWUDWLRQ���7KH�VHFRQG�PRVW�IRXQG�FRQJHQHU�ZDV�%'(������H[SODLQLQJ�EHWZHHQ�

���DQG�����RI�FRQFHQWUDWLRQV���7KH�DXWKRUV�FODLP�WKH�H[SRVXUH�ZDV�GXH�WR�LPSRUWHG�FRQVXPHU�

JRRGV��EHFDXVH�WKHVH�SURGXFWV�DUH�QRW�SURGXFHG�LQ�1HZ�=HDODQG����

� 7KRPDV�HW�DO���������PHDVXUHG�%'(V�LQ�WKH�EORRG�RI�����YROXQWHHUV�LQ����ORFDWLRQV�LQ�WKH�

8QLWHG�.LQJGRP�LQ��������7KH\�PHDVXUHG����FRQJHQHUV�LQFOXGLQJ�%'(�������7KH�PHGLDQ�WRWDO�

%'(�ZDV�����QJ�J�OZW��ZLWK�D�UDQJH�RI�����WR�����QJ�J�OZW��DQG�RQO\����JUHDWHU�WKDQ����QJ�J�OZW���

%'(�����ZDV�TXDQWLILHG�LQ�RQO\����VDPSOHV��ZLWK�D�KLJK�RI�����QJ�J�OZW��DOWKRXJK�WKH�GHWHFWLRQ�

OLPLW�ZDV�KLJK�DW����QJ�J�OZW���%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�����

ZHUH�UHJXODUO\�GHWHFWHG��VLPLODU�WR�RWKHU�VWXGLHV��EXW�WKH�PHGLDQ�FRQFHQWUDWLRQ�RI�%'(�����ZDV�

WKH�KLJKHVW�DW�����QJ�J�OZW��IROORZHG�E\�%'(����DW������QJ�J�OZW���7KLV�LV�DW\SLFDO�EHFDXVH�

%'(����LV�PRVW�RIWHQ�WKH�KLJKHVW�IRXQG�LQ�SURILOHV��

%ORRG�FRQFHQWUDWLRQV�RI�SUHJQDQW�)DURHVH��WKH�)DURH�,VODQGV�DUH�EHWZHHQ�6KHWODQG�DQG�

,FHODQG��ZRPHQ�ZHUH�GHWHUPLQHG�IURP�VDPSOHV�WDNHQ�LQ�������DQG�WKHQ�WKHLU�FKLOGUHQ¶V�EORRG�

ZDV�VDPSOHG�DQG�PHDVXUHG���\HDUV�ODWHU��LQ�������)DQJVWURP�HW�DO�����������)LIW\�VHYHQ�PRWKHUV�

DQG����FKLOGUHQ�ZHUH�VDPSOHG��RI�ZKLFK����ZHUH�PRWKHU�FKLOG�SDLUV���%'(�����%'(�����

%'(������%'(������%'(������DQG�%'(���������ZHUH�PHDVXUHG���&RQFHQWUDWLRQV�ZHUH�ORZ��

ZLWK�D�PHGLDQ�WRWDO�FRQFHQWUDWLRQ�RI�MXVW�RYHU���QJ�J�OZW�IRU�ERWK�PRWKHUV�DQG�FKLOGUHQ���7KH�

SUHGRPLQDQW�FRQJHQHU�IRU�WKH�PRWKHU�ZDV�%'(����DQG�WKH�FRHOXWLQJ�%'(V����������DFFRXQWLQJ�

IRU�����HDFK���)RU�FKLOGUHQ��WKH�SUHGRPLQDQW�FRQJHQHU�ZDV�%'(������H[SODLQLQJ�DERXW�����RI�

WKH�WRWDO�FRQFHQWUDWLRQ���%'(�����ZDV�SUHVHQW�LQ�ERWK�PRWKHUV�DQG�FKLOGUHQ�DW�ORZ�FRQFHQWUDWLRQV�

RI�����DQG�����QJ�J�OZW��UHVSHFWLYHO\���

� 7KH�VWXG\�WKDW�SUHVHQWHG�EORRG�GDWD�RXWVLGH�RI�WKH�8QLWHG�6WDWHV�ZLWK�FRQFHQWUDWLRQV�

FRPSDUDEOH�WR�WKRVH�IRXQG�LQ�WKH�8QLWHG�6WDWHV�ZDV�D�VWXG\�LQ�1LFDUDJXD��$WKDQDVLDGRX�HW�DO���

������UHVXOWV�DUH�H[SUHVVHG�LQ�SPRO�J�OZW��UHVXOWV�H[SUHVVHG�LQ�QJ�J�OZW�DUH�IRXQG�LQ�DQ�HDUOLHU�

SXEOLFDWLRQ��)DOGW�HW�DO�����������)LYH�SRROV�RI�VHUXP�IURP�WHHQDJHUV�ZKR�OLYHG�DQG�RU�ZRUNHG�

QHDU�D�ZDVWH�GLVSRVDO�LQ�0DQDJXD��1LFDUDJXD��DQG�WKHQ�IRXU�SRROV�RI�VHUXP�IURP�ZRPHQ�LQ�

GLIIHUHQW�VHWWLQJV��XUEDQ�DUHDV��ILVKLQJ�YLOODJHV��HWF���ZHUH�DQDO\]HG��RQH�DQDO\VLV�SHU�SRRO����

%'(�����%'(�����%'(������%'(������%'(������%'(������DQG�%'(�����ZHUH�DQDO\]HG���7KH�

SRRO�RI�WHHQDJHUV�ZKR�ERWK�ZRUNHG�DW�WKH�GLVSRVDO�VLWH�DQG�OLYHG�QHDUE\��QR�RWKHU�SRRO�ZDV�WKDW�

H[SRVHG��KDG�WKH�KLJKHVW�FRQFHQWUDWLRQV��ZLWK�D�WRWDO�RYHU�����QJ�J�OZW���7KH�DYHUDJH�RI�WKH�RWKHU�
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HLJKW�SRROV�ZDV����QJ�J�OZW���%'(����ZDV�WKH�PRVW�SURPLQHQW�FRQJHQHU��FRQWULEXWLQJ�QHDUO\�����

RI�WKH�WRWDO�FRQFHQWUDWLRQ��ZLWK�%'(����VHFRQG�DW�DERXW������%'(�����DW������DQG�VR�RQ���

%'(�����ZDV�SUHVHQW�DW�HTXDO�OHYHOV�LQ�WKH�WHHQDJHUV�OLYLQJ�QHDU�DQG�ZRUNLQJ�DW�WKH�GLVSRVDO�VLWH��

DQG�DOO�RWKHU�JURXSV��DW�DERXW���QJ�J�OZW��

,Q�VXPPDU\��WKH�UHYLHZ�RI�OLWHUDWXUH�RQ�3%'(V�LQ�EORRG�KDV�UHYHDOHG�WKHVH�WUHQGV���

�

��� 7RWDO�3%'(V�LQ�WKH�JHQHUDO�SRSXODWLRQ�LQ�WKH�8QLWHG�6WDWHV�JHQHUDOO\�ZHUH�LQ�WKH�UDQJH�RI�
��í����QJ�J�OZW���7KH�PRVW�UREXVW�VWXG\�RI�8�6�DGXOWV�DQG�ROGHU�FKLOGUHQ�ZDV�EDVHG�XSRQ�
1+$1(6�����������GDWD���������VHUXP�VDPSOHV��DOO�JUHDWHU�WKDQ����\HDUV�RI�DJH���DQG�
UHSRUWHG�JHRPHWULF�PHDQ�FRQFHQWUDWLRQV�RI�NH\�FRQJHQHUV�%'(�����%'(�����%'(�����
%'(������%'(������DQG�%'(�����DW���������������������������DQG�����QJ�J�OZW��
UHVSHFWLYHO\��6MRGLQ�HW�DO�������������

�
�����8�6��OHYHOV�ZHUH�KLJKHU�WKDQ�OHYHOV�IRXQG�LQ�QHDUO\�HYHU\�RWKHU�VWXG\�GRQH�RXWVLGH�RI�WKH�

8QLWHG�6WDWHV��ZLWK�PRVW�QRQ�8�6��GDWD�VXJJHVWLQJ�WRWDO�3%'(V�WR�EH�OHVV�WKDQ�
���QJ�J�OZW�WRWDO�3%'(V��

�
��� 6WXGLHV�LQ�ERWK�WKH�86�DQG�DEURDG�VKRZHG�KLJKHU�FRQFHQWUDWLRQV�LQ�WRGGOHUV��OHVV�WKDQ���

\HDUV�ROG��FRPSDUHG�WR�ROGHU�DJHV�RI�FKLOGUHQ�DQG�DGXOWV����,Q�SDLUHG�VDPSOLQJ�VWXGLHV��
LQFOXGLQJ�PRWKHU�DQG�FKLOG��WKH�FKLOG¶V�ERG\�EXUGHQ�H[FHHGHG��WKH�PRWKHU¶V�E\�DERXW�D�
IDFWRU�RI�IRXU��H[FHHGLQJ�����QJ�J�OZW�WRWDO�3%'(V�LQ�VRPH�FDVHV���+LJKHU�OHYHOV�LQ�
WRGGOHUV�ZHUH�DWWULEXWHG�WR�LQJHVWLRQ�RI�PRWKHU¶V�PLON�DQG�KLJK�H[SRVXUHV�WR�KRXVH�GXVW��

� �
��� 7KH�SUHGRPLQDQW�FRQJHQHU�LQ�WKH�86�DQG�DEURDG�ZDV�%'(�����ZKLFK�FRPSULVHG�DERXW�

����RI�WKH�WRWDO�FRQFHQWUDWLRQ���7KH�VHFRQG�PRVW�FRPPRQO\�IRXQG�FRQJHQHUV�ZHUH�
%'(����DQG�%'(������ERWK�H[SODLQLQJ�DERXW���í����RI�WRWDO�FRQFHQWUDWLRQV���0RVW�
VWXGLHV�GLG�QRW�PHDVXUH�%'(������EXW��ZKHQ�PHDVXUHG��%'(�����ZDV�IRXQG�DW�ORZ�OHYHOV�
QHDU���QJ�J�OZW���/RZ�OHYHOV�RI�%'(�����KDYH�EHHQ�DWWULEXWHG�WR�WKH�UDSLG�KDOI�OLIH�RI�
XQGHU����GD\V�LQ�KXPDQV��

�
�

������ +XPDQ�0LON�'DWD��
� :KLOH�EORRG�GDWD�VXJJHVWHG�FRQFHQWUDWLRQV�RI�WRWDO�3%'(V�LQ�WKH�UDQJH�RI�

��í����QJ�J�OZW��GDWD�RQ�3%'(V�LQ�KXPDQ�PLON�VXJJHVW�SRVVLEO\�KLJKHU�FRQFHQWUDWLRQV��ZLWK�

PHGLDQV�RU�PHDQV�LQ�VRPH�VWXGLHV�LQ�WKH�8QLWHG�6WDWHV�DERYH�����QJ�J�OZW���7DEOH�����VKRZV�

FRQJHQHU�VSHFLILF�PLON�FRQFHQWUDWLRQV�RI�%'(V�IURP�VWXGLHV�LQ�WKH�8QLWHG�6WDWHV���,QWHUHVWLQJO\��

LQ�RQH�EORRG�VWXG\��DQDO\VLV�RI�UHVXOWV�E\�LQGLYLGXDOV�VXJJHVWHG�WKDW�IHPDOHV�FRXOG�KDYH�

PHDQLQJIXOO\�KLJKHU�FRQFHQWUDWLRQV�WKDQ�PDOHV���$V�GHVFULEHG�DERYH��6FKHFWHU�HW�DO���������IRXQG�

WKDW��LQ����VDPSOHV�IURP����PDOHV�DQG����IHPDOHV��WKH�UDQJH�DQG�PHDQ�LQ�PDOHV�ZHUH�
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 Table 5-2.  Breast milk concentrations of PBDE congeners in Americans 
�

Congener Concentration 
(ng/g lwt) Comment Citation 

MonoBDE 

�� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

DiBDE 

�� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

����� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

���� :+2�LQWHUODE�FDOLEUDWLRQ�VWXG\�ZLWK�UHVXOWV�IURP�
���RI����FRXQWULHV��8QLWHG�6WDWHV�OLVWHG�KHUH�

.RW]�HW�DO���������

TriBDE 

��� ���� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

������������ 0HDQ��PHGLDQ������ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

����� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO�������F��

'/�������� 1� �����PHGLDQ�IURP����ZRPHQ�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

��� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��� ���� 0HDQ�RI���SRROHG�VDPSOH�DQDO\VHV�IURP�&2��&$��
DQG�1&�

)RFDQW�HW�DO���������

���� :+2�LQWHUODE�FDOLEUDWLRQ�VWXG\�ZLWK�UHVXOWV�IURP�
���RI����FRXQWULHV��8QLWHG�6WDWHV�OLVWHG�KHUH�

.RW]�HW�DO���������

���������� 0HDQ��PHGLDQ������ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

���� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO�������F��

����������� 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

����� 1� �����PHGLDQ�IURP����ZRPHQ�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

�������� 0HGLDQ����GHWHFW��IURP�D�VDPSOH�RI�����ZRPHQ�
VDPSOHG���PRQWKV�SRVW�SDUWXP�LQ�1&�

'DQLHOV�HW�DO���������
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Table 5-2.  Breast milk concentrations of PBDE congeners in Americans 
(continued) 
 

Congener Concentration 
(ng/g lwt) Comment Citation 

������ ���� 0HDQ�RI����VDPSOHV�IURP�SULPDSDUDH�ZRPHQ�IURP�
3DFLILF�1RUWKZHVW�

1(:��������

������ ���� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��� ����� 0HDQ�RI����VDPSOHV�IURP�SULPDSDUDH�ZRPHQ�IURP�
3DFLILF�1RUWKZHVW�

1(:��������

��� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

TetraBDE�

��� ������� 0HDQ�RI���SRROHG�VDPSOH�DQDO\VHV�IURP�&2��&$��
DQG�1&�

)RFDQW�HW�DO���������

����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

������� 0HDQ��PHGLDQ�RI����VDPSOHV�IURP�SULPDSDUDH�
ZRPHQ�IURP�3DFLILF�1RUWKZHVW�

1(:��������

������ :+2�LQWHUODE�FDOLEUDWLRQ�VWXG\�ZLWK�UHVXOWV�IURP�
���RI����FRXQWULHV��8QLWHG�6WDWHV�OLVWHG�KHUH�

.RW]�HW�DO���������

��� 3DUWLDO�GDWD�IURP�ORQJLWXGLQDO�VWXG\�LQ�
3HQQV\OYDQLD����ZRPHQ�

6MRGLQ�HW�DO���������

����������� 0HDQ��PHGLDQ�����ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

����� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO�������F��

���������� 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

����� 1� �����PHGLDQ�IURP����ZRPHQ�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

��������� 0HGLDQ����GHWHFW��IURP�D�VDPSOH�RI�����ZRPHQ�
VDPSOHG���PRQWKV�SRVW�SDUWXP�LQ�1&�

'DQLHOV�HW�DO���������

��� ���� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��� ���� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

���� 0HDQ�RI����VDPSOHV�IURP�SULPDSDUDH�ZRPHQ�IURP�
3DFLILF�1RUWKZHVW�

1(:��������

������������ 0HDQ��PHGLDQ������ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

����� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO�������F��



� �����

Table 5-2.  Breast milk concentrations of PBDE congeners in Americans 
(continued) 
 

Congener Concentration 
(ng/g lwt) Comment Citation 

������������ 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

����� 1� �����PHGLDQ�IURP����ZRPHQ�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

1'������� 0HGLDQ����GHWHFW��IURP�D�VDPSOH�RI�����ZRPHQ�
VDPSOHG���PRQWKV�SRVW�SDUWXP�LQ�1&�

'DQLHOV�HW�DO���������

��� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��������� 0HDQ��PHGLDQ�RI����VDPSOHV�IURP�SULPDSDUDH�
ZRPHQ�IURP�3DFLILF�1RUWKZHVW�

1(:��������

��� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��� ������1$�� 0HDQ��PHGLDQ������ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

������������ 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

PentaBDE�

��� ���� 0HDQ�RI���SRROHG�VDPSOH�DQDO\VHV�IURP�&2��&$��
DQG�1&�

)RFDQW�HW�DO���������

���� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��������� 0HDQ��PHGLDQ�RI����VDPSOHV�IURP�SULPDSDUDH�
ZRPHQ�IURP�3DFLILF�1RUWKZHVW�

1(:��������

����������� 0HDQ��PHGLDQ�����ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

���� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO�������F�

������������ 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

����� 1� �����PHGLDQ�IURP����ZRPHQ�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

���������� 0HGLDQ����GHWHFW��IURP�D�VDPSOH�RI�����ZRPHQ�
VDPSOHG���PRQWKV�SRVW�SDUWXP�LQ�1&�

'DQLHOV�HW�DO���������

��� ����� 0HDQ�RI���SRROHG�VDPSOH�DQDO\VHV�IURP�&2��&$��
DQG�1&�

)RFDQW�HW�DO���������

����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

�������� 0HDQ��PHGLDQ�RI����VDPSOHV�IURP�SULPDSDUDH�
ZRPHQ�IURP�3DFLILF�1RUWKZHVW�

1(:��������

����� :+2�LQWHUODE�FDOLEUDWLRQ�VWXG\�ZLWK�UHVXOWV�IURP�
���RI����FRXQWULHV��8QLWHG�6WDWHV�OLVWHG�KHUH�

.RW]�HW�DO���������



� �����

Table 5-2.  Breast milk concentrations of PBDE congeners in Americans 
(continued) 
 

Congener Concentration 
(ng/g lwt) Comment Citation 

�� 3DUWLDO�GDWD�IURP�ORQJLWXGLQDO�VWXG\�LQ�
3HQQV\OYDQLD����ZRPHQ�

6MRGLQ�HW�DO���������

���������� 0HDQ��PHGLDQ�����ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

���� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO�������F��

���������� 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

����� 1� �����PHGLDQ�IURP����ZRPHQ�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

�������� 0HGLDQ����GHWHFW��IURP�D�VDPSOH�RI�����ZRPHQ�
VDPSOHG���PRQWKV�SRVW�SDUWXP�LQ�1&�

'DQLHOV�HW�DO���������

���� ����� 0HDQ�RI���SRROHG�VDPSOH�DQDO\VHV�IURP�&2��&$��
DQG�1&�

)RFDQW�HW�DO���������

����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

�������� 0HDQ��PHGLDQ�RI����VDPSOHV�IURP�SULPDSDUDH�
ZRPHQ�IURP�3DFLILF�1RUWKZHVW�

1(:��������

����� :+2�LQWHUODE�FDOLEUDWLRQ�VWXG\�ZLWK�UHVXOWV�IURP�
���RI����FRXQWULHV��8QLWHG�6WDWHV�OLVWHG�KHUH�

.RW]�HW�DO���������

��������� 0HDQ��PHGLDQ�����ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

���� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO�������F��

����������� 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

����� 1� �����PHGLDQ�IURP����ZRPHQ�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

�������� 0HGLDQ����GHWHFW��IURP�D�VDPSOH�RI�����ZRPHQ�
VDPSOHG���PRQWKV�SRVW�SDUWXP�LQ�1&�

'DQLHOV�HW�DO���������

���� ����������� 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

���� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

���� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

HexaBDE�

���� ����������� 0HDQ��PHGLDQ������ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

����� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO�������F��

������������ 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������
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Table 5-2.  Breast milk concentrations of PBDE congeners in Americans 
(continued) 
 

Congener Concentration 
(ng/g lwt) Comment Citation 

����� 1� �����PHGLDQ�IURP����ZRPHQ�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

�������� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

���� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

���� ����� 0HDQ�RI���SRROHG�VDPSOH�DQDO\VHV�IURP�&2��&$��
DQG�1&�

)RFDQW�HW�DO���������

����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

�������� 0HDQ��PHGLDQ��RI����VDPSOHV�IURP�SULPDSDUDH�
ZRPHQ�IURP�3DFLILF�1RUWKZHVW�

1(:��������

����� :+2�LQWHUODE�FDOLEUDWLRQ�VWXG\�ZLWK�UHVXOWV�IURP�
���RI����FRXQWULHV��8QLWHG�6WDWHV�OLVWHG�KHUH�

.RW]�HW�DO���������

��������� 0HDQ��PHGLDQ�����ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

���� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO�������F��

��������� 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

����� 1� �����PHGLDQ�IURP����ZRPHQ�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

�������� 0HGLDQ����GHWHFW��IURP�D�VDPSOH�RI�����ZRPHQ�
VDPSOHG���PRQWKV�SRVW�SDUWXP�LQ�1&�

'DQLHOV�HW�DO���������

���� ���� 0HDQ�RI���SRROHG�VDPSOH�DQDO\VHV�IURP�&2��&$��
DQG�1&�

)RFDQW�HW�DO���������

���� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��������� 0HDQ��PHGLDQ��RI����VDPSOHV�IURP�SULPDSDUDH�
ZRPHQ�IURP�3DFLILF�1RUWKZHVW�

1(:��������

���� :+2�LQWHUODE�FDOLEUDWLRQ�VWXG\�ZLWK�UHVXOWV�IURP�
���RI����FRXQWULHV��8QLWHG�6WDWHV�OLVWHG�KHUH�

.RW]�HW�DO���������

����������� 0HDQ��PHGLDQ�����ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

����� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO�������F��

����������� 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

����� 1� �����PHGLDQ�IURP����ZRPHQ�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

���������� 0HGLDQ����GHWHFW��IURP�D�VDPSOH�RI�����ZRPHQ�
VDPSOHG���PRQWKV�SRVW�SDUWXP�LQ�1&�

'DQLHOV�HW�DO���������
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Table 5-2.  Breast milk concentrations of PBDE congeners in Americans 
(continued) 
 

Congener Concentration 
(ng/g lwt) Comment Citation 

���� ���� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

HeptaBDE�

���� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��������� 0HDQ��PHGLDQ��RI����VDPSOHV�IURP�SULPDSDUDH�
ZRPHQ�IURP�3DFLILF�1RUWKZHVW�

1(:��������

����������� 0HDQ��PHGLDQ�����ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

����� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO�������F��

��������� 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

������ 1� �����PHGLDQ�IURP����ZRPHQ�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������

1'������� 0HGLDQ����GHWHFW��IURP�D�VDPSOH�RI�����ZRPHQ�
VDPSOHG���PRQWKV�SRVW�SDUWXP�LQ�1&�

'DQLHOV�HW�DO���������

���� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

NonaBDE�

���� ����1'�� 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

���� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

���� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

���� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

DecaBDE�

���� ����� 0HDQ�IURP����SULPDSDUDH�ZRPHQ�IURP�DURXQG�
8QLWHG�6WDWHV�

/XQGHU�DQG�6KDUS�
�������

��������� 0HDQ��PHGLDQ��RI����VDPSOHV�IURP�SULPDSDUDH�
ZRPHQ�IURP�3DFLILF�1RUWKZHVW�

1(:��������

������1'� 0HDQ��PHGLDQ�����ZRPHQ�LQ�7H[DV������ 6FKHFWHU�HW�DO���������

����� 1� �����PHDQ�IURP�EORRG�PLON�VWXG\��1'� ���� 6FKHFWHU�HW�DO�������F��

�������1'�� 1� �����PHDQ��PHGLDQ�IURP����WRZQV�LQ�0$� -RKQVRQ�5HVWUHSR�HW�DO��
�������

'/�������� 1� �����PHGLDQ�IURP����ZRPHQ�LQ�WKH�%RVWRQ��0$�
DUHD�

:X�HW�DO���������
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���í������QJ�J�OZW�DQG������QJ�J�OZW��DQG��IRU�IHPDOHV��WKH�UDQJH�DQG�PHDQ�ZHUH�

���í������QJ�J�OZW�DQG������QJ�J�OZW���+RZHYHU��6FKHFWHU�HW�DO���������GRHV�QRWH�WKDW�WKHVH�

GLIIHUHQFHV�DUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW����

� 7KH�(:*�VDPSOHG����SULPDSDUDH�ZRPHQ�IURP�DURXQG�WKH�FRXQWU\�IRU����3%'(V�

�/XQGHU�DQG�6KDUS����������7RWDO�%'(V�DYHUDJHG�����QJ�J�OZW��UDQJLQJ�IURP�����WR�

������QJ�J�OZW��ZLWK�VL[�KDYLQJ�OHYHOV�DERYH�����QJ�J�OZW�DQG�WZR�H[FHHGLQJ�����QJ�J�OZW���

7KHVH�UHVXOWV�ZHUH�WKH�KLJKHVW�IRXQG�WR�GDWH�DQG�VLJQLILFDQWO\�KLJKHU�WKDQ�IRU�(XURSHDQ�ZRPHQ���

7KH�PRVW�FRPPRQ�%'(�ZDV�%'(�����ZKLFK�DFFRXQWHG�IRU�DERXW�KDOI�RI�WKH�WRWDO�3%'(V�LQ�HDFK�

SDUWLFLSDQW���7KH�YDULDELOLW\�LQ�3%'(�OHYHOV�FRXOG�QRW�EH�H[SODLQHG�E\�WKH�GLHW��RFFXSDWLRQ��DJH��

ERG\�PDVV��RU�WKH�DPRXQW�RI�WLPH�WKH\�KDG�EUHDVWIHG�WKHLU�LQIDQWV��

� $QRWKHU�HQYLURQPHQWDO�RUJDQL]DWLRQ��WKH�1RUWKZHVW�(QYLURQPHQW�:DWFK��1(:���

FRQGXFWHG�D�VWXG\�LQ�������1(:����������%HWZHHQ�$SULO�DQG�1RYHPEHU�RI����������ILUVW�WLPH�

EUHDVWIHHGLQJ�PRWKHUV�IURP�WKH�3DFLILF�1RUWKZHVW�����HDFK�IURP�:DVKLQJWRQ��2UHJRQ��%ULWLVK�

&ROXPELD��DQG�0RQWDQD�ZHUH�VDPSOHG�IRU�WKH�SUHVHQFH�RI�%'(�����%'(��������%'(�����

%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������DQG�%'(�������

/HYHOV�UDQJHG�IURP���WR�����QJ�J�OZW�LQ�WKH�KXPDQ�PLON��ZLWK�PHGLDQ�DQG�PHDQ�OHYHOV�RI����DQG�

���QJ�J�OZW��UHVSHFWLYHO\���7KHVH�OHYHOV�DUH�FRPSDUDEOH�WR�EORRG�DQG�RWKHU�PHDVXUHPHQWV�LQ�WKH�

8QLWHG�6WDWHV��EXW����WR����WLPHV�KLJKHU�WKDQ�OHYHOV�PHDVXUHG�LQ�KXPDQ�PLON�IURP�6ZHGHQ�DQG�

-DSDQ��DFFRUGLQJ�WR�WKH�DXWKRUV���%'(����ZDV�WKH�KLJKHVW�IRXQG��ZLWK�D�PHGLDQ�DQG�PHDQ�OHYHO�RI�

���DQG����QJ�J�OZW��UHVSHFWLYHO\��ZLWK�%'(�����DW�����DQG����QJ�J�OZW��%'(�����DW�����DQG�

���QJ�J�OZW��DQG�%'(����DW�����DQG����QJ�J�OZW���%'(�����ZDV�IRXQG�LQ����RI����VDPSOHV��LW�KDG�

D�KLJK�FRQFHQWUDWLRQ�RI���QJ�J�OZW�DQG�PHGLDQ�DQG�PHDQ�FRQFHQWUDWLRQV�RI�����DQG�����QJ�J�OZW��

UHVSHFWLYHO\��

� 'DQLHOV�HW�DO��������REWDLQHG�VDPSOHV�IURP�ZRPHQ�SDUWLFLSDWLQJ�LQ�WKH�3UHJQDQF\�

,QIHFWLRQ�DQG�1XWULWLRQ�VWXGLHV�ZKLFK�ZHUH�FRQGXFWHG�LQ�1RUWK�&DUROLQD�EHWZHHQ������DQG��������

%HWZHHQ������DQG�������D�VXEVHW�RI�WKH�����HOLJLEOH�ZRPHQ�UHPDLQLQJ�LQ�WKH�VWXG\�ZHUH�

VDPSOHG�WZLFH��PRQWKV�SRVW�SDUWXP���1LQH�%'(�FRQJHQHUV��%'(�����%'(�����%'(�����%'(�����

%'(�����%'(������%'(������%'(������DQG�%'(�����ZHUH�PHDVXUHG��DQG�VXPPDU\�VWDWLVWLFV�

ZHUH�SURYLGHG�IRU�WKHVH�FRQJHQHUV�IRU�����RI�WKH�����VDPSOHG�DW���PRQWKV�SRVW�SDUWXP��RQH�

VDPSOH�ZDV�GLVFDUGHG����%'(����GRPLQDWHG�WKH�SURILOH��ZLWK�D�PHGLDQ�RI����QJ�J�OZW���2WKHU�

FRQJHQHUV�KDG�PHGLDQV�DW���QJ�J�OZW��%'(������ZKLFK�ZDV�WKH�VHFRQG�KLJKHVW��RU�ORZHU���7RWDO�
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%'(V�HTXDOHG�WKH�VXP�RI�WKH���FRQJHQHUV�GHWHFWHG�����RU�PRUH�RI�WKH�WLPH��%'(�����%'(�����

%'(�����%'(������DQG�%'(�������DQG�WKH�PHGLDQ�WRWDO�ZDV����QJ�J�OZW��ZLWK�D�UDQJH�RI�����WR�

������QJ�J�OZW���/RRNLQJ�DW�WKH�VDPSOHV�IURP�WKH����ZRPHQ�SURYLGLQJ�VDPSOHV�DW���DQG�

���PRQWKV�SRVW�SDUWXP��WKHUH�ZDV�D�ZLGH�UDQJH�RI�FKDQJH�LQ�WRWDO�%'(�FRQFHQWUDWLRQV��ZLWK�WKH�

PHGLDQ�VKRZLQJ�DQ�LQFUHDVH�RI������DQ�LQWHU�TXDUWLOH�UDQJH�RI�í���WR��������%'(�����LQFUHDVHG�

WKH�PRVW�EHWZHHQ�VDPSOLQJ�GDWHV��DQG�WKH�DXWKRUV�FRXOG�QRW�SURYLGH�DQ�H[SODQDWLRQ�IRU�WKLV�

ILQGLQJ����

� 6FKHFWHU�HW�DO���������FROOHFWHG�PLON�IURP����YROXQWHHU�GRQRUV�EHWZHHQ�$XJXVW�DQG�

'HFHPEHU��������7ZHQW\�IRXU�GRQRUV�ZHUH�IURP�$XVWLQ��7;��DQG����ZHUH�IURP�'DOODV��7;���

6DPSOHV�ZHUH�PHDVXUHG�IRU����%'(V�LQFOXGLQJ�%'(�����%'(�����%'(�����%'(�����%'(�����

%'(�����%'(�����%'(������%'(������%'(������%'(������%'(������DQG�%'(�������1R�

LQIRUPDWLRQ�ZDV�DYDLODEOH�DV�WR�ZKHWKHU�WKHVH�ZRPHQ�ZHUH�SULPDSDUDH���,W�LV��KRZHYHU��

UHDVRQDEOH�WR�DVVXPH�WKH\�ZHUH�UDQGRPO\�VHOHFWHG�EHFDXVH�PLON�EDQNV�ZHUH�WKH�VRXUFH�RI�PLON�

LQ�$XVWLQ�DQG�FOLQLFV�ZHUH�WKH�VRXUFH�LQ�'DOODV���7KH�PHDQ�WRWDO�%'(�ZDV����QJ�J�OZW�

�PHGLDQ� �����PD[� ��������7KH�GRPLQDQW�FRQJHQHU�ZDV�%'(�����FRPSULVLQJ�����RI�WKLV�WRWDO��

ZLWK�%'(����FRPSULVLQJ�����DQG�%'(�����FRPSULVLQJ������%'(�����ZDV�TXDQWLILHG�LQ�RQO\�

VHYHQ�VDPSOHV��ZLWK����1'V�DQG�WKH�UHPDLQLQJ�VDPSOHV�QRW�PHDVXUHG�IRU�%'(�������6FKHFWHU�HW�

DO���������QRWHV�D�PHDQ�FRQFHQWUDWLRQ�IRU�WKH����VDPSOHV�RI�����QJ�J�OZW���0HDVXUHPHQWV�ZHUH�

QRW�FRUUHODWHG�ZLWK�DJH�RU�OHQJWK�RI�WLPH�LQ�QXUVLQJ��

� )RFDQW�HW�DO���������HYDOXDWHG�WZR�GLIIHUHQW�DQDO\WLFDO�PHWKRGV�RQ�ERWK�EORRG�DQG�PLON�

VDPSOHV���7KH\�DQDO\]HG�WKUHH�SRROHG�VDPSOHV�RI�PRWKHU¶V�PLON��RQH�SRRO�IURP�WZR�PRWKHUV�LQ�

'HQYHU��RQH�SRRO�IURP����VDPSOHV�FROOHFWHG�LQ������LQ�&DOLIRUQLD��DQG�WKH�WKLUG�SRRO�IURP�

���LQGLYLGXDOV�LQ�1RUWK�&DUROLQD��DOVR�LQ��������%'(�����%'(�����%'(�����%'(�����%'(�����

%'(�����%'(������%'(������DQG�%'(�����ZHUH�DQDO\]HG���7KH�DYHUDJH�WRWDO�%'(�IURP�WKHVH�

WKUHH�ZDV�����QJ�J�OZW��ZLWK�%'(����WKH�KLJKHVW�DW�����QJ�J�OZW������RI�WRWDO���IROORZHG�E\�

%'(����DW����QJ�J�OZW��������DQG�%'(�����DW����QJ�J�OZW���������5HVXOWV�IURP�WKH�PRUH�

WUDGLWLRQDO�JDV�FKURPDWRJUDSK\�DQG�LVRWRSH�GLOXWH�KLJK�UHVROXWLRQ�PDVV�VSHFWURPHWU\�

�*&�,'+506��DQDO\VLV�ZHUH�FRPSDUHG�ZLWK�WKH�QHZHU�*&�*&�,'72)06��UHYHDOLQJ�

UHDVRQDEOH�DJUHHPHQW���%HFDXVH�RIWHQ�WKH�QXPEHU�RI�VDPSOHV��GHULYHG�IURP�WKH�GLIIHUHQW�SRROV��

DQDO\]HG�E\�*&�,'+506�ZDV�KLJKHU�WKDQ�WKH�QHZHU�PHWKRG��WKH�VXPPDU\�UHVXOWV�DUH�IURP�

WKHVH�DQDO\VHV����
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7ZR�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�LQ�WKH�%RVWRQ��0$�DUHD���,Q�RQH��PLON�ZDV�FROOHFWHG�

IURP����ZRPHQ��ZLWK�WRWDO�%'(�FRQFHQWUDWLRQV�UDQJLQJ�IURP���WR�����QJ�J�OZW��ZLWK�D�PHGLDQ�RI�

���QJ�J�OZW��:X�HW�DO�����������2QO\�RQH�VDPSOH��WKH�KLJKHVW�DW�����QJ�J�OZW��ZDV�KLJKHU�WKDQ�

DERXW�����QJ�J�OZW���%'(����GRPLQDWHG�PRVW�VDPSOHV��DOWKRXJK�%'(�����SUHGRPLQDWHG�LQ�

��VDPSOHV��DQG�%'(�����ZDV�DERYH�GHWHFWLRQ�OLPLWV�LQ����VDPSOHV���4XHVWLRQQDLUH�GDWD�

VXJJHVWHG�WKDW�FRQFHQWUDWLRQV�LQ�KRXVH�GXVW�DV�ZHOO�DV�WKH�FRQVXPSWLRQ�RI�IUR]HQ�GDLU\�SURGXFWV�

SURYLGHG�WKH�VWURQJHVW�DVVRFLDWLRQV�ZLWK�ORJ�WUDQVIRUPHG�WRWDO�3%'(�LQ�KXPDQ�PLON���7KH�VHFRQG�

VWXG\�LQ�WKH�%RVWRQ�DUHD�ZDV�FRQGXFWHG�E\�-RKQVRQ�5HVWUHSR�HW�DO����������ZKR�PHDVXUHG�PLON�

LQ����YROXQWHHU�GRQRUV�EHWZHHQ�-XQH�DQG�1RYHPEHU��������7KH\�PHDVXUHG����FRQJHQHUV�

LQFOXGLQJ�%'(������DQG�IRXQG�D�PHGLDQ�WRWDO�FRQFHQWUDWLRQ�RI������QJ�J�OLSLG��ZLWK�D�UDQJH�RI�

�����WR������QJ�J�OZW�DQG�D�PHDQ�RI����QJ�J�OZW���%'(�����ZDV�QRW�GHWHFWHG�LQ�DQ\�VDPSOH��

DOWKRXJK�WKH�GHWHFWLRQ�OLPLW�DSSHDUHG�KLJK�DW�����QJ�J�OZW���7KH�PRVW�DEXQGDQW�FRQJHQHU�IRXQG�

ZDV�%'(�����H[SODLQLQJ�DERXW�KDOI�WKH�FRQFHQWUDWLRQV�IRXQG���

� $�OLPLWHG�VHW�RI�ORQJLWXGLQDO�GDWD��L�H���GDWD�RQ�FKDQJHV�RYHU�WLPH��ZDV�DYDLODEOH�IRU�WKUHH�

ZRPHQ�IRU�%'(����DQG�%'(�����6MRGLQ�HW�DO�����������7KHVH�GDWD�RULJLQDWH�IURP�DQ�RQJRLQJ�

VWXG\�DW�3HQQV\OYDQLD�6WDWH�8QLYHUVLW\�&ROOHJH�RI�0HGLFLQH��ZKHUH�D�FRKRUW�RI����SDUWLFLSDQWV�

ZKR�VHHN�SUHQDWDO�DQG�SHGLDWULF�FDUH�DUH�EHLQJ�HQOLVWHG�IRU�D�ORQJLWXGLQDO�VWXG\�RI�3%'(V��

SHVWLFLGHV��DQG�3&%V�LQ�PLON���&RQWUDU\�WR�H[SHFWDWLRQV��OHYHOV�RI�DOO�RI�WKHVH�FRQWDPLQDQWV�

VXJJHVWHG�LQFUHDVHV�RYHU�WLPH���%'(����LQFUHDVHG�IURP����WR����QJ�J�OZW�LQ�WZR�RI�WKUHH�ZRPHQ�

IURP�3RVWSDUWXP�'D\����WR������DQG�IURP����WR�DERXW����QJ�J�OZW�IURP�'D\����WR����LQ�WKH�RWKHU�

ZRPDQ���%'(����LQFUHDVHG�IURP����WR����QJ�J�OZW�LQ�RQH�SDUWLFLSDQW�IURP�'D\����WR������

LQFUHDVHG�VOLJKWO\�IURP�DSSUR[LPDWHO\���WR���QJ�J�OZW�IURP�'D\����WR����LQ�DQRWKHU��DQG�

GHFUHDVHG�IURP���WR�DERXW���QJ�J�OZW�IURP�'D\����WR����LQ�WKH�WKLUG�SDUWLFLSDQW���$�PRUH�

FRPSUHKHQVLYH�ORQJLWXGLQDO�VWXG\�GLG�VKRZ�GHSXUDWLRQ�RYHU�WKH�FRXUVH�RI�XS�WR����ZHHNV�DIWHU�

ELUWK��+RRSHU�HW�DO�����������6XPPDU\�VWDWLVWLFV�RI�LQGLYLGXDO�FRQJHQHUV��%'(�����%'(��������

%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������DQG�%'(������

ZHUH�QRW�SURYLGHG��DQG�WKH�ER[�DQG�ZKLVNHU�SORWV�IRU�WRWDO�FRQFHQWUDWLRQV��VXP�RI�WKH�FRQJHQHUV��

VDLG�OLWWOH�PRUH�WKDQ�WKDW�PHDQV�DSSHDUHG�WR�EH�OHVV�WKDQ�����QJ�J�OZW���+RZHYHU��RYHUDOO�UHVXOWV�

VXJJHVWHG�WKDW�FRQFHQWUDWLRQV�RI�DOO�FRQJHQHUV�GHFUHDVHG�EHWZHHQ���DQG����SHU�PRQWK�RYHU�WKH�

FRXUVH�RI�WKH�VWXG\��RYHU�WKH�HQWLUH�UDQJH�RI�WRWDO�FRQFHQWUDWLRQV��ZKLFK�ZDV�SURYLGHG�DW�EHWZHHQ�

���DQG�������QJ�J�OZW�����
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� 5\DQ�HW�DO���������UHSRUWHG�RQ�WKH�VDPSOLQJ�RI�KXPDQ�PLON�IURP�WZR�ORFDWLRQV�LQ�1RUWK�

$PHULFD��LQ�+DPLOWRQ��2QWDULR��&DQDGD�DQG�LQ�$XVWLQ��7H[DV�RI�WKH�8QLWHG�6WDWHV���7KH�&DQDGLDQ�

PLON�VDPSOHV�LQFOXGHG����WKDW�SHUWDLQHG�WR����������WKDW�SHUWDLQHG�WR����������WKDW�SHUWDLQHG�WR�

������DQG����WKDW�SHUWDLQHG�WR��������6SHFLILF�FRQJHQHUV�ZHUH�QRW�LGHQWLILHG��RQO\�WRWDO�3%'(V�

ZHUH�UHSRUWHG���7KH�ORZHVW�FRQFHQWUDWLRQV�IRXQG�ZHUH�LQ�������ZLWK�D�PHGLDQ�RI�����QJ�J�OZW�

WRWDO�3%'(V���&RQFHQWUDWLRQV�URVH�WR�D�PHGLDQ�RI����QJ�J�OZW�LQ�������ZLWK�DQRWKHU�ULVH�WR�D�

PHGLDQ�RI����QJ�J�OZW�LQ�������DQG�WKHQ�D�GHFOLQH�WR�D�PHGLDQ����QJ�J�OZW�IRU������VDPSOHV���

7KH�7H[DV�VDPSOHV�SHUWDLQHG�WR�\HDUV������DQG�������DQG�WKH�PHGLDQ�FRQFHQWUDWLRQV�IRU�WKRVH�

��\HDUV�ZDV�KLJKHU�WKDQ�WKHVH�&DQDGLDQ�VDPSOHV�DW�PHGLDQV�IRU������DQG������RI����DQG�

���QJ�J�OZW���

� /LNH�WKH�EORRG�GDWD��WKH�PRWKHU¶V�PLON�GDWD�VXJJHVW�PXFK�KLJKHU�FRQFHQWUDWLRQV�LQ�

$PHULFD�FRPSDUHG�WR�(XURSHDQ�DQG�$VLDQ�FRXQWULHV���([WUDFWHG�PLON�IDW�IURP�WKH��UG�URXQG�RI�

WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2��FRRUGLQDWHG�H[SRVXUH�VWXG\�ZDV�HYDOXDWHG�IRU�WKH�

SUHVHQFH�RI�%'(V��.RW]�HW�DO�����������$V�RI�WKH�ZULWLQJ�RI�WKH�VWXG\��VDPSOHV�IURP����GLIIHUHQW�

ORFDWLRQV��RI����WRWDO��ZHUH�XVHG���1LQH�%'(V�ZHUH�TXDQWLILHG��LQFOXGLQJ�FRQJHQHUV�%'(�����

%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�������7KH�KLJKHVW�

OHYHO�E\�IDU�ZDV�IRXQG�LQ�D�VDPSOH�IURP�WKH�8QLWHG�6WDWHV�DW�������QJ�J�OZW��WKH�VHFRQG�KLJKHVW�

OHYHO�ZDV������QJ�J�OZW�IURP�D�VDPSOH�IURP�,UHODQG���7KH�SUHGRPLQDQW�FRQJHQHU�ZDV�%'(�����DW�

����LQ�8�6��VDPSOHV������QJ�J�OZW���IROORZHG�E\�%'(����DW���������QJ�J�OZW��DQG�%'(�����DW�

��������QJ�J�OZW���

� 6FKXKPDFKHU�HW�DO���������UHSRUWHG�RQ�FRQFHQWUDWLRQV�RI����%'(�FRQJHQHUV��DOWKRXJK�WKH�

VSHFLILF�FRQJHQHUV�ZHUH�QRW�LGHQWLILHG�H[FHSW�WR�QRWH�WKDW�VDPSOHV�ZHUH�IRUWLILHG�ZLWK�%'(�����

%'(�����%'(�����%'(������DQG�%'(������QR�LQIRUPDWLRQ�RQ�ZKHWKHU�%'(�����ZDV�LQFOXGHG����

7KHLU�VWXG\�LQFOXGHG����ZRPHQ��VDPSOHG�LQ�������WKDW�OLYHG�LQ�DQ�XUEDQ�DUHD���í���NP�IURP�D�

KD]DUGRXV�ZDVWH�LQFLQHUDWRU����ZRPHQ��DQG�QHDU�DQ�LQGXVWULDO�]RQH����ZRPHQ��LQ�&DWDORQLD��

6SDLQ���7KHUH�GLG�QRW�DSSHDU�WR�EH�D�GLVWLQFWLRQ�LQ�WKH�WZR�VPDOO�JURXSV��ZLWK�PHDQV�RI�����DQG�

����QJ�J�OZW�LQ�WKH�XUEDQ�DQG�LQGXVWULDO�]RQHV��UHVSHFWLYHO\���7KLV�VDPH�JURXS�RI����ZRPHQ�ZHUH�

UHYLVLWHG�LQ�������DQG�OLWWOH�FKDQJH�LQ�FRQFHQWUDWLRQV�ZHUH�QRWHG��6FKXOPDFKHU�HW�DO����������1RZ�

WKH�PHDQ�IRU�WKH�WZR�JURXSV�ZHUH�����DQG�����QJ�WRWDO�3%'(�J�OZW�IRU�WKH�XUEDQ�DQG�LQGXVWULDO�

JURXSV��UHVSHFWLYHO\�������
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� 7KRPVHQ�HW�DO�������E��VDPSOHG�PLON�RI�����ZRPHQ�UHSUHVHQWLQJ�WKH�QRUWKHUQ��

VRXWKZHVWHUQ��DQG�HDVWHUQ�SDUWV�RI�1RUZD\���6DPSOHV�ZHUH�DQDO\]HG�IRU�%'(�����%'(�����

%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������%'(������DQG�%'(�������

7KH�VXP�RI�WKH�VHYHQ�PRVW�DEXQGDQW�%'(�FRQJHQHUV��%'(�����%'(�����%'(�����%'(������

%'(������%'(������DQG�%'(������UDQJHG�IURP������WR�������QJ�J�OZW��ZLWK�D�PHGLDQ�RI�

�����QJ�J�OZW��ZKLFK�LV�FRPSDUDEOH�WR�RWKHU�(XURSHDQ�FRXQWULHV���%'(����ZDV�WKH�PRVW�

DEXQGDQW��LW�KDG�D�PHGLDQ�RI�DERXW������QJ�J�OZW���%'(�����ZDV�WKH�VHFRQG�PRVW�DEXQGDQW��D�

PHGLDQ�RI�DERXW������QJ�J�OZW���%\�XVH�RI�D�PXOWLSOH�OLQHDU�UHJUHVVLRQ�PRGHO��LW�ZDV�VKRZQ�WKDW�

WKHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�ZLWK�DJH��ROGHU�ZRPHQ�KDG�KLJKHU�

FRQFHQWUDWLRQV��DQG�D�QHJDWLYH�FRUUHODWLRQ�ZLWK�SDULW\��QXPEHU�RI�FKLOGUHQ��DQG�HGXFDWLRQ���7KH�

PHDQ�FRQFHQWUDWLRQV�RI�WRWDO�%'(V�IRU�ZRPHQ��������í����DQG�!���ZDV�������������DQG�

�����QJ�J�OZW��UHVSHFWLYHO\���7KH�PHDQ�FRQFHQWUDWLRQ�IRU�ZRPHQ�ZLWK�RQH�FKLOG�ZDV�

�����QJ�J�OZW���:RPHQ�ZLWK�PRUH�WKDQ�RQH�FKLOG�KDG�D�ORZHU�FRQFHQWUDWLRQ�������QJ�J�OZW���7KH�

DXWKRUV�DVVHUW�WKDW�WKLV�ZDV�WKH�ILUVW�VWXG\�WR�VKRZ�VWDWLVWLFDOO\�VLJQLILFDQW�FRUUHODWLRQV�ZLWK�DJH�

DQG�QXPEHU�RI�FKLOGUHQ��

� *RPDUD�HW�DO���������UHSRUW�RQ�WKH�VDPSOLQJ�RI�3%'(V�LQ�KXPDQ�XPELOLFDO�FRUG�VHUXP��

PDWHUQDO�DQG�SDWHUQDO�VHUXP��SODFHQWDV��DQG�PLON�IURP�LQGLYLGXDOV�OLYLQJ�LQ�WZR�ORFDWLRQV�

�9DOOHFDV�DQG�*HWDIH��LQ�0DGULG��6SDLQ���7KH�VDPSOLQJ�RFFXUUHG�EHWZHHQ�2FWREHU������DQG�0D\�

�����DQG�LQYROYHG�����LQGLYLGXDO�VDPSOHV�LQFOXGLQJ�����RI�PDWHUQDO�VHUXP������RI�SDWHUQDO�

VHUXP�����RI�XPELOLFDO�FRUG�VHUXP�����RI�SODFHQWD��DQG����RI�PLON���)LIWHHQ�LQGLYLGXDO�FRQJHQHUV�

ZHUH�PHDVXUHG�LQ�DOO�VDPSOHV��LQFOXGLQJ�%'(�������0LON�VDPSOHV�KDG�PHGLDQ�FRQFHQWUDWLRQV�LQ�

WKH�WZR�ORFDWLRQV�RI�����DQG�����QJ�WRWDO�3%'(�J�OZW��ZKLFK�ZDV�D�ELW�ORZHU�WKDQ�WKH�EORRG�

VDPSOHV��ZKLFK�KDG�PHGLDQV�UDQJLQJ�IURP�����WR����QJ�WRWDO�3%'(�J�OZW�LQ�WKH�YDULRXV�EORRG�

PDWULFHV���%'(�����GRPLQDWHG�WKH�PLON�VDPSOHV��ZLWK�PHGLDQV�RI�����DQG�����QJ�J�OZW��UDQJLQJ�

DV�KLJK�DV����QJ�J�OZW��LQ�WKH�WZR�ORFDWLRQV���

$�WRWDO�RI����ODFWDWLQJ�PRWKHUV�LQ�IRXU�WRZQV�LQ�-DSDQ�SURYLGHG�ERWK�VHUXP�DQG�PLON�

VDPSOHV�IRU�DQDO\VLV�RI����%'(V��LQFOXGLQJ�%'(�����%'(�����%'(�����%'(�����%'(������

%'(������%'(������%'(������%'(������%'(������%'(������%'(������DQG�%'(������,QRXH�

HW�DO�����������7KH�JHRPHWULF�PHDQV�IRU�WKH�WRWDO�DPRXQWV�RI�WKH����3'(V�LQ�KXPDQ�PLON�DQG�

VHUXP�ZHUH������DQG������QJ�J�OZW��UHVSHFWLYHO\���%'(�����ZDV�WKH�SUHGRPLQDQW�FRQJHQHU�LQ�

VHUXP��DFFRXQWLQJ�IRU�����RI�WKH�WRWDO�DPRXQW�RI�%'(V��EXW�LW�ZDV�D�PLQRU�FRPSRQHQW�LQ�PLON��
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DFFRXQWLQJ�IRU������,Q�PLON��%'(����DQG�%'(�����ZHUH�WKH�PDMRU�FRQWULEXWRUV��DFFRXQWLQJ�IRU�

����DQG�����RI�WRWDO�%'(V��UHVSHFWLYHO\����

)DQJVWURP�HW�DO���������FRQGXFWHG�D�WHPSRUDO�VWXG\�RQ�6ZHGLVK�PRWKHU¶V�PLON���)RXUWHHQ�

SRROHG�PLON�VDPSOHV�UHSUHVHQWLQJ�����������PRWKHUV�SRROHG������������������PRWKHUV���VHYHUDO�

RI�WKH�\HDUV�EHWZHHQ������DQG����������PRWKHUV������������PRWKHUV���DQG����������PRWKHUV��

ZHUH�VDPSOHG�IRU�%'(�����%'(�����%'(�����%'(������%'(������DQG�%'(�������,W�ZDV�

LPSRVVLEOH�WR�TXDQWLI\�%'(�����LQ�PLON��DQG�WKH�DXWKRUV�VXJJHVW�WKLV�FRXOG�EH�GXH�WR�WKH�VKRUW�

KDOI�OLIH�RI�WKLV�FRPSRXQG��ZKLFK�KDV�EHHQ�QRWHG�IRU�%'(�����LQ�VHUXP���)URP�WKH�PLGGOH�RI�WKH�

����V��WKH�FRQFHQWUDWLRQV�RI�WKH�ORZHU�EURPLQDWHG�%'(�FRQJHQHUV��%'(�����%'(�����DQG�

%'(������ZHUH�GHFUHDVLQJ��ZKLOH�%'(�����DSSHDUHG�WR�EH�UHWDLQLQJ�LWV�OHYHOV�UHDFKHG�WRZDUGV�

WKH�ODWWHU�����V���%'(����ZDV�QHDU�RU�OHVV�WKDQ�����QJ�J�OZW�SULRU�WR�������UHDFKHG�OHYHOV�DERYH�

����QJ�J�OZW�E\�PLG�����V��DQG�GURSSHG�VHTXHQWLDOO\�IURP������������WR������������WR������������

WR��������������9HU\�VLPLODU�WUHQGV�ZHUH�VHHQ�IRU�%'(����DQG�%'(������ZLWK�SHDNV�EHWZHHQ�����

DQG�����LQ�WKH�PLG�����V��GURSSLQJ�WR�����QJ�J�OZW�LQ�WKH�HDUO\�����V���0HDQZKLOH��WKH�KLJKHVW�

FRQFHQWUDWLRQ�RI�%'(�����XQWLO�WKH������VDPSOLQJ�ZDV�WKH�%'(����VDPSOH��DW��������$IWHUZDUGV��

%'(�����UDQJHG�IURP�����WR�����EHWZHHQ������DQG��������7KLV�WUHQG�RI�GHFUHDVLQJ�

ORZHU�EURPLQDWHG�%'(V�DQG�LQFUHDVLQJ�KLJKHU�EURPLQDWHG�%'(V�ZDV�VHHQ�LQ�WKH�8QLWHG�6WDWHV��

1RUZD\��WKH�1HWKHUODQGV��DQG�WKH�)DURH�,VODQGV���7KLV�PLJKW�EH�GXH�WR�GHFOLQHV�LQ�XVH�RI�WKH�

SHQWD%'(�IRUPXODWLRQ�DQG�RU�WKH�GHEURPLQDWLRQ�RI�%'(�����DQG�RWKHU�KLJKHU�EURPLQDWHG�

%'(V��

/LJQHOO�HW�DO���������REWDLQHG�VDPSOHV�IURP�����UDQGRPO\�UHFUXLWHG�SULPLSDUDV�ZKR�OLYHG�

LQ�8SSVDOD�&RXQW\��6ZHGHQ��DQG�GHOLYHUHG�EHWZHHQ������DQG��������7KH\�PHDVXUHG�WKH�VDPSOHV�

IRU�3&%V��3&''�)V��KH[DEURPRF\FORGRGHFDQH��+%&'���DQG�3%'(V���:KLOH�GHFOLQLQJ�WUHQGV�

RYHU�WLPH�ZHUH�QRWHG�IRU�3&%V�DQG�3&''�)V��WKH�UHVXOWV�IRU�3%'(V�ZHUH�LQFRQVLVWHQW���%'(V�

���DQG����GHFOLQHG�E\������DQG�������UHVSHFWLYHO\��ZKLOH�%'(�����LQFUHDVHG������HDFK�\HDU���

%'(V�����DQG�����ZHUH�DOVR�PHDVXUHG��DQG�%'(�����VKRZHG�OLWWOH�FKDQJH��GHFOLQH������HDFK�

\HDU��DQG�UHVXOWV�IRU�%'(�����ZHUH�QRW�SURYLGHG���7KH�VXP�RI�WKH�ILYH�FRQJHQHUV��WKH�WRWDO�

FRQFHQWUDWLRQ��GHFOLQHG������HDFK�\HDU���7KH�PHDQ�DQG�PHGLDQ�WRWDO�FRQFHQWUDWLRQ�IRU�DOO�\HDUV�

ZDV�����DQG�����QJ�J�OZW��UHVSHFWLYHO\���7KH�PHDQ�IRU�%'(����RYHU�DOO�\HDUV�ZDV�WKH�KLJKHVW�DW�

����QJ�J�OZW��ZKLOH�WKH�PHDQV�IRU�%'(V����������DQG�����ZHUH�DOO�QHDU�����QJ�J�OZW����
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� ,Q�D�WHPSRUDO�VWXG\�RI�RUJDQRKDORJHQ�FRPSRXQGV��LQFOXGLQJ�3&%V��3&''�)V��DQG�

3%'(V��LQ�WKH�PLON�RI�*HUPDQ�ZRPHQ��)XUVW��������IRXQG�DQ�LQFUHDVH�LQ�WKH�PHDQ�FRQFHQWUDWLRQ�

RI�3%'(V�IURP�D�SRROHG�VDPSOH��Q� ������LQ������WR�D�VDPSOLQJ�RI����ZRPHQ�LQ��������

6SHFLILFDOO\��WKH�PHDQ�WRWDO�FRQFHQWUDWLRQ��LQFOXGLQJ�%'(�����%'(�����%'(�����%'(�����

%'(�����%'(������%'(������%'(������DQG�%'(������LQFUHDVHG�IURP������QJ�J�OZW�WR�

�����QJ�J�OZW���7KLV�FRQWUDVWHG�ZLWK�WKH�RWKHU�RUJDQRKDORJHQ�FRPSRXQGV�VWXGLHG��ZKLFK�VKRZHG�

UHGXFWLRQV�GXULQJ�WKLV�WLPH�IUDPH����

2KWD�HW�DO���������GHWHUPLQHG�WKH�FRQFHQWUDWLRQ�RI�3%'(V�LQ�PLON�RI����SULPDSDUDH�

ZRPHQ�DW���PRQWK�DIWHU�GHOLYHU\�LQ�-DSDQ���7KH�3%'(V�HYDOXDWHG�LQFOXGHG�%'(�����%'(�����

%'(�����%'(������DQG�%'(�������&RQFHQWUDWLRQV�UDQJHG�EHWZHHQ�����DQG�����QJ�J�OZW�LQ�PLON���

6DPSOHV�ZHUH�DOVR�WDNHQ�RI�QXPHURXV�IRRG�SURGXFWV��LQFOXGLQJ����ILVK�VDPSOHV��VSLQDFK��

SRWDWRHV��FDUURWV��SRUN��EHHI��DQG�FKLFNHQ��VHH�&KDSWHU���IRU�D�VXPPDU\�RI�WKH�UHVXOWV����

4XHVWLRQQDLUHV�RQ�IRRG�FRQVXPSWLRQ�ZHUH�JLYHQ�WR�WKH�ZRPHQ��DQG�D�VWURQJ�FRUUHODWLRQ�ZDV�

IRXQG�EHWZHHQ�FRQVXPSWLRQ�RI�ILVK�DQG�PLON�FRQFHQWUDWLRQ���,Q�D�³KLJK´�JURXS�RI�ILVK�FRQVXPHUV�

�Q� �����WKH�DYHUDJH�PLON�FRQFHQWUDWLRQ�ZDV�����QJ�J�OZW��ZKLOH�WKH�FRQFHQWUDWLRQ�LQ�WKH�³ORZ´�

JURXS�RI�ILVK�FRQVXPHUV��Q� ����ZDV�����QJ�J�OZW��

$�VLPLODU�VWXG\�PHDVXULQJ�3%'(�FRQJHQHUV�LQ�EUHDVW�PLON�DQG�W\LQJ�WKHP�WR�GLHWDU\�DQG�

OLIHVW\OH�KDELWV�RFFXUUHG�LQ�1RUWK�&KLQD�LQ�������=KX�HW�DO�����������$�WRWDO�RI�HLJKW�FRQJHQHUV��

LQFOXGLQJ�%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������DQG�%'(������

ZHUH�PHDVXUHG�LQ����SULPLSDUDV�OLYLQJ�LQ�7LDQMLQ��&KLQD���7KH�WRWDO�FRQFHQWUDWLRQ�UDQJHG�IURP�

����WR�����QJ�J�OZW���7KH�FRQFHQWUDWLRQ�RI�%'(�����ZDV�WKH�VDPH�LQ�EODQN�VDPSOHV�DV�PHDVXUHG�

LQ�WKH�EUHDVW�PLON��DQG�KHQFH�%'(�����UHVXOWV�ZHUH�QRW�UHSRUWHG���%'(����ZDV�WKH�PRVW�

SUHGRPLQDQW�FRQJHQHU�IRXQG��H[SODLQLQJ�EHWZHHQ����DQG�����RI�WKH�FRQFHQWUDWLRQ��DOWKRXJK�WKH�

DXWKRUV�QRWHG�WKDW�WKLV�SUHGRPLQDQFH�ZDV�OHVV�WKDQ�IRU�PHDVXUHPHQWV�IRXQG�DURXQG�WKH�ZRUOG���$�

VLJQLILFDQW�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�FRQFHQWUDWLRQV�LQ�KXPDQ�PLON�DQG�WKH�WLPH�WKH�ZRPDQ�

XVHG�HOHFWURQLF�DSSOLDQFHV�GXULQJ�WKH�GD\��KRXUV�GD\����7KHUH�ZHUH�QR�ILQGLQJV�RI�QRWH�UHODWLQJ�

EUHDVW�PLON�WR�GLHW��

7RPV�HW�DO���������PHDVXUHG�%'(V�LQ�SRROHG�PLON�VDPSOHV�IURP�$XVWUDOLD���$�WRWDO�RI�

����PLON�VDPSOHV�ZHUH�FROOHFWHG�EHWZHHQ������DQG�������DQG�WKH\�ZHUH�SRROHG�WR�FUHDWH�

���UHJLRQDO�VDPSOHV���(LJKWHHQ�FRQJHQHUV�ZHUH�PHDVXUHG��%'(�����ZDV�QRW�PHDVXUHG���7RWDO�

3%'(�DYHUDJHG������QJ�J�OZW��PHGLDQ� ������QJ�J�OZW��ZLWK�D�QDUURZ�UDQJH�RI�
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���í�����QJ�J�OZW���%'(����GRPLQDWHG�WKH�SURILOH��H[SODLQLQJ�RYHU�����RI�WKH�WRWDO��IROORZHG�E\�

%'(�����%'(������DQG�%'(����ʊDOO�RI�ZKLFK�FRQWULEXWHG�EHWZHHQ����DQG���������

� ,Q�VXPPDU\��GDWD�VXJJHVW�FRQFHQWUDWLRQV�RI�WRWDO�%'(V�LQ�ZRPHQ¶V�PLON�LQ�WKH�8QLWHG�

6WDWHV�H[FHHGHG�WKDW�LQ�EORRG��SHUKDSV�DYHUDJLQJ�QHDU�����QJ�J�OZW��LQ�FRQWUDVW�WR�D�UDQJH�PRUH�

OLNH���í����QJ�OZW�LQ�EORRG���3DUW�RI�WKLV�WUHQG�FRXOG�EH�D�JHQGHU�LVVXH��DV�RQH�EORRG�VWXG\�

�6FKHFWHU�HW�DO��������VXJJHVWHG�KLJKHU�FRQFHQWUDWLRQV�LQ�ZRPHQ�WKDQ�LQ�PHQ��DOWKRXJK�WKLV�

GLIIHUHQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW���6LPLODU�WR�EORRG�GDWD��FRQFHQWUDWLRQV�LQ�PLON�RI�

8�6��ZRPHQ�H[FHHGHG�WKDW�RI�ZRPHQ�RXWVLGH�RI�WKH�8QLWHG�6WDWHV���0LON�FRQFHQWUDWLRQV�RI�WRWDO�

3%'(V�RXWVLGH�RI�WKH�8QLWHG�6WDWHV�ZHUH�PRVWO\�EHORZ����QJ�J�OZW���$V�IRU�EORRG��%'(�����ZDV�

XVXDOO\�QRW�PHDVXUHG��RU�ZKHQ�PHDVXUHG��QRW�IRXQG�LQ�PRVW�LQVWDQFHV���%'(����ZDV�WKH�

SUHGRPLQDQW�FRQJHQHU��IROORZHG�E\�HLWKHU�%'(����RU�%'(������� 
��

������ $GLSRVH�7LVVXH�'DWD�
0RVW�RI�WKH�ERG\�EXUGHQ�GDWD�RULJLQDWH�IURP�HLWKHU�EORRG�RU�KXPDQ�PLON���7KH�YHU\�

OLPLWHG�GDWD�RQ�DGLSRVH�DUH�JHQHUDOO\�FRQVLVWHQW�ZLWK�EORRG�DQG�PLON�GDWDʊ8�6��GDWD�DUH�KLJKHU�

WKDQ�GDWD�IURP�RWKHU�FRXQWULHV��%'(����SUHGRPLQDWHV��DQG�%'(�����LV�HLWKHU�QRW�PHDVXUHG�RU�

QRW�IRXQG�ZKHQ�PHDVXUHG��

-RKQVRQ�5HVWUHSR�HW�DO���������PHDVXUHG�%'(V�LQ�DGLSRVH�WLVVXH�IURP����LQGLYLGXDOV�ZKR�

ZHUH�XQGHUJRLQJ�OLSRVXFWLRQ�GXULQJ�2FWREHU�����í2FWREHU�������LQ�1HZ�<RUN�&LW\���%'(V�

VDPSOHG�LQFOXGHG�%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������

DQG�VRPH�XQLGHQWLILHG�GL��WUL��DQG�SHQWD�%'(V���7KH�RFFXUUHQFH�RI�%'(�����ZDV�H[DPLQHG�

TXDOLWDWLYHO\��EXW�LW�ZDV�QRW�GHWHFWHG���7RWDO�%'(V�UDQJHG�IURP������WR�������QJ�J�OZW��ZLWK�D�

PHGLDQ�RI������QJ�J�OZW�DQG�D�PHDQ�RI�����QJ�J�OZW���7KH�PHDQ�GURSSHG�WR�����QJ�J�OZW�ZKHQ�

WZR�RXWOLHUV�RI�������DQG�������QJ�J�OZW�ZHUH�GURSSHG���7KH�DXWKRUV�FODLPHG�WKLV�ZDV����WR�

����WLPHV�KLJKHU�WKDQ�FRQFHQWUDWLRQV�UHSRUWHG�IRU�KXPDQ�DGLSRVH�WLVVXH�FROOHFWHG�IURP�VHYHUDO�

(XURSHDQ�FRXQWULHV���7KH�GDWD�VKRZHG�QR�FRUUHODWLRQ�ZLWK�DJH��ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�

WKHRU\�WKDW�PRVW�H[SRVXUH�ZDV�RQO\�LQ�UHFHQW�\HDUV���%'(����ZDV�WKH�SUHGRPLQDQW�FRQJHQHU��

H[SODLQLQJ�URXJKO\�����RI�WKH�WRWDO�%'(V��DW�D�PHDQ�RI�����QJ�J�OZW���IROORZHG�E\�%'(�����

�����������QJ�J�OZW���%'(���������������QJ�J�OZW���DQG�%'(����������������QJ�J�OZW����

� 'DWD�RQ����DGLSRVH�WLVVXH�VDPSOHV�IURP����ZRPHQ�LQ�WKH�LQGXVWULDO�SRUW�WRZQ�RI�3RUWR�

$OHJUH��%UD]LO��VKRZHG�D�UDQJH�RI������WR������QJ�J�OZW��ZLWK�%'(����GRPLQDWLQJ�WKH�SURILOH�
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�PHGLDQ� ������QJ�J�OZW���IROORZHG�E\�%'(�����PHGLDQ� ������QJ�J�OZW���%'(�����

�PHGLDQ� ������QJ�J�OZW���DQG�%'(������PHGLDQ� ������QJ�J�OZW����%'(�����ZDV�IRXQG�LQ�RQO\�

����RI�VDPSOHV��ZLWK�D�PHGLDQ�RI������QJ�J�OZW��.DODQW]L�HW�DO����������

� 1DHUW�HW�DO���������PHDVXUHG�%'(�FRQJHQHUV�%'(�����%'(�����%'(�����%'(������

%'(������%'(������DQG�%'(�����LQ�DEGRPLQDO�DGLSRVH�WLVVXH�IURP����LQGLYLGXDOV�����PHQ��

���ZRPHQ��ZKR�GLHG�IURP�QDWXUDO�FDXVHV�RU�DFFLGHQWV�LQ�%HOJLXP���7KH�PHDQ�DJH�RI�WKH�

LQGLYLGXDOV�ZDV����ZKHQ�WKH\�GLHG��DQG�QR�LQIRUPDWLRQ�RQ�GLHW�RU�H[SRVXUHV�ZDV�DYDLODEOH���

&RQVLVWHQW�ZLWK�EORRG�GDWD�IURP�(XURSH��WRWDO�%'(�FRQFHQWUDWLRQV�UDQJHG�EHWZHHQ������DQG�

�����QJ�J�OZW��ZLWK�D�PHGLDQ�RI������QJ�J�OZW���7KH�PRVW�SUHGRPLQDQW�FRQJHQHU�ZDV�%'(������DW�

D�PHGLDQ�RI������QJ�J�OZW��ZLWK�DOO�RWKHU�FRQJHQHUV�KDYLQJ�PHGLDQV�XQGHU������QJ�J�OZW������

� )HUQDQGH]�HW�DO���������UHSRUWHG�RQ�WKH�FRQFHQWUDWLRQV�RI����%'(�FRQJHQHUV��%'(�����

%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������

%'(������%'(������DQG�%'(������LQ�DGLSRVH�WLVVXH�IURP����ZRPHQ�ZKR�ZHUH�XQGHUJRLQJ�

VXUJHU\�IRU�PDOLJQDQW�DQG�EHQLJQ�GLVHDVHV�LQ�*UDQDGD��6SDLQ���7KUHH�FRQJHQHUV�ZHUH�QHYHU�IRXQG�

DERYH�WKH�TXDQWLWDWLRQ�OLPLW��%'(�����%'(�����DQG�%'(�������%'(�����%'(�����%'(������

%'(������DQG�%'(�����ZHUH�SUHVHQW�DW�WKH�KLJKHVW�OHYHOV�DQG�FRQVWLWXWHG�����RI�WRWDO�

FRQFHQWUDWLRQV���2I�WKHVH��%'(�����FRQWULEXWHG�DERXW������ZLWK�%'(����DQG�%'(�����QG�DQG��UG�

PRVW�FRPPRQ�DW�����DQG������UHVSHFWLYHO\���7KH�PHDQ�FRQFHQWUDWLRQ�RI�WRWDO�%'(V��LQFOXGLQJ�

WKH����IRXQG�DERYH�WKH�TXDQWLWDWLRQ�OLPLW��ZDV������QJ�J�OZW��

� 0HGLQD�HW�DO���������GHVFULEH�DQ�DQDO\WLFDO�PHWKRG�IRU�PHDVXUHPHQW�RI�3%'(V�LQ�KXPDQ�

EUHDVW�DGLSRVH�WLVVXH���7KHLU�VWXG\�IRFXVHG�RQ�GHYHORSPHQW�DQG�YDOLGDWLRQ�RI�WKH�PHWKRG��OLPLWHG�

LQIRUPDWLRQ�ZDV�SUHVHQWHG�RQ�³UHDO´�VDPSOHV�WKH\�REWDLQHG�DQG�PHDVXUHG���7KH\�PHDVXUHG�%'(�

FRQJHQHUV�LQ����VDPSOHV�WDNHQ�LQ�9DOHQFLD��6SDLQ��DQG�IRXQG�PRQR%'(V�WR�KH[D%'(�FRQJHQHUV�

�%'(�����%'(�����%'(������%'(������DQG�%'(������DW�FRQFHQWUDWLRQV�UDQJLQJ�IURP������WR�

�����QJ�J�ZKROH�ZHLJKW��SHUFHQW�OLSLG�LQ�WKH�EUHDVW�DGLSRVH�WLVVXH�QRW�VXSSOLHG����%'(�����DQG�

%'(�����FRXOG�QRW�EH�TXDQWLILHG�EHFDXVH�RI�WKHLU�ORZ�FRQFHQWUDWLRQV��EXW�WKH\�ZHUH�GHWHFWHG�LQ���

RI����VDPSOHV���������

 
������ 6HOHFWLRQ�RI�5HSUHVHQWDWLYH�%RG\�%XUGHQ�3URILOHV�
� ,Q�&KDSWHU����VHH�6HFWLRQ�������H[SRVXUH�PHGLD�FRQFHQWUDWLRQV�ZHUH�DVVLJQHG�IRU�D�VHOHFW�

JURXS�RI�3%'(�FRQJHQHUV�LQ�RUGHU�WR�FRQGXFW�WKH�H[SRVXUH�DVVHVVPHQW���6SHFLILFDOO\��WKHVH�
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DVVLJQHG�PHGLD�FRQFHQWUDWLRQV�ZHUH�XVHG�WR�HVWLPDWH�H[SRVXUH�LQWDNH�GRVH��VHH�6HFWLRQ�����

EHORZ����$OVR��VLPSOH�SKDUPDFRNLQHWLF�H[HUFLVHV�ZHUH�DSSOLHG�WR�WKRVH�LQWDNHV�DQG�XVHG�WR�

SUHGLFW�ERG\�EXUGHQ�OHYHOV��VHH�6HFWLRQ�����EHORZ����7R�HYDOXDWH�WKH�PHULW�RI�WKDW�H[HUFLVH��WKRVH�

ERG\�EXUGHQ�SUHGLFWLRQV�ZHUH�FRPSDUHG�ZLWK�PHDVXUHG�ERG\�EXUGHQV���7KLV�VHFWLRQ�ZLOO�DVVLJQ�

UHSUHVHQWDWLYH�FHQWUDO�WHQGHQF\�ERG\�EXUGHQV�IRU�WKDW�SXUSRVH��

� $V�DOVR�GLVFXVVHG�LQ�&KDSWHU���LQ�WKH�FRQWH[W�RI�H[SRVXUH�PHGLD�FRQFHQWUDWLRQV��

DVVLJQPHQW�RI�WKHVH�UHSUHVHQWDWLYH�ERG\�EXUGHQV�VKRXOG�KDYH�WKHVH�FKDUDFWHULVWLFV������WKH\�

VKRXOG�RULJLQDWH�IURP�WKH�8QLWHG�6WDWHV��RU�PD\EH�&DQDGD��DV�UHSUHVHQWDWLYH�RI�LQGXVWULDO�1RUWK�

$PHULFDQ�SDWWHUQV������WKH\�VKRXOG�EH�UHSUHVHQWDWLYH�RI�EDFNJURXQG�DQG�QRW�RFFXSDWLRQDO�

H[SRVXUHV��ZKHUH�RFFXSDWLRQDO�H[SRVXUHV�SHUWDLQ�WR�HOHYDWHG�FRQFHQWUDWLRQV�IRXQG�LQ�LQGLYLGXDOV�

ZRUNLQJ�LQ�IDFLOLWLHV�SURGXFLQJ�3%'(V�RU�LQ�HOHFWURQLF�UHF\FOLQJ�IDFLOLWLHV��QRW�LQYROYHG�LQ�

HYHU\GD\�RIILFH�ZRUN���DQG�����SUHIHUDEO\��WKH\�VKRXOG�RULJLQDWH�IURP�D�VLQJOH�VWXG\�WKDW�KDV�WKH�

LGHDO�FKDUDFWHULVWLFV�RI�KDYLQJ�D�ODUJH�VDPSOH�VL]H��EHLQJ�IURP�D�GLYHUVH�JHRJUDSKLF�DUHD��DQG�

FRQWDLQLQJ�WKH�DSSURSULDWH�VHW�RI�FRQJHQHUV���7DEOH�����KDV�WKRVH�DVVLJQPHQWVʊRQH�VHW�HDFK�IRU�

EORRG�DQG�PRWKHU¶V�PLON��

� 7KH�EORRG�GDWD�LQ�)LJXUH�����ZHUH�IURP�6MRGLQ�HW�DO�����������2I�DOO�WKH�8�6��EORRG�GDWD�

DYDLODEOH��WKLV�HYDOXDWLRQ�RI�1+$1(6��������ZDV�WKH�PRVW�UHSUHVHQWDWLYH�RI�UHFHQW��QDWLRQDO�

WUHQGV���*HRPHWULF�PHDQ�FRQFHQWUDWLRQV�ZHUH�SURYLGHG�IRU�%'(�����%'(�����%'(�����%'(������

DQG�%'(������EXW�QRW�IRU�%'(�����%'(�����%'(�����%'(������DQG�%'(������EHFDXVH�WKHVH�

ZHUH�RQO\�TXDQWLILHG�LQ�����RI�WKH�VDPSOHV���$ULWKPHWLF�PHDQV�ZHUH�QRW�SURYLGHG�LQ�6MRGLQ�HW�DO��

���������7KH�PHGLDQ�RI�%'(����ZDV�UHSRUWHG�DV�OHVV�WKDQ�GHWHFWLRQ�OLPLW��ZKLOH�WKH�JHRPHWULF�

PHDQ�ZDV�UHSRUWHG�IRU�%'(������7KHUH�ZHUH�ILYH�VWXGLHV�RQ�3%'(V�RQ�8�6��KXPDQ�PLON�WKDW�

FRXOG�EH�XVHG�WR�UHSUHVHQW�EDFNJURXQG�FRQGLWLRQV���7KHVH�LQFOXGHG�WZR�E\�SXEOLF�LQWHUHVW�

UHVHDUFK�JURXSVʊWKH�(:*��/XQGHU�DQG�6KDUS��������DQG�WKH�1(:���������WZR�FRQGXFWHG�LQ�

WKH�%RVWRQ��0$�DUHD��:X�HW�DO���������-RKQVRQ�5HVWUHSR�HW�DO����������DQG�D�VWXG\�RI����VDPSOHV�

WDNHQ�LQ�7H[DV�E\�6FKHFWHU�HW�DO�����������1RQH�RI�WKH�VWXGLHV�KDG�D�ODUJH�VDPSOH�VL]H���7KH�(:*�

VWXG\�LQFOXGHG����VDPSOHV�IURP�DURXQG�WKH�8QLWHG�6WDWHV��VR�LW�KDG�EURDG�FRYHUDJH��EXW�LW�DOVR�

KDG�WKH�KLJKHVW�FRQFHQWUDWLRQV�RI�DQ\�8�6��VWXG\�RQ�KXPDQ�PLON���7KH�1(:�VWXG\�UHSUHVHQWHG�

VHYHUDO�VWDWHV�LQ�WKH�1RUWKZHVW��KDG�D�VDPSOH�VL]H�RI�����DQG�LWV�FRQFHQWUDWLRQV�WUDFN�ZHOO�ZLWK�

(:*��EXW�WKH\�ZHUH�FRQVLVWHQWO\�ORZHU���7KH�6FKHFWHU�HW�DO���������GDWD�RQ����VDPSOHV�ZHUH�DOO�

IURP�7H[DV���7KHLU�GDWD�DOVR�WUDFN�ZLWK�WKH�WZR�VWXGLHV��EXW�LW�ZDV�WKH�ORZHVW�RI�DOO�WKH�GDWD�DQG��
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Table 5-3.  Representative body burden levels of PBDEs in Americans  
�

Description Blooda 
(ng/g lwt) 

Mother’s milkb 
(ng/g lwt) 

%'(���� 1$� 1$�

%'(���� ���� ����

%'(���� ����� �����

%'(���� 1$� ����

%'(���� 1$� ����

%'(���� ���� ����

%'(����� ���� ����

%'(����� 1$� 1$�

%'(����� ���� ����

%'(����� 1$� ����

%'(����� 1$� ����

%'(����� 1$� 1$�

%'(����� 1$� 1$�

%'(����� 1$� ����

TOTAL ����� �����
�

D%ORRG�GDWD�IURP�6MRGLQ�HW�DO�����������7KHVH�ZHUH�JHRPHWULF�PHDQV�IURP�1+$1(6��
E0RWKHU¶V�PLON�GDWD�IURP�1(:����������7KHVH�ZHUH�PHGLDQV�IURP�D�OLPLWHG�RSSRUWXQLVWLF�VDPSOH�
�
1$� �QRW�DYDLODEOH��

�
�
RULJLQDWHV�IURP�RQH�VWDWH�RQO\���7KH�WZR�VWXGLHV�IURP�%RVWRQ��0$��IRXQG�WKH�ORZHVW�

FRQFHQWUDWLRQV��ZLWK�PHGLDQ�OHYHOV�DW����QJ�J�OZW�WRWDO��:X�HW�DO���������DQG������QJ�J�OZW�

�-RKQVRQ�5HVWUHSR�HW�DO�����������7KH�1(:�PHGLDQ�GDWD�IURP�WKH�1RUWKZHVW�ZDV�XVHG�WR�

FKDUDFWHUL]H�KXPDQ�PLON��LW�LV�GLVSOD\HG�LQ�7DEOH�������,W�ZDV�FKRVHQ�EHFDXVH�LW�UHSUHVHQWHG�

VHYHUDO�VWDWHV��LW�KDG�DV�ODUJH�D�VDPSOH�VL]H�DV�WKH�RWKHUV��DQG�WKH�FRQFHQWUDWLRQV�ZHUH�FRQVLVWHQW�

DPRQJ�WKH�8�6��VWXGLHV�RWKHU�WKDQ�WKH�(:*�VWXG\��ZKLFK�KDG�WKH�KLJKHVW�FRQFHQWUDWLRQV���0HDQ�

FRQFHQWUDWLRQV�ZHUH�DOVR�SURYLGHG�LQ�WKH�1(:�VWXG\��EXW�WKH\�ZHUH�PHDQLQJIXOO\�KLJKHU�WKDQ�

PHGLDQ�FRQFHQWUDWLRQV��WKH�PHGLDQ�WRWDO�3%'(�FRQFHQWUDWLRQ�ZDV����QJ�J�OZW��WKLV�PHGLDQ�

FRQWDLQHG�PRUH�FRQJHQHUV�WKDQ�WKH�PHGLDQ�RI����QJ�J�OZW�VKRZQ�LQ�7DEOH������ZKLOH�WKH�PHDQ�
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WRWDO�FRQFHQWUDWLRQ�ZDV����QJ�J�OZW���%HFDXVH�JHRPHWULF�PHDQV�ZHUH�FKRVHQ�WR�UHSUHVHQW�EORRG�

FRQFHQWUDWLRQV��WKH�PRVW�DQDORJRXV�VWDWLVWLFDO�UHSUHVHQWDWLRQ�RI�KXPDQ�PLON�FRQFHQWUDWLRQV��

PHGLDQ�FRQFHQWUDWLRQV��ZHUH�FKRVHQ��

�
���� 678',(6�21�,17$.(��25�(;32685(�'26(�
� 6HYHUDO�UHVHDUFKHUV�ZKR�PHDVXUHG�3%'(V�LQ�H[SRVXUH�PHGLD�WKHQ�ZHQW�RQ�WR�HVWLPDWH�

WKH�H[SRVXUH�GRVH�DVVRFLDWHG�ZLWK�WKDW�PHGLD���7KHLU�DSSURDFK�ZDV�WR�DVVRFLDWH�WKH�PHGLD�

FRQFHQWUDWLRQ�ZLWK�D�FRQWDFW�UDWH���)RU�H[DPSOH��D�JLYHQ�FRQFHQWUDWLRQ�LQ�GXVW�WLPHV�DQ�DPRXQW�RI�

GXVW�LQJHVWHG�SHU�GD\�SURYLGHV�DQ�HVWLPDWH�RI�WKH�GDLO\�GRVH�YLD�GXVW�LQJHVWLRQ���7KLV�ZDV�GRQH�

PRVW�RIWHQ�IRU�VWXGLHV�RQ�KRXVH�GXVW�DQG�IRRG��EXW�UHVHDUFKHUV�DOVR�FRQVLGHUHG�LQKDODWLRQ�

H[SRVXUHV�ZKHQ�PHDVXULQJ�DLU���$�VHFRQG�DSSURDFK�XVHG�WR�HVWLPDWH�LQWDNH�GRVH�IURP�KRXVH�GXVW�

ZDV�WR�PHDVXUH�D�VXUIDFH�ORDGLQJ��QRW�D�EXON�FRQFHQWUDWLRQ��RQ�WKH�KDQGV�LQ�XQLWV�RI�PDVV�XQLW�

DUHD��DQG�WKHQ�XVH�DQ�HPSLULFDO�PRGHO�WR�FRUUHODWH�WKDW�ORDGLQJ�ZLWK�DQ�LQWDNH�UDWH��LQ�XQLWV�RI�

PDVV�WLPH���2WKHU�UHVHDUFKHUV�WRRN�D�PRUH�VWXGLHG�DSSURDFK�WR�HYDOXDWLQJ�H[SRVXUH�WR�3%'(V��

XVLQJ�PRGHOV��VWDWLVWLFDO�DSSURDFKHV��DQG�RWKHU�DYHQXHV�WR�SURYLGH�HVWLPDWHV�DQG�LQVLJKWV�RQ�

H[SRVXUH�WR�3%'(V���7DEOH�����SURYLGHV�HVWLPDWHV�RI�WKHVH�H[SRVXUH�GRVHV��

� -RKQVRQ�5HVWUHSR�DQG�.DQQDQ��������FRQGXFWHG�D�FRPSUHKHQVLYH�LQWDNH�DVVHVVPHQW�IRU�

WKH�8QLWHG�6WDWHV�WKDW�ZDV�VWUXFWXUHG�YHU\�VLPLODUO\�WR�WKH�DQDO\VLV�LQ�WKLV�UHSRUW��XVLQJ�VRPH�RI�

WKH�VDPH�GDWD���7KH\�FRPELQHG�GLHWDU\�LQWDNH�IDFWRUV�ZLWK�IRRG�GDWD�IURP�6FKHFWHU�HW�DO�������E��

WR�GHULYH�LQWDNHV�IURP�IRRG���7KH\�FRQGXFWHG�WKHLU�RZQ�DQDO\VLV�RI�LQGRRU�DLU�DQG�GXVW�IURP�

KRPHV�LQ�$OEDQ\��1<��DQG�FRPELQHG�WKHVH�UHVXOWV�ZLWK�FRQWDFW�UDWHV�WR�GHULYH�HVWLPDWHV�IRU�

LQKDODWLRQ��GXVW�LQJHVWLRQ��DQG�GXVW�GHUPDO�FRQWDFW���7KH\�FRPELQHG�EUHDVW�PLON�FRQFHQWUDWLRQV�

IURP�-RKQVRQ�5HVWURSR�HW�DO���������ZLWK�LQIDQW�EUHDVW�PLON�LQJHVWLRQ�UDWHV�WR�HVWLPDWH�H[SRVXUH�

WR�LQIDQWV�IURP�WKLV�SDWKZD\���7KH\�DOVR�HVWLPDWHG�LQWDNH�UDWHV�IRU�WRGGOHUV��FKLOGUHQ��DQG�

WHHQDJHUV���:KLOH�WKH\�FRQFOXGHG�WKDW�WKH�GXVW�UHODWHG�SDWKZD\V�GRPLQDWHG�H[SRVXUHV�IRU�

FKLOGUHQ�DQG�DGXOWV��DV�GLG�WKLV�VWXG\��WKHLU�LQWDNH�HVWLPDWHV�ZHUH�ORZHU�PDLQO\�EHFDXVH�WKHLU�GXVW�

FRQFHQWUDWLRQV��DW�������QJ�WRWDO�J�GXVW��ZHUH�ORZHU�WKDQ�WKH�FRQFHQWUDWLRQV�XVHG�LQ�WKLV�

DVVHVVPHQW��������QJ�WRWDO�J�GXVW���7RWDO�LQWDNHV�IURP�DOO�SDWKZD\V�DVVHVVHG�ZHUH��LQ�XQLWV�RI�QJ�

WRWDO�NJ�GD\�������IRU�LQIDQWV�������IRU�WRGGOHUV������IRU�FKLOGUHQ������IRU�WHHQDJHUV��DQG�����IRU�

DGXOWV����

$V�GLVFXVVHG�LQ�&KDSWHU����VWXGLHV�KDYH�VKRZQ�KRXVH�GXVW�WR�FRQWDLQ�PXFK�KLJKHU�

FRQFHQWUDWLRQV�RI�3%'(V�FRPSDUHG�WR�RXWGRRU�VRLOV���6XEVHTXHQWO\��WKH�³VRLO�LQJHVWLRQ´�SDWKZD\��
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Table 5-4�  Estimates of general population intake or exposure dose of total 
PBDEs provided in the literature 

�

Pathway/units Exposure dose/target 
individual Reference/comment 

United States and Canada 
7RWDO��IURP�GXVW�
LQJHVWLRQ�GHUPDO�
FRQWDFW��
LQKDODWLRQ��DQG�
GLHW��QJ�NJ�GD\�

�����IRU�LQIDQWV�
�����IRU�WRGGOHUV�
����IRU�FKLOGUHQ�
����IRU�WHHQDJHUV�
����IRU�DGXOWV�

-RKQVRQ�5HVWURSR�DQG�.DQQDQ����������7KH\�
FRPELQHG�DLU�GXVW�PHDVXUHPHQWV�IURP�KRPHV�LQ�
$OEDQ\��1<�ZLWK�SUHYLRXVO\�SXEOLVKHG�
IRRG�EUHDVW�PLON�WR�GHYHORS�FRPSUHKHQVLYH�
LQWDNH�HVWLPDWHV��

'XVW�LQJHVWLRQ�
SOXV�GXVW�GHUPDO�
FRQWDFW�IRU�
%'(�����RQO\��
QJ�NJ�GD\�

0HDQ�	���WK�SHUFHQWLOH��
&KLOG²����DQG������
$GXOWʊ�����DQG�����

3HWLWR�%R\FH�HW�DO����������SUREDELOLVWLF�XVLQJ�
GDWD�IURP�VHYHUDO�8�6��VWXGLHV�IRU�GXVW�
FRQFHQWUDWLRQ�GLVWULEXWLRQ��GLVWULEXWLRQ�DQG�
SRLQW�HVWLPDWHV�IRU�RWKHU�H[SRVXUH�SDUDPHWHUV�

'XVW�LQJHVWLRQ��
QJ�G�

���í�����IRU�FKLOGUHQ��
����IRU�DGXOWV��

6WDSOHWRQ�HW�DO����������FKLOGUHQ¶V�HVWLPDWH�
SHUWLQHQW�WR�DJHV��í���DVVXPLQJ�����í����J�GD\�
LQJHVWLRQ�UDWH��DGXOW�HVWLPDWH�DVVXPHV���������
J�GD\�

'XVW�LQJHVWLRQ��
QJ�G�

&KLOG�PHGLDQʊ������
$GXOW�PHGLDQʊ����

6WDSOHWRQ�HW�DO�������E���PHDVXUHPHQWV�RQ�
KDQGV�RQ����LQGLYLGXDOV��HPSLULFDO�PRGHO�WR�
HVWLPDWH�GXVW�LQJHVWLRQ�

'XVW�LQJHVWLRQ��
QJ�G�

����IRU�DGXOWV�� 6MRGLQ�HW�DO�������E���EDVHG�RQ�PHGLDQ�RI�
�����QJ�J�IRXQG�LQ�$WODQWD�YDFXXP�GXVW�
VDPSOHV��DQG�����PJ�GD\�DGXOW�LQJHVWLRQ�

'XVW�LQJHVWLRQ��
QJ�G�

���������IRU�DGXOWV�
���������IRU�WRGGOHUV�

+DUUDG�HW�DO�������D���GXVW�FRQF��IURP�7;��
PHGLDQ�	�DYHUDJH�GXVW�FRQF�����������PJ�G�
GXVW�LQJHVWLRQ�IRU�DGXOWV��WRGGOHUV�

'LHW��'XVW��
,QKDODWLRQ��QJ�G�

����IRU�DGXOWV������IRU�
WRGGOHUV����PRVí��\UV���
����IRU�ILVK�HDWHU�������
IRU�RFFXSDWLRQDO�

-RQHV�2WD]R�HW�DO��������������RI�DGXOW�
H[SRVXUH�GXH�WR�GXVW������RI�WRGGOHU�GXH�WR�
GXVW��DLU�GXVW�PRGHOLQJ���IRRG�FRQFHQWUDWLRQV��
7RURQWR�&DQDGD�

'LHW��QJ�NJ�G� ���í����IRU�
PDOHV�IHPDOHV�DERYH�
���\U������IRU��í��\U������
IRU�LQIDQW�

6FKHFWHU�HW�DO����������EDVHG�RQ�PDUNHW�EDVNHW�
VXUYH\�DQG�DJH�EDVHG�LQWDNH�UDWHV��LQIDQW�ZDV�
IRU�EUHDVW�IHHGLQJ�

'LHW��QJ�NJ�G� ���í����IRU�DGXOWV� +XZH�HW�DO����������ORZHU�HVWLPDWH�EDVHG�RQ�
³OHDQ�PHDWV´�DQG�KLJKHU�RQ�PHDWV�RI�KLJK�IDW�
FRQWHQW�
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�
Table 5-4.  Estimates of general population intake or exposure dose of total 
PBDEs provided in the literature (continued) 

 

Pathway/units Exposure dose/target 
individual Reference/comment 

'LHW��QJ�NJ�G� ���IRU�FKLOGUHQ�DGXOWV�IRU�
ILVK������í���IRU�
FKLOGUHQ�DGXOWV�IRU�
EHHI�FKLFNHQ�

/XNVHPERXUJ�HW�DO����������XVHG�PDUNHW�EDVNHW�
VXUYH\�GDWD�RQ�ILVK��EHHI��FKLFNHQ�IURP�
1RUWKHUQ�&$�

&DWILVK��QJ�NJ�G� ����í������DYJ��DQG���WK�
ILVK�FRQVXPSWLRQ�RI�����
DQG������J�GD\�

6WDVNDO�HW�DO����������FDWILVK�FRQVXPSWLRQ�XVLQJ�
PHDVXUHG�FRQFHQWUDWLRQV�RI����FRQJHQHUV�����
ILVK�

'LHW���GXVW���DLU��
QJ�GD\�

��í����QJ�GD\�IRU�
DGXOWV�����í����QJ�GD\�
IRU�FKLOGUHQ�

$OOHQ�HW�DO����������KLJK�DQG�ORZ�LQ�UDQJH�EDVHG�
RQ�GLIIHUHQW�GXVW�LQJHVWLRQ�UDWHV��WRWDO�LQFOXGHV�
%'(�����

7RWDO�GRVH���L�H���
DOO�SDWKZD\V���
QJ�NJ�G�

�����������DQG������IRU�
ZRPHQ�

0F'RQDOG���������PHDQ��PHGLDQ��DQG�����
HVWLPDWH�IRU�WRWDO�GRVH�EDVHG�RQ�EDFNZDUG�3.�
PRGHOLQJ�DQG�ERG\�EXUGHQ�GDWD�IRU�ZRPHQ�

7RWDO�GRVH��L�H���
DOO�SDWKZD\V���
QJ�NJ�G�IRU�
%'(�����RQO\�

�����IRU�³PLG�UDQJH´�
DQG���������IRU�³XSSHU´�
H[SRVXUH�HVWLPDWHV��

+D\V�DQG�3\DWW��������EDVHG�RQ������DQG�
�����QJ�J�OZW�%'(�����LQ�EORRG��DQG�EDFNZDUG�
3.�PRGHOLQJ�

Europe and Asia 
,QKDODWLRQ�DQG�
GLHW��QJ�G�

�������LQKDODWLRQ��DQG�
���������IRRG��IRU�DGXOWV�

+DUUDG�HW�DO����������8.��PHDQ��DQG�PHGLDQ�
SURYLGHG�IRU�LQKDODWLRQ�DQG�IRRG�

'XVW�LQJHVWLRQ�
SOXV�GXVW�GHUPDO�
FRQWDFW�IRU�
%'(�����RQO\��
8.�RQO\�DQG�
(XURSH��
QJ�NJ�GD\��

0HDQ�	���WK�SHUFHQWLOH��
&KLOG�8.²����DQG�
�����
&KLOG�(XURSH²����DQG�
����
$GXOW�8.²���DQG������
$GXOW�(XURSH²�����DQG�
�����

3HWLWR�%R\FH�HW�DO����������SUREDELOLVWLF�XVLQJ�
GDWD�IURP�VHYHUDO�(XURSHDQ�VWXGLHV�IRU�GXVW�
FRQFHQWUDWLRQ�GLVWULEXWLRQ��GLVWULEXWLRQ�DQG�
SRLQW�HVWLPDWHV�IRU�RWKHU�H[SRVXUH�SDUDPHWHUV�

'XVW�LQJHVWLRQ�
DQG�LQKDODWLRQ��
QJ�G�

���í����GXVW�LQJHVWHG��
DQG����LQKDOHG��IRU�
DGXOWV����í����GXVW�
LQJHVWHG��DQG�����
�LQKDOHV��IRU�WRGGOHUV�

+DUUDG�HW�DO����������8.��DYHUDJH�UHVXOWV�EDVHG�
RQ�GXVW�LQ���KRPHV�DQG�DLU�LQ����LQGRRU�
ORFDWLRQV��PHDQ�FRQFHQWUDWLRQV�	�UDQJH�RI�
FRQWDFW�UDWHV��GLG�QRW�LQFOXGH�%'(�����
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Table 5-4.  Estimates of general population intake or exposure dose of total 
PBDEs provided in the literature (continued) 

 

Pathway/units Exposure dose/target 
individual Reference/comment 

'XVW�LQJHVWLRQ��
QJ�G�

��������������IRU�DGXOWV�
���������������IRU�
WRGGOHUV�

+DUUDG�HW�DO�������D��E���8.��PHGLDQ�	�DYHUDJH�
GXVW�FRQF�����������PJ�G�LQJHVWLRQ�IRU�DGXOWV��
WRGGOHUV��%'(�����GRPLQDWHV�

,QKDODWLRQ��QJ�G� �����������í���� 0DQGDODNLV�HW�DO����������PHGLDQ�DQG�UDQJH�IRU�
LQKDODWLRQ�LQ�FDUV�RQO\�

'LHW��QJ�G� �����IRU�DGXOWV� %RFLR�HW�DO����������6SDLQ�

'LHW��QJ�G� ���DQG����IRU�DGXOWV� 6FKXKPDFKHU�HW�DO����������LQGXVWULDO�DQG�XUEDQ�
DUHDV�RI�6SDLQ�

'XVW�LQJHVWLRQ�	�
LQKDODWLRQ��
QJ�NJ�G�

����DQG�����IRU�FKLOGUHQ��
����DQG�����IRU�DGXOWV�

*HYDR�HW�DO����������.XZDLW�

'LHW��QJ�G� ������������DQG�������IRU�
DGXOWV�

.QXWVHQ�HW�DO����������1RUZD\�

'LHW�DQG�EUHDVW�
PLON��QJ�G�

���IRU�DGXOWV������IRU�
LQIDQWV�

'DUQHUXG�HW�DO����������6ZHGHQ��LQIDQW�GRVH�
DVVXPHG�����QJ�J�OZW�LQ�EUHDVW�PLON�

'LHW��QJ�NJ�G� �����IRU�DGXOWV� %DNNHU�HW�DO����������1HWKHUODQGV��IRRG�
FRQVXPSWLRQ�VXUYH\�FRPELQHG�ZLWK�FRPSRVLWH�
PHDVXUHPHQWV�RI������������������

'LHW��QJ�NJ�G� �����RI�ZKLFK�%'(�����LV�
����IRU�DGXOWV�

)6$���������8.��EDVHG�RQ�WRWDO�GLHW�VXUYH\�
IRRG�VDPSOHV���FRQVXPSWLRQ�GDWD�

'LHW��QJ�NJ�G� $ERXW�����QJ�NJ�G�IRU�
DJH�JURXSV�!����
%'(�����LV�����WR�
����WRWDO�

$NXWVX�HW�DO����������-DSDQ��EDVHG�RQ�WRWDO�GLHW�
VXUYH\���FRQVXPSWLRQ�GDWD�

'LHW��QJ�G� ���IRU�DGXOWV� 9RRUVSRHOV�HW�DO����������%HOJLXP��EDVHG�RQ�
PDUNHW�EDVNHW�VDPSOHV���FRQVXPSWLRQ�GDWD��
LQFOXGHV�%'(�����

)LVK��VSHFLHV�
VSHFLILF��QJ�NJ�G�

�����IRU�VKULPS�������IRU�
VROH���IORXQGHU�������IRU�
HHOV�

%UDJLJDQG�HW�DO����������)UDQFH��LQJHVWLRQ�UDWH���
PHDVXUHG�%'(�FRQJHQHUV�IURP�6HLQH�/RLUH�
(VWXDULHV�

)LVK��QJ�G�
1XUVLQJ��QJ�G�
,QKDODWLRQ��QJ�G�

���í�����IRU�FKLOG�WR�
DGXOW�
�����IRU�LQIDQWV�
���í����IRU�FKLOG�WR�DGXOW�

0HQJ�HW�DO����������&KLQD��PHGLDQ�YDOXHV�IRU�
ILVK�LQWDNH�LQKDODWLRQ�IRU�GLIIHUHQW�DJHV���í��IRU�
QXUVLQJ�LQIDQW�
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KDV�IRFXVHG�RQ�KRXVH�GXVW�PHDVXUHPHQWV���6WDSOHWRQ�HW�DO�������������E��KDYH�FRQGXFWHG�WKH�

PRVW�FRPSUHKHQVLYH�GXVW�SDWKZD\�DQDO\VHV�ZLWK�WKHLU�VWXGLHV�RQ�KRXVH�GXVW�FRXSOHG�ZLWK�

H[SRVXUH�PRGHOLQJ���8VLQJ�HVWLPDWHV�RI�LQDGYHUWHQW�LQJHVWLRQ�RI�GXVW�E\�\RXQJ�FKLOGUHQ�

�DJHV��í��������í����J�GD\��WKH\�XVHG�WKHLU�PHDVXUHPHQWV�RI�3%'(V�LQ�GXVW�WR�HVWLPDWH�D�WRWDO�

LQJHVWLRQ�RI�3%'(V�UDQJH�IURP�����WR�������QJ�GD\��6WDSOHWRQ�HW�DO�����������7KH\�OLVWHG�DQ�DGXOW�

H[SRVXUH�RI�����QJ�GD\��EXW�WKLV�LV�EDVHG�RQ�D�ORZ�HVWLPDWH�RI������PJ�GD\�RI�GXVW�LQJHVWLRQ���

7KLV�YDOXH�ZDV�IRXQG�LQ�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$�¶V�([SRVXUH�)DFWRUV�

+DQGERRN��8�6��(3$���������ZKHUH�+DZOH\��������LV�FLWHG�IRU�XVLQJ�D�YDOXH�RI������PJ�GD\�WR�

FKDUDFWHUL]H�DGXOW�H[SRVXUH�WR�KRXVH�GXVW�IURP�QRUPDO�DFWLYLWLHV�LQ�WKH�KRXVH��KLJKHU�H[SRVXUHV�

RI�RYHU�����PJ�GD\�UHVXOWHG�IURP�³ZRUN�LQ�WKH�DWWLF´����6WDSOHWRQ�HW�DO�������E��ODWHU�DSSURDFKHG�

WKH�GXVW�LQJHVWLRQ�SDWKZD\�IURP�D�GLIIHUHQW�DQJOH���7KH\�PHDVXUHG�3%'(V�RQ�KDQGV�XVLQJ�VWHULOH�

JDX]H�SDGV�VRDNHG�LQ�LVRSURS\O�DOFRKRO���7KH\�PHDVXUHG�3%'(V�RQ�WKH�KDQGV�RI����LQGLYLGXDOV�

UHVLGLQJ�LQ�'XUKDP��1RUWK�&DUROLQD��DQG�IRXQG�D�PHGLDQ�WRWDO�ORDG�SHU�KDQG�RI�����QJ��RU�ZKHQ�

QRUPDOL]HG�WR�VXUIDFH�DUHD��D�VXUIDFH�ORDGLQJ�RI�WRWDO�3%'(V�RI�����SJ�FP����7KH\�PHDVXUHG�

���FRQJHQHUV�LQFOXGLQJ�%'(������ZKLFK�ZDV�IRXQG�LQ����RI�WKH����VDPSOHV��ZLWK�D�PHGLDQ�WRWDO�

ORDG�RI������QJ��DQG�D�KLJK�RI�����QJ���8VLQJ�DQ�HPSLULFDO�DSSURDFK�EDVHG�RQ�FRQWDFW�HYHQWV�SHU�

GD\��WUDQVIHU�HIILFLHQF\��WKH�KDQG�ORDGLQJV��DQG�WKH�IUDFWLRQ�RI�KDQG�FRPLQJ�LQ�FRQWDFW�ZLWK�WKH�

PRXWK��WKH\�HVWLPDWHG�PHGLDQ�H[SRVXUHV�WR�WKH�DGXOW�DQG�FKLOG�WR�EH�����QJ�GD\�DQG�

������QJ�GD\��

,Q�FRQWUDVW�WR�WKH�ORZ�GXVW�LQJHVWLRQ�UDWH�RI������PJ�GD\�DVVXPHG�E\�6WDSOHWRQ�HW�DO��

�������LQ�WKHLU�HDUOLHU�HVWLPDWHV�RI�3%'(�LQJHVWLRQ�YLD�GXVW��6MRGLQ�HW�DO�������E��DVVXPHG�DQ�

XSSHU�OLPLW�LQJHVWLRQ�UDWH�RI�����PJ�GD\��DQG�XVLQJ�WKHLU�PHGLDQ�FRQFHQWUDWLRQ�RI�������QJ�J�LQ�

KRXVH�GXVW�IURP�$WODQWD��UDQJH�RI����í�������QJ�J���WKH\�VXJJHVW�WKDW�WKLV�SDWKZD\�FRXOG�DGG�XS�

WR�����QJ�GD\�RI�3%'(�H[SRVXUH���6XFK�D�WRWDO�ZRXOG�GZDUI�HVWLPDWHV�RI����WR�����QJ�GD\�IURP�

IRRG�LQJHVWLRQ�WKDW�WKH\�FLWH�IURP�WKH�OLWHUDWXUH���+DUUDG�HW�DO�������D��XVHG�³PHDQ´�DQG�³KLJK´�

GXVW�LQJHVWLRQ�UDWHV�RI����DQG����PJ�GD\�WR�PRGHO�DGXOW�LQJHVWLRQ�RI�3%'(V�EDVHG�RQ�

PHDVXUHPHQWV�IURP�KRPHV�LQ�7H[DV���8VLQJ�DULWKPHWLF�PHDQ�FRQFHQWUDWLRQV�IURP�GXVW�VDPSOHV�

�Q� ������WKH\�HVWLPDWHG�D�³KLJK´�WRWDO�LQWDNH�RI�����QJ�GD\��ZKLFK�LQFOXGHV�%'(�����%'(�����

%'(�����%'(������%'(������%'(������%'(������DQG�%'(�������7KH\�DOVR�SURYLGHG�HVWLPDWHV�

IRU�WRGGOHUV���í���PRQWKV��DVVXPLQJ����PJ�GD\�DV�D�³PHDQ´�DQG�����PJ�GD\�DV�D�³KLJK´�

LQJHVWLRQ�UDWH���$JDLQ�XVLQJ�DYHUDJH�GXVW�FRQFHQWUDWLRQV��D�KLJK�WRGGOHU�LQWDNH�HVWLPDWH�ZDV�
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���QJ�GD\���7KH\�DOVR�SURYLGHG�HVWLPDWHV�IRU�WRGGOHUV�DQG�DGXOWV�LQ�WKH�8QLWHG�.LQJGRP��1HZ�

=HDODQG��DQG�&DQDGD��EDVHG�RQ�GXVW�VDPSOLQJ�IURP�WKRVH�FRXQWULHV���7KH�PRVW�LQWHUHVWLQJ�ILQGLQJ�

ZDV�WKDW�8.�GXVW�ZDV�VXEVWDQWLDOO\�KLJKHU�LQ�%'(�����FRPSDUHG�WR�DOO�RWKHU�FRXQWULHV��DQG�

PHGLDQ�LQWDNHV�RI�%'(�����ZHUH�GRXEOH�WKRVH�IURP�WKH�8QLWHG�6WDWHV���7KH\�FRQWLQXHG�WKHLU�

ZRUN�E\�VDPSOLQJ�GXVW�LQ�KRPHV��RIILFHV��DQG�FDUV�LQ�WKH�:HVW�0LGODQG�DUHD�LQ�WKH�VRXWKHUQ�SDUW�

RI�WKH�8QLWHG�.LQJGRP��DQG�WKHQ�HVWLPDWHG�LQWDNHV�IRU�DGXOWV�DQG�WRGGOHUV�DVVXPLQJ�GLIIHUHQW�

WLPHV�LQ�WKH�KRPH������RI�WKH�WLPH���RIILFH����������DQG�FDUV���������+DUUDG�HW�DO�������E����

7KH\�IRXQG�WRWDOV�FRPSDUDEOH�WR�WKHLU�HDUOLHU�ZRUN��LQFOXGLQJ�³PHGLDQ´��PHDQLQJ�WKH\�XVHG�

PHGLDQ�FRQFHQWUDWLRQV�DQG�KLJK�DQG�ORZ�GXVW�LQJHVWLRQ�UDWHV��LQWDNHV�IRU�DGXOWV�WR�EH�OHVV�WKDQ�

��QJ�GD\�IRU�WKH�VXP�RI�WUL�KH[D�%'(�FRQJHQHUV�DQG����í����QJ�GD\�IRU�%'(�������0HGLDQ�

WRGGOHU�LQWDNHV�ZHUH�OHVV�WKDQ����IRU�WKH�WUL�KH[D�FRQJHQHUV�DQG�EHWZHHQ�����DQG�������QJ�GD\�

IRU�%'(�������8VLQJ�GDWD�WKDW�RULJLQDWHG�IURP�.XZDLW��*HYDR�HW�DO���������XVHG�VWDQGDUG�

H[SRVXUH�DVVXPSWLRQV�IRU�GXVW�LQJHVWLRQ�IRU�FKLOGUHQ������PJ�GD\��DQG�DGXOWV�����PJ�GD\��DQG�

IRXQG�WKDW�WKH�PHDQ�LQJHVWLRQ�RI�WRWDO�3%'(V�DYHUDJHG�����QJ�GD\�IRU�FKLOGUHQ��DQG�����IRU�

DGXOWV���+DUUDG�HW�DO���������XVHG�KRXVH�GXVW�PHDVXUHPHQWV�IURP�HLJKW�KRPHV�LQ�WKH�8QLWHG�

.LQJGRP�WR�HVWLPDWH�D�SRVVLEOH�UDQJH�RI�DGXOW�GXVW�LQJHVWLRQ�H[SRVXUHV�IURP�����WR����QJ�GD\�

WRWDO�%'(V��DQG�D�UDQJH�IRU�WRGGOHUV�RI�EHWZHHQ����DQG����QJ�GD\��

8QOLNH�WKHVH�SUHYLRXV�VWXGLHV�RQ�GXVW�LQJHVWLRQ�LQWDNHV�RI�3%'(V�ZKLFK�UHOLHG�RQ�SRLQW�

HVWLPDWHV�IRU�LQWDNH�UDWHV�DQG�GXVW�FRQFHQWUDWLRQV��3HWLWR�%R\FH�HW�DO���������XVHG�D�SUREDELOLVWLF�

H[SRVXUH�IUDPHZRUN�WR�HVWLPDWH�UDQJHV�RI�LQWDNHV�RI�%'(�����IRU�\RXQJ�FKLOGUHQ�DQG�DGXOWV���

7KH\�XVHG�D�ORJQRUPDO�GLVWULEXWLRQ�IRU�WKH�%'(�����LQ�GXVW��ZKLFK�DVVXPHG�D�JHRPHWULF�PHDQ�RI�

������QJ�J�DQG�D���WK�SHUFHQWLOH�RI�������QJ�J���7KH\�DOVR�DVVXPHG�D�ORJ�QRUPDO�GLVWULEXWLRQ�IRU�

FKLOG�VRLO�LQJHVWLRQ�DVVXPLQJ����DQG�����PJ�GD\�DV�JHRPHWULF�PHDQ�DQG���WK�SHUFHQWLOH��

UHVSHFWLYHO\��DQG�IRU�DGXOW�VRLO�LQJHVWLRQ��DVVXPHG�KDOI�WKDW�RI�FKLOGUHQ���7KH\�XVHG�D�FRPELQDWLRQ�

RI�SRLQW�HVWLPDWHV�DQG�GLVWULEXWLRQV�IRU�RWKHU�QHFHVVDU\�SDUDPHWHUV��ERG\�ZHLJKW��IUDFWLRQ�RI�WRWDO�

LQJHVWLRQ�WKDW�LV�GXVW��HWF��DQG�WR�PRGHO�VRLO�GHUPDO�FRQWDFW���7KH�PHDQ�DQG���WK�SHUFHQWLOH�

H[SRVXUH�WR�%'(�����YLD�GXVW�LQJHVWLRQ�DQG�GHUPDO�FRQWDFW�ZDV������DQG�����QJ�NJ�GD\�IRU�

DGXOWV�DQG�����DQG����QJ�NJ�GD\�IRU�FKLOGUHQ���,QWHUHVWLQJO\��WKH\�FRQGXFWHG�WKH�VDPH�DQDO\VLV�IRU�

(XURSHDQ�DQG�8QLWHG�.LQJGRP�FRQGLWLRQV���)RU�(XURSH��RWKHU�WKDQ�WKH�8QLWHG�.LQJGRP��WKH\�

IRXQG�ORZHU�LQWDNHV��EXW�IRU�WKH�8QLWHG�.LQJGRP��WKH\�IRXQG�LQWDNHV�DERXW�����WLPHV�KLJKHU�IRU�

ERWK�FKLOGUHQ�DQG�DGXOWV���:KLOH�%'(�����FRQFHQWUDWLRQV�KDYH�JHQHUDOO\�EHHQ�IRXQG�DW�KLJKHU�
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OHYHOV�LQ�WKH�8QLWHG�.LQJGRP�DV�FRPSDUHG�WR�WKH�8QLWHG�6WDWHV��WKLV�SDUWLFXODU�UHVXOW�ZDV�GULYHQ�

E\�D�ILQGLQJ�RI�WZR�YHU\�KLJK�FRQFHQWUDWLRQV�RI�%'(������ERWK�DERYH���������QJ�J��IRXQG�LQ�D�

VWXG\�RI����KRPHV�LQ�WKH�8QLWHG�.LQJGRP���7KHVH�ILQGLQJV�ZHUH�DOVR�IRXQG�WR�EH�KLJK�LQ�IROORZ�

XS�VDPSOLQJ��DQG�ZHUH�UHWDLQHG�LQ�WKH�DQDO\VLV�E\�3HWLWR�%R\FH�HW�DO����������

6LPLODU�WR�WKH�UHODWLRQVKLS�EHWZHHQ�RXWGRRU�VRLOV�DQG�KRXVH�GXVW��RXWGRRU�DLU�

FRQFHQWUDWLRQV�ZHUH�W\SLFDOO\�ORZHU�WKDQ�LQGRRU�DLU�PHDVXUHPHQWV��DQG��WKHUHIRUH��OLWHUDWXUH�

HVWLPDWHV�RI�LQKDODWLRQ�H[SRVXUHV�WR�3%'(V�KDYH�IRFXVHG�RQ�LQGRRU�DLU�FRQFHQWUDWLRQV���$OOHQ�HW�

DO���������SURYLGHV�WKH�PRVW�FRPSUHKHQVLYH�HYDOXDWLRQ�RI�LQGRRU�DLU�H[SRVXUHV�WR�3%'(V���7KH\�

XVHG�WKHLU�RZQ�PHDVXUHPHQWV�IURP����XUEDQ�UHVLGHQFHV�LQ�%RVWRQ��0$��PHDVXUHG�IURP�-DQXDU\�

WR�0DUFK��������7KH\�PHDVXUHG����FRQJHQHUV��LQFOXGLQJ�%'(�����%'(��������%'(�����%'(�����

%'(�����%'(���������%'(�����%'(������%'(������%'(������DQG�%'(�������7KH\�XVHG�WKHLU�

DLU�PHDVXUHPHQWV��DORQJ�ZLWK�GDWD�RQ�GXVW�FRQFHQWUDWLRQV�IURP�6WDSOHWRQ�HW�DO���������DQG�IRRG�

GDWD�IURP�6FKHFWHU�HW�DO�������E���DQG�FRPELQHG�WKHVH�ZLWK�H[SRVXUH�IDFWRUV�IURP�WKH�([SRVXUH�

)DFWRUV�+DQGERRN��8�6��(3$���������WR�HVWLPDWH�DGXOW�DQG�FKLOG�H[SRVXUHV�WR�DLU��IRRG��DQG�GXVW���

7KH\�HVWLPDWHG�WRWDO�H[SRVXUHV�ZLWK�³PHDQ´�GXVW�LQJHVWLRQ�UDWHV�RI������PJ�GD\�IRU�DGXOWV�DQG�

���PJ�GD\�IRU�FKLOGUHQ��DQG�³KLJK´�GXVW�LQJHVWLRQ�UDWHV�RI�����PJ�GD\�IRU�DGXOWV�DQG�����PJ�GD\�

IRU�FKLOGUHQ���)LQDOO\��WKH\�HVWLPDWHG�%'(�����H[SRVXUHV�VHSDUDWH�IURP�QRQ�%'(�����LQWDNHV���

7KH\�HVWLPDWHG�WRWDO�LQWDNH��QRQ�%'(�����SOXV�%'(������IRU�DGXOWV�DV����QJ�GD\�XVLQJ�³PHDQ´�

GXVW�LQJHVWLRQ�DQG�����QJ�GD\�XVLQJ�³KLJK´�GXVW�LQJHVWLRQ��ZLWK�%'(�����H[SODLQLQJ�����

�³PHDQ´��DQG������³KLJK´��RI�WKHVH�WRWDOV���)RU�FKLOGUHQ��DJHV��í���JHQHUDOO\��IRU�DVVLJQPHQW�RI�

H[SRVXUH�IDFWRUV���WRWDO�LQWDNHV�ZHUH������³PHDQ´��DQG�����QJ�GD\��³KLJK´���ZLWK�%'(�����

H[SODLQLQJ������³PHDQ´��DQG������³KLJK´����7KH\�IRXQG�LQKDODWLRQ�H[SRVXUHV�WR�DOO�FRQJHQHUV�

WR�EH�����LQ�WKH�³PHDQ´�VFHQDULR��EXW�PXFK�ORZHU�DW����IRU�³KLJK´�GXVW�VFHQDULR�IRU�DGXOWV��WKH�

LQIOXHQFH�RI�DLU�IRU�FKLOGUHQ�ZDV�PXFK�ORZHU��DW�OHVV�WKDQ������%'(�����WHQGHG�WR�EH�WKH�

SUHGRPLQDQW�FRQJHQHU�IRU�LQKDODWLRQ�H[SRVXUHV��JHQHUDOO\�H[SODLQLQJ�DERXW�����RI�WRWDO�

LQKDODWLRQ�H[SRVXUHV����

8VLQJ�GDWD�IURP�SDVVLYH�LQGRRU�DLU�LQ�D�&DQDGLDQ�VWXG\��:LOIRUG�HW�DO���������DVVXPHG�

VWDQGDUG�UHVWLQJ�UHVSLUDWLRQ�UDWHV�DQG�IRXQG�WKDW�WKH�PHGLDQ�H[SRVXUH�YLD�LQKDODWLRQ�ZDV�

����QJ�GD\�IRU�IHPDOHV�DQG�����QJ�GD\�IRU�PDOHV��ZKLFK�FRPSDUHV�WR�D�&DQDGLDQ�HVWLPDWH�RI�

���QJ�GD\�E\�GLHWDU\�LQWDNH���+D]UDWL�DQG�+DUUDG��������XVHG�SDVVLYH�DLU�PHDVXUHPHQWV�LQ�

���KRPHV�����RIILFHV��DQG���SULYDWH�FDU��DQG�DQ�LQKDODWLRQ�UDWH�RI����P��GD\��WR�HVWLPDWH�D�PHDQ�
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GDLO\�LQWDNH�YLD�LQKDODWLRQ�RI�����QJ�GD\�LQ�WKH�8QLWHG�.LQJGRP���+DUUDG�HW�DO���������XVHG�RWKHU�

DLU�GDWD�WR�FRQFOXGH�WKDW�DYHUDJH�LQKDODWLRQ�LQWDNHV�ZHUH���QJ�GD\�WRWDO�3%'(V�DQG�OHVV�LQ�WKH�

8QLWHG�.LQJGRP���8VLQJ�DLU�FRQFHQWUDWLRQ�GDWD�IURP�D�VWXG\�LQ�.XZDLW��*HYDR�HW�DO���������

HVWLPDWHG�LQKDODWLRQ�GRVHV�RI�����QJ�GD\�IRU�DGXOWV�DQG�����QJ�GD\�IRU�FKLOGUHQ��ZLWK�LQKDODWLRQ�

UDWHV�RI����P��GD\�IRU�DGXOWV�DQG�����P��GD\�IRU�FKLOGUHQ����+RZHYHU��0HQJ�HW�DO���������

HVWLPDWHG�LQKDODWLRQ�H[SRVXUHV�WR�3%'(V�XVLQJ�GDWD�RQ�RXWGRRU�XUEDQ�DLU�FRQFHQWUDWLRQV�IURP�

&KLQD���7KH\�IRXQG�PHGLDQ�H[SRVXUHV�GRVHV�WR�UDQJH�IURP����í����QJ�GD\���7KH\�QRWH�WKLV�LV�

KLJKHU�WKDQ�WKH�HVWLPDWHV�SURYLGHG�LQ�:LOIRUG�HW�DO���������DQG�+DUUDG�HW�DO����������EXW�WKH\�

FODLP�WKLV�LV�EHFDXVH�WKH\�LQFOXGHG�%'(�����LQ�WKHLU�HVWLPDWHV�XQOLNH�WKH�RWKHU�WZR�VWXGLHV��DQG�

WKLV�FRQJHQHU�GRPLQDWHG�WKH�DLU�SURILOHV���0DQGDODNLV�HW�DO���������VWXGLHG�DLU�FRQFHQWUDWLRQV�LQ�

FDUV�LQ�*UHHFH��DQG�FRPELQLQJ�WKHLU�PHDVXUHPHQWV�ZLWK�LQKDODWLRQ�UDWHV�DQG�WLPH�LQ�FDUV�SHU�GD\��

WKH\�HVWLPDWHG�LQKDODWLRQ�RI�WRWDO�3%'(V�ZKLOH�GULYLQJ��WR�UDQJH�EHWZHHQ��������WR�����QJ�GD\��

ZLWK�D�PHGLDQ�RI�����QJ�GD\���7KLV�H[SRVXUH�ZDV�GRPLQDWHG�E\�%'(������H[SODLQLQJ�DERXW�KDOI�

RI�DOO�H[SRVXUH���7KH\�DOVR�IRXQG�WKDW��GHVSLWH�WKH�VPDOO�DPRXQW�RI�WLPH�LQ�WKH�FDU��WKDW�WKLV�

DFWLYLW\�FRQWULEXWHG�����RI�RYHUDOO�GDLO\�LQKDODWLRQ�H[SRVXUH��

� 0RVW�GLUHFW�GRVH�HVWLPDWHV�LQ�WKH�OLWHUDWXUH�SHUWDLQ�WR�GLHWDU\�GRVH��DQG�WKH\�ZHUH�

GHYHORSHG�PRVWO\�E\�LQGLYLGXDOV�ZKR�DOVR�PHDVXUHG�IRRG�FRQFHQWUDWLRQV���(VWLPDWHV�RI�GRVH�

RULJLQDWH�IURP�WKH�8QLWHG�6WDWHV�DQG�RYHUVHDV��ZLWK�8�6��VWXGLHV�VXPPDUL]HG�KHUH�ILUVW���6FKHFWHU�

HW�DO�������E��FRPELQHG�WKHLU�PHDVXUHG�DYHUDJH�IRRG�FRQFHQWUDWLRQV�ZLWK�DYHUDJH�IRRG�

FRQVXPSWLRQ�UDWHV�WR�FDOFXODWH�DYHUDJH�LQWDNHV�IRU�YDULRXV�DJH�UDQJHV���í����í������í�����������

�������DQG�!�����DQG�IRU�PDOHV�DQG�IHPDOHV�VHSDUDWHO\���7RWDO�3%'(�LQWDNHV�UDQJHG�IURP�DERXW�

���í����QJ�NJ�ERG\�ZHLJKW�GD\�IRU�PDOHV�IHPDOHV�DERYH�WKH�DJH�RI�����WKLV�LV�WKH�UDQJH�RI�

DYHUDJH�LQWDNHV��GHULYHG�DV�QRWHG�DERYH�RYHU�WKH���DJH�UDQJHV�����������������������DQG�!�������

)RU�DJHV��í���PDOHV�DQG�IHPDOHV���WKH�LQWDNH�ZDV�HVWLPDWHG�DW�����QJ�NJ�GD\��DQG�IRU�DJHV��í���

�PDOHV�DQG�IHPDOHV���WKH�LQWDNH�ZDV�����QJ�NJ�GD\���,QGLYLGXDO�LQWDNHV�EHWZHHQ�%'(����DQG�

%'(����ZHUH�QHDUO\�LGHQWLFDO�IRU�PDOHV�DQG�IHPDOHV��UDQJLQJ�IURP�����WR�����QJ�NJ�GD\�DIWHU�

DJH��������í����QJ�NJ�GD\�IRU�WKH�WZR�HDUOLHU�DJH�UDQJHV���+XZH�HW�DO���������HVWLPDWHG�D�GLHWDU\�

LQWDNH�RI�3%'(V�IURP�PHDWV�IRU�D�FRQVXPHU�RI�³OHDQ�PHDWV´�����OLSLGV��ZDV�����QJ�NJ�GD\��

ZKLOH�D�³KLJKHU�IDW�PHDWV´�FRQVXPHU�KDG�DQ�LQWDNH�RI�����QJ�NJ�GD\���7KH�HVWLPDWHV�DUH�EDVHG�RQ�

DQ�DYHUDJH�ERG\�ZHLJKW�RI����NJ���)LVK��PHDW��DQG�IRZO�SURGXFWV�ZHUH�SXUFKDVHG�LQ�'HFHPEHU�

�����DQG�)HEUXDU\������IURP�WKUHH�GLIIHUHQW�IRRG�PDUNHWV�LQ�6DFUDPHQWR�DQG�(O�'RUDGR�+LOOV�LQ�
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1RUWKHUQ�&DOLIRUQLD��/XNVHPEXUJ�HW�DO�����������8VLQJ�DYHUDJH�GDLO\�LQWDNH�E\�DGXOWV�DQG�

FKLOGUHQ�WDNHQ�IURP�WKH�([SRVXUH�)DFWRUV�+DQGERRN��8�6��(3$���������GRVH�HVWLPDWHV�ZHUH�

SURYLGHG�ZLWK�WKHLU�GDWD���8VLQJ�WKH�KLJKHVW�DQG�ORZHVW�FRQFHQWUDWLRQV�PHDVXUHG�LQ�ZLOG�DQG�

IDUP�UDLVHG�ILVK��WKH�WKHRUHWLFDO�DYHUDJH�GDLO\�LQWDNHV�RI�3%'(V�WKURXJK�ILVK�LQJHVWLRQ�UDQJHG�

EHWZHHQ�����DQG�����QJ�NJ�GD\�LQ�FKLOGUHQ�DQG�EHWZHHQ������DQG�����QJ�NJ�GD\�LQ�DGXOWV���

$VVXPLQJ�WKH�KLJKHVW�DQG�ORZHVW�FRQFHQWUDWLRQV�PHDVXUHG�LQ�EHHI�DQG�FKLFNHQ�SURGXFWV��

WKHRUHWLFDO�DYHUDJH�GDLO\�LQWDNHV�RI�3%'(V�WKURXJK�LQJHVWLRQ�UDQJHG�EHWZHHQ�����DQG�

���QJ�NJ�GD\�LQ�FKLOGUHQ�DQG�EHWZHHQ�����DQG����QJ�NJ�GD\�LQ�DGXOWV���6WDVNDO�HW�DO���������

HVWLPDWHG�WKH�GLHWDU\�LQWDNH�RI�3%'(V�IURP�FRQVXPSWLRQ�RI�FDWILVK�WKDW�ZHUH�VWRUH�ERXJKW�RU�

ZLOG�FDXJKW��VHH�&KDSWHU���IRU�GLVFXVVLRQ�RI�WKH�VDPSOLQJ�DQG�PHDVXUHPHQW�RI�3%'(V�LQ�WKHVH�

FDWILVK����$VVXPLQJ�LQJHVWLRQ�UDWHV�RI�����DQG������J�GD\��ZKLFK�WKH\�GHVFULEH�DV�WKH�PHDQ�DQG�

WKH���WK�SHUFHQWLOH�UDWH�IRU�FRQVXPSWLRQ�RI�DOO�IUHVKZDWHU�ILQILVK�LQ�WKH�8QLWHG�6WDWHV���WKH\�

GHULYHG�D�UDQJH�RI�LQJHVWLRQ�RI������WR������QJ�NJ�GD\���7KLV�ZDV�EDVHG�RQ�WKH�PHDQ�WRWDO�

FRQFHQWUDWLRQ�RI�3%'(V��VXP�RI����FRQJHQHUV�LQFOXGLQJ�%'(������LQ�WKH�VDPSOH�RI����FDWILVK�����

7ZHOYH�VWXGLHV�ZHUH�IRXQG�SURYLGLQJ�GLHWDU\�GRVH�HVWLPDWHV�LQ�(XURSH�DQG�$VLD���%RFLR�

HW�DO���������HVWLPDWHG�WKDW�GLHWDU\�LQWDNH�HTXDOHG������QJ�GD\�IRU�WRWDO�3%'(V�IRU�DGXOWV�LQ�

6SDLQ��EDVHG�RQ�D�WRWDO�GLHW�VXUYH\���7KLV�ZDV�EDVHG�RQ�KRPRORJXH�JURXS�FRQFHQWUDWLRQV��D�ODWHU�

VXUYH\�RI�6SDQLVK�IRRGV�HYDOXDWLQJ����LQGLYLGXDO�FRQJHQHUV�DUULYHG�DW�DQ�HVWLPDWH�RI������QJ�GD\�

IRU�%'(V��*RPDUD�HW�DO�����������6FKXKPDFKHU�HW�DO���������XVHG�WKH�IRRG�FRQFHQWUDWLRQ�GDWD�RI�

%RFLR�HW�DO����������LQ�FRPELQDWLRQ�ZLWK�IRRG�FRQVXPSWLRQ�UDWHV�IRU�DQ�XUEDQ�DQG�LQGXVWULDO�DUHD�

RI�6SDLQ�WR�FDOFXODWH�GLHWDU\�LQWDNHV�RI�WRWDO�%'(V�RI�����XUEDQ��DQG�����LQGXVWULDO��QJ�GD\���

+DUUDG�HW�DO���������PHDVXUHG�3%'(V�LQ�GXSOLFDWH�GLHW�VDPSOHV�IURP�ERWK�YHJDQ�DQG�RPQLYRURXV�

GLHWV���7KH\�HVWLPDWHG�D�GLHWDU\�H[SRVXUH�DYHUDJH�RI�����QJ�GD\��PHGLDQ� ����QJ�GD\��XVLQJ�

FRQVXPSWLRQ�GDWD�IURP�WKH�VXUYH\���$GGLWLRQDOO\��DOWKRXJK�WKH\�GLG�QRW�HVWLPDWH�DQ�H[SRVXUH�

LQWDNH�IRU�WKH�YHJDQV��WKH\�SURYLGHG�WKH�RPQLYRURXV�DQG�YHJDQ�FRQFHQWUDWLRQV��DQG�LW�LV�QRWHG�

WKDW�WKH�YHJDQ�FRQFHQWUDWLRQV�ZHUH�DERXW�RQH�KDOI�WKH�RPQLYRURXV�FRQFHQWUDWLRQV���7KH\�QRWH�WKLV�

GLVFUHSDQF\�LV�QRW�DV�ODUJH�DV�WKH�GLVFUHSDQF\�IRU�RWKHU�323V��OLNH�GLR[LQV��ZKLFK�ELRFRQFHQWUDWH�

VXEVWDQWLDOO\�PRUH�LQ�DQLPDO�IDW���7KH\�FRXOG�QRW�H[SODLQ�WKLV�WUHQG�EXW�QRWHG�RWKHU�OLWHUDWXUH�

VKRZLQJ�VLJQLILFDQW�FRQFHQWUDWLRQV�LQ�YHJHWDWLYH�IRRG�SURGXFWV���.QXWVHQ�HW�DO���������FRPELQHG�

FRQFHQWUDWLRQV�IURP�D�PDUNHW�EDVNHW�VXUYH\�ZLWK�D�FRPSUHKHQVLYH�IRRG�FRQVXPSWLRQ�VXUYH\�WR�

HVWLPDWH�D�PHDQ�GDLO\�H[SRVXUH�RI������QJ�GD\��D�PHGLDQ�H[SRVXUH�RI������QJ�GD\��DQG�D�����
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H[SRVXUH�RI�������QJ�GD\�IRU�1RUZD\���:LWKRXW�ILVK��WKHVH�QXPEHUV�ZHUH�DERXW�RQH�WKLUG�DV�

PXFK��ZLWK�WKH�PHDQ�DW������QJ�GD\�DQG�WKH�PHGLDQ�DW������QJ�GD\���:KHQ�D�GLIIHUHQW�VXUYH\�

PRUH�VSHFLILF�WR�ILVK�W\SHV�ZDV�XVHG��WKH�PHGLDQ�URVH�WR������QJ�GD\��DQG�WKHQ�HYHQ�KLJKHU�ZKHQ�

D�UHFRPPHQGHG�GDLO\�DGGLWLRQDO�LQWDNH�RI�FRG�OLYHU�RLO�ZDV�DVVXPHG��ZKLFK�LV�UHFRPPHQGHG�E\�

WKH�1RUZHJLDQ�JRYHUQPHQW�DV�D�KHDOWK\�VXSSOHPHQW�ʊPHGLDQ�LQWDNH�URVH�WR�������QJ�GD\���$�

VLPLODU�FRPELQDWLRQ�RI�D�FRPSUHKHQVLYH�PDUNHW�EDVNHW�FRQVXPSWLRQ�VXUYH\�ZLWK�FRPSRVLWH�IRRG�

VDPSOHV�PHDVXUHG�IRU�3%'(V�ZDV�FRQGXFWHG�E\�%DNNHU�HW�DO���������IRU�WKH�1HWKHUODQGV���7KH\�

IRXQG�D�PHGLDQ�GLHWDU\�LQWDNH�RI������QJ�NJ�GD\��ZLWK�D���WK�SHUFHQWLOH�RI������QJ�NJ�GD\��

GRPLQDWHG�E\�GDLU\�DQG�ILVK�DW����DQG������UHVSHFWLYHO\���$Q�HVWLPDWH�RI����QJ�WRWDO�%'(V�GD\�

ZDV�GHULYHG�IRU�GLHW�RQO\�IRU�WKH�6ZHGLVK�JHQHUDO�SRSXODWLRQ��'DUQHUXG�HW�DO�����������

&RQFHQWUDWLRQV�LQ�D�PDUNHW�EDVNHW�VXUYH\�ZHUH�FRPELQHG�ZLWK�GLHWDU\�LQWDNHV�IURP�ILVK�DQG�ILVK�

SURGXFWV��PHDW��GDLU\��DQG�IDWV�RLOV���)LVK�SURGXFWV�FRQWULEXWHG�DERXW�KDOI�RI�WKH�WRWDO���0HDW��

GDLU\��DQG�IDWV�RLOV�FRQWULEXWHG�DERXW�����HDFK���8VLQJ�PRWKHU¶V�PLON�FRQFHQWUDWLRQ�RI�����QJ�J�

OZW��WKH\�HVWLPDWHG�DQ�LQIDQW�GRVH�RI�����QJ�GD\���%UDJLJDQG�HW�DO���������PHDVXUHG�VL[�%'(�

FRQJHQHUV��%'(�����%'(�����%'(�����%'(������%'(������DQG�%'(������LQ�VHYHUDO�ILVK�

VSHFLHV�LQ�WZR�PDMRU�HVWXDULHV�LQ�)UDQFH��WKH�/RLUH�DQG�WKH�6HLQH���&RPELQLQJ�LQJHVWLRQ�UDWHV��RQ�

D����NJ�DGXOW�EDVLV��IRU�NH\�VSHFLHV�ZLWK�PHDVXUHG�FRQFHQWUDWLRQV��WKH\�QRWHG�WRWDO�LQWDNHV�RI�

3%'(V�WR�EH������QJ�NJ�GD\�IRU�VKULPS�������QJ�NJ�GD\�IRU�VROH�DQG�IORXQGHU��DQG�

�����QJ�NJ�GD\�IRU�HHOV�����

%'(�����ZDV�QRW�LQFOXGHG�LQ�DQ\�RI�WKHVH�GLHWDU\�LQWDNHV�DQG�VXUYH\V���,QVWHDG��WKH�

VWDQGDUG�VXLWH�RI�%'(�FRQJHQHUV��%'(�����%'(�����%'(������%'(������DQG�%'(������ZDV�

LQFOXGHG���)RXU�VWXGLHV�ZHUH�IRXQG�WKDW�LQFOXGHG�%'(�����DV�ZHOO��RQH�RQ�ILVK�FRQVXPSWLRQ�LQ�

&KLQD��RQH�LQ�%HOJLXP��RQH�LQ�-DSDQ��DQG�RQH�LQ�WKH�8QLWHG�.LQJGRP���)LVK�FRQVXPSWLRQ�LQWDNHV�

ZHUH�GHWHUPLQHG�IRU�D�VXUYH\HG�JURXS�RI�LQGLYLGXDOV�LQ�&KLQD��DQG�WKH�PHGLDQ�GRVH�UDQJHG�IURP�

���í�����QJ�WRWDO�%'(�GD\�IRU�VHYHUDO�DJH�UDQJHV��0HQJ�HW�DO�����������:KLOH�LQFOXGLQJ�

%'(������LW�ZDV�IRXQG�LQ�RQO\����RI�����ILVK�VDPSOHV�XSRQ�ZKLFK�WKH�LQWDNH�HVWLPDWHV�ZHUH�

EDVHG���7KLV�FRXOG�KDYH�EHHQ�GXH�WR�WKH�KLJK�GHWHFWLRQ�OLPLW������QJ�J�ZZW��RI�WKLV�FRQJHQHU�

FRPSDUHG�WR�GHWHFWLRQV�OLPLWV�RI������í������QJ�J�ZZW�RI����RWKHU�FRQJHQHUV�PHDVXUHG���7KH�

RQH�LQ�%HOJLXP�GLG�QRW�LQFOXGH�LQGLYLGXDO�FRQJHQHU�EUHDNRXWV��EXW�LW�ZDV�VWDWHG�WKDW�%'(�����

ZDV�QHYHU�IRXQG�DERYH�WKH�OLPLW�RI�TXDQWLILFDWLRQ�LQ�DQ\�IRRG�VDPSOH���7KH�DYHUDJH�WRWDO�DGXOW�

LQWDNH�ZDV�RQO\����QJ�GD\��JHQHUDOO\�ORZ�EXW�LQ�OLQH�ZLWK�RWKHU�(XURSHDQ�VXUYH\V�WKDW�GLG�QRW�
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LQFOXGH�%'(������9RRUVSRHOV�HW�DO�����������$�WRWDO�GLHWDU\�VXUYH\�IURP�-DSDQ�LQFOXGHG�%'(�����

DPRQJ����FRQJHQHUV�PHDVXUHG��DQG�LW�ZDV�IRXQG�DW�QJ�J�OZW�OHYHOV�LQ�³IDWV�DQG�RLOV´��$NXWVX�HW�

DO�����������2YHUDOO��LQWDNH�RI�3%'(V�IURP�ILVK�GRPLQDWHG�WKH�WRWDO�GLHWDU\�LQWDNH�RI�3%'(V��

ZKLFK�DYHUDJHG�DERXW�����QJ�NJ�GD\�IRU�DJH�JURXSV�DERYH����\HDUV�ROG���)LVK�FRQFHQWUDWLRQV�

ZHUH�GRPLQDWHG�E\�%'(����EXW�KDG�FRQFHQWUDWLRQV�RI�HLJKW�RWKHU�FRQJHQHUV���%'(�����LQ�IDWV�

DQG�RLO�H[SODLQHG�DERXW�����WR�����WKH�WRWDO�LQWDNH�IRU�DOO�DJH�JURXSV���&KLOGKRRG�LQWDNHV��QRW�

LQFOXGLQJ�IRUPXOD�RU�EUHDVW�PLON��WRWDOHG������QJ�NJ�GD\�IRU�DJHV��í���%'(�����ZDV�

�����QJ�NJ�GD\��DQG������QJ�NJ�GD\�IRU�DJHV��í����%'(�����ZDV������QJ�NJ�GD\���

7KH�SUHVHQFH�RU�DEVHQFH�RI�%'(�����FRXOG�YHU\�ZHOO�EH�D�PDMRU�LVVXH�IRU�WKHVH�OLWHUDWXUH�

HVWLPDWHV�RI�(XURSHDQ�H[SRVXUHV��DV�D�GLHWDU\�HVWLPDWH�EDVHG�RQ�D�VXUYH\�WKDW�GLG�LQFOXGH�

%'(�����DUULYHG�DW�VXEVWDQWLDOO\�GLIIHUHQW�UHVXOWV���7KH�8.�)RRG�6XUYHLOODQFH�$JHQF\��)6$��

������UHFHQWO\�SXEOLVKHG�UHVXOWV�RI�D�IRRG�VXUYH\�LQFOXGLQJ�%'(�����DQG�TXLWH�DODUPLQJO\�IRXQG�

%'(�����DW�WKH�KLJKHVW�OHYHO�RI�DOO�%'(V��VHH�6HFWLRQ��������7KH\�HVWLPDWHG�H[SRVXUH�GRVHV�LQ�

FRQMXQFWLRQ�ZLWK�WKHLU�IRRG�FRQFHQWUDWLRQV�DQG�IRXQG�DYHUDJH�LQWDNHV�WRWDOLQJ�����QJ�NJ�GD\��RI�

ZKLFK�����QJ�NJ�GD\�ZDV�GXH�WR�%'(�������7KHVH�UHVXOWV�HLWKHU�DUH�TXHVWLRQDEOH�WKHPVHOYHV��RU�

DOWHUQDWHO\��WKURZ�LQWR�TXHVWLRQ�RWKHU�(XURSHDQ�VXUYH\V�RQ�³WRWDO´�GLHWDU\�GRVH�RI�%'(V�WKDW�

KDYH�QRW�PHDVXUHG�%'(�����LQ�WKH�IRRG���,W�LV�QRWHG�WKDW��LQ�D�VWXG\�RQ�%'(V�LQ�GXVW�LQ�(XURSH��

%'(�����GRPLQDWHG�VXEVWDQWLDOO\�RYHU�RWKHU�FRQJHQHUV��)DEUHOODV�HW�DO����������SURYLGLQJ�

VXSSRUW�WR�WKLV�ILQGLQJ�LQ�IRRG��DQG�VXJJHVWLQJ�WKDW�PXFK�RI�WKH�(XURSHDQ�OLWHUDWXUH�RQ�H[SRVXUH�

WR�%'(V�LV�LQFRPSOHWH�EHFDXVH�%'(�����ZDV�QRW�FRQVLGHUHG���

� -RQHV�2WD]R�HW�DO���������XVHG�PRGHOV��LQ�FRPELQDWLRQ�ZLWK�UHSRUWHG�IRRG�FRQFHQWUDWLRQV��

WR�SURYLGH�D�FRPSUHKHQVLYH�HYDOXDWLRQ�RI�H[SRVXUH�WR�3%'(V�SHUWLQHQW�WR�WKH�7RURQWR�XUEDQ�

HQYLURQPHQW���$�UHJLRQDO��PXOWLPHGLD�IDWH�PRGHO�WHUPHG�0XOWL�PHGLD�8UEDQ�0RGHO��080�)DWH��

ZDV�XVHG�WR�SUHGLFW�RXWGRRU�VRLO��RXWGRRU�DLU��LQGRRU��DQG�UHVLGHQWLDO�GXVW�FRQFHQWUDWLRQV�RI�

3%'(V���7KH�UHVXOWV�ZHUH�FRPELQHG�ZLWK�PHDVXUHG�FRQFHQWUDWLRQV�IURP�IRRG�DQG�PRWKHU¶V�PLON�

WR�GHWHUPLQH�SRWHQWLDO�H[SRVXUHV�RI�3%'(V�LQ�WKLV�FRPSOH[�H[HUFLVH���([SRVXUH�VFHQDULRV�

LQFOXGHG�WKH�IROORZLQJ��HOHYDWHG�LQGRRU�VRXUFHV��ILVK�HDWHU��RFFXSDWLRQDO�H[SRVXUH��IURP�DQ�

HOHFWURQLFV�UHF\FOLQJ�SODQW���DQG�H[SRVXUHV�H[SHULHQFHG�E\�IRXU�\RXQJHU�DJH�UDQJHG�LQGLYLGXDOV�

��í��PRQWKV���WRGGOHU����PRQWKVí��\HDUV���FKLOG���í���\HDUV���DQG�WHHQ����í���\HDUV����7KH\�

PRGHOHG�³WRWDO�3%'(�´�ZKLFK�LQFOXGHG�%'(�����%'(�����%'(������%'(������DQG�%'(�������

%'(�����ZDV�H[FOXGHG�GXH�WR�D�ODFN�RI�GDWD�LQ�PRVW�PHGLD���7KHLU�UHVXOWV�VXJJHVWHG�ILUVW�WKDW�
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���í����J�GD\�RI�3%'(V�ZHUH�UHOHDVHG�LQWR�WKH�����NP��PRGHOHG�DUHD��WKHVH�HPLVVLRQ�UDWHV�

UHVXOWHG�LQ�PRGHOHG�DLU�FRQFHQWUDWLRQV�WKDW�PDWFKHG�PHDVXUHG�FRQFHQWUDWLRQV���7KHLU�UHVXOWV�

VXJJHVW�D�UDQJH�RI�DYHUDJH�GDLO\�LQWDNH�IURP�DOO�VRXUFHV�WR�EH�����QJ�GD\�IRU�WKH�DGXOW�WR�

������QJ�GD\�IRU�WKH�LQIDQW����WR�����QJ�NJ�ERG\�ZHLJKW�>EZ@����1HDUO\�����QJ�GD\�RI�WKLV�DGXOW�

H[SRVXUH�LV�PRGHOHG�WR�FRPH�IURP�VRLO�GXVW�H[SRVXUHV��PDLQO\�KRXVH�GXVW�LQJHVWLRQ��GHUPDO�DQG�

LQKDODWLRQ�PLQLPDO����)RU�WRGGOHUV��RYHU�����RI�WKHLU�GDLO\�LQWDNH�RI�����QJ�GD\�FRPHV�IURP�GXVW�

LQJHVWLRQ���)ROORZLQJ�KRXVHKROG�GXVW��³GDLU\��PHDW��DQG�HJJV´�H[SRVXUH�FRQWULEXWHG�����RI�WRWDO�

H[SRVXUHV���2WKHU�H[SRVXUH�HVWLPDWHV�LQFOXGH�����QJ�GD\�IRU�WKH�ILVK�HDWHU�DQG�������QJ�GD\�IRU�

WKH�RFFXSDWLRQDO�H[SRVXUH���:KLOH�WKH�ILQGLQJ�WKDW�KRXVH�GXVW�FRQWULEXWHG�WKH�PRVW�WR�KXPDQ�

H[SRVXUH�IRU�DOO�VFHQDULRV��WKLV�KDV�WR�EH�FRQVLGHUHG�FDUHIXOO\�LQ�OLJKW�RI�WKH�GDWD�LQSXW�LQWR�WKH�

H[HUFLVH��SDUWLFXODUO\�WKH�IRRG�FRQFHQWUDWLRQV���,W�LV�QRWHG�WKDW�WKHLU�DVVXPSWLRQ�RI�WRWDO�

FRQFHQWUDWLRQ�IRU�GDLU\��PHDW��DQG�HJJV�ZDV�����SJ�J�ZZW��ZKLOH�6FKHFWHU�HW�DO�������E��IRXQG�

WKDW�WRWDO�%'(�UDQJHG�IURP����SSW�ZZW�WR�������SSW�ZZW�LQ����PHDW�VDPSOHV�FROOHFWHG�LQ�7H[DV���

7KHUHIRUH��LW�VHHPV�TXLWH�SRVVLEOH�WKDW�WKH�IRRG�FRQFHQWUDWLRQV�ZHUH�ORZHU�WKDQ�ZRXOG�EH�

DVVXPHG�KDG�WKH�HVWLPDWHV�EHHQ�GHYHORSHG�IRU�8�6��FRQGLWLRQV��

� 0F'RQDOG��������GHYHORSHG�D�GRVH�HVWLPDWH�VWDUWLQJ�IURP�ERG\�EXUGHQV�DQG�ZRUNLQJ�

EDFNZDUG�XVLQJ�3.�PRGHOLQJ���([DPLQLQJ���VWXGLHV�WKDW�HYDOXDWHG�3%'(�ERG\�EXUGHQV�LQ�

LQGLYLGXDO�ZRPHQ��VHUXP��PLON��DQG�DGLSRVH�WLVVXH�VWXGLHV���0F'RQDOG�IRXQG�WKDW�WKH�PHGLDQ�

FRQFHQWUDWLRQ�ZDV�DERXW����QJ�J�OZW��D�PHDQ�RI����QJ�J�OZW��DQG�D�����RI�����QJ�J�OZW���7KHVH�

WRWDOV�ZHUH�WKH�VXP�RI�%'(�&RQJHQHUV�%'(�����%'(�����%'(������%'(������DQG�%'(�������

0F'RQDOG�XVHG�D�VLPSOH�ILUVW�RUGHU��VLQJOH�FRPSDUWPHQW��OLSLG�FRPSDUWPHQW��3.�PRGHO�WR�

GHWHUPLQH�WKH�GRVH�UHTXLUHG�WR�REWDLQ�FRQJHQHU�VSHFLILF�ERG\�EXUGHQV���+H�DVVXPHG�

FRQJHQHU�VSHFLILF�DGVRUSWLRQV�UDQJLQJ�IURP�����í�������&RQJHQHU�VSHFLILF�KDOI�OLYHV�ZHUH�EDVHG�

RQ�UDW�GDWD�DQG�D�FRUUHODWLRQ�EHWZHHQ�UDW�DQG�KXPDQ�KDOI�OLYHV��UHVXOWLQJ�LQ�KDOI�OLYHV�RI���\HDUV�

IRU�%'(���������\HDUV�IRU�%'(���������\HDUV�IRU�%'(�����������\HDUV�IRU�%'(������DQG�

����\HDUV�IRU�%'(�������7KH�HVWLPDWHG�WRWDO�GRVH�RI�3%'(V��VXP�RI���FRQJHQHUV��ZDV������������

DQG������QJ�NJ�GD\�IRU�WKH�PHGLDQ��WKH�PHDQ��DQG�WKH�����FRQFHQWUDWLRQV��UHVSHFWLYHO\���+H�ZHQW�

IXUWKHU�WR�HYDOXDWH�WKLV�GRVH�OHYHO�LQ�WHUPV�RI�SRWHQWLDO�IRU�KHDOWK�LPSDFW��EDVHG�RQ�UDW�WHVWLQJ���+H�

IRXQG�WKDW�URGHQW�WR�KXPDQ�ERG\�EXUGHQ�FRQFHQWUDWLRQV�RI�FRQFHUQ�ZHUH����IRU�DOWHUDWLRQV�RI�

PDOH�DQG�IHPDOH�UHSURGXFWLYH�RUJDQV�LQ�UDWV������IRU�QHXURGHYHORSPHQWDO�HIIHFWV�LQ�PLFH��DQG�

�����IRU�QHXURGHYHORSPHQWDO�HIIHFWV�LQ�UDWV���7KH\�DOVR�ORRNHG�DW�RWKHU�LQWDNH�VWXGLHV�DQG�QRWHG�
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WKDW�DQ�LQWDNH�HVWLPDWH�RI����í���QJ�NJ�GD\�ZDV�GHULYHG�E\�FRPELQLQJ�IRRG�FRQFHQWUDWLRQV�DQG�

IRRG�LQWDNH�UDWHV�LQ�DQRWKHU�8�6��VWXG\�RQ�IRRG�LQWDNHV�RQO\���

� +D\V�DQG�3\DWW��������FRQGXFWHG�DQ�HYDOXDWLRQ�VLPLODU�WR�WKDW�RI�0F'RQDOG��������DERYH�

IRU�FDOFXODWLQJ�WKH�GRVH�RI�WKH�FRPPHUFLDO�SURGXFW�GHFD%'(��ZKLFK�LV�WDQWDPRXQW�WR�DQ�DQDO\VLV�

RI�%'(������VLQFH�WKLV�FRQJHQHU�FRPSULVHV�DERXW�����RI�WKH�FRPPHUFLDO�SURGXFW���:KLOH�WKHLU�

DQDO\VLV�IRFXVHG�RQ�LQIDQW�DQG�FKLOG�H[SRVXUHV�WR�VSHFLILF�SDWKZD\V�DQG�VFHQDULRV��DQG�ZDV�EDVHG�

RQ�D�IRUZDUG�LQWDNH�GRVH�PHWKRGRORJ\��WKH\�DOVR�SURYLGHG�DQ�HVWLPDWH�RI�³JHQHUDO�HQYLURQPHQWDO�

H[SRVXUHV´�EDVHG�RQ�EORRG�OHYHOV�RI�%'(�����XVLQJ�WKH�VLPSOH�EDFNZDUGV�3.�PRGHOLQJ�

DSSURDFK���%DVHG�RQ�D�OLPLWHG�VDPSOLQJ�RI�LQGLYLGXDOV�LQ�WKH�8QLWHG�6WDWHV��IURP�6MRGLQ�HW�DO���

������UHYLHZHG�LQ�6HFWLRQ�����������LQGLYLGXDOV��DJH�VH[�XQNQRZQ���WKH\�DVVXPHG�D�%'(�����

FRQFHQWUDWLRQ�LQ�EORRG�RI������QJ�J�OZW�WR�UHSUHVHQW�WKH�PHGLDQ�H[SRVXUH�DQG������QJ�J�OZW�WR�

UHSUHVHQW�WKH�XSSHU�HQG��8(��RI�H[SRVXUHV���7KH\�XVHG�PHGLDQ�KLJK�YDOXHV�IRU�KDOI�OLIH�RI�����

DQG�����GD\V��DQG�D�PHGLDQ�KLJK�PL[LQJ�YROXPH�RI�����DQG�����ERG\�ZHLJKW��HTXDO�WR�WKH�

YROXPH�RI�OLSLGV�LQ�DQ�DGXOW����8VH�RI�WKHVH�YDOXHV�UHVXOWV�LQ�DQ�³DEVRUEHG�GRVH�´��7R�GHULYH�WKHLU�

³LQWDNHV�´�WKH�DPRXQW�WR�ZKLFK�WKH�LQGLYLGXDO�ZDV�H[SRVHG�SULRU�WR�DEVRUSWLRQ��WKH\�GLYLGHG�WKHLU�

DEVRUEHG�GRVHV�E\������IRU�PHGLDQ�DQG������IRU�XSSHU�HQG��HTXDO�WR�DVVXPLQJ�WKDW����DQG����

ZHUH�DEVRUEHG����7KHVH�DEVRUSWLRQV�SHUWDLQ�WR�DOO�URXWHV�RI�H[SRVXUH���,Q�VXPPDU\��WKHLU�DQDO\VLV�

LQFOXGHG�GLIIHUHQW�FRQFHQWUDWLRQV��GLIIHUHQW�KDOI�OLYHV��GLIIHUHQW�PL[LQJ�YROXPHV��DQG�GLIIHUHQW�

DEVRUSWLRQ�DVVXPSWLRQV���,Q�WKHLU�DQDO\VLV�FRPELQLQJ�WKHVH�IDFWRUV��WKH\�IRXQG�D�PHGLDQ�LQWDNH�RI�

������QJ�NJ�GD\�DQG�DQ�XSSHU�HQG�LQWDNH�RI���������QJ�NJ�GD\�IRU�%'(�������7KHVH�YDOXHV�FDQ�

EH�FRPSDUHG�WR�WKH�LQWDNHV�RI�%'(�����GHULYHG�EHORZ�IRU�JHQHUDO�SRSXODWLRQ�H[SRVXUHV��

FDOFXODWHG�LQ�D�IRUZDUG�PDQQHU���,W�LV�IRXQG�WKDW�WKH\�DUH�VXEVWDQWLDOO\�KLJKHU�WKDQ�FDOFXODWHG�LQ�

WKLV�DVVHVVPHQW�XVLQJ�IRUZDUG�GRVH�PRGHOLQJ���:LWKRXW�SURYLGLQJ�GHWDLO�RQ�WKH�PHWKRGRORJLHV�LQ�

6HFWLRQ������WKH�XQDEVRUEHG�LQWDNH�RI�%'(�����IRU�DGXOWV�LV�FDOFXODWHG�DV�DERXW����QJ�NJ�GD\��

QHDUO\���RUGHUV�RI�PDJQLWXGH�ORZHU�WKDQ�WKH�³PHGLDQ´�HVWLPDWH�RI�+D\V�DQG�3\DWW���������QRWH��

���QJ�NJ�GD\�GHULYHG�IURP�WRWDOV�SURYLGHG�LQ�7DEOH������VHH�VHFWLRQ�EHORZ�IRU�PRUH�GHWDLO�RQ�

GHULYDWLRQ�RI�WKH�LQWDNHV�RQ�WKLV�WDEOH����7KLV�LV�D�VXEVWDQWLDO�GLIIHUHQFH�DQG�FRXOG�VXJJHVW�WKDW�WKH�

SURFHGXUHV�XVHG�EHORZ�WR�HVWLPDWH�LQWDNHV�DUH�XQGHUHVWLPDWLQJ�H[SRVXUHV�WR�%'(�����DQG�PD\EH�

RWKHU�FRQJHQHUV���+RZHYHU��RWKHU�GLIIHUHQFHV�FRXOG�EULQJ�WKH�QXPEHUV�WRJHWKHU���7KH�UHYLHZ�RI�

OLWHUDWXUH�EHORZ�VXJJHVWHG�KLJKHU�DEVRUSWLRQ�WKDQ�WKH����DVVXPHG�IRU�FDOFXODWLRQ�RI�WKH�PHGLDQ�

LQWDNH�RI�������QJ�NJ�GD\���)RU�WKH�PRGHOLQJ�EHORZ��WKH�DEVRUSWLRQ�IURP�GHUPDO�H[SRVXUH�WR�
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%'(�����ZDV����DQG�IRU�LQJHVWLRQ�RI�%'(�����E\�GXVW�LQJHVWLRQ�ZDV������7KHVH�WZR�SDWKZD\V�

H[SODLQ�RYHU�����RI�WRWDO�H[SRVXUH�LQ�WKH�HVWLPDWH�RI����QJ�NJ�GD\���$OVR��WKH�OLWHUDWXUH�UHYLHZ�

OHG�WR�DQ�DVVLJQPHQW�RI����GD\V�IRU�WKH�KDOI�OLIH�RI�%'(�����UDWKHU�WKDQ�����GD\V�DV�DVVXPHG�E\�

+D\V�DQG�3\DWW����������&KDQJLQJ�WKHLU�DVVXPSWLRQ�RI�DEVRUSWLRQ�WR�������IURP�����DQG�

KDOI�OLIH�WR����GD\V��IURP�����GD\V��ZRXOG�FKDQJH�WKHLU�HVWLPDWH�WR�����QJ�NJ�GD\��IURP�

������QJ�NJ�GD\�����

� :HEVWHU�HW�DO���������FRQGXFWHG�D�0RQWH�&DUOR�H[HUFLVH�RQ�H[SRVXUHV�WR�%'(����XVLQJ�

FRQFHQWUDWLRQV�RI�WKLV�FRQJHQHU�LQ�DLU��IRRG��GXVW��DQG�XVLQJ�WUDGLWLRQDO�H[SRVXUH�IDFWRUV�IURP�WKH�

([SRVXUH�)DFWRU¶V�+DQGERRN��8�6��(3$����������7KH\�GHULYHG�HVWLPDWHV�RI�H[SRVXUH�GRVH��LQ�

QJ�NJ�GD\��WR�LQIDQWV��\RXQJ�FKLOGUHQ��DQG�DGXOWV���7KHQ��XVLQJ�D�VLPSOH���FRPSDUWPHQW��

VWHDG\�VWDWH�DSSURDFK�DQG�DVVXPLQJ�D���\HDU�KDOI�OLIH��WKH\�HVWLPDWHG�ERG\�EXUGHQV�UHVXOWLQJ�

IURP�PHGLDQ�GRVHV�DQG�FRPSDUHG�WKDW�WR�VRPH�WLVVXH�GDWD���)URP�WKHLU�0RQWH�&DUOR�VLPXODWLRQV��

WKH�PHDQ�GRVH�WR�LQIDQWV��FKLOGUHQ��DQG�DGXOWV�ZHUH�������������DQG�����QJ�NJ�GD\��UHVSHFWLYHO\���

7KH�LQIDQW�GRVH�ZDV�GRPLQDWHG�E\�EUHDVW�PLON�LQJHVWLRQ��H[SODLQLQJ�����RI�GRVH���7KH�FKLOGUHQ¶V�

GRVH�ZDV�GRPLQDWHG�E\�WKH�GXVW�UHODWHG�H[SRVXUHV�RI�GHUPDO�������DQG�GXVW�LQJHVWLRQ��������

ZLWK�GLHW�EHLQJ�WKH�WKLUG�PRVW�LPSRUWDQW���������)RU�WKH�DGXOW��GLHW�GRPLQDWHG�DW��������ZKLOH�

GXVW�LQJHVWLRQ�������DQG�GHUPDO�������FRPSULVHG�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�UHPDLQLQJ�

H[SRVXUHV���6HYHUDO�XQFHUWDLQWLHV�ZHUH�LGHQWLILHG��DEVRUSWLRQ�IUDFWLRQV��FRQFHQWUDWLRQV�LQ�

H[SRVXUH�PHGLD��DQG�VR�RQ���%DVHG�RQ�WKH�PHGLDQ�DGXOW�GRVH������QJ�NJ�GD\���WKH�VWHDG\�VWDWH�

OLSLG�FRQFHQWUDWLRQ�ZDV�SUHGLFWHG�WR�EH���QJ�J�OZW���$VVXPLQJ�EUHDVW�PLON�OLSLG�FRQFHQWUDWLRQV�

ZHUH�VLPLODU�WR�RYHUDOO�ERG\�OLSLG�FRQFHQWUDWLRQV��WKLV�ZDV�ORZHU�WKDQ�WKH�DYHUDJH�%'(�

FRQFHQWUDWLRQ�IRXQG�LQ�RWKHU�8�6��VWXGLHV��ZKLFK�WKH�DXWKRU�FODLPHG�WR�DYHUDJH�DERXW����QJ�J�OZW���

7KH�DXWKRUV�VXJJHVWHG�SRVVLEOH�LVVXHV�ZLWK�H[SRVXUH�GRVH�DQG�3.�PRGHOLQJ�DVVXPSWLRQV����\HDU�

KDOI�OLIH�WRR�VKRUW����

� 6KH�HW�DO���������XVHG�WKH�UDWLR�RI�%'(����WR�%'(�����%'(��������DV�D�ZD\�RI�

XQGHUVWDQGLQJ�WKH�SRVVLEOH�VRXUFHV�RI�H[SRVXUH�WR�KXPDQV���7KH�VWXG\�HYDOXDWHG�GDWD�IURP�

QXPHURXV�VWXGLHV�WKDW�SURYLGHG�GDWD�WR�GHYHORS�UDWLRV�LQ�WKH�SHQWD�IRUPXODWLRQ��LQ�KRXVH�GXVW��DQG�

LQ�PRWKHU¶V�PLON��DQG�PDGH�REVHUYDWLRQV�LQ�HDFK���)RU�WKH�SHQWD�IRUPXODWLRQ��%'(����DQG�

%'(����DUH�SUHVHQW�DW�DERXW�WKH�VDPH�DPRXQW������HDFK��ZLWK�%'(�����DW������7KH�UDWLR�RI�

%'(����WR�%'(����LQ�8�6��KRXVH�GXVW�UDQJHG�IURP�����WR������ZLWK�DQ�DYHUDJH�UDWLR�RI�DERXW������

ZKLFK�ZRXOG�EH�FRQVLVWHQW�ZLWK�WKH�SHQWD�%'(�IRUPXODWLRQ�ZLWK�XVH�LQIRUPDWLRQ���7KLV�VXJJHVWV�
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WKH�ZLGHVSUHDG�XVH�RI�SHQWD�LQ�1RUWK�$PHULFD���7KH�YDULDWLRQ�LQ�WKH�UDWLR�FRXOG�EH�GXH�WR�

GHEURPLQDWLRQ�DQG�GLIIHUHQW�UDWHV�RI�YRODWLOL]DWLRQ�EHWZHHQ�WKH�FRQJHQHUV��EXW�RYHUDOO��8�6��GXVW�

DSSHDUV�FRQVLVWHQW�ZLWK�H[SHFWDWLRQV���8.�GXVW�VKRZHG�KLJK�OHYHOV�RI�%'(������ZKLFK�LV�

FRQVLVWHQW�ZLWK�WKH�GHFD�IRUPXODWLRQ���0RWKHU¶V�PLON��RQ�WKH�RWKHU�KDQG��VKRZHG�D�%'(����WR�

%'(����UDWLR�RI�����WR�����LQ�WKUHH�VWXGLHV��ZLWK�WKH�KLJKHVW�OHYHOV�LQ�PLON�WR�KDYH�D�UDWLR�PRUH�

OLNH�������7KHLU�H[SODQDWLRQV�DQG�GLVFXVVLRQV�IRFXVHG�RQ�WKHVH�SRLQWV������%'(����LV�PRUH�

ELRDFFXPXODWLYH�WKDQ�%'(�����VR�WKDW�DORQH�FRXOG�OHDG�WR�D�GRZQZDUG�VKLIW�LQ�WKH�UDWLR��L�H���

PRUH�SURPLQHQFH�RI�WKH�PRUH�ELRDFFXPXODWLYH�%'(����LQ�PRWKHU¶V�PLON�������WKLV�

ELRDFFXPXODWLRQ�WUHQG�H[WHQGV�QRW�RQO\�WR�GLUHFW�GXVW�H[SRVXUHV�E\�WKH�PRWKHU��EXW�PD\EH�PRUH�

LPSRUWDQWO\�WR�H[SRVXUHV�IURP�DQLPDOV�DQG�WKHQ�WR�H[SRVXUHV�IURP�DQLPDO�IRRG�SURGXFWV������WKLV�

ODWWHU�SRLQW�VXJJHVWV�WKDW�RQ�DYHUDJH��D����í����UDWLR�ZRXOG�VXJJHVW�D�SUHGRPLQDQW�SDWKZD\�E\�

IRRG��DQG�����WKH�KLJKHU�PRWKHU¶V�PLON�FRQFHQWUDWLRQV��ZKHQ�WKH�UDWLR�ZDV�PRUH�OLNH������PLJKW�

VXJJHVW�WKDW�GXVW�LV�DQ�LPSRUWDQW�SDWKZD\�DV�ZHOO��EHFDXVH�GXVW�LV�D�GLUHFW�H[SRVXUH�ZLWK�RQH�

ELRDFFXPXODWLRQ�VWHS��ZKLOH�IRRG�LV�D�VHFRQGDU\�SDWKZD\���

� 7KH�KLJKHVW�HVWLPDWHV�RI�H[SRVXUH�GRVH��RQ�D�ERG\�ZHLJKW��DUH�IRU�LQIDQWV�YLD�EUHDVW�PLON���

6FKHFWHU�HW�DO���������FDOFXODWHG�LQIDQW�LQWDNHV�WR�EH�����QJ�NJ�GD\��GRPLQDWHG�E\�%'(����DW�

����QJ�NJ�GD\��IROORZHG�E\�%'(����DW����QJ�NJ�GD\��DQG�%'(�����DW����QJ�NJ�GD\���$V�QRWHG�

DERYH��:HEVWHU�HW�DO���������FDOFXODWHG�DQ�LQWDNH�RI�������QJ�NJ�GD\�IRU�%'(����DORQH��DQG�

-RQHV�2WD]R�HW�DO���������PRGHOHG�DQ�LQWDNH�RI�����QJ�NJ�GD\�IRU�WRWDO�%'(V�IRU�LQIDQWV�DJHV�

�í��PRQWKV���7KH�ORZHVW�LQWDNH�HVWLPDWHV�ZHUH�IRU�EUHDVW�IHHGLQJ�LQIDQWV�LQ�&KLQD��ZKHUH�0HQJ�

HW�DO���������FDOFXODWHG�D�PHGLDQ�LQWDNH�RI�WRWDO�%'(V�WR�EH�DERXW��í��QJ�NJ�GD\�

�DJHV��í��\HDU����

� �
,Q�VXPPDU\��VRPH�RI�WKH�NH\�REVHUYDWLRQV�IURP�H[SRVXUH�DQG�H[SRVXUH�GRVH�HVWLPDWLRQ�LQFOXGH����

�
��� 2QO\�RQH�VWXG\�LQFOXGHG�D�FRPSUHKHQVLYH�HYDOXDWLRQ�DFURVV�SDWKZD\V�DQG�DJH�JURXSV��DV�

LV�GRQH�LQ�WKLV�UHSRUW��-RKQVRQ�5HVWUHSR�DQG�.DQQDQ����������7KH\�IRXQG�LQWDNHV�RI�WRWDO�
3%'(V�UDQJHG�IURP�����QJ�NJ�GD\�IRU�DGXOWV�WR������QJ�NJ�GD\�IRU�LQIDQWV��YLD�EUHDVW�
PLON������

�
��� 2Q�D�ERG\�ZHLJKW�EDVLV��DGXOW�H[SRVXUHV�IRU�WKH�GLHWDU\�SDWKZD\�DORQH�LQ�WKH�8QLWHG�

6WDWHV�DUH�HVWLPDWHG�LQ�WKH�UDQJH�RI����í����QJ�NJ�GD\���
�
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��� $OWKRXJK�QR�8�6��VWXGLHV�KDYH�HVWLPDWHG�LQKDODWLRQ�H[SRVXUHV��HVWLPDWHV�IRU�WKH�8QLWHG�
.LQJGRP��&DQDGD��DQG�RQH�VWXG\�LQ�.XZDLW�VXJJHVW�PXFK�ORZHU�H[SRVXUHV�LQ�WKH�UDQJH�
RI����í!����QJ�GD\��RU�DSSUR[LPDWHO\�������±�!�����QJ�NJ�GD\���

�
��� $GXOW�H[SRVXUHV�WR�3%'(V�LQ�GXVW�ZHUH�HVWLPDWHG�WR�EH�KLJKHU�WKDQ�H[SRVXUHV�IURP�

GLHWDU\�RU�LQKDODWLRQ�SDWKZD\V���([SRVXUH�WR�GXVW�UDQJHG�IURP�����WR�����QJ�NJ�GD\���
7KHVH�HVWLPDWHV�DUH�PDGH�EDVHG�RQ�YDFXXP�GXVW�VDPSOLQJ�FRPELQHG�ZLWK�GXVW�LQJHVWLRQ�
UDWHV�RI�����PJ�GD\���

�
��� (VWLPDWHV�IRU�LQGLYLGXDO�URXWHV�VXJJHVWHG�WKDW�H[SRVXUH�WR�GXVW�GRPLQDWHG�DGXOW�H[SRVXUH����

7KH�PDMRULW\�RI�VWXGLHV�ORRNLQJ�DW�PXOWLSOH�SDWKZD\V�FRQFOXGHG�WKDW�GXVW�H[SRVXUHV�PD\�
GRPLQDWH���+RZHYHU��WKHUH�ZDV�VRPH�XQFHUWDLQW\�LQ�WKH�OLWHUDWXUH�RQ�WKLV�SRLQW���2QH�VWXG\�
XVLQJ�0RQWH�&DUOR�WHFKQLTXHV�IRXQG�WKDW�DGXOW�H[SRVXUHV�WR�%'(����ZHUH�GRPLQDWHG�E\�
GLHW�������DV�FRPSDUHG�WR�GXVW�������DQG�GHUPDO�FRQWDFW�ZLWK�GXVW�������WKLV�ZDV�WKH�
RQO\�VWXG\�IRXQG�WKDW�ORRNHG�DW�GHUPDO�LPSDFWV����$QRWKHU�VWXG\�DVVXPHG�KRXVH�GXVW�
LQJHVWLRQ�ZDV����PJ�GD\��VR�WKDW�WKLV�SDWKZD\�UHVXOWHG�RQO\�LQ�D�%'(�LQWDNH�RI�DERXW�
��QJ�GD\����

�
��� &KLOG�DQG�WRGGOHU�H[SRVXUHV�ZHUH�KLJKHU�WKDQ�DGXOW�RQ�D�ERG\�ZHLJKW�EDVLV�

�DSSUR[LPDWHO\���QJ�NJ�GD\�YV������QJ�NJ�GD\��DQG�ZHUH�GRPLQDWHG�E\�GXVW�H[SRVXUHV���
�
��� ,QIDQW�H[SRVXUHV�ZHUH�GRPLQDWHG�E\�EUHDVW�PLON�LQJHVWLRQ��ZLWK�ERG\�ZHLJKW�EDVHG�

H[SRVXUHV�DERYH����QJ�NJ�GD\��ZLWK�RQH�HVWLPDWH�RYHU�����QJ�NJ�GD\���
 
��

���� (67,0$7(6�2)�%$&.*5281'�,17$.(6�2)�3%'(V�)25�$'8/76�
� 7KH�SURFHGXUHV�WR�HVWLPDWH�LQGLYLGXDO�LQWDNHV�RI�3%'(V�IRU�DGXOWV�ZHUH�GHYHORSHG�LQ�D�

PDQQHU�VLPLODU�WR�WKDW�GRQH�LQ�WKH�(3$�'UDIW�'LR[LQ�5HDVVHVVPHQW��8�6��(3$���������ZLWK�RQH�

LPSRUWDQW�DGGLWLRQ��DV�ZLOO�EH�GHVFULEHG�VKRUWO\���,QWDNHV�DUH�D�IXQFWLRQ�RI�FRQWDFW�UDWHV�LQ�

FRPELQDWLRQ�ZLWK�H[SRVXUH�PHGLD�FRQFHQWUDWLRQV���$V�LQ�WKH�'UDIW�'LR[LQ�5HDVVHVVPHQW��LQWDNHV�

DUH�GHILQHG�DV�WKH�DPRXQWV�RI�FRQWDPLQDQWV�FURVVLQJ�WKH�ERG\�ERXQGDU\�EXW�QRW�\HW�DEVRUEHG�LQWR�

WKH�EORRGVWUHDP���)RU�WKLV�UHDVRQ��DEVRUSWLRQ�IUDFWLRQV�DUH�QRW�DSSOLHG�WR�LQKDODWLRQ�DQG�LQJHVWLRQ�

LQWDNHV��WKH\�DUH�ODWHU�DSSOLHG�WR�HVWLPDWH�ERG\�EXUGHQ�LQ�WKH�XVH�RI�WKH�SKDUPDFRNLQHWLF�PRGHO���

$Q�DEVRUSWLRQ�IUDFWLRQ�ZDV��KRZHYHU��XVHG�IRU�WKH�GHUPDO�FRQWDFW�SDWKZD\��DV�WKLV�ZLOO�UHVXOW�LQ�

WKH�HVWLPDWLRQ�RI�DQ�DPRXQW�FURVVLQJ�WKH�VNLQ�ERXQGDU\���7KLV�DPRXQW�LV�FRQVLGHUHG�³DEVRUEHG�´�

DQG�QR�IXUWKHU�DEVRUSWLRQ�IUDFWLRQ�LV�UHTXLUHG�IRU�WKLV�GHUPDO�GRVH���7DEOH�����SURYLGHV�WKH�

H[SRVXUH�PHGLD�FRQFHQWUDWLRQV�WKDW�ZHUH�GHYHORSHG�LQ�&KDSWHU����DQG�7DEOH�����LQ�WKLV�FKDSWHU�

SURYLGHV�WKH�FRQWDFW�UDWHV��DQG�IRU�GHUPDO�H[SRVXUH��WKH�IXOO�GHUPDO�FRQWDFW�DOJRULWKP�����

�



� �����

Table 5-5�  Exposure pathways and factors for the PBDE intake dose 
estimatea 

�

Exposure factors; units Comment/description Adult Ages 
1í5 

Ages 
6í11 

Ages 
12í19 

%RG\�ZHLJKW��NJ� 8VHG�IRU�FRQYHUWLQJ�QJ�GD\�WR�QJ�NJ�
ERG\�ZHLJKW�GD\�

��� ��� ��� ���

6RLO�LQJHVWLRQ��PJ�G� &HQWUDO�WHQGHQF\�YDOXHV� ��� ���� ��� ���
6RLO�GHUPDO�FRQWDFW��PJ�G� 6XUIDFH�DUHD�WKDW�FRQWDFWV�WKH�VNLQ�

�������FP��G�IRU�DGXOWV��î�DPRXQW�VRLO�
DGKHULQJ�WR�VNLQ�������PJ�FP���
î�IUDFWLRQ�DEVRUEHG�WKURXJK�VNLQ�
��������DUHD�FRUUHVSRQGV�WR�KHDG��
KDQGV��IRUHDUPV��ORZHU�OHJV�

��� ���� ���� ���

,QKDODWLRQ��P��G� 8QSXEOLVKHG�HVWLPDWHV�IURP�UHFHQW�
VWXGLHV�DW������P��GD\�IRU�DGXOWV�

����� ���� ��� ���

)UDFWLRQ�LQGRRU� &KLOGUHQ�!���\HDUV�DQG�DGXOWV�DVVXPH�
���KU�G�����KU�G�IRU�FKLOGUHQ�

������ ������ ������ ������

:DWHU�LQJHVWLRQ��/�G� (VWLPDWHV�IURP�8�6��(3$��������VWLOO�
FRQVLGHUHG�FXUUHQW�

���� ����� ����� �����

0LON�LQJHVWLRQ��J�G� 'DWD�IURP�86'$�������� ���� ���� ���� ����
'DLU\�LQJHVWLRQ��J�G� 'DWD�IURP�86'$�������� ��� ���� ��� ���
(JJ�LQJHVWLRQ��J�G� 'DWD�IURP�8�6��(3$��������LQ�XQLWV�RI�

J�NJ�EZ�G��DVVXPHV�EZ�DERYH�
����� ������ ����� �����

%HHI�LQJHVWLRQ��J�G� 'DWD�IURP�8�6��(3$��������LQ�XQLWV�RI�
J�NJ�EZ�G��DVVXPHV�EZ�DERYH�

����� ��� ��� �����

3RUN�LQJHVWLRQ��J�G� 'DWD�IURP�8�6��(3$��������LQ�XQLWV�RI�
J�NJ�EZ�G��DVVXPHV�EZ�DERYH�

����� ���� ����� �����

3RXOWU\�LQJHVWLRQ��J�G� 'DWD�IURP�8�6��(3$��������LQ�XQLWV�RI�
J�NJ�EZ�G��DVVXPHV�EZ�DERYH�

��� ����� ����� �����

2WKHU�PHDW��J�G� 'DWD�IURP�8�6��(3$��������LQ�XQLWV�RI�
J�NJ�EZ�G��DVVXPHV�EZ�DERYH�

����� ����� ����� �����

)UHVKZDWHU�PDULQH�ILQ�ILVK��
J�G�

'DWD�GHYHORSHG�LQ�8�6��(3$���������
EDVHG�RQ�8�6��(3$��������

����� �� ���� ����

)UHVKZDWHU�PDULQH�VKHOOILVK��
J�G�

'DWD�GHYHORSHG�LQ�8�6��(3$���������
EDVHG�RQ�8�6��(3$��������

���� �� ���� ����

�

D$OO�H[SRVXUH�IDFWRUV�DQG�DSSURDFKHV�GHYHORSHG�LQ�(3$¶V�'LR[LQ�5HDVVHVVPHQW��8�6��(3$���������ZKLFK�UHOLHG�RQ�
(3$¶V�([SRVXUH�)DFWRUV�+DQGERRN��8�6��(3$��������DQG�86'$���������
��
�
� 7KH�LPSRUWDQW�DGGLWLRQ�WR�WKH�SURFHGXUHV�RULJLQDOO\�ODLG�RXW�IRU�GLR[LQ�OLNH�FRPSRXQGV��

DSSOLHG�KHUH�WR�3%'(V��UHODWHV�WR�WKH�LPSRUWDQFH�RI�WKH�LQGRRU�YHUVXV�WKH�RXWGRRU�HQYLURQPHQW���

7KH�'LR[LQ�5HDVVHVVPHQW�XVHG�DLU�FRQFHQWUDWLRQV�IURP�RXWGRRU�DPELHQW�DLU�PHDVXUHPHQWV�IRU�WKH�

LQKDODWLRQ�SDWKZD\��DQG�PHDVXUHPHQWV�RI�GLR[LQV�LQ�EDFNJURXQG�VRLOV�IRU�VRLO�LQJHVWLRQ�DQG�VRLO�



� �����

GHUPDO�FRQWDFW���,Q�WKH�FDVH�RI�GLR[LQV��WKH�SULPDU\�VRXUFHV�DUH�HPLVVLRQV�IURP�FRPEXVWLRQ�

VRXUFHV�LQWR�WKH�RSHQ�HQYLURQPHQW��ZLWK�VXEVHTXHQW�DFFXPXODWLRQ�LQ�RXWGRRU�VRLOV�DQG��RI�

SULPDU\�LPSRUWDQFH�WR�GLR[LQ�H[SRVXUH��LQ�WKH�WHUUHVWULDO�DQG�DTXDWLF�IRRG�FKDLQV���,Q�FRQWUDVW��WKH�

SULPDU\�FDXVH�IRU�3%'(�H[SRVXUHV�LV�WKHLU�XVH�LQ�FRPPHUFLDO�SURGXFWV�WKDW�DUH�SDUW�RI�WKH�LQGRRU�

HQYLURQPHQW��3&�FLUFXLWU\��IRDP�FXVKLRQV��HWF����DQG��DV�GHVFULEHG�LQ�&KDSWHU����LQGRRU�DLU�DQG�

KRXVH�GXVW�FRQFHQWUDWLRQV�RI�3%'(V�DUH�RUGHUV�RI�PDJQLWXGH�KLJKHU�WKDQ�RXWGRRU�DLU�DQG�VRLO���

7KHUHIRUH��WKH�XVH�RI�RXWGRRU�PHDVXUHPHQWV�LQ�DLU�DQG�VRLO�GRHV�QRW�DSSHDU�DSSURSULDWH�IRU�

LQKDODWLRQ�DQG�VRLO�GXVW�SDWKZD\V�IRU�3%'(V���6MRGLQ�HW�DO�������E��DQG�6WDSOHWRQ�HW�DO���������

����E��UHFRJQL]HG�WKH�LPSRUWDQFH�RI�H[SRVXUH�WR�KRXVH�GXVW�ZKHQ�FDOFXODWLQJ�GXVW�LQJHVWLRQ�

LQWDNHV�LQ�WKH�KXQGUHGV�WR�WKRXVDQGV�RI�QJ�GD\�WRWDO�3%'(V�IRU�DGXOWV�DQG�FKLOGUHQ���7KHLU�LQWDNH�

FDOFXODWLRQV�XVHG�³VRLO�LQJHVWLRQ´�FRQWDFW�UDWHV��DSSO\LQJ�WKHP�LQ�WRWDO�WR�WKHLU�KRXVH�GXVW�

PHDVXUHPHQWV��DV�WKRXJK�WKH�HQWLUH�FRQWDFW�IURP�³VRLO´�ZDV��LQ�IDFW��IURP�³KRXVH�GXVW�´��,Q�

FRQWUDVW�WR�WKHLU�FDOFXODWLRQV�RI�GXVW�H[SRVXUH�LQWDNHV�LQ�WKH�KXQGUHGV�RI�QJ�GD\��WKHLU�GLHW�LQWDNHV�

�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��ZHUH�DOZD\V�XQGHU�����QJ�GD\�WRWDO�3%'(V���7KLV�VKRZV�WKH�

LPSRUWDQFH�RI�H[SRVXUHV�WR�KRXVH�GXVW�DQG�LQGRRU�DLU��

� 7KH�DSSURDFK�WDNHQ�LQ�WKLV�DVVHVVPHQW�LV�WR�HVWLPDWH�D�ZHLJKWHG�DYHUDJH�FRQFHQWUDWLRQ�RI�

³GXVW�VRLO´�DQG�DLU��ZKLFK��LQ�WKHRU\��FRQVLGHUV�ZKDW�SRUWLRQ�RI�WRWDO�VRLO�LQJHVWLRQ�GHUPDO�FRQWDFW�

DQG�LQKDODWLRQ�FRPHV�IURP�KRXVH�GXVW�DQG�LQGRRU�DLU���7KH�VXUURJDWH�XVHG�WR�HVWLPDWH�WKLV�SRUWLRQ�

ZLOO�EH�³WLPH�VSHQW�LQGRRUV�´��7KH�([SRVXUH�)DFWRUV�+DQGERRN��8�6��(3$��������SURYLGHV�WDEOHV�

RQ�KRXUV�GD\�VSHQW�LQGRRUV��DQG�IRU�DGXOWV��WKH�UHFRPPHQGHG�QXPEHU�RI�KRXUV�GD\�LV�����ZKLFK�

LV��������RU��H[SUHVVHG�DV�D�IUDFWLRQ���������RI�WKH�WLPH���7KHUHIRUH��D�ZHLJKWHG�DYHUDJH�

FRQFHQWUDWLRQ��&>DYJ@��RI�³VRLO�GXVW´�DQG�DLU�WKDW�ZLOO�EH�XVHG�LQ�WKH�DGXOW�VRLO�LQJHVWLRQ��VRLO�

GHUPDO�FRQWDFW��DQG�LQKDODWLRQ�SDWKZD\V�LV�&�KRXVH�GXVW�LQGRRU�DLU��î���������&�RXWGRRU�

VRLO�RXWGRRU�DLU��î���������7KLV�DSSURDFK�VLPSOLVWLFDOO\�DVVXPHV�WKDW�H[SRVXUHV�DUH�SURSRUWLRQDO�

WR�WLPH�LQGRRUV�YHUVXV�RXWGRRUV��ZKLFK�FRXOG�EH�WRWDOO\�LQFRUUHFW�IRU�VRLO�SDWKZD\V�LI��LQ�IDFW��WKH�

DFWXDO�H[SRVXUHV�WR�GXVW�VRLO�DOO�ZHUH�WR�WDNH�SODFH�RXWGRRUV���,Q�FRQWUDVW��WKLV�LV�D�UHDVRQDEOH�

DSSURDFK�IRU�LQKDODWLRQ���$FFRUGLQJ�WR�WKH�([SRVXUH�)DFWRUV�+DQGERRN��FKLOGUHQ�XQGHU����\HDUV�

RI�DJH�VSHQG����KRXUV�SHU�GD\�LQGRRUV��VR�WKHLU�IUDFWLRQ�LQGRRUV�ZLOO�EH���������&KLOGUHQ�DJHV����

DQG�KLJKHU�VSHQG�WKH�DGXOW�QXPEHU�RI����KRXUV�SHU�GD\�LQGRRUV����

� 7DEOH�����SURYLGHV�DOO�RI�WKH�H[SRVXUH�SDUDPHWHUV�DQG�D�EULHI�GHVFULSWLRQ�RI�WKH�SDWKZD\V���

7DEOH�����SURYLGHV�WKH�ILQDO�DGXOW�LQWDNH�HVWLPDWHV�IRU�WKH����3%'(V�IRU�ZKLFK�HQYLURQPHQWDO�



�

�
���� 

Table 5-6�  Congener-specific and total adult intake estimates of PBDEs (exposures in units of ng/day)D�
�

Exposure 
pathways 17 28 47 66 85 99 100 138 153 154 183 197 206 209 Total Fraction 

+RXVH�GXVW�
LQJHVWLRQ�

����� ����� ������ ����� ����� ������� ������ ����� ������ ����� ����� ����� ����� ������� ������� �����

+RXVH�GXVW�
GHUPDO�FRQWDFW�

����� ����� ������ ����� ����� ������ ����� ����� ����� ����� ����� ����� ����� ������ ������ �����

,QKDODWLRQ� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

:DWHU�
LQJHVWLRQ�

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

0LON�LQJHVWLRQ� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

'DLU\�
LQJHVWLRQ�

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

(JJ�LQJHVWLRQ� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

%HHI�LQJHVWLRQ� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

3RUN�LQJHVWLRQ� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

3RXOWU\�
LQJHVWLRQ�

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

2WKHU�PHDWV� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

)UHVK�PDULQH�
ILQILVK�

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

)UHVK�PDULQH�
VKHOOILVK�

����� ����� ������ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ������ �����

727$/� ����� ����� ������� ����� ����� ������� ������ ����� ������ ����� ����� ����� ����� ������� ������� �

)UDFWLRQ�RI�
WRWDO�

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� � �����

�
D7KH�VXP�RI�GXVW�LQJHVWLRQ�DQG�GXVW�GHUPDO�FRQWDFW�URXQGV�WR������UDWKHU�WKDQ�������DQG�VLPLODUO\��WKH�VXP�RI�DOO�RWKHU�SDWKZD\V�URXQGV�WR������UDWKHU�WKDQ��������
7KHVH�URXQGHG�IUDFWLRQV�������DQG�������ZHUH�XVHG�LQ�WKH�WH[W�WR�GHVFULEH�WKH�GLIIHUHQFH�LQ�GXVW�YHUVXV�RWKHU�SDWKZD\V�



� �����

PHGLD�FRQFHQWUDWLRQV�ZHUH�GHULYHG�LQ�&KDSWHU�����7KH�WRWDO�GRVH�WR�DGXOWV�ZDV�����QJ�GD\��RU�RQ�

D�ERG\�ZHLJKW�EDVLV�DVVXPLQJ�D����NJ�DGXOW������QJ�NJ�GD\���7KH�IROORZLQJ�DUH�NH\�REVHUYDWLRQV�

IURP�7DEOH������DQG�VRPH�DFFRPSDQ\LQJ�GLVFXVVLRQ��

�

��� 3UHGRPLQDQFH�RI�WKH�'XVW�3DWKZD\V�

�

�*LYHQ�WKH�SURFHGXUHV�DQG�SDUDPHWHUV�LQ�7DEOH������
FRXSOHG�ZLWK�WKH�PHGLD�FRQFHQWUDWLRQV�SURYLGHG�LQ�7DEOH������LW�ZRXOG�DSSHDU�WKDW�WKH�
SDWKZD\V�RI�GXVW�LQJHVWLRQ�DQG�GXVW�GHUPDO�FRQWDFW�RYHUZKHOP�WKH�H[SRVXUH�RI�DGXOWV�WR�
3%'(V���'XVW�LQJHVWLRQ�DQG�GHUPDO�FRQWDFW�WRJHWKHU�DFFRXQW�IRU�����RI�WKH�WRWDO�
H[SRVXUH���7KH�HVWLPDWH�RI�����QJ�GD\�RI�3%'(V�YLD�GXVW�LQJHVWLRQ�LV�FRQVLVWHQW�ZLWK�
6MRGLQ�HW�DO�������E���ZKR�FDOFXODWHG�DQ�LQWDNH�RI�����QJ�GD\�DVVXPLQJ�D�GXVW�LQJHVWLRQ�
UDWH�RI�����PJ�GD\�DQG�FRPSDUDEOH�3%'(�GXVW�FRQFHQWUDWLRQV�DV�ZHUH�XVHG�LQ�WKLV�
H[HUFLVH���,W�LV�KLJKHU�WKDQ�WKH�PHGLDQ�HVWLPDWH�RI�����QJ�GD\�IRU�DGXOWV�HVWLPDWHG�E\�
6WDSOHWRQ�HW�DO�������E��EDVHG�RQ�PHDVXUHPHQWV�RI�3%'(V�RQ�KDQGV�DQG�WKHQ�DQ�
HPSLULFDO�PRGHO�WR�FDOFXODWH�LQWDNHV���7KH�HVWLPDWH�RI�WKH�3%'(�LQWDNH�E\�GXVW�LQJHVWLRQ�
LV�OLQHDUO\�UHODWHG�WR�WKH�GXVW�LQJHVWLRQ�UDWH�DQG�WKH�3%'(�FRQFHQWUDWLRQ���7KHUHIRUH��XVH�
RI�D�ORZHU�UDWH�RI�GXVW�LQJHVWLRQ��VXFK�DV�WKH������PJ�GD\�XVHG�E\�6WDSOHWRQ�HW�DO����������
ZRXOG�OHDG�WR�D�PXFK�ORZHU�LQJHVWLRQ�RI�3%'(�E\�WKH�GXVW�LQJHVWLRQ�SDWKZD\���)XUWKHU�
GLVFXVVLRQV�RQ�WKH�XQFHUWDLQW\�RI�WKLV�SDWKZD\�DUH�SURYLGHG�LQ�6HFWLRQ�����EHORZ����

��� 3UHYDOHQFH��RU�/DFN�7KHUHRI��RI�)RRG�([SRVXUHV�

(XURSH�DQG�$VLD���6WXGLHV�RQ�KRXVH�GXVW�FRQFHQWUDWLRQV�IRU�ORFDWLRQV�RXWVLGH�RI�WKH�
8QLWHG�6WDWHV�WHQG�WR�VKRZ�ORZHU�FRQFHQWUDWLRQV�RI�3%'(V��H[FHSW�IRU�%'(������VHH�
GLVFXVVLRQV�LQ�&KDSWHU�����DQG�VR�IRU�(XURSH�DQG�$VLD��IRRG�YHU\�OLNHO\�GRPLQDWHV�RYHUDOO�
H[SRVXUH���)RU�WKH�8QLWHG�6WDWHV��WKH�OLWHUDWXUH�LV�QRZ�EHJLQQLQJ�WR�UHFRJQL]H�WKH�
LPSRUWDQFH�RI�WKH�GXVW�SDWKZD\��DQG�PXFK�PRUH�ZRUN�RQ�GXVW�H[SRVXUHV�KDV�RFFXUUHG�
VLQFH�DERXW�������VHH�VXPPDULHV�LQ�6HFWLRQ�����������

�$IWHU�GXVW�H[SRVXUHV��DERXW�����RI�
H[SRVXUHV�DUH�GXH�WR�LQKDODWLRQ�DQG�IRRG�ZDWHU�LQJHVWLRQ���,Q�FRQWUDVW�WR�WKLV�ILQGLQJ��WKH�
OLWHUDWXUH�KDV�DQ�DEXQGDQFH�RI�GLHWDU\�VXUYH\V�RI�3%'(V�DQG�GLVFXVVLRQV�RQ�H[SRVXUH�YLD�
IRRG�FRQVXPSWLRQ���$�VLJQLILFDQW�SRUWLRQ�RI�WKLV�OLWHUDWXUH�GHDOV�ZLWK�IRRG�H[SRVXUHV�LQ��

�
��� 'LVWULEXWLRQ�RI�'RVH�$PRQJ�%'(�&RQJHQHUV��7KH�SHUFHQWDJH�RI�WRWDO�GRVH�DWWULEXWHG�WR�

%'(�����%'(�����DQG�%'(�����DUH�DERXW�HTXDO�DW�����������DQG������UHVSHFWLYHO\��
IROORZHG�E\�%'(�����DW������IRU�D�WRWDO�RI�����DPRQJ�WKRVH�IRXU�FRQJHQHUV���
'XVW�UHODWHG�H[SRVXUHV�GRPLQDWHG�IRU�WKH�LQGLYLGXDO�FRQJHQHUV���)RU�%'(�����%'(�����
DQG�%'(������GXVW�LQJHVWLRQ�DQG�GXVW�GHUPDO�FRQWDFW�H[SODLQHG�����������DQG������
UHVSHFWLYHO\���([SRVXUHV�WR�%'(������%'(������DQG�%'(�����ZHUH�DOO�ORZ��DW�EHWZHHQ�
�í���RI�WRWDO���%'(������JHQHUDOO\�FRQVLGHUHG�WR�EH�D�PDUNHU�IRU�WKH�SUHVHQFH�RI�WKH�RFWD�
3%'(�IRUPXODWLRQ��DOWKRXJK�LW�FRXOG�EH�SUHVHQW�LQ�HQYLURQPHQWDO�PHGLD�DV�D�UHVXOW�RI�
GHEURPLQDWLRQ�RI�KLJKHU�EURPLQDWHG�%'(V�VXFK�DV�%'(������ZDV�D�VPDOO�FRQWULEXWRU�WR�
RYHUDOO�GRVH��DW������$OWKRXJK�DW�OHDVW�VRPH�PHDVXUHPHQWV�ZHUH�PDGH�RI�DOO�WKH�
FRQJHQHUV�RQ�7DEOH������LW�ZRXOG�DSSHDU�WKDW�IURP�D�GRVH�SHUVSHFWLYH��SHUKDSV�%'(�����
%'(�����%'(�����%'(������DQG�%'(�����FDQ�EH�QHJOHFWHG���+RZHYHU��IURP�D�ERG\�
EXUGHQ�SHUVSHFWLYH��%'(����PDNHV�XS�EHWZHHQ��í���RI�WRWDO�ERG\�EXUGHQ��ZKLOH�
%'(������ZKLFK�PDNHV�XS����RI�WKH�GRVH��LV�YLUWXDOO\�DEVHQW�LQ�ERG\�WLVVXHV���7KLV�
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H[HPSOLILHV�KRZ�HYDOXDWLQJ�ERWK�GRVH�DQG�ERG\�EXUGHQ�FDQ�LPSURYH�WKH�XQGHUVWDQGLQJ�RI�
H[SRVXUH�WR�WKLV�FODVV�RI�FRPSRXQGV���

�

���� &219(57,1*�$'8/7�,17$.(�'26(�72�%2'<�%85'(1�
 7KH�LQWDNH�GRVHV�LQ�WKH�SUHYLRXV�VHFWLRQ�ZLOO�EH�FRQYHUWHG�WR�ERG\�EXUGHQV�LQ�WKLV�VHFWLRQ���

$VVXPLQJ�ILUVW�RUGHU�NLQHWLFV�DQG�WKDW�3%'(V�DFFXPXODWH�LQ�ERG\�OLSLGV��WKH�HTXDWLRQ�IRU�WKH�

FKDQJH�LQ�OLSLG�FRQFHQWUDWLRQV�RYHU�WLPH�LV��VHH�HT������

�

� į&%'(�įW� �>��'%'(�W��î�$%6%'(��%/�W��@�í�N�î�&%'(�W�� ������

�

ZKHUH��

�

&%'(�  � WKH�FRQJHQHU�VSHFLILF�OLSLG�EDVHG�FRQFHQWUDWLRQ�RYHU�WLPH�QJ�J�OZW��

'%'(�  � WKH�GDLO\�GRVH�RI�%'(��QJ�GD\��

$%6%'(�  � WKH�FRQJHQHU�VSHFLILF�DQG�URXWH�VSHFLILF�DEVRUSWLRQ�IUDFWLRQ�

%/�W��  � WKH�ERG\�OLSLG�PDVV�RYHU�WLPH��J��

N�  � WKH�ILUVW�RUGHU�HOLPLQDWLRQ�UDWH�RI�WKH�FRQJHQHU�LQ�WKH�ERG\��GD\í������

$V�SUHVHQWHG�KHUH��N�LV�DVVXPHG�WR�EH�D�FRQVWDQW��EXW�LW�WRR�FRXOG�YDU\�RYHU�WLPH���7KH�VROXWLRQ�WR�

WKLV�SDUWLDO�GLIIHUHQWLDO�HTXDWLRQ�LV��

�

� &%'(�W�� �&%'(����î�H�íNW����>��'%'(��W��î�$%6%'(����%/�W��@�î�>���í�HíNW��N@� ������

�

ZKHUH��

�

&%'(����  � WKH�LQLWLDO�ERG\�EXUGHQ�DW�WLPH����

�

$VVXPLQJ�D�FRQVWDQW�%/�DQG�D�FRQVWDQW�GRVH�RYHU�WLPH��WKH�VWHDG\�VWDWH�OLSLG�FRQFHQWUDWLRQ��L�H���

ZKHQ�W�DSSURDFKHV�LQILQLW\��LV�HDVLO\�FDOFXODWHG�DV��

�

� &%'(� ��'%'(�î�$%6%'(���N�î�%/�� ������

�
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� (TXDWLRQ�����LV�XVHG�KHUH�WR�HVWLPDWH�DQ�DGXOW�ERG\�EXUGHQ��XVLQJ�WKH�FRQJHQHU�VSHFLILF�

DGXOW�GRVHV�SURYLGHG�LQ�7DEOH�������,W�LV�DVVXPHG�WKDW�ERGLHV�DUH�����OLSLG��OHDGLQJ�WR�D�%/�YDOXH�

RI��������J���(VWLPDWHV�RI�DEVRUSWLRQ�IRU�RWKHU�323V��GLR[LQV�DQG�3&%V��ZKHQ�LQJHVWHG�RQ�VRLO�

ZHUH�LQ�WKH�UDQJH�RI������WR�������DQG�LW�ZDV�QRWHG�WKDW�GLR[LQV�PLJKW�EH�PRUH�ELRDYDLODEOH�RQ�

KRXVH�GXVW�DV�FRPSDUHG�WR�VRLO��3DXVWHQEDFK�HW�DO���������������$76'5����������+XZH�HW�DO��

�������VWXGLHG�WKH�UHWHQWLRQ�DQG�H[FUHWLRQ�RI�%'(�FRQJHQHUV�DGPLQLVWHUHG�WR�PDOH�UDWV�LQ�FRUQ�

RLO�DQG�KRXVHKROG�GXVW��1DWLRQDO�,QVWLWXWHV�RI�6WDQGDUGV�DQG�7HFKQRORJ\�UHIHUHQFH�PDWHULDO����

7KH�UDWV�ZHUH�GRVHG�DW�D�³KLJK´�GRVH�RI����J�NJ�GD\�RU�D�³ORZ´�GRVH�RI����J�NJ�GD\���7KH\�ZHUH�

IHG�WKLV�DPRXQW�IRU����GD\V�DQG�WKHQ�NLOOHG����KRXUV�DIWHU�WKH�ODVW�IHHGLQJ���)LIWHHQ�%'(�

FRQJHQHUV�ZHUH�PHDVXUHG�LQ�DGLSRVH�WLVVXH�DQG�OLYHU��DQG�IHFHV�FROOHFWHG�GXULQJ�WKH�H[SHULPHQW�

ZHUH�DOVR�PHDVXUHG�WR�SURYLGH�D�PDVV�EDODQFH���%\�FDOFXODWLQJ�WKH�DPRXQWV�³UHWDLQHG´�IURP�WKH�

GRVH�LQ�WKH�ERG\�E\�WKLV�PDVV�EDODQFH��WKH\�FRXOG�VXUPLVH�DEVRUSWLRQ�E\�WKLV�DPRXQW�UHWDLQHG���

7KH�UHWHQWLRQ�DPRXQWV�IRU�WKH�KLJK�GRVH�JURXS�H[SRVHG�WR�3%'(V�LQ�GXVW��H[SUHVVHG�DV�D�IUDFWLRQ�

RI�WRWDO�H[SRVXUH��UDQJHG�IURP������IRU�%'(�����WR������IRU�%'(�������)RU�NH\�FRQJHQHUV�

%'(�����%'(�����%'(������%'(������%'(������DQG�%'(������WKH�IUDFWLRQV�UHWDLQHG�ZHUH�

������������������������������DQG�������UHVSHFWLYHO\���5HVXOWV�ZHUH�VLPLODU�IRU�FRUQ�RLO�DQG�IRU�WKH�

ORZHU�H[SRVXUH�DPRXQWV���$OWKRXJK�QRW�LGHDO�EHFDXVH�LW�LV�QRW�KXPDQ�GDWD��DOWKRXJK�KXPDQ�GDWD�

DUH�XQGHUVWDQGDEO\�UDUH��DQG�LW�LV�QRW�FRUURERUDWHG�HOVHZKHUH��WKHVH�YDOXHV�ZHUH�XVHG�LQ�WKH�

PRGHOLQJ�RI�WKLV�VWXG\�IRU�FRQJHQHU�VSHFLILF�YDOXHV�RI�DFU\ORQLWULOH�EXWDGLHQH�VW\UHQH���

0F'RQDOG��������DVVXPHG�DEVRUSWLRQ�IUDFWLRQV�RI������WR������IRU�%'(�����%'(�����%'(������

%'(������DQG�%'(�����EDVHG�RQ�H[SHULPHQWV�ZLWK�UDWV��DQG�WKH�YDOXHV�KH�XVHG�ZHUH�DVVXPHG�

IRU�WKHVH�FRQJHQHUV�IRU�DOO�RWKHU�SDWKZD\V�LQ�WKLV�VWXG\��LQFOXGLQJ�LQKDODWLRQ�DQG�ZDWHU�IRRG�

LQJHVWLRQ���7KHUH�ZDV�QR�DGGLWLRQDO�DEVRUSWLRQ�DVVXPHG�IRU�GHUPDO�FRQWDFW�EHFDXVH�DQ�DEVRUSWLRQ�

IUDFWLRQ�ZDV�DOUHDG\�LQFOXGHG�LQ�WKH�GRVH�HVWLPDWHV�IRU�WKDW�SDWKZD\���0F'RQDOG��������DOVR�

FLWHG�*H\HU�HW�DO���������WR�DVVLJQ�KDOI�OLYHV�RI�����WR������\HDUV�WR�WKLV�VDPH�JURXS�RI�FRQJHQHUV��

DQG�WKHVH�YDOXHV�ZHUH�XVHG�KHUH���7KXUHVVRQ�HW�DO���������SURYLGHG�HVWLPDWHV�RI������\HDUV�

����GD\V��IRU�%'(�����DQG�������\HDU�����GD\V��IRU�%'(������DQG�WKHVH�ZHUH�XVHG�KHUH���7KH�

ILUVW�RUGHU�HOLPLQDWLRQ�UDWHV��N%'(��ZHUH�FDOFXODWHG�DV�������KDOI�OLIH���)RU�ODFN�RI�EHWWHU�

LQIRUPDWLRQ��DYHUDJH�YDOXHV�RI�DEVRUSWLRQ�DQG�KDOI�OLIH�������DQG���\HDUV��UHVSHFWLYHO\��ZHUH�

DVVLJQHG�WR�FRQJHQHUV�%'(����DQG�%'(������WZR�RWKHU�FRQJHQHUV�WKDW�DUH�SUHVHQW�LQ�H[SRVXUH�

PHGLD�DQG�LQ�PHDVXUHPHQWV�RI�EORRG�RU�PLON���%'(�&RQJHQHUV�%'(�����%'(�����%'(�����
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%'(������DQG�%'(�����ZHUH�QHJOHFWHG�LQ�WKLV�H[DPSOH�DV�WKH\�DUH�UDUHO\�IRXQG�LQ�H[SRVXUH�

PHGLD�RU�ERG\�PHDVXUHPHQWV���7KH�ILQDO�VHW�RI�GRVHV��SKDUPDFRNLQHWLF�SDUDPHWHUV��SUHGLFWHG�

OLSLG�EDVHG�FRQFHQWUDWLRQV�XVLQJ�WKHVH�SDUDPHWHUV�LQ�HT�����DERYH��DQG�WKHQ�WKH�REVHUYHG�

FRQFHQWUDWLRQV�RI�WKH�QLQH�3%'(�FRQJHQHUV�DUH�VKRZQ�LQ�7DEOH��������

� 2YHUDOO��WKH�WRWDO�FRQFHQWUDWLRQ�ZDV�SUHGLFWHG�DW������QJ�J�OZW��ZKLOH�LW�ZDV�REVHUYHG�DW�

�����QJ�J�OZW�LQ�EORRG�DQG������QJ�J�OZW�LQ�PLON���3UHGLFWLRQV�DSSHDU�UHDVRQDEO\�FORVH�WR�

PHDVXUHPHQWV�IRU�ILYH�RI�WKH�HLJKW�FRQJHQHUV��IRU�ZKLFK�WKHUH�DUH�SUHGLFWLRQV�DQG�DW�OHDVW�RQH�

REVHUYDWLRQ����%'(�����LV�FRPSDUHG�RQO\�WR�D�EUHDVW�PLON�FRQFHQWUDWLRQ�IURP�7DEOH������EXW�DV�

QRWHG�EHORZ��WKH�SUHGLFWLRQ�LV�PXFK�ORZHU�WKDQ�ZKDW�KDV�EHHQ�IRXQG�LQ�EORRG�LQ�1+$1(6���7KH�

SUHGLFWLRQ�RI�%'(����DW�����QJ�J�OZW�GRHV�QRW�DSSHDU�WR�PDWFK�ZHOO�ZLWK�WKH�REVHUYHG�

PHDVXUHPHQWV�RI������QJ�J�OZW�LQ�EORRG�DQG������QJ�J�OZW�LQ�PLON���&RQYHUVHO\��WKH�SUHGLFWLRQ�RI�

%'(����LV�KLJKHU�WKDQ�ERWK�PHDVXUHPHQWV��ZLWK�D�SUHGLFWLRQ�RI������QJ�J�OZW��ZKLOH�LW�ZDV�IRXQG�

DW�����DQG�����QJ�J�OZW�LQ�EORRG�DQG�PLON��UHVSHFWLYHO\���2WKHUZLVH��IRU�H[DPSOH��%'(�����ZDV�

SUHGLFWHG�DW�����QJ�J�OZW��ZKLOH�LW�ZDV�IRXQG�DW�����DQG�����QJ�J�OZW���%'(�����ZDV�SUHGLFWHG�DW�

����QJ�J�OZW��ZKLOH�LW�ZDV�IRXQG�DW�����DQG�����QJ�J�OZW����

� 2EYLRXVO\��WKHUH�DUH�XQFHUWDLQWLHV�ZLWK�XVH�RI�WKLV�SKDUPDFRNLQHWLF�PRGHO�DQG�WKH�

DVVLJQPHQW�RI�SDUDPHWHUV��WKHVH�DUH�GLVFXVVHG�EHORZ�LQ�6HFWLRQ�������(YHQ�ZLWK�XQFHUWDLQWLHV��RQH�

FDQ�PDNH�VRPH�YDOLG�DQG�LPSRUWDQW�REVHUYDWLRQV�DERXW�H[SRVXUH�RI�$PHULFDQV�WR�3%'(V�XVLQJ�

WKLV�IUDPHZRUN���)RU�RQH��LQGRRU�H[SRVXUHV�RI�VRLO�GXVW�LQJHVWLRQ��GHUPDO�FRQWDFW��DQG�LQKDODWLRQ�

GRPLQDWH�WRWDO�H[SRVXUHV���:KLOH�WKLV�PLJKW�EH�D�YDOLG�REVHUYDWLRQ�EDVHG�RQ�LQWDNH�HVWLPDWHV�

DORQH��LW�LV�VWUHQJWKHQHG�E\�WKLV�VLPSOH�SKDUPDFRNLQHWLF�H[HUFLVH���,I�RQH�FDOFXODWHV�ERG\�EXUGHQV�

RI�WKHVH�QLQH�FRQJHQHUV�EDVHG�RQ�ZDWHU�IRRG�LQJHVWLRQ�DORQH��WKH�GRVH�LV�HVWLPDWHG�DW����QJ�GD\�

RU�����QJ�NJ�GD\�ZLWK�D�ERG\�ZHLJKW�RI����NJ���WKH�ERG\�EXUGHQ�LV�PRGHOHG�WR�EH�����QJ�J�OZW��

ZKLFK�LV�PXFK�OHVV�WKDQ�WKH�REVHUYHG�PHGLDQV�RI����DQG����QJ�J�OZW�LQ�EORRG�DQG�KXPDQ�PLON���

:LWK������QJ�J�OZW�SUHGLFWHG�WR�RFFXU�IURP�VRLO�GXVW�LQJHVWLRQ��GHUPDO�FRQWDFW��DQG�LQKDODWLRQ��

WKH�VXJJHVWLRQ�LV�WKDW�����RU�PRUH�RI�WKH�8�6��ERG\�EXUGHQ�FRXOG�EH�H[SODLQHG�E\�QRQIRRG�

H[SRVXUHV�RFFXUULQJ�LQ�WKH�LQGRRU�HQYLURQPHQW���



�
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Table 5-7.  Pharmacokinetic parameters and predicted concentrations of BDEs in adults compared with 
measurements in blood and milk 

�
Exposure 

doses/parameters/results 28 47 99 100 138 153 154 183 209 Total 

I.  Doses�

+RXVH�GXVW�LQJHVWLRQ��QJ�G� ����� ������ ������� ������ ����� ������ ����� ����� ������� �������

+RXVH�GXVW�GHUPDO�FRQWDFW��QJ�G� ����� ������ ������ ����� ����� ����� ����� ����� ������ ������

,QKDODWLRQ��QJ�G� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

)RRG�	�ZDWHU�LQJHVWLRQ��QJ�G� ����� ������ ����� ����� ����� ����� ����� ����� ������ ������

II.  Parameters�

+RXVH�GXVW�DEVRUSWLRQ�IUDFWLRQ� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����

2WKHU�DEVRUSWLRQ�IUDFWLRQ� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����

(OLPLQDWLRQ�KDOI�OLIH��\UV� ���� ���� ���� ���� ���� ����� ���� ����� ����� ����

III.  Results�

3UHGLFWHG�FRQFHQWUDWLRQ��QJ�J�OZW� ���� ���� ����� ���� ���� ���� ���� ����� ����� �����

2EVHUYHG�EORRG��QJ�J�OZW� ���� ����� ���� ���� 1$� ���� 1$� 1$� 1$� �����

2EVHUYHG�PLON��QJ�J�OZW� ���� ����� ���� ���� 1$� ���� ���� ���� ���� �����
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$V�FXUUHQWO\�VWUXFWXUHG�DQG�SDUDPHWHUL]HG��WKH�PRGHO�PD\�EH�LQDSSURSULDWH�IRU�WKH�

PRGHOLQJ�RI�WKH�DFFXPXODWLRQ�RI�%'(�������7KH�FDOFXODWHG�LQWDNH�GRVH�LV�����RI�WKH�WRWDO��HTXDO�

HVVHQWLDOO\�WR�LQWDNHV�RI�%'(����DQG�%'(�����FDOFXODWHG�DW�����DQG������UHVSHFWLYHO\����

+RZHYHU��EHFDXVH�RI�D�UDSLG�KDOI�OLIH�LQ�WKH�ERG\�����GD\V���WLVVXH�OHYHOV�DUH�SUHGLFWHG�WR�EH�DV�

ORZ�DV������QJ�J�OZW���7KLV�LV�QXPHULFDOO\�FORVH�WR�WKH�REVHUYHG�����QJ�J�OZW�LQ�KXPDQ�PLON��EXW�LW�

LV�DOVR�����DV�PXFK���6RPH�EORRG�VWXGLHV�RWKHU�WKDQ�1+$1(6�TXDQWLILHG�%'(�����LQ�EORRG��DOVR��

DW�DURXQG�����QJ�J�OZW���:KLOH�1+$1(6�GLG�QRW�TXDQWLI\�%'(�����LQ�LQGLYLGXDO�EORRG�VDPSOHV��

6MRGLQ�HW�DO���������QRWH�WKDW�WKH�FRQFHQWUDWLRQ�RI�%'(�����IURP�SRROHG�1+$1(6�����������

VDPSOHV�ZDV���QJ�J�OZW��XQSXEOLVKHG�GDWD��QR�IXUWKHU�GHWDLOV�VXSSOLHG����365��������TXDQWLILHG�

%'(�����LQ����RI����VDPSOHV��ZLWK�D�UDQJH�RI����±����QJ�J�OZW���7KH�REVHUYDWLRQ�WKDW�WKLV�SRROHG�

EORRG�VDPSOH�%'(�����FRQFHQWUDWLRQ�RI���QJ�J�OZW��RU�WKH�365��������ILQGLQJV��DUH�KLJKHU�WKDQ�

WKH�KXPDQ�PLON�OLSLG�FRQFHQWUDWLRQ�RI�����QJ�J�OZW�LV�FRQVLVWHQW�ZLWK�DQRWKHU�NH\�VWXG\��6FKHFWHU�

HW�DO�������F��VKRZLQJ�D�VLPLODU�GLVSDULW\�LQ�SDLUHG�VDPSOHV�EHWZHHQ�KXPDQ�PLON�DQG�EORRG�

�VDPSOHV�RI�PLON�DQG�EORRG�IURP�ODFWDWLQJ�PRWKHUV��VHH�GLVFXVVLRQ�DERYH�LQ�6HFWLRQ����������,Q�

JHQHUDO��WKLV�VXJJHVWV�WKDW�WKH�PRGHO�LV�XQGHUSUHGLFWLQJ�%'(�����LQ�WKH�ERG\���7KLV�FRXOG�EH�GXH�

WR�DQ�LQDSSURSULDWH�DVVLJQPHQW�RI�WKH�HOLPLQDWLRQ�KDOI�OLIH��RU�LW�FRXOG�EH�GXH�WR�DQ�

XQGHUHVWLPDWLRQ�RI�%'(�����LQWDNHV���,Q�VXPPDU\��WKH�OLWHUDWXUH�KDV�VKRZQ�PRVWO\�QRQGHWHFWV�

IRU�%'(�����ZKHQ�PHDVXUHG��DQG�LQ�WKH�UDQJH�RI��±���QJ�J�OZW�ZKHQ�IRXQG���,Q�FRQWUDVW��

%'(����DQG�%'(����DUH�PRVW�RIWHQ�TXDQWLILHG�LQ�����RU�PRUH�RI�VXUYH\�VDPSOHV��ZLWK�

FRQFHQWUDWLRQV�UDQJLQJ�KLJKHU�WKDQ����QJ�J�OZW���

+RZHYHU��WR�REVHUYH�WKDW�%'(�����KDV�QRW�EHHQ�TXDQWLILHG�DW�FRQFHQWUDWLRQV�FRPSDUDEOH�

WR�WKDW�RI�%'(����DQG�%'(����LQ�EORRG�OLSLG�PD\�QRW�EH�IXOO\�LQIRUPDWLYH���7KH�SUHVHQFH�RI�

ORZHU�EURPLQDWHG�%'(�FRQJHQHUV�LQ�EORRG�FRXOG�KDYH�UHVXOWHG�IURP�GHEURPLQDWLRQ�RI�%'(������

DOWKRXJK�WKHUH�LV�QR�HYLGHQFH�WKDW�WKH�SUHVHQFH�RI�%'(����DQG�%'(�����DQG�RWKHU�

ORZHU�EURPLQDWHG�FRQJHQHUV��LV�WKH�UHVXOW�RI�WKH�GHEURPLQDWLRQ�RI�%'(�������$OVR��LW�PD\�EH�

WUXH�WKDW�%'(�����LV�QRW�DV�OLSRSKLOLF�DV�RWKHU�%'(V���0HDVXULQJ�%'(�����LQ�H[WUDFWHG�EORRG�

OLSLGV�PLJKW�XQGHUHVWLPDWH�LWV�SUHVHQFH�LQ�EORRG�EHFDXVH�VRPH�%'(�����PD\�EH�SUHVHQW�LQ�WKH�

XQDQDO\]HG�SRUWLRQ�RI�D�EORRG�VDPSOH�����

�
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���� (;32685(�2)�63(&,$/�3238/$7,216�2)�,17(5(67�72�3%'(V�
� 7KLV�VHFWLRQ�GLVFXVVHV�H[SRVXUHV�RI�VSHFLDO�SRSXODWLRQV�WR�3%'(V�DQG�GHYHORSV�LQWDNH�

DQG�ERG\�EXUGHQ�HVWLPDWHV�IRU�VRPH�RI�WKH�SRSXODWLRQV���6SHFLILFDOO\��WKLV�VHFWLRQ������SURYLGHV�

HYLGHQFH�IRU�H[SRVXUH�WR�WKH�IHWXV��XPELOLFDO�FRUG�EORRG�DQG�SODFHQWD�PHDVXUHPHQWV��PDLQO\���

����GHULYHV�LQWDNH�HVWLPDWHV�DQG�UHVXOWLQJ�ERG\�EXUGHQ�HVWLPDWHV�IRU�LQIDQWV������GHULYHV�LQWDNH�

HVWLPDWHV�IRU�FKLOGUHQ�ZLWKLQ�VSHFLILF�DJH�UDQJHV������GLVFXVVHV�LQWDNHV�RI�%'(�����GHULYHG�IRU�

(3$¶V�9ROXQWDU\�&KLOGUHQ¶V�&KHPLFDO�(YDOXDWLRQ�3URJUDP��9&&(3��DQG�E\�WKH�1DWLRQDO�

$FDGHPLHV�RI�6FLHQFH��1$6��XVLQJ�PHWKRGV�GLIIHUHQW�WKDQ�XVHG�LQ�WKLV�VWXG\������VXPPDUL]HV�

ERG\�EXUGHQV�SHUWDLQLQJ�WR�RFFXSDWLRQDO�SRSXODWLRQV��DQG�����GLVFXVVHV�DQ�LPSRUWDQW�REVHUYDWLRQ�

WKDW�WKHUH�DSSHDUV�WR�EH�D�SURSRUWLRQ�RI�LQGLYLGXDOV�DW�WKH�KLJK�HQG�RI�WKH�JHQHUDO�SRSXODWLRQ�ZKR�

H[SHULHQFHV�VLJQLILFDQWO\�KLJKHU�H[SRVXUHV�WKDQ�WKH�UHPDLQLQJ�JHQHUDO�SRSXODWLRQ���

�

������ %RG\�%XUGHQ�'DWD�WR�&KDUDFWHU L]H�([SRVXUH�WR�WKH�)HWXV�
� 7KH�PRVW�GHILQLWLYH�VWXG\�VKRZLQJ�H[SRVXUH�RI�WKH�IHWXV�WR�3%'(V�ZDV�D�VWXG\�LQ�ZKLFK�

HDUO\�WR�PLG�JHVWDWLRQ�IHWDO�OLYHU��Q� �����DQG�SODFHQWDO�WLVVXH��Q� �����VDPSOHV�ZHUH�REWDLQHG�

IURP�HOHFWLYH�DERUWLRQV�EHWZHHQ������DQG������LQ�0RQWUHDO��&DQDGD��DQG�PHDVXUHG�IRU�%'(�����

%'(�����%'(�����%'(������%'(������%'(������DQG�%'(������'RXFHW�HW�DO�����������$�FOHDU�

ULVH�LQ�IHWDO�OLYHU�WLVVXH�ZDV�VHHQ�RYHU�WLPHʊWRWDO�3%'(�FRQFHQWUDWLRQV��VXP�RI�WKH�VHYHQ�

FRQJHQHUV��DYHUDJHG�����QJ�J�OZW�LQ������DQG�������QJ�J�OZW�LQ��������3ODFHQWDO�WLVVXH�

FRQFHQWUDWLRQV�ZHUH�JHQHUDOO\�ORZHU�WKDQ�IHWDO�WLVVXH��EXW�PHDQ�DQQXDO�FRQFHQWUDWLRQV�

��í��VDPSOHV�\HDU��ZHUH�RYHU�������QJ�J�OZW�IRU���RI�WKH���\HDUV��GDWD�SUHVHQWHG�RQO\�LQ�JUDSKV����

7KH�WRWDO�FRQFHQWUDWLRQV�ZHUH�GRPLQDWHG�E\�%'(�����DW���í����RI�WRWDO��DQG�%'(�������í�����

LQ�ERWK�OLYHU�DQG�SODFHQWD��OHDGLQJ�WKH�DXWKRUV�WR�REVHUYH�WKDW�WKHVH�SHUFHQWDJHV�ZHUH�VLPLODU�WR�

WKH�SHQWD%'(�IRUPXODWLRQ��'(�������

$�VHFRQG�VWXG\�LQFOXGHG�PHDVXUHPHQWV�RI�3%'(V�LQ�WLVVXHV�RI�LQIDQWV�WKDW�KDG�EHHQ�

VWLOOERUQ�RU�WKDW�GLHG�VKRUWO\�DIWHU�ELUWK���6FKHFWHU�HW�DO���������PHDVXUHG�OHYHOV�LQ�IHWDO�OLYHU�

WLVVXH�VDPSOHV�WKDW�ZHUH�REWDLQHG�IURP�IRXU�VWLOOERUQ�LQIDQWV�DQG�VHYHQ�OLYHERUQ�LQIDQWV��DOO�RI�

ZKRP�GLHG�VKRUWO\�DIWHU�ELUWK�DQG�EHIRUH�DQ\�IHHGLQJ���7KLUWHHQ�FRQJHQHUV�ZHUH�HYDOXDWHG��

DOWKRXJK�%'(�����ZDV�QRW�IRXQG�LQ�DQ\�VDPSOHV���7KH�PHDQ�WRWDO�FRQFHQWUDWLRQ�ZDV�

�����QJ�J�OZW��DVVXPLQJ�1'� ������$W�1'� �����'/��WKH�WRWDO�ZHQW�XS�WR������QJ�J�OZW��RZLQJ�

PDLQO\�WR�DQ�DYHUDJH�RI�����QJ�J�OZW��1'� �����'/��IRU�%'(�������7KH�FRQJHQHU�SURILOH�ZDV�
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IDLUO\�VLPLODU�WR�EORRG�DQG�KXPDQ�PLON�SURILOHV��EHLQJ�GRPLQDWHG�E\�%'(����DW�����RI�WKH�WRWDO��

%'(����DW������DQG�%'(�����DQG�%'(�����DW�����DQG�����UHVSHFWLYHO\���2QH�VDPSOH�ZDV�

XQLTXHO\�KLJK�����QJ�J�OZW��ZKLOH�DOO�RWKHU�VDPSOHV�ZHUH�XQGHU����QJ�J�OZW���7KH�KLJK�VDPSOH�

ZDV�IURP�WKH�LQIDQW�ZKR�OLYHG�WKH�ORQJHVW����GD\V���7KH�DXWKRUV�GLG�QRW�FODULI\�ZK\�WKLV�LQIDQW�

ZDV�FKDUDFWHUL]HG�DV�KDYLQJ�GLHG�DIWHU���GD\V�EHIRUH�DQ\�IHHGLQJ�FRXOG�RFFXU���:KLOH�WKHUH�DUH�QR�

GDWD�RQ�WKH�OHYHOV�RI�3%'(V�LQ�WKH�PRWKHUV��WKHVH�OHYHOV�DUH�FRQVLVWHQW�ZLWK�ERG\�EXUGHQV�LQ�WKH�

8�6��JHQHUDO�SRSXODWLRQ�DV�GHVFULEHG�HDUOLHU��6MRGLQ�HW�DO�����������

� 6HYHUDO�VWXGLHV�LQFOXGH�PHDVXUHPHQWV�RI�3%'(V�LQ�XPELOLFDO�FRUG�EORRG�VHUXP���

+HUEVWPDQ�HW�DO���������FROOHFWHG�XPELOLFDO�FRUG�EORRG�VDPSOHV�IURP�����VLQJOHWRQ�ELUWKV�IURP�

���������WR���������IURP�-RKQV�+RSNLQV�+RVSLWDO�LQ�%DOWLPRUH��0'���$OWKRXJK�OLPLWHG�

JHRJUDSKLFDOO\��WKLV�ZDV�D�ODUJH�QXPEHU�RI�VDPSOHV��DQG�D�FRPSDULVRQ�LV�PDGH�KHUH�ZLWK�

1+$1(6�UHVXOWV�IRU�����������IRU�WKH�JHQHUDO�DGXOW�SRSXODWLRQ��6MRGLQ�HW�DO�����������7DEOH�����

VKRZV�WKH�FRPSDULVRQ��ZKLFK�LV�RI�GDWD�SURYLGHG�LQ�WKH�OLWHUDWXUH�DUWLFOHV�DQG�LQFOXGHV�OLPLWV�RI�

GHWHFWLRQ��SHUFHQW�DERYH�OLPLW�RI�GHWHFWLRQ��DQG�PHGLDQ�FRQFHQWUDWLRQV�IRU�FRQJHQHUV�ZKHUH�WKLV�

LQIRUPDWLRQ�LV�UHSRUWHG�LQ�WKH�WZR�DUWLFOHV���7KHUH�GRHV�DSSHDU�WR�EH�D�GLIIHUHQFH��DOWKRXJK�

VWDWLVWLFDO�WHVWV�ZHUH�QRW�DSSOLHG�WR�GHWHUPLQH�LI�WKH�GLIIHUHQFH�LV�VWDWLVWLFDOO\�VLJQLILFDQW��EHFDXVH�

WKH�GHWDLOHG�GDWD�ZHUH�XQDYDLODEOH�EXW�DOVR�EHFDXVH�VWDWLVWLFDO�WHVWLQJ�PD\�QRW�EH�DSSURSULDWH�

VLQFH�WKH�PDWULFHV�DQG�VWXG\�GHVLJQV�DUH�GLIIHUHQW���%XW�IURP�YLHZLQJ�WKH�WDEOH��LW�LV�VHHQ�WKDW�

SHUFHQW�GHWHFWHG�LV�ORZHU�IRU�DOO�FRQJHQHUV�LQ�XPELOLFDO�FRUG�EORRG�DV�FRPSDUHG�WR�1+$1(6��

DQG�WKH�PHGLDQ�FRQFHQWUDWLRQV�DUH�DOVR�DOO�ORZHU�LQ�XPELOLFDO�FRUG�EORRG���)RU�H[DPSOH��%'(����

ZDV������QJ�J�OZW�LQ�1+$1(6�EXW������IURP�WKH�XPELOLFDO�FRUG�EORRG��%'(�����ZDV�����LQ�

1+$1(6�DQG�����QJ�J�OZW�LQ�XPELOLFDO�FRUG�EORRG���6LQFH�WKH�VDPH�ODERUDWRU\��WKH�&HQWHUV�IRU�

'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��&'&��ODERUDWRU\��SHUIRUPHG�WKH�DQDO\VLV��WKLV�GLIIHUHQFH�ZDV�

QRW�OLNHO\�WR�EH�GXH�WR�D�GLIIHUHQFH�LQ�DQDO\WLFDO�FDSDELOLWLHV���$JDLQ��ZKLOH�OLPLWHG��

JHRJUDSKLFDOO\��WKLV�XPELOLFDO�FRUG�EORRG�GDWD�VXJJHVW�WKDW�WKH�H[SRVXUH�WR�IHWXVHV�PD\�EH�OHVV�

WKDQ�WKH�H[SRVXUH�WR�PRWKHUV����

�
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Table 5-8.  Comparison of median congener concentrations from NHANES 
and median congener concentrations from a large study of umbilical cord 
blood measurements of PBDEsa 

�
� BDE congener number 

28 47 85 99 100 153 
,���1+$1(6�

'/��QJ�J�OZW� ���� ���� ���� ���� ���� ����

3HUFHQW�GHWHFWHG� ��� ��� ��� ��� ��� ���

0HGLDQ��QJ�J�OZW� ���� ����� �/2'� �/2'� ���� ����

,,���8PELOLFDO�&RUG�%ORRG�

'/��QJ�J�OZW� ���� ���� ���� ���� ���� ����

3HUFHQW�GHWHFWHG� ��� ��� ��� ��� ��� ���

0HGLDQ��QJ�J�OZW� ���E� ����� ���E� ���E� ���� ����
�
D7KH�1+$1(6�GDWD�DUH�IURP�6MRGLQ�HW�DO���������DQG�WKH�XPELOLFDO�FRUG�EORRG�PHDVXUHPHQWV�DUH�IURP�
+HUEVWPDQ�HW�DO�����������7KH�GHWHFWLRQ�OLPLWV��'/��DUH�GHVFULEHG�DV�³PD[LPXP�/2'´�LQ�6MRGLQ�HW�DO����������
DQG�DV�WKH�³PHGLDQ�/2'´�LQ�+HUEVWPDQ�HW�DO����������

E0HGLDQV�DUH�SURYLGHG�LQ�+HUEVWPDQ�HW�DO���������IRU�WKHVH�FRQJHQHUV�GHVSLWH�WKH�IDFW�WKDW�RYHU�KDOI�ZHUH�EHORZ�
/2'���1R�H[SODQDWLRQ�IRU�KRZ�PHGLDQV�ZHUH�GHYHORSHG�ZDV�SURYLGHG�LQ�+HUEVWPDQ�HW�DO����������

�
�

'DWD�IXUWKHU�VXSSRUWLQJ�WKH�K\SRWKHVLV�WKDW�WKH�IHWXV�LV�OHVV�H[SRVHG�WKDQ�WKH�PRWKHU�FDQ�

EH�IRXQG�LQ�7DNDVXJD�HW�DO����������ZKHUH�QLQH�FRQJHQHUV��%'(�����%'(�����%'(�����%'(������

%'(������%'(������%'(������%'(������DQG�%'(������ZHUH�PHDVXUHG�LQ�PDWHUQDO�EORRG��

XPELOLFDO�FRUG�VHUXP��SODFHQWD��DQG�PLON�IURP����PRWKHUV�LQ�-DSDQ���,Q�PRWKHU¶V�EORRG��PHGLDQ�

FRQJHQHU�FRQFHQWUDWLRQV�UDQJHG�IURP�D�ORZ�RI������QJ�J�OZW�IRU�%'(������IRXQG�LQ�RQO\�WZR�

VDPSOHV��WR�D�KLJK�RI�����QJ�J�OZW�IRU�%'(�������&RQFHQWUDWLRQV�LQ�PRWKHU¶V�PLON�ZHUH�

FRPSDUDEOH�WR�PRWKHU¶V�EORRG�IRU�%'(����WKURXJK�%'(������EXW�WKH\�ZHUH�ORZHU�LQ�PLON�IRU�

%'(�����������QJ�J�OLSLG�LQ�EORRG�YHUVXV������QJ�J�OLSLG�LQ�PLON���%'(�����������QJ�J�OLSLG�LQ�

EORRG�YHUVXV������QJ�J�OLSLG�LQ�PLON���DQG�%'(����������QJ�J�OLSLG�LQ�EORRG�YHUVXV������QJ�J�OLSLG�

LQ�PLON���OHDGLQJ�WKH�DXWKRUV�WR�FRQFOXGH�WKDW�WKH�WUDQVIHU�IURP�EORRG�WR�PRWKHU¶V�PLON�ZDV�ORZHU�

IRU�WKHVH�KLJKHU�EURPLQDWHG�FRQJHQHUV���$OO�FRQJHQHUV�ZHUH�TXDQWLILHG�LQ�WKH�SODFHQWD��ZLWK�

%'(�����DJDLQ�IRXQG�LQ�RQO\���RI����VDPSOHV��DW�FRQFHQWUDWLRQV�WKDW�ZHUH�DERXW�RQH�TXDUWHU�WR�

RQH�VHYHQWK�WKDW�RI�WKH�EORRG���$OO�FRQFHQWUDWLRQV�ZHUH�ORZHU�WKDQ�WKH�GHWHFWLRQ�OLPLW��ZKLFK�ZDV�

QRW�SURYLGHG��IRU�XPELOLFDO�FRUG�VHUXP���7KH�ORZHU�FRQFHQWUDWLRQV�LQ�SODFHQWD��OLNH�WKH�ORZHU�
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FRQFHQWUDWLRQV�VHHQ�LQ�XPELOLFDO�FRUG�EORRG�DERYH��PD\�LQGLFDWH�ORZHU�H[SRVXUH�WR�WKH�IHWXV�DV�

FRPSDUHG�WR�WKH�PRWKHU��

� )XUWKHU�HYLGHQFH�VKRZLQJ�D�GLIIHUHQFH�LQ�PDWHUQDO�DQG�XPELOLFDO�FRUG�EORRG�IRU�

KLJKHU�EURPLQDWHG�FRQJHQHUV�ZDV�VHHQ�LQ�D�6ZHGLVK�VWXG\��*XYHQXLV�HW�DO�����������6DPSOHV�RI�

PDWHUQDO�EORRG�SODVPD��XPELOLFDO�FRUG�EORRG�SODVPD��DQG�PLON�ZHUH�WDNHQ�LQ�����í�����IURP�

���PRWKHUV�OLYLQJ�LQ�6WRFNKROP���7KH\�ZHUH�RSSRUWXQLVWLF�VDPSOHV�IURP�ZRPHQ�EHWZHHQ����DQG�

���\HDUV�ROG���7HQ�%'(V�ZHUH�PHDVXUHG��LQFOXGLQJ�%'(�����%'(�����%'(�����%'(�����

%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�������7KH�PHGLDQ�DQG�UDQJH�IRU�WRWDO�

FRQFHQWUDWLRQV��VXP�RI�FRQJHQHUV�PHDVXUHG��IURP�WKH�WKUHH�PDWULFHV��LQ�QJ�J�OZW��ZHUH�DV�

IROORZV��PDWHUQDO�EORRGʊ����DQG�����í������XPELOLFDO�FRUG�EORRGʊ����DQG�����í������EUHDVW�

PLONʊ����DQG�����í�������%'(����ZDV�WKH�SUHGRPLQDQW�%'(�LQ�DOO�PDWULFHV����í����LQ�PLON��

��í����LQ�PDWHUQDO�EORRG��DQG���í����LQ�XPELOLFDO�FRUG�EORRG���IROORZHG�E\�%'(������

%'(�����DQG�%'(�������%'(����FRQFHQWUDWLRQV�ZHUH�FRPSDUDEOH�LQ�PDWHUQDO�EORRG�DQG�

XPELOLFDO�FRUG�EORRG��EXW�WKH�OHYHOV�RI�%'(������%'(�����DQG�%'(�����ZHUH�KLJKHU�LQ�PDWHUQDO�

EORRG�DV�FRPSDUHG�WR�XPELOLFDO�FRUG�EORRG��H�J���%'(�����DW������QJ�J�OZW�LQ�PDWHUQDO�EORRG�EXW�

RQO\������QJ�J�OZW�LQ�XPELOLFDO�FRUG�EORRG����7KH�DXWKRUV�VXJJHVWHG�WKLV�PLJKW�LQGLFDWH�WKDW�WKH�

KLJKHU�EURPLQDWHG�FRQJHQHUV�GR�QRW�SDVV�WKURXJK�WKH�SODFHQWD�WR�WKH�VDPH�H[WHQW�DV�GR�WKH�

ORZHU�EURPLQDWHG�FRQJHQHUV���$OVR�QRWHZRUWK\�LQ�WKLV�VWXG\�LV�WKH�IDFW�WKDW�PDWHUQDO�EORRG�DQG�

PDWHUQDO�PLON�VDPSOHV�KDG�YHU\�VLPLODU�FRQFHQWUDWLRQV�IRU�DOO�FRQJHQHUV���7KH�KLJKHVW�

EURPLQDWHG�FRQJHQHU��%'(������ZKLFK�LV�D�KHSWD�FRQJHQHU��SRVVLEO\�GLG�QRW�SDUWLWLRQ�DV�PXFK�

LQWR�PLON�DV�EORRG��WKH�PHGLDQ�DQG�UDQJH�LQ�EORRG�DQG�PLON��UHVSHFWLYHO\��DUH������

�����í������QJ�J�OZW�DQG������������í��������+RZHYHU��DOO�RWKHU�FRQJHQHUV�VKRZHG�VLPLODU�

PHGLDQ�DQG�UDQJHV���7KLV�VXSSRUWV�WKH�K\SRWKHVLV�WKDW�WKH�%'(�FRQJHQHUV�SDUWLWLRQ�LQWR�OLSLGV�RI�

WKH�ERG\��DW�OHDVW�WKURXJK�WKH�KH[D�FRQJHQHUV��

6DPSOLQJ�RI�XPELOLFDO�FRUG�DQG�PDWHUQDO�EORRG��DV�ZHOO�DV�PRWKHU¶V�PLON��LQ�&DQDGD�

VXJJHVWV�VRPHZKDW�ORZHU�OHYHOV�LQ�XPELOLFDO�FRUG�DV�FRPSDUHG�WR�PDWHUQDO�EORRG���5\DQ�DQG�

2RVWGDP��������FROOHFWHG�VPDOO�DPRXQWV�RI�LQGLYLGXDO�PDWHUQDO�DQG�XPELOLFDO�FRUG�EORRG�

VDPSOHV�IURP�WKH�1RUWKZHVW�7HUULWRULHV�RI�&DQDGD�WKDW�ZHUH�SDUW�RI�D�³1RUWKHUQ�&RQWDPLQDQWV�

3URJUDP�´�FRPSRVLWHG�WKHP��DQG�PHDVXUHG�WKH�FRPSRVLWHV�IRU�FRQJHQHUV�LQFOXGLQJ�%'(�����

%'(�����%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�������7KHVH�VDPSOHV�

SHUWDLQHG�WR�\HDUV������WR��������,Q����PDWHUQDO�FRPSRVLWH�VDPSOHV��WKH�PHDQ�WRWDO�3%'(�
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FRQFHQWUDWLRQ�ZDV������QJ�J�OZW��ZLWK�D�UDQJH�RI������WR������QJ�J�OZW��DQG�WKH�XPELOLFDO�FRUG�

EORRG�DYHUDJHG����QJ�J�OZW��UDQJH�RU�LQGLYLGXDO�FRPSRVLWH�VDPSOHV�QRW�SURYLGHG����,Q�WKH�

PRWKHU¶V�EORRG�SODVPD��%'(����FRPSULVHG�DERXW�����RI�WRWDO��ZKHUHDV�LQ�XPELOLFDO�FRUG�EORRG��

%'(����FRPSULVHG�DERXW�������

+RZHYHU��RWKHU�GDWD�VKRZ�XPELOLFDO�FRUG�EORRG�FRQFHQWUDWLRQV�RI�3%'(V�WR�EH�VLPLODU��LI�

QRW�HYHQ�KLJKHU��WKDQ�PDWHUQDO�EORRG���*RPDUD�HW�DO���������UHSRUW�RQ�WKH�VDPSOLQJ�RI�3%'(V�LQ�

KXPDQ�XPELOLFDO�FRUG�VHUXP��PDWHUQDO�DQG�SDWHUQDO�VHUXP��SODFHQWD��DQG�PLON�IURP�LQGLYLGXDOV�

OLYLQJ�LQ�WZR�ORFDWLRQV��9DOOHFDV�DQG�*HWDIH��LQ�0DGULG��6SDLQ���7KH�VDPSOLQJ�RFFXUUHG�EHWZHHQ�

2FWREHU������DQG�0D\������DQG�LQYROYHG�����LQGLYLGXDO�VDPSOHV�LQFOXGLQJ�����RI�PDWHUQDO�

VHUXP������RI�SDWHUQDO�VHUXP�����RI�XPELOLFDO�FRUG�VHUXP�����RI�SODFHQWD��DQG����RI�EUHDVW�PLON���

)LIWHHQ�LQGLYLGXDO�FRQJHQHUV�ZHUH�PHDVXUHG�LQ�DOO�VDPSOHV��LQFOXGLQJ�%'(�������7KH�PDWHUQDO��

SDWHUQDO��DQG�XPELOLFDO�FRUG�VHUXP�VDPSOHV�KDG�PHGLDQV�WKDW�UDQJHG�QDUURZO\�EHWZHHQ�����DQG�

���QJ�WRWDO�3%'(�J�OZW���%'(����ZDV�WKH�SUHGRPLQDQW�FRQJHQHU�LQ�WKH�VHUXP�VDPSOHV���*RPDUD�

HW�DO���������IRXQG�WKDW�WKHUH�ZHUH�QR�VWDWLVWLFDO�GLIIHUHQFHV�EHWZHHQ�PDWHUQDO�DQG�SDWHUQDO�EORRG�

FRQFHQWUDWLRQV�EXW�GLG�ILQG�GLIIHUHQFHV�EHWZHHQ�PDWHUQDO�EORRG�YHUVXV�XPELOLFDO�FRUG�EORRG�DQG�

SODFHQWDO�FRQFHQWUDWLRQV���8QOLNH�WKH�GLVFXVVLRQ�DERYH�RQ�XPELOLFDO�FRUG�EORRG�DQG�1+$1(6�LQ�

WKH�8QLWHG�6WDWHV��*RPDUD�HW�DO���������IRXQG�FRPSDUDEOH�LI�QRW�VOLJKWO\�KLJKHU�FRQFHQWUDWLRQV�LQ�

XPELOLFDO�FRUG�EORRG���7KH\�IRXQG�VLJQLILFDQWO\�ORZHU�FRQFHQWUDWLRQV�LQ�PLON�DQG�SODFHQWD��DV�

FRPSDUHG�WR�WKH�EORRG�VDPSOHV���)RU�H[DPSOH��WKH\�IRXQG�D�UDQJH�RI�PHGLDQV�EHWZHHQ�WKH�WZR�

ORFDWLRQV��EHWZHHQ�SDWHUQDO��PDWHUQDO��DQG�XPELOLFDO�FRUG�EORRG�RI�%'(����RI�����DQG�

����QJ�J�OZW��EXW�PHGLDQ�FRQFHQWUDWLRQV�RI������WR������QJ�J�OZW�LQ�SODFHQWD��RQH�ORFDWLRQ��DQG�

PLON��IURP�WZR�ORFDWLRQV����,QWHUHVWLQJO\��%'(�����ZDV�KLJKHVW�LQ�WKH�EUHDVW�PLON�VDPSOHV�DV�

FRPSDUHG�WR�DOO�RWKHU�PDWULFHV��WKH�PHGLDQ�FRQFHQWUDWLRQV�LQ�WKH�WZR�ORFDWLRQV�ZHUH�����DQG�

����QJ�J�OZW��FRPSDUHG�WR�FRQFHQWUDWLRQV�DURXQG�����QJ�J�OZW�IRU�PDWHUQDO�SDWHUQDO�EORRG�DQG�

SODFHQWD��DQG�����QJ�J�OZW�IRU�XPELOLFDO�FRUG�EORRG���3%'(�PHGLDQ�WRWDOV�ZHUH�����DQG�����QJ�J�

OZW�IRU�WKH�WZR�VLWHV�DQG�����QJ�J�OZW�IRU�SODFHQWDV�PHDVXUHG�DW�RQH�VLWH�����

� 7ZHOYH�SDLUHG�VDPSOHV�RI�PDWHUQDO�DQG�XPELOLFDO�FRUG�EORRG�ZHUH�REWDLQHG�IURP�D�

KRVSLWDO�LQ�,QGLDQDSROLV�GXULQJ�$XJXVWí'HFHPEHU������DQG�DQDO\]HG�IRU�%'(�����%'(�����

%'(������%'(������%'(������DQG�%'(������0D]GDL�HW�DO�����������5HVXOWV�IRU�PDWHUQDO�DQG�

XPELOLFDO�FRUG�EORRG�ZHUH�HVVHQWLDOO\�LGHQWLFDO��WKH�UDQJH�DQG�PHGLDQ�RI�WRWDO�3%'(�IRU�PRWKHU¶V�

EORRG�ZHUH����WR�����QJ�J�OZW�DQG����QJ�J�OZW��UHVSHFWLYHO\��DQG�WKH�FRUUHVSRQGLQJ�UDQJH�DQG�
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PHGLDQ�IRU�LQIDQW�EORRG�ZHUH����WR�����QJ�J�OZW�DQG����QJ�J�OZW��UHVSHFWLYHO\���%'(����

DFFRXQWHG�IRU���í����RI�WRWDO�3%'(V��%'(�����%'(������DQG�%'(�����HDFK�FRQWULEXWHG�

��í����RU�WRWDO���%'(�����DQG�%'(�����ZHUH�IRXQG�UDUHO\�DQG�DW�ORZ�OHYHOV���7KHUH�ZDV�QR�DJH�

RU�ERG\�PDVV�LQGH[�UHODWLRQVKLS�ZLWK�WRWDO�%'(V���

)XNDWD�HW�DO���������PHDVXUHG����FRQJHQHUV�LQFOXGLQJ�WKH�NH\�RQHV��%'(�����%'(�����

%'(������%'(������%'(������%'(������DQG�%'(������LQ�XPELOLFDO�FRUG�WLVVXH��PDWHUQDO�EORRG�

VHUXP��DQG�XPELOLFDO�FRUG�EORRG�VHUXP�LQ�-DSDQ���6DPSOHV�IURP�HLJKW�YROXQWHHUV�ZHUH�REWDLQHG�

DQG�VSOLW�LQWR�3RRO�$�DQG�3RRO�%��PDWHUQDO�EORRG�ZDV�RQO\�DYDLODEOH�IURP�3RRO�%�EHFDXVH�WKHUH�

ZDV�LQVXIILFLHQW�YROXPH����8PELOLFDO�FRUG�WLVVXH�VDPSOHV�ZHUH�XQLIRUPO\�ORZHU�IRU�DOO�FRQJHQHUV�

DV�FRPSDUHG�WR�XPELOLFDO�FRUG�DQG�PDWHUQDO�VHUXPV��ZKLFK�ZHUH�VLPLODU�WR�HDFK�RWKHU���7RWDO�

3%'(V�LQ�WKH�WZR�SRROV�ZHUH�DV�IROORZV����DQG�����QJ�J�OZW�LQ�XPELOLFDO�FRUG�WLVVXHV�$�DQG�%��

UHVSHFWLYHO\�����DQG����QJ�J�OZW�LQ�XPELOLFDO�FRUG�VHUXPV�$�DQG�%��UHVSHFWLYHO\��DQG����QJ�J�OZW�

LQ�PDWHUQDO�VHUXP�IURP�3RRO�%���%'(�����ZDV�QRW�GHWHFWHG�LQ�XPELOLFDO�FRUG�WLVVXH��EXW�LW�ZDV�

IRXQG�DW����DQG����QJ�J�OZW�LQ�XPELOLFDO�FRUG�VHUXP�DQG����QJ�J�OZW�LQ�PDWHUQDO�VHUXP���3&%V�

DQG�FKORULQDWHG�GLEHQ]RGLR[LQV�DQG�GLEHQ]RIXUDQV��&''�)V��KDG�D�VOLJKWO\�GLIIHUHQW�WUHQG���

:KLOH�XPELOLFDO�FRUG�WLVVXH�ZDV�DOZD\V�ORZHU�WKDQ�XPELOLFDO�FRUG�VHUXP��OLNH�3%'(V���WKH\�

ZHUH�FORVH�LQ�PDJQLWXGH�DQG�LQ�IDFW��PDWHUQDO�VHUXP�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�HLWKHU�

XPELOLFDO�FRUG�WLVVXH�RU�XPELOLFDO�FRUG�VHUXP���

%L�HW�DO���������PHDVXUHG�WKH�FRQFHQWUDWLRQV�RI�VHYHQ�FRQJHQHUV��%'(�����%'(�����

%'(�����%'(������%'(������%'(������DQG�%'(������LQ����WRWDO�VDPSOHV�LQFOXGLQJ����SDLUHG�

PDWHUQDO�DQG�IHWDO�VHUXP��IRU�D�WRWDO�RI����VDPSOHV��DQG����PLON�VDPSOHV��RI�ZKLFK����ZHUH�

ZLWKLQ�WKH����LQGLYLGXDOV�SURYLGLQJ�SDLUHG�EORRG�VDPSOHV��LQ�&KLQD���7KH\�VKRZHG�D�FRUUHODWLRQ�

EHWZHHQ�PDWHUQDO�DQG�IHWDO�EORRG�VDPSOHV��U� �������S����������ZLWK�D�PHGLDQ�WRWDO�FRQFHQWUDWLRQ�

RI�����QJ�J�OZW��UDQJH�����í����LQ�IHWDO�VHUXP�DQG�����QJ�J�OZW�����í����LQ�PDWHUQDO�VHUXP���0LON�

FRQFHQWUDWLRQV�ZHUH�FRPSDUDEOH�WKRXJK�KLJKHU�WKDQ�HLWKHU�PDWUL[��DW�D�PHGLDQ�RI�����QJ�J�OZW�

DQG�D�UDQJH�RI������WR������QJ�J�OZW����

2QH�VWXG\�VKRZHG�VLPLODU�FRQFHQWUDWLRQV�LQ�XPELOLFDO�FRUG�EORRG�VHUD�DQG���\HDU�ROG�

FKLOGUHQ���7KH�VDPSOHV�ZHUH�REWDLQHG�IURP�D�ODUJH�FRKRUW�RI�����FKLOGUHQ�ZKR�SURYLGHG�GDWD�XS�

XQWLO�WKH�DJH�RI���LQ�0HQRUFD�,VODQG�LQ�6SDLQ��&DUUL]R�HW�DO�����������$W�WKH�WLPH�RI�VDPSOH�

PHDVXUHPHQW�����VDPSOHV�ZHUH�DYDLODEOH�IURP�D�VXEVHW�RI�WKLV�FRKRUW�ZKR�ZHUH�QHZERUQ�DQG�

����IURP�FKLOGUHQ�DJH�����7KH�FRQJHQHUV�PHDVXUHG�LQFOXGHG�%'(�����%'(�����%'(�����%'(�����
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%'(�����%'(�����%'(�����%'(������%'(������%'(������%'(������%'(������DQG�%'(�������

7KH�DYHUDJH�WRWDO�FRQFHQWUDWLRQ�ZDV�����QJ�J�OZW�LQ�WKH�XPELOLFDO�FRUG�EORRG�VHUD�FRPSDUHG�WR�

����QJ�J�OZW�LQ�WKH�VHUD�RI�WKH���\HDU�ROGV���%'(����ZDV�WKH�PRVW�DEXQGDQW�FRQJHQHU�IRXQG��

DYHUDJLQJ�����QJ�J�OZW�LQ�WKH�XPELOLFDO�FRUG�EORRG�DQG�����QJ�J�OZW�LQ�WKH�VHUD�RI�WKH���\HDU�ROGV��

IROORZHG�E\�%'(����DW�����DQG�����QJ�J�OZW��UHVSHFWLYHO\�����

� 7KLV�VHFWLRQ�KDV�UHYLHZHG�VWXGLHV�WKDW�GHPRQVWUDWH�WKDW�WKH�IHWXV�LV�H[SRVHG�WR�

SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�SDVVHG�RQ�E\�WKH�PRWKHU���&RQFHQWUDWLRQV�LQ�IHWDO�OLYHU�DQG�

SODFHQWDO�WLVVXH�VDPSOHV�IURP�HDUO\�WR�PLG�JHVWDWLRQ�DERUWHG�IHWXVHV�VKRZHG�FRQFHQWUDWLRQV�LQ�WKH�

KXQGUHGV�WR�WKRXVDQGV�RI�QJ�J�OZW�WRWDO�3%'(V��VHYHQ�FRQJHQHUV�XS�WR�%'(������'RXFHW�HW�DO���

��������$�VHFRQG�VWXG\�LQFOXGLQJ�IHWDO�WLVVXHV�IURP�VWLOOERUQV�RU�IURP�LQIDQWV�ZKR�GLHG�VKRUWO\�

DIWHU�ELUWK�EHIRUH�IHHGLQJV�VKRZHG�FRQFHQWUDWLRQV�FRPSDUDEOH�WR�QDWLRQDO�EORRG�PHDVXUHPHQWV�LQ�

WKH�8QLWHG�6WDWHV��6FKHFWHU�HW�DO�����������,Q�VRPH�SDLUHG�VWXGLHV�LQFOXGLQJ�ERWK�PDWHUQDO�DQG�

XPELOLFDO�FRUG�VHUXP��WKHUH�LV�D�VXJJHVWLRQ�WKDW�WKH�IHWXV�PD\�EH�OHVV�H[SRVHG�WKDQ�WKH�PRWKHU��DV�

ORZHU�FRQFHQWUDWLRQV�RI�3%'(V�LQ�XPELOLFDO�FRUG�DV�FRPSDUHG�WR�PDWHUQDO�VHUXP�ZHUH�IRXQG�

�7DNDVXJD�HW�DO���������*XYHQXLV�HW�DO���������5\DQ�DQG�2RVWGDP����������7KLV�WUHQG�RI�ORZHU�

FRQFHQWUDWLRQV�ZDV�VHHQ�PRVWO\�IRU�KLJKHU�EURPLQDWHG�FRQJHQHUV�LQ�WZR�RI�WKHVH�VWXGLHV�

�7DNDVXJD�HW�DO���������*XYHQXLV�HW�DO�����������+RZHYHU��RWKHU�VWXGLHV�VKRZHG�VLPLODU��LI�QRW�

VOLJKWO\�KLJKHU��FRQFHQWUDWLRQV�LQ�XPELOLFDO�FRUG��*RPDUD�HW�DO���������0D]GDL�HW�DO���������

)XNDWD�HW�DO���������%L�HW�DO�����������2QH�VWXG\�VKRZHG�VLPLODU�FRQFHQWUDWLRQV�LQ�XPELOLFDO�FRUG�

EORRG�VHUD�DQG�VHUD�IRU���\HDU�ROGV��&DUUL]R�HW�DO�����������,Q�D�ODUJH�VFDOH�VWXG\�PHDVXUHPHQW�RI�

����XPELOLFDO�FRUG�EORRG�VDPSOHV�LQ�%DOWLPRUH��0'��+HUEVWPDQ�HW�DO����������DOO�FRQJHQHU�

FRQFHQWUDWLRQV�IRXQG�ZHUH�XQLIRUPO\�ORZHU�DV�FRPSDUHG�WR�QDWLRQDO�8�6��EORRG�PHDVXUHPHQWV�

IURP�1+$1(6��6MRGLQ�HW�DO����������DQG�WKH�IUHTXHQF\�RI�GHWHFWLRQ�ZDV�DOVR�ORZHU���6LQFH�WKH�

VDPH�8�6��ODERUDWRU\��WKH�&'&�ODERUDWRU\��DQDO\]HG�WKH�VDPSOHV�LQ�ERWK�PDMRU�VWXGLHV��WKLV�

ZRXOG�QRW�EH�GXH�WR�GLIIHUHQW�ODERUDWRULHV�GRLQJ�WKH�ZRUN���7KLV�PD\�EH�D�UHIOHFWLRQ�RI�D�JHQHUDO�

WUHQG��L�H���ORZHU�XPELOLFDO�FRUG�EORRG�FRQFHQWUDWLRQV�DV�FRPSDUHG�WR�JHQHUDO�SRSXODWLRQ�

FRQFHQWUDWLRQV���EXW�LW�FRXOG�UHIOHFW�WKH�IDFW�WKDW�WKH�%DOWLPRUH�VWXG\�ZDV�UHJLRQDO��ZKLOH�

1+$1(6�ZDV�QDWLRQDO�LQ�VFRSH��������

��
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������ ,PSDFWV�WR�,QIDQWV�IURP�&RQVXPSWLRQ�RI�%UHDVW�0LON�
8VLQJ�WKH�SURILOH�RI�3%'(V�LQ�PRWKHU¶V�PLON��WKH�GRVH�WR�WKH�LQIDQW�ZDV�PRGHOHG�DV�

IROORZV�� �

�

� '� �&�î�I�î�,5�� ������

ZKHUH�

�

'�  � LQJHVWHG�GRVH�RI�3%'(V��QJ�GD\��

&�  � FRQFHQWUDWLRQ�LQ�PLON�IDW��QJ�J�OZW��

I�  � IUDFWLRQ�RI�IDW�LQ�EUHDVW�PLON�

,5�  � LQJHVWLRQ�UDWH�RI�EUHDVW�PLON��J�ZKROH�ZHLJKW�GD\��

�

7KH�GRVH�WHUP��'��FDQ�HDVLO\�EH�FRQYHUWHG�WR�D�ERG\�ZHLJKW�EDVHG�GRVH�WHUP�E\�GLYLGLQJ�

E\�LQIDQW�ERG\�ZHLJKW��%:���7KH�UDWH�RI�LQJHVWLRQ�RI�PRWKHU¶V�PLON�DQG�WKH�IUDFWLRQ�RI�IDW�LQ�WKH�

PRWKHU¶V�PLON�ZHUH�DVVXPHG�WR�EH�FRQVWDQW�RYHU�WKH�GXUDWLRQ�RI�EUHDVW�IHHGLQJ���6PLWK��������

UHSRUWHG�WKDW�VWXGLHV�LQ�%ULWDLQ�DQG�+RXVWRQ�IRXQG�WKDW�WKH�EUHDVW�PLON�LQJHVWLRQ�UDWH�IRU����WR�

��PRQWK�ROG�LQIDQWV�UDQJHG�IURP�����WR�����P/�GD\�DQG�����WR�����P/�GD\��UHVSHFWLYHO\��DQG�

WKDW�EUHDVW�PLON�LQJHVWLRQ�UDWHV�UHPDLQ�UHODWLYHO\�FRQVWDQW�RYHU�DQ�LQIDQW¶V�OLIH���6PLWK��������DOVR�

DVVXPHG�WKDW�PRWKHU¶V�PLON�KDV�D����IDW�FRQWHQW���7KHVH�DVVXPSWLRQV�ZHUH�DGRSWHG�IRU�WKH�

SXUSRVHV�RI�WKH�PRGHOLQJ�H[HUFLVH�GHVFULEHG�KHUH��,5� �����J�GD\��ZKLFK�DVVXPHV���/�PLON�

ZHLJKV���NJ��DQG�I� ��������*LYHQ�WKH�WRWDO�3%'(�FRQFHQWUDWLRQ�RI������QJ�J�OZW�LQ�PRWKHU¶V�PLON�

�VHH�7DEOH�������WKH�WRWDO�GRVH�WR�LQIDQWV�LV�������QJ�GD\���$VVXPLQJ�DQ�DYHUDJH�ERG\�ZHLJKW�RI�

���NJ�IRU�DQ�LQIDQW�GXULQJ�WKH�PRQWKV�RI�EUHDVW�IHHGLQJ��D�GRVH�LV�FDOFXODWHG�DV�����QJ�NJ�GD\���

7KLV�LV�DERXW�KDOI�WKH�LQWDNH�RI�WKH�����QJ�NJ�GD\�HVWLPDWH�E\�6FKHFWHU�HW�DO����������

� ,QIDQW�LPSDFWV�WR�EUHDVW�PLON�DQG�FKLOGUHQ¶V�ERG\�EXUGHQV�ZHUH�KDQGOHG�LQ�D�GLIIHUHQW�

PDQQHU�WKDQ�DGXOW�ERG\�EXUGHQV���7KH�DSSURDFK�PLUURUV�ZKDW�ZDV�GRQH�IRU�GLR[LQV�E\�/RUEHU�

DQG�3KLOOLSV���������ZKR�PRGHOHG�WKH�LPSDFW�RI�GLR[LQ�OLNH�FRPSRXQGV�LQ�LQIDQWV��UHVXOWLQJ�IURP�

FRQVXPSWLRQ�RI�EUHDVW�PLON���7KH�SURFHGXUHV�LQ�/RUEHU�DQG�3KLOOLSV���������DV�DSSOLHG�WR�3%'(V�

LQVWHDG�RI�GLR[LQ�WR[LF�HTXLYDOHQWV��7(4V���LQFOXGH�WKH�IROORZLQJ������WRWDO�3%'(V�ZHUH�PRGHOHG�

LQVWHDG�RI�LQGLYLGXDO�FRQJHQHUV��RQH�KDOI�OLIH��YDULDEOH�DV�QRWHG�EHORZ��DQG�DEVRUSWLRQ��FRQVWDQW�

DW�������ZHUH�XVHG�WR�FKDUDFWHUL]H�WKLV�VXUURJDWH�PHDVXUH�RI�H[SRVXUH������WKH�G\QDPLF�VROXWLRQ�WR�
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HT�����DERYH��VKRZQ�LQ�HT������ZDV�XVHG�WR�EH�DEOH�WR�FKDUDFWHUL]H�FKDQJHV�LQ�GRVH��HOLPLQDWLRQ�

KDOI�OLIH��ERG\�OLSLG�IUDFWLRQV��DQG�ERG\�ZHLJKW�RYHU�WLPH��DQG�����WKH�HOLPLQDWLRQ�KDOI�OLIH�IRU�

WRWDO�3%'(V�LQ�LQIDQWV�ZLOO�EH�PRUH�UDSLG�WKDQ�KDG�EHHQ�DVVXPHG�IRU�LQGLYLGXDO�FRQJHQHUV�IRU�

DGXOWV����

� /RUEHU�DQG�3KLOOLSV��������FLWHG�WKH�SKDUPDFRNLQHWLF�PRGHOLQJ�ZRUN�RI�.UHX]HU�HW�DO��

�������LQ�WKHLU�DVVLJQPHQW�RI�WKH�RYHUDOO�HOLPLQDWLRQ�UDWH�IRU�GLR[LQ�7(4V�IURP�LQIDQF\�LQWR�

FKLOGKRRG���.UHX]HU�HW�DO���������IRXQG�WKDW�WKH�RYHUDOO�HOLPLQDWLRQ�UDWH�RI�

��������WHWUDFKORURGLEHQ]R�S�GLR[LQ����������7&''��LQ�LQIDQWV�ZDV�GULYHQ�E\�WKH�QRQPHWDEROLF�

SURFHVV�RI�IHFDO�HOLPLQDWLRQ���6SHFLILFDOO\��WKH�RYHUDOO�HOLPLQDWLRQ�KDOI�OLIH�RI���������7&''�ZDV�

PRGHOHG�WR�EH�DERXW�����\HDUV�DW�ELUWK��FRPSDUHG�WR���\HDUV�RU�PRUH�DW�DGXOWKRRG��EHFDXVH�RI�WKH�

PDJQLWXGH�RI�OLSLG�ORVV�LQ�IHFDO�HOLPLQDWLRQ�LQ�LQIDQWV���6LQFH���������7&''�DFFXPXODWHV�LQ�OLSLGV�

�DV�GR�WKH�3%'(V���WKH�UDSLG�ORVV�RI�OLSLGV�YLD�IHFDO�HOLPLQDWLRQ�UHVXOWV�LQ�D�FRPSDUDEOH�UDSLG�ORVV�

LQ���������7&''���/RUEHU�DQG�3KLOOLSV��������DVVXPHG�WKLV�LQLWLDO��UDSLG�KDOI�OLIH�DW�ELUWK�ZRXOG�

ULVH�WR�D�KDOI�OLIH�RI���\HDUV�E\����\HDUV�RI�DJH���7KH\�YHULILHG�WKHLU�DSSURDFK�E\�VKRZLQJ�KRZ�

LQIDQW�ERG\�EXUGHQV�RI�7(4V�ZHUH�SUHGLFWHG�WR�EH�PXFK�FORVHU�WR�PHDVXUHPHQWV�LQ�WKH�OLWHUDWXUH�

ZKHQ�DVVXPLQJ�WKLV�UDSLG�KDOI�OLIH�DV�FRPSDUHG�WR�DVVXPLQJ�WKH�ORQJHU�KDOI�OLIH�WKDW�ZRXOG�EH�

DSSURSULDWH�IRU�DGXOWV���6LPLODU�GDWD�DUH�QRW�DYDLODEOH�IRU�3%'(V��EXW�JLYHQ�WKH�VLPLODU�

OLSRSKLOLFLW\�RI�3%'(V�DQG�&''�)V��WKLV�DSSURDFK�VHHPV�UHDVRQDEOH���6SHFLILFDOO\��WKLV�VDPH�

KDOI�OLIH�SURILOH�XVHG�LQ�/RUEHU�DQG�3KLOOLSV��������ZLOO�EH�XVHG�KHUH��D�UDSLG�KDOI�OLIH�DW�ELUWK�

ULVLQJ�WR�DQ�RYHUDOO��UHSUHVHQWDWLYH�KDOI�OLIH�RI���\HDUV�E\�DJH������'UDZLQJ�RQ�LQIRUPDWLRQ�LQ�WKH�

([SRVXUH�)DFWRUV�+DQGERRN��8�6��(3$���������/RUEHU�DQG�3KLOOLSV��������DOVR�DVVLJQHG�

WHPSRUDOO\�YDU\LQJ�ERG\�OLSLG�FRQWHQWV�DQG�ERG\�ZHLJKWV���$EVRUSWLRQ�RI�3%'(V�ZLOO�EH�

DVVXPHG�WR�EH������DEVRUSWLRQ�IUDFWLRQ� �������DQG�WKH�LQLWLDO�ERG\�EXUGHQ�DW�ELUWK�ZLOO�EH�

���QJ�J�OZW��VLPLODU�WR�WKH�DGXOW�WRWDO�ERG\�EXUGHQ�IURP�EORRG�PHDVXUHPHQWV���'HULYDWLRQ�RI�

LQWDNH�GRVH�ZDV�SURYLGHG�DERYH��DQG�LW�ZDV�������QJ�WRWDO�3%'(�GD\�IRU���\HDU�RI�EUHDVW�IHHGLQJ��

IROORZHG�E\�FKLOG�LQWDNHV�IURP���\HDU�RQ��VHH�6HFWLRQ�������EHORZ����7DEOH�����VKRZV�WKH�ILQDO�

3.�SDUDPHWHUV��LQFOXGLQJ�GRVH�HVWLPDWHV��IURP�ELUWK�XQWLO�DJH������)LJXUH�����VKRZV�WKH�ILQDO��
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�
Table 5-9�  Pharmacokinetic parameters for modeling the body burden 
impacts to infants via breast feeding, and then to children from food and 
household exposures 

�

Time after 
birth 

PBDE half-life 
(yr) 

Body lipid 
fraction 

Body weight, 
(kg) 

Total PBDE 
dose 

(ng/day) 
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D7KH�WLPH�LQFUHPHQWV�RI�FDOFXODWLRQ�IRU�3.�PRGHOLQJ�ZHUH���\HDU�DIWHU�DJH����ERG\�ZHLJKW�DQG�OLSLG�IUDFWLRQV�
LQFUHPHQWDOO\�GHFUHDVHG�LQFUHDVHG�GXULQJ�WKDW�WLPH�ZLWKLQ�WKH�UDQJHV�QRWHG���'RVHV�ZHUH�FRQVWDQW�DW�WKH�YDOXHV�
QRWHG��
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 Figure 5-2�  Modeled infant and childhood body burdens of PBDEs. 

�
�
UHVXOWV�RI�WKLV�H[HUFLVH��LQFOXGLQJ�WKH�LPSDFW�RQ�ERG\�EXUGHQ�DVVXPLQJ�WKH�RYHUDOO�KDOI�OLIH�RI�

��\HDUV����

� :LWK�WKH�DVVXPSWLRQ�RI�PRUH�UDSLG�HOLPLQDWLRQ�HDUOLHU�LQ�OLIH��WKH�LQIDQW�ERG\�EXUGHQ�ULVHV�

WR�DERXW�����QJ�J�OZW�DW�DJH���DQG�FRQWLQXHV�WR�ULVH�WR�DERYH�����QJ�J�OZW�WKURXJK�DJH�����$W�WKLV�

SRLQW��WKH�FRQFHQWUDWLRQ�EHJLQV�WR�GURS��XOWLPDWHO\�GHFUHDVLQJ�WR�����QJ�J�OZW�E\�DJH������,I�WRWDO�

%'(V�KDG�DQ�RYHUDOO�KDOI�OLIH�RI���\HDUV�IURP�ELUWK�RQ��WKHQ�WKH�ERG\�EXUGHQ�ZRXOG�ULVH�WR�QHDU�

����QJ�J�OZW�E\�DJH���DQG�FRQWLQXH�WR�ULVH�WR�PRUH�WKDQ�����QJ�J�OZW�E\�DJH����RQO\�WKHQ�WR�

GLVVLSDWH�VORZO\�WR�OHYHOV�QHDU�����QJ�J�OZW�E\�DJH�������

� 7ZR�RWKHU�VWXGLHV�LQ�WKH�OLWHUDWXUH�SURYLGH�FRPSDUDEOH�DSSURDFKHV�WR�PRGHOLQJ�WKH�EUHDVW�

PLON�H[SRVXUH�SDWKZD\�IRU�FKLOGUHQ���7RPV�HW�DO���������PRGHOHG�D�OLIHWLPH�RI�H[SRVXUHV�DQG�

UHVXOWLQJ�ERG\�EXUGHQ�FRQFHQWUDWLRQV�IRU�LQGLYLGXDOV�LQ�$XVWUDOLD��VWDUWLQJ�IURP�EUHDVW�PLON�

LQJHVWLRQ�DW�ELUWK��IROORZHG�E\�FKLOGKRRG�DQG�DGXOW�H[SRVXUHV��LQFOXGLQJ�IRRG��DLU��DQG�GXVW�
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SDWKZD\V���7KHLU�EUHDVW�PLON�SDWKZD\�LQFOXGHG�D�VLPLODU�LQJHVWLRQ�UDWH������J�GD\���D�VOLJKWO\�

GLIIHUHQW�H[SRVXUH�VFHQDULR����PRQWKV�H[FOXVLYH�EUHDVW�IHHGLQJ��IROORZHG�E\�EUHDVW�SOXV�IRUPXOD�

IHHGLQJ�XS�WR���\HDU���WKH�XVH�RI�PHDVXUHG�PRWKHU¶V�PLON�FRQFHQWUDWLRQV��ZKLFK�DOVR�HTXDOHG�WKH�

LQIDQW�VWDUWLQJ�ERG\�EXUGHQ�DW�ELUWK���DQG�WKH�XVH�RI���PRQWK�WLPH�VWHS�WR�LQFRUSRUDWH�JURZWK�RI�

WKH�LQIDQW���7KH\�PRGHOHG�LQIDQW�ERG\�EXUGHQV�XVLQJ�WKH�DGXOW�HOLPLQDWLRQ�UDWHV��ZKLOH�WKH�

DQDO\VLV�KHUH�DOVR�HYDOXDWHG�D�PRUH�UDSLG�HOLPLQDWLRQ�UDWH�EDVHG�RQ�WKH�PHFKDQLFV�RI�OLSLG�

HOLPLQDWLRQ�LQ�WKH�LQIDQW���7KHLU�UDWH�RI�LQJHVWLRQ�RI�WRWDO�3%'(V�ZDV�����QJ�GD\��FRPSDUHG�WR�

������QJ�GD\�DVVXPHG�LQ�WKLV�VWXG\���7KHLU�UHVXOWV��OLNH�WKHVH�KHUH��VKRZ�D�UDSLG�ULVH�LQ�LQIDQW�

ERG\�EXUGHQ�WKURXJK�DERXW�D�\HDU�WR�GHFOLQH�WKHUHDIWHU���,QIDQW�ERG\�EXUGHQV�ZHUH�PRGHOHG�WR�

ULVH�WR�DERXW����QJ�J�OZW�DW�<HDU����ZKLOH�WKH�LQIDQW�FRQFHQWUDWLRQ�LQ�WKLV�DVVHVVPHQW�ZDV�

PRGHOHG�WR�ULVH�WR�DERXW�����QJ�J�OLSLG����

� +D\V�DQG�3\DWW��������DOVR�PRGHOHG�D�EUHDVW�PLON�SDWKZD\�EXW�IRU�GLIIHUHQW�SXUSRVHV��DQG�

WKH\�GLG�QRW�LQFOXGH�D�PRGXOH�WR�SUHGLFW�LQIDQW�ERG\�EXUGHQ���7KHLU�VWXG\�PDLQO\�ORRNHG�DW�

LQWDNHV�RI�LQIDQWV�DQG�FKLOGUHQ�WR�GHFD%'(�WKURXJK�LQJHVWLRQ�RI�PRWKHU¶V�PLON�DQG�WKHQ�WKURXJK�

FRQWDFW�ZLWK�FRQVXPHU�SURGXFWV�FRQWDLQLQJ�GHFD%'(���7KH\�PRGHOHG�WKH�EUHDVW�PLON�SDWKZD\�

IRU�D�PRWKHU�RFFXSDWLRQDOO\�H[SRVHG�HLWKHU�WKURXJK�ZRUNLQJ�LQ�D�IDFLOLW\�WKDW�SURGXFHV�GHFD��WKH�

PRWKHU�LV�LQYROYHG�LQ�SURGXFW�IRUPXODWLRQ���RU�WKURXJK�ZRUNLQJ�LQ�D�IDFLOLW\�WKDW�GLVDVVHPEOHV�

HOHFWURQLFV���)RU�HDFK�RI�WKHVH�WZR�VFHQDULRV��WKH\�PRGHOHG�D�³PLG�UDQJH´�HVWLPDWH��0(��LQ�

ZKLFK�WKH\�DVVXPHG�D���PRQWK�EUHDVW�IHHGLQJ�VFHQDULR��DQG�IRU�D�VHFRQG�HVWLPDWH�WKH\�FDOOHG�

³XSSHU�HQG´��8(���WKH\�DVVXPHG���\HDUV�RI�EUHDVW�IHHGLQJ���,Q�RQH�LQGXVWULDO�VFHQDULR��WKH\�XVHG�

OLPLWHG�LQIRUPDWLRQ�RQ�GHFD%'(�LQ�EORRG�IURP�RFFXSDWLRQDOO\�H[SRVHG�ZRUNHUV�DQG�DVVXPHG�

PRWKHU¶V�PLON�OLSLG�FRQFHQWUDWLRQ�RI�GHFD%'(�ZDV�D�IUDFWLRQ�RI�WKDW�LQ�EORRG��EDVHG�RQ�

LQIRUPDWLRQ�WKDW�GHFD%'(�ZRXOG�QRW�SDUWLWLRQ�WR�PRWKHU¶V�PLON�IURP�EORRG�LQ�D�����UDWLR�IRU�WKH�

KLJKO\�EURPLQDWHG�GHFD%'(���7KH�0(�DVVXPSWLRQ�IRU�WKLV�SDUWLWLRQLQJ�IDFWRU�ZDV������DQG�WKH�

8(�DVVXPSWLRQ�ZDV�������,Q�WKH�RWKHU�VFHQDULR��WKH\�PRGHOHG�EUHDVW�PLON�FRQFHQWUDWLRQV��VWDUWLQJ�

IURP�HOHYDWHG�DLU�FRQFHQWUDWLRQV�LQ�WKH�LQGXVWULDO�VHWWLQJ���7KH\�XVHG�DQ�DLU�VHUXP�UDWLR�WR�SUHGLFW�

VHUXP�FRQFHQWUDWLRQV�DQG�WKHQ�WKH�VDPH�IDFWRU�OHVV�WKDQ�����WR�SUHGLFW�EUHDVW�PLON�FRQFHQWUDWLRQV���

7KHLU�LQWDNH�FDOFXODWLRQV�DVVXPHG�LQJHVWLRQ�UDWHV�RI�EUHDVW�PLON�RI�����J�GD\�IRU�WKH�0(�DQG�

����J�GD\�IRU�WKH�8(���7KHUHIRUH��WKH\�SURGXFHG�D�ZLGH�UDQJH�RI�LQWDNH�HVWLPDWHV��FRQVLGHULQJ�

GLIIHUHQW�LQGXVWULDO�VHWWLQJV��GLIIHUHQW�EORRG�WR�PLON�SDUWLWLRQLQJ�IDFWRUV��GLIIHUHQW�WLPHV�RI�

EUHDVW�IHHGLQJ��DQG�GLIIHUHQW�EUHDVW�PLON�LQJHVWLRQ�UDWHV���7KH�SXUSRVH�RI�WKHLU�DVVHVVPHQW�ZDV�WR�
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FRPSDUH�WKHLU�SUHGLFWHG�LQWDNHV�WR�D�SXEOLVKHG�UHIHUHQFH�GRVH��5I'��RI���PJ�NJ�GD\��1$6��

��������:KHQ�PRGHOLQJ�EUHDVW�PLON�FRQFHQWUDWLRQV�VWDUWLQJ�IURP�DLU�FRQFHQWUDWLRQV��WKH�LQWDNH�

GRVHV�ZHUH��������QJ�GD\�IRU�WKH�0(�DVVXPSWLRQV�DQG�����������QJ�GD\�IRU�8(��DQG�ZKHQ�

PRGHOLQJ�EDVHG�RQ�PHDVXUHG�RFFXSDWLRQDO�EORRG�PHDVXUHPHQWV�RI�%'(������WKHLU�LQWDNH�GRVHV�

ZHUH����DQG�����QJ�GD\���7KHVH�FRPSDUH�ZLWK����QJ�GD\�%'(�����LQ�WKLV�VWXG\���7KH�ODWWHU�WZR�

HVWLPDWHV�IURP�+D\V�DQG�3\DWW��������DUH�FRPSDUDEOH�WR�WKH�HVWLPDWH�LQ�WKLV�VWXG\�EHFDXVH�RI�

FRPSDUDEOH�EUHDVW�PLON�LQJHVWLRQ�UDWHV�DQG�FRPSDUDEOH�EUHDVW�PLON�FRQFHQWUDWLRQV���7KH\�VWDUWHG�

ZLWK�RFFXSDWLRQDO�EORRG�PHDVXUHPHQWV�RI������8(��DQG������0(��QJ�J�OZW��DQG�ZKHQ�

H[WUDSRODWHG�WR�EUHDVW�PLON�XVLQJ�WKHLU�SDUWLWLRQ�IDFWRUV�RI������DSSOLHG�WR������DQG������DSSOLHG�WR�

������WKH\�SUHGLFWHG�EUHDVW�PLON�FRQFHQWUDWLRQV�WKDW�ZHUH�VLPLODU�WR�WKH�EDFNJURXQG�EUHDVW�PLON�

FRQFHQWUDWLRQ�RI�%'(�����RI�����QJ�J�OZW�XVHG�LQ�WKLV�VWXG\��VHH�7DEOH�����������

� 7KH�YDOLGLW\�RI�WKH�SUHGLFWLRQV�RI�LQIDQW�ERG\�EXUGHQV�RI�%'(�FRQJHQHUV�SUHVHQWHG�DERYH�

FDQQRW�EH�HDVLO\�YHULILHG�EHFDXVH�RI�WKH�ODFN�RI�GDWD�LQ�WKH�OLWHUDWXUH���+RZHYHU��WKHUH�DUH�WZR�

VWXGLHV�GHVFULEHG�DERYH�LQ�6HFWLRQ�����RQ�EORRG�OHYHOV�RI�LQIDQWV�DQG�\RXQJHU�FKLOGUHQ���,Q�RQH��

GDWD�DUH�SUHVHQWHG�RQ�IRXU�LQGLYLGXDOV�ZLWKLQ�D�IDPLO\�LQ�&DOLIRUQLD��WKH�WZR�SDUHQWV������DQG�

���\HDU�ROGV��D���\HDU�ROG�GDXJKWHU��DQG�DQ����PRQWK�ROG�VRQ�VDPSOHG�LQ�6HSWHPEHU�DQG�

'HFHPEHU�RI��������7KH�VXP�RI�%'(�����%'(�����%'(������%'(������%'(������DQG�%'(�����

LQ�WKH�SDUHQWV�UDQJHG�EHWZHHQ����DQG�����QJ�J�OZW�IRU�WKH�WZR�VDPSOLQJ�GDWHV��EXW�WKH�

FRQFHQWUDWLRQV�LQ�WKH�FKLOGUHQ�ZHUH�PXFK�KLJKHU���7KH���\HDU�ROG�GDXJKWHU�KDG�FRQFHQWUDWLRQV�RI�

�������������QJ�J�OZW��WKH�ODVW�WZR�ZHUH�GXSOLFDWHV�RI�WKH�VDPH�'HFHPEHU�VDPSOH��RI�WKH�ILYH�

FRQJHQHUV�IRU�WKH�6HSWHPEHU�DQG�WKHQ�'HFHPEHU�VDPSOHV���7KH�WRGGOHU�KDG�WKH�KLJKHVW�

FRQFHQWUDWLRQV�RI�DOO������DQG���������IRU�WKH�ILYH�FRQJHQHUV���$OVR�RI�LQWHUHVW�ZHUH�YHU\�KLJK�

LQLWLDO�FRQFHQWUDWLRQV�RI�%'(������ZKLFK�GURSSHG�VLJQLILFDQWO\�LQ�ERWK�WKH���\HDU�ROG�DQG�WKH�

WRGGOHU��WKH���\HDU�ROG�KDG�FRQFHQWUDWLRQV�RI�����QJ�J�OZW�RI�%'(�����LQ�WKH�6HSWHPEHU�VDPSOH�

DQG���DQG����QJ�J�OZW��GXSOLFDWH�VDPSOHV��LQ�WKH�'HFHPEHU�VDPSOH���7KH�WRGGOHU�KDG�����DQG�

������QJ�J�OZW�LQ�WKH�6HSWHPEHU�DQG�'HFHPEHU�VDPSOHV��UHVSHFWLYHO\���'LVFRXQWLQJ�ODERUDWRU\�

HUURU��WKH�DXWKRUV�DWWULEXWH�WKH�KLJKHU�FRQFHQWUDWLRQV�LQ�WKH�FKLOGUHQ�WR�H[SRVXUH�WR�KRXVH�GXVW��

DQG�WKH�GURS�LQ�%'(�����OHYHOV�EHWZHHQ�WKH�6HSWHPEHU�DQG�'HFHPEHU�VDPSOHV�WR�WKH�VKRUW�

KDOI�OLIH�RI�%'(�����LQ�KXPDQV���:KLOH�WKH�DXWKRUV�KDYH�GLVFRXQWHG�ODERUDWRU\�HUURU��LW�ZRXOG�

DSSHDU�WKDW�D�GHFOLQH�E\�DQ�RUGHU�RI�PDJQLWXGH�LQ�ERWK�WKH�WRGGOHU�DQG�LQIDQW�LV�VXEVWDQWLDO�DQG�

FRXOG�EH�GXH�WR�VRPH�GLIIHUHQFH�LQ�WKH�WZR�ODERUDWRULHV���+RZHYHU��D�GHFOLQH�RI�WKLV�PDJQLWXGH�LV�
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SODXVLEOH�EHFDXVH�RI�WKH�VKRUW�KDOI�OLIH�RI�%'(�����LQ�KXPDQV��DV�QRWHG�E\�WKH�DXWKRUV���7KH�

KLJKHU�OHYHOV�RI�WKH�RWKHU�FRQJHQHUV�LQ�WKH�WRGGOHU�ZHUH�DWWULEXWHG�E\�)LVKHU�WR�FRQVXPSWLRQ�RI�

EUHDVW�PLON��DOWKRXJK�LW�FRXOG�DOVR�EH�GXH�WR�H[SRVXUH�WR�KRXVH�GXVW����

� 7KH�VHFRQG�VWXG\�ZDV�D�ODUJH�VFDOH�SRROHG�EORRG�VDPSOLQJ�VXUYH\�LQ�$XVWUDOLD��7RPV�HW�

DO�����������$V�GHVFULEHG�LQ�6HFWLRQ������WKH�KLJKHVW�FRQFHQWUDWLRQ�ZDV�IRXQG�LQ�WKH�\RXQJHVW�DJH�

JURXS�SRROHG���í��\HDUV�ROG�ZLWK�D�PHDQ�WRWDO�3%'(�FRQFHQWUDWLRQ�RI����QJ�J�OZW��ZLWK�

VXEVHTXHQW�ORZHU�FRQFHQWUDWLRQV�IRU�ROGHU�JURXSV�DQG�DQ�DYHUDJH�IRU�DGXOWV��DOO�DJH�JURXSV�DERYH�

���\HDUV�ROG��DERXW����QJ�J�OZW���7KHLU�PRGHOLQJ�RI�LQIDQW�DQG�FKLOGKRRG�LPSDFWV��ZKLFK�VKRZHG�

RQO\�DERXW�D�PD[LPXP�RI����QJ�J�OZW�DW�DJH����ZDV�QRWHG�E\�WKH�DXWKRUV�WR�XQGHUSUHGLFW�WKH�

REVHUYHG�ERG\�EXUGHQV�RI�FKLOGUHQ���$�WKLUG�VWXG\�LQFOXGHG�����PHDVXUHPHQWV�RI���\HDU�ROG�

FKLOGUHQ�RI�D�ODUJH�FRKRUW�RI�����FKLOGUHQ�VWXGLHG�RQ�WKH�LVODQG�RI�0HQRUFD�LQ�6SDLQ��&DUUL]R�HW�

DO�����������7KH\�IRXQG�KLJKHU�FRQFHQWUDWLRQV�LQ�FKLOGUHQ�ZKR�KDG�EHHQ�EUHDVW�IHG�DV�FRPSDUHG�WR�

IRUPXOD�IHG��DQG�WKH�GLIIHUHQFHV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�WKH�FRQJHQHUV�IRXQG�DW�WKH�

KLJKHVW�FRQFHQWUDWLRQV��%'(����DQG�%'(������7KH�DYHUDJH�WRWDO�FRQFHQWUDWLRQ��VXP�RI����

FRQJHQHUV�QRW�LQFOXGLQJ�%'(������LQ�WKH���\HDU�ROGV�WKDW�KDG�EHHQ�EUHDVW�IHG��Q� ������ZDV�

����QJ�J�OZW��FRPSDUHG�WR�����QJ�J�OZW�IRU�IRUPXOD�IHG��Q� ��������

� 7KHVH�KLJK�PHDVXUHPHQWV�LQ�FKLOGUHQ�VXSSRUW�WKH�VLPSOH�3.�PRGHOLQJ�GRQH�KHUH��EXW�DUH�

QRW�VXIILFLHQW�WR�YHULI\�LW���%RG\�EXUGHQ�PHDVXUHPHQWV�LQ�FKLOGUHQ�UHPDLQ�DQ�XQFHUWDLQW\��

DOWKRXJK�WKH�PRGHOLQJ�DQG�WKHVH�REVHUYDWLRQV�SURYLGH�VRPH�HYLGHQFH�WKDW�ERG\�EXUGHQV�LQ�YHU\�

\RXQJ�FKLOGUHQ�DUH�KLJKHU�WKDQ�DGXOWV��ZLWK�WKH�VXJJHVWLRQ�WKDW�WKH\�FRXOG�EH�YHU\�KLJK�GXH�WR�

FRQVXPSWLRQ�RI�EUHDVW�PLON���)XUWKHU��WKH�DQDO\VLV�KHUH�VXJJHVWV�WKDW�WKHVH�KLJKHU�OHYHOV�FRXOG�

SHUVLVW�WKURXJKRXW�FKLOGKRRG�LQWR�HDUO\�DGXOWKRRG��

�

������ &KLOGKRRG�,QWDNHV�
 7KH�WRWDO�GRVH�WR�DGXOWV�ZDV�����QJ�GD\��RU�����QJ�NJ�GD\��DVVXPLQJ�DQ�DGXOW�ERG\�

ZHLJKW�RI����NJ����8VLQJ�WKH�LQWDNH�UDWHV�SURYLGHG�LQ�7DEOH�����DQG�WKH�H[SRVXUH�PHGLD�

FRQFHQWUDWLRQV�GHYHORSHG�LQ�&KDSWHU����VKRZQ�LQ�7DEOH�������WKH�WRWDO�GRVH�IRU�WKH�WKUHH�DJH�

UDQJHV�RI�FKLOGUHQ�ZHUH�DV�IROORZV������QJ�GD\�IRU�WKH��í��DJH�UDQJH������QJ�GD\�IRU�WKH�

�í���UDQJH��DQG�����QJ�GD\�IRU�WKH���í���DJH�UDQJH���2Q�D�ERG\�ZHLJKW�EDVLV��WKH�GRVHV�DUH�

�����QJ�NJ�GD\�IRU�DJHV��í���DVVXPLQJ����NJ�EZ��������QJ�NJ�GD\�IRU��í����DVVXPLQJ�

���NJ�EZ���DQG�����QJ�NJ�GD\�IRU���í����DVVXPLQJ����NJ�EZ����7KH�PXFK�KLJKHU�GRVH�IRU�WKH�
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FKLOG�DJH��í��ZDV�GXH�WR�WKH�GRXEOLQJ�RI�VRLO�GXVW�LQJHVWLRQ�IURP����PJ�GD\�WR�����PJ�GD\���

2WKHUZLVH��WKH�WUHQGV�DV�HODERUDWHG�DERYH�IRU�DGXOWV�LQ�6HFWLRQ������VXFK�DV�WKH�SUHGRPLQDQFH�RI�

WKH�VRLO�LQJHVWLRQ�DQG�GHUPDO�FRQWDFW�SDWKZD\V��ZHUH�VLPLODU�IRU�FKLOGUHQ���2QH�VWXG\�VXJJHVWV�

WKDW�WKHVH�LQWDNHV�PD\�EH�ORZ�IRU�FKLOGUHQ���6WDSOHWRQ�HW�DO�������E��HYDOXDWHG�3%'(V�WKDW�DUH�

SUHVHQW�RQ�KDQGV�IURP����YROXQWHHUV�XVLQJ�ZLSH�VDPSOHV��DQG�XVLQJ�D�KDQG�WR�PRXWK�DOJRULWKP�

IRU�FKLOGUHQ��WKH\�HVWLPDWHG�D�PHGLDQ�LQWDNH�IRU�FKLOGUHQ��JHQHUDOO\�GHILQHG�DV��í���\HDUV�ROG�

EDVHG�RQ�SDUDPHWHUV�VHOHFWHG�WR�PRGHO�KDQG�WR�PRXWK�LQWDNHV��WR�EH�������QJ�WRWDO�%'(�GD\�DQG�

����RI�������QJ�WRWDO�%'(�GD\��LQFOXGLQJ����%'(�FRQJHQHUV�XS�WR�%'(�����WKDW�FRPSULVHG�

URXJKO\�����RI�WRWDO�H[SRVXUHV����7KHVH�QXPEHUV�ZHUH�JHQHUDWHG�XVLQJ�WKH�GDWD�IURP�DOO�WKH�

SDUWLFLSDQWV��DQG�RQO\�VL[�RI�WKHP��DJHV���WR�����FRXOG�KDYH�EHHQ�FKDUDFWHUL]HG�DV�FKLOGUHQ��DQG�

WKH�DXWKRUV�DFNQRZOHGJH�WKLV�WR�EH�D�NH\�XQFHUWDLQW\�IRU�WKHVH�LQWDNHV�IRU�FKLOGUHQ�����

�

������ ,QWDNH�(VWLPDWHV�'HU LYHG�IRU �(3$¶V�9&&(3�DQG�E\�WKH�1$6�
� 7KH�LQWDNH�HVWLPDWHV�GHULYHG�IRU�(3$¶V�9&&(3��GHVFULEHG�LQ�+D\V�DQG�3\DWW��������DQG�

E\�WKH�1DWLRQDO�$FDGHPLHV�RI�6FLHQFH��1$6��������GLIIHUHG�IURP�WKH�LQWDNH�HVWLPDWHV�GHULYHG�LQ�

WKLV�DVVHVVPHQW�LQ�WZR�ZD\V������WKH�IRFXV�ZDV�VROHO\�RQ�WKH�FRPPHUFLDO�SURGXFW��GHFD%'(��

ZKLFK�HVVHQWLDOO\�LV�HTXDO�WR�DVVHVVLQJ�%'(�����VLQFH�WKLV�FRQJHQHU�FRPSULVHV�DERXW�����RI�WKH�

FRPPHUFLDO�SURGXFW��DQG�����WKH�SXUSRVHV�RI�ERWK�VWXGLHV�ZDV�WR�SURYLGH�FRQVHUYDWLYH�LQWDNH�

HVWLPDWHV�ZLWK�ZKLFK�WR�FRPSDUH�WR�WKH�1$6�UHIHUHQFH�GRVH�RI���PJ�NJ�GD\�IRU�GHFD%'(���

%HFDXVH�RI�WKLV�VHFRQG�GLIIHUHQFH��PDQ\�RI�WKH�LQWDNHV�SURYLGHG�EHORZ�ZHUH�VLJQLILFDQWO\�KLJKHU�

WKDQ�LQWDNHV�HVWLPDWHG�LQ�WKLV�DVVHVVPHQW��E\�XSZDUGV�RI���RUGHUV�RI�PDJQLWXGH��

� 7KH�9&&(3�LQWDNH�DVVHVVPHQW�ZDV�SUHVHQWHG�WR�(3$�DV�SDUW�RI�D�ODUJHU�DVVHVVPHQW�RI�

GHFD%'(�WKDW�LQFOXGHG�DQ�DVVHVVPHQW�RI�WR[LFLW\��HQYLURQPHQWDO�OHYHOV��DQG�PDQ\�RWKHU�DQDO\VHV�

�9&&(3����������+D\V�DQG�3\DWW��������SXEOLVKHG�WKLV�9&&(3�DVVHVVPHQW�RI�H[SRVXUH�WR�

FKLOGUHQ�LQ�WKH�RSHQ�OLWHUDWXUH���7KH\�PRGHOHG�ILYH�H[SRVXUH�VFHQDULRV�SHUWDLQLQJ�WR�FKLOGUHQ�

DJHV��í�������EUHDVW�PLON�LQJHVWLRQ�IURP�D�PRWKHU�ZKR�LV�LQYROYHG�LQ�WKH�IRUPXODWLRQ�RI�

GHFD%'(������EUHDVW�PLON�LQJHVWLRQ�IURP�D�PRWKHU�ZKR�LV�GLVVHPEOLQJ�HOHFWURQLFV������PRXWKLQJ�

GHFD%'(�EDVHG�SODVWLF�HOHFWURQLF�SURGXFWV������LQKDOLQJ�GHFD%'(�SDUWLFXODWHV�UHOHDVHG�IURP�

SODVWLF�HOHFWURQLF�SURGXFWV��DQG�����PRXWKLQJ�GHFD%'(�FRQWDLQLQJ�IDEULFV���7KH\�PRGHOHG�D�

�WK�VFHQDULR�SHUWDLQLQJ�WR�DOO�DJHV��ZKLFK�ZDV�D�EDFNZDUG�3.�PRGHOLQJ�H[HUFLVH�VWDUWLQJ�IURP�D�
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EORRG�PHDVXUHPHQW�RI�%'(�������7KLV�H[HUFLVH�ZDV�GHVFULEHG�HDUOLHU�LQ�6HFWLRQ�������7KH�WZR�

EUHDVW�PLON�LQWDNH�HVWLPDWHV�ZHUH�GHVFULEHG�LQ�6HFWLRQ��������

� 7KH�RWKHU�WKUHH�VFHQDULRV�LQYROYLQJ�PRXWKLQJ�RI�SURGXFWV��IDEULFV�DQG�HOHFWURQLFV��DQG�

LQKDOLQJ�SDUWLFOHV�UHOHDVHG�IURP�SURGXFWV��HOHFWURQLFV��LQYROYHG�HVWLPDWLQJ�WKH�UHOHDVH�IURP�WKH�

SURGXFWV�DQG�WKHQ�WKH�H[SRVXUH�E\�WKH�FKLOGUHQ���7KHLU�KLJKHVW�H[SRVXUH�ZDV�IURP�PRXWKLQJ�

IDEULFV��ZKLFK�WKH\�XVHG�IURP�WKH�1$6��������DVVHVVPHQW�GHVFULEHG�EHORZ���7KH�LQWDNH�ZDV�

�������QJ�NJ�GD\�RI�GHFD%'(�IRU�WKLV�SDWKZD\���7KH�JHQHUDO�DOJRULWKPV�IRU�PRXWKLQJ�IDEULFV�

DQG�PRXWKLQJ�HOHFWURQLFV�SUHVHQW�DQ�DOWHUQDWH�WR�WKH�GXVW�LQJHVWLRQ�DQG�GXVW�GHUPDO�FRQWDFW�

DOJRULWKPV�LQ�WKLV�DVVHVVPHQW��ZKLFK�DUH�WKH�FORVHVW�DQDORJRXV�DOJRULWKPV���7KH�JHQHUDO�

DOJRULWKP�IRU�WKHVH�PRXWKLQJ�DOJRULWKPV�HQWDLOV�DQ�HVWLPDWH�RI�WKH�WRWDO�PDVV�RI�WKH�3%'(�LQ�WKH�

SURGXFW�SHU�VTXDUH�DUHD��D�UDWH�DW�ZKLFK�LW�OHDYHV�WKH�SURGXFW�RU�FDQ�OHDYH�XSRQ�PRXWKLQJ��DQG�

WKHQ�H[SRVXUH�FRQWDFW�SDUDPHWHUV���'DWD�WR�SDUDPHWHUL]H�WKHVH�DSSURDFKHV�DUH�VSDUVH��DQG�WKH�

DVVLJQPHQWV�LQ�+D\V�DQG�3\DWW��������DQG�1$6��������FDQ�OHDG�WR�YHU\�KLJK�LQWDNH�HVWLPDWHV��DV�

ZLOO�EH�VKRZQ�LQ�ODWHU�GLVFXVVLRQV����)RU�PRXWKLQJ�HOHFWURQLFV��WKH�WRWDO�LQWDNH�HQWDLOV�DQ�HVWLPDWH�

RI�WKH�PDVV�RI�GHFD%'(�OHDFKLQJ�IURP�WKH�VXUIDFH�RI�WKH�SURGXFW�������PJ�GD\�IRU�WKH�

³PLG�UDQJH´�HVWLPDWH�DQG������PJ�GD\�IRU�WKH�³XSSHU´�HVWLPDWH��DV�JHQHUDWHG�IURP�D�VWXG\�LQ�WKH�

OLWHUDWXUH���FRPELQHG�ZLWK�H[SRVXUH�IDFWRUV�LQFOXGLQJ�WKH�WLPH�VSHQW�E\�WKH�LQIDQW�PRXWKLQJ�

GXULQJ�WKH�GD\�����DQG������PLQXWHV�GD\��DQG�WKH�IUDFWLRQ�RI�LWHPV�KH�VKH�PRXWKV�WKDW�LV�WUHDWHG�

����DQG��������7KHLU�LQWDNHV�IRU�%'(�IRU�WKLV�³PRXWKLQJ´�VFHQDULR�ZHUH�����DQG�����QJ�NJ�GD\���

7KHLU�LQKDODWLRQ�VFHQDULR�GLG�QRW�HQWDLO�D�UHOHDVH�DQG�DLU�GLOXWLRQ�DOJRULWKP�EXW�LQVWHDG�ZDV�EDVHG�

RQ�PHDVXUHG�FRQFHQWUDWLRQV�RI�GHFD%'(�LQ�DLU���7KHLU�LQKDODWLRQ�LQWDNHV�ZHUH�����DQG�

����QJ�NJ�GD\���,Q�FRQWUDVW��WKH�GXVW�LQJHVWLRQ��GXVW�GHUPDO�FRQWDFW��QRW�FRQVLGHULQJ�DEVRUSWLRQ�

DFURVV�WKH�VNLQ�EDUULHU���DQG�LQKDODWLRQ�LQWDNH�HVWLPDWHV�IRU�%'(�����IRU�WKLV�DVVHVVPHQW�IRU�WKH�

\RXQJHVW�DJH�FDWHJRU\���í��\HDUV��ZHUH�����������DQG�����QJ�NJ�GD\��EDVHG�RQ�DQ�DYHUDJH����NJ�

ERG\�ZHLJKW�GXULQJ�WKH�<HDUV��í�����7KH�DSSURDFK�LQ�WKLV�DVVHVVPHQW�ZDV�WR�XVH�EDFNJURXQG�

FRQFHQWUDWLRQV�RI�%'(�FRQJHQHUV�LQ�DLU�DQG�KRXVH�GXVW�DQG�FRPELQH�WKHVH�FRQWDFW�IUDFWLRQV�WR�DLU�

DQG�GXVW���,W�GLG�QRW�FRQVLGHU�PRUH�VSHFLILF�FRQWDFW�RU�EHKDYLRUV�DVVRFLDWHG�ZLWK�WUHDWHG�SURGXFWV���

7KH�LQKDODWLRQ�HVWLPDWHV�LQ�WKLV�DVVHVVPHQW�DQG�WKH�+D\V�DQG�3\DWW��������DVVHVVPHQW�DUH�

VLPLODU��EHFDXVH�WKH�DSSURDFKHV�ZHUH�WKH�VDPH��ERWK�XVLQJ�DLU�FRQFHQWUDWLRQV�FRPELQHG�ZLWK�

FRQWDFW�IUDFWLRQV���7KHLU�PLG�UDQJH�HVWLPDWH�IRU�PRXWKLQJ�RI�HOHFWURQLF�SURGXFWV�OHG�WR�H[SRVXUHV�
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VLPLODU�WR�WKH�GXVW�SDWKZD\V�LQ�WKLV�DVVHVVPHQW��EXW�WKHLU�XSSHU�HVWLPDWH�ZDV�RYHU�DQ�RUGHU�RI�

PDJQLWXGH�KLJKHU����

� 7KH�1$6�VWXG\�DOVR�KDG�GLIIHUHQW�LQWDNH�HVWLPDWHV�IRU�GHFD%'(�DV�FRPSDUHG�WR�WKH�

%'(�����HVWLPDWHV�LQ�WKLV�VWXG\��1$6����������)RU�GHUPDO�H[SRVXUH�WR�WUHDWHG�IDEULF��WKHLU�

JHQHUDO�PRGHO�HQWDLOV�ILUVW�DQ�HVWLPDWH�RI�UHOHDVH�IURP�WKH�WUHDWHG�IDEULF��IROORZHG�E\�

FRQVLGHUDWLRQ�RI�FORWKLQJ�DV�D�EDUULHU�WR�VNLQ�WUDQVIHU��DQG�WKHQ�DQ�DVVXPSWLRQ�WKDW�HQRXJK�

PRLVWXUH��VZHDW��LV�SUHVHQW�VXFK�WKDW�GHFD%'(�FDQ�EH�GLVVROYHG�DQG�WUDQVIHUUHG�WKURXJK�WKH�VNLQ�

EDUULHU���$�ILUVW�LWHUDWLRQ�RI�WKHLU�PRGHO�DVVXPHG�WKDW�WKH�FORWKLQJ�GLG�QRW�SUHYHQW�D�EDUULHU�WR�

WUDQVIHU��DQG�WKHQ�DGGLWLRQDOO\��IXOO�WUDQVIHU�WKURXJK�WKH�VNLQ�VXFK�WKDW�WKH�RQO\�OLPLWDWLRQ�WR�

H[SRVXUH�ZDV�WKH�UDWH�RI�UHOHDVH�IURP�WKH�WUHDWHG�IDEULF���8QGHU�WKLV�H[WUHPH�H[DPSOH��WKH\�

HVWLPDWHG�DQ�H[SRVXUH�DV���������QJ�NJ�GD\���:KHQ�WKH\�PRGHOHG�SHQHWUDWLRQ�WKURXJK�WKH�VNLQ�

�VWLOO�QRW�FRQVLGHULQJ�FORWKLQJ�DV�D�EDUULHU���WKH\�HVWLPDWHG�DQ�DEVRUEHG�LQWDNH�RI�

������QJ�NJ�GD\���$V�QRWHG�DERYH��WKH�GHUPDO�FRQWDFW�SDWKZD\�LQ�WKLV�DVVHVVPHQW�HVWLPDWHV�

%'(�����H[SRVXUHV�RI�����QJ�NJ�GD\�WR�GXVW�EHIRUH�DEVRUSWLRQ��DQG�ZKHQ�FRQVLGHULQJ�D����

DEVRUSWLRQ�UDWH��WKLV�LV�UHGXFHG�WR������QJ�NJ�GD\���$Q�DOJRULWKP�WR�FRQVLGHU�VXFNLQJ�RI�WUHDWHG�

IDEULF�LQFOXGHV�DQ�DUHD�GHQVLW\�RI�WUHDWHG�IDEULF��PDVV�GHFD%'(�SHU�XQLW�DUHD�RI�FORWK���DQ�DUHD�RI�

VXFNLQJ��DQ�H[WUDFWLRQ�UDWH��D�SRWHQWLDO�DPRXQW�RI�PDVV�H[WUDFWHG�IRU�D�IXOO�GD\�RI�VXFNLQJ���DQG�

DQ�DPRXQW�RI�WLPH�VXFNLQJ���7KH�DYHUDJH�GRVH�UDWH�XVLQJ�WKLV�DOJRULWKP�ZDV�YHU\�KLJK�DW�

�������QJ�NJ�GD\��FRQVLGHUDEO\�KLJKHU�WKDQ�WKH���QJ�NJ�GD\�HVWLPDWHG�IRU�GXVW�LQJHVWLRQ�LQ�WKLV�

DVVHVVPHQW���$Q�LQKDODWLRQ�SDWKZD\�PRGHOV�ERWK�SDUWLFOH�DQG�YDSRU�SKDVH�GHFD%'(�UHOHDVHG�

IURP�WUHDWHG�IDEULFV���7KH�HPSLULFDO�PRGHO�LV�EDVHG�RQ�DUHD�GHQVLW\�RI�WUHDWHG�VXUIDFHV��WKH�H[WHQW�

RI�WUHDWHG�VXUIDFH�ZLWKLQ�D�URRP��D�UDWH�RI�UHOHDVH�RI�WKH�GHFD%'(�DV�UHVSLUDEOH�SDUWLFOHV��DQG�WKH�

URRP�YROXPH�LQ�RUGHU�WR�SURGXFH�D�FRQFHQWUDWLRQ���)LQDOO\��D�WLPH�ZHLJKWHG�DYHUDJH�GDLO\�

FRQFHQWUDWLRQ�FRQVLGHUHG�WKH�DPRXQW�RI�WLPH�DQ�LQGLYLGXDO�VSHQW�LQ�WKH�WUHDWHG�URRP���7KH�

WLPH�ZHLJKWHG�DYHUDJH�ZDV���������QJ�P����6LPLODU�DOJRULWKPV�ZHUH�XVHG�WR�HVWLPDWH�D�YDSRU�

SKDVH�FRQFHQWUDWLRQ��DQG�LW�ZDV�IRXQG�WR�EH�����QJ�P����7KHVH�PRGHOHG�FRQFHQWUDWLRQV�DUH�

H[WUHPHO\�FRQVHUYDWLYH��DV�%'(�����KDV�QRW�EHHQ�IRXQG�WR�H[FHHG���QJ�P��LQ�WKH�

QRQRFFXSDWLRQDO�VHWWLQJ��DQG�RQO\�DV�KLJK�DV�WKH�KXQGUHGV�RI�QJ�P��LQ�RFFXSDWLRQDO�VHWWLQJV��VHH�

6HFWLRQ��������,Q�1$6���������WKHVH�SUHGLFWHG�FRQFHQWUDWLRQV�ZHUH�FRPSDUHG�WR�D�5HIHUHQFH�

&RQFHQWUDWLRQ��5I&��GHWHUPLQHG�IURP�WKHLU�5I'����
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� 7KHUH�LV�VRPH�FRQFXUUHQFH�LQ�WKH�DSSURDFKHV�WDNHQ�E\�+D\V�DQG�3\DWW��������DQG�1$6�

�������DQG�WKLV�DVVHVVPHQW���6XFK�FRQFXUUHQFH�ZDV�VHHQ�LQ�LQKDODWLRQ�H[SRVXUHV�EDVHG�RQ�

PHDVXUHG�DLU�FRQFHQWUDWLRQV��DQG�LQ�WKH�GHUPDO�FRQWDFW�SDWKZD\�ZKHQ�FRQVLGHULQJ�WKH�VNLQ�DV�D�

EDUULHU�WR�DEVRUSWLRQ���+RZHYHU��PRVWO\�WKH�LQWDNH�DOJRULWKPV�DQG�DLU�FRQFHQWUDWLRQ�PRGHOV�OHG�WR�

VXEVWDQWLDOO\�KLJKHU�LQWDNHV�DQG�FRQFHQWUDWLRQV�DV�FRPSDUHG�WR�HVWLPDWHV�LQ�WKLV�

DVVHVVPHQWʊKLJKHU�E\�XS�WR���RUGHUV�RI�PDJQLWXGH���&HUWDLQO\��WKH�REMHFWLYHV�RI�WKH�+D\V�DQG�

3\DWW��������DQG�1$6��������VWXG\�ZHUH�GLIIHUHQW�WKDQ�KHUH���$�NH\�SXUSRVH�RI�WKHLU�DVVHVVPHQWV�

ZDV�WR�FRPSDUH�H[SRVXUH�LQWDNHV�ZLWK�WKH�1$6��������GHULYHG�5I'�RI�����������QJ�NJ�GD\�

���PJ�NJ�GD\����7KHUH�ZDV�QHYHU�DQ\�DWWHPSW�WR�FRPSDUH�SUHGLFWHG�ZLWK�PHDVXUHG�

FRQFHQWUDWLRQV��QRU�DQ\�DWWHPSW�WR�FRPSDUH�LQWDNH�HVWLPDWHV�ZLWK�RWKHUV�WKDW�PD\�KDYH�EHHQ�

JHQHUDWHG�LQ�WKH�OLWHUDWXUH�RQ�VLPLODU�SDWKZD\V���$OVR��WKHUH�ZDV�QR�DWWHPSW�WR�WDNH�LQWDNHV�DQG�

PRGHO�D�EORRG�FRQFHQWUDWLRQ�RI�%'(������ZKLFK�FRXOG�KDYH�EHHQ�XVHG�WR�FRPSDUH�ZLWK�

PHDVXUHG�EORRG�FRQFHQWUDWLRQV��DOWKRXJK�WKHUH�ZHUH�IHZ��LI�DQ\��PHDVXUHPHQWV�RI�EORRG�

FRQFHQWUDWLRQV�RI�%'(�����IRU�XVH�LQ�WKH�1$6�UHSRUW�FRPSOHWHG�LQ���������:KLOH�WKH�DOJRULWKPV�

XVHG�VKRZ�SRWHQWLDO�XVH�LQ�DVVHVVPHQWV�RI�JHQHUDO�SRSXODWLRQ�H[SRVXUHV��LW�LV�IHOW�WKDW�WKH�LQSXW�

SDUDPHWHUV�QHHG�WR�EH�PRUH�FDUHIXOO\�DVVLJQHG�YDOXHV�WR�FKDUDFWHUL]H�JHQHUDO�SRSXODWLRQ�

H[SRVXUHV��DQG�WKH�UHVXOWV�VXEMHFWHG�WR�VRPH�UHDOLW\�RU�YDOLGDWLRQ�WHVWLQJ���

�

������ %RG\�%XUGHQ�'DWD�WR�&KDUDFWHU L]H�2FFXSDWLRQDO�([SRVXUHV�
� /LPLWHG�VWXGLHV�IURP�6ZHGHQ�DQG�IURP�&KLQD�VXJJHVW�WKDW�3%'(�FRQFHQWUDWLRQV�DUH�

HOHYDWHG�LQ�RFFXSDWLRQDO�JURXSV�H[SRVHG�WR�OLNHO\�VRXUFHV�RI�3%'(V���2QH�VWXG\�ZKLFK�ORRNHG�DW�

LQFLQHUDWRU�ZRUNHUV�LQ�FRPSDULVRQ�WR�JHQHUDO�SRSXODWLRQ�H[SRVXUHV��GLG�QRW�ILQG�D�GLIIHUHQFH��/HH�

HW�DO�����������7KH�RQO\�VWXG\�RI�RFFXSDWLRQDO�H[SRVXUHV�LQ�WKH�8QLWHG�6WDWHV�IRXQG�D�VLJQLILFDQWO\�

KLJKHU��S���������OHYHO�RI�3%'(V�LQ�ZRUNHUV�LQ�IRDP�UHF\FOLQJ�IDFLOLWLHV�DQG�LQGLYLGXDOV�ZKR�

LQVWDOOHG�FDUSHW�SDGGLQJ�PDQXIDFWXUHG�IURP�UHF\FOHG�IRDP��6WDSOHWRQ�HW�DO�������D���

� 7KH�VWXG\�IURP�WKH�8QLWHG�6WDWHV��LQFOXGHG����IRDP�ZRUNHUV�IURP�WZR�IRDP�UHF\FOLQJ�

IDFLOLWLHV��RQH�LQ�0DU\ODQG�DQG�RQH�LQ�&DOLIRUQLD�����FDUSHW�OD\HUV�ZKR�ZRUNHG�LQ�DVVRFLDWLRQ�ZLWK�

WKH�&DOLIRUQLD�IDFLOLW\��DQG���FRQWURO�JURXS�LQGLYLGXDOV�FRPSRVHG�RI�VSRXVHV�DQG�FOHULFDO�ZRUNHUV�

IURP�WKH�IDFLOLWLHV��6WDSOHWRQ�HW�DO�������D����7KH�PHGLDQ�WRWDO�3%'(�FRQFHQWUDWLRQV��FRPSRVHG�

RI�%'(�����%'(�����%'(�����%'(�����%'(�����%'(������%'(������%'(������DQG�%'(������

LQ�WKH�IRDP�ZRUNHUV��FDUSHW�LQVWDOOHUV��DQG�FRQWURO�ZHUH�����������DQG����QJ�J�OLSLG��UHVSHFWLYHO\����
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7KH�ERG\�EXUGHQV�RI�WKH�ZRUNHUV�ZHUH�GRPLQDWHG�E\�%'(�����ZKLFK�H[SODLQHG���í����RI�WKH�

WRWDO�FRQFHQWUDWLRQ��IROORZHG�E\�%'(����DQG�%'(������ZKLFK�ERWK�FRQWULEXWHG���í����RI�WKH�

WRWDO���

7KLUWHHQ�3%'(�FRQJHQHUV�ZHUH�TXDQWLILHG�LQ�VHUXP�LQ�D�JURXS�RI����3&�WHFKQLFLDQV��3&�

WHFKV���DQG�WKH�UHVXOWV�ZHUH�FRPSDUHG�DJDLQVW�KRVSLWDO�ZRUNHUV��DQG�3&�FOHUNV�LQ�6ZHGHQ�

�-DNREVVRQ�HW�DO�����������0RUHRYHU��ZLWKLQ�WKHVH�WZR�FRPSDULVRQ�JURXSV��UHILQHG�

FKDUDFWHUL]DWLRQV�LQFOXGHG�ZRPHQ�ZKR�KDG�QHYHU�EUHDVW�IHG��1%)���KRVSLWDO�FOHDQHUV��+&V���DQG�

3&�FOHUNV��3&&V����5HVXOWV�ZHUH�SURYLGHG�IRU�%'(�����%'(������%'(������%'(������DQG�

%'(�������7KHUH�ZHUH�GLVWLQFW�GLIIHUHQFHV�DPRQJ�WKH�JURXSV���7KH�PHGLDQ�YDOXH�RI�%'(����ZDV�

IDLUO\�VLPLODU�DPRQJ�WKH�JURXSV��3&�WHFKV�KDG�D�PHGLDQ�RI�����QJ�J�OZW��+&V�KDG�D�PHGLDQ�RI�

����QJ�J�OZW��3&&V�KDG�D�PHGLDQ�RI�����QJ�J�OZW��DQG�1%)V�KDG�D�PHGLDQ�RI�����QJ�J�OZW���

%'(�����ZDV�WKH�KLJKHVW�LQ�WKH�3&�WHFKV�DQG�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�RWKHU�WKUHH�JURXSV��

����QJ�J�OZW�IRU�WKH�3&�WHFKV��ZKLOH�LW�ZDV�����������DQG�����QJ�J�OZW�IRU�WKH�RWKHU�WKUHH�JURXSV���

:KLOH�WKHVH�RWKHU�WKUHH�JURXSV�GLG�QRW�KDYH�%'(������LW�ZDV�TXDQWLILHG�DW�D�PHGLDQ�RI�

����QJ�J�OZW�IRU�WKH�3&�WHFKV���7KHUH�ZHUH�QR�FRUUHODWLRQV�ZLWK�DJH�DQG�%'(�OHYHOV��EXW�D�

FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WLPH�RQ�WKH�MRE�DQG�%'(�����FRQFHQWUDWLRQV�LQ�WKH�3&�WHFKV��

� (LJKW�6ZHGLVK�HPSOR\HHV�DW�D�UHF\FOLQJ�SODQW�DQG�IRXU�UXEEHU�PL[HUV�YROXQWHHUHG�WR�

GRQDWH�EORRG�VDPSOHV�GXULQJ�WKHLU�VXPPHU�YDFDWLRQV��LQ������DQG�������UHVSHFWLYHO\��-DNREVVRQ�

HW�DO�����������7KH�ILUVW�EORRG�VDPSOH�ZDV�GUDZQ�DW�WKH�VWDUW�RI�YDFDWLRQ���í��GD\V�ODWHU��DQG�WKHQ�

DW�DGGLWLRQDO�WLPH�IUDPHV�GXULQJ�WKH��í��ZHHN�YDFDWLRQ���7KH�VDPSOHV�ZHUH�DQDO\]HG�IRU�

%'(�����%'(������%'(������DQG�%'(�������$VVXPLQJ�WKHUH�ZDV�D�FRQVWDQW�EDVHOLQH�RI�%'(V�

LQ�WKHVH�ZRUNHUV��ZKLFK�WKH\�REWDLQHG�IURP�VHUXP�PHDVXUHPHQWV�RQ�QRQH[SRVHG�LQGLYLGXDOV��WKH�

DXWKRUV�FDOFXODWHG�KDOI�OLYHV���,Q�DGGLWLRQ�WR�WKHVH���WHPSRUDOO\�IROORZHG�ZRUNHUV��WKH�DXWKRUV�

PHDVXUHG�EORRG�IURP����RWKHU�VXEMHFWV��LQ�DOO��WKHLU�VWXG\�KDG�����REVHUYDWLRQV�IURP����VXEMHFWV���

7KH\�IRXQG�GLVWLQFW�H[SRVXUH�OHYHOV�DQG�SDWWHUQV�RI�%'(�FRQJHQHUV�DV�D�IXQFWLRQ�RI�ZKLFK�

ZRUNHUV�WKH\�PHDVXUHG���7KH�UXEEHU�ZRUNHUV��ZKR�ZHUH�H[SRVHG�RQO\�WR�GHFD%'(��KDG�PDUNHGO\�

HOHYDWHG�OHYHOV�RI�%'(������ZKLFK�DYHUDJHG���í���QJ�J�OZW��ZLWK�D�KLJK�RI�����QJ�J�OZW���

,QGLYLGXDOV�QRW�RFFXSDWLRQDOO\�H[SRVHG�KDG�OHYHOV�DW�1'í����QJ�J�OZW���7KH�HOHFWURQLF�

GLVPDQWOHUV�ZHUH�H[SHFWHG�WR�EH�H[SRVHG�WR�DOO�%'(�FRQJHQHUV��DQG�WKH\�ZHUH��ZLWK�

FRQFHQWUDWLRQV�RI�%'(�����%'(������%'(������DQG�%'(�����DYHUDJLQJ����������������DQG�

����QJ�J�OZW��UHVSHFWLYHO\���:KLOH�WKH\�IRXQG�WKDW�%'(�����LV�ELRDYDLODEOH�EDVHG�RQ�ILQGLQJ�KLJK�
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OHYHOV�LQ�DQ�RFFXSDWLRQDOO\�H[SRVHG�JURXS��WKH�UXEEHU�ZRUNHUV���WKH\�DOVR�IRXQG�LW�KDG�WKH�

VKRUWHVW�KDOI�OLIH���7KHUH�ZDV��RYHUDOO��DQ�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�KDOI�OLIH�DQG�GHJUHH�RI�

EURPLQDWLRQʊORZHU�EURPLQDWHG�FRQJHQHUV�KDG�ORQJHU�KDOI�OLYHV��%'(�����ZDV����GD\V��

%'(�����ZDV�����GD\V��%'(�����ZDV�����GD\V��DQG�%'(�����ZDV�����GD\V�����

� 4X�HW�DO���������PHDVXUHG�OHYHOV�RI����%'(V��LQFOXGLQJ�%'(������LQ�HOHFWURQLF�ZDVWH�

GLVPDQWOLQJ�ZRUNHUV��LQ�UHVLGHQWV�OLYLQJ�ZLWKLQ����NP�RI�WKH�GLVPDQWOLQJ�DUHD��DQG�D�UHIHUHQFH�

JURXS�ZLWK�QR�H[SRVXUH�QHDU�DQ�RFFXSDWLRQDO�VHWWLQJ�LQ�4XRQJGRQJ��6RXWK�&KLQD���7KH�PHGLDQ�

FRQFHQWUDWLRQV�RI�HDFK�FRQJHQHU�ZHUH�GHWHUPLQHG��DQG�WKH�VXP�RI�WKHVH�LQGLYLGXDO�PHGLDQV�IURP�

WKH�WKUHH�JURXSV�ZDV�DV�IROORZV������QJ�J�OZW��GLVPDQWOLQJ�ZRUNHUV��������QJ�J�OZW��UHVLGHQWV�

OLYLQJ�ZLWKLQ����NP�RI�WKH�GLVPDQWOLQJ�DUHD���DQG�����QJ�J�OZW��UHIHUHQFH�JURXS����%'(�����ZDV�

WKH�KLJKHVW�DPRQJ�DOO�JURXSV��H[SODLQLQJ�EHWZHHQ����DQG�����RI�WRWDO�FRQFHQWUDWLRQ���

,QWHUHVWLQJO\��%'(�����ZDV�WKH�VHFRQG�KLJKHVW�LQ�WKH�HOHFWURQLF�UHF\FOLQJ�JURXS�DQG�WKH�UHVLGHQWV�

OLYLQJ�ZLWKLQ����NP��H[SODLQLQJ����DQG�����RI�WKH�WRWDO��UHVSHFWLYHO\���([FHHGLQJO\�KLJK�

FRQFHQWUDWLRQV�ZHUH�IRXQG�LQ�RQH����\HDU�ROG�PDOH�HOHFWURQLF�ZDVWH�ZRUNHU��%'(�����%'(������

%'(������DQG�%'(�����ZHUH�IRXQG�DW��������������������DQG�������QJ�J�OZW��UHVSHFWLYHO\��

� %L�HW�DO���������VLPLODUO\�IRXQG�HOHYDWHG�OHYHOV�RI�3%'(V�LQ�UHVLGHQWV�OLYLQJ�QHDU�DQG�

ZRUNLQJ�ZLWKLQ�DQ�H�ZDVWH�UHF\FOLQJ�IDFLOLW\�LQ�6RXWK�&KLQD���7KH\�VDPSOHG�WZR�UHJLRQV��

LQFOXGLQJ�WKLV�UHF\FOLQJ�UHJLRQ�DQG�D�VHFRQG�QHDUE\�UHJLRQ��ZKHUH�WKH�ILVKLQJ�LQGXVWU\�GRPLQDWHV�

WKH�OLYHOLKRRG�RI�WKH�UHJLRQ���$�WRWDO�RI����LQGLYLGXDOV�ZHUH�VDPSOHG�ZLWKLQ�WKH�UHF\FOLQJ�UHJLRQ�

DQG����IURP�WKH�QHDUE\�ILVKLQJ�UHJLRQ���6L[WHHQ�%'(�FRQJHQHUV�ZHUH�PHDVXUHG��LQFOXGLQJ�

%'(�������7RWDO�FRQFHQWUDWLRQV�IURP�WKH�UHF\FOLQJ�UHJLRQ�UDQJHG�IURP�������������QJ�J�OZW��ZLWK�

D�PHGLDQ�RI�����QJ�J�OZW��ZKLOH�LW�PRUH�QDUURZO\�UDQJHG�IURP����������QJ�J�OZW��ZLWK�D�PHGLDQ�

RI�����QJ�J�OZW��LQ�WKH�ILVKLQJ�UHJLRQ���%'(�����GRPLQDWHG�WKH�FRQFHQWUDWLRQV��ZLWK�D�PHGLDQ�RI�

����DQG�PD[LPXP�RI�������QJ�J�OZW�LQ�WKH�UHF\FOLQJ�UHJLRQ�DQG�D�PHGLDQ�RI����DQG�PD[LPXP�RI�

����QJ�J�OZW�LQ�WKH�ILVKLQJ�UHJLRQ���2FWD��%'(�����DQG�%'(������DQG�QRQD��%'(������

%'(������DQG�%'(������FRQJHQHUV�DYHUDJHG�IURP����WR�RYHU�����QJ�J�OZW�LQ�WKH�VHUXP�RI�WKH�

UHVLGHQWV�IURP�WKH�H�ZDVWH�UHF\FOLQJ�UHJLRQ��VXJJHVWLQJ�SRVVLEOH�GHEURPLQDWLRQ�RI�%'(�������������

� /HH�HW�DO���������PHDVXUHG����FRQJHQHUV��QRW�LQFOXGLQJ�%'(������LQ����EORRG�VDPSOHV��

LQFOXGLQJ����IURP�LQFLQHUDWRU�ZRUNHUV�����IURP�QHDUE\�UHVLGHQWV��DQG����IURP�FRQWUROV�LQ������

DQG������LQ�.RUHD���7KH�DYHUDJH�WRWDO�FRQFHQWUDWLRQ�ZDV�������QJ�J�OZW��DQG�WKHUH�ZDV�RQO\�D�

VOLJKW�GLIIHUHQFH�EHWZHHQ�WKH�LQFLQHUDWRU�ZRUNHUV��ZKR�KDG�WKH�KLJKHVW�FRQFHQWUDWLRQV�DW�DQ�
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DYHUDJH�RI�������QJ�J�OZW��DQG�WKH�RWKHU�WZR�JURXSV��UHVLGHQWV�DW�������QJ�J�OZW�DQG�FRQWUROV�DW�

������QJ�J�OZW���7KH�GLIIHUHQFH�EHWZHHQ�WKH�JURXSV�ZDV�QRW�VLJQLILFDQW��DQG�WKHUH�ZHUH�QR�RWKHU�

FRUUHODWLRQV�IRXQG��LQFOXGLQJ�WR�DJH��ZHLJKW��GLHWDU\�KDELWV��DQG�RWKHUV��ZLWK�WKH�H[FHSWLRQ�RI�VH[��

PDOHV�KDG�����KLJKHU�OHYHOV�FRPSDUHG�WR�ZRPHQ���%'(����GRPLQDWHG�WKH�SURILOH��H[SODLQLQJ�

����RI�WKH�SURILOH��IROORZHG�E\�%'(������������%'(������������%'(�����������DQG�

%'(���������������

 
������ (OHYDWHG�([SRVXUHV�DW�WKH�+LJK�(QG�RI�WKH�*HQHUDO�$GXOW�3RSXODWLRQ�
� 7DEOH�����VKRZV�WKH�DQDO\VLV�RI�WKH�����������1+$1(6�EORRG�FRQFHQWUDWLRQ�GDWD��

ZKLFK�ZDV�GHVFULEHG�E\�6MRGLQ�HW�DO����������XVHG�DV�D�SULPDU\�FRPSDULVRQ�WR�WKH�SUHGLFWHG�

FRQFHQWUDWLRQ�LQ�WKH�PRGHO��DQG�GLG�QRW�LQFOXGH�VWDWLVWLFV�RQ�WRWDO�FRQFHQWUDWLRQ��MXVW�VWDWLVWLFV�RQ�

LQGLYLGXDO�FRQJHQHUV���7DEOH�����VKRZV�WKH�FRQJHQHU�VSHFLILF�PHGLDQ�FRQFHQWUDWLRQV��DQG��ZKHQ�

DGGHG�WRJHWKHU��WKH\�OHDG�WR�D�WRWDO�FRQFHQWUDWLRQ�RI�DERXW����QJ�J�OZW���7KH�VWDWLVWLFV�SURYLGHG�

IRU�LQGLYLGXDO�FRQJHQHUV�VKRZ�WKDW�WKH���WK�SHUFHQWLOH�FRQFHQWUDWLRQ�RI�DOO�WKH�NH\�FRQJHQHUV�LQ�

8�6��FLWL]HQV�DUH�DERXW��í��WLPHV�KLJKHU�WKDQ�WKH���WK�SHUFHQWLOH�DQG�WKH���WK�SHUFHQWLOH�LV�QHDU�RU�

PRUH�WKDQ����WLPHV�KLJKHU�WKDQ�WKH�PHGLDQV�RI�WKH�FRQJHQHUV���3HUKDSV�PRUH�QRWHZRUWK\�ZDV�WKH�

ILQGLQJ�WKDW�WKH�KLJKHVW�WRWDO�FRQFHQWUDWLRQ�IRXQG�LQ�DQ�LQGLYLGXDO�LQ�1+$1(6�����������ZDV�

������QJ�J�OLSLG��ZKLFK�LQFOXGHG�%'(����DW�������QJ�J�OLSLG��6MRGLQ�HW�DO�����������7KLV�KLJKHVW�

LQGLYLGXDO�KDG�FRQFHQWUDWLRQV�DERXW�����WLPHV�KLJKHU�WKDQ�WKH�PHGLDQ�LQ�WKH�SRSXODWLRQ���&OHDUO\��

WKHUH�DUH�LQGLYLGXDOV�ZLWK�PXFK�KLJKHU�FRQFHQWUDWLRQV�WKDQ�WKH�FHQWUDO�WHQGHQF\�PHGLDQ�VHOHFWHG�

IRU�WKH�SRLQW�HVWLPDWH�H[HUFLVH�RI�WKLV�FKDSWHU����

� ,Q�FRPSDULVRQ��WKLV�LV�QRW�WKH�VDPH�WUHQG�DV�JHQHUDOO\�IRXQG�IRU�GLR[LQ���)HUULE\�HW�DO��

�������VWDWLVWLFDOO\�HYDOXDWHG�WKH�FRQFHQWUDWLRQV�RI�SRO\FKORULQDWHG�GLEHQ]R�S�GLR[LQ��3&''��

DQG�GLEHQ]RIXUDQ��3&')��WKH�FRPELQDWLRQ�DEEUHYLDWHG�&''�)��FRQFHQWUDWLRQV�IURP�1+$1(6�

������������'HWHUPLQLQJ�WKH�7(4�FRQFHQWUDWLRQV�RI�WKH����WR[LF�&''�)�FRQJHQHUV�IRU�

LQGLYLGXDOV�LQ�WKH�VXUYH\��WKH\�SURYLGHG�SRSXODWLRQ�VWDWLVWLFV�IRU�&''�)�7(4�FRQFHQWUDWLRQV���

7KH�PHGLDQ�FRQFHQWUDWLRQ�LQ�WKH�SRSXODWLRQ�ZDV������SJ�J�OZW��WKH���WK�SHUFHQWLOH�ZDV�

�����QJ�J�OZW��DQG�WKH�PD[LPXP�IRXQG�ZDV�������QJ�J�OZW���,Q�WKLV�FDVH��WKH�PD[LPXP�IRXQG�

ZDV����DQG�QRW�����WLPHV�WKH�PHGLDQ���7R�LOOXVWUDWH�WKH�GLIIHUHQFH�LQ�WKHVH�1+$1(6�UHVXOWV��

)LJXUH�����VKRZV�WKH�FRPSDULVRQ�RI�1+$1(6�SHUFHQWLOHV�IRU�&''�)�7(4�DQG�%'(����ILQGLQJV�

DW�WKH���WK�SHUFHQWLOH����WK�SHUFHQWLOH����WK�SHUFHQWLOH��DQG���WK�SHUFHQWLOH��FRPSDUHG�WR�WKH��
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�
Figure 5-3���The fraction of the maximum concentrations of PCDD/F TEQ 
and BDE 47 concentrations found at various percentiles within NHANES 
surveys of these two contaminants in adults.  
�
1RWH��1+$1(6�GDWD�RQ�3%'(V�IURP�6MRGLQ�HW�DO����������DQG�GDWD�RQ�3&''�)�IURP�)HUULE\�HW�DO��
��������

�
�
PD[LPXP�IRXQG�LQ�WKH�1+$1(6�VXUYH\V��GLR[LQ�GDWD�IURP�)HUULE\�HW�DO��������DQG�3%'(�GDWD�

IURP�6MRGLQ�HW�DO�����������:KLOH�WKH�SHUFHQWLOHV�RI�GLR[LQ�FRQFHQWUDWLRQV�ZLWKLQ�WKH�JHQHUDO�DGXOW�

SRSXODWLRQ��H[SUHVVHG�DV�D�IUDFWLRQ�RI�WKH�PD[LPXP�IRXQG��UDQJH�IURP�EHWZHHQ�DERXW������DW�WKH�

��WK�SHUFHQWLOH�DQG������DW�WKH���WK�SHUFHQWLOH�IRU�3&''�)V��WKH\�UDQJH�PXFK�PRUH�QDUURZO\�DW�

������DW�WKH���WK�SHUFHQWLOH�WR������DW�WKH�����IRU�%'(�����

� 2WKHU�VWXGLHV�VKRZ�D�VLPLODU�GLVSDULW\�EHWZHHQ�WKH�PHGLDQ��RU�JHRPHWULF�PHDQ��LI�WKDW�LV�

ZKDW�WKH�VWXG\�DXWKRUV�SURYLGHG��DQG�KLJK�YDOXH�RI�WKHLU�ERG\�EXUGHQ�PHDVXUHPHQW�VWXG\���)RU�

H[DPSOH��0RUODQG�HW�DO���������PHDVXUHG�WKH�EORRG�RI����LQGLYLGXDOV�����RI�ZKLFK�ZHUH�DQJOHUV���

7KH�KLJKHVW�FRQJHQHU�IRXQG�ZDV�%'(�����DW�D�JHRPHWULF�PHDQ�RI������QJ�J�OZW��IROORZHG�E\�
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%'(�����DW�����QJ�J�OZW���$OWKRXJK�WKH\�GLG�QRW�UHSRUW�WRWDO�FRQFHQWUDWLRQV��%'(����ZDV�IRXQG�DW�

D�KLJK�RI�������QJ�J�OZW��ZKLFK�ZDV�����WLPHV�WKH�JHRPHWULF�PHDQ�IRU�WKLV�FRQJHQHU��DQG�WKH�

KLJK�%'(����FRQFHQWUDWLRQ�ZDV�����QJ�J�OZW��DERXW����WLPHV�WKH�JHRPHWULF�PHDQ���$QGHUVRQ�HW�

DO���������SURYLGHV�VXPPDU\�LQIRUPDWLRQ�IRU�EORRG�VDPSOLQJ�RI�����PDOH�DQG�����IHPDOH�

SDUWLFLSDQWV�LQ�D�VWXG\�RI�WKH�UHODWLRQVKLSV�EHWZHHQ�VHYHUDO�RUJDQLF�FRQWDPLQDQWV��LQFOXGLQJ�

3%'(V��DQG�FRQVXPSWLRQ�RI�*UHDW�/DNHV�VSRUWILVK���7KH�JHRPHWULF�PHDQ�WRWDO�FRQFHQWUDWLRQ�

�VXP�RI���FRQJHQHUV�QRW�LQFOXGLQJ�%'(������IRU�PDOHV�ZDV����QJ�J�OZW�DQG�IRU�IHPDOHV�ZDV�

���QJ�J�OZW���7KH\�DOVR�VKRZHG�D�ILJXUH�RI�WKH�KLJKHVW����FRQFHQWUDWLRQV�IRU�PDOHV�DQG�IHPDOHV���

)RU�PDOHV��WKH�WRS�ILYH�UDQJHG�IURP�DERXW�����WR�������QJ�J�OZW��WKH�WRS�WZR�DW�������DQG�

������QJ�J�OZW��DQG�IRU�IHPDOHV��WKH�WRS�ILYH�UDQJHG�IURP�DERXW�����WR�����QJ�J�OZW���3HWUHDV�HW�

DO���������PHDVXUHG�%'(����LQ�DGLSRVH�WLVVXH�IURP����ZRPHQ�LQ�WKH�6DQ�)UDQFLVFR�DUHD�DQG�

IRXQG�D�PHGLDQ�RI������QJ�J�OZW��ZLWK�D�KLJK�RI�����QJ�J�OZW�����WLPHV�WKH�PHGLDQ����

� (YLGHQFH�VXJJHVWV�WKDW�WKHVH�HOHYDWHG�H[SRVXUHV�DW�WKH�YHU\�KLJK�HQG�RI�WKH�SRSXODWLRQ�

FRXOG�YHU\�ZHOO�EH�GXH�WR�GXVW�H[SRVXUHV���1HDUO\�HYHU\�VWXG\�WKDW�KDV�EHHQ�FRQGXFWHG�PHDVXULQJ�

GXVW�FRQFHQWUDWLRQV�IURP�GLIIHUHQW�ORFDWLRQV�YHU\�VLPLODUO\�ILQGV�D�UHDVRQDEO\�ORJ�QRUPDO�UDQJH�

XQWLO�WKH�YHU\�ODVW�IHZ�VDPSOHV��ZKLFK�DUH�VXEVWDQWLDOO\�KLJKHU�WKDQ�WKH�UHVW�RI�WKH�SRSXODWLRQ���

7KH�IROORZLQJ�LV�D�VXPPDU\�VKRZLQJ�WKLV�WUHQG�IURP�VHYHUDO�GXVW�VWXGLHV��

�

D�� 6WDSOHWRQ�HW�DO�������E��PHDVXUHG�%'(V�RQ�KDQGV�XVLQJ�KDQG�ZLSHV���7KHLU�UHVXOWV�DQG�
H[SRVXUH�HVWLPDWHV�ZHUH�GHVFULEHG�HDUOLHU�LQ�6HFWLRQ�������7KH�NH\�ILQGLQJ�IRU�WKLV�
GLVFXVVLRQ�ZDV�WKDW�WKH\�PHDVXUHG�%'(V�LQ����LQGLYLGXDOV��DQG�WKDW�IRU����RI�WKHP��WKH�
PHDVXUHPHQW�ZDV�XQGHU�����QJ�KDQG��EXW�WKH���UG�LQGLYLGXDO�KDG�DERXW�������QJ�RQ�KLV�
KDQG���7KH�PHGLDQ�IURP�WKLV�SRSXODWLRQ�ZDV�����QJ�KDQG���

�
E�� $OOHQ�HW�DO�������D��FROOHFWHG�����EXON�GXVW�VDPSOHV�IURP�DERXW����KRPHV�LQ�WKH�%RVWRQ��

0$�DUHD��GXULQJ�WZR�VDPSOLQJ�HYHQWV�LQ��������6DPSOHV�ZHUH�FKDUDFWHUL]HG�DV�KDYLQJ�
FRPH�IURP�WKH�³OLYLQJ�URRP�´�³EHGURRP�´�DQG�³YDFXXP�EDJ´��PHDQLQJ�ORFDWLRQ�
XQVSHFLILHG����7KH�JHRPHWULF�PHDQ�WRWDO�FRQFHQWUDWLRQV�IRXQG�LQ�WKH�OLYLQJ�URRP��
EHGURRP��DQG�YDFXXP�EDJ�ZHUH����������������DQG�������QJ�J�GU\�ZHLJKW��GZW���
UHVSHFWLYHO\���7KH�WZR�KLJKHVW�WRWDO�FRQFHQWUDWLRQV�ZHUH���������DQG���������QJ�J�GZW��
IRXQG�LQ�YDFXXP�EDJ�VDPSOHV�IURP�D�VLQJOH�LQGLYLGXDO¶V�KRPH���7KH�ILUVW�KLJK�
PHDVXUHPHQW�ZDV�GRPLQDWHG�E\�%'(������H[SODLQLQJ�����RI�WKH���������QJ�J�GZW�
IRXQG��WKH�GRPLQDQW�FRQJHQHU�ZDV�QRW�LGHQWLILHG�IRU�WKH�VHFRQG�KLJKHVW�VDPSOH��

�
F�� 7ZR�RWKHU�VWXGLHV�RI�KRXVH�GXVW�LQ�WKH�8QLWHG�6WDWHV�VKRZHG�VLPLODU�WUHQGV�RI�KDYLQJ�D�

UHODWLYHO\�FRQVLVWHQW�ILQGLQJ�IRU�PRVW�RI�WKH�KRPHV��DQG�WKHQ�RQH�RU�WZR�KDYLQJ�
VXEVWDQWLDOO\�KLJKHU�FRQFHQWUDWLRQV���,Q�RQH��6WDSOHWRQ�HW�DO���������DQDO\]HG�GXVW�VDPSOHV�
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IURP����KRPHV�LQ�WKH�:DVKLQJWRQ��'&�DUHD���7KH\�IRXQG�WRWDO�FRQFHQWUDWLRQV��LQFOXGLQJ�
%'(������WR�EH�OHVV�WKDQ�RU�QHDU�������QJ�J�GZW�LQ����KRPHV��EXW��LQ���KRPHV��WKH\�IRXQG�
�������DQG��������QJ�J�GZW��UHVSHFWLYHO\���7KHVH�VDPSOHV�ZHUH�GRPLQDWHG�E\�%'(�����
%'(�����DQG�%'(�����LQ�FRPSDUDEOH�DPRXQWV���,Q�WKH�RWKHU��6KDUS�DQG�/XQGHU��������
DQDO\]HG�GXVW�VDPSOHV�LQ����KRPHV�IURP�QLQH�VWDWHV���&RQFHQWUDWLRQV�IRXQG�LQ�HLJKW�RI�WKH�
KRPHV�ZHUH�QHDU�RU�OHVV�WKDQ�������QJ�J�GZW�WRWDO��EXW�LQ�WZR�KRPHV��WKH�WRWDO�
FRQFHQWUDWLRQV�ZHUH��������DQG��������QJ�J�GZW���7KHVH�KLJK�VDPSOHV�ZHUH�GRPLQDWHG�
E\�%'(�����%'(�����DQG�%'(��������

�
G�� +DUUDG�HW�DO�������D��PHDVXUHG����VDPSOHV�LQ�IRXU�FLWLHV�LQ�&DQDGD��1HZ�=HDODQG��WKH�

8QLWHG�.LQJGRP��DQG�WKH�8QLWHG�6WDWHV���7KH�PHGLDQ�WRWDO�FRQFHQWUDWLRQ�RI����VDPSOHV�
IURP�WKH�8QLWHG�.LQJGRP�ZDV�������QJ�J�GZW��EXW���VDPSOH�ZDV�IRXQG�DW�
��������QJ�J�GZW��ZLWK�HVVHQWLDOO\�DOO�RI�LW��!�����H[SODLQHG�E\�%'(�������,Q�DQRWKHU�
VWXG\��+DUUDG�HW�DO�������E��VDPSOHG�GXVW�LQ����KRPHV�����RIILFHV��DQG����FDUV�����WRWDO�
VDPSOHV���DQG�IRXQG���VDPSOHV�DW�����������������������DQG�����������QJ�J�GZW��
HVVHQWLDOO\�DOO�RI�LW�EHLQJ�%'(���������

�

� 3HUKDSV�D�FHUWDLQ�EHKDYLRU�ZLWKLQ�D�KRXVHKROG�RU�RIILFH�WKDW�SXWV�RQH�LQ�FORVH�FRQWDFW�ZLWK�

D�SURGXFW�FRQWDLQLQJ�%'(V�RU�LQ�FORVH�FRQWDFW�ZLWK�GXVW�KHDYLO\�ODGHQ�ZLWK�%'(V�H[SODLQV�WKLV�

WHQGHQF\�LQ�SRSXODWLRQV�WR�KDYH�YHU\�KLJK�H[SRVXUHV�DW�WKH�KLJK�HQG���7KLV�LV�FOHDUO\�DQ�

XQFHUWDLQW\�WKDW�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ���%HVLGHV�GXVW��WKH�FDXVH�IRU�WKHVH�KLJKHU�H[SRVXUHV�

FRXOG�DOVR�EH�D�KLJK�FRQVXPSWLRQ�UDWH�RI�D�SDUWLFXODU�IRRG�SURGXFW�WKDW�PD\�EH�LPSDFWHG�E\�ORFDO�

FRQGLWLRQV���)RU�H[DPSOH��6MRGLQ�HW�DO���������IRXQG�WKDW�6ZHGLVK�ILVKHUPHQ�FRQVXPLQJ�ODUJH�

DPRXQWV�RI�%DOWLF�6HD�ILVK�KDG�D�PHGLDQ�%'(����OHYHO�ILYH�WLPHV�KLJKHU�WKDQ�WKDW�RI�

QRQFRQVXPHUV���+RZHYHU��RQO\�D�VPDOO�VWDWLVWLFDOO\�LQVLJQLILFDQW�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ�

XUEDQ�DQJOHUV�DQG�QRQDQJOHUV�LQ�D�VWXG\�RI����LQGLYLGXDOV�����DQJOHUV�����QRQDQJOHUV��LQ�WKH�

8QLWHG�6WDWHV��0RUODQG�HW�DO�����������,W�VKRXOG�DOVR�EH�QRWHG�WKDW�ILQGLQJV�RI�3%'(�ERG\�

EXUGHQV�LQ�RWKHU�8�6��VWXGLHV�DUH�QRW�YHU\�GLIIHUHQW�IURP�WKH�1+$1(6�VWXG\���$V�GHVFULEHG�LQ�

6HFWLRQ�������WKH�PHDQV�RU�PHGLDQV�IURP�HVVHQWLDOO\�DOO�8�6��VWXGLHV�DUH�ZLWKLQ�D�UHDVRQDEO\�

QDUURZ�UDQJH�RI�3%'(�FRQFHQWUDWLRQV�����WR�����QJ�J�OZW���7KH�FRQVLVWHQF\�LQ�FHQWUDO�WHQGHQF\�

ILQGLQJV�LQ�WKHVH�VWXGLHV�VXJJHVWV�FRQVLVWHQF\�LQ�H[SRVXUH�RI�$PHULFDQV�WR�3%'(�����

� $�VLPSOH�H[HUFLVH�PD\�EH�DEOH�WR�VKHG�OLJKW�RQ�WKH�FDXVH�RI�H[WUHPHO\�HOHYDWHG�H[SRVXUHV�

WR�D�VPDOO�QXPEHU�RI�LQGLYLGXDOV�DW�WKH�KLJK�HQG�RI�PHDVXUHG�SRSXODWLRQV�LQ�WKH�8QLWHG�6WDWHV���

7KH�LPSOLFDWLRQ�IURP�GLVFXVVLRQV�DERYH��RI�FRXUVH��LV�WKDW�GXVW�UHODWHG�H[SRVXUHV�DUH�WKH�OLNHO\�

FDXVH�RI�VXFK�HOHYDWHG�EORRG�OHYHOV���%XW�FDQ�WKDW�EH�GHPRQVWUDWHG��DQG�FDQ�IRRG�H[SRVXUHV�DOVR�

SRVVLEO\�H[SODLQ�WKHVH�KLJK�OHYHOV"��6MRGLQ�HW�DO���������QRWH�D���WK�SHUFHQWLOH�EORRG�FRQFHQWUDWLRQ�
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RI�%'(����RI�����QJ�J�OZW�LQ�1+$1(6�������������:LWK�WKH�XVH�RI�HT�����LQ�6HFWLRQ�����DERYH��

RQH�FDQ�FDOFXODWH�WKH�GRVH�UHTXLUHG�XQGHU�DQ�DVVXPSWLRQ��IRU�H[DPSOH��WKDW�WKH�HOHYDWLRQ�ZDV�GXH�

HQWLUHO\�WR�GXVW�LQJHVWLRQ�RU�IRRG�LQJHVWLRQ���6WDUWLQJ�ZLWK�GXVW�LQJHVWLRQ��WKH�GRVH�FRUUHVSRQGLQJ�

WR�WKLV�EORRG�FRQFHQWUDWLRQ��DVVXPLQJ�N�RI���������GD\í���KDOI�OLIH�RI���\HDUV���D�ERG\�OLSLG�

PL[LQJ�UHVHUYRLU�RI��������J��DQG�DQ�DEVRUSWLRQ�RI�������XVHG�IRU�%'(����DEVRUEHG�WR�GXVW���

ZRXOG�EH�������QJ�%'(����GD\��RU�IRU�D����NJ�DGXOW�����QJ�NJ�GD\���,I�LW�ZDV�IURP�IRRG�

LQJHVWLRQ��WKH�DEVRUSWLRQ�ZRXOG�EH�KLJKHU�DW�������DQG�WKH�GRVH�ZRXOG�EH�������QJ�%'(����GD\��

RU����QJ�NJ�GD\���7KH�NH\�XQFHUWDLQ�SDUDPHWHU�LQ�WKLV�FDOFXODWLRQ�LV�WKH�HOLPLQDWLRQ�UDWH��ZKLFK�

ZDV�EDVHG�RQ�D�KDOI�OLIH�RI���\HDUV���+DG�WKH�KDOI�OLIH�EHHQ���\HDUV�LQVWHDG�RI���\HDUV��WKH�GRVHV�

ZRXOG�EH�KDOYHG�DW����QJ�NJ�GD\�IRU�GXVW�DQG����QJ�NJ�GD\�IRU�IRRG���7KHVH�EDFNFDOFXODWHG�

GRVHV�FDQ�QRZ�EH�FRPSDUHG�WR�IRUZDUG�FDOFXODWHG�GRVHV�RI�%'(����IURP�GXVW�DQG�IURP�IRRG���

$OOHQ�HW�DO�������D��IRXQG�D�PD[LPXP�%'(����FRQFHQWUDWLRQ�LQ�GXVW�LQ�%RVWRQ�RI�

�������QJ�J�GZW��+DUUDG�HW�DO�������D��IRXQG�D�KLJK�%'(����FRQFHQWUDWLRQ�LQ�7H[DV�GXVW�RI�

������QJ�J�GZW��6KDUS�DQG�/XQGHU��������IRXQG�D�KLJK�RI�������QJ�J�GZW�LQ�0RQWDQD�GXVW��DQG�

5XGHO�HW�DO���������IRXQG�D�KLJK�RI�������QJ�J�GZW�LQ�&DSH�&RG�GXVW���,I�RQH�DVVXPHV�DQ�RQJRLQJ�

H[SRVXUH�WR�D�³KLJK´�FRQFHQWUDWLRQ�RI��������QJ�J�GZW�%'(����LQ�GXVW�DQG�DQ�DYHUDJH�LQJHVWLRQ�

UDWH�RI����PJ�GD\��WKHQ�WKH�GRVH�RQ�D�ERG\�ZHLJKW�EDVLV�ZRXOG�EH�����QJ�NJ�GD\��DQG�LI�RQH�WKHQ�

FDOFXODWHV�VRLO�GHUPDO�FRQWDFW�LQ�WKH�PDQQHU�GRQH�LQ�WKLV�UHSRUW��WKLV�ZRXOG�EULQJ�WKH�WRWDO�WR�

����QJ�NJ�GD\���7KLV�LV�EHORZ�WKH�EDFNFDOFXODWHG�OHYHO�IRU�K\SRWKHWLFDO�H[SRVXUH�YLD�GXVW�RI����

�RU����DW�D���\HDU�KDOI�OLIH��QJ�NJ�GD\���%XW�IRU�IRRG��WKH�GLVSDULW\�PD\�EH�ODUJHU���6FKHFWHU�HW�DO��

�����E��IRXQG�KLJK�FRQFHQWUDWLRQV�RI�%'(����RI�����SJ�J�ZZW�LQ�PHDWV��������SJ�J�ZZW�LQ�ILVK��

DQG�����SJ�J�ZZW�LQ�GDLU\���,I�WKHVH�FRQFHQWUDWLRQV�DUH�XVHG�WR�FDOFXODWH�IRRG�H[SRVXUHV�WR�

%'(����XVLQJ�WKH�FRQWDFW�UDWHV�LQ�WKLV�DVVHVVPHQW��WKDQ�WKH�WRWDO�DGXOW�GRVH�ZRXOG�EH�����QJ�

%'(����GD\��RU�����QJ�NJ�GD\��ZHOO�EHORZ�WKH�EDFNFDOFXODWHG�IRRG�GRVH�RI�����RU�����QJ�NJ�GD\���

+LJKHU�H[SRVXUHV�ZRXOG�EH�FDOFXODWHG�XVLQJ�KLJKHU�FRQWDFW�UDWHV��EXW�DOVR��WKH�PD[LPXP�%'(����

IRXQG�LQ�1+$1(6�����������LV�������QJ�J�OZW��6MRGLQ�HW�DO�����������,W�DSSHDUV�DV�LI�H[SRVXUHV�

RWKHU�WKDQ�IRRG�DQG�GXVW�WKDW�DUH�QRW�LGHQWLILHG�RU�TXDQWLILHG�SURSHUO\�LQ�WKLV�DVVHVVPHQW�DUH�

DIIHFWLQJ�D�VPDOO�SHUFHQWDJH�RI�LQGLYLGXDOV�DW�WKH�KLJK�HQG��XSSHU�����SHUKDSV��RI�SRSXODWLRQV��DW�

OHDVW�IRU�%'(������������������

�
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���� 81&(57$,17<�$1'�9$5,$%,/,7<�,1�(67,0$7,1*�,17$.(�'26(�$1'�
&219(57,1*�7+$7�'26(�72�$�%2'<�%85'(1�

 7KH�DQDO\VLV�LQ�WKLV�FKDSWHU�KDV�WDNHQ�D�³SRLQW�HVWLPDWH´�DSSURDFK�LQ�WKH�LQWDNH�

HVWLPDWLRQ��WKH�SKDUPDFRNLQHWLF�PRGHOLQJ��DQG�WKH�FRPSDULVRQ�ZLWK�PHDVXUHG�ERG\�EXUGHQV���,Q�

VR�GRLQJ��LW�KDV�DUULYHG�DW�D�IDLUO\�EURDG�UHDFKLQJ�ILQGLQJ�WKDW�WKH�EXON�RI�H[SRVXUHV�DUH�

LQGRRU�GXVW�UHODWHG���7KH�H[HUFLVH�UHYHDOHG�WKDW�DERXW���QJ�NJ�GD\�RI�WRWDO�3%'(�H[SRVXUH�

DSSHDUV�QHFHVVDU\�LQ�RUGHU�WR�UHSURGXFH�WKH�PHGLDQ�ERG\�EXUGHQV�VHHQ�LQ�WKH�DGXOW�SRSXODWLRQ���

7KLV�ILQGLQJ�LV�EDVHG�RQ�SKDUPDFRNLQHWLF�PRGHOLQJ���*LYHQ�WKH�PRGHO�DQG�SDUDPHWHUV�FKRVHQ�IRU�

%'(�FRQJHQHUV��WKH�PHGLDQ�ERG\�EXUGHQ�ZRXOG�QRW�EH�GXSOLFDWHG�XQOHVV�WKH�LQWDNH�GRVH�ZHUH�

QHDU�WKLV�YDOXH�RI���QJ�NJ�GD\����7KH�SRLQW�HVWLPDWH�DSSURDFK�VXJJHVWHG�WKDW�DERXW�����RI�WKLV�

WRWDO�LQWDNH�FDPH�IURP�GXVW�LQJHVWLRQ��LQKDODWLRQ��DQG�GHUPDO�FRQWDFW�ZLWK�GXVW���+RZHYHU��WKHUH�

DUH�XQFHUWDLQWLHV�WKURXJKRXW�WKLV�H[HUFLVH��DV�ZHOO�DV�YDULDELOLWLHV�LQ�H[SRVXUH���$V�GLVFXVVHG�LQ�

WKH�SUHYLRXV�VHFWLRQ��WKHUH�DSSHDUV�WR�EH�H[SRVXUHV�DW�WKH�YHU\�KLJK�HQG�RI�WKH�JHQHUDO�SRSXODWLRQ�

WKDW�DUH�VXEVWDQWLDOO\�KLJKHU�WKDQ�WKH�FHQWUDO�WHQGHQF\�H[SRVXUHV�WKDW�DUH�FKDUDFWHUL]HG�E\�D�GRVH�

LQ�WKH�UDQJH�RI���QJ�NJ�GD\��GRPLQDWHG�E\�GXVW�H[SRVXUHV���)XUWKHU��LW�DSSHDUV�WKDW�WKHVH�YHU\�

KLJK�ERG\�EXUGHQV�FDQQRW�EH�H[SODLQHG�HYHQ�E\�H[SRVXUHV�WR�WKH�KLJKHVW�GXVW�FRQFHQWUDWLRQV�DQG�

IRRG�FRQFHQWUDWLRQV�IRXQG����

7KH�SRLQW�HVWLPDWH�FRQVWUXFW�RI�WKH�H[HUFLVH�GRHV�QRW�JXDUDQWHH�WKDW�WKH�ILQGLQJ�RI�WKH�

LPSRUWDQFH�RI�WKH�GXVW�SDWKZD\V�WR�PLG�UDQJH��VXFK�DV�PHGLDQ��ERG\�EXUGHQV�LV�SURYHQ���7KH�

SXUSRVH�RI�WKLV�VHFWLRQ�LV�WR�LGHQWLI\�DQG�GLVFXVV�NQRZQ�XQFHUWDLQWLHV�DQG�YDULDELOLWLHV�VR�WKDW�WKLV�

SULPDU\�ILQGLQJ�DQG�RWKHU�ILQGLQJV�LQ�WKLV�FKDSWHU�FDQ�EH�XQGHUVWRRG�LQ�WKHLU�SURSHU�FRQWH[W��

�

������ 8QFHU WDLQWLHV�ZLWK�(VWLPDWHV�RI�'XVW�,QWDNHV�RI�3%'(�

� 7KH�DPRXQW�RI����PJ�GD\�DVVXPHG�IRU�DGXOW�VRLO�GXVW�LQJHVWLRQ�LV�D�FODVVLF�XQFHUWDLQW\���

'HVFULEHG�DV�DQ�³DYHUDJH´�YDOXH�IRU�VRLO�LQJHVWLRQ�LQ�WKH�([SRVXUH�)DFWRUV�+DQGERRN�

�8�6��(3$���������WKH�DFWXDO�DPRXQW�RI�LQJHVWLRQ�RI�KRXVH�GXVW�SOXV�RXWGRRU�VRLO�FRXOG�YHU\�

HDVLO\�EH�PXFK�ORZHU���:KLOH�6MRGLQ�HW�DO�������E��DVVXPHG�D�GXVW�LQJHVWLRQ�UDWH�RI�����PJ�GD\��

6WDSOHWRQ�HW�DO����������RQ�WKH�RWKHU�KDQG��DVVXPHG�DQ�DGXOW�KRXVH�GXVW�LQJHVWLRQ�UDWH�RI������

PJ�GD\��RYHU���RUGHUV�RI�PDJQLWXGH�ORZHU��H[SODLQLQJ�WKHLU�HVWLPDWH�RI�����QJ�GD\�RI�H[SRVXUH�WR�

3%'(V�YLD�LQJHVWLRQ�H[SRVXUH�WR�KRXVHKROG�GXVW���$V�QRWHG�HDUOLHU�LQ�WKH�FKDSWHU��WKLV�YDOXH�RI�

�����PJ�GD\�KRXVH�GXVW�ZDV�OLVWHG�LQ�(3$¶V�([SRVXUH�)DFWRUV�+DQGERRN��8�6��(3$���������
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ZKLFK�FLWHG�+DZOH\��������IRU�XVLQJ�D�YDOXH�RI������PJ�GD\�WR�FKDUDFWHUL]H�DGXOW�H[SRVXUH�WR�

KRXVH�GXVW�IURP�QRUPDO�DFWLYLWLHV�LQ�WKH�KRXVH��KLJKHU�H[SRVXUHV�RI�RYHU�����PJ�GD\�UHVXOWHG�

IURP�³ZRUN�LQ�WKH�DWWLF´����$V�QRWHG��6WDSOHWRQ�HW�DO���������HVWLPDWHG�DQ�H[SRVXUH�WR�WRWDO�

3%'(V�RI�����QJ�GD\�EDVHG�RQ�WKLV�DVVXPSWLRQ���,W�ZRXOG�VHHP�WKDW�WKHLU�VXEVHTXHQW�VWXGLHV��DQG�

WKRVH�RI�RWKHUV��HVVHQWLDOO\�SURYH�WKDW�WKLV�LV�PXFK�WRR�ORZ�DQ�HVWLPDWH�IRU�KRXVH�GXVW�LQJHVWLRQ��

DW�OHDVW�LQ�WKH�FRQWH[W�RI�HVWLPDWLQJ�H[SRVXUH�WR�KRXVH�GXVW���6SHFLILFDOO\��WKHLU�UHFHQW�VWXG\�

�6WDSOHWRQ�HW�DO�������E��GLUHFWO\�PHDVXULQJ�%'(V�RQ�KDQGV�XVLQJ�ZLSHV��DQG�WKHQ�XVLQJ�DQ�

HPSLULFDO�PRGHO�WR�HVWLPDWH�KDQG�WR�PRXWK�H[SRVXUHV��IRXQG�D�PHGLDQ�H[SRVXUH�HVWLPDWH�IRU�

DGXOWV�RI�����QJ�GD\���7KH�VRLO�GXVW�LQJHVWLRQ�UDWH�RI�����PJ�GD\�XVHG�LQ�WKH�FKDUDFWHUL]DWLRQ�RI�

FKLOGUHQ¶V�H[SRVXUH��DJHV��í���LV�VLPLODUO\�XQFHUWDLQ���,Q�WKH�UHFHQW�&KLOG�6SHFLILF�([SRVXUH�

)DFWRUV�+DQGERRN��8�6��(3$���������KRZHYHU��WKH�UHFRPPHQGHG�IDFWRUV�DQG�DSSURDFK�IRU�

PRGHOLQJ�FKLOGKRRG��DJHV��í���H[SRVXUHV�WR�RXWGRRU�VRLO�DQG�LQGRRU�KRXVH�GXVW�LV�UHDOO\�QRW�WKDW�

PXFK�GLIIHUHQW�WKDQ�XVHG�KHUH���6SHFLILFDOO\��WKH�FXUUHQW�DSSURDFK��DV�QRWHG��XVHV�D�WRWDO�VRLO�GXVW�

LQJHVWLRQ�UDWH�RI�����PJ�GD\��ZKHUH�WKH�FRQFHQWUDWLRQ�RQ�WKDW�PDWUL[�LV�D�ZHLJKWHG�DYHUDJH�RI�

RXWGRRU�VRLO��DERXW������DQG�LQGRRU�KRXVH�GXVW��DERXW��������6LPLODUO\��WKH�&KLOG�6SHFLILF�

([SRVXUH�)DFWRUV�+DQGERRN�UHFRPPHQGV�D�FHQWUDO�WHQGHQF\����PJ�GD\�RI�KRXVH�GXVW�LQJHVWLRQ�

XVLQJ��SUHVXPDEO\��FRQFHQWUDWLRQV�RQ�KRXVH�GXVW��DQG����PJ�GD\�RI�RXWGRRU�VRLO�XVLQJ��

SUHVXPDEO\��FRQFHQWUDWLRQV�LQ�RXWGRRU�VRLO�����������

� 7KH�SURFHGXUH�KHUH�WR�FKDUDFWHUL]H�LQJHVWLRQ�RI�KRXVH�GXVW�LV�WR�PXOWLSO\�D�WRWDO�DPRXQW�

LQJHVWHG�E\�D�IUDFWLRQ�WKDW�FRPHV�IURP�WKH�KRXVH���7KH�DVVXPSWLRQ�RI������IRU�WKLV�IUDFWLRQ��EDVHG�

RQ�GDWD�VXJJHVWLQJ�����RI�WKH�WLPH�LV�VSHQW�LQGRRUV��LV�FRQVHUYDWLYH���3DXVWHQEDFK�HW�DO���������

ORRNHG�DW�GDWD�VXJJHVWLQJ�WKDW�����RI�KRXVH�GXVW�RULJLQDWHV�IURP�RXWGRRU�VRLO���7KLV�PD\�EH�OHVV�

LPSRUWDQW�IRU�WKH�FXUUHQW�H[HUFLVH�EHFDXVH�GXVW�FRQFHQWUDWLRQV�ZHUH�WDNHQ�IURP�KRXVH�GXVW�

PHDVXUHPHQWV��VR�WKH�RULJLQ�RI�WKH�GXVW�LV�QRW�UHOHYDQW�ZKHQ�XVLQJ�PHDVXUHG�GXVW�FRQFHQWUDWLRQV�

GLUHFWO\���6WLOO��WKH�DVVXPSWLRQ�WKDW�����RI�WKH�LQJHVWHG�DPRXQW�LV�KRXVH�GXVW�LV�UHDOO\�QRW�

VXEVWDQWLDWHG�LQ�WKH�OLWHUDWXUH���,W�LV�DSSURSULDWH�IRU�³WLPH�VSHQW�LQGRRUV´�DQG��IRU�REYLRXV�UHDVRQV��

ZRXOG�EH�UHDVRQDEOH�IRU�LQKDODWLRQ�H[SRVXUHV��

� %LRDYDLODELOLW\�ZDV�FRQVLGHUHG�LQ�WKH�FRQWH[W�RI�DEVRUSWLRQ�IUDFWLRQV�IRU�GXVW�LQJHVWLRQ�

DQG�GXVW�GHUPDO�FRQWDFW���,Q�WKH�GHUPDO�FRQWDFW�SDWKZD\��DQ�DEVRUSWLRQ�IUDFWLRQ�RI����������

DEVRUEHG��ZDV�DVVXPHG�IRU�DOO�FRQJHQHUV��VHH�7DEOH�������DQG�LQ�WKH�GXVW�LQJHVWLRQ�SDWKZD\��

GLIIHUHQW�DEVRUSWLRQ�IUDFWLRQV�IRU�HDFK�FRQJHQHU�UDQJLQJ�IURP�DERXW������WR������ZHUH�DVVXPHG���
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7KHUH�LV�D�VXEWOH�GLIIHUHQFH�LQ�WKH�ZD\�LQ�ZKLFK�UHVXOWV�DUH�SUHVHQWHG�LQ�WKLV�VWXG\��LQ�WKDW�IRU�DOO�

SDWKZD\V�H[FHSW�GHUPDO�FRQWDFW��WKH�LQWDNH�GRVH�LV�FDOFXODWHG�MXVW�E\�WKH�FRQWDFW�UDWH��IRRG�

LQJHVWLRQ�UDWH��LQKDODWLRQ�UDWH��HWF���PXOWLSOLHG�E\�WKH�FRQFHQWUDWLRQ�RI�%'(V�LQ�WKH�FRQWDFW�PHGLD�

�LQ�IRRG��DLU��HWF�����)RU�WKH�GHUPDO�FRQWDFW�SDWKZD\��WKLV�LQWDNH�GRVH�KDV�DOUHDG\�FRQVLGHUHG�WKLV�

DEVRUSWLRQ�IUDFWLRQ�RI��������)RU�WKH�RWKHU�SDWKZD\V��WKH�DEVRUSWLRQ�IUDFWLRQV�DUH�XVHG�LQ�WKH�3.�

PRGHOLQJ�RI�ERG\�EXUGHQV�GXH�WR�LQWDNH�GRVHV��WKH�DEVRUSWLRQ�IUDFWLRQV�UHGXFH�WKH�LQWDNH�GRVH�WR�

FRQVLGHU�DEVRUEHG�GRVH���,Q�DQ\�FDVH��DOO�RI�WKH�DEVRUSWLRQ�IUDFWLRQV�DUH�XQFHUWDLQ���7KH�YDOXH�RI�

�����IRU�GHUPDO�FRQWDFW�ZDV�XVHG�LQ�WKH�PRGHOLQJ�RI�EDFNJURXQG�H[SRVXUHV�WR�GLR[LQ�EDVHG�RQ�

OLWHUDWXUH�VKRZLQJ�WKDW�WKLV�WLJKWO\�VRUEHG�FRQWDPLQDQW�ZRXOG�QRW�GHVRUE�UHDGLO\�IURP�VRLO�

FRQWDFWLQJ�WKH�VNLQ�DQG�WKHQ�SHQHWUDWH�WKH�VNLQ�VXUIDFH�WR�D�JUHDW�H[WHQW��8�6��(3$����������

+RZHYHU��WKLV�PD\�QRW�EH�WUXH�IRU�3%'(V��RU�DW�OHDVW�WUXH�IRU�WKH�FDVH�ZKHUH�WKH�YHKLFOH�LV�KRXVH�

GXVW�UDWKHU�WKDQ�VRLO���2QO\�D�IHZ�VWXGLHV�ZHUH�IRXQG�WKDW�KDYH�PHDVXUHG�GHUPDO�DEVRUSWLRQ�RI�

3%'(V���$OWKRXJK�QRQH�RI�WKHVH�XVHG�3%'(V�VRUEHG�WR�GXVW��VRLO��RU�RWKHU�VROLG�PDWULFHV��WKH\�

SURYLGH�VRPH�LQGLFDWLRQ�RI�WKH�GHUPDO�DEVRUSWLRQ�SRWHQWLDO�RI�WKHVH�FKHPLFDOV���+XJKHV�HW�DO��

�������H[DPLQHG�WKH�LQ�YLWUR�GHUPDO�DEVRUSWLRQ�RI�>��&@�GHFDEURPRGLSKHQ\O�R[LGH���6NLQ�IURP�

WKH�DGXOW�KDLUOHVV�IHPDOH�PRXVH�ZDV�UHPRYHG�DQG�PRXQWHG�LQ�IORZ�WKURXJK�GLIIXVLRQ�FHOOV���7KH�

FKHPLFDO�ZDV�DSSOLHG�WR�WKH�VNLQ�DW�WKUHH�GRVH�OHYHOV���������DQG����QPRO��LQ�D�YRODWLOH�YHKLFOH�

�WHWUDK\GURIXUDQ����7KH����KRXU�FXPXODWLYH�SHUFHQW�RI�WKH�GRVH�LQ�WKH�UHFHSWRU�IOXLG�ZDV�

����í��������7KH�SHUFHQW�RI�WKH�DSSOLHG�GRVH�GHWHFWHG�LQ�WKH�VNLQ�DIWHU����KRXUV�UDQJHG�IURP���WR�

������6WDVNDO�HW�DO���������FRQGXFWHG�D�PRXVH�LQ�YLYR�VWXG\�WR�PHDVXUH�GHUPDO�DEVRUSWLRQ�RI�

���¶����¶�WHWUDEURPRGLSKHQ\O�HWKHU��%'(�������$�VLQJOH�GRVH�ZDV�DSSOLHG�WR�WKH�VNLQ�LQ�DQ�

DFHWRQH�VROXWLRQ���$ERXW�����RI�WKH�DGPLQLVWHUHG�GRVH�ZDV�DEVRUEHG�RYHU�D���GD\�SHULRG���5RSHU�

HW�DO���������VWXGLHG�WKH�GHUPDO�DEVRUSWLRQ�RI����¶����¶�WHWUDEURPRGLSKHQ\O�HWKHU��%'(�����XVLQJ�

UDW�DQG�KXPDQ�VNLQ�LQ�YLWUR���$�VLQJOH�GRVH�ZDV�DSSOLHG�WR�WKH�VNLQ�LQ�DQ�DFHWRQH�VROXWLRQ���7KH�

WRWDO�DEVRUEHG�GRVH�LQ�KXPDQ�VNLQ�DIWHU����KRXUV�ZDV��������������LQ�WKH�UHFHSWRU�VROXWLRQ�DQG�

�����LQ�WKH�VNLQ����7KH�WRWDO�DEVRUEHG�GRVH�LQ�UDW�VNLQ�DIWHU����KRXUV�ZDV����������������LQ�WKH�

UHFHSWRU�VROXWLRQ�DQG�������LQ�WKH�VNLQ����5RSHU�HW�DO���������VKRZHG�WKDW�UDW�VNLQ�ZDV�PRUH�

SHUPHDEOH�WKDQ�KXPDQ�VNLQ�WR�7%'(��DQG�WKLV�KDV�DOVR�EHHQ�REVHUYHG�IRU�RWKHU�FKHPLFDOV�DQG�

RWKHU�URGHQWV�LQ�PXOWLSOH�VWXGLHV��L�H���YDQ�5DYHQ]ZDD\�DQG�/HLEROG�����������$OO�WKUHH�VWXGLHV�

DSSOLHG�WKH�FKHPLFDO�LQ�D�VROYHQW�WKDW�HYDSRUDWHG�UDSLGO\��OHDYLQJ�D�UHVLGXH�RI�SXUH�FKHPLFDO�RQ�

WKH�VNLQ���7KLV�ZRXOG�WHQG�WR�LQFUHDVH�WKH�DEVRUSWLRQ�UHODWLYH�WR�D�VLPLODU�GRVH�WKDW�KDV�EHHQ�
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DEVRUEHG�WR�GXVW���7KXV��WKH����DEVRUSWLRQ�EDVHG�RQ�KXPDQ�VNLQ�LQ�YLWUR�WHVWLQJ�E\�5RSHU�HW�DO��

�������LV�SUREDEO\�WKH�PRVW�UHOHYDQW�GDWXP��EXW�PD\�EH�KLJK�IRU�GXVW�H[SRVXUHV���8�6��(3$�

�������UHFRPPHQGV����DEVRUSWLRQ�IRU�7&''�LQ�VRLO���7KH�VLPLODULW\�RI�7&''�WR�3%'(V�LQ�

WHUPV�RI�OLSRSKLOLFLW\�DQG�PROHFXODU�VL]H�DGGV�VXSSRUW�WR�WKH�DVVLJQPHQW�RI������IRU�3%'(V���7KH�

DEVRUSWLRQ�IUDFWLRQV�IRU�GXVW�LQJHVWLRQ�ZHUH�GHULYHG�IURP�D�VWXG\�E\�+XZH�HW�DO����������ZKHUH�

%'(�FRQJHQHUV�ZHUH�DGPLQLVWHUHG�WR�PDOH�UDWV�LQ�FRUQ�RLO�DQG�KRXVHKROG�GXVW���,W�ZDV�IRXQG�WKDW�

DEVRUSWLRQ�DPRXQWV�ZHUH�VLPLODU�IRU�FRUQ�RLO�DQG�GXVW��DQG�WKH�FRQJHQHU�VSHFLILF�UHVXOWV�IURP�

WKDW�VWXG\��VKRZLQJ�DEVRUSWLRQ�IUDFWLRQV�UDQJLQJ�EHWZHHQ������DQG�������ZHUH�GLUHFWO\�XVHG�IRU�

WKH�GXVW�LQJHVWLRQ�SDWKZD\�LQ�WKLV�VWXG\���7KH�DEVRUSWLRQ�IUDFWLRQV�IRU�IRRG�LQJHVWLRQ�DQG�

LQKDODWLRQ�ZHUH�KLJKHU��DW�EHWZHHQ������DQG��������2UJDQLF�FRPSRXQGV�VRUEHG�WR�VRLO�RU�GXVW�DUH�

OHVV�ELRDYDLODEOH�WKDQ�ZKHQ�LQJHVWHG�LQ�IRRG�RU�LQKDOHG���3DXVWHQEDFK�HW�DO���������H[DPLQHG�WKH�

OLWHUDWXUH�RQ�WKH�ELRDYDLODELOLW\�RI���������7&''���,Q�WKHLU�0RQWH�&DUOR�VLPXODWLRQV�RQ�

FRQWDPLQDWHG�VRLO�H[SRVXUHV��WKH\�DVVXPHG�WKDW�WKH�RUDO�DEVRUSWLRQ�RI�WKLV�FRPSRXQG�LQ�

FRQWDPLQDWHG�VRLO�IROORZHG�D�ORJQRUPDO�GLVWULEXWLRQ�ZLWK�D�UDQJH�RI�����WR�����DQG�D�PHDQ�YDOXH�

RI�������$76'5��������UHYLHZHG�WKH�OLWHUDWXUH�RQ�ELRDYDLODELOLW\�RI�3&%V�LQ�VRLO�DQG�FRQFOXGHG�

WKDW�D�UDQJH�RI���í����ZDV�DSSURSULDWH���3DXVWHQEDFK�HW�DO���������GLG�FRPPHQW�RQ�WKH�IDFW�WKDW�

WKH�ELRDYDLODELOLW\�RI�FRQWDPLQDQWV�RQ�KRXVH�GXVW��LQ�JHQHUDO��LV�PXFK�JUHDWHU�WKDQ�WKDW�LQ�RXWGRRU�

VRLO��EHFDXVH�KRXVH�GXVW�SDUWLFOHV�DUH�ILQHU��WKHUHIRUH�FRQWDLQLQJ�PRUH�VXUIDFH�DUHD��WKDQ�VRLO�

SDUWLFOHV���,Q�D�EDFNZDUG�SKDUPDFRNLQHWLF�PRGHOLQJ�H[HUFLVH�LQ�ZKLFK�0F'RQDOG��������GHULYHG�

LQWDNH�HVWLPDWHV�WKDW�ZRXOG�FRUUHVSRQG�WR�PHDVXUHG�ERG\�EXUGHQV��KH�DVVXPHG�DEVRUSWLRQ�

IUDFWLRQV�RI������WR������IRU�%'(�����%'(�����%'(������%'(������DQG�%'(�������7KLV�ZDV�QRW�

SDWKZD\�VSHFLILF�DQG�ZDV�EDVHG�RQ�DEVRUSWLRQ�H[SHULPHQWV�LQ�UDWV��DQG�DOWKRXJK�WKH�FDUULHU�LQ�WKH�

H[SHULPHQWV�ZDV�QRW�QRWHG��LW�ZDV�XQOLNHO\�WR�EH�VRLO���(3$�DVVXPHG�WKDW�WKH�DEVRUSWLRQ�IUDFWLRQ�

RI�GLR[LQ�IURP�D�WRWDO�LQWDNH�GRVH�ZDV�������8�6��(3$���������EXW�GLR[LQ�LQWDNHV�DUH�GRPLQDWHG�

E\�IRRGʊQRW�GXVW�VRLO���,Q�JHQHUDO��WKH�SRLQW�LV�PDGH�WKDW�ZKLOH�DQ�LQWDNH�GRVH�RI�3%'(V�FRXOG�

EH�GRPLQDWHG�E\�GXVW�LQJHVWLRQ�DQG�GHUPDO�FRQWDFW�ZLWK�GXVW��WKHUH�UHPDLQV�XQFHUWDLQW\�DV�WR�

KRZ�PXFK�RI�WKH�GRVHV�E\�WKHVH�SDWKZD\V�JHW�DEVRUEHG�WR�HYHQWXDOO\�DSSHDU�LQ�EORRG����

�

������ 8QFHU WDLQWLHV�DQG�9DU LDELOLWLHV�ZLWK�2WKHU �3DWKZD\V�
� 7KHUH�LV�OHVV�XQFHUWDLQW\�LQ�FKDUDFWHUL]LQJ�FHQWUDO�WHQGHQF\�IRU�ZDWHU�LQJHVWLRQ��IRRG�

LQJHVWLRQ��DQG�LQKDODWLRQ��DV�FRPSDUHG�WR�VRLO�GXVW�LQJHVWLRQ�DQG�VRLO�GXVW�GHUPDO�FRQWDFW���)RRG�
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LQWDNH�TXDQWLWLHV�DV�GHYHORSHG�LQ�WKH�([SRVXUH�)DFWRUV�+DQGERRN��8�6��(3$��������ZHUH�

GHULYHG�IURP�WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH�&RQWLQXLQJ�6XUYH\�RI�,QWDNHV�E\�,QGLYLGXDOV��

ZKLFK�LV�D�VXUYH\�RI�KLJK�TXDOLW\�XVHG�LQ�PDQ\�DVVHVVPHQWV��VXFK�DV�WKH�8�6��)RRG�DQG�'UXJ�

$GPLQLVWUDWLRQ¶V�PDUNHW�EDVNHW�VXUYH\V��ZKLFK�DUH�XVHG�WR�GHWHUPLQH�LQWDNHV�IURP�PHDVXUHPHQWV�

RI�FRQWDPLQDQWV�LQ�VDPSOHG�IRRG���:DWHU�LQJHVWLRQ�DQG�DLU�LQKDODWLRQ�DUH�DOVR�FRPSUHKHQVLYHO\�

VWXGLHG��DQG�WKH�FRQWDFW�UDWHV�FKRVHQ�DUH�FKDUDFWHUL]HG�DV�YHU\�UHDVRQDEOH�FHQWUDO�WHQGHQF\�SRLQW�

HVWLPDWHV���)XUWKHUPRUH��PRVW�IRRG�VXUYH\V�DUULYH�DW�FRPSDUDEOH�FRQFHQWUDWLRQV�LQ�IRRG�SURGXFWV���

2QH�H[FHSWLRQ�GHVFULEHG�LQ�&KDSWHU���ZDV�WKH�ILQGLQJ�E\�WKH�8.¶V�)RRG�6WDQGDUGV�$JHQF\�RI�

KLJK�%'(�����LQ�DOO�IRRG�VDPSOHG��)6$����������7KH�TXDOLW\�RI�WKHVH�GDWD�DUH�XQNQRZQ�DQG�

PLJKW�EH�TXHVWLRQHG�VLQFH�LW�GLIIHUV�IURP�HVVHQWLDOO\�DOO�RWKHU�VWXGLHV�RI�3%'(V�LQ�IRRG���:KHQ�

FRPELQLQJ�IRRG�FRQFHQWUDWLRQV�RI�3%'(V�ZLWK�IRRG�LQWDNHV��PRVW�VWXGLHV�DURXQG�WKH�ZRUOG��

LQFOXGLQJ�WKH�8QLWHG�6WDWHV��KDYH�DUULYHG�DW�DGXOW�IRRG�LQWDNHV�LQ�WKH�UDQJH�RI��í��QJ�WRWDO�

%'(�NJ�GD\���,QKDODWLRQ�DQG�ZDWHU�LQJHVWLRQ�KDYH�PRVWO\�DUULYHG�DW�DGXOW�H[SRVXUHV�RI�OHVV�WKDQ�

��QJ�NJ�GD\���7KHVH�ILQGLQJV�FDQ�HDVLO\�EH�VHHQ�LQ�7DEOH������ZKLFK�OLVWV�LQWDNH�HVWLPDWHV�IURP�DOO�

SDWKZD\V�IURP�VWXGLHV�DURXQG�WKH�ZRUOG���2QO\�WKH�8.�)6$�VWXG\�VKRZLQJ�XQXVXDOO\�KLJK�

%'(�����FRQFHQWUDWLRQV�DUULYHG�DW�IRRG�LQWDNHV�JUHDWHU�WKDQ�WKLV��í��QJ�WRWDO�%'(�NJ�GD\�UDQJH����

� ,W�VKRXOG�DOVR�EH�QRWHG�WKDW�WKHUH�PD\�EH�SDWKZD\V�QRW�FRQVLGHUHG�LQ�WKLV�DVVHVVPHQW���)RU�

H[DPSOH��ZKLOH�WKH�DVVHVVPHQW�FRQVLGHUHG�GHUPDO�FRQWDFW�ZLWK�GXVW��LW�GLG�QRW�FRQVLGHU�GHUPDO�

FRQWDFW�ZLWK�3%'(�WUHDWHG�SURGXFWV���'HUPDO�DEVRUSWLRQ�RI�3%'(V�PD\�RFFXU�YLD�GLUHFW�FRQWDFW�

ZLWK�WUHDWHG�PDWHULDOV�VXFK�DV�FORWKLQJ��FDUSHWLQJ��XSKROVWHU\��HWF���:HVWHU�HW�DO���������KDV�

VKRZQ�WKDW�FKHPLFDOV�LQ�IDEULF�FDQ�WUDQVIHU�IURP�IDEULF�LQWR�DQG�WKURXJK�KXPDQ�VNLQ���7KLV�ZDV�

EDVHG�RQ�KXPDQ�VNLQ�LQ�YLWUR�H[SHULPHQWV�ZLWK�JO\SKRVSKDWH�DQG�PDODWKLRQ�DSSOLHG�WR�FRWWRQ�

VKHHWV���$EVRUSWLRQ�IURP�GU\�FORWK�ZDV�IRXQG�WR�RFFXU��EXW�LW�ZDV�OHVV�WKDQ�WKH�FKHPLFDOV�LQ�

DTXHRXV�VROXWLRQV���:KHQ�WKH�FORWK�ZDV�ZHWWHG�ZLWK�ZDWHU�WR�VLPXODWH�VZHDWLQJ��DEVRUSWLRQ�

LQFUHDVHG���)RU�H[DPSOH��DEVRUSWLRQ�RI�PDODWKLRQ�IURP�DTXHRXV�HWKDQRO�VROXWLRQ�ZDV������

���������7KLV�GHFUHDVHG�WR�DERXW�������IRU�GU\�FRWWRQ�VKHHWV���+RZHYHU��DEVRUSWLRQ�IURP�FRWWRQ�

VKHHWV�LQFUHDVHG�WR�������������ZKHQ�ZHWWHG�ZLWK�DTXHRXV�HWKDQRO���7KH�GLVFXVVLRQV�DERYH�RQ�

WKH�1$6�DQG�9&&(3�VXEPLVVLRQV�GLG��LQ�IDFW��GLVFXVV�PRXWKLQJ�RI�SURGXFWV�LQFOXGLQJ�WUHDWHG�

IDEULFV��DQG��DOVR��WKH�GLUHFW�FRQWDFW�ZLWK�WUHDWHG�IDEULFV���7KH�H[HUFLVHV�ZHUH�VSHFLILF�WR�

GHFD%'(��ZHUH�FRQVHUYDWLYH�E\�GHVLJQ��EXW�VKRZHG�PXFK�KLJKHU�H[SRVXUHV�WKDQ�WKH�FHQWUDO�

WHQGHQF\�HVWLPDWHV�SUHVHQWHG�KHUH��VHH�6HFWLRQ�������IRU�PRUH�GHWDLO����)LQDOO\��6WDSOHWRQ�HW�DO��
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�����E��SURYLGHV�HVWLPDWHV�IRU�D�GLUHFW�KDQG�WR�PRXWK�SDWKZD\���7KH\�HVWLPDWHG�WKH�DPRXQW�RI�

3%'(V�RQ�WKH�KDQGV�RI����YROXQWHHUV�XVLQJ�KDQG�ZLSHV��DQG�XVLQJ�KDQG�WR�PRXWK��HVWLPDWHG�

LQWDNHV�IRU�FKLOGUHQ�UDQJHG�DV�KLJK�DV�������������QJ�WRWDO�%'(�GD\��ZLWK�D�PHGLDQ�RI�������QJ�

WRWDO�%'(�GD\����

� 7KH�SRVVLELOLW\�RI�H[SRVXUH�E\�GLUHFW�FRQWDFW�ZLWK�WUHDWHG�VXUIDFHV��RU�VXUIDFHV�WKDW�FRXOG�

EH�UHVHUYRLUV�RI�3%'(V�RWKHUZLVH�UHOHDVHG�IURP�WKHLU�RULJLQDO�VRXUFHV��LV�EHLQJ�VWXGLHG�E\�D�

QRYHO�DSSURDFK�XVLQJ�;�UD\�IOXRUHVFHQFH��;5)����;5)�DQDO\]HUV�PHDVXUH�WKH�EURPLQH�

FRQFHQWUDWLRQV�RQ�WKH�GXVW�WKDW�UHVLGHV�RQ�VXUIDFHV�RI�KRXVHKROG�LWHPV���$OOHQ�HW�DO�������E��

YDOLGDWHG�WKHLU�XVH�RQ�KRXVHKROG�LWHPV�E\�VKRZLQJ�WKDW�;5)�UHDGLQJV�ZHUH�KLJKO\�FRUUHODWHG�

ZLWK�*&�06�PHDVXUHG�EURPLQH�DQG�3%'(�OHYHOV�LQ�IXUQLVKLQJV�DQG�HOHFWURQLF�GHYLFHV�

�5� ���������,PP�HW�DO���������WRRN�WKLV�DSSOLFDWLRQ�D�VWHS�IXUWKHU�E\�PHDVXULQJ�EURPLQH�

FRQFHQWUDWLRQV�RQ�WKH�VXUIDFHV�RI�PDQ\�KRXVHKROG�LWHPV�IRU�D�FRKRUW�LQ�:LVFRQVLQ�DQG�WKHQ�

IXUWKHU�PHDVXULQJ�WKH�3%'(V�LQ�EORRG�RI�UHVLGHQWV�ZKR�OLYHG�LQ�WKH�KRPHV�WKH\�VWXGLHG���7KH\�

IRXQG�WKDW�WKH�EURPLQH�FRQWHQW�LQ�WKH�SDUWLFLSDQW¶V�VOHHSLQJ�SLOORZ��S�YDOXH� ��������DQG�SULPDU\�

YHKLFOH�VHDW�FXVKLRQ��S�YDOXH� �������ZHUH�WKH�VWURQJHVW�SUHGLFWRUV�RI�3%'(�EORRG�

FRQFHQWUDWLRQV��

� �

������ 8QFHU WDLQWLHV�ZLWK�3KDUPDFRNLQHWLF�0RGHOLQJ�
7KH�FKRLFH�RI�WKH�VLPSOH�RQH�FRPSDUWPHQW��VW�RUGHU�PRGHO�LV�UHDVRQDEOH�IRU�3%'(V���

/LNH�GLR[LQV��IRU�ZKLFK�WKH�PRGHO�KDV�EHHQ�H[WHQVLYHO\�DQG�VXFFHVVIXOO\�XVHG��8�6��(3$��������

DQG�RWKHU�FLWDWLRQV�QRW�SURYLGHG���PRVW�3%'(V�DUH�OLSRSKLOLF�DQG�SHUVLVWHQW�LQ�WKH�ERG\��WKHUH�LV�

VRPH�HYLGHQFH�DQG�GLVFXVVLRQ�LQ�WKLV�UHSRUW�WKDW�%'(�����LV�QRW�DV�OLSRSKLOLF�DV�RWKHU�%'(�

FRQJHQHUV��DQG�LWV�HOLPLQDWLRQ�KDOI�OLIH�LV�K\SRWKHVL]HG�WR�EH�RQ�WKH�RUGHU�RI�GD\V��LQ�FRQWUDVW�WR�

\HDUV�IRU�ORZHU�EURPLQDWHG�%'(V����7KH�DSSOLFDWLRQ�RI�WKH�PRGHO�DW�VWHDG\�VWDWH�LQVWHDG�RI�LQ�D�

WHPSRUDOO\�YDULDEOH�PRGH�FRXOG�LQWURGXFH�XQFHUWDLQWLHV���)RU�GLR[LQV��LW�ZDV�IRXQG�WKDW�

DSSOLFDWLRQ�RI�WKH�PRGHO�DW�VWHDG\�VWDWH�XVLQJ�GRVH�HVWLPDWHV�GHYHORSHG�IRU�FXUUHQW�FRQGLWLRQV�

ZRXOG�XQGHUHVWLPDWH�DYHUDJH�DGXOW�ERG\�EXUGHQV�E\�DERXW�RQH�KDOI��8�6��(3$����������7KLV�LV�

EHFDXVH�RI�KLJK�GLR[LQ�LQWDNHV�LQ�WKH�PLGGOH�GHFDGHV�RI�WKH�WZHQWLHWK�FHQWXU\��WKH�����V�XQWLO�

DERXW�������PXFK�KLJKHU�WKDQ�FXUUHQW�LQWDNHV���VXFK�WKDW�ERG\�EXUGHQV�RI�ROGHU�DGXOWV�DUH�KLJKHU�

WKDQ�\RXQJHU�DGXOWV��GULYLQJ�XS�WKH�FXUUHQW�DYHUDJH�DGXOW�SRSXODWLRQ�ERG\�EXUGHQ���6LPLODU�DJH�

WUHQGV�ZHUH�QRW�IRXQG�LQ�%'(�SRSXODWLRQ�VWXGLHV���5DWKHU��WKH�\RXQJHU�DJH�UDQJHV�ZHUH�IRXQG�WR�
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KDYH�KLJKHU�ERG\�EXUGHQV�LQ�VRPH�VWXGLHV���8QOLNH�GLR[LQV��3%'(V�ZHUH�QRW�LQ�WKH�HQYLURQPHQW�

SULRU�WR�WKHLU�LQWURGXFWLRQ�LQWR�KRXVHKROG�SURGXFWV�EHJLQQLQJ�LQ�WKH�����V��DQG�ERG\�EXUGHQV�

ZHUH�ILUVW�IRXQG�WR�FRQWDLQ�3%'(V�LQ�WKH�����V���:LWK�WKH�YROXQWDU\�ZLWKGUDZDO�RI�SHQWD%'(�

DQG�RFWD%'(�IRUPXODWLRQV�LQ�������WKHUH�PD\�EH�GHFOLQHV�VHHQ�LQ�WKH�NH\�FRQJHQHUV�RI�WKHVH�

IRUPXODWLRQV�LQ�WKH�PRVW�UHFHQW�VXUYH\V���*HQHUDOO\��WKRXJK��LW�PD\�EH�UHDVRQDEOH�WR�DVVXPH�WKDW�

H[SRVXUHV�KDYH�DW�OHDVW�UHPDLQHG�VWHDG\�LI�QRW�LQFUHDVHG��SHUKDSV�EHFDXVH�RI�ULVLQJ�OHYHOV�LQ�GXVW�

DV�PRUH�SURGXFWV�XVLQJ�WKH�3%'(V�ZHUH�LQFRUSRUDWHG�LQWR�PRGHUQ�OLYLQJ��EHWZHHQ������DQG�WKH�

SUHVHQW���7KLV�SURYLGHV�D�UHDVRQDEOH�MXVWLILFDWLRQ�IRU�XVH�RI�WKH�VLPSOH�3.�PRGHO�LQ�D�VWHDG\�VWDWH�

PRGH��DW�OHDVW�LQ�FRPSDULVRQ�ZLWK�GLR[LQ��ZKHUH�VWHDGLO\�GHFOLQLQJ�H[SRVXUHV�OHDGV�WR�DQ�

XQGHUHVWLPDWH�RI�SRSXODWLRQ�ERG\�EXUGHQV�LI�XVLQJ�D�VWHDG\�VWDWH�PRGHO��

7KH�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�GRVH�HVWLPDWHV�ZHUH�GLVFXVVHG�LQ�WKH�SUHYLRXV�

VHFWLRQ���$EVRUSWLRQ�ZDV�DOVR�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ�LQ�WKH�FRQWH[W�RI�DEVRUSWLRQ�RI�

3%'(V�IURP�LQJHVWHG�GXVW���7KHUH�ZDV�OLPLWHG�FKRLFH�LQ�WKH�OLWHUDWXUH�IURP�ZKLFK�WR�PDNH�

VHOHFWLRQV�RI�HOLPLQDWLRQ�KDOI�OLYHV���2QO\�RQH�VWXG\��*H\HU�HW�DO���������ZDV�IRXQG�WR�DVVLJQ�

KDOI�OLYHV�WR�%'(�����%'(�����%'(������%'(������DQG�%'(�����RI�����WR������\HDU���,Q�

DGGLWLRQ��RQO\�RQH�VWXG\�ZDV�IRXQG��7KXUHVVRQ�HW�DO����������ZKLFK�SURYLGHG�HVWLPDWHV�IRU�

%'(�����RI������\HDU�����GD\V��DQG�IRU�%'(�����RI�������\HDU�����GD\V����

:LWK�WKHVH�VHOHFWLRQV��LW�ZDV�IRXQG�WKDW�%'(����DSSHDUV�WR�EH�XQGHUSUHGLFWHG���7KH�

SUHGLFWLRQ�ZDV�����QJ�J�OZW��FRPSDUHG�WR�REVHUYDWLRQV�RI������QJ�J�OZW�LQ�EORRG�DQG������QJ�J�

OZW�LQ�EUHDVW�PLON���7KH�FDXVH�IRU�WKLV�XQGHUSUHGLFWLRQ�LV�QRW�NQRZQ��EXW�LW�FRXOG�YHU\�HDVLO\�EH�

WKH�DVVXPHG�KDOI�OLIH�LQ�KXPDQV���$W�����\HDUV��LW�GLVVLSDWHG�QHDUO\�WZLFH�DV�IDVW�DV�%'(�����

ZKLFK�ZDV�DVVLJQHG�D�KDOI�OLIH�RI�����\HDUV���+DG�LW�GLVVLSDWHG�DW�D�KDOI�OLIH�RI����\HDUV��WKH�

SUHGLFWLRQ�ZRXOG�MXPS�WR�JUHDWHU�WKDQ����QJ�J�OZW��QRZ�PRUH�WKDQ�WZLFH�WKH�SUHGLFWLRQ�IRU�

%'(�����DQG�PRUH�LQ�OLQH�ZLWK�FXUUHQW�PHDVXUHPHQWV���,Q�WKH�VDPH�YHLQ��%'(����ZDV�

RYHUSUHGLFWHG���,W�ZDV�SUHGLFWHG�DW������QJ�J�OZW��ZKLOH�LV�PHDVXUHG�DV�����QJ�J�OZW�LQ�EORRG�DQG�

����QJ�J�OZW�LQ�EUHDVW�PLON���3HUKDSV�WKH�KDOI�OLYHV�RI�ERWK�FRQJHQHUV�VKRXOG�EH�UHYHUVHG���

+RZHYHU��RWKHU�HYLGHQFH�LQ�WKH�OLWHUDWXUH�VXSSRUWV�WKH�DVVXPSWLRQ�WKDW�%'(����LV�HOLPLQDWHG�

PRUH�UDSLGO\�WKDQ�%'(������,Q�DQ�H[SHULPHQW�ZKHUH�%'(�����%'(�����%'(������DQG�%'(�����

ZHUH�DOO�DGPLQLVWHUHG�LQWUDYHQRXVO\�WR�PLFH��6WDVNDO�HW�DO���������IRXQG�WKDW�WLVVXH�FRQFHQWUDWLRQV�

ZHUH�KLJKHVW�IRU�%'(������IROORZHG�E\�%'(������%'(�����DQG�%'(������6LPLODU�WR�WKH�KXPDQ�

GDWD��WKHVH�PRXVH�GDWD�VXJJHVW�D�PRUH�UDSLG�HOLPLQDWLRQ�RI�%'(����DV�FRPSDUHG�WR�%'(����DQG�
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DOVR�RWKHU�NH\�FRQJHQHUV���2Q�WKH�RWKHU�KDQG��WKH�KXPDQ�ERG\�EXUGHQ�GDWD�VKRZ�WKDW�%'(����

FRQFHQWUDWLRQV�DUH�WKH�KLJKHVW�RI�DOO�FRQJHQHUV�DQG�DERXW�IRXU�WLPHV�KLJKHU�WKDQ�%'(����

FRQFHQWUDWLRQV���7KH�PRGHOLQJ�LQ�WKLV�VWXG\��JLYHQ�XQFHUWDLQWLHV�RI�FRXUVH��VXJJHVWV�WKDW�WKH�GRVH�

RI�WKH�WZR�FRQJHQHUV�LV�DERXW�HTXDO���/RJLFDOO\��WKHUHIRUH��RQH�ZRXOG�VSHFXODWH�WKDW�%'(����

ZRXOG�EH�PRUH�UDSLGO\�HOLPLQDWHG�DV�FRPSDUHG�WR�%'(�����EXW�WKDW�LV�QRW�ZKDW�WKH�KXPDQ�

WR[LFRNLQHWLF�GDWD��RU�WKH�URGHQW�GDWD�FLWHG��KDYH�IRXQG���7KLV�WUHQG�RI�KLJKHU�%'(����

FRQFHQWUDWLRQV�LQ�KXPDQV�PD\�VXJJHVW�GHEURPLQDWLRQ�RI�%'(�����RU�KLJKHU�EURPLQDWHG�

FRQJHQHUV��WR�IRUP�%'(����LQ�WKH�ERG\���,Q�RWKHU�ZRUGV��WKH�PRGHOLQJ�PD\�FRUUHFWO\�GHWHUPLQH�

ERG\�EXUGHQV�GXH�WR�LQWDNHV��EXW�WKH�KDOI�OLYHV�DVVLJQHG�PLJKW�QRW�UHIOHFW�IXOO�HOLPLQDWLRQ�IURP�

WKH�ERG\�EXW�UDWKHU�KLJKHU�EURPLQDWHG�FRQJHQHUV�DUH�EHLQJ�WUDQVIRUPHG�WR�ORZHU�EURPLQDWHG�

FRQJHQHUV���+RZHYHU��WKLV�LV�PXFK�WRR�VSHFXODWLYH�JLYHQ�FXUUHQW�LQIRUPDWLRQ�RQ�KXPDQ�DQG�

DQLPDO�PHWDEROLVP���,W�PLJKW�EH�SRVVLEOH�WKDW�WKH�RQH�VWXG\�PHDVXULQJ�WKH�HOLPLQDWLRQ�RI�WKHVH�

FRQJHQHUV�LQ�DQ�RFFXSDWLRQDO�FRKRUW�ZDV�QRW�DSSURSULDWH�IRU�WKH�KDOI�OLYHV�RI�WKHVH�WZR�FRQJHQHUV�

LQ�WKH�EDFNJURXQG�SRSXODWLRQ���,W�ZRXOG�EH�SUHPDWXUH�WR�XVH�WKLV�IUDPHZRUN�WR�³FDOLEUDWH´�

FRQJHQHU�VSHFLILF�KDOI�OLYHV�LQ�KXPDQV����6WLOO��LW�JLYHV�DQ�LQGLFDWLRQ�RI�ZKHUH�NH\�LQIRUPDWLRQ�

JDSV�DUH����

:LWK�UHJDUG�WR�WKH�ILQDO�WRWDO�FRQFHQWUDWLRQV��WKH\�ZHUH�SUHGLFWHG�DW������QJ�J�OZW�DQG�

PHDVXUHG�DW������QJ�J�OZW�LQ�EORRG�DQG������QJ�J�OZW�LQ�EUHDVW�PLON���2WKHU�VWXGLHV�LQ�EUHDVW�PLON�

VKRZHG�GLIIHUHQW�FRQFHQWUDWLRQV��VRPH�ORZHU�DQG�VRPH�KLJKHU���0RVW�RWKHU�EORRG�PHDVXUHPHQW�

VWXGLHV�ZHUH�VRPHZKDW�KLJKHU�WKDQ�WKLV�1+$1(6�UHVXOW��EXW�PRVW�VWXGLHV�IRXQG�FHQWUDO�WHQGHQF\�

WRWDO�FRQFHQWUDWLRQV�WR�EH�ZHOO�XQGHU�����QJ�J�OZW��VR�WKH�SUHGLFWLRQ�LV�DERXW�ZLWKLQ�D�IDFWRU�RI���

RI�PRVW�PHDVXUHPHQWV��DQG�LQ�WKH�FDVH�RI�1+$1(6�EORRG�DQG�WKH�VHOHFWHG�EUHDVW�PLON�

FRQFHQWUDWLRQV��SUHGLFWLRQV�FDPH�YHU\�FORVH�WR�PHDVXUHPHQWV���

� 7KH�UHVXOWV�RI�WKLV�VLPSOH�3.�PRGHOLQJ�H[HUFLVH�DUH�FRQVLVWHQW�ZLWK�WKRVH�RI�0F'RQDOG�

��������DOWKRXJK�KH�WRRN�WKH�RSSRVLWH�DSSURDFK��KH�VWDUWHG�ZLWK�ERG\�EXUGHQV�DQG�XVHG�UHYHUVH�

3.�PRGHOLQJ�WR�GHULYH�WKH�LQWDNH�GRVHV�WKDW�ZRXOG�H[SODLQ�WKH�ERG\�EXUGHQV���+H�XVHG�WKH�VDPH�

3.�SDUDPHWHUV��DEVRUSWLRQ�IUDFWLRQV�DQG�FRQJHQHU�VSHFLILF�KDOI�OLYHV��DV�ZHUH�XVHG�LQ�WKLV�

H[HUFLVH��DOWKRXJK�KH�GLG�QRW�VHSDUDWHO\�FRQVLGHU�GXVW�LQJHVWLRQ�ZLWK�D�GLIIHUHQW�DEVRUSWLRQ�

IUDFWLRQ���&RPSLOLQJ�GDWD�RQ�3%'(V�LQ�KXPDQ�PLON��LQFOXGLQJ�VRPH�RI�WKH�VDPH�GDWD�

VXPPDUL]HG�DERYH���KH�IRXQG�D�PHGLDQ�FRQFHQWUDWLRQ�RI����QJ�J�OZW��D�PHDQ�RI����QJ�J�OZW��DQG�

D�����RI�����QJ�J�OZW���7KHVH�WRWDOV�ZHUH�WKH�VXP�RI�%'(�����%'(�����%'(������%'(������DQG�
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%'(�������0RGHOLQJ�WKHVH�FRQJHQHUV�LQGLYLGXDOO\��KH�IRXQG�WKDW�WKH�GRVHV�RI�WRWDO�3%'(V�WKDW�

ZRXOG�H[SODLQ�WKHVH�ERG\�EXUGHQV�ZHUH������������DQG������QJ�NJ�GD\�IRU�WKH�PHGLDQ��PHDQ��DQG�

������,Q�WKH�H[HUFLVH�DERYH��GRVH�ZDV�IRUZDUG�FDOFXODWHG�IURP�H[SRVXUH�PHGLD�FRQFHQWUDWLRQV�

DQG�FRQWDFW�UDWHV��DQG�WKH�DGXOW�GRVH�ZDV�HVWLPDWHG�DW�����QJ�GD\�WRWDO��RU�RQ�D�ERG\�ZHLJKW�EDVLV�

DVVXPLQJ�D����NJ�DGXOW������QJ�NJ�GD\���7KLV�GRVH�ZDV�HVWLPDWHG�EDVHG�RQ�³UHSUHVHQWDWLYH´�

FHQWUDO�WHQGHQF\�PHGLD�FRQFHQWUDWLRQV�DQG�DYHUDJH�FRQWDFW�UDWHV��VR�WKH�FRQVLVWHQF\�RI�

����QJ�NJ�GD\�GHULYHG�E\�D�IRUZDUG�FDOFXODWLRQ�IRU�³DYHUDJH´�FRQGLWLRQV�ZLWK�0F'RQDOG¶V�

�����������QJ�NJ�GD\�GHULYHG�E\�D�UHWURFDOFXODWLRQ�IURP�WKH�PHGLDQ�ERG\�EXUGHQ�LV�YHU\�

HQFRXUDJLQJ����

� 0F'RQDOG��������FLWHV�(XURSHDQ�ERG\�EXUGHQV��ZKLFK�DUH�PRUH�OLNH����QJ�J�OZW��DV�ZHOO�

DV�HVWLPDWHV�RI�GRVH�PDGH�E\�(XURSHDQV�EDVHG�RQ�IRRG�DORQH��ZKLFK�DUH�LQ�WKH�UDQJH�RI�

����QJ�NJ�GD\��LQ�DQ�DSSOLFDWLRQ�RI�KLV�3.�IUDPHZRUN���:LWK�KLV�PRGHO��0F'RQDOG��������IRXQG�

TXDQWLWDWLYH�FRQVLVWHQF\�LQ�WKRVH�WZR�TXDQWLWLHV��L�H���WKH�GRVH�KH�EDFN�FDOFXODWHG�IURP�ERG\�

EXUGHQV�PDWFKHV�WKH�IRUZDUG�FDOFXODWHG�GRVH�E\�IRRG�LQJHVWLRQ�GHYHORSHG�E\�(XURSHDQ�

UHVHDUFKHUV���,Q�HVVHQFH��KH�LV�LPSO\LQJ�WKDW�WKH�SULPDU\�SDWKZD\�RI�%'(�H[SRVXUH�WR�(XURSHDQV�

LV�WKURXJK�IRRG�FRQVXPSWLRQ���,W�LV�XQFOHDU�ZK\�KRXVH�GXVW�DQG�RWKHU�LQGRRU�VRXUFHV�RI�3%'(V�

ZHUH�QRW�FRQVLGHUHG���7KHVH�SDWKZD\V�ZHUH�FRQVLGHUHG�E\�+DUUDG�HW�DO���������LQ�D�VWXG\�

FRQGXFWHG�LQ�WKH�8QLWHG�.LQJGRP���7KH\�REVHUYH�WKDW�GXVW�FRQFHQWUDWLRQV�DUH�PXFK�ORZHU�LQ�WKH�

8QLWHG�.LQJGRP�DV�FRPSDUHG�WR�WKH�8QLWHG�6WDWHV��ZKLOH�IRRG�FRQFHQWUDWLRQV�DUH�FRPSDUDEOH�LQ�

WKH�WZR�FRXQWULHV���7KH\�VXJJHVW�WKDW�WKH�KLJKHU�ERG\�EXUGHQV�IRXQG�LQ�WKH�8QLWHG�6WDWHV�DUH�

OLNHO\�GXH�WR�KRXVH�GXVW�H[SRVXUHV���,I�QRW�HQWLUHO\�GXH�WR�KRXVH�GXVW��WKHUH�PD\�EH�RWKHU�

SDWKZD\V�RI�H[SRVXUH�$PHULFDQV�KDYH�WKDW�(XURSHDQV�GR�QRW���,Q�DQ\�FDVH��WKH�SUHYDOHQFH�RI�

ORZHU�EURPLQDWHG�%'(V�LQ�GXVW�LQ�WKH�8QLWHG�6WDWHV�DQG�WKH�VXEVHTXHQW�LPSDFW�RQ�8�6��ERG\�

EXUGHQV�LV�D�NH\�LVVXH�LGHQWLILHG�LQ�WKLV�DVVHVVPHQW��DQG��QHHGOHVV�WR�VD\��LW�UHTXLUHV�IXUWKHU�

UHVHDUFK��

�

�����29(5$//�),1',1*6�2)�(;32685(�2)�$0(5,&$16�72�3%'(V�

([DPLQDWLRQ�RI�OLWHUDWXUH�GDWD�DQG�H[SRVXUH�H[HUFLVHV�LQ�WKLV�FKDSWHU�VXSSRUWV�WKHVH�

JHQHUDO�ILQGLQJV��

�
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����PBDEs bioaccumulate in lipids���0RVW�3%'(V�ELRDFFXPXODWH�LQ�OLSLGV�DQG�W\SLFDOO\�
ERG\�EXUGHQ�PHDVXUHPHQWV�DUH�H[SUHVVHG�LQ�D�QJ�J�OLSLG�ZW�EDVLV���7KH�ILQGLQJ�WKDW�
3%'(V�SDUWLWLRQ�LQWR�OLSLGV�LV�XSKHOG�IRU�FRQJHQHUV�XS�WR�WKH�KH[D�FRQJHQHUV�DV�VWXGLHV�
VKRZ�VLPLODU�FRQFHQWUDWLRQV�PHDVXUHG�LQ�PDWHUQDO�EORRG�DQG�PDWHUQDO�PLON�IRU�WKH�
FRPPRQO\�PHDVXUHG�FRQJHQHUV��%'(�����%'(�����%'(�����%'(������%'(������
%'(������DQG�%'(�������7KHUH�LV�VRPH�HYLGHQFH�WKDW�WKH�KHSWD�FRQJHQHU��%'(������DQG�
PRUH�VR��WKH�GHFD�FRQJHQHU��%'(������DUH�IRXQG�DW�ORZHU�FRQFHQWUDWLRQV�LQ�PRWKHU¶V�PLON�
WKDQ�PRWKHU¶V�EORRG���&RQFHQWUDWLRQV�RI�%'(�����IRXQG�LQ�PRWKHU¶V�PLON�LQ�WKH�8QLWHG�
6WDWHV�DUH�LQ�WKH�UDQJH�RI�����QJ�J�OZW�ZKHQ�TXDQWLILHG��ZKLOH�LW�LV�QHDU���QJ�J�OZW�LQ�EORRG�
ZKHQ�TXDQWLILHG��

�
����PBDE Body burdens in U.S. adults���7RWDO�3%'(�ERG\�EXUGHQV�LQ�$PHULFDQV�DUH�LQ�WKH�

UDQJH�RI����WR�����QJ�J�OZW���7KH�PRVW�VWDWLVWLFDOO\�ULJRURXV�DQG�H[SDQVLYH�VWXG\�RI�
JHQHUDO�SRSXODWLRQ�H[SRVXUHV�WR�3%'(V�LQ�WKH�8QLWHG�6WDWHV�LV�DQ�DQDO\VLV�RI�����������
1+$1(6�GDWD�E\�6MRGLQ�HW�DO�����������7KH�JHRPHWULF�PHDQ�FRQJHQHU�FRQFHQWUDWLRQV�
RYHU�WKH�HQWLUH�SRSXODWLRQ�DERYH�WKH�DJH�RI����ZHUH��LQ�QJ�J�OZW��GHVFHQGLQJ�RUGHU��������
IRU�%'(���������IRU�%'(����������IRU�%'(���������IRU�%'(������DQG�����IRU�%'(������
7KH�VXP�RI�WKHVH�JHRPHWULF�PHDQV�ZDV������QJ�J�OZW���7KH���WK�SHUFHQWLOH�IRU�WKH�WRWDO�
ERG\�EXUGHQ�RI�3%'(V��L�H���VXP�RI�WKHVH�ILYH�FRQJHQHUV��ZDV�����QJ�J�OZW��DQG�WKH�
PD[LPXP�IRXQG�ZDV�������QJ�J�OZW���7KH�SUHGRPLQDQW�FRQJHQHU�IRXQG�LQ�QHDUO\�DOO�ERG\�
EXUGHQ�VWXGLHV�LQ�WKH�8QLWHG�6WDWHV�LV�%'(�����H[SODLQLQJ�DERXW�����RI�WKH�WRWDO�
FRQFHQWUDWLRQ���7KH�VHFRQG�PRVW�FRPPRQO\�IRXQG�FRQJHQHUV�DUH�%'(����DQG�%'(������
ERWK�H[SODLQLQJ�LQ�WKH�UDQJH�RI���í����RI�WRWDO�FRQFHQWUDWLRQV���0RVW�RI�WKH�VWXGLHV�KDYH�
QRW�PHDVXUHG�%'(������EXW�ZKHQ�PHDVXUHG��LW�ZDV�JHQHUDOO\�IRXQG�LQ�DERXW�KDOI�WKH�
VDPSOHV�DW�ORZ�OHYHOV�QHDU���QJ�J�OZW��

�

���PBDE Body Burdens in other Countries���%RG\�EXUGHQV�RI�$PHULFDQV�DUH�KLJKHU�WKDQ�
ERG\�EXUGHQV�RI�LQGLYLGXDOV�LQ�RWKHU�FRXQWULHV���%RG\�EXUGHQV�LQ�RWKHU�FRXQWULHV�DUH�OHVV�
WKDQ����QJ�J�OZW���0RVW�QRQ�8�6��GDWD�DUH�IURP�(XURSH��

�

����PBDE Body Burdens in U.S. Children���%RG\�EXUGHQ�GDWD��DV�ZHOO�DV�LQWDNH�DQG�ERG\�
EXUGHQ�LPSDFW�PRGHOLQJ��VXJJHVW�WKDW�WKH�LQIDQW�DQG�WRGGOHU�KDYH�KLJKHU�H[SRVXUHV�WKDQ�
ROGHU�FKLOGUHQ�RU�DGXOWV���,Q�SDLUHG�VDPSOLQJ�VWXGLHV��LQFOXGLQJ�PRWKHU�DQG�FKLOG��WKH�
FKLOG¶V�ERG\�EXUGHQ�KDV�H[FHHGHG�E\�WKH�PRWKHU¶V�E\�DERXW�D�IDFWRU�RI����H[FHHGLQJ�����
QJ�J�OZW�WRWDO�3%'(V�LQ�VRPH�FDVHV���+LJKHU�OHYHOV�LQ�WRGGOHUV�ZHUH�DWWULEXWHG�WR�
LQJHVWLRQ�RI�PRWKHU¶V�PLON�DQG�KLJK�H[SRVXUHV�WR�KRXVH�GXVW���

�

����PBDE Fetal Body Burdens���/LPLWHG�GDWD�IURP�IHWDO�WLVVXH�DQG�QXPHURXV�VWXGLHV�
LQFOXGLQJ�PHDVXUHPHQWV�RI�%'(�FRQJHQHUV�IURP�XPELOLFDO�FRUG�EORRG�VXSSRUW�WKH�
FRQFOXVLRQ�WKDW�WKH�IHWXV�LV�H[SRVHG�WR�3%'(V�WKURXJK�WKH�PRWKHU���,Q�VRPH�SDLUHG�
VWXGLHV�LQFOXGLQJ�ERWK�PDWHUQDO�DQG�XPELOLFDO�FRUG�VHUXP��WKHUH�LV�D�VXJJHVWLRQ�WKDW�WKH�
IHWXV�PD\�EH�OHVV�H[SRVHG�WKDQ�WKH�PRWKHU�DV�ORZHU�FRQFHQWUDWLRQV�RI�%'(�FRQJHQHUV�LQ�
XPELOLFDO�FRUG�DV�FRPSDUHG�WR�PDWHUQDO�VHUXP�ZHUH�IRXQG���7KLV�WUHQG�RI�ORZHU�
FRQFHQWUDWLRQV�ZHUH�VHHQ�PRVWO\�IRU�KLJKHU�EURPLQDWHG�FRQJHQHUV�LQ�WZR�RI�WKHVH�VWXGLHV��
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ZKHUH�WKLV�JHQHUDO�REVHUYDWLRQ�FRXOG�EH�PDGH��EXW�LQ�IRXU�RWKHU�VWXGLHV�UHYLHZHG��VLPLODU��
LI�QRW�VOLJKWO\�KLJKHU��FRQFHQWUDWLRQV�RI�DOO�FRQJHQHUV�ZHUH�VHHQ�LQ�XPELOLFDO�FRUG�VHUXP��

�

����High-End Exposures in U.S. Population��$Q�LPSRUWDQW�WUHQG�WKDW�ZDUUDQWV�IXUWKHU�
LQYHVWLJDWLRQ�LV�WKDW��HYHQ�LQ�EDFNJURXQG�DGXOW�SRSXODWLRQV��WKHUH�DUH�LQGLYLGXDOV�
H[SHULHQFLQJ�YHU\�KLJK�H[SRVXUHV���7KLV�KDV�EHHQ�VHHQ�LQ�VWXGLHV�RI�3%'(V�LQ�EORRG�DV�
ZHOO�DV�KRXVH�GXVW�PHDVXUHPHQW�VWXGLHV��VXJJHVWLQJ�WKDW�GXVW�H[SRVXUHV�FRXOG�H[SODLQ�
WKHVH�XQXVXDOO\�KLJK�H[SRVXUHV���+RZHYHU��PRGHOLQJ�H[HUFLVHV�XQGHUWDNHQ�WR�H[DPLQH�
WKLV�K\SRWKHVLV�VXJJHVW�WKDW�HYHQ�WKH�KLJKHVW�GXVW�FRQFHQWUDWLRQV�PLJKW�QRW�EH�DEOH�WR�
H[SODLQ�WKH�KLJKHVW�ERG\�EXUGHQV�IRXQG���$V�VXFK��WKHVH�YHU\�KLJK�ERG\�EXUGHQV�UHPDLQ�D�
FULWLFDO�XQFHUWDLQW\�WKDW�ZDUUDQWV�IXUWKHU�LQYHVWLJDWLRQ����

�
�.  Occupational Exposure���/LPLWHG�RFFXSDWLRQDO�GDWD�VXSSRUW�WKH�REVHUYDWLRQ�WKDW�

LQGLYLGXDOV�LQ�RFFXSDWLRQV�WKDW�ZRXOG�OHDG�WR�KLJKHU�H[SRVXUHV�WR�VSHFLILF�FRQJHQHUV�KDYH�
KLJKHU�FRQFHQWUDWLRQV�RI�3%'(�FRQJHQHUV�LQ�WKHLU�EORRG�WKDQ�WKH�JHQHUDO�SRSXODWLRQ����

�

����PBDE Intake Rates��,QWDNHV�KDYH�EHHQ�H[SUHVVHG�DV�D�VWUDLJKW�GRVH�EDVLV��QJ�WRWDO�
3%'(�GD\��RU�RQ�D�ERG\�ZHLJKW�EDVLV��QJ�WRWDO�3%'(�NJ�GD\���,QWDNH�HVWLPDWHV�LQ�WKH�
OLWHUDWXUH�KDYH�WHQGHG�WR�IRFXV�PRUH�RQ�LQWDNH�E\�IRRG�WKDQ�E\�KRXVH�GXVW��DOWKRXJK�WKLV�
KDV�FKDQJHG�LQ�UHFHQW�\HDUV�DV�UHVHDUFKHUV�UHFRJQL]H�WKH�LPSRUWDQFH�RI�KRXVH�GXVW�LQ�WKH�
RYHUDOO�H[SRVXUH�SDUDGLJP�IRU�3%'(V���7RWDO�GDLO\�LQWDNH�HVWLPDWHV�GHULYHG�LQ�WKLV�VWXG\��
EDVHG�RQ�H[SRVXUH�PHGLD�FRQFHQWUDWLRQV�GHULYHG�LQ�&KDSWHU���DQG�FRPELQHG�ZLWK�DYHUDJH�
FRQWDFW�UDWHV��ZHUH�����QJ�GD\�IRU�DGXOWV�WR�������QJ�GD\�IRU�QXUVLQJ�LQIDQWV���$VVXPLQJ�
DQ�DYHUDJH�ZHLJKW�RI����NJ��WKH�HVWLPDWHG�DGXOW�LQWDNH�UDWH�ZDV�����QJ�NJ�GD\���7KHVH�
LQWDNHV�ZHUH�GULYHQ�E\�LQGRRU�H[SRVXUHV�YLD�VRLO�GXVW�LQJHVWLRQ��GHUPDO�FRQWDFW�ZLWK�GXVW��
DQG�LQKDODWLRQ�RI�LQGRRU�DLU��WKRVH�WKUHH�SDWKZD\V�DFFRXQWHG�IRU�DERXW�����RI�WRWDO�
LQWDNHV��ZLWK�IRRG�DQG�ZDWHU�LQJHVWLRQ�H[SODLQLQJ�WKH�UHPDLQLQJ��������

�
����Intake Rates for Infants and Children���,QWDNH�PRGHOLQJ�IRU�WKH�EUHDVW�PLON�SDWKZD\�

FRPELQLQJ�PHDVXUHG�PLON�FRQFHQWUDWLRQV�DQG�LQIDQW�LQJHVWLRQ�RI�KXPDQ�PLON�OHG�WR�DQ�
LQWDNH�RI�������QJ�GD\�LQ�WKLV�VWXG\���$VVXPLQJ�DQ�DYHUDJH�ERG\�ZHLJKW�RI����NJ�IRU�DQ�
LQIDQW�GXULQJ�WKH�PRQWKV�RI�EUHDVW�IHHGLQJ��D�GRVH�LV�FDOFXODWHG�DV�����QJ�NJ�GD\���,W�LV�
ORZHU�WKDQ�LQWDNH�HVWLPDWHV�IRU�FKLOGUHQ�GHULYHG�LQ�WKLV�VWXG\��ZKLFK�ZHUH������QJ�NJ�GD\�
IRU�DJHV��í���DVVXPLQJ����NJ�EZ��������QJ�NJ�GD\�IRU�DJHV��í����DVVXPLQJ����NJ�EZ���
DQG�����QJ�NJ�GD\�IRU�DJHV���í����DVVXPLQJ����NJ�EZ�����

�

�����PBDE Dust Intake rates:��(VWLPDWHV�LQ�WKH�RSHQ�OLWHUDWXUH�IRU�LQWDNH�RI�WRWDO�3%'(V�
�VXP�RI�FRQJHQHUV��ZLWK�PRVW�HVWLPDWHV�IRU�GXVW�LQFOXGLQJ�%'(������YLD�KRXVH�GXVW�
LQJHVWLRQ�UDQJH�IURP���QJ�GD\�WR�����QJ�GD\���7KH�ODWWHU�DVVXPHG�OHVV�WKDQ���PJ�GD\�GXVW�
LQJHVWLRQ��ZKLOH�WKH�IRUPHU�DVVXPHG�D�����PJ�GD\�GXVW�LQJHVWLRQ�UDWH���7KH�DGXOW�GXVW�
LQWDNH�UDWH�GHULYHG�LQ�WKLV�VWXG\��GXVW�LQJHVWLRQ�SOXV�GHUPDO�DEVRUSWLRQ��ZDV�����QJ�GD\��

��
�����PBDE Dietary Intake Rates���(VWLPDWHV�LQ�WKH�RSHQ�OLWHUDWXUH�RI�WRWDO�3%'(�LQWDNHV�

IURP�IRRG�LQJHVWLRQ�ZHUH�LQ�WKH�UDQJH�RI�����WR�����QJ�NJ�GD\�IRU�DGXOWV��
�
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�����Modeling PBDE Body Burdens from Intake Rates���8VLQJ�D�VLPSOH�3.�PRGHO�
SDUDPHWHUL]HG�ZLWK�DYDLODEOH�OLWHUDWXUH�YDOXHV��DGXOW�OLSLG�EDVHG�FRQFHQWUDWLRQV��QRW�
VSHFLILF�WR�EORRG�RU�PLON��ZHUH�SUHGLFWHG��VWDUWLQJ�ZLWK�WKH�LQWDNH�YDOXHV�GHULYHG�IRU�
DGXOWV�LQ�WKLV�VWXG\��VHH�EXOOHW���DERYH����2Q�D�WRWDO�3%'(�EDVLV��WKH�SUHGLFWLRQ�ZDV�ORZ�DW�
�����QJ�J�OZW��ZKLOH�LW�ZDV�REVHUYHG�DW������QJ�J�OZW�LQ�EORRG�DQG������QJ�J�OZW�LQ�PLON�
DV�FHQWUDO�WHQGHQF\�YDOXHV�LQ�VWXGLHV�VHOHFWHG�DV�UHSUHVHQWDWLYH�RI�WKH�JHQHUDO�SRSXODWLRQ���
6SHFLILFDOO\��FRQJHQHU�VSHFLILF�JHRPHWULF�PHDQV�IURP�1+$1(6�����������LQ�EORRG�
ZHUH�VXPPHG�WR�JHW�WKH�WRWDO�FRQFHQWUDWLRQ��DQG�FRQJHQHU�VSHFLILF�PHGLDQV�IURP�
RSSRUWXQLVWLF�VDPSOLQJ�LQ�EUHDVW�PLON�ZHUH�VXPPHG�WR�JHW�WKH�WRWDO�FRQFHQWUDWLRQ���
3UHGLFWLRQV�ZHUH�UHDVRQDEO\�FORVH�WR�PHDVXUHPHQWV�IRU�ILYH�RI�HLJKW�FRQJHQHUV���:KLOH�
WKHVH�SUHGLFWLRQV�HQFRXUDJLQJO\�PDWFK�REVHUYDWLRQV�IRU�WKH�PDMRULW\�RI�FRQJHQHUV��
XQFHUWDLQWLHV�H[LVW�LQ�WKH�H[HUFLVH��VWDUWLQJ�IURP�GHYHORSPHQW�RI�GRVH�HVWLPDWHV�EDVHG�RQ�
OLPLWHG�HQYLURQPHQWDO�PHDVXUHPHQWV��WR�LQGRRU�FRQWDFW�UDWHV�ZLWK�KRXVH�GXVW��WR�WKH�3.�
SDUDPHWHUV�RI�DEVRUSWLRQ�DQG�HOLPLQDWLRQ�KDOI�OLIH���7KHUH�LV�DOVR�YDULDELOLW\�LQ�8�6��ERG\�
EXUGHQV���

�
�����The Importance of the Dust Pathway:��7KH�RYHUDOO�ZHLJKW�RI�HYLGHQFH�RI�WKLV�H[HUFLVH�

VXSSRUWV�WKH�ILQGLQJ�WKDW�WKH�EXON�RI�8�6��H[SRVXUHV�RFFXU�LQ�WKH�LQGRRU�HQYLURQPHQW�
WKURXJK�FRQWDFW�ZLWK�KRXVH�GXVW���7KH�H[HUFLVH�VXJJHVWV�FRQWDFW�ZLWK�KRXVH�GXVW�DFFRXQWV�
IRU�EHWZHHQ����DQG�����RI�WRWDO�H[SRVXUHV��ZLWK�WKH�UHPDLQGHU�GXH�SULPDULO\�WR�IRRG�
LQJHVWLRQ����&LUFXPVWDQWLDO�HYLGHQFH�VXSSRUWLQJ�WKLV�K\SRWKHVLV�ZDV�WKH�KLJK�
FRQFHQWUDWLRQV�IRXQG�LQ�8�6��KRXVH�GXVW��DQG�RWKHU�UHVHDUFKHUV�KDYH�DOVR�LGHQWLILHG�KRXVH�
GXVW�DV�D�NH\�PDWUL[�RI�H[SRVXUH�FRQFHUQ�IRU�WKHVH�FRPSRXQGV��

�
�

5()(5(1&(6�)25�&+$37(5���
$NXWVX��.��7DNDWRUL��6��1DND]DZD��+��HW�DO���������'LHWDU\�LQWDNH�HVWLPDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�
�3%'(V��EDVHG�RQ�D�WRWDO�GLHW�VWXG\�LQ�2VDND��-DSDQ���)RRG�$GGLW�&RQWDP�%�����í�����

$OOHQ���-*��0F&OHDQ��0'��6WDSOHWRQ��+0��HW�DO���������3HUVRQDO�H[SRVXUH�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�
�3%'(V��LQ�UHVLGHQWLDO�LQGRRU�DLU���(QYLURQ�6FL�7HFKQRO��������í�������

$OOHQ��-*��0F&OHDQ��0'��6WDSOHWRQ��+0��HW�DO�������D��&ULWLFDO�IDFWRUV�LQ�DVVHVVLQJ�H[SRVXUH�WR�3%'(V�YLD�KRXVH�
GXVW���(QYLURQ�,QW��������í������

$OOHQ��-*��0F&OHDQ��0'��6WDSOHWRQ��+0��HW�DO�������E��/LQNLQJ�3%'(V�LQ�KRXVH�GXVW�WR�FRQVXPHU�SURGXFWV�XVLQJ�
;�UD\�IOXRUHVFHQFH���(QYLURQ�6FL�7HFKQRO��������±������

$QGHUVRQ��+$��,PP��3��.QREHORF��/��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��LQ�VHUXP��ILQGLQJV�IURP�D�
8�6��FRKRUW�RI�FRQVXPHUV�RI�VSRUW�FDXJKW�ILVK���&KHPRVSKHUH�������í�������

$WKDQDVLDGRX��0��&XDUGUD��61��0DUVK��*��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��DQG�
ELRDFFXPXODWLYH�K\GUR[\ODWHG�3%'(�PHWDEROLWHV�LQ�\RXQJ�KXPDQV�IURP�0DQDJXD��1LFDUDJXD���(QYLURQ�+HDOWK�
3HUVSHFW��������í�����

$76'5��$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\����������3XEOLF�+HDOWK�$VVHVVPHQW��6DLSDQ�&DSDFLWRUV�
�D�N�D�7DQDSDJ�9LOODJH��6DLSDQ���7DQDSDJ�9LOODJH��6DLSDQ��&RPPRQZHDOWK�RI�WKH�1RUWKHUQ�0DULDQDV�,VODQG�(3$�
)DFLOLW\�,'��03'�����������$XJXVW�����2UDO�ELRDYDLODELOLW\�RI�SRO\FKORULQDWHG�ELSKHQ\O��3&%��UHVLGXHV�LQ�VRLO���
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3XEOLF�+HDOWK�6HUYLFH��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV���$YDLODEOH�RQOLQH�DW�
KWWS���ZZZ�DWVGU�FGF�JRY�KDF�SKD�VDLSDQ�������&0�VDLSDQ�������&0�S��KWPO��

%DNNHU��0,��'H�:LQWHU�6RUNLQD��5��'H�0XO��$��HW�DO���������'LHWDU\�LQWDNH�DQG�ULVN�HYDOXDWLRQ�RI�SRO\EURPLQDWHG�
GLSKHQ\O�HWKHUV�LQ�7KH�1HWKHUODQGV���0RO�1XWU�)RRG�5HV�������í�����

%L��;��4X��:��6KHQJ��*��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�6RXWK�&KLQD�PDWHUQDO�DQG�IHWDO�EORRG�DQG�
EUHDVW�PLON���(QYLURQ�3ROOXW���������í������

%L��;��7KRPDV��*2��-RQHV��.&��HW�DO���������([SRVXUH�RI�HOHFWURQLFV�GLVPDQWOLQJ�ZRUNHUV�WR�SRO\EURPLQDWHG�
GLSKHQ\O�HWKHUV��SRO\FKORULQDWHG�ELSKHQ\OV��DQG�RUJDQRFKORULQH�SHVWLFLGHV�LQ�6RXWK�&KLQD���(QYLURQ�6FL�7HFKQRO�
�������í�������

%RFLR��/��/OREHW��-0��'RPLQJR��-��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�IRRGVWXIIV��KXPDQ�
H[SRVXUH�WKURXJK�WKH�GLHW���-�$JU�)RRG�&KHP��������í������

%UDGPDQ��$��)HQVWHU��/��6M|GLQ��$��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHU�OHYHOV�LQ�WKH�EORRG�RI�SUHJQDQW�
ZRPHQ�OLYLQJ�LQ�DQ�DJULFXOWXUDO�FRPPXQLW\�LQ�&DOLIRUQLD���(QYLURQ�+HDOWK�3HUVSHFW�������í�����

%UDJLJDQG��9��$PLDUG�7ULTXHW��&��3DUOLHU��(��HW�DO���������,QIOXHQFH�RI�ELRORJLFDO�DQG�HFRORJLFDO�IDFWRUV�RQ�WKH�
ELRDFFXPXODWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�DTXDWLF�IRRG�ZHEV�IURP�)UHQFK�HVWXDULHV���6FL�7RWDO�(QYLURQ�
�������í�����

&DUUL]R��'��*ULPDOW��-2��5LEDV�)LWR��1��HW�DO���������,QIOXHQFH�RI�EUHDVWIHHGLQJ�LQ�WKH�DFFXPXODWLRQ�RI�
SRO\EURPRGLSKHQ\O�HWKHUV�GXULQJ�WKH�ILUVW�\HDUV�RI�FKLOG�JURZWK���(QYLURQ�6FL�7HFKQRO��������í������

'DQLHOV��-/��3DQ��,�-��-RQHV��5��HW�DO���������,QGLYLGXDO�FKDUDFWHULVWLFV�DVVRFLDWHG�ZLWK�3%'(�OHYHOV�LQ�86�KXPDQ�
PLON�VDPSOHV���(QYLURQ�+HDOWK�3HUVSHFW���$YDLODEOH�RQOLQH�DW�
KWWS���HKS�QLHKV�QLK�JRY�PHPEHUV����������������������SGI���

'DUQHUXG��32��(ULNVHQ��*6��-RKDQQHVVRQ��7��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��RFFXUUHQFH��GLHWDU\�
H[SRVXUH��DQG�WR[LFRORJ\���(QYLURQ�+HDOWK�3HUVSHFW����í������

'RXFHW��-��7DJXH��%��$UQROG��'/��HW�DO���������3HUVLVWHQW�RUJDQLF�SROOXWDQW�UHVLGXHV�LQ�KXPDQ�IHWDO�OLYHU�DQG�SODFHQWD�
IURP�*UHDWHU�0RQWUHDO��4XHEHF��D�ORQJLWXGLQDO�VWXG\�IURP������WKURXJK��������(QYLURQ�+HDOWK�3HUVSHFW�
�������í�����

'\H��-$��9HQLHU��0��=KX��/��HW�DO���������(OHYDWHG�3%'(�OHYHOV�LQ�SHW�FDWV��VHQWLQHOV�IRU�KXPDQV"��(QYLURQ�6FL�
7HFKQRO��������í������

(:*��(QYLURQPHQWDO�:RUNLQJ�*URXS����������)LUH�UHWDUGDQWV�LQ�WRGGOHUV�DQG�WKHLU�PRWKHUV���$YDLODEOH�RQOLQH�DW�
KWWS���ZZZ�HZJ�RUJ�UHSRUWV�SEGHVLQWRGGOHUV��

)DEUHOODV��%��0DUWLQH]��$��5DPRV��%��HW�DO���������5HVXOWV�RI�DQ�(XURSHDQ�VXUYH\�EDVHG�RQ�3%'(V�DQDO\VLV�LQ�
KRXVHKROG�GXVW���2UJDQRKDORJHQ�&RPSG�������í�����

)DOGW��(��&XDGUD��61��$WKDQDVLDGRX��0��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�VHUXP�IURP�
WHHQDJHUV�ZRUNLQJ�LQ�D�ZDVWH�GLVSRVDO�VLWH��DQG�LQ�ZRPHQ�ZLWK�KLJK�FRQVXPSWLRQ�RI�ILVK�LQ�1LFDUDJXD���
2UJDQRKDORJHQ�&RPSG�������í�����

)DQJVWURP��%��+RYDQGHU��/��%LJQHUW��$��HW�DO���������&RQFHQWUDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��
SRO\FKORULQDWHG�ELSKHQ\OV��DQG�SRO\FKORURELSKHQ\OROV�LQ�VHUXP�IURP�SUHJQDQW�)DUDRHVH�ZRPHQ�DQG�WKHLU�FKLOGUHQ�
��\HDUV�ODWHU���(QYLURQ�6FL�7HFKQRO��������í������
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)DQJVWURP��%��$WKDQDVVLDGLV��,��2GVM|��7��HW�DO���������7HPSRUDO�WUHQGV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�PLON�IURP�
6WRFNKROP�PRWKHUV������í�������0RO�1XWU�)RRG�5HV���������í�����

)HUQDQGH]��0)��$UDTXH��3��.LYLUDQWD��+��HW�DO���������3%'(V�DQG�3%%V�LQ�WKH�DGLSRVH�WLVVXH�RI�ZRPHQ�IURP�6SDLQ���
&KHPRVSKHUH�������í�����

)HUULE\��//��.QXWVHQ��-6��+DUULV��0��HW�DO���������(YDOXDWLRQ�RI�3&''�)�DQG�GLR[LQ�OLNH�3&%�VHUXP�FRQFHQWUDWLRQ�
GDWD�IURP�WKH�����í�����1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\�RI�WKH�8QLWHG�6WDWHV�SRSXODWLRQ���-�
([SR�6FL�(QYLURQ�(SLG�������í�����

)LVFKHU��'��+RRSHU��.��$WKDQDVLDGRX��0��HW�DO���������&KLOGUHQ�VKRZ�KLJKHVW�OHYHOV�RI�SRO\EURPLQDWHG�GLSKHQ\O�
HWKHUV��3%'(V��LQ�D�&DOLIRUQLD�IDPLO\�RI�IRXUʊD�FDVH�VWXG\���(QYLURQ�+HDOWK�3HUVSHFW���������í������

)RFDQW��-)��6MRGLQ��$��7XUQHU��:(��HW�DO���������0HDVXUHPHQW�RI�VHOHFWHG�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��
SRO\EURPLQDWHG�DQG�SRO\FKORULQDWHG�ELSKHQ\OV��DQG�RUJDQRFKORULQH�SHVWLFLGHV�LQ�KXPDQ�VHUXP�DQG�PLON�XVLQJ�
FRPSUHKHQVLYH�WZR�GLPHQVLRQDO�JDV�FKURPDWRJUDSK\�LVRWRSH�GLOXWLRQ�WLPH�RI�IOLJKW�PDVV�VSHFWURPHWU\���$QDO�&KHP�
�������í������

)6$��)RRG�6WDQGDUGV�$JHQF\����������%URPLQDWHG�FKHPLFDOV��8.�GLHWDU\�HVWLPDWHV���)RRG�6XUYH\�,QIRUPDWLRQ�
6KHHW���������)6$��8QLWHG�.LQJGRP��$YDLODEOH�RQOLQH�DW�
KWWS���ZZZ�IRRG�JRY�XN�VFLHQFH�VXUYHLOODQFH�IVLVEUDQFK�����IVLV������

)XNDWD��+��2PRUL�,QRXH��0��2VDGD��+��HW�DO���������&XUUHQW�VWDWXV�RI�PDWHUQDO�DQG�IHWDO�H[SRVXUH�WR�EURPLQDWHG�
IODPH�UHWDUGDQWV��3&%V�DQG�GLR[LQV�LQ�-DSDQ���2UJDQRKDORJHQ�&RPSG��������í������

)XUVW��3���������'LR[LQV��SRO\FKORULQDWHG�ELSKHQ\OV�DQG�RWKHU�RUJDQRKDORJHQ�FRPSRXQGV�LQ�KXPDQ�PLON��/HYHOV��
FRUUHODWLRQV��WUHQGV�DQG�H[SRVXUH�WKURXJK�EUHDVWIHHGLQJ���0RO�1XWU�)RRG�5HV�������í�����

*HYDR��%��$OL��/��$O�2PDLU��$��HW�DO���������1RQ�GLHWDU\�KXPDQ�H[SRVXUH�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�
.XZDLW���2UJDQRKDORJHQ�&RPSG��������í������

*H\HU��+-��6FKUDPP��.:��'DUQHUXG��32��HW�DO���������7HUPLQDO�HOLPLQDWLRQ�KDOI�OLYHV�RI�WKH�EURPLQDWHG�IODPH�
UHWDUGDQWV�7%%3$��+%&'��DQG�ORZHU�EURPLQDWHG�3%'(V�LQ�KXPDQV���2UJDQRKDORJHQ�&RPSG��������í������

*RPDUD��%��+HUUHUR��/��*RQ]DOH]��0-���������6XUYH\�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�OHYHOV�LQ�6SDQLVK�
FRPPHUFLDO�IRRGVWXIIV���(QYLURQ�6FL�7HFKQRO��������í������

*RPDUD��5��+HUUHUR��/��5DPRV��--��HW�DO���������'LVWULEXWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�KXPDQ�XPELOLFDO�
FRUG�VHUXP��SDWHUQDO�VHUXP��PDWHUQDO�VHUXP��SODFHQWDV��DQG�EUHDVW�PLON�IURP�0DGULG�SRSXODWLRQ��6SDLQ���(QYLURQ�6FL�
7HFKQRO��������í�������

*XYHQXLV��'0��$URQVVRQ��$��(NPDQ�2UGHEHUJ��*��HW�DO���������+XPDQ�SUHQDWDO�DQG�SRVWQDWDO�H[SRVXUH�WR�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��SRO\FKORULQDWHG�ELSKHQ\OV��SRO\FKORURELSKHQ\OROV��DQG�SHQWDFKORURSKHQRO���(QYLURQ�
+HDOWK�3HUVSHFW���������í������

+DUUDG��6��3RUWHU��/���������&RQFHQWUDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�EORRG�VHUXP�IURP�1HZ�=HDODQG���
&KHPRVSKHUH��������í�������

+DUUDG��6��:LMHVHNHUD��5��+XQJHU��6��HW�DO���������3UHOLPLQDU\�DVVHVVPHQW�RI�8�.��KXPDQ�GLHWDU\�DQG�LQKDODWLRQ�
H[SRVXUH�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV���(QYLURQ�6FL�7HFKQRO��������í������

+DUUDG��6��+D]UDWL��6��,EDUUD��&���������&RQFHQWUDWLRQV�RI�SRO\FKORULQDWHG�ELSKHQ\OV�LQ�LQGRRU�DLU�DQG�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�LQGRRU�DLU�DQG�GXVW�LQ�%LUPLQJKDP��8QLWHG�.LQJGRP��LPSOLFDWLRQV�IRU�KXPDQ�
H[SRVXUH���(QYLURQ�6FL�7HFKQRO��������í������
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+DUUDG��6��,EDUUD��&��'LDPRQG��0��HW�DO�������D��3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�GRPHVWLF�LQGRRU�GXVW�IURP�
&DQDGD��1HZ�=HDODQG��8QLWHG�.LQJGRP�DQG�8QLWHG�6WDWHV���(QYLURQ�,QW�������í������

+DUUDG��6��,EDUUD��&��$EGDOODK��0$(��HW�DO�������E��&RQFHQWUDWLRQV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�GXVW�IURP�
8QLWHG�.LQJGRP�FDUV��KRPHV��DQG�RIILFHV��FDXVHV�RI�YDULDELOLW\�DQG�LPSOLFDWLRQV�IRU�KXPDQ�H[SRVXUH���(QYLURQ�,QW�
�������í������

+DZOH\��-.���������$VVHVVPHQW�RI�KHDOWK�ULVN�IURP�H[SRVXUH�WR�FRQWDPLQDWHG�VRLO��5LVN�$QDO������í�����

+D\V��60��3\DWW��':���������5LVN�DVVHVVPHQW�IRU�FKLOGUHQ�H[SRVHG�WR�GHFDEURPRGLSKHQ\O��R[LGH��HWKHU��'HFD��LQ�
WKH�8QLWHG�6WDWHV���,QWHJU�(QYLURQ�$VVHVV�0DQDJ�����í����

+D]UDWL��6��+DUUDG��6���������,PSOLFDWLRQV�RI�SDVVLYH�VDPSOLQJ�GHULYHG�FRQFHQWUDWLRQV�RI�DLUERUQH�3&%V�DQG�3%'(V�
LQ�XUEDQ�LQGRRU�PLFURHQYLURQPHQWV���2UJDQRKDORJHQ�&RPSG��������í������

+HUEVWPDQ��-%��6MRGLQ��$��$SHOEHUJ��%-��HW�DO���������'HWHUPLQDQWV�RI�SUHQDWDO�H[SRVXUH�WR�SRO\FKORULQDWHG�
ELSKHQ\OV��3&%V��DQG�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�DQ�XUEDQ�SRSXODWLRQ���(QYLURQ�+HDOWK�3HUVSHFW�
��������í������

+RRSHU��.��6KH��-��6KDUS��0��HW�DO�������'HSXUDWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��DQG�
SRO\FKORULQDWHG�ELSKHQ\OV��3&%V��LQ�EUHDVW�PLON�IURP�&DOLIRUQLD�ILUVW�WLPH�PRWKHUV��3ULPLSDUDH����(QYLURQ�+HDOWK�
3HUVSHFW���������í������

+XJKHV��0)��(GZDUGV��%&��0LWFKHOO��&7��HW�DO���������,Q�YLWUR�GHUPDO�DEVRUSWLRQ�RI�IODPH�UHWDUGDQW�FKHPLFDOV���
)RRG�&KHP�7R[LFRO��������í������

+XZH��-.��/DUVHQ�*/���������3RO\FKORULQDWHG�'LR[LQV��)XUDQV��DQG�%LSKHQ\OV��DQG�3RO\EURPLQDWHG�'LSKHQ\O�
(WKHUV�LQ�D�8�6��0HDW�0DUNHW�%DVNHW�DQG�(VWLPDWHV�RI�'LHWDU\�,QWDNH���(QYURQ�6FL�7HFKQRO��������í������

+XZH��-.��+DNN��+��6PLWK��'-��HW�DO���������&RPSDUDWLYH�DEVRUSWLRQ�DQG�ELRDFFXPXODWLRQ�RI�SRO\EURPLQDWHG�
GLSKHQ\O�HWKHUV�IROORZLQJ�LQJHVWLRQ�YLD�GXVW�DQG�RLO�LQ�PDOH�UDWV���(QYLURQ�6FL�7HFKQRO��������í������

,PP�3��.QREHORF��/��%XHORZ��&��HW�DO���������+RXVHKROG�H[SRVXUHV�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�
D�:LVFRQVLQ�&RKRUW���(QYLURQ�+HDOWK�3HUVS���$YDLODEOH�RQOLQH�DW�
KWWS���HKS���QLHKV�QLK�JRY�DUWLFOH�IHWFK$UWLFOH�DFWLRQ�MVHVVLRQLG $&'�%�'&�)$�'��(%��'�(���)))�$�("DUWLF
OH85, LQIR��$GRL��)���������)HKS����������

,QRXH��.��+DUDGD��.��7DNHQDND��.��HW�DO���������/HYHOV�DQG�FRQFHQWUDWLRQ�UDWLRV�RI�SRO\FKORULQDWHG�ELSKHQ\OV�DQG�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�VHUXP�DQG�EUHDVW�PLON�LQ�-DSDQHVH�PRWKHUV���(QYLURQ�+HDOWK�3HUVSHFW�
��������í������

-DNREVVRQ��.��7KXUHVVRQ��.��5\ODQGHU��/��HW�DO���������([SRVXUH�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�
WHWUDEURPRELVSKHQRO�D�DPRQJ�FRPSXWHU�WHFKQLFLDQV���&KHPRVSKHUH�������í�����

-DNREVVRQ��.��7KXUHVVRQ��.��+RJOXQG��3��HW�DO���������$�VXPPDU\�RI�H[SRVXUHV�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�
�3%'(V��LQ�6ZHGLVK�ZRUNHUV��DQG�GHWHUPLQDWLRQ�RI�KDOI�OLYHV�RI�3%'(V���2UJDQRKDORJHQ�&RPSG���í����

-DNREVVRQ��.��$WKDQDVLDGRX��0��&KULVWLDQVVRQ��$��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�VHUXP�
IURP�6ZHGLVK�PHQ�����í������$�ORQJLWXGLQDO�VWXG\���2UJDQRKDORJHQ�&RPSG�������í�����

-RKQVRQ�5HVWUHSR��%��.DQQD��.��5DSDSRUW��'3��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�SRO\FKORULQDWHG�
ELSKHQ\OV�LQ�KXPDQ�DGLSRVH�WLVVXH�IURP�1HZ�<RUN���(QYLURQ�6FL�7HFKQRO��������í������

-RKQVRQ�5HVWUHSR��%��$GGLQN��5��:RQJ��&��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DQG�RUJDQRFKORULQH�
SHVWLFLGHV�LQ�KXPDQ�EUHDVW�PLON�IURP�0DVDFKXVHWWV��86$���-�(QYLURQ��0RQLWRU�������í������
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-RKQVRQ�5HVWUHSR�%��.DQQDQ��.��������$Q�DVVHVVPHQW�RI�VRXUFHV�DQG�SDWKZD\V�RI�KXPDQ�H[SRVXUH�WR�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�WKH�8QLWHG�6WDWHV���&KHPRVSKHUH�������±�����

-RQHV�2WD]R��+$��&ODUNH��-3��'LDPRQG��0/��HW�DO���������,V�KRXVH�GXVW�WKH�PLVVLQJ�H[SRVXUH�SDWKZD\�IRU�3%'(V"�
$Q�DQDO\VLV�RI�WKH�XUEDQ�IDWH�DQG�KXPDQ�H[SRVXUH�WR�3%'(V���(QYLURQ�6FL�7HFKQRO��������í������

.DODQW]L��2��%URZQ��5)��(UGPDQQ��&��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�KXPDQ�EUHDVW�
DGLSRVH�WLVVXH�VDPSOHV�IURP�%UD]LO���2UJDQRKDORJHQ�&RPSG�������í�����

.DUOVVRQ��0��-XODQGHU��$��YDQ�%DYHO��%��HW�DO���������/HYHOV�RI�EURPLQDWHG�IODPH�UHWDUGDQWV�LQ�EORRG�LQ�UHODWLRQ�WR�
OHYHOV�LQ�KRXVHKROG�DQG�GXVW���(QYLURQ�,QW������í����

.QXWVHQ��+��%HUJVWHQ��&��7KRPVHQ��&��HW�DO���������3UHOLPLQDU\�DVVHVVPHQW�RI�3%'(�H[SRVXUH�IURP�IRRG�LQ�
1RUZD\���2UJDQRKDORJHQ�&RPSG��������í������

.RW]��$��0DOLVK��5��.\SH��.��HW�DO���������3%'(��3%''�)�DQG�PL[HG�FKORULQDWHG�EURPLQDWHG�3;''�)�LQ�SRROHG�
KXPDQ�PLON�VDPSOHV�IURP�GLIIHUHQW�FRXQWULHV���2UJDQRKDORJHQ�&RPSG��������í������

.UHX]HU��3(��&DQDG\��*$��%DXU��&��HW�DO�����������������7HWUDFKORURGLEHQ]R�S�GLR[LQ��7&''��DQG�FRQJHQHUV�LQ�
LQIDQWV��$�WR[LFRNLQHWLF�PRGHO�RI�KXPDQ�OLIHWLPH�ERG\�EXUGHQ�E\�7&''�ZLWK�VSHFLDO�HPSKDVLV�RQ�LWV�XSWDNH�DQG�
QXWULWLRQ���$UFK�7R[LFRO�������í�����

/D.LQG��-6��%HUOLQ��&0��6MRGLQ��$��HW�DO���������'R�KXPDQ�PLON�FRQFHQWUDWLRQV�RI�SHUVLVWHQW�RUJDQLF�FKHPLFDOV�
UHDOO\�GHFOLQH�GXULQJ�ODFWDWLRQ"�&KHPLFDO�FRQFHQWUDWLRQV�GXULQJ�ODFWDWLRQ�DQG�PLON�VHUXP�SDUWLWLRQLQJ���(QYLURQ�
+HDOWK�3HUVS��$YDLODEOH�RQOLQH�DW��
KWWS���HKVHKSOS���QLHKV�QLK�JRY�DUWLFOH�IHWFK$UWLFOH�DFWLRQ"DUWLFOH85, LQIR��$GRL��)���������)HKS����������

/HH��6-��,NRQRPRX��0*��3DUN��+��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�EORRG�IURP�.RUHDQ�LQFLQHUDWRU�
ZRUNHUV�DQG�JHQHUDO�SRSXODWLRQ���&KHPRVSKHUH�������í�����

/LJQHOO��6��$XQH��0��'DUQHUXG��32��HW�DO���������3HUVLVWHQW�RUJDQRFKORULQH�DQG�RUJDQREURPLQH�FRPSRXQGV�LQ�
PRWKHU¶V�PLON�IURP�6ZHGHQ������������FRPSRXQG�VSHFLILF�WHPSRUDO�WUHQGV���(QYLURQ�5HV��������±�������

/RUEHU��0��3KLOOLSV��/���������,QIDQW�H[SRVXUH�WR�GLR[LQ�OLNH�FRPSRXQGV�LQ�EUHDVW�PLON���(QYLURQ�+HDOWK�3HUVSHFW�
����$���í$�����

/XNVHPEXUJ��:��:HQQLQJ��5��0DLHU��0��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(��DQG�SRO\FKORULQDWHG�
GLEHQ]R�S�GLR[LQV��3&''�)��DQG�ELSKHQ\OV��3&%��LQ�ILVK��EHHI��DQG�IRZO�SXUFKDVHG�LQ�IRRG�PDUNHWV�LQ�1RUWKHUQ�
&DOLIRUQLD�8�6�$���2UJDQRKDORJHQ�&RPSG��������í�������

/XQGHU��6��6KDUS��5���������0RWKHUV¶�PLON�UHFRUG�OHYHOV�RI�WR[LF�ILUH�UHWDUGDQWV�IRXQG�LQ�$PHULFDQ�PRWKHUV¶�EUHDVW�
PLON��(QYLURQPHQWDO�:RUNLQJ�*URXS���$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�HZJ�RUJ��

0DQGDODNLV��0��6WHSKDQRX��(*��+RULL��<��HW�DO���������(PHUJLQJ�FRQWDPLQDQWV�LQ�FDU�LQWHULRUV��HYDOXDWLQJ�WKH�
LPSDFW�RI�DLUERUQH�3%'(V�DQG�3%''�)V���(QYLURQ�6FL�7HFKQRO�$GYDQFH������������±�������

0D]GDL��$1��'RGGHU��1*��$EHUQDWK\��03��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�PDWHUQDO�DQG�IHWDO�EORRG�
VDPSOHV���(QYLURQ�+HDOWK�3HUVSHFW���������í������

0F'RQDOG��7$���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHU�OHYHOV�DPRQJ�8QLWHG�6WDWHV�UHVLGHQWV��GDLO\�LQWDNH�DQG�ULVN�RI�
KDUP�WR�WKH�GHYHORSLQJ�EUDLQ�DQG�UHSURGXFWLYH�RUJDQV���,QWHJU�(QYLURQ�$VVHVV�0DQDJ���������í�����

0HGLQD��&0��3LWDUFK��(��/RSH]��)-��HW�DO���������'HWHUPLQDWLRQ�RI�3%'(V�LQ�KXPDQ�EUHDVW�DGLSRVH�WLVVXHV�E\�JDV�
FKURPDWRJUDSK\�FRXSOHG�ZLWK�WULSOH�TXDGUXSROH�PDVV�VSHFWURPHWU\���$QDO�%LRDQDO�&KHP���������í������
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0HQJ��;�=��=HQJ��(<��<X��/3��HW�DO���������$VVHVVPHQW�RI�KXPDQ�H[SRVXUH�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�
&KLQD�YLD�ILVK�FRQVXPSWLRQ�DQG�LQKDODWLRQ���(QYLURQ�6FL�7HFKQRO��������í������

0RUODQG��.%��/DQGULJDQ��3-��6MRGLQ��$��HW�DO���������%RG\�EXUGHQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DPRQJ�XUEDQ�
DQJOHUV���(QYLURQ�+HDOWK�3HUVSHFW���������í������

1DHUW��&��3LHWWH��0��%UXQHHO��1��HW�DO����������2FFXUUHQFH�RI�SRO\FKORULQDWHG�ELSKHQ\OV�DQG�SRO\EURPLQDWHG�GLSKHQ\O�
HWKHUV�LQ�%HOJLDQ�KXPDQ�DGLSRVH�WLVVXH�VDPSOHV���$UFK�(QYLURQ�&RQWDP�7R[LFRO�������í�����

1$6��1DWLRQDO�$FDGHP\�RI�6FLHQFHV����������7R[LFRORJLFDO�ULVNV�RI�VHOHFWHG�IODPH�UHWDUGDQW�FKHPLFDOV��1DWLRQDO�
5HVHDUFK�&RXQFLO��&RPPLVVLRQ�RQ�/LIH�6FLHQFHV��%RDUG�RQ�(QYLURQPHQWDO�6WXGLHV�DQG�7HFKQRORJ\��&RPPLWWHH�RQ�
7R[LFRORJ\��6XEFRPPLWWHH�RQ�)ODPH�5HWDUGDQW�&KHPLFDOV��:DVKLQJWRQ��'&��1DWLRQDO�$FDGHPLHV�3UHVV��

1(:��1RUWKZHVW�(QYLURQPHQW�:DWFK������������)ODPH�UHWDUGDQWV�LQ�WKH�ERGLHV�RI�3DFLILF�1RUWKZHVW�5HVLGHQWV��
6HSWHPEHU������$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�QRUWKZHVWZDWFK�RUJ��

2KWD��6��,VKL]XND��'��1LVKLPXUD��+��HW�DO���������&RPSDULVRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�LQ�ILVK��YHJHWDEOHV��
DQG�PHDWV�DQG�OHYHOV�LQ�KXPDQ�PLON�RI�QXUVLQJ�ZRPHQ�LQ�-DSDQ���&KHPRVSKHUH�������í�����

3DXVWHQEDFK��'-��)LQOH\��%/��/RQJ��7)���������7KH�FULWLFDO�UROH�RI�KRXVH�GXVW�LQ�XQGHUVWDQGLQJ�WKH�KD]DUGV�SRVHG�E\�
FRQWDPLQDWHG�VRLOV���,QW�-�7R[LFRO�������í�����

3DXVWHQEDFK��'-��)HKOLQJ��.��6FRWW��3��HW�DO���������,GHQWLI\LQJ�VRLO�FOHDQXS�FULWHULD�IRU�GLR[LQV�LQ�XUEDQ�UHVLGHQWLDO�
VRLOV��KRZ�KDYH����\HDUV�RI�UHVHDUFK�DQG�ULVN�DVVHVVPHQW�H[SHULHQFH�DIIHFWHG�WKH�DQDO\VLV"��-�7R[LFRO�(QYLURQ�+HDO�
%�����í�����

3HWLWR�%R\FH��&��6D[��61��'RGJH��'*��HW�DO���������+XPDQ�H[SRVXUH�WR�GHFDEURPRGLSKHQ\O�HWKHU��
WHWUDEURPRELVSKHQRO�$��DQG�GHFDEURPRGLSKHQ\O�HWKDQH�LQ�LQGRRU�GXVW���-�(QYLURQ�3URW�6FL�����±����

3HWUHDV��0��6KH��-��%URZQ��)5��HW�DO���������+LJK�ERG\�EXUGHQV�RI����¶����¶�WHWUDEURPRGLSKHQ\O�HWKHU��%'(�����LQ�
&DOLIRUQLD�ZRPHQ���(QYLURQ�+HDOWK�3HUVSHFW���������í������

365��3K\VLFLDQV�IRU�6RFLDO�5HVSRQVLELOLW\����������+D]DUGRXV�FKHPLFDOV�LQ�KHDOWK�FDUH���$�VQDSVKRW�RI�FKHPLFDOV�LQ�
GRFWRUV�DQG�QXUVHV���$YDLODEOH�RQOLQH�DW��KWWS���ZZZ�SVU�RUJ�UHVRXUFHV�KD]DUGRXV�FKHPLFDOV�LQ�KHDOWK�KWPO��

4X��:��%L��;��6KHQJ��*��HW�DO���������([SRVXUH�WR�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV�DPRQJ�ZRUNHUV�DW�DQ�HOHFWURQLF�
ZDVWH�GLVPDQWOLQJ�UHJLRQ�LQ�*XDQJGRQJ��&KLQD���(QYLURQ�,QW��������í�������

5RSHU��&6��6LPSVRQ��$*��0DGGHQ��6��HW�DO���������$EVRUSWLRQ�RI��&����WHWUDEURPRGLSKHQ\O�HWKHU��7H%'(��WKURXJK�
KXPDQ�DQG�UDW�VNLQ�LQ�YLWUR���'UXJ�&KHP�7R[LFRO�������í�����

5XGHO��5$��&DPDQQ��'(��6SHQJOHU��-'��HW�DO���������3KWKODWHV��DON\OSKHQROV��SHVWLFLGHV��SRO\EURPLQDWHG�GLSKHQ\O�
HWKHUV��DQG�RWKHU�HQGRFULQH�GLVUXSWLQJ�FRPSRXQGV�LQ�LQGRRU�DLU�DQG�GXVW���(QYLURQ�6FL�7HFKQRO��������í������

5\DQ��--��YDQ�2RVWGDP��-���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�PDWHUQDO�DQG�FRUG�EORRG�SODVPD�RI�
VHYHUDO�1RUWKHUQ�&DQDGLDQ�SRSXODWLRQV���2UJDQRKDORJHQ�&RPSG��������í������

5\DQ��--��:DLQPDQ��%&��6FKHFWHU��$��HW�DO���������7UHQGV�RI�WKH�EURPLQDWHG�IODPH�UHWDUGDQWV��3%'(V�DQG�+%&'��LQ�
KXPDQ�PLON�VDPSOHV�IURP�1RUWK�$PHULFD���2UJDQRKDORJHQ�&RPSG�������í�����

6FKHFWHU��$��3DYXN��0��3DSNH��2��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�8�6��PRWKHU¶V�PLON���
(QYLURQ�+HDOWK�3HUVSHFW���������í������
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6FKHFWHU��$��3DSNH��2��7XQJ��.&��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHU�IODPH�UHWDUGDQWV�LQ�WKH�8�6��
SRSXODWLRQ��FXUUHQW�OHYHOV��WHPSRUDO�WUHQGV��DQG�FRPSDULVRQ�ZLWK�GLR[LQV��GLEHQ]RIXUDQV��DQG�SRO\FKORULQDWHG�
ELSKHQ\OV���-�2FFXS�(QYLURQ�0HG�������í�����

6FKHFWHU��$��+DUULV��75��3DSNH��2��HW�DO�������D��3RO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��OHYHOV�LQ�WKH�EORRG�RI�SXUH�
YHJHWDULDQV��YHJDQV����7R[LFRO�(QYLURQ�&KHP�������í�����

6FKHFWHU��$��3DSNH��2��+DUULV��75��HW�DO�������E��3RO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��OHYHOV�LQ�DQ�H[SDQGHG�
PDUNHW�EDVNHW�VXUYH\�RI�8�6��IRRG�DQG�HVWLPDWHG�3%'(�GLHWDU\�LQWDNH�E\�DJH�DQG�VH[���(QYLURQ�+HDOWK�3HUVSHFW�
��������í������

6FKHFWHU��$/��3DSNH��2��+DUULV��75��HW�DO�������F��3DUWLWLRQLQJ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��FRQJHQHUV�
LQ�KXPDQ�EORRG�DQG�PLON���7R[LFRO�(QYLURQ�&KHP����������í�����

6FKHFWHU��$��-RKQVRQ�:HOFK��6��7XQJ��.&��HW�DO���������3RO\EURPLQDWHG�GLSKHQ\O�HWKHU��3%'(��OHYHOV�LQ�OLYHUV�RI�
8�6��KXPDQ�IHWXVHV�DQG�QHZERUQV���-�7R[LFRO�(QY�+HDO�$���������í���

6FKXKPDFKHU��0��.LYLUDQWD��+��9DUWLDLQHQ��7��HW�DO���������&RQFHQWUDWLRQV�RI�SRO\FKORULQDWHG�ELSKHQ\OV��3&%V��DQG�
SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�PLON�RI�ZRPHQ�IURP�&DWDORQLD��6SDLQ���&KHPRVSKHUH����6���í6�����

6FKXKPDFKHU�0��.LYLUDQWD��+��5XRNRMDUYL��3��HW�DO���������&RQFHQWUDWLRQV�RI�3&''�)V��3&%V�DQG�3%'(V�LQ�EUHDVW�
PLON�RI�ZRPHQ�IURP�&DWDORQLD��6SDLQ��$�IROORZ�XS�VWXG\���(QYLURQ�,QW�������±�����

6KDUS��5��/XQGHU��6���������,Q�WKH�GXVW��7R[LF�ILUH�UHWDUGDQWV�LQ�$PHULFDQ�KRPHV��(QYLURQPHQWDO�:RUNLQJ�*URXS���
$YDLODEOH�RQOLQH�DW�KWWS���ZZZ�HZJ�RUJ�UHSRUWV�LQWKHGXVW�LQGH[�SKS��

6KH��-��+ROGHQ��$��6KDUW��0��HW�DO���������3%'(�FRQJHQHU�SDWWHUQ�DV�DQ�LQGLFDWRU�RI�KXPDQ�H[SRVXUH�SDWKZD\�LQ�
1RUWK�$PHULFD���2UJDQRKDORJHQ�&RPSG�������í�����

6MRGLQ��$��+DJPDU��/��.ODVVRQ�:HKOHU��(��DW�DO���������,QIOXHQFH�RI�FRQVXPSWLRQ�RI�IDWW\�%DOWLF�6HD�ILVK�RQ�SODVPD�
OHYHOV�RI�KDORJHQDWHG�HQYLURQPHQWDO�FRQWDPLQDQWV�LQ�/DWYLDQ�DQG�6ZHGLVK�PHQ���(QYLURQ�+HDOWK�3HUVSHFW�
��������í������

6MRGLQ��$��3DWWHUVRQ��'*��%HUJPDQ��$���������%URPLQDWHG�IODPH�UHWDUGDQWV�LQ�VHUXP�IURP�8�6��EORRG�GRQRUV���
(QYLURQ�6FL�7HFKQRO��������í������

6MRGLQ��$��-RQHV��56��)RFDQW��-)��HW�DO�������D��5HWURVSHFWLYH�WLPH�WUHQG�VWXG\�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHU�DQG�
SRO\EURPLQDWHG�DQG�SRO\FKORULQDWHG�ELSKHQ\O�OHYHOV�LQ�KXPDQ�VHUXP�IURP�WKH�8QLWHG�6WDWHV���(QYLURQ�+HDOWK�
3HUVSHFW��������í�����

6MRGLQ��$��3DSNH��2��0F*DKHH��(��HW�DO�������E��&RQFHQWUDWLRQ�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��LQ�
KRXVH�KROG�GXVW�IURP�YDULRXV�FRXQWULHVʊLQKDODWLRQ�D�SRWHQWLDO�URXWH�RI�KXPDQ�H[SRVXUH���2UJDQRKDORJHQ�&RPSG�
�������í������

6MRGLQ��$��/D.LQG��-6��3DWWHUVRQ��'*��HW�DO���������&XUUHQW�FRQFHQWUDWLRQV�DQG�FKDQJHV�LQ�FRQFHQWUDWLRQV�RI�3%'(V��
SHUVLVWHQW�SHVWLFLGHV��DQG�3&%V�LQ�KXPDQ�PLON���2UJDQRKDORJHQ�&RPSG��������í������

6MRGLQ��$��:RQJ��/��-RQHV��5��HW�DO���������6HUXP�FRQFHQWUDWLRQV�RI�SRO\EURPLQDWHG�GLSKHQ\O�HWKHUV��3%'(V��DQG�
SRO\EURPLQDWHG�ELSKHQ\O��3%%��LQ�WKH�8QLWHG�6WDWHV�3RSXODWLRQ������í�������(QYLURQ�6FL�7HFKQRO��������í�������

6PLWK��$+���������,QIDQW�H[SRVXUH�DVVHVVPHQW�IRU�EUHDVW�PLON�GLR[LQV�DQG�IXUDQV�GHULYHG�IURP�ZDVWH�LQFLQHUDWLRQ�
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.LQJGRP���(QYLURQ�3ROOXW�������í�����
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8�6��(3$��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������([SRVXUH�IDFWRUV�KDQGERRN���1DWLRQDO�&HQWHU�IRU�
(QYLURQPHQWDO�$VVHVVPHQW��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW��:DVKLQJWRQ��'&��(3$�����3�������%���
$YDLODEOH�IURP�WKH�1DWLRQDO�7HFKQLFDO�,QIRUPDWLRQ�6HUYLFH��6SULQJILHOG��9$��DQG�RQOLQH�DW�
KWWS���ZZZ�HSD�JRY�QFHD��
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